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MOLECULE PRODUCTION BY PHOTOSYNTHETIC ORGANISMS

[6001] This application claims priority to and benefit of U.S. Provisional Application Nos.
60/971,418 (filed September 11, 2007), 60/971,412 {filed September 11, 2007), and 61/130,892

(filed June 2, 2008), which applications are incorporated herein by reference.

INCORPORATION BY REFERENCE
[0662] All publications and patent applications mentioned in this specification are herein
incorporated by reference fo the same extent as if each individual publication or patent application

was specifically and individuaily indicated to be incorporated by reference.

BACKGROUND OF THE INVENTION
t0003} Fuel products, such as oil, petrochemicals, and other substances useful for the production of
petrochemicals are mcreasingly in demand. Much of today’s fuel products are generated from
fossil fuels, which are not considered renewable energy sources, as they are the result of organic
material being covered by successive layers of sediment over the course of millions of years.
There 18 also a growing desire to lessen dependence on imported crude oil. Public awareness
regarding pollution and environmental hazards has also increased. As a result, there has been a
growing interest and need for alternative methods to produce fuel products. Thus, there exists a
pressing need for alternative methods to develop fuel products that are renewable, sustainable, and

less harmful to the environment.

SUMMARY
[0604] The present disclosure refates to compositions and methods for creating products, such as
isoprenoids, which can be used for multiple purposes (e.g., fuel, fuel feedstocks, fragrances and
insecticides), using photosynthetic organisms. The compositions include expression vector
comprising one or more nucleotide sequences that initiate, increase, or effect the production of a
“product in a non-vascular, photosynthetic organism.
[6003] In some nstances, such nucleotide sequence(s) encode one or more polypeptides in the
mevalonate pathway (MVA pathway). Examples of polypeptides in the MV A pathway include,
but are not himited to, thiolase, HMG-CoA synthase, HMG-CoA reductase, mevalonate kinase,
phosphemevalonate kinase, or mevalonate-5<pyrophosphate decarboxylase. In other embodiments,
the nucleotide sequence encodes a polypeptide in the nor-mevalonate pathway (MEP pathway).
The polypeptide may be DOXP synthase, DOXP reductase, 4-diphosphocytidyl-2-C-methyi-D-
erythritol synthase, 4-diphophocytidyl-2-C-methyl-D-erythrito] kinase, 2-C-methyl-D-erythritol
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2,4,~cyclodiphosphate synthase, HMB-PP synthase, HIVIB~PP reductase, and DOXP

reductoisomerase,

[0005a] In a first aspect, there is provided an isolated vector comprising: (a) a first nucleic
acid encoding one or more mevalonaie (MVA) pathway or non-mevalonate {MEP) polypeptides;
(b) & second nucleic acid encoding one or more enzymes selected from the group consisting of
iimonene synthase, cineole synthase, pinene synthase, camphene synthese, sabinene synthase,
myrcene synthase, abietadiene synthase, taxadiene synthase, bisabolene synthase, diapophytoene
desaturase, diapophytoene synthase, monoterpene synthase, terpinolene synthase, zingiberene
synthase, ocimene synthase, sesquiterpene synthase, curcumene synthase, farnesene synthase, f3-
caryophyllene synthase, germacrene-A synthase, 8-epicedrol synthase, valencene synthase, (+)-6-
cadinene synthase, germacrene C synthase, (E}-B-farnesene synthase, casbene synthase,
vetispiradiene synthase, S5-epi-aristolochene synthase, aristolochene synthase, o-humulene
synthase, (E,E)-o-famesene synthase, (- )-B-pinene synthase, y-terpinene synthase, limonene
cyclase, linalool synthase, levopimaradiene synthase, isopimaradiene synthase, (E)-y-bisabolene
synthase, copalyl pyrophosphate synthase, kaurene synthase, longifolene synthase, y-humulene
synthase, &-selinene synthase, - phellandrene synthase, (+)-3-carene synthase, o-terpineol
synthase, syn-pimara-7,15-diene synthase, ent-sandaaracopimaradiene synthase, sterner- 13 -ene
synthase, S-linalool synthase, geraniol synthase, gamma-terpmene synthase, E-B-ocimene
synthase, epi-cedrol synthase, a-zingiberene synthase, guaiadiene synthase, cascarilladiene
synthase, cis-muuroladiene synthase, aphidicolan-16b-ol synthase, elizabethatriene synthase,
sandalol synthase, patchoulol synthase, cedrol synthase, copaiol synthase, and manool synthase;
and (¢) a promoter configured for expression of said first or second nucleic acid in 2 chloroplast
of a non- vascular, photosynthetic organism, wherein the vector does nof comprise the entire

genome of & chloroplast.

[0006] One embodiment of the present disclosure provides a vector comprising & nucleic acid encoding

an enzyme that produces an isoprenoid with two phosphates and a promoter configured for
expression of the nucieic acid in a chioroplast of a non-vascular, photosynthetic organism (NVPO)
and does not comprise the entire genome of a chloroplast. In practice, insertion of the vector into &
chioroplast genome may not disrupt photosynthetic capébﬂﬁy of the chloroplast(s). In other
instances, the vectors of the present disclosure further comprise a nucleic acid sequence which

facilitates homologous recombination with a chloroplast genome. In sore mstances, an 1soprenoid



produced by an enzyme encoded on a vecor as disclosed herein is GPP, IPP, FPP, GGPP or
DMAPP. In some vectors disclosed herein, a second nucleic acid encoding 2 second enzyme
which modifies an isoprenoid with two phosphates is also present on the vector. Specific examples
of a second enzyme which may be encoded by the vectors of the present disclosure include, but are
not limited to, botyrococcene synthase, limonene synthase, cineole synthase, pinene synthase,
camphene synthase, sabinene synthase, myrcene synthase, abietadiene synthase, taxadiene
synthase, FPP synthase, bisabolene synthase. diapophytoene desaturase, diapophytoene synthase,
GPP synthase, IPP isomerase, monoterpene synthase, terpinolene synthase, zingiberene synthase,
ocimene synthase, sesquiterpene synthase, curcurnene synthase, farnesene synthase, geranylgerany!
reductase, chiorophyilidohydrolase, f-caryophyllene synthase, germacrene A synthase, &-epicedrol
synthase, valencene synthase, (+)-6-cadinene synthase, germacrene C synthase, (E)}-B-farnesene
synthase, casbene synthase, vetispiradiene synthase, 5-epi-aristolochene synthase, aristoichene
synthase, o.-humulene, (E.E)-o-famesene synthase, (- )-B-pinene synthase, y-terpinene synthase,
limonene cyclase, limaloo! synthase, (+)-bornyl diphosphate synthase, levopimaradiene synthase,
isopimaradiene synthase, (E}-y-bisebolene synthase, copalyl pyrophosphate synthase, kaurene
synthase, longifolene synthase, y-humulene synthase, 8-selinene synthase, 8- phellandrene
synthase, terpinolene synthase, (+)-3-carene synthase, syn-copalyl diphosphate synthase, -
terpineol synthase, syn-piinara-?JS—diene synthase, ent-sandaaracopimaradiene synthase, sterner-
13 -ene synthase, E-B-ocimene, S-linalool synthase, geraniol synthase, gamma-terpinene synthase,
linalool synthase, E-f-ocimene synthase, epi-cedrol synthase, a-zingiberene synthase, guaiadiens
synthase, cascariliadiene synthase, cis-muuroladiene synthase, aphidicolan-16b-ol synthase,
clizabethatriene synthase, sandalol synthase, patchoulol synthase, zinzano! synfhase, cedrol
synthase, scareol synthase, copalol synthase, or manool synthase. The vectors may also contain a
selectable marker. Specific vectors of the present disclosure are capable of stable transformation in

microziga. In some embodiments, the algal species is C. reinhardiii, D. salina, H. pluvalis, S.
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dimorphus, D. viridis, or D. tertiolecta. A nucleic nucleic acid encoding an enzyme may be biaged
for a nonvascuiar photosynthetic microorganism nuclear and/or chioroplast expression. Sequences
encoding the enzymes useful in the present disclosure may be any of the sequences specifically
disclosed herein {(e.g., the sequences in Tables 5-8), or sequences with 60, 63, 70, 75, 80, 83, 90, 95
or higher identity thercto. Some vectors of the present disclosure comprise any of the sequences
specifically disclosed herein (¢.g., the sequences in Tables 5-8), or sequences with 60, 65, 70, 75.
80, 85, 90, 95 or higher identity thereto.

[G067] Another vector disclosed herein comprises a nucleic acid encoding an enzyme that
produces an tsoprenoid with two phosphates; and a nucleic acid encoding a chloroplast targeting
molecule for targeting the enzyme to a chloroplast. Such vectors may further comprise a selectable
marker, a nucleic acid sequence which facilitates homologous recombination with a chloroplast or
nuclear genome genome of a combination of these features. In some instances, the enzyme
encoded by the nucleic acid produces GPP, IPP, FPP, GGPP or DMAPP, Such vectors disclosed
herein may further comprise a nucleic acid encoding a second enzyme which modifies an
isoprenoid with two phosphates and a nucieic acid encoding a chloroplast targeting molecule for

targeting the second enzyme to a chloroplast. Specific examples of a second enzyme which may

be encoded by the vectors of the present disclosure include, but are not limited to, botyrococcene
synthase, limonene synthase, cineole synthase, pinene synthase, camphene synthase, sabinene
synthase, myrcene synthase, abietadiene synthase, texadiene synthase, FPP synthase, bisabolene
synthase, diapophytoene desaturase, diapophytoene synthase, GPP synthase, PP isomerase,
monoterpene synthase, terpinolene synthase, zingiberene synthase, ocimene synthase,
sesquiterpene synthase, curcumene synthase, fernesene synthase, geranylgeranyl reductase,
chiorophyliidohydrolase, p-caryophyllene synthase, germacrene A synthase, 8-epicedrol synthase,
valencene synthase, (+)-8-cadinene synthase, germacrene C synthase, (E)-B-farnesene synthase,
casbene synthase, vetispiradiene synthese, S-epi-aristolochene synthase, aristolchene synthase, o.-
humulene, (E.E)-c-famesene synthase, (- }-B-pinene synthase, y-terpinene synthase, limonene
cyclase, linalool synthase, (+)-bornyl diphosphate synthase, levopimaradiene synthase,
sopimaradiene synthase, (E)-y-bisabolene synthase, copaly! pyrophosphate synthase, kaurene
synthase, longifolene synthase, yv-humulene synthase, 8-selinene synthase, 3- phellandrene
synthase, terpinolene synthase, (+)-3-carene synthase, syn-copalyl diphosphate synthase, o-
terpineol synthase, syn-pimara-7,15-diene synthase, ent-sandaaracopimaradiene synthase, sterner-
13 -ene synthase, E-B-ocimene, S-linaloo! synthase, geranio! Synthase, gamma-terpinene synthase,
linalool synthase, E-f-ocimene synthase, epi-cedrol synthase, a-zingiberene synthase, guaiadiene

synthase, cascarilladiene synthase, cis-muuroladiene synthase, aphidicolan-16b-ol synthase,
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elizabethatriene synthase, sandalol synthase, patchoulol synthase, zinzanol synthase, cedrol
synthase, scareol synthase, copalol synthase, or manool synthase. Nucleic acid(s) encoding an
enzyme for use in the present disclosure may be codon biased for an NVPO. Specific vectors of the present
disclosure are capable of stable transformation in microalga. In some embodiments, the
algal species is C. reinhardtii, D. saling, H. pluvalis, S. dimorphus, D. viridis, or D. tertiolecia.
“Sequences encoding the enzymes useful in the present disclosure may be any of the sequences
specifically disclesed herein (e.g.. the sequences in Table 5-8), or sequences with 60, 63, 70, 75,
80, 85, 90, 95 or higher identity thereto. Some vectors of the present disclosure comprise any of the
sequences specifically disclosed herein (e.g., the sequences in Tables 5-8), or sequences with 60,
65,70, 75, 80, &5, 90, 95 or higher identity thereto. |
[00608] The present disclosure also provides & host cell comprising; 1) & vector comprising &
nucleic acid encoding an enzyme that produces an isoprenoid with two phosphates and a promoter
configured for expression of the nucleic acid in a chloroplast of an NVPO and does not comprise
the entire genome of a chloroplast; or 2) & vector comprising a nucleic acid encoding an enzyme
that produces an 1soprenoid with two phosphates and a nucleic acid encoding 2 chioroplast
targeting molecule for targeting an enzyme to a chioroplast. The host cell may be homoplasmic for
one or more of the nucieic acids present on a vector. Some examples of the host cells
contemplated herein include cyanophyta, prochiorophyta, thodophyta, chiorophyta,
heterokontophyta, mbophyta, glancophyta, chlorarachniophyies, euglenophyte, euglenoids,
baptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyta, dinoflageliata, pyrmmesiophyta,
bacillariophyta, xanthophyta, eustigmatophyta, raphidophyta, phacophytz, and phytoplanicton.
some specific examples of host cells include the algal species C. reinhardtii, D. saling, H. pluvalis,
S. dimorphus, D. viridis, or D, tertiolecia. In some instances, chlorophyll levels are sufficient for
the host cell to be photoautotrophic following transformation. In other instances, the host cell may
produce at least one naturally occurting isoprenoid at levels greater than a wild-type strain of the
same organism.
16048a] In a second aspect, there is provided a host cell comprising the vector as defined
in the ﬁrs.tlaspect.

[0009] In another embodiment of the present disclosure, a host cell is provided which comprises at
least two copies of a nucleotide sequence described herein (e.g., in Tables 5-8), or a nucleotide
sequence having at least 70% identity to any of these sequences. The host cell may be & non-
vascular photosynthetic organism, particularly C. reinkardtii, D. saling, H. pluvalis, S. dimorphus,
D. viridis, or D. tertiolecta. In some instances, the host cell is homoplasmic for the nucleotide
sequence. The present disclosure also provides a genetically modified chioroplast containing a

vector comprising @ nucleic acid encoding an enzyme that produces an 1soprenoid with two



phosphates and & promoter configured for expression of the nucleic acid in a chloroplast of a non-
vascular, photosynthetic organism (NVPO).

[0010] Also provided herein, is 2 method for producing an isoprenoid-containing composition
comprising the steps of transforming a chloroplast of a non-vascular, photosynthetic organism with
& nucleic acid encoding an enzyme that produces an isoprenoid with two phosphates and collecting
at least one isoprenoid produced by the fransformed NVPO. Such methods may further comprise
growing the organism in an agueous environment, wherein CO, is supplied to the organism. CO,
provi.ded may be at least partially derived from a burned fossil fuel and/or may be at least partially
derived from flue gas. Such methods may include production of GPP, IPP, FPP, GGPP or DMAPP.
In some instances, the collection process may comprise one or more of the following: harvesting a
transformed NVPQ, harvesting an 1soprenoid from a cell medium; mechanically disrupting a
transformed organism and; chemically disrupting an organism. A microalga may be utilized i
some embodiments of this disclosure, and the microalga may be C. reinhardtii, D. salina, H. pluvalis, S.

dimorphus, D. viridis, or D. tertiolecta.

[6G7 Ga) In a third aspect, there is provided a method of producing an isoprenoid
comprising: (a) transforming a chloroplast of a nonvascular, photosynthetic organism with the
vector of the first aspect, and; (b) collecting at least one isoprenoid produced by said transformed
organism. _
[0011] Another method for producing an isoprenoid is also described wherein the method
comprises the steps of fransforming the chloroplast of a non-vascular, photosynthetic organism fo
produce said isoprenoid, wherein said organism is not transformed with isoprene synthass or a
methyl-butenol synthase; and (b) collecting said isoprenoid. This method may further comprise
growing the organism in an aqueous environment, wherein CO; is supplied to the organism. The
CO; may be at least partially devived from a burned fossil fuel and/or flue gas. Such methods may
melude production of GPP, IPP, FPP, GGPP or DMAPP. A chioroplast of this method may be
transformed with a nucleic acid encoding botyrococcene synthase, limonene synthase, cineole
synthase, pinene synthase, camphene synthase, sabinene synthase, myrcene synthase, abietadiene
synthase, taxadiene synthase, bisabolene synthase, diapophytoene desaturase, diapophytoene
synthase, monoterpene synthase, terpinolene synthase, zingiberene synthase, ocimene synthase,
sesquiterpene synthase, curcumenc synthase, farnesene synthase, geranylgeranyl reductase,
chiorophyllidehydrolase, f-caryophyllene synthase, germacrene A synthase, 8-epicedrol synthase,
valencene synthase, (+)-6-cadinene synthase, germacrene C synthase, (E)-p-farnesene synthase,
casbene synthase, vetispiradiene synthase, S-epi-aristolochene synthase, aristolchene synthase, o-
humulene, (E,E)-o-famesene synthase, (- -p-pinenc synthase, y-terpinene synthase, limonene
cyclase, linalool synthase, {+)-bornyl diphosphate synthase, levopimaradiene synthase,
isopimaradiene synthase, (E}-y-bisabolene synthase, copaly] pyrophosphate synthase, kaurene
synthase, longifolene synthase, y-humulene synthase, 8-selinene synthase, B- phellandrene
synthase, terpinolene synthase, (+)-3-carenc synthase, syn-copaly! diphosphate synthase, o-
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terpineo! synthase, syn-pimarza-7,15-diene synthase, ent-sandaaracopimaradiene synthase, sterner-
13 -ene synthase, E-B-ocimene, S-linalool synthese, geraniol synthase, gamma-terpinene synthase,
linaloo] synthase, E-B-ocimene synthase, epi-cedrol synthase, a~zingiberene synthase, guaiadiens
synthase, cascariliadiene synthase, cis-muuroladiene synthase, aphidicolan-16b-ol synthase,
slizabethatriene synthase, sandalo! synthase, patchoulo! synthase, zinzanol synthase, cedro!
synthase, scareol synthase, copalol synthase, or manoo! synthase. In some instances, the collection
process may comprise one or more of the foliowing: harvesting & transformed NVPO, harvesting
an isoprenoid from e cell medium, mechanically disrupting a transformed organism and;
chemically disrupting an organism. A microalga may be utilized in some aspects of this invention,
and the microalga may be C. reinha%driz‘, D. salina, H. pluvalis, S, dimorphus, D. viridis, or D.
rertiotecta,
{0011a] In a fourth. aspect, there is provided a-genetically modified chioroplast
comprising the vector of the first aspect.
{0011b] In a fifth aspect, there is provided a nom-vascular, photosynthetic organism
comprising the chloroplast as defined in the fourth aspect.

[0012] A further embodiment of the present disclosure provides an organism with a genetically
modified chloroplast wherein the chioroplast comprises a nucleic acid encoding an isoprenoid
produciﬁg enzyme and wherein the organism can grow in & high saline environment. Such an
organism mey be an NVPO, specifically D. salina, D. viridis, or D. tertiolecta. In such
embodiments, that high saline environment may comprise about 0.5-4.0 molar sodium chioride. |
Also provided is a method for preparing en 1soprenoid comprising fransforming an organism with 2
nucleic acid to increase or initiate production of the isoprenoid, wherein the organism is grownin a
high-saline environment; and collecting the isoprenoid, Such an organism may be an NVPO,
specifically D. salina, D. viridis, or D. tertiolecta. In such embodiments, that high saline
environment may comprise about 0.3-4.0 molar sodiwm chioride. In some instances, the
transforming step is & chloropiast transformation. In other mstances, the collecting step comprises
one or more of the following steps: (a) harvesting said transfofmed organism (b) harvesting éaé.d
isoprenoid from a cell medium; (¢} mechanically disrupting saic organism; or {d) chemically
disrupting said organism. ,

[0012a] Tn 2 sixth aspect, there is provided a method for preparing an isoprenoid
comprising: (a) transforming an organism with the vector of the first aspect, wherein said

erganism is grown in a high-saline environment; and (b) collecting said isoprenoid.



[0013] The disclosure herein also provides a vector comprising a heterologous nucleic acid
encoding one or more isoprenoid producing enzymes; and a promoter configured for expression of
said nucleic acid in a photosynthetic bacteria. In some instances, the photosynthetic bacteria is a
cyanobacterial species and may be a member of the genera Svnechocysiis, Synechococcus, and/or
Athrospira. A host cell comprising such a vector is provided. A host cell may be a cyanobacterial
species and may be a member of the genera Synechocystis, Synechococcus, and/or Athrospira.
[0014] The present disclosure further provides a vector comprising: a first nucleic acid encoding &
protein, 2 second nucleic acid encoding a selectable marker, wherein the first and second nucleic

acids cornprise one open reading frame, and a promoter configured for expression of said first and
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sccond nucleic acids in a non-vascular, photosynthetic organism. In some instances, the protein is
an isoprenoid producing enzyme or a biomass degrading enzyme. In other instances, the
isoprenoid producing enzyme is botyrococcene synthase, limonene synthase, cineole synthase,
pinene synthase, camphene synthase, sabinene synthase, myrcene synthase, abietadiene synthase,
taxadiene synthase, FPP synthase, bisabolene synthase, diapophytoene desaturase, diapophytoene
synthase, GPP synthase, IPP 1somerase, monoterpene synthase, terpinoiene synthase, zingiberene
synthase, ocimene synthase, sesquiterpene synthase, curcumene synthase, farnesene synthase,
geranylgeranyl reductase, chlorophyllidohydrolase, p-caryophyllene synthase, germacrene A
synthase, 8-epicedrol synthase, valencene synthase, (+)-8-cadinene synthase, germacrene C
synthase, (E)-f}-farnesene synthase, casbene synthase, vetispiradiene synthase, 5-epi-aristolochene
synthase, aristolchene synthase, a-humulene, (E.E)-u-farnesene synthase, (- }-f-pinene synthase,
y-terpinene synthase, limonene cyclase, tinalool synthase, (+)-bornyl diphosphate synthase,
levopimaradiene synthase, isopimaradiene synthase, (E)-y-bisabolene synthase, copalyl
pyrophosphate synthase, kaurene synthase, longifolene synthase, y-humulene synthase, 8-selinene
synthase, 3~ phellandrene synthase, terpinolene synthase, (+)-3-carene synthase, syn-copalyl
diphosphate synthase, a-terpineol synthase, syn-pimara-7,15-dienc synthase, ent-
sandaaracopimaradiene synthase, sterner- 13 -ene synthase, E-ff-ocimene, S-iinalool synthase,
geraniol synthase, gamma-ferpinene synthase, linaloo! synthase, E-f~ocimene synthase, epi-cedrol
synthase, a-zingiberene synthase, guaiadiene synthase, cascarilladiene synthase, cis-muuroladiene
svnthase, aphidicolan- 16b-ol synthase, elizabethatriene synthase, sandzlol synthase, patchoulo}
synthase, zinzanol synthase, cedrol synthase, scareol synthase, copalol synthase, or manool
synthase. In still other instances, the biomass degrading enzyme is exo-p-glucanase, endo-f-
glucanase, B-glucosidase, endoxylanase, or ligninase. Some of the vectors described herein
comprise a first or second nucleic acid in which at least one codon is optimized for expression in
the nucleus of a non-vascular, photosynthetic organism is present.

[6615) In some instances, vectors described herein comprise a third nucleic acid encoding a
cleavage moiety in-frame with said first and second nucleic acids. The cleavage moiety may be a
self-cleaving protease and may specifically be a functional portion of the A2 region from foot and
mouth disease virus. In other instances, the cleavage moiety is capable of being cleaved by a
protease naturally produced by said organism. Also described herein are vectors comprising
reguiatory elements including an HSP70 promoter, a functional portion of HSP70 promoter, rbeS2
57 upstream translated region (UTR), a functional portion of rbeS2 5” UTR, or & combination

thereof. In some instances, the regulatory element 1s derived from the organism to be transformed.
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Still other vectors comprise a fourth nucleic acid cncoding & secretion signal in-frame with the
first, second and/or third nucleic acids. A secretion signal useful in the present vectors is a C.
reinhardtii carbonic anhydrase secretion signal. Vectors of the disclosure may be useful in multiple
NVPOs, including photosynthetic bacteria, cyanobacteria, cyanophyta, prochiorophyta,
rhodophyta, chlorophyta, heterokontophyta, tribophyta, glaucophyta, chiorarachniophytes,
euglenophyta, euglenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyta,
dmoflageliata, pyrmnesiophyta, bacillariophyta, xanthophyta, eustigmatophyta, raphidophyta,
phaeophyta, and phytoplankton. In some instances, the vector is capable of stable transformation in
C. reinhardiii, D. salina, H. pluvalis, 8. dimorphus, D. viridis, D. tertiolecta, a bacterium of the
genus Synechocystis, & bacterium of the genus Svrechococcus, or a bacterium of the genus .
Athrospira. The vectors described herein may comprise any nucleotide sequence described herein
(c.g., in Tables 5-8), or a nucleotide sequence having at least 70% identity to any of these
sequences. Still other vectors comprise a fifth nucleic acid in-frame with said first, second, third
and/or fourth nucleic acids, where the fifth nucleic acid encodes a tag, The encoded tag may be an
epitope tag or a metal affinity tag.

[0816] The present disclosure also provides a host cell comprising a vector, wherein the vector
comprises & first nucieic acid encoding a protein, a second nucleic acid encoding 2 selectable
marker, wherein the first and second nucleic acids comprise one open reading frame, a promoter
configured for expression of the first and second nucleic acids in & non-vascular, photosynthetic
orgenism and opticnally one or more additional nucleic acids encoding a cleavage moiety, a
secretion signal, a tag or a combination thereof, wherein the one or more additional nucleic acids
are in-frame with said first and second nucleic acids. The host cell may be a photosynthetic
bacteria, cyanobactena, cyanophyta, prochlorophyta, rhodophyta, chiorephyta, heterokontophyta,
tribophyta, glaucophyta, chlorarachniophytes, euglenophyta, euglenoids, haptophyta, chrysophvta,
cryptophyta, cryptomonads, dinophyta, dinoflagellata, pyrmnesiophyta, bacillariophyta,
xanthophyta, eustigmatophyta, raphidophyta, phacophyta, or phytoplankton. In some instances,
the host cell is C. reinhardii, D. salina, H. pluvalis, S. dimorphus, D. viridis, D. tertiolecta, 4
bacterium of the genus Synechocysiis, a bacteriumn of the genus Svnechococcus, or a bacterium of
the genus Athrospira. In other instances, the vector is stably integrated into the nuclear genome of
said host cell.

[0017] Further provided herein is 2 method of producing a protein in a non-vascular photosynthetic
organism, comprising:growing said organism, wherein the organism comprises an exogenous
nucleic acid comprising & single open reading frame, wherein the open reading frame comprises a

first nucleic acid encoding a protein and a second nucleic acid encoding a selectable marker, and
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wherein the orgnaism further comprises a promoter configured for expression of said open reading
frame 1n said organism, thereby producing said protein. In some instances, the protein is an
isoprenoid producing enzyme or a biomass degrading enzyme. In other instances, the open reading
frame comprises at least one codon optimized for expression in the nucleus of a non-vascular,
photosynthetic organism. An open reading frame may further comprise a third nucieic acid
encoding a cleavage moiety in-frame with the first and second nucleic acids. The cleavage moiety
may be a self-cleaving protease, and in a particular embodiment may be a functional portion of the
A2 region from foot and mouth disease virus. In other embodiments, a cleavage moiety is capable
of being cleaved by a protease naturally produced by said organism. An open reading frame may
further comprise a fourth nucleic acid encoding a secretion signal in-frame with all other nucleic
acids comprising the open reading frame. In one embodiment, the secretion signal isa C.
reinhardtii carbonic anhydrase secretion signal. As disclosed herein, the organism useful for such
a method may be C. reinhardtii, D. salina, H. pluvalis, S. dimorphus, D, viridis, D. tertiolecta, a
bacterium of the genus Synechocystis, the genus Synechococcus, or the genus Athrospira. An open
reading frame for use in this method may further comprise a fifth nucleic acid encoding a tag in-
frame with all other nucleic acids comprising the open reading frame. The tag may be an epitope
tag or a metal affinity tag.

[0018] Further disclosed herein is a host cell comprising a fusion protein, wherein the fusion
protein comprises a first nucleic acid encoding a protein and a second nucleic acid encoding a
selectable marker and wherein the host cell is a non-vascular photogynthetic organism. The host
celimay be C. reinhardtii, D. salina, H. pluvalis, a bacterium of the genus Synechocystis, the genus
Svnechococcus, or the genus Athrospira. In some instances, the vector is stably mtegrated inio a
nuclear genome of the host cell. A fusion protein may further comprise a cleavage motety, a
secretion signal, a tag, or a combination thereof. A cleavage moiety may be a self-cleaving
protease, such as a functional portion of the A2 region from foot and mouth disease virus.
Alternately, a cleavage moiety may capable of being cleaved by a protease naturally produced by
said orgamism. One secretion signal which may be utilized is a C. reinhardtii carbonic anhydrase
secretion signal. In fusion proteins comprising a tag, the tag may be an epitope tag or a metal
affinity tag.

[0019] Provided herein is a method of producing a transgenic non-vascular photosynthetic
organism expressing a protein of interest under selective conditions, where the method comprises
the step of: transforming the organism with a nucleic acid comprising a single open reading frame,
wherein the open reading frame encodes a fusion protein comprising said protein of interest and a

selectable marker; wherein the organism is capable of expressing the selectable marker under
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environmental conditions which require expression of the selectable marker for continued viability
of the organism, thereby resulting in expression of said protein of interest. In some instances. the
protein is an isoprenoid producing enzyme or a biomass degrading enzyme. A fusion protein may
further comprise a cleavage moiety, a secretion signal, a tag, or a combination thereof. A cleavage
moiety may be a self-cleaving protease, such as a functional portion of the A2 region from foot and
mouth discase vifus, Alternately, a cleavage moiety may capable of being cleaved by a protease
naturaliy produced by said organism. Omne secretion signal which may be utilized is a C.
reinhardtii carbonic anhydrase secretion signal. In fusion proteins comprising a tag, the tag may
be an epitope tag or a metal affinity tag,

[0020] Further provided by the disclosure herein is a method of increasing phytol production in a
non-vascular photosynthetic organism, comprising the step of transforming the organism with &
nucleic acid which results in an increase in production of phytol by the organism above a level
produced by the organism not containing said nucleic acid. In some instances, the nucleic acid
encodes a GPP synthase, a FPP synthase, a geranylgeranyl reductase, a chlorophyllidohydrolase, or
a pyrophosphatase. In some embodiments, a transformation step may comprise a chloroptast
transformation. In sfill other embodiments, the enzyme is endogenous to the organism or is
homologous to an endogenous enzyme of the organism or is exogenous to the organism. In some
instances, the enzyme is overexpressed. Expression of the enzyme may be regulated by an
inducible promoter. The disclosed method may further comprise transformation of the organism
with a nucleic acid which results in production of dimethylallyl aicohol. isopenty! alcohol,
geraniol, farnesol or geranyigeraniol. In some instances, the organism used in practicing the
method is a photosynthetic bacteria, cyanobacteria, cyanophyta, prochlorophytz, rhodophyta,
chiorophyta, hei:ei'okontophyta, tribophyta, glaucophyta, chlorarachniophytes, euglenophyta,
euglenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyta, dinoflagellata,
pyrmnesiophyta, bacillariophyta, xanthophyta, eustigmatophyta, raphidophyta, phaeophyta, and
phytoplankton. The organism may be C. reinhardtii, D. salina, H. phuvalis, S. dimerphus, D.
viridis, or D. tertiolecia.

[0021] Also provided herein, is a host cell comprising an introduced nucleic acid, wherein the
nucleic acid results in an increase in production of phytol by the host cell above a level produced
by a host cell not containing the nucleic acid, wherein the host cell is a non-vascular photosynthetic
organism. In some embodiments, the host cell can grow in a high-saline environment, for example,
the host celt may be , D. viridis, or D. tertiolecta. In some instances, the high-saline environment
comprises {.5-4.0 molar sodium chloride. In some host cells, the nucleic acid is present in a

chioroplast. In still other host cells, the nucieic acid encodes an enzyme selected from the group
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consisting of a GPP synthasc, a FPP synthasc, a geranyigeranyl reductase, a
chlorophyllidohydrolase, and a pyrophosphatase. The host cell may further comprise a nucleic
acid which resuits in production of dimethylallyl alcohol, isopentyt alcohol, geraniol, farnesol or
geranylgeraniol. The host cell may be a photosynthetic bacteria, cyanobacteria, cyanophyta,
prochlorophyta, thodophyta, chlorophyta, heterokontophyta, tribophyta, glaucophyta,
chlorarachniophytes, euglenophyta, cuglenoids, haptophyta, chrysophyta, cryptophyta,
cryptomonads, dinophyta, dinoflagellata, pyrmnesiophyta, bacillariophyta, xanthophyta,
eustigmatophyta, raphidophyta, phacophyta, and phytoplankton. In some instances, the host cell is
C. reinhardtii, D. salina. A. pluvalis, S. dimorphus, D. viridis, or D. tertiolecta.

[0022] Another method disclosed herein provides a method of producing phytol in a non-vascular
photosynthetic organism, comprising the steps of transforming the organism with a nucleic acid
which results in an increase in production of phytol by the organism above a level produced under
given environmental conditions; and collecting the phytol from the organism. In some instances of
this method, the nucleic acid encodes 2 GPP synthase, a FPP synthase, a geranyigerany! reductase,
a chlorophyliidohydroiase, or a pyrophosphatase. In still other instances, the transformation is a
chloroplast transformation. In still other embodimeﬁts, the enzyme is endogenous to the organism
or is homoiogous to an endogenous enzyme of the organism or is exogenous to the organism. In
some Instances, the enzyme is overexpressed. Expression of the enzyme may be regulated by an
inducible promoter. The disclosed method may further comprise transformation of the organism
with a nucleic acid which results in production of dimethylallyl alcohol, isopentyl aleohol,
geraniol, famcéol or geranylgeraniol. In some instances, the organism used in practicing the
method 15 & photosynthetic bacteria, cyanobacteria, cvanophyta, prochlorophyta, rhodophyta,
chlorophyta, heterokontophyta, tribophyta, glaucophyta, chlorarachniophytes, euglenophyta,
cuglenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyta, dinoflageliata,
pyrmnesiophyta, bacillariophyta, xanthophyta, custigmatophyta, raphidophyia? phaeophyta, and
phytoplankton, The organism may be C. reinhardtii, D. salina, H. pluvalis, S. dimorphus, D.
viridis, or D. tertiolecta.

[0023] Further provided herein is a composition comprising at least 3% phytol and at least a trace
amount of a celiular portion of a genetically modified non-vascular photosynthetic organism. In
some instances, the genetically modified organism is modified by an endogenous, heterologous, or
exogenous GPP synthase, FPP synthase, geranylgeranyl reductase, chlorophyllidohydrolase, or
pyrophosphatase. In other instances, a chloroplast of the organism is genetically modified. The
disclosed compositions may further comprise dimethylallyl alcohol, isopenty! alcohol, geraniol,

farnesol or geranylgeraniol. In some instances, the celllular portion present in the composition is a
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from a photosynthetic bacteria, cyanobacteria, cyanophyta, prochlorophyta, rhodophyta,
chlorophyta, heterokontophyta, tribophyta, glaucophyta, chlorarachniophytes, euglenophyta,

- euglenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyta, dinoflagellata,
pyrmnesiophyta, bacillariophyta, xanthophyta, custigmatophyta, raphidophyta, phacophyta, and
phytoplankton. In other instances, the organism may be C. reinhardtii, D. saling, H. pluvalis, S.
dimorphus, D. viridis, or D. tertiolecta. _

[0624] In some instances, such nucleotide sequence(s) encode one or more polypeptides that
function in isoprenoid synthetic pathway. Exampies of polypeptides in the isoprenoid biosynthetic
pathway include synthases such as C35, C10, C15, C20, C30, and C40 synthases. More specific
examples of polypeptides in the isoprenoid pathway limonene synthase, 1,8 cineole synthase, o-
pinene synthase, camphene synthase, (+)-sabinene synthase, myrcene synthase, abictadiene
synthase, taxadiene synthase, farnesyl pyrophosphate synthase, amorphadiene synthase, (E)-a.-
bisabolene synthase, diapophytoene synthase, or diapophytoene desaturase. In other embodiments,
the synthase 18 -caryophyliene synthase, germacrene A synthase, 8-epicedrol synthase, valencene
synthase, (+}-d-cadinene synthase, germacrene C synthase, (E)-f-farnesene synthase, casbenc
synthase, vetispiradiene synthase, S-epi-aristolochene synthase, arisfolchene synthase, o~humuiene,
(E.E)-c-farnesene synthase, (- )-f-pinene synthase, y-terpinene synthase, limonene cyclase,
ilnalool synthase, {-)-bornyl diphosphate synthase, levopimaradiene synthase, isopimaradiene
synthase, (E)-v-bisabolene synthase, copalyl pyrophosphate synthase, kaurene synthase,
longifolene synthase, y-humulene synthase, 8-selinene synthase, 3- pheliandrene synthase,
terpinolene synthase, (+)-3-carene synthase, syn-copalyi diphosphate synthase, o-terpineo]
synthase, syn-pimara-7,15-diene synthase, ent-sandaaracopimaradiene synthase, sterner- 13 -ene
synthase, E-B-ocimene, S-linalool synthase, geranio! synthase, y-terpinene synthase, linaloo!
synthase, E-f-ocimene synthase, epi-cedrol synthase, a-zingiberene synthase, guaiadiene synthase,
cascarilladiene synthase, cis-muuroladiene synthase, aphidicolan-16b-ol synthase, elizabethatriene
synthase, sandalol synthase, patchoulol synthase, zinzanol synthase, cedrol synthase, scareol
synthase, copaiol synthase, or manool synthase.

[6025] Any of the nucleotides sequences contemplated herein can include one or more
heterologous sequences and/or one or more homologous sequences.

[6626] In some instances, the products pfodUced can be naturally produced by the organism that is
transformed. In other instances, the products are not naturélly produced by the organism that is
transformed.

[6027] In some instances, a product {e.g. fuel, fucl feedstock, fragrance, insecticide) is a

hydrocarbon-rich moiecule, e.g. an isoprenoid. An isoprenoid (classified by the number of isoprene
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units) can be a hemiterpene, monoterpene, sesquiterpene, diterpene, triterpene, or tefraterpene. In
specific embodiments, the isoprenoid may be 2 naturally occurring isoprenoid, such as a steroid or
carotenoid. Subciasses of carotenoids include carotenes and xanthophylls. Sorne isoprenoids are
pure hydrocarbons {e.g. limonene) and others are hydrocarbon derivatives (e.g. cineole).

[0028] Any of the nucleotide sequences herein can further include codons biased for expression of
the nucleotide sequences in the organism transformed. In some instances, codons in the nucieotide
sequences are A/T rich in a third nucleotide position of the codons. For example, at least 50% of
the third nucleotide position of the codons may be A or T. In other instances, the codons are G/C
rich, for example at least 50% of the third nucleotide positions of the codons may be G or C.
[60629] The nucleotide sequences herein can be adapted for chloroplast expression. For example, a
nucleotide sequence herein can comprise a chloroplast specific promoter or chloroplast specific
reguiatory control region. The nucleotide sequences can also be adapted for nuclear expression.
For example, a nucleotide sequence can comprise a nuclear specific promoter or nuclear specific
reguiatory control regions. The nuclear sequences can encoede a protein with a targeting sequence
that encodes a chloroplast targeting protein (e.g., a chloroplast transit peptide), or a signal peptide
that directs a protein to the endomembrane system for deposition in the endoplasmic reticulum or
plasma membrane,

[0030] Fuel products arc produced by altering the enzymatic content of the cell to increase the

biosynthesis of specific fuel molecules. For example, nucleotide sequences encoding biosynthetic

sequences encoding fuel biosynthetic enzymes can also be introduced into the nuclear genome of
the photosynthetic organisms. Nucleotide sequences introduced into the nuclear genome can direct
accumulation of the biosynthetic enzyme in the cytoplasm of the cell, or may direct accumulation
of the biosynthetic enzyme in the chloroplast of the photosynthetic organism.

[0031] Any of the nucleotide sequences herein may further comprise a regulatory controf
sequence. Regulatory control sequences can include one or more of the following: a promoter, an
intron, an exon, processing clements, 3" untranslated region, 5° unfranslated region, RNA stability
elements, or franslational enhancers A promoter may be one or more of the following: a promoter
adapted for expression in the organism, an algal promoter, a chloroplast promoter, and a nuclear
promoter, any of which may be a native or synthetic promoters. A regulatory control sequence can
be inducibie or autoregulatable. A regulatory control sequence can include autologous and/or
heteroiogous sequences. In some cases, control sequences can be flanked ?Jy a first homologous
sequence and a second homologous sequence. The first and second homologous sequences can

cach be at least 500 nucleotides in length. The homologous sequences can allow for cither
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homologous recombination or can act to insulate the heterologous sequence to facilitate gene
EXPrESsion.

[0832] In some instances, & nucleotide sequence may aliow for secretion of the product {eg.a
protein) from the cell. In these cases, the nucleotide sequences herein may encode a protein that
enhances or initiates or increases the rate of secretion of 2 product from an organism to the external
environment. |

[0033] The present disclosure also contemplates organisms transformed with the one or more
nucleotide sequences or expression vectors herein. Such organisms are preferably photosynthetic
and can be, e.g., unicellular or mutlicellular. For example, such organisms can be multicellular or
unicellular algae or cyanobacteria. Some examples of algae contemplated herein include
thodophyta, chlorophyta, heterokontophyta, tribophyta, glaucophyta, chlorarachniophytes,
euglenoids, haptophyta, cryptomonads, dinoflagellata, and phytoplankion.

[0034] Any of the organisms contemplated herein can be transiently or stably transformed with one
or more of the expression vectors described herein. Preferably, the produétion of the product by
the organism does not render the organism unviable.

{0035] The present disclosure also contemplates methods for producing a fuel product. The method
can include transforming a non-vascular, photosynthetic organism with an expression vector,
growing the organism; and collecting the fuel product produced by the organism. The expression
vector can encode a protein that alters the biosynthetic pathway of a photosynthetic organism to
allow for increased production or accumulation of 4 fuel molecule. The expression vector might
also encode regulatory elements that alter a native enzyme in a biosynthetic pathway to allow for
increased fuel production or accumulation. The vector may also encode a protein or regulatory
clements that allows for secretion or increased secretion of a fuel molecule,

[0036] The present disclosure also provides a business method comprising providing a carbon
credit to a party growing a genetcally modified non-vascular, photosynthetic organism adapted to
produce a fuel product. The organism may be any of the oncs desctibed herein. In some
embodiments, the carbon credit is exchanged for ope or more of the foliowing: a substantially
liquid monetary instrument, cornmitment of at least one of present and future business opportunity,
a legal grant regarding an niellectual property right, government tax subsidy, access to purchasers
of a given market; or use of a carbon emission process not comprising growing the organism. The
carbon credit may be substantially received directly from a regulatory agency. Alternatively, the
carbon credit is substantially received directly from an administrative entity. The carbon credit
may be regulated by at least one entity selected from the group consisting of: a city, county, state,

provincial, national, regional, multi-national, and international sovereign entity.
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BRIEF DESCRIPTION OF THE FIGURES
[8637] The novel features of the invention are set forth with particularity in the appended claims.
A better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sety forth itlustrative embodiments, in which the
principles of the inverntion are utilized, and the accompanying drawings of which:
[0038] Figure 1 is a representation of a naturally occurring enzyme pathway in C. reinhardtii.
[0039] Figure 2 is a representation of one example of a modification of enzyme pathway in C,
reinhardtii.
{0040] Figure 3, panels A-D provide a schematic representation of nucleic acid constructs of the
present invention.
[G041] Figure 4, panels A-D show PCR and Western analysis of C. reinhardrii transformed with
FPP synthase and bisabolene synthase.
[0042] Figure 5 shows gas chromatography — mass spectrometry analysis of C. reinhardtii
transformed with FPP synthase and bisabolene synthase.
[0043] Figure 6, panels A-E show PCR and Western anatysis of C. reinhardsi transformed with
FPP synthase and squalene synthase.
[0044] Figure 7 shows gas chromatography — mass spectrometry analysis of C. reinhardrii
transformed with FPP synthase and squalene synthase.
[0045] Figure 8 shows Western analysis of C. reinhardrii transformed with limonene synthase.
10046} Figure 9 shows gas chromatography — mass spectrometry analysis of C. reinhardrii
transformed with limonene synthase.
[0047] Figure 10, panels A-C show PCR and Western analysis of C. reinhardtii transformed with
(GPP synthase,
[0048] Figure 11 shows PCR and Western analysis of C. reinhardtii transformed with FPP
synthase and zingiberene synthase.
[0049] Figure 12 shows Western analysis of C. reirhardtii transformed with FPP synthase and
sesquiterpene synthase.
[0650] Figure 13 shows gas chromatography - mass spectrometry analysis of phytol production in
C. reinhardtii transformed with FPP synthase and sesquiterpene synthase.
[0051] Figure 14 shows Western analysis of £, coli transformed with FPP synthase and
sesquiterpené synthase. | _ '
[0052] Figure 15 shows gas chromatography — mass spectrometry analysis of FPP and
sesquiterpene production in E. coli transformed with FPP synthase and sesquiterpene synthase,

[0053] Figure 16 1s a graphic representation of nucleic acid constructs of the present invention.
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[0054] Figurc 17 shows Western analysis of C. reinhardtii expressing xylanase 2 from the nucleus.
[0055] Figure 18 shows a comparison of xylanase activity from exogenous enzymes expressed in
the nucleus and chloroplast of C. reirhardiii.

[0056] Figure 19 shows Western analysis of C. reinhardtii expressing endoglucanase from the
nucleus.

[6057] Figure 20 shows Western analysis of C. reinhardtii expressing CBH1 from the nucleus.

DETAILED DESCRIPTION OF THE INVENTION
[0058] The present invention relates to compositions and methods for creating product(s) using
one or more photosynthetic organisms. In some instances, the photosynthetic organisms are non-
vascular organisms (e.g., cyanobacteria, algae). As detailed herein, a non-vascular photosynthetic
organism (NVPO) may be transformed with exogenous, heterologous or autologous nucleic acids
which encode one or more enzymes that effect the production of the product(s) of the vention.
For example, an NVPO (e.g., C. reinhardtiiy may be transformed with one or more nucleic acids
encoding enzyme(s) (e.g., bisabolene synthase, sesquiterpene synthase) which effect the production
of a desired product (e.g., bisabolene, squalene). The product(s) produced may be naturally, or not
naturaily, produced by the photosynthetic organism. When naturally produced, production may be
enhanced by introduction of the nucleic acids of the present invention. For example,
transformation of an NVPO with one or more nucleic acids encoding enzymes which effect the
production of a destred product (e.g., zingiberene, bisabolene), may result in increased production
of another product (e.g., phytol). In still other instances, multiple products may be produced by a
transformed NVPO and the multiple products may be naturally occurring, non-naturally occurring,
or a combination thereof. The compositions of the present invention may comprise mixtures of
naturally and non-naturally occurring products in a ratio of 1:0.1, 1:0.2, 1:0.3, 1:0.4, 1:0.5, 1: 0.6,
1:0.7, 1:0.8, 1:0.9, 11, 1.2, 1:3, 144, 1:5, 1:6, 17, 1:8, 119, 1:10, 1:20, 1:30, 1:40, 1:50, 1:60, 1:70,
1:80, 1:90, 1:100 or higher.
[8059] The products which are produced by the methods of the present invention include
hydrocarbons and hydrocarbon derivatives. In certain aspects, the hydrocarbon and/or derivative is
an 1soprenoid (or terpenoid). The isoprenoids contempiated by the present invention may contain
any number of carbon atoms, with 1soprenoids containing five to fifty carbon atoms being
exemp}.a?y. An isoprenoid of the present invention may be one naturally produced by the NVPO
prior to transformation (e.g., phytol), or may be produced only after insertion of an exogenous
nucleic acid (e.g., zingiberene). A product of the present invention may also contain one or more
non-naturally produced isoprenoids in addition to one or more naturally produced isoprenoids.

Additionally, the products arc produced intracellularly and may be sequestered in the organism.
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Thus, collection of the product may involve disruption of one or more cells of the organism(s) of
the present invention and/or coliection of the product from the environment surrounding the
organism(s). Collection of the product(s) of the present invention may involve collecting all or
part of a liquid environment in which the cells are grown, isolating the cells from the liquid
environment, and disrupting the cells prior to or following isolation from the growth environment,
or a combination of these.
[0068] The collected product may be purified {e.g., refined) following collection. The product
may be utilized in the form in which it is collected, or may be altered prior to, or after collection.
For example, where the product is a sesquiterpene (C15), the sesquiterpene may be hydrogenated,
cracked, or otherwise modified, resulting in a compound with a different number of carbon atoms.
In some instances, alteration of the product may yield a fuel product (e.g., octane, butane).
[0061] Organisms
{6062] Examples of organisms that can be transformed using the compositions and methods herein
include vascular and non-vascular organisms. The organism can be prokaroytic or cukaroytic. The
organism can be unicellular or multicellular.
[0063] Examples of non-vascular photosynthetic organisms include bryophtyes, such as
marchantiophytes or anthocerotophytes. In some instances, the organism is a cyanobacteria. In
some instances, the organism is algac {e.g., macroalgae or microalgae). The algae can be
unicetiular or multicellular algae. In some instances, the organism is a rhodophyte, chlorophyte,
heterokontophyte, tribophyte, glaucophyte, chlorarachniophyte, englenoid, haptophyte,
cryptomonad, dinoflagellum, or phytoplankton. For example, the microalgae Chlamydomonas
reinhardtii may be transformed with a vector, or a linearized portion therof, encoding imonene
synthase to produce limonene.
[6064] The methods of the present invention are exemplified using the microalga, C. reinhardtii.
The use of microalgae to express a polypeptide or protein compiex according to a method of the
mvention provides the advantage that large populations of the microalgae can be grown, including
commercially (Cyanotech Corp.; Kailua-Kona HI), thus allowing for production and, if desired,
isolation of large amounts of a desired product. However, the ability to express, for example,
“functional mammalian polypeptides, including protein complexes, in the chloroplasts of any plant
allows for production of crops of such plants and, therefore, the ability to conveniently produce
large amounts of the polypeptides. Accordingly, the methods of the invention can be practiced
using any plant having chioroplasts, including, for exampie, microalga and macroalgae, for

example, marine algae and seaweeds, as well as plants that grow in soil.
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[0065] The term “plant” is used broadly herein to refer to a eukaryotic organism containing
plastids, particularly chloroplasts, and includes any such organism at any stage of development, or
to part of a plant, including a plant cufting, a plant cell, a plant cell culture, a plant organ, a plant
seed, or a plantiet. A plant cell is the structural and physiological unit of the plant, comprising a
protopiast and a cell wall. A plant cell can be in the form of an isolated single cell or a cultured
cell, or can be part of higher organized unit, for example, a plant tissue, plant organ, or plant. Thus,
a plant cell can be a protoplast, a gamete producing cell, or a cell or collection of cells that can
regenerate into a whole plant. As such, a seed, which comprises multiple plant cells and is capable
of regenerating into a whole plant, is considered plant cell for purposes of this disclosure. A plant
tissue or plant organ can be a seed, protoplast, callus, or any other groups of plant cells that is
organized into a structural or functional unit. Particularly useful parts of a plant inciude harvestable
parts and parts useful for propagation of progeny plants. A harvestable part of a plant can be any
useful part of a plant, for example, flowers, pollen, seedlings, tubers, leaves, stems, fruit, seeds,
roots, and the like. A part of a plant useful for propagation includes, for example, seeds, fruits,
cuttings, seedlings, tubers, rootstocks, and the like.

[0066] A method of the invention can generate a plant containing chloroplasts that are genetically
modified fo contain a stably integrated polynucleotide (Hager and Bock, Appl. Microbiol.
Biotechnol. 54:302-310, 2000). Accordingly, the present invention further provides a transgenic
{transplastomic) plant, e.g. C. reinhardtii, which comprises one or more chloroplasts containing a
polynucleotide encoding one or more heterologous polypeptides, including pelypeptides that can
specifically associate to form a functional protetn complex. A photosynthetic organism of the
present invention comprises at least one host cell that is modified to generate a product.

[0067] Vectors, Transformation and Methods,

[0068] The organisms/host cells herein can be transformed to modify the production and/or
secretion of a product(s) with an expression vector, or a linearized portion therof, for example, to
increase production and/or secretion of a product(s). The product(s) can be naturally or not
naturally produced by the organism.

{0069] The expression vector, ot a linearized portion therof, can encode one or more homologous
or heterologous nucleotide sequences (derived from the host organism or from a different
organism) and/or one or more autologous nucleotide sequences (derived from the same organism)
and/or those that encode homologous or heterologous poiypeptides. Exampies of heterologous
nucieotide sequences that can be transformed into an algal host cell include genes from bacteria,
fungi, plants, photosynthetic bacteria or other algae. Examples of autologous nucleotide sequences

that can be transformed into an algal host cell melude isoprenoid producing genes, including genes
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which encode for proteins which produce isoprenoids with two phosphates (e.g., GPP synthase,
FPP synthase). endogenous promoters and 5° UTRs from the psbA, atpA, or rbcL genes. In some
instances, & heterolgous sequence is flanked by two autologous sequences or homologous
sequences. Homologous sequences include those that have at least 50%, 60%, 70%, 80%, or 90%
homology to the sequence in the host cell. In some instances, a homologous sequence is flanked by
two autologous sequences. The first and second homologous sequences enable recombination of
the heterologous sequence into the genome of the host organism. The first and second homologous
sequences can be at least 100, 200, 300, 400, or 500 nucleotides in length.

[0070] The expression vector may comprise nucleotide sequences that are codon biased for
expression in the organism being fransformed. The skilied artisan is well aware of the "codon-
bias" exhibited by a specific host cell in usage of nucieotide codons to specify a given amino acid.
Without being bound by theory, by using a host cell’s preferred codons, the rate of translation may
be greater. Therefore, when synthesizing a gene for improved expression in a host cell, it may be
desirable to design the gene such that its frequency of codon usage approaches the frequency of
preferred codon usage of the host cell. In some organisms, codon bias differs between the nuclear
genome and organelle genomes, thus, codon optimization or biasing may be performed for the
target genome (e.g., nuclear codon biased, chloroplast codon biased). The codons of the present
invention are generally A/T rich, for example, A/T rich in the third nucleotide position of the
codons. Tymcally, the A/T rich codon bias is used for algae. In some embodiments, at least 50%
of the third nucleotide position of the codons are A or T. In ether embodiments, at least 60%, 70%,
80%, 90%, or 99% of the third nucieotide position of the codons are A or T,

{0071} One approach to construction of a genetically manipulated strain of alga involves
transformation with a nucleic acid which encodes a gene of interest, typically an enzyme capabie
of converting a precursor into a fuel product or precursor of a fuel product. In some embodiments,
a transformation may introduce nucleic acids into any plastid of the host alga cell (e.g.,
chloroplast). Transformed celis are typically plated on selective media following introduction of
exogenous nucleic acids. This method may also comprise several steps for screening. Initiaily, a
screen of primary transformants is typically conducted to determine which clones have proper
msertion of the exogenous nucleic acids. Clones which show the proper integration may be
propagated and re-screened fo ensure genetic stability. Such methodology ensures that the
transformants contain the genes of interest. In many instances, such screening is performed by
polymerase chain reaction (PCR); however, any other appropriate technique known in the art may
be utilized. Many different methods of PCR are known in the art (e.g., nested PCR, real time

PCR). For any given screen, one of skill in the art will recognize that PCR components may be
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varicd to achieve optimal screening results. For example, magnesium concentration may need to
be adjusted upwards when PCR is performed on disrupted alga cells to which EDTA (which
chelates magnesium) is added to chelate toxic metals. In such instances, magnesium concentration
may need to be adjusted upward, or downward (compared to the standard concentration in
commercially available PCR kits) by 0.1, 0.2, 03,04, 0.5,06,0.7, 08,09, 1.0, 1.1, 1.2, 1.3, 1. 4,
1.5,1.6,1.7, 1.8, 1.9, or 2.0 mM. Thus, after adjusting, final magnesium concentration in a PCR
reaction may be, for example 0.7, 0.8,09,1.0,1.1,12,13,14,1.5,16,1.7,18,1.9,2.0,2.1,2.2,
23,24,25,26,27,2.8,29,3.0,3.1,3.2,3.3,3.4, 3.5 mM or higher. Particular exampies are
utilized in the examples described herein; however, one of skill in the art will recognize that other
PCR techniques roay be substituted for the particular protocols described. Following screening for
clones with proper integration of exogenous nucleic acids, typically clones are screened for the
presence of the encoded protein. Protein expression screening typically is performed by Western
blot analysis and/or enzyme activity assays.

[0072] A recombinant nucleic acid molecule useful in a method of the invention can be contained
in a vector. Furthermore, where the method is performed using a second (or more) recombinant
nucleic acid molecules, the second recombinant nucleic acid molecule also can be contained in a
vector, which can, but need not, be the same vector as that containing the first recombinant nucleic
acid molecule. The vector can be any vector useful for introducing & polynucleotide into a
chloropiast and, preferably, includes a nucleotide sequence of chloropiast genomic DNA that is
sufficient to undergo homologous recombination with chloroplast genomic DNA, for cxample, a
nucleotide sequence comprising about 400 to 1500 or more substantially contiguous nucleotides of
chloroplast genomic DNA. Chioroplast vectors and methods for selecting regions of a chloroplast
genome for use as a vector are well known (see, for example, Bock, J. Mol. Biol. 312:425-438,
2001, see, also, Staub and Maliga, Plant Cell 4:39-45, 1992; Kavanagh et al., Genetics 152:1111-
1122, 1999, each of which is incorporated herein by reference).

[0073] In some 1nstances, such vectors include promoters. Promoters useful for the present
invention may come from any source (e.g., viral, bacterial, fungal, protist, animal). The promoters
contemplated herein can be specific to photosynthetic organisms, non-vascular photosynthetic
organisms, and vascular photosynthetic organisms (e.g., algae, flowering plants). As used herein,
the term “non-vascular photosynthetic organism,” refers to any macroscopic or microscopic
organism, mcluding, but not limited to, algae, cyanobacteria and photosynthetic bacteria, which
does not have a vascular system such as that found in higher plants. In some instances, the nucleic
acids above are mserted into a vector that comprises a promoter of a photosynthetic organism, e.g.,

algae. The promoter can be a promoter for expression in a chloroplast and/or other plastid. In some
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instances, the nucieic acids arc chloroplast based. Examples of promoters contemplated for
insertion of any of the nucleic acids herein into the chloroplast include those disclosed in US
Application No. 2004/0014174. The promoter can be a constitutive promoter or an inducible
promoter. A promoter typically includes necessary nucleic acid sequences near the start site of
franscription, {(e.g., a TATA element).

[0074] A “constitutive” promoter is a promoter that is active under most environmental and
developmental conditions. An “inducible” promoter is a promoter that is active under
environmental or developmental regulation. Examples of inducible promoters/regulatory elements
mclude, for example, a nitrate-inducible promoter (Bock et al, Plant Mol Biol. 17:9 (1991)), or a
light-inducible promoter, (Feinbaum et al, Mol Gen. Genet. 226:449 (1991); Lam and Chua,
Science 248:471 (1990)), or a heat responsive promoter (Muller et al., Gene 111; 165-73 (1992)).
100751 The entire chioroplast genome of C. reinhardii is available to the public on the world wide
web, at the URL "biclogy.duke.edu/chlamy_genome/- chloro htm!” (see "view compicte genome
as text file” link and "maps of the chloroplast genome" link), each of which is incorporated herein
by reference (J. Maul, J. W. Lilly, and D. B. Stern, unpublished results; revised Jan. 28, 2002; to be
published as GenBank Acc. No. AF396929). Generally, the nucleotide sequence of the chloroplast
genomic DNA is selected such that it is not a portion of a gene, including a regulatory sequence or
coding sequence, particularly a gene that, if disrupted due to the homologous recombination event,
would produce a deleterious effect with respect to the chloroplast, for example, for replication of
the chioroplast genome, or to 4 plant cell containing the chloroplast. In this respect, the website
containing the C. reinhardtii chloroplast genome sequence also provides maps showing coding and
non-coding regions of the chloroplast genome, thus facilitating selection of a sequence useful for
constructing a vector of the invention. For example, the chloroplast vector, p322, is a clone
extending from the Eco (Eco RIj site at about position 143.1 kb to the Xho (Xho 1) site at about
position 148.5 kb (see, world wide web, at the URL
"biology.duke.cdu/chlamy_genome/chloro.htm!”, and clicking on "maps of the chloroplast
genome" link, and "140-150 kb" link; also accessible directly on world wide web at URL
"biology.duke.edu/chlam- v/chloro/chlorol40.html").
[0076] A vector utilized in the practice of the invention also can contain one or more additional
nucleotide sequences that confer desirable characteristics on the vector, including, for example,
sequences such as cloning sites that facilitate manipulation of the vector, regulatory elements that
direct replication of the vector or transcription of nucleotide sequences contain therein, sequences
that encode a selectable marker, and the liké. As such, the vector can contain, for example, one or

more cloning sites such as a multiple cloning site, which can, but need not, be positioned such that

21-



WO 20609/036067 PCE/US2008/075858

a heterologous polynucleotide can be inserted into the vector and operatively linked to a desired
element. The vector also can contain a prokaryote origin of replication (ori), for example, an E. cold
orl or a4 cosmid ori, thus allowing passage of the vector in a prokaryote host cell, as well asin a
plant chloroplast, as desired.

[0077} A regulatory element, as the term is used herein, broadly refers to a nucleotide sequence
that regulates the franscription or translation of a polynucleotide or the localization of a
polypeptide to which it is operatively linked. Examples include, but are not limited to, an RBS, a
promoter, enhancer, transcription terminator, an initiation (start) codon, & splicing signal for intron
excision and maintenance of a correct reading frame, a STOP codon, an amber or ochre codon, and
an IRES. Additionally, a cell compartmentalization signal {i.e., a sequence that targets a
polypeptide to the cytosol, nucleus, chloroplast membrane or cell membrane). In some aspects of
the present mvention, a cell compartmentalization signal (c.g., a chloroplast targeting sequence)
may be ligated to a gene and/or transcript, such that traniation of the gene occurs in the chloroplast.
In other aspects, a cell compartmentalization signal may be ligated to a gene such that, following
translation of the gene, the protein is transported to the chioroplast. Such signals are well known in
the art and have been widely reported. See, e.g., U.S. Pat. No. 5,776,689; Quinn et al., /. Biol.
Chem. 1999, 274(20): 14444-54; von Heijne et al., Eur. J. Biochem. 1989; 180(3): 535-45.

[06078] A vector, or a Imsarized portion therof, may include a nucleotide sequence encoding a
reporter polypeptide or other selectable marker. The term “reporter” or “selectable marker” refers
to & polynucleotide (or encoded polypeptide) that confers a detectable phenotype. A reporter
generally encodes a detectable polypeptide, for example, a green fluorescent protein or an enzyme
such as luciferase, which, when contacted with an appropriate agent {(a particular wavelength of
light or luctferin, respectively) generates a signal that can be detected by eve or using appropriate
instrumentation (Giacomin, Plant Sci. 116:59-72, 1996; Scikantha, /. Bacteriol. 178:121, 1996;
Gerdes, FEBS Lert. 389:44-47, 1996, sce, also, Jefferson, EMBO J. 6:3901-3907, 1997, fi-
glucuronidase). A selectable marker generally is a molecule that, when present or expressed in a
cell, provides a selective advantage (or disadvantage) to the cell containing the marker, for
example, the ability to grow in the presence of an agent that otherwise would kill the call.

[0079] A selectable marker can provide a means'to obtain prokaryotic cells or plant cells or both
that express the marker and, therefore, can be useful as a component of a vector of the invention
(see, for example, Bock, supra, 2001). One class of selectable markers are native or modified genes
which restore a biological or physiological function to a host cell (e.g., restores photosynthetic
capability, restores a metabolic pathway). Other examples of selectable markers include, but are

not iimited to, those that confer antimetabolite resistance, for example, dihydrofolate reductase,
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which confers resistance to methotrexate (Reiss, Plant Physiol. (Life Sci. Adv.) 13:143-149, 1994);
neomycin phosphotransferase, which confers resistance to the aminoglycosides neomyecin,
kanamycin and paromycin (Herrera-Estrella, EMBO J. 2:987-995, 1983), hygro, which confers
resistance to hygromycin (Marsh, Gene 32:481-4835, 1984), trpB, which allows cells to utilize
ndole m place of tryptophan; hisD, which allows cells to utilize histinol in place of histidine
(Hartman, Proc. Natl. Acad. Sci., USA 85:8047, 1988); mannose-6-phosphate isomerase which
aliows cells to utilize mannose (WO 94/20627); ornithine decarboxylasc, which confers resistance
to the ornithine decarboxylase inhibitor, 2~(difluoromethyl}-DL-ornithine (DFMG; McConlogue,
1987, In: Current Communications in Molecular Biology, Cold Spring Harbor Laboratory ed.); and
deaminase from Aspergillus terreus, which confers resistance to Blasticidin S (Tamura, Biosci.
Biotechnol. Biochem. 59:2336-2338, 1995}, Additional seiectabie markers include those that confer
herbicide resistance, for example, phosphinothricin acetyltransferase gene, which confers
resistance to phosphinothricin (White et al., Nucl. Acids Res. 18:1062, 1990; Spencer et al., Theor.
Appl. Genet. 79:625-631, 1990), a mutant EPSPV-synthase, which confers glyphosate resistance
{(Hinchee et al., BioTechnology 91:915-922, 1998), a mutant acetolactate synthase, which confers
inidazolione or sulfonylurea resistance (Lee et al., EMBO J. 7:1241-1248, 1988), a mutant psbA,
which confers resistance to atrazine (Smeda et al., Plant Physiol. 103:911-917, 1993), or a mutant
protoporphyrinogen oxidase (see U.S. Pat. No. 5;767,373), or other markers conferring resistance
to an herbicide such as glufosinate. Selectable markers include polynucieotides that confer
dihydrofolate reductase (DHFR) or neomycin resistance for eukaryotic cells and tetracycline;
ampiciilin resistance for prokaryotes such as £. coli; and bleomycin, gentamycin, glyphosate,
hygromycin, kanamycin, methotrexate, phleomycin, phosphinotricin, spectinomycin, streptomycin,
sulfonamide and sulfonylurea resistance in plants (see, for example, Maliga et al., Methods in Plant
Molecular Biology, Cold Spring Harbor Laboratory Press, 1995, page 39).

[6080] Reporter genes have been successfully used in chloroplasts of higher plants, and high levels
of recombinant protein expression have been reported. In addition, reporter genes have been used
in the chloroplast of C. reinhardiii, but, in most cases very low amounts of protein were produced.
Reporter genes greatly enhance the ability to monitor gene expression in a number of biological
organisms. In chloropiasts of higher piants, -glucuronidase (uidA, Staub and Maliga, EMBO J,
12:601-606, 1993}, neomycin phosphotransferase (nptll, Carrer et al., Mol. Gen. Gener. 241:49-56,
1993), adenosyl-3-adenyitransf- erase (aadA, Svab and Maliga, Proc. Natl. Acad. Sci., USA
90:913-917, 1993), and the Aequorea victoria GFP (Sidorov et al., Plant J. 19:209-216, 1999) have
been used as reporter genes (Heifetz, Biochemie §2:655-666, 2000). Each of these genes has

attributes that make them useful reporters of chloroplast gene expression, such as ease of analvsis,
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sensitivity, or the ability fo examine expression in situ. Based upon these studies, other
heterologous proteins have been expressed in the chloroplasts of higher plants such as Bacillus
thuringiensis Cry toxins, conferring resistance to insect herbivores (Kota et al., Proc, Natl. Acad.
Sci., US4 96:1840-1845, 1999), or human somatotropin (Staub et al., Nat. Biotechnol. 18:333-338,
2000), a potential biopharmaceutical. Several reporter genes have been expressed in the chloroplast
of the eukaryotic green alga, C. reinhardsi, including aadA (Goldschmidt-Clermont, Nucl. Acids
Res. 19:4083-4089 1991, Zerges and Rochaix, Mol. Cell Biol. 14:5268-5277, 1994), vidA
(Sakamoto et al., Proc. Natl. Acad. Sci., USA 90:477-501, 19933, Ishikura et al., J. Biosci. Bioeng.
87:307-314 1999), Renilla luciferase (Minko et al., Mol. Gen. Gener. 262:421-425, 1999} and the
armine gitycoside phosphotransferase from Acinetobacter baumanii, aphA6 (Bateman and Purton,
Mol. Gen. Genet 263:404-410, 2000).

[0081] The vectors described herein may contain modified genes and/or open reading frames
containing one or more recombinantly produced features. For example, a gene encoding a protein
of interest may be tagged with a useful molecular marker. In some instances, the tag may be an
epitope tag or a tag polypeptide. Generally, epitope tags comprise a sufficient number of amino
acid residues to provide an epitope against which an antibody can be made, yet is short enough
such that it does not interfere with activity of the polypeptide to which it is fused. Preferably a tag
is also fairly unique so that an antibody raised to the tag does not substantially cross-react with
other epitopes (e.g., a FLAG tag). Othe appropriate tags may be used, for example, afﬁnity tags.
Affinity tags are appended to proteins so that they can be purified from their crude biological
source using an affinity technique. Examples of such tags include, but are not limited to, chitin
binding protein (CBP), maltose binding protein (MBP), glutathione-s-transferase (GST) and metal
affinity tags (e.g., pol(His). Positioning of tags at the C- and/or N-terminal may be determined
based on, for example, protein function. One of skill in the art will recognize that selection of an
appropriate tag will be based on multiple factors, inciuding the intended use, the target protein,
cost, ctc.

[6082] Another example of a modification which may be made to a gene encoding a protein of the
present invention is the addition of a cleavage moiety. Typically, the cleavage moiety is a
polypeptide of appropriate length to be targeted by a protease. The protease may be naturally
occurring in the organism which is intended to be the host for the vectors of the present invention.
For example, where the target host is C. reinhardtii, a protein may be engineered to contain an
amino acid region recognized by membrane-bound proteases (see, e.g., Hoober et al., Plant
Physiol. 1992 July, 99( .3): 932-937) or a ClpP protease (NCBI # 3053). In other instances, a self-

cleaving protease, such as the A2 region (or a functional portion thereof) of Foot and Mouth
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Disease Virus may be utilized. Halpin, et al., Plant J., 1999; 17(4), 453-459. Typically. cleavage
moieties will be utilized for vectors of the present invention which contain fusion proteins. For
example, in some instances a vector may comprise a single open reading frame which encodes a
fusion protein, a cleavage moiety may be inserted between the sequences encoding portions of the
fusion protein (e.g., see FIG, 144).

[6683] Still another modification which may be made to a gene encoding a protein of the present
invention 1s the addition of a secretion signal. Protein secretion is typically conferred by a
hydrophobic secretion signal usually located at the N-terminal of the polypeptide which targets the
protein to the endoplasmic reticulum and, eventually, the cell membrane. Secretion signais allow
for the production and secretion of recombinant proteins in numerous hosts, including NVPOs.
One example of a secretion signal which may be utilized in the present invention is the signal from
the C. reinhardtii carbonic anhydrase protein. Toguri, et al., Eur. J. Biochem. 1986; 158, 443-450.
Many such signals are known in the art, and the selection of an appropriate signal depends on, for
example, the host cell and protein folding.

[0084] In some instances, the vectors of the present invention will contain elements such as an £,
coli or 5. cerevisiae origin of replication. Such features, combined with appropriate selectable
markers, allows for the vector to be “shuttled” between the target host cell and the bacterial and/or
yeast cell. The ability to passage a shuttle vector of the invention in a secondary host may allow
for more convenient manipulation of the features of the vector. For example, a reaction mixture
containing the vector and putative inserted polynucleotides of interest can be transformed into
prokaryote host cells such as £. coli, amplified and collected using routine methods, and examined
to identify vectors contaming an msert or construct of interest. If desired, the vector can be further
manipulated, for example, by performing site directed mutagenesis of the inserted polynucleotide,
then again amplifying and selecting vectors having a mutated polynucleotide of interest, A shuttle
vector then can be introduced into plant cell chloroplasts, wherein & polypeptide of interest can be
expressed and, if desired, 1solated according to a method of the invention.

[6085] A polynucleotide or recombinant nucleic acid molecule of the invention, can be introduced
into plant chloroplasts or nucleus using any method known in the art. A polynucleotide can be
introduced into a cell by a variety of methods, which are well known in the art and selected, in part,
based on the particular host cell. For example, the polynucleotide can be introduced into a piant
cell using a direct gene transfer method such as electroporation or microprojectile mediated
(biolistic) transformation using a particle gun, or the “glass bead method,” or by pollen-mediated

transformation, liposome-mediated transformation, transformation using wounded or enzyme-
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degraded immature embryos, or wounded or enzyme-degraded embryogenic caltus (Potrykus, 4Ann.
Rev. Plant. Physiol. Plant Mol. Biol. 42:205-225, 1991).

[0086] The term “exogenous” is used herein in a comparative sense to indicate that a nucleotide
sequence {(or polypeptide) being referred to is from a source other than a reference source, or 18
linked to a second nucleotide sequence (or polypeptide) with which it is not normally associated, or
1s modified such that it is in a form that is not normally associated with a reference material. For
example, a polynucleotide encoding an enzyme is heterologous with respect to a nucleotide
sequence of a plant chioroplast, as are the components of a recombinant nucleic acid molecule
comprising, for example, a first nucleotide sequence operatively linked 1o a second nucleotide
sequence, as is a mufated polynucleotide infroduced into a chloroplast where the mutant
polynucleotide is not normally found in the chloroplast.

[0087] Plastid transformation is a method for introducing & polynucleotide into a plant cell
chioroplast (see U.S. Pat. Nos. 5,451,513, 5,545,817, and 5,545,818, WO 95/16783; McBride et
al., Proc. Natl. Acad. Sci., USA 91:7301-7305, 1994). In some embodiments, chloroplast
transformation involves introducing regions of chioroplast DNA flanking a desired nucleotide
sequence, allowing for homologous recombination of the exogenous DNA into the target
chloroplast genome. The description herein provides that host cells may be transformed with
vectors. One of skill in the art will recognize that such transformation includes transformation with
circular or linearized vectors, or linearized portions of a vector. Thus, a host cell comprising a

vector may contain the entire vector in the cell {in either circular or inear form), or may contain a

Figures 3 and 16). In some instances one to 1.5 kb flanking nucleotide sequences of chloroplast
genomic DNA may be used. Using this method, point mutations in the chloroplast 16S rRNA and
rpsl12 genes, which confer resistance to spectinomycin and streptomycin, can be utilized as
selectable markers for transformation (Svab et al., Proc. Natl. Acad. Sci., USA 87:8526-8530),
1990}, and can result i stable homoplasmic transformants, at a frequency of approximately one
per 100 bombardments of target leaves.

[0088] Microprojectile mediated transformation also can be used to introduce a polynucleotide into
a plant cell chloroplast (Klem et al., Nafure 327:70-73, 1987). This method utilizes
microprojectiles such as gold or tungsten, which are coated with the desired polynucleotide by
precipitation with calcrum chloride, spermidine or polyethylene glycol. The microprojectile
particies are accelerated at high speed into a plant tissue using a device such as the BIOLISTIC
PD-1000 particle gun (BioRad; Hercules Calif.}. Methods for the transformation using biolistic

methods are well known in the art (see, ¢.g.; Christou, Trends in Plant Science 1:423-431, 1996).
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Microprojectilc mediated transformation has been used, for cxample, to generate a variety of
transgenic plant species, including cotton, tobacco, corn, hybrid poplar and papayva. Imporians
cereal crops such as wheat, oat, bariey, sorghum and rice also have been transformed using
microprojectile mediated delivery (Duan et al., Nature Biotech. 14:494-498, 1996, Shimamoto,
Curr. Opin. Biotech. 5:158-162, 1994). The transformation of mest dicotyledonous plants is
possibie with the methods described above. Transformation of monocotyledonous plants also can
be transformed using, for example, biolistic methods as described above, protoplast transformation,
electroporation of partially permeabilized cells, introduction of DNA using glass fibers, the glass
bead agitation method, and the like.

[0089] Transformation frequency may be increased by replacement of recessive rRNA or r-protein
antibiotic resistance genes with a dominant selectable marker, including, but not limited to the
bacterial aadA gene (Svab and Maliga, Proc. Natl. Acad. Sci., USA 90:913-917, 1993).
Approximately 15 to 20 cell division cycles following transformation are generally required to
reach a homoplastidic state. It 18 apparent to one of skill in the art that a chloropiast may contain
multiple copies of its genome, and therefore, the term “homoplasmic” or “homoplasmy” refers to
the state where all copics of a particular locus of interest are substantially identical. Plastid
expression, in which genes are inserted by homologous recombination into all of the several
thousand copies of the circular plastid genome present in each plant cell, takes advantage of the
enormous copy number advantage over nuclear-expressed genes to permift expression levels that
can readily exceed 10% of the total soluble plant protein,

{0090} A method of the invention can be performed by introducing a recombinant nucleic acid
molecule mmto a chloroplast, wherein the recombinant nucleic acid molecule includes a first
polynucleotide, which encodes at least one polypeptide (i.c., 1, 2, 3, 4, or more). In some
embodiments, a polypeptide 1s operatively linked to & second, third, fourth, fifth, sixth, seventh,
eighth, ninth, tenth and/or subsequent polypeptide. For example, several enzymes in a
hydrocarbon production pathway may be linked, either directly or indirectly, such that products
produced by one enzyme in the pathway, once produced, are in close proximity to the next enzyme
in the pathway.

[0091] For transformation of chioroplasts, one major benefit of the present invention is the

- utilizatton of a recombinant nucleic acid construct which contains both a selectable marker and one
or more genes of interest. Typically, transformation of chioroplasts is performed by co-
transformation of chloroplasts with two constructs: one containing a selectable marker and a
second containing the gene(s) of interest. Screening of such transformants is laborious and time

consuming for multiple reasons. First, the time required to grow some transformed organisms is
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lengthy. Second, transformants must be screened both for presence of the selectable marker and
for the presence of the gene(s) of interest. Typically, secondary screening for the gene(s) of
interest 18 performed by Southem blot (see, ¢.g. PCT/US2007/072465).

[0092] In chioroplasts, regulation of gene expression generally occurs after transcription, and often
during translation initiation. This regulation is dependent upon the chloroplast translational
apparatus, as well as nuclear-encoded regulatory factors (sce Barkan and Goldschmidt-Clermont,
Biochemie 82:559-5712, 2000, Zerges, Biochemie 82:583-601, 2000). The chloroplast translational
apparatus generally resembles that in bacteria; chioroplasts contain 708 ribosomes; have mRNAs
that lack 5' caps and generally do not contain 3" poly-adenylated tails (Harris et al., Microbiol. Rev.
38:700-754, 1994); and translation is inhibited in chloroplasts and in bacteria by selective agents
such as chloramphenicol.

[0093] Some methods of the present invention take advantage of proper positioning of a ribosome
binding sequence (RBS) with respect to a coding sequence. It has previously been noted that such
placement of an RBS results in robust translation in plant chloroplasts (see U.S. Application
2004/0014174, incorporated herein by reference}, and that poiypeptides that an advantage of
expressing polypeptides in chloroplasts is that the polypeptides do not proceed through celiular
compartments typically traversed by polypeptides expressed from a nuclear gene and, therefore,
are not subject to certain post-translational modifications such as glycosylation. As such, the
polypeptides and protein complexes produced by some methods of the invention can be expected
to be produced without such post-transiational medification.

[0094] The term “polynucleotide” or “nucleotide sequence” or “nucleic acid molecule” is used
broadly herein to mean a sequence of two or more deoxyribonucleotides or ribonucleotides that are
linked together by a phosphodiester bond. As such, the terms include RNA and DNA, which can be
a gene or a portion thereof, a cDNA, a synthetic polydeoxyribonucleic acid sequence, or the like,
and can be single stranded or double stranded, as well as a DNA/RNA hybrid. Furthermore, the
terms as used herein inchude naturally occurring nucleic acid molecules, which can be isolated
from a cell, as well as synthetic polynucleotides, which can be prepared, for example, by methods
of chemical synthesis or by enzymatic methods such as by the polymerase chain reaction (PCR). It
should be recognized that the different terms are used only for convenience of discussion so as to
distinguish, for example, different components of a composition, except that the term “synthetic
polynucleotide™ as used herein refers to a polynucleotide that has been modified to reflect
chloroplast codon usage.

[0095] In general, the nucleotides comprising a polynucleotide are naturally occurring

deoxyribonucleotides, such as adenine, cytosine, guanine or thymine linked to 2'-deoxyribose, or
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ribonucleotides such as adenine, cytosine, guanine or uracil linked to ribose. Depending on the use,
however, & polynucleotide also can contain nucleotide analogs, including nen-naturally occurring
synthetic nucleotides or modified naturally occurring nucieotides. Nucleotide anaiogs are well
known in the art and commercially available, as are polynucleotides containing such nucleotide
analogs (Lin et al., Nucl Acids Res. 22:5220-5234, 1994; Jellinek et al.. Biochemistry 34:11363-
11372, 1993; Pagratis et al., Nature Biotechnol. 15:68-73, 1997). Generally, a phosphodiester bond
links the nucleotides of a polynucieotide of the present invention; however other bonds, including a
thiodiester bond, a phosphorothioate bond, a peptide-like bond and any other bond known in the art
may be utilized to produce synthetic polynucleotides (Tam et al., Nucl. Acids Res. 22:977-986,
1994; Ecker and Crooke, BioTechnology 13:351360, 1995).

[0096] Any of the products described herein can be prepared by transforming an organism to cause
the production and/or secretion by such organism of the product. An organism is considered to be a
photosynthetic organism even if a transformation event destroys or diminishes the photosynthetic
capability of the transformed organism (e.g., exogenous nucleic acid is inserted into a gene
encoding a protein required for photosynthesis).

[6097] Fusion Protein Vectors.

10098] In some embodiments of the present invention, a host NVPO nuclear or plastid genome will
be targeted for transformation with a construct comprising a fusion protein. Any of the vectors or
linearized portions thereof described herein can be modified for nuclear or plastid transformation
by incerporating appropriate signals {e.g., a host-cell nuclear origin of replication or plastid crigin
of rephication) or appropriate flanking homology regions (for homologous recombination with the
target genome). Some constructs of the present invention are graphically represented in FIG. 14.
The construct shown in F1G. 14A comprises at least one regulatory element (“Promoter / 5° UTR”
and/or “3’UTR”) and an open reading frame (i.¢., a fusion protein) comprising at least two
elements (“Selectable Marker” and “Transgene™). In some instances, one or more of the regulatory
elements may be endogenous to the organism to be transformed (e.g., the 5” and 3 regulatory
clements are the flanking homology sections directing insertion of the construct into the target
genome). In this figure, the promoter is operably linked to the open reading frame, thus driving
expression of the fusion protein. One potential advantage to using such an approach is to prevent
recombination events, lowered expression or other effects which might lead to deletion or lowered
expression of the transgene (i.¢., an enzyme producing an isoprenoid). Additionally, by creating a
fusion protein comprising a selectable marker and a transgene, insertion sites may be conserved to
create multiply-tranformed strains. However, in some instances, a fusion protein may comprise

two or more transgenes (e.g., an FPP synthase and a zingiberene synthase).
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16099] Also shown m FIG. F4A is the inciusion of an optional cleavage moiety (“CM”), in-frame
with the selectable marker and the transgene. As described above, this cleavage moiety, when
present, may allow for cleavage of the gene of interest from the selectable marker. Typically,
cleavage at the cleavage moiety will result in two functional proteins (e.g., the selectable marker
and the transgene). Cleavage may result in a portion of the cleavage moiety remaining on one,
both or neither of the flanking polypeptides. Cleavage may occur after or during translation. Thus, |
in some embodiments, a fusion protein consisting of the selectable marker, the transgene and the
intervening cieavage moiety may be present in a host cell. In other embodiments, the fusion
protein is cleaved prior to translation of the full-length fusion protein transcript.

{06100} Other modifications may be made to a sequence encoding a fusion protein (or any of
the other proteins and classes of proteins described herein). One example is a linker polypeptide.
Such polypeptides may provide spatial separation of the proteins of interest, allow for proper
folding of the portions of a fusion protein, and/or result from recombinant construction of the
fusion protein. In another example, a secretion signal may be fused in-frame with one or more
portions of the fusion protein (e.g., the transgene, the selectable marker or both). Typically, &
secretion signal will be utilized for fusion proteins targeted for expression in a nuclear genome. In
other instances, one or more tags may be fused in-frame with one or more portions of the fusion
protein. For example, a nucleotide sequence encoding a poly(His) tag may be ligated in-frame
with the sequence encoding the transgene and a nucleotide sequence encoding a FLLAG tag is
ligated in-frame with the sequence encoding the selectable marker. In still other instances, a
nucleic acid encoding a secretion signal may be attached in-frame with a portion of the fusion
protem. In some instances, a secretion signal will be attached to the transgene. As is apparent,
multiple combinations of selectabie marlkers, transgenes, cleavage moieties, signal sequences
and/or tags may be combined into a single open reading frame, based on the need of a practitioner.
Thus, the simplified versions of the construcis shown in FIG. 14 are not meant to be limiting on
the scope of the constructs of the present invention. One of skill in the art will also recognize that
such combinations of components may also be utilized in constructs which are used to transform
the chloroplast.

(00101} FIG. 14B shows another approach to nuclear transformation in which the
transforming construct contains a selectable marker and a transgene under control of different
regulatory elements. Although not indicated, such constructs may contain cleavage moieties,

secretion signals, and/or tags as described above.
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[00102] Nucleie acids, Proteins and Enzvies.

[00103] The vectors and other nucleic acids disclosed herein can encode polypeptide(s) that
promote the production of intermediates, products, precursors, and derivatives of the products
described herein. For example, the vectors can encode polypeptide(s) that promote the production
of intermediates, products, precursors, and derivatives in the isoprenoid pathway.

[00104] The enzymes utilized mn practicing the present invention may be encoded by
nucleotide sequences derived from any organism, including bacteria, plants, fungi and animals. In
some instances, the enzymes are isoprenoid producing enzymes. As used herein, an “isoprenoid
producing enzyme” is a naturally or non-naturally occurring enzyme which produces or increases
production of an isoprenoid. In some instances, an isoprenoid producing enzyme produces
isoprenoids with two phosphate groups (e.g., GPP synthase, FPP synthase, DMAPP synthase). In
other instances, isoprenoid producing enzymes produce isoprenoids with zero, one, three or more
phosphates or may produce isoprenoids with other functional groups. Non-limiting exampies of
such enzymes and their sources are shown in Table 1. Polynucleotides encoding enzymes and
other proteins useful in the present invention may be isolated and/or synthesized by any means
known in the art, including, but not limited to cloning, sub-cloning, and PCR.

Table 1. Examples of Synthases for Use in the Present Invention.

Synthage Source NCBI proteig 1D
Limonene M. spicata 2O0NH A
Cineole S. officinalis AAC26016
Pinene A. grandis AAKR3IS64
Camphene A grandis AABTGHTOT
Sabinene S. officinalis AAC2O018
Myrcene A. grandis AABTI084
Abietadiene A. grandis Q38710
Taxadiene T. brevijolia AAKB3I566
FPP . gallus PG8E36
Amorphadiene A annua AAF61439
Bisabolene A grandis Q81036
Diapophytogne S, aureus

Diapophytoene desaturase S. aureus

GPPS-L3U M. spicaia AAF08793
GPPS-3SU M. spicata AAFOETO2
GPPS A. thaliona CAC16849
GPPS C. reinhardtii EDPG551A
PP E. coli NP 414955
Fep A. thaliana NP_19958%
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FPP A. thaliana NP 193452
FPP C. reinhardtii EDPO3194

IPP isomerase E coli NP 417365
IPP isomerase H. pluvialis ABBR0114
Lamonene L. angusiifolia ABB73044
Monoterpene S. lycopersicum AAXO9064
Terpinolene G. basilicum AAVE3792
Myreene O. basificum AAVH3ITI!
Zingiberene (). basilicum AAVGE3TER
Myrcene Q. ilex CAC41012
Myrcene P abies AAS4TE96
Myrcene, ocimens A thaliona NP_17999%
Myreene, ocimene A thaliana NP_567511
Sesquiterpene Z. mayvs; B73 AASEESTL

Sesquiterpene A thaliona NP_199276
Sesquiterpens A thaliona NP_193064
Sesquiterpene A thaliona NP_193066
Curcumene F. cablin AASEE3LY
Farnesene M. domestica AAX1HTTZ
Farnesene C. sativis AALT05951
Farmnesene C. junos AAKS54279
Farnesene P, abies AASATEYT
Bisabolene P. ables AASATARY
Sesquiterpene A. thaliana NP_197784
Sesquiterpens A thaliane NP _175313
GPP Chimera

GPPS-LSUJ+SST fusion

Geranylgerany] reductase A. thaliana NP 177587
Geranylgeranyl reductase . reinhardtii EDPO998E
Chlorophylidohydrolase C. reinhardiii EDPG1304
Chlorophyliidohydrolase A. thaliana NP_564094
Chlorophyllidohydrolase A thaliona NP 199199
Phosphatase 8. cerevisiae AABB4930
FPP ATIRW &L gallus

[00105] The synthase may also be botryococcene synthase, $-caryophyllene synthase,
germacrene A synthase, 8-epicedrol synthase, valencene synthase, (+)-0-cadinene synthase,
germacrene C synthase, (E)-pB-famesene synthase, casbene synthase, vetispiradiene synthase, 5-epi-
aristolochene synthase, aristolchene synthase, a-humutene, (E,E)-a-farnesene synthase, (- -p-
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pinene synthase, y-terpinene synthase, limonene cyclase, linalool synthase, (+)-bornyl diphosphate
synthase, levopimaradiene synthase, isopimaradiene synthase, (E)-y-bisabolene synthase, copalyl
pyrophosphate synthase, kaurene synthase, longifoiene synthase, y-humulene synthase, 8-selinene
synthase, B- pheliandrene synthase, terpinolene synthase, (+)-3-carene synthase, syn-copalyl
diphosphate synthase, a-terpineol synthase, syn-pimara-7,15-diene synthasc, eni-
sandaaracopimaradiene synthase, sterner- 13 -ene synthase, E-B-ocimene, S-linalool synthase,
geranio! synthase, y-terpinene synthase, linalool synthase, E-B-ocimene synthasc, epi-cedrol
synthase, a-zingiberene synthase, guaiadiene synthase, cascarilladiene synthase, cis-muurcladiene
synthase, aphidicolan-16b-ol synthase, elizabethatriene synthase, sandalol synthase, patchoulol
synthase, zinzanol synthase, cedrol synthase, scareol synthase, copalol synthase, or manool
synthasc.

00166} The vectors of the present invention may be capable of stable transformation of
multiple photosynthetic organisms, including, but not limited to, photosynthetic bacteria (including
cyanobacieria), cyanophyta, prochlorophyta, thodophyta, chiorophyta, heterokontophyta,
tribophyta, giaucophyta, chlorarachniophytes, eugienophyta, euglenoids, haptophyta, chrysophyta,
cryptophyta, cryptomonads, dinophyta, dinoflageliata, pyrmnesiophyta, bacillariophyta,
xanthophyta, eustigmatophyta, raphidophyta, phacophyta, and phytoplankton. Other vectors of the
present invention are capable of stable transformation of C. reinkardiii, D. saling, H. pluvalis, S.
dimorphus, D. viridis, or D. tertiolecta.

[06107] A vector herein may encode polypeptide(s) having a role in the mevalonate pathway,
such as, for example, thiolase, HMG-CoA synthase, IMG-CoA reductase, mevalonate kinase,
phosphemevalonate kinase, and mevalonate-3-pyrophosphate decarboxylase. In other
embodiments, the polypeptides are enzymes in the non-mevalonate pathway, such as DOXP
synthase, DOXP reductase, 4-diphosphocytidyl-2-C-methyl-D-erythritol synthase, 4-
diphophocytidyl-2-C-methyl-D-erythritol kinase, 2-C-methyl-D-erythritol 2,4,-cyclodiphosphate
synthase, HMB-PP synthase, HMB-PP reductase, or DOXP reductoisormerase.

[00108] In other instances, & vector may comprise a nucleotide sequence encoding a
polypeptide in an isoprenoid pathway, such as, for example, a synthase-encoding sequence. The
synthase may be a C10, C15, C20, C30, or C40 synthase. In some embodiments, the synthase is
limonene synthase, 1,8 cincole synthase, o-pinene synthase, camphene synthase, (+)-sabinene
synthase, myreene synthase, abietadiene synthase, taxadiene synthase, farnesyl pyrophosphate
synthase, amorphadiene synthase, (E)-u-bisabolene synthase, diapophytoene synthase, or
diapophytoene desaturase. Non-limiting examples of synthases and their amino acid sequences are

shown m Table 2.
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Table 2. Protein sequences of synthases

SEQ Synthesized AA Seq Enzyme
1D NO

i MVPRRSGNYNPSRWDVNFIQSLLSDYKEDKHVIRASELVTLVKMELEKETDQ! | Limonene
ROQLELIDDLOQRMGLSDHFONEFKEILSSIY LDHHYYKNPFPKEERDLYSTSLAF | synthase
RLLREHGFOVAQEVFDSFKNEEGEFKESLSDDTRGLLQLYEASFLLTEGETTLE
SAREFATKFLEEKVNEGGVDGDLLTRIAYSLDIPLHWRIKRPNAPVWIEWYRK
RPDMNPYVVLELAILDLNIVQAQFQEELKESFRWWRNTGFVEKLPFARDRLVE
CYFWNTGHEPRQHASARIMMGKVNALITVIDDIYDVYGTLEELEQFTDLIRRW
DINSIDQLPDYMOQLCFLALNNFVDDTSYDVMKEKGVNVIPYLROQSWVDLADK
YMVEARWEY GGHKPSLEEYLENSWOQSISGPCMLTHIFFRVTIDSFTKETVDSLY
KYHDLVRWSSFVLRLADDLGTSVEEVSRGDVPKSLQCYMSDYNASEAEARK
AVEWLIAEVWEKMNAERVSKDSPTGKDFIGCAVDLGRMAQLMYHNGDGHG
TOHPHHQOMTRTLFEPFAGTGENLY FQGSGGGGSDYKDDDDKGTG

)

MVPRRTGGYOQPTLWDFSTIQLFDSEYKEEKHLMRAAGMIAQVNMLLQEEVD | Cineole
SIQRLELIDDLRRLGISCHFDREIVEILNSKYYTNNEIDESDLYSTALRFKLLRQY | synthase
DESVSQEVFDCFKNDKGTDFKPSLVDDTRGLLOQLYEASFLSAQGEETLHLARD
FATKFLHKRVLVDKDINLLSSIERALELPTHWRVQMPNARSFIDAYKRRPDMN
PTVLELARLDFNMVOQAQFQQELKEASRWWNSTGLVHELPFVRDRIVECYYW
TTGVVERREHGYERIMLTKINALVTTIDDVFDIYGTLEELQLFTTAIQRWDIES
MEOQLPPYMQICYLALFNFVNEMAYDTLRDKGFNSTPYLRKAWVDLVESYLIE
AKWYYMGHKPSLEEYMKNSWISIGGIPILSHLFFRLTDSIEEEDAESMHKYHDI
VRASCTILRLADDMGTSLDEVERGDVPKSVOUYMNEKNASEEEAREHVRSLI
DQTWKMMNKEMMTSSFSKYFVOQVSANLARMAQWIYQHESDGFGMQHSLY
NEMLRGLLFDRYEGTGENLY FQGSGGGGSDYKDDDDKGTG

ed

MVPREMGDFHSNLWDDDVIQSLPTAYEEKSYLERAEKLIGEVENMFNSMSLE | Pinenc
DGELMSPLNDLIQRLWIVDSLGRLGIHRHFKDEIKSALDYVYSYWGENGIGCG | synthase
RESAVTDLNSTALGFRTLRLHGYPVSSDVFKAFKGQNGQFSCSENIQTDEEIRG
VLNLFRASLIAFPPGEKIMDEARIFSTKYLKEALQKIPVSSLSREIGDVLEYGWHT
YLPRLEARNYIHVFGQDTENTKSY VKSKKLLELAKLEFNIFOSLQKRELESLVR
WWEESGFPEMTFCRHRHVEY YTLASCIAFEPQHSGFRLGFAKTCHLITVLDD
MYDTFGTVDELELFTATMKRWDPSSIDCLPEYMKGVYIAVYDTVNEMAREA
EEAQGRDTLTYAREAWEAYIDSYMQEARWIATGYLPSFDEY YENGKVSCGH
RISALQPILTMDIPEPDHILKEVDEPSKINDLACAILRLRGDTRCYKADRARGEE
ASSISCYMEDNPGVSEEDALDHINAMISDVIKGINWELLKPDINVPISAKKHAF
DIARAFHYGYKYRDGY SVANVETKSLVTRTLLESVPLGTGENLYFQGSGGGG
SDYKDDDDKGTG

4 MVPRRVGNYHSNLWDDDFIQSLISTPYGAPDYRERADRLIGEVKDIMFNFKSL | Cam-
EDGGNDLLOQRLLLVDDVERLGIDRHFKKEIKTALDYVNSYWNEKGIGCGRES | phene
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VVTDLNSTALGLRTLRLHGYTVSSDVLNVFKDRKNGQFSSTANIQIEGEIRGVL | synthasge
NLFRASLVAFPGEKVMDEAETFSTKYLREALQKIPASSILSLEIRDVLEYGWHT
NLPRLEARNYMDVFGQHTKNKNAAEKLEELAKLEFNIFHSLQERELKHVSRW
WRDSGSPEMTFCRHRHVEY YALASCIAFEPQHSGFRLGFTEKMSHLITVLDDM
YDVFGTVDELELFTATIKRWDPSAMECLPEYMKGVYMMVYHTVNEMARV A
FRKAQGRDTINYARQAWEACFDSYMQEAKWIATGYLPTFEEYLENGKVSSAH
RPCALQPILTLDIPFPDHILKEVDFPSKINDLICIILRLRGDTRCY K ADRARGEEA
SEISCYMEDNPGLTEEDAINHINFMIRDAIRELNWELLKPDNSVPITSKKHAFD
ISRVWHHGYRYRDGYSFANVETKSLYVMRTVIEPVPLGTGENLYFQGSGGGGS
DYKDDDBKGTG

MVPRRSGDYQPSLWDFNYIQSLNTPYKEQRHFNRQAELIMQVRMLLKVKME | Sabinenc
AIQOLELIDDLQYLGLSYFFOQDEIK QILSSTHNEPRYFHNNDLYFTALGFRILRQ | synthase
HGENVSEDVFDCIKIEKCSDFNANLAQDTKGMLQLYEASFLLREGEDTLELAR
RFSTRSLREKFDEGGDEIDEDLSSWIRHSLDLPLHWRVQGLEARWFLDAYARR
PDMNPLIFKLAKLNFNIVOQATYQEELKDISRWWNSSCLARKLPFVRDRIVECFF
WAIAAFEPHOQYSYQRKMAAVIITFITUDDVYDVYGTIEELELLTDMIRR WDNK
SISQLEYYMQVCYLALYNFVSERAYDILKDOHFNSIPYLORSWVSLVEGYLKE
AYWYYNGYKPSLEEYLNNAKISISAPTISQLYFTLANSIDETAIESLYQVYHNIL
YLSGTILRLADDLGTSQHELERGDVPKAIQCYMNDTNASEREAVEHVKFLIRE
AWKEMNTVTTASDCPFTDDLVAAAANLARAAQFIYLDGDGHGVOQHSEIHQQ
MGGLLFQPYVGTGENLYFQGSGGGGSDYKDPDDDKGTG

MVPRRIGDYHSNIWDDDFIQSLSTPYGEPSYQERAERLIVEVKKIFNSMYLDDG | Myrcene
RLMSSENDLMOQREWIVDSVERLGIARHFKNEITSAL DY VERYWEENGIGOGRD | synthase
SIVIDLNSTALGFRTLRLHGYTVSPEVLEAFQDONGQFVCSPGQTEGEIRSVLN
LYRASLIAFPGEKVMEEAEIFSTRYLEEALQKIPVSALSQEIKFVMEYGWHTNL
PRLEARNYIDTLEKDTSAWLNKNAGKKLLELAKLEFNIFNSLQQKELQYLLR
WWEKESDLPKLTFARHRHVEFYTLASCIAIDPKHSAFRLGFAKMCHLVTVLDDI
YDTFGTIDELELFTSAIKRWNSSEIEHLPEYMKCVYMVVFETVNELTREAEKT
QGRNTLNYVRKAWEAYFDSYMEEAKWISNGYLPMFEEYHENGK VSSAYRV
ATLOPILTINAWLPDYILKGIDFPSRFNDLASSFLRLRGDTRCYKADRDRGEEA
SCISCYMEDNPGSTEEDALNHINAMVNDIIKELNWELLRSNDNIPMELAKKHAF
DITRALHHLYTYRDGFSVANKETKK LVMETLLESMLFGTGENLYFQGSGGGG
SDYKDDDDKGTG

MYPQSAEKNDSLSSSTLVKREFPPGFWEDDLIDSLTSSHRVAASDEKRIETLIS | Abicta-
EIKNMFRCMGYGETNPSAYDTAWVARIPAVDGSDNPHFPETVEWILONQLED | diene

GSWGEGFYFLAYDRILATLACITTLTLWRTGETQVQKGIEFFRTQAGKMEDEA | synthase
DSHRPSGFEIVFPAMLKEAKILGLDLPYDLPFLKQIEKREAKLKRIPTDVLYAL
PTTLLY SLEGLQEIVDWOQKIMKELQSKDGSFLISPASTAAVEFMRTGNKKCLDFL
NEVLKKFGNHVPCHYPLDILFERLWAVDTVERLGIDRHFKERIKEALDYVYSH
WDERGIGWARENPVPDIDDTAMGLRIERLHGYNVSSDVLKTFRDENGEFFCFL
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GQTOQRGVTIDMLNVNRCSBVSFPGETIMEEAKLCTERYLRNALENVDAFDKW
AFKKNIRGEVEY ALKYPWHKSMPRLEARSYIENYGPDDVWLGKTVYMMPYI
SNEKYLELAKLDFNKVQSIHOQTELQDLRRWWEKSSGFTDLNFTRERVTEIYESP
ASFIFEPEFSKCREVY TKTSNFTVILDDLYDAHGSLDDLKLFTESVKRWDLSLV
DOMPQOMKICFVGFYNTFNDIAKEGRERQGRDVLGYIQNVWEVQLEAYTKE
AEWSEAKYVPSFNEYIENASVSIALGTVVLISALFTGEVLTDEVLSKIDRESRFL
QLMGLTGRLVNDTKTYQAERGQGEVASAIQCYMKDHPKISEEEALQHVY SV
MENALEELNREFVNNKIPDIYKRLVFETARIMQLFYMOQGDGLTLSHDMEIKEH
VENCLFQPVAGTGENLYFQGSGGGGSDYKDDDDKGTG

MVPSSSTGTSKVVSETSSTIVDDIPRLSANYHGDLWHHNVIQTLETPFRESSTY
QERADELVVKIKDMFNALGDGDISPSAYDTAWVARVATISSDGSEKPRFPOAL
NWVENNQLQDGSWGIESHFSLCDRLLNTTNSVIALS VWK TGHSOVOQGAEF]
AENLRLLNEEDELSPDFQUFPALLQKAKALGINLPYDLPFIKYLSTTREARLTD
VSAAADNIPANMLNALEGLEEVIDWNKIMRFQSKDGSFLSSPASTACVLMNT
GDEKCFTFLNNLLDKFGGCVPCMYSIDLLERLSLVDNIEHLGIGRIFKQEIKGA
LDYVYRHWSERGIGWGRDSLVPDLNTTALGLRTLRMHGYNVSSDVLNNFKD
ENGRFFSSAGQTHVELRSVVNLFRASDLAFPDERAMDDARKFAEPYLREALA
TKISTNTKLFKEIEYVVEYPWHMSIPRLEARSYIDSYDDNY VWQRKTLYRMPS
LSNSKCLELAKLDFNIVQSLHQEELKLLTRWWKESGMADINFTRHRVAEVYF
SSATFEPEYSATRIAFTKIGCLQVLFDDMADIFATLDELKSFTEGVKRWDTSLL
HEIPECMQTCFKVWFKLMEEVNNDVVKVQGRDMLAHIRKPWELYENCYVOE
REWLEAGYIPTFEEY LK TY AISVGLGPCTLOPILLMGELVKDDVVEKVHYPSN
MFELVSLSWRLTNDTKTYQAIK VRGQQASGIACYMKDNPGATEEDAIKHICR
VVDRALKEASFEYFKPSNDIPMGCKSFIFNLRLCYQIFYKFIDGYGIANEEIKDY
IRKVYIDPIQVGTGENLYFQGSGGGGSDYKDDDDKGTG

Taxadiene

synthase

MVPHKFTGVNAKFQOPALRNLSPVVVEREREEFVGEFPOIVRDLTEDGIGHPE
VGDAVARLKEVLOYNAPGGKONRGLTVVAAYRELSGPGOKDAESLRCALAY
GWCIELFQAFFLVADDIMDQSLTRRGQLCWYKKEGVGLDAINDSFLLESSVY
RVLKKYCRQRPYYVHLLELFLOTAYQTELGOMLDLITAPVSK VDLSHESEERY
KAIVKYKTAFYSFYLPVAAAMYMVGIDSKEEHENAKAILLEMGEYFQIQDDY
LDCFGDPALTGKVGTDIQDNKCSWLVVOCLORVTPEQROLLEDNYGRKEPEK
VAKVKELYEAVGMRAAFQQOYEESSYRRLOELIBKHSNRLPK EIFLGLAQKIYK
ROKGTGENLYFQGSGGGGSDYRDDDDKGTG

FPP

synthase

10

MVPSLTEEKPIRPIANFPPSIWGDOQFLIYEKQVEQGVEQIVNDLKKEVRQLLKE
ALDIPMKHANLLKLIDEIQRLGIPYHFEREIDHALQCIYETYGDNWNGDRSSL
WFRLMRKOQGYYVYTCDVENNYKDEKNGAFKQSLANDVEGLLELYEATSMRVYP
GENLEDALGFTRSRLSIMTKDAFSTNPALFTEIQRALKQPLWKRLPRIEAAQYI
PFYQOQQDSHNKTLLKLAKLEFNLLOQSLHKEELSHVCKWWKAFDIKKNAPCLR
DRIVECYFWGLGSGYEPQYSRARVIFTKAVAVITLIDDTYDAYGTYEELKIFTE
AVERWSITCLDTLPEYMKPIYKLFMDTYTEMEEFLAKEGRTDLENCGKEFVKE

Ammorpha
diene

synthase
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FVRNLMVEAKWANEGHIPTTEEHDPVVIITGGANLLTTTCYLGMSDIFTKESY
EWAVSAPPLFRYSGILGRRINDLMTHKAEQERKHSSSSLESYMEEYNVNEEY
AQTLIYKEVEDVWRDINREYLTTKNIPRPLLMAVIY LCQFLEVQYAGKDNFTR
MGDEYKHLIKSLLVYPMSIGTGENLYFQGSGGGGSDYKDDDDKGTG

[u—,
b2

MVPAGVSAVSKVSSLVCDLSSTSGLIRRTANPHPNVWGYDLVHSLEKSPYTDSS
YRERAEVLVSEIKAMINPAITGDGESMITPSAYDTAWVARVPAIDGSARPQFP
QTVDWILKNQLEKDGSWGIQSHFLLSDRLLATLSCVEVLLKWNVGDLQVEQGI
EFIKSNLELVKDETDOQDSLVTDFEINFPSLLREAQSLRLGLPYDLPYIHLLOQTKR
QERLAKLSREETYAVPSPLLYSLEGIQDIVEWERIMEVQSQDGSFLSSPASTACY
FMHTGDAKCLEFLNSVMIKFGNFVPCLYPVDLLERLLIVDNIVRLGIYRHFEKE
IKEALDY VYRHWNERGIGWGRLNPIADLETTALGFRLLRLHRYNVEPAIFDNE
KDANGKFICSTGOFNEDVASMINLYRASQLAFPGENILDEAKSFATKYLREAL
EKSETSSAWNNKONLSQEIKYALKTSWHASVPRVEAKRYCQVYRPDYARIAK
CVYKLPYVNNEKFLELGKLDENIQSIHQEEMKNVTSWEFRDSGLPLFTFARERP
LEFYFLVAAGTYEPQYAKCRFLETKVACLQTVLDDMYDTYGTLDELKLEFTEA
VRRWDLSFTENLPDYMKLCY QIY YDIVHEVAWEAEKEQGRELVSFFREKGWE
DYLLGYYEEAEWLAAEYVPTLDEYIKNGITSIGORILLLSGVLIMDGQLLSQEA
LEKVDYPGRRVLTELNSLISRLADDTKTYKAEKARGELASSIECYMKDHPECT
EEEALDHIYSILEPAVKELTREFLKPDDVPFACKKMLFEETRVIMVIFKDGDGF
GVSKLEVEKDHIKECLIEPLPLGTGENLYFQGSGGGGSDYRKDDDDKGTG

Bisa-
bolene

synthase

[y
LS

MVPTMMNMNFK YCHKIMKKHSKSFSY AFDLLPEDQRKAVWAIY AVCRKIDD
SIDVY GDIQFLNQIKEDIQSIEK Y PYEHHHFQSDRRIMMALOHVAQHKNIAFQS
FYNLIDTVYKDOQHFTMFETDAELFGYCYGVAGTVGEVLIPILSDHETHOTYD

VARRLGESLQLINILRDVGEDFDNERIYFSKQRLKQYEVDIAEVY ONGVNNHY
IDLWEYYAAIAEKDFQDVMDQIKVFSIEAQPITELAARIYIEILDEVRQANYTLH
ERVFVDKRKKAKLFIENKGTGENL YFQGSGGGGSDYKDDDDKGTG

Diapo-
phytoene

synthase

14

MVPEKIAVIGAGVTGLAAAARIASQGHEVTIFEKNNNYGGRMNQLKKDGETED
MOPTIVMMPDVYKDVFTACGEKNYEDYIELRQLRYIYDVYFDHDDRITVPTDL
ABFLQOMLESIEPGSTHGEMSFLTDVYRKYEIARRYFLERTYRKPSDFYNMTSL
VOQGAKLKTLNEHADQLIEMYIDNEKIQKLLAFQTLYIGIDPKRGPSLY SIIPMIEM
MFGVHFIKGGMYGMAQGLAQLNKDLGVNIFLNAEIEQIIDPKFKRADAIKVN
GDIRKFDKILCTADFPSVAESLMPDEAPIKK Y PPHKIADLDYSCSAFLMYIGIDI
DVTDOQVRLENVIFSDDFRGNIEEIFEGRLSYDPSIYVY VPAVADKSLAPEGKTG
IWVIMPTPELKTGSGIDWSDEALTQOQIKEINY RKLATIEVFEDIKSHIVSETIFTPN
DFEQTYHAKFGSAFGLMPTLAQSNYYRPONVSRDYKDLYFAGASTHPGAGVP
IVETSARITVDEMIKDIERGVGTGENLYFQGSGGGGSDYKDDDDKGTG

Dhapo-
phytoene

desaturase

i5

MVPAFDFDGYMLRKAKSVNKALEAAVOMKEPLKIHESMRY SLLAGGRRVRP
MLCIAACELVGGDESTAMPAACAVEMIHTMSLMHDDLPCMDNDDLRRGKPT
NHMAFGESVAVLAGDALLSFAFEHVAAATKGAPPERIVRVLGELAVSIGSEGL

GPPS-
suU

synthase

-37-




WO 2009/036067

PCT/USZ2008/075858

VAGQVVDVCSEGMAEVGLDHLEFIHHHK TAALLQGSVVLGAILGGGKEEEV
AXLREFANCIGLLFQVVDDILDVTKSSKELGKTAGKDLVADKTTYPKLIGVEK
SKEFADRINREAQEQLLHFHPHRAAPLIATANYIAY RDNGTGENLYFQGSGG
GGSDYKDDDDKGTG

16

MVPSQPYWAAIEADIERY LKKSITIRPPETVFGPMHHLTFAAPATAASTLCLAA
CELVGGDRSQAMAAAAATHIVHAAAYVHEHLPLTDGSRPVSKPAIQHKYGPN
VELLTGDGIVPEGFELLAGSVDPARTDDPDRILRVIEEISRAGGPEGMISGLHRE
EEIVDONTSLDFIEY VCKKKYGEMHACGAACGAILGGAAEEEIQKLRNFGLYQ
GTLRGMMEMEKNSHQUIDENIGKLKELALEELGGFHGKNABLMSSLVAEPSLY
AAGTGENLYFQGSGGGGSDYKDDDDKGTG

iPPS-
SSuJ

synthase

MVPLLSNKLREMVLAEVPKLASAAEYFFKRGVQGKQFRSTILLLMATALDVR

VPEALIGESTDIVTSELRVROQRGIAEITEMIHVASLLHDDVLDDADTRRGVGSL

NVVMGNEMSYVLAGDFLLSRACGALAALKNTEVVALLATAVEHLVTGETME]

TSSTEQRYSMDYYMOQKTYYKTASLISNSCKAVAVIL.TGQTAEVAVLAFEYGRN
LGLAFQLIDDILDFTGTSASLGKGSLSDIRHGVITAPILFAMEEFPQLREVVIDOV
EKDPRNVDIALEYLGRSKGIQORARELAMEHANLAAA AIGSLPETDNEDVKRSR
RALIDLTHRVITRNKGTGENLYFQGSGGGGSDYKDDDDKGTG

GPPS

138

MVPVVSERLRHSVTTGIPALKTAAEYFFRRGIEGKRLRPTLALLMSSALSPAAP
SPEYLQVDTRPAAEHPHEMRRROOQRLAEIAELIHVASLLHDDVIDDAQTRRGV
LSLNTSVGNKTAILAGDYLLARASVTLASLRNSEIVELMSQVLEHLVSGEIMQ
MTATSEQLLDLEHYLAKTYCKTASLMANSSRSVAVLAGAAPEVCDMAWSYG
RHLGIAFOQVVDDLLDLTGSSSVLGKPALNDMRSGLATAPVLFAAQEEPALOA
LILRRFKHDGDVTKAMSLIERTQGLRRAEELAAQHAKAA ADMIRCLPTAQSD
HAEIAREALIQITHRVLTRKKGTGENLYFQGSGGGGSDYKDDDDKGTG

GPPS

16

MVPDFPOQLEACVKQANQALSRFIAPLPFONTPVVETMQYGALLGGKRLRPE
LVYATGHMFGVSTNTLDAPAAAVECIHAYSLIHDDLPAMDDDDLRRGLPTCH
VEKFGEANAILAGDALQTLAFSILSDADMPEVSDRDRISMISEL ASASGIAGMCG
GOQALDLDAEGKHVPLDALERIBRHKTGALIRAAVRLGALSAGDKGRRALPVL
DRYAESIGLAFQVQDDILDVVGDTATLGKROQGADQQLGKSTYPALLGLEQAR
KKARDLIDDARQSLKOLAEQSLDTSAL EALADYIQRNKGTGENLYFQGSGGG
GSDYKDDDDKGTG

FPP

synthase

MVPSVSCCCRNLGKTIKKAIPSHHLHELRSLGGSLYRRRIQSSSMETDLKSTFLN
VYSVLKSDLLHDPSFEFTNESRLWVDRMLDYNVRGGRELNRGLSVVDSFKLLK

1 QGNDLTEQEVFLSCALGWCIEWLOQAYFLVLDDIMDNSVTRRGQPCWERVPQ

VOMVAINDGILLRNHIHRILKKHFRDKPYYVDLVDLFNEVELQTACGQMIDLI
TTFEGEKDLAKYSLSIHRRIVOYKTAYYSEFYLPVACALLMAGENLENHIDVKN
VLVDMGIYFOQVQDDYLDCEADPETLGRIGTDIEDFK CSWLVVKALERCSEEQT
KILYENYGKPDPSNVAKVKDLYKELDLEGVFMEYESKSYEKLTGAIEGHQSK
AIQAVLKSFLAKIYKRQKGTGENLY FQGSGGGGSDYKDDDDKGTG

Fep

synthase

38
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[

MVPADLESTFLDVYSVLKSDLLODPSFEFTHESRQWLERMLDYNVRGGKLNR
GLSVVDSYKLLKQGQDLTEKETFLSCALGWCIEWLQAYFLVLDDIMDNS VTR
RGQPCWFRKPKVGMIAINDGILLRNHIHRILKKHFREMPYYVDLVDLFNEVEF
QTACGOMIDLITTFDGEKDLSKYSLOIHRRIVEYKTAYYSFYLPVACALLMAG
ENLENHTDVETVLVDMGIYFQVQDDYLDCFADPETLGKIGTDIEDFKCSWLV
VEKALERCSEEQTKILYENYGKAEPSNVAKVEALYKELDI EGAFMEYEKESYE
KLTKLIEAHQSKAIQAVLKSFLAKIYKROQKGTGENLYFQGSGGGGSDYKDDD
DKGTG

FPP
synthase

22

MVPSGEPTPKKMEATYVHDRENFTKVYETLRDELLNDDCLSPAGSPQAQAA
QEWFKEVNDYNVPGGKLNRGMAVYDVLASVKGPDGLSEDEVFKANALGWC
IEWLQAFFLYADDIMDGSITRRGOPCWYKQPKVGMIACNDYILLECCIYSILKR
HFRGHAAYAQLMDLFHETTFQTSHGQLLDLTTAPIGSVDLSKYTEDNYLRIVT
YKTAYYSFYLPVACGMVLAGITDPAAFDLAKNICVEMGQYFQIQDDYEDCYG
DPEVIGKIGTDIEDNKCSWLVCTALKIATEEQKEVIKANYGHKEAESVAATKAL
YVELGIEQRFKDYEAASY AKLEGTISEQTLLPKAVFTSLLAKIYKRKKGTGENL
YFQGSGGGGSDYRDDDDKGTG

Fpp

synthase

[e*)
LW )

MVPQTEREVILLNAQGVPTGTLERKY AAHTADTRLHLAFSSWLFNAKGQLLVTR
RALSKKAWPGVWTINSVCGHPQLGESNEDAVIRRCRYELGVEITPPESIYPDFR
YRATDPSGIVENEVCPVFAARTTSALQINDDEYMDYQWCDLADVLHGIDATP
WAFSPWMVMQATNREARKRLSAFTQLRGTGENLYFQGSGGGGSDYKDDDD
KGTG

PP

isomerase

MVPLRSLLRGLTHIPRVNSAQQPSCAHARLQFKLRSMOLLAENRTDHMRGAS
TWAGGQSQDELMLKDECIL VDADDNITGHASKLECHKFLPHOPAGLLHRAFS
VFLEDDQGRLLLQQRARSKITFPSVWANTCCSHPLHGQTPDEVDQQSOVADG
TVPGAKAAAIRKLEHELGIPAHQLPASAFRFLTRLHYCAADVQPAATOSALW
GEHEMDYILFIRANVTLAPNPDEVDEVRYVTQEELROMMOPDNGLOWSPWE
RUAARFLERWWADLDAALNTDKHEDWGTVHHINEAGTGENLYFQGSGGGG
SDYKDDDDKGTG

IPP

1SOmerase

23

MVPRRSGNYNPTAWDINYIQSLDNOYKKERY STRHAELTVOVEKLLEEEME
AVOKLELIEDLENLGISYPFKDNIQOQILNGIYNEHK CCHNSEVEEEKDLYFTALR
FRLLRQQGFEVSQEVFDHFKNEKGTDFKPNLADDTKGLLOQLYEASFLLREAED
TLELARQFSTKLLOEKVDENGDDKIEDNLLLWIRRSLELPLHWRVQRLEARGF
LDAYVRRPDMNPIVFELAKLDFNITQATQOQEELEKDLSRWWNSTGLAEKLPFA
RDRVVESYFWAMGTFEPHOYGYQRELVAKHALATVVDDVYDVYGTLEELEL
FTDAIRRWDRESIDQLPYY MQLCFLTVNNEVFELAHDVI.KDKSFNCLPHELOQRS
WLDLAEAYLVEAKWYHSRYTPSLEEYLNIARVSVTCPTIVSQOMYFALPIPIEKP
VIEIMYKYHDILYLSGMLLRLPDDLGTASFELKRGDVOEAVQCYMKERNVPE
NEAREHVKFLIREASKOQINTAMATDCPETEDFAVAAANLGRVANFVYVDGDG
FGVOQHSKIYEQIGTLMEFEPYPGTGENLY FQGSGGGGSDYKDDDDKGTG

Limonene

synthase

-3G.
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MVPRRSGNYKPTMWDFQFIQSVNNLYAGDKYMERFDEVRKKEMEKKNLMMM
VEGLIEELDVKLELIDNLERLGVSYHFKNEIMOQILKSVHQOQITCRDNSLYSTAL
KFRLLROQHGFHISQDIFNDFKDMNGNYKQSICNDTKGLLELYEASFLSTECETT
LENFTEAHEXNYVYINHSCGDQYNNIMMELVVHALEL PRHWMMPRLETRW
YISIYERMPNANPLLLELAKLDFNIVQATHQQDLKSLSRWWKNMCLAEKLSFS
RNRLVENLFWAVGTNFEPQHSYFRRLITKIVFVGUIDIIYDVYGKLDELELFTL
AVQRWDTKAMEDLPYYMQVCYLALINTTNDVAYEVLRKHNINVLPYLTKSW
TDLCKSYLQEARWYYNGYKPSLEEYMDNGWISIAVPMVLAHALFLVTDPITK
EALESLTNYPDIIRCSATIFRLNDDLGTSSDELKRGDVPKSIQCYMNEKGVSEE
EAREHIRFLIKETWRFMNTAHHKEKSLFCETFVEIAKNIATTAHCMYLKGDSH
GIONTDVENSISNILFEPHIGTGENLYFQGSGGGGSDYKDDDDKGTG

Monoterp
ene

synthase

27

MVPRRSGNYEPSAWDFNYLOSLNNYHHKEERYLRROADLIEKVEMILKEEK
MEALQOQLELIDDLRNLGLSYCFDDQINHILTTIYNQHSCFHYHEAATSEEANLY
FTALGFRLLREHGFKVSQEVFDRFKNEKGTDFRPDLVDDTQGLLQLYEASFLL
REGEDTLEFARQFATKFLOKKVEEKMIEEENLLSWTLHSLELPLHWRIQRLEA
KWFLDAYASRPDMNPIFELAKLEFNIAQALQQEELKDLSRWWNDTGIAEKLP
FARDRIVESHYWAIGTLEPYQYRYQRSLIAKITALTTVVIDDVYDVYGTLDELQ
LETDAIRRWIDIESINQLPSYMOQLCYLAIYNFVSELAYDIFRDKGFNSLPYLHKS
WLDLVEAYFQEAKWYHSGYTPSLEQYLNIAQISVASPAILSQIYFTMAGSIDKP
VIESMYKYRHILNLSGILLRLPDDLGTASDELGRGDLAKAMQCYMKERNVSE
EEARDHVRFLNREVSKQMNPARAADDCPFTDDFVVAAANLGRVADFMYVE
GDOGLGLQYPAIHOHMAELLFHPY AGTGENLYFQGSGGGGSDYKDDDDKGTG

Terpin-
olene

synthase

2
[.a]

MVPRRSGNYQPSAWDFNYIQSENNNHSKEERHLERKAKLIEEVEMLLEGEMA
AVOQQLELIEDLKNIGLSYLFQDEIKIILNSIYNHHKCFHNNHEQCIHVNSDLYF
VALGFRLFRQHGFKVSQEVEDCFKNEEGSDFSANLADDTEGLLQLYEASYLV
TEDEDTLEMARQFSTRILQKKVEEKMIEKENLLSWTLHSLELPLHWRIQRLEA
KWFLDAYASRPDMNPIIFELAKLEFNIAQALQQEELKDLSRWWNDTGIAEKLP
FARDRIVESHYWAIGTLEPYQYRYQRSLIAKIALTTVVDDVYDVYGTLDELQ
LETDAIRRWDIESINQLPSYMQLCYLAIYNFVSELAYDIFRDKGFNSLPYLHKS
WLDLVEAYFVEAKWFHDGYTPTLEEYLNNSKITIICPAIVSEIYFAFANSIDKTE
VESITYKYHDILYLSGMLARLPDDLGTSSFEMERGDVAKAIQUYMKEHNASEE
EAREHIRFLMREAWKHMNTAAAADDCPFESDLVVGAASLGRVANFVYVEGD
GFOVQHSKIHQOMAELLEYPY QGTGENLYFQGSGGGGSDYKDDDDKGTG

MVPRRSANYQASIWDDNFIQSLASPY AGEKYAEKAEKLKTEVKTMIDQTRDE
LKQLELIDNLORLGHCHHFODLTKKILQKIYGEERNGDHQHYKEKGLHFTALR
FRILRQDGYHVPQDVFSSFMNKAGDFEESLSKDTKGLVSLYEASYLSMEGETI
LDMAKDFSSHHLHKMVEDATDKRVANQIIHSLEMPLHRRVOQKLEAIWFIQFY
ECGSDANPTLVELAKLDFNMVQATYQEELKRLSRWYEETGLQEKLSFARHRL
AEAFLWEMGIIPEGHFGY GRMHLMKIGAYTTLLDDIY DVYGTLEELQVLTEIE

Zing-
iherene

synthase

A0-
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RWDINLLDQLPEYMOQIFFLYMFNSTNELAYEH RDQGINVISNLKGLWVELSQ
CYFRKEATWEFHNGYTPTTEEYLNVACISASGPVILFSGYFTTTNPINKHELQSLE
REAHSLSMILRLADDLGTSSDEMKRGDVPRKAIQCFMNDTGCCEEFARQHVKR
LIDAEWKEKMNEDILMEKPFKNFCPTAMNLGRISMSFYEHGDGY GGPHSDTKK
KMVSLEVOPMNITIGTGENLYFQGSGGGGSDYKDDDDKGTG

MVPRRSANYQPSIWNHDYIESLRIEYVGETCIROQINVLKEQVRMMLHKVVNP | Myrcene
LEQLELIEILQRLGLSYHFEEEIKRILDGVYNNDHGGDTWKAENLYATALKFER | synthase
LLROHGYSVSQEVENSEFKDERGSFKACLCEDTKGMLSLYEASFFLIEGENILEE
ARDFSTKHLEEY VKOQNKEKNLATLVNHSLEFPLHWRMPRLEARWFINIYRHN
QDVNPILLEFAELDENIVOAAHQADLKQVITWWESTGLVENLSFARDRPVEN
FFWTVGLIFQPOQFGYCRRMEFTKVFALITTIDDVYDVYGTLDELELFTDVVERW
DINAMDQLPDYMKICFLTLHNSYVNEMALDTMKEQRFHITKYLKKAWVDLCR
YYLVEAKWYSNKYRPSLQEYIENAWISIGAPTILVHAYFFVTNPITKEALDCLE
EYPNHRWSSHARLADDLGTSTDELKRGDVPKAIQCYMNETGASEEGAREYIK
YLISATWEKIKMNKDRAASSPESHIFIEIALNLARMAQCLYQHGDGHGLGNRET
KDRILSLLIQPIPLNKDGTGENLY FQGSGGGGSDYKDDDDKGT

MVPRRIGDYHSNLWNDDFIQSLTTPYGAPSYIERADRLISEVKEMEFNRMCUMED | Myrcene
GELMSPLNDLIQRLWTVDSVERLGIDRHFKNEIKASLDYVY SYWNEKGIGCGR | synthase
QSVVIDLNSTALGLRILRQHGYTVSSEVLKVFEEENGQEFACSPSQTEGEIRSFL
NLYRASLIAFPGEKVMEEAQIFSSRYLKEAVQKIPVSGLSREIGDVLEYGWHTN
LPRWEARNYMDVEGQDTNTSEFNKNKMOQYMNTEKILQLVKLEFNIFHSLOQRE
LQCLLRWWKESGLPOQLTFARHRHVEFYTLASCIACEPKHSAFRLGFAKMCHL
VIVLDDVYDTFGKMDELELFTAAVEKRWDLSETERLPEYMKGLYVVVFETVN
ELAQEAEKTQGRNTLNY VREAWEAYFDSYMKEAEWISTGYLPTIFEEYCENG
KVSSAYRVAALQPILTLDVQLPDDILKGIDFPSRENDLASSFLRLRGDTRCYEA
DRARGEEASCISCYMKDNPGSTEEDALNHINAMINDIRELNWEFLKPDSNIPM
PARKHAFDITRALBHEYIYRDGFSVANKETKNLVEKTLLESMLFGTGENLYFQ
GSGGGGSDYKDDDDKGTG

(%
2

MVPRRSANYQPSRWDHHELLSVENKFAKDKRVRERDLLKEKVRKMLNDEQ | Myrcene,
KTYLDQLEFIDDLOQKLGVSYHFEAEIDNILTSSYKKDRTNIQESDLHATALEFR | ocimene
LFROHGENVSEDVEDVEMENCGKFDRDDIYGLISLYEASYLSTKLDKNLQIFIR | synthase
PEFATQOLRDFVDTHSNEDFGSCDMVEIVVQALDMPYYWOQMRRLSTRWYIDV
YOGKRONYENLVVVEFAKIDFNIVQATHQEELKNVSSWWMETGLGKOQLYFAR
DRIVENYFWTIGQIQEPQYGY VRQTMTKINALLTTIDDIYDIY GTLEELOLFTV
AFENWDINRLDELPEYMRLCFLVIYNEVNSIACEILRTKNINVIPFLKESWTDV
SKAYLVEAKWYKSGHKPNLEEYMONARISISSPTIFVHFYCVFSDQLSIGVLET
LSQHQONVVRCSSSVFRLANDLVTSPDELARGDVCKSIQCYMSETGASEDKA
RSHVROMINDLWDEMNYEKMAHSSSILHHDFMETVINLARMSQCMYQYGD
GHGSPEKAKIVDRVMSLLENPIPLDGTGENLYFQGSGGGGSDYKDDDDRGTG

4=
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MVPRRSANYQPSLWOQHEYLLSLGNTY VKEDNVERVTLLKQEVSKMLNETEG

LLEQLELIDTLORLGVSYHFEQEIKKTLTNVHVENVRAHKNRIDRNRWGDLY

ATALEFRLLROQHGFSIAQDVFDGNIGVDLDDKDIKGILSLYEASYLSTRIDTKL

KESIYYTTKRLRKFVEVNKNETKSYTLRRMVIHALEMPYHRRVGRLEARWY]

EVYGERHDMNPILLELAKLDFNFVQAITHODELKSLSSWWSKTGLTKHLDFVR

DRITEGYFSSVOGVMYEPEFAYHROMLTKVEMLITTIDDIYDIYGTLEELQLFTTL
VEKWDVNRLEELPNYMKLCFLCLVNEINOQIGYFVLRDKGFNVIPYLKESWAD

MCTTFLKEAKWYKSGYKPNFEEYMONGWISSSVPTILLHLFCLLSDQTLDILG
SYNHSVVRSSATILRLANDLATSSEELARGDTMESVOCHMHETGASEAESRA

YIQGHGVAWDDLNMEKKSCRLEQGFLEAAANLGRVAQCVYQYGDGHGCPD
KAKTYNHVRSLLVHPLPUNGTGENL YFQGSGGGGSDYKDDDDKGTG

Myreene,
ocimene

synthase

MVPASPPAHRSSKAADEELPKASSTFHPSLWGSFFLTYQPPTAPQRANMELRA
EVLRERVRKVLKGSTTDQLPETVNLILTLORLGLGYYYENEIDKLLHQIYSNSD
YNVEKDLNLVSQRFYLLRKNGYDVPSDVELSFKTEEGGFACAAADTRSLLSLY
NAAYLRKHGEEVLDEAISSTRLRELQDLLGRLLPESPFAKEVSSSLRTPLFRRVGI
LEARNYTIPIYETEATRNEAVLELAKINFNLQQLDFCEELKHCSAWWNEMIAKS
KLTFVRDRIVEEYFWMNGACYDPPY SLSRILTRITGLITIDDMEDTHGTTEDC
MKFAEAFGRWDESAIHLLPEYMEDEFYTLMLETFQSFEDALGPEKSYRVLYLK
QAMERLVELY SKEIKWRDDDYVPTMSEHLOQVSAETIATIALTCSAY AGMGDM
SIRKETFEWALSFPQFIRTFGSFVRLSNDVVSTEREQTKDHSPSTVHCYMKEHG
TITMDDACEKIKELIEDSWKDMLEQSLALKGLPKVVPQLVFDFSRTTDNMYRD
RDALTSSEALKEMIQLLFVEPIPEGTGENLYFQGSGGGGSDYKDDDDKGTG

Sescaui-
Terpene

synthase

(8]
N

MVPEALGNFDYESYTNFTKLPSSQWGDOQFLKFSIADSDFDVLEREIEVLKPKY
RENIFVSSSTDRDAMKKTILSIHFLDSLGLSYHFEKEIEESLKHAFEKIEDLIADE
NKLETISTIFRVFRTY GY YMSSDVFKIFKGDDGKFKESLIEDVRKGMLSFYEAVH
FGTTTDHILDEALSFTLNHLESLATGRRASPPHISKLIONALHIPQHRNIQALVA
REYISFYEHEEDHDETLLKLAKLNFKFLOLHYFQELKTITMWWTKLDHTSNLP
PNFRERTVETWFAALMMYFEPQFSLGRIMSAKLYLVITFLDDACDTYGSISEV
ESLADCLERWDPDYMENLOQGHMKTAFKFVMYLFKEYEEHLRSQGRSFVLEK
MIEEFKIARKNLEEVKWARGGHVPSFDEYIESGGAEIGTY ATIACSIMGLGEIG
KEEAFEWLISRPKLVRILGAKTRLMDBDIADFEEDMEKGY TANALNYYMNEHG
VTKEEASRELEKMNGDMNKIVNEECLKITTMPRRILMQSVNYARSLDVLYTA
DDOVYNHREGELKEYMRLLLVDPILLGTGENLYFQGSGGGGSDYKDDDDKGT
G

Sesqui-
terpene

synthase

36

MVPESQTTFKYESLAFTKLSHCQWTDYFLSVPIDESELDVITREIDILKPEVMEL
L3SQGDDETSKRKVLLIQLLLSLGLAFHFENEIKNILEHAFRKIDDITGDEKDLS
TISIMFRVFRTYGHNLPSSVERKRFTGDDGKFOQQSLTEDAKGILSLYEAAHLGTT
TDOYILDEALKFTSSHLKSLLAGGTCRPHILRLIRNTLY LPOQRWNMEAVIAREY]
SFYEQEEDHDKMLLRLAKLNFKLLQLEYIKELK SFIKWWMELGLTSKWPSQF

Sesqui-
terpene

synthase

-42-
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RERIVEAWLAGLMMYFEPQFSGGRVIAAKFNYLLTILDDACDHYFSIHELTRL

VACVERWSPDGIDTLEDISRSVFRLMLDVEFDDIGKGVRSEGSSYHLKEMLEEL
NTLVRANLDLVKWARGIQTAGKEAYEWVRSRPRLIKSLAAKGRLMDDITDFD
SDMSNGFAANAINYYMKQFVVTKEEAILECORMIVDINKTINEELLKTTS VPG

RVLKQALNFGRLLELLYTKSDDIYNCSEGKLKEYIVTLLIDPIRLGTGENLYFQ

GSGGOGSDYKDDDDKGTG

37

1 MVPESQTKFDYESLAFTKLSHSQWTDYFLSVPIDDSELDATTREIDIIKPEVRKL

LSSKGDDETSKRKVLLIQSLLSLGLAFHFENEIKDILEDAFRRIDDITGDENDLS
TISIMFRVFRTYGHNLPSSVFKRFTGDDGKFERSLTEDAKGILSLY EAAHLGTT
TDYILDEALEFTSSHLKSLLVGGMCRPHILRLIRNTLYLPOQRWNMEAVIAREY]
SFYEQEEDHDKMLLRLAKINFKELQLHYIKELKTFIKWWMELGLTSKWPSQF
RERIVEAWLAGLMMYFEPQFSGGRVIAAKFNYLLTILDDACDHYFSIPELTRL
VDCVERWNHDGIHTLEDISRIIFKLALDVFDDIGRGVRSKGCSY YLKEMLEEL
KILVRANLDLVKWAR(NQLPSFEEHVEVGGIALTTYATLMY SFVGMGEAVG
KEAYEWVRSRPRLIKSLAAKGRIMDDITDFEVKIINLFFDLLLFVEGTGENLYF
QGSGGGGSDYKDDDDKGTG

- Sesqui-

ferpene

synthase

MVPAAFTANAVDMRPPVITIHPRSKDIFSQFSLDDKLOQKCGYAQGIEALKEEAR
SMLMAAKSAKVMILIDTLERLGLGYHFEKEIEEKLEAIYKKEDGDDYDLETTA
LRFRLLRQHOQRRVPCSVFDKFMNKEGKFEEEPLISDVEGLLSLYDAAYLOQIHG
EHILQEALIFTTHHLTRIEPQLDDHSPLKLKLNRALEFPFYREIPHIY AHFYISVYE
RDDSRDEVLLEMAKLSYNFLONLYKKELSQLSRWWNKELELIPNLPYIRDSVA
GAYLWAVALYFEPQYSDVRMAIAKLIOIAAAVDDTYDNY ATIREAQLLTEAL
ERINVHEIDTLPDYMKIVYRFVMSWSEDFERDATIKEQMLATPYFRKAEMEKKL
GRAYNQELEKWVMERQLPSFEEYMKNSEITSGVYIMFTVISPYLNSATOQRENIDW
LLSQPRLASSTAIVMRCONDLGSNQRESKGGEVMTSLDCY MKQHGASKOQETI
SKFKLIEDEWKNLINEEWAATTCLPKVMVEIFRNY ARIAGFCYKNNGDAYTSP
KIVQQCFDALFVNPLRIGTGENLY FQGSGGGGSDYKDDDDRGTG

Cur-
CUmene

synthase

MVPEFRVHLOADNEQRIFQNQMEPEPEASYLINQRRSANYKPNIWENDFLDQ
SLISKYDGDEYRKLSEKLIEEVKIYISAETMDLVAKLELIDSVRKLGLANLFEKE
IKEALDSIAATESDNLGTRDDLYGTALHFKILRQHGY KVISQDIFGRFMDEKGTL
ENHHFAHLKGMLELFEASNLGFEGEDILDEAKASL TLALRDSGHICYPDSNLS
RDVVHSLELPSHRRVOQWEDVKWQINAYEKDICRVNATLLELAKINENVVQA
QLOKNLREASRWWANLGFADNLKFARDRLVECFSCAVGVAFEPEHSSFRICL
TKVINLVLIDDVYDIYGSEEELKHFINAVDRWDSRETEQLPECMKMCFQVLY
NTTCEIAREIEEENGWNQVLPOQLTKVWADFCKALLVEAEWYNKSHIPTLEEYL
RNGCISSSVSVLLVHSFESITHEGTREMADFLHENEDLLYNISLIVRINNDLGTS
AABQERGDSPSSIVCYMREVNASEETARKNIKGMIDNAWRKKVNGRCFTTNQV
PFLSSFMNNATNMARVAHSLYKDGDGFGDQEKGPRTHILSLLFQPLVNGTGE
NLYFQGSGGGGSDYRDDDDRGTG

Farnesenc

synthase
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40

MVPSSNVSAIPNSFELIRRSAQFOASVWGDYFLSYHSLPPEKGNKVMEKQTEE
LKFEEIKMELVSTTKDEPEKLRLIDLIQRLGVCYHFENEINNILQQLHHBITITSEKN
GDDNPYNMTLCFRLLROQGYNVSSEPFDRFRGKWESSYDNNVEELLSLYEAS
QLRMQGEFALDEAFCFATAQLEAIVQDPTTDPMVAAFIRQALKWPMYKNLPR
LKARHHIGLYSEKPWRNESLLNFAKMDENKLONLHOQTEIAYISKWWDDYGFA
EKLSFARNRIVEGYFFALGIFFEPQLLTARLIMTK VIAIGSMLDDIYDVYGTFEE
LKLLTLALERWDKSETKQLPNYMKMYYEALLDVFEEIEQEMSQKETETTPYCI
HHMEFRATKELGRVFLVEATWCKEGYTPKVEEYLDIALISEGHKLIMVTALLG
MGSHMATQOIVOWITSMPNILKASAVICRLMNDIV SHKFEQERGHVASAIECY
MEQNHLSEYEALTALRKQIDDLWKDMVENYCAVITEDEVPRGVLMRVLNLTR
LENVIYEDGDGYTQSHGSTKARIKSLLVDSVPLGTGENLYFQGSGGGGSDYR
DRDDKGTG

Farnesene

synthase

41

MVPKDMSIPLLAAVSSSTEETVRPIADFHPTLWGNHFLKSAADVETIDAATOQE
QHAALKQEVRRMITTTANKLAQKLEHMIDAVQRLGVAYHFEKEIEDELGKVSH
DLDSDDLY VVSLRFRLFRQQGVKISCDVFDKFKDDEGKFKESLINDIRGMLSL
YEAAYLAIRGEDILDEAIVETTTHLKSVISISDHSHANSNLAEQIRHSLQIPLRKA
AARLEARYFLDIYSRDDLHDETLLKFAKEDFNILOAAHQKEASIMTRWWNDL
GFPKKVPYARDRIETYIWMLLGVSYEPNLAFGRIFASKVVOMITTIDDTEDAY
GTFEELTLFTEAVIRWDIGLIDTLPEYMKFIVKALLDIYREAEEELAKEGRSYGI
PYAKOMMOQELIILYFTEAKWLYKGYVPTFDEYKSVALRSIGLRTLAVASFVDL
GDFIATKDNFECILEKNAKSLKATETIGRLMDIDIAGYKFEQRKRGHNPSAVECYK
NQHGVSEEEAVKELLLEVANSWKDINEELLNPTTVPLPMLOQRLLYFARSGHFI
YDDGHDRYTHSLMMKRQVALLLTEPLAIGTGENLYFQGSGGGGSDYRKDDDD
KGTG

Farnesene

synthase

MVPDLAVEIAMDLAVDDVERRVGDYHSNLWDDDFIQSLSTPYGASSYRERAE
RLVGEVKEMFTSISIEDGELTSDLLOQREWMVINVERLGISRHFENEIKAAIDYV
YSYWSDKGIVRGRDSAVPDLNSIALGFRTLRLHGY TVSSDVFKVFQDRKGEFA
CSAIPTEGDIKGVLNLLRASYIAFPGER VMEKAQTFAATYLKEALQKIQVSSLS
REIEYVLEYGWLTNFPRLEARNYIDVFGEEICPYFKKPCIMVDKLLELAKLEFN
LFHSLOQTELKHVSRWWRDSGEFSQLTFTRHRHVEFYTLASCIATEPKHSAFRL
GFAKVCYLGIVLDDIYDTFGKMKELELFTAAIKRWDPSTTECLPEYMKGVYM
AFYNCVNELALQAEKTQGRDMINYARKAWEALFDAFLEEAKWISSGYLPTF
EEYLENGKVSFGYRAATLQPILTLDIPLPLHILQQIDFPSRFNDLASSILRLRGDI
CGYQAERSRGEEASSISCYMKDNPGSTEEDALSHINAMISDNINELNWELLKP
NSNVPISSKKHAFDILRAFYHLYKYRDGFSIAKIETKNLVMRTVLEPVIPMGTGE
NLYFQGSGGGGSDYKDDDDRGTG

Farnesene

synthase

MVPTSVSVESGTVSCLSSNNLIRRTANPHPNIWGY DFVHSLKSPYTHDSSYRER
AETLISEIKVMLGGGELMMTPSAY DTAWVARVPSIDGSACPQFPQTVEWILKN
QLEKDGSWGTESHFLLSDRLLATLSCVLALLKWKVADVQVEQGIEFIKRNLQAI

Bisa-
bolene

synthase

~éhe
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KDERDQDSLVTDFEIFPSLIKEAQSLNLGLPYDLPYIRLLQTKRQERLANLSM

DKIHGGTLLSSLEGIQDIVEWETIMDVQSQDGSFLSSPASTACVEMHTGDMKC

LDFLNNVLTKEGSSVPCLYPVDLLERLLIVDNVERLGIDRHFEKEIKEALDY VY
RHWNDRGIGWGRLSPIADLETTALGFRLLRLHRY NV SPVVLDNFKDADGEFF

CSTGOFNKDVASMLSLYRASQLAFPEESILDEAKSFSTQYLREALEKSETFSSW
NHROQSLSEEIKYALKTSWHASVPRVEAKRYCQVYRQDYAHLAKSVYKLPEV

NNEKILELAKLDFNIOQSIHOKEMKNVTSWEFRDSGLPLFTFARERPLEFYFLIAG
GTYEPQYARKCRFLFTKVACLQTVLDDMYDTYGTPSELKLEFTEAVRRWDLSFT
ENLPDYMKLCYKIYYDIVHEVAWEVEKEQGRELVSFFRKGWEDYLLGYYEE

AEWLAAEYVPTLDEYIKNGITSIGQRILLESGVELIMEGQLLSQEALEKVDYPGR
RVLTELNSLISRLADDTKTYKAEKARGELASSIECYMKDHPGCQEEEALNHIY

GILEPAVKELTREFLKADHVPFPCKKMLFDETRVTMVIFKDGDGFGISKLEVE

DHIKECLIEPLPLGTGENLY FQGSGGGGSDYKDDDDKGTG

44

MVPGSEVNRPLADFPANIWEDPLTSFSKSDLGTETFKEKHSTLKEAVKEAFMS
SKANPIENIKFIDALCRLGVSYHFEKDIVEQLDKSEFDCLDFPOQMVRQEGCDLY T
VGIFQVFRQFGFKLIADVFEKFKDENGKFKGHLVTDAYGMLSLYEAAQWGT
HGEDHDEALAFSRSHLEEISSRESPHLAIRTKNALKHPYHKGISRIETRQYISYYE
EEESCDPTLLEFAKIDFNLLOILHREELACVTRWHHEMEFKSKVTYTRHRITEA
YLWSLGTYFEPQYSQARVITTMALILFTALDDMYDAYGTMEELELFTDAMDE
WLPVVPDEIPIPDSMEFIYNVTVEFY DKLDEELEKEGRSGCGFHLEKSLOQKTA
NGYMQEAKWLKKDYIATFDEYKENAILSSGYYALIAMTFVRMTDVAKLDAT
EWLSSHPKIRVASEISRFTDDISSYEFEHKREEVATGIDCYMQQFGVSKERAY
EVMGNIVSDAWKDLNQELMRPHVFPFPLLMRVLNLSRVIDVFYRYQDAYTNP
KLLKEHIVSLLIETIPIGTGENLY FQGSGGGGSDYKDDDDKGTG

Sesqui-
terpens

svnthase
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MVPEAIRVFGLKLGSKLSIHSQTNAFPAFKLSRFPLTSFPGKEAHLDPLKATTH
PLAFDGEENNREFKNLGPSEWGHQFLSAHVDLSEMDALEREIEALKPKVRDM
LISSESSKKKILFLYLLVSLGLAYHFEDEIKESLEDGLQKIEEMMASEDDLRFKG
DNGKFKECLAKDAKGILSLYEAAHMGTTTDYILDEALSFTLTYMESLAASGTC
KINLSRRIRKATLDQPOHKNMENIVAMKYIQFYEEEEDCDKTLLKFAKLNFKFLQ
LHYLQELKILSKWYKDOQDFKSKLPPYFRDRLVECHFASLTCFEPKYARARIFLS
KIFTVQIFIDDTCDRY ASLGEVESLADTIERWDPDDHAMDGLPDYLKSVVKFV
ENTFQEFERKCKRSLRINLOVAKWVKAGHLPSFDEYLDVAGLELAISFTFAGIL
MGMENVCKPEAYEWLKSRDKLVRGVITKVRLINDIFGYEDDMRRGYVTNSE
NCYKKQYGVTEEEAIRKLHQIVADGEKMMNEEFLKPINVPYQVPKVVILDTL
RAANVSYEKDDEFTRPGEHLENCITSIYFDLGTGENLYFOGSGGGGSDYKDD
DDKGTG

Sesqui-
terpene

synthase

46

MVPTTTLSSNLNSQFMOQVYETLKSELIHDPLFEFDDDSRQWVERMIDYTVPGG
KMVRGYSVVDSYQLLKGEELTEEEAFLACALGWCTEWFQAFILLHDDMMDG
SHTRRGQPCWFRLPEVGAVAINDGVLLRNHVHRILKKHFQGKAYYVHLVDLF
NETEFQTISGOMIDLITTLVGEKDLSKY SLSIHRRIVOYKTAYYSFYLPVACALL

Gpp
Chimera

synthase
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MFGEDLDKHVEVEKNVLVEMGTYFQVQDDYLDCFGAPEVIGKIGTDIEDFKCS
WLVVKALELANEEQKKTLHENYGKKDPASVAKVKEVYHTLNLQAVFEDYE
ATSYKKLITSIENHPSKAVOQAVLKSFLGKIYKRQRGTGENLYFQGSGGGGSDY
KDDDDKGTG

47 MVPSQPYWAATEADIERYLKKSITIRPPETVEFGPMHEHL TFAAPATAASTLCLAA | GPPS-

CELVGGDRSOQAMAAAAATHLVHAAAYVHEHLPLTDGSRPVSKPAIQHKYGPN | LSU+SS
VELLTGDGIVPFGFELLAGSVDPARTDDPDRILRVIIEISRAGGPEGMISGLHRE | U fusion
EEIVDGNTSLDFIEY VCKRKKYGEMHACGAACGAILGGAAEEEIQKTLRNFGLY(Q
GTLRGMMEMENSHOQLIDENHEGKLKELALEELGGFHGKNAELMSSLVAEPSLY
AASSNNLGIEGRFDFDGYMLREKAKSVNKALEAAVOMKEPLKIHESMRYSLLA
GGKRVRPMLCIAACELVGGDESTAMPAACAVEMIHTMSLMHEDDLPCMDND

DLRRGKPTNHMAFGESVAVLAGDALLSFAFEHVAAATKGAPPERIVRVLGEL
AVSIGSEGLVAGOVVDVCSEGMAEVGLDHLEFIHHHKTAALLQGSYVLGAIL
GGGKEEEVAKLREKFANCIGLLFQVVDDILDVTK SSKELGKTAGKDLVADKTT
YPRKLIGVEKSKEFADRINREAQEQLLHFHPHRAAPLIALANYIAYRDNGTGEN
LYFOGSGGGGSDYKDDDDKGTG

48 MVPVTAARATPRLENRKLRVAVIGGGPAGGAAAETLAQGGIETILIERKMDN | Geranyl
CKPCGGATPLCMVGEFNLPLDIDRRVTEMEMISPSNIAVDIGRTLKEHEYIGM | geranyl
VRREVLDAYLRERAEKSGATVINGLFLEMDHPENWDSPYTLHYTEYDGKTG | reductase
ATGTERKTMEVDAVIGADGANSRVAKSIDAGDYDY AIAFQERIRIPDEXKMTYY
EDLAEMYVGDDVSPDFYGWVFPKCDHVAVGTGTVTHKGDIKKFQLATRNRA
KDKILGGKIIRVEAHPIPEHPRPRRLSKRVALVGDAAGY VIKCSGEGIYFAAKS
GRMCAEAIVEGSONGKEMIDEGDLRKYLEKWDKTYLPTYRVLDVLOKVFYR
SNPAREAFVEMCNDEY VOEKMTFDSYLYKRVAPGSPLEDIKLAVNTIGSLVRA
NALRREIEKLSVGTGENLYFOGSGGGGSDYKDDDDKGTG

49 MVPVAVIGGGPSGACAAETLAKGGVETFLLERKLDNCKPCGGAIPLCMVEEF | Geranyl-
DLPMEIIDRRVTEKMKMISPSNREVDVGKTLSETEWIGMCRREVFDDYLRNRA | geranyl
QKLGANIVNGLEMRSEQOSAEGPFTIHY NSYEDGSKMGRKPATLEVDMIIGADG | reductase
ANSRIAKEIDAGEYDYAIAFQERIRIPDDKMKYYENLAEMYVGDDVSPDFYG
WVFPKYDHVAVGTGTVVNKTATKQYQOATRDRSKVKTEGGKIIRVEAHPIPE
HPRPRRCKGRVALVGOGDAAGYVIKCSGEGIYFAAKSGRMAAEAIVEGSANGT
KMCGEDAIRVYLDKWDRKYWTTYRKVLDILQKVFYRSNPAREAFVELCEDSY
VOKMTFDSYLYRKTVVPGNPLDDVELLVRTVSSILRSNALRSVNSKSVNVSFGS
KANEERVMAAGTGENLYFQGSGGGGSDYKDDDBKGTG

50 MVPAMAVPLDVVITYPSSGAAAYPVLVMYNGFQAKAPWYRGIVDHVSSWG | Chloroph
YIVVOQYTNGGLFPIVVDRVELTYLEPLLTWLETOQSADAKSPLYGRADVSRLG | yllido-
TMGHSRGGKLAALQFAGRTDVSGCVLFDPVDGSPMTPESADYPSATKALAA | hydrolase
AGRSAGLVGAAITGSCNPVGONYPKFWGALAPGSWOMVLSQAGHMQFART
GNPFLDWSLDRLCGRGTMMSSDVITYSAAFTVAWFEGIFRPAQSQMGISNFKT
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WANTOVAARSITFDIKPMQSPQGTGENLYFQGSGGGGSDYKDDDDKGTG

51 MVPAPPKPYVRITCPTVAGTYPVVLEFHGFY LRNYFY SDVLNHIASHGYILVAP Chloro-

QLCKLLPPGGOQVEVDDAGSVINWASENLKAHLPTSVNANGKYTSLVGHSRGG | phyllido-
KTAFAVALGHAATLDPSITFSALIGIDPVAGTNKYIRTDPHILTYKPESFELDIPV | hydrolase
AVVGTGLGPKWNNVMPPCAPTDLNHEEFYKECKATKAHFVAADYGHMDML
DDDLPGFVGFMAGCMCKNGQRKKSEMRSFVGGIVVAFLKYSLWGEKAEIRLEL
VKDPSVSPAKLDPSPELEEASGIFVGTGENLYFQGSGGGGSDYKDDDDKGTG

52 MVPATPVEEGDYPVVMLLHEGYLLYNSFYSQLMLHVSSHGFILIAPQLYSIAGP | Chloro-
DIMDEIKSTAEIMDWLSVGLNHFLPAQVTPNLSKFALSGHSRGGKTAFAVAL | phylhido-
KKFGYSSNLKISTLIGIDPVDGTGKGKQTPPPVLAYLPNSFDLDK TPILVIGSGL | hydrolase
GETARNPLFPPCAPPGVNHREFFRECQGPAWHFVAKDYGHLDMLDDDTKGIR
GKSSYCLCKNGEERRPMRRIPVGGLVVSFLKAYLEGDDRELVKIKDGCHEDVDP
VEIQEFEVIMGTGENLYFQGSGGGGSDYKDDDDKGTG

53 MVPSHEKKNVIFFVTDGMGPASLSMARSFNCGHVNDLPIDDILTLDEHFIGSSRT | Phos-

RSSDSLVTDSAAGATAFACALKSYNGAIGVDPHHRPCGTVLEAAKLAGYLTG | phatase
LVVTTRITDATPASFSSHVDYRWOQEDLIATHOQLGEYPLGRVVDLLMGGGRSHE

FYPQGEKASPYGHHGARKDGRDLIDEAQSNGWOQY VGDRENFDSLLKSHGEN
VILPFLGLFADNDIPFEIDRDEKEY PSLKEQVEVALGALEKASNEDKDSNGEFL
MVEGSRIDHAGHOQNDPASQVREVLAFDEAFQYVLEFAENSDTETVLVSTSDH
ETGGLVTSROQVTASYPOYVWYPQVLANATHSGEFLKRKEVDFVHEHKGASS

KIENFIKHEILEXDLGIYDYTDSDLETLIHEDIDINANAIQDKINDMVSFRAQIGW
TTHGHSAVDVNIYAYANKKATWSYVLNNLOQGNHENTEVGQFLENFLELNLEN
EVTDLIRDTKHTSDEDATEIASEVOQHYDEYYHELUTNGTGENLYFOQGSGGGGSD
YKDDDDKGTG

54 MVPHKFTGVNAKFQOQPALRNLSPVVVEREREEFVGFFPOQIVRDLTEDGIGHPE | FPP
VGDAVARLKEVLQYNAPGGKUNRGLTVVAAYRELSGPGOQKDAESLRCALAV | ALLSW
GWCIELFQAFFLVWDDIMDQSL TRRGQLCWYKKEGVGLDAINDSFLLESSVY
RVLKKYCRQRPYYVHLLELTLOQTAYQTELGQMLDLITAPVSKVDLSHFSEERY
KAIVKYKTAFYSFYLPVAAAMYMVGIDSKEEHENAKAILLEMGEYFQIQDDY
LDCFGDPALTGKVGTDIQDNKCSWLVVOQCLQRVTPEQRQLLEDNYGRKEPEK
VAKVKELYEAVGMRAAFQQVYEESSYRRLOQELIEKHSNRLPKEIFLGLAQKRIYK
ROKGTGENLYFQGSGGGGSDYRDDDDKGTG

[60109] One or more codons of an encoding polynucleotide can be biased to reflect
chleroplast and/or nuclear codon usage. Most amino acids arc encoded by two or more different
(degenerate) codons, and it is well recognized that various organisms utilize certain codons in
preference to others. Such preferential codon usage, which also is utilized in chloroplasts, is

referred to herein as “chloroplast codon usage”. The codon bias of Chlamydomonas reinhardzii has
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been reporied. See ULS. Application 2004/0014174, Examples of nucleic acids encoding
isoprenoid biosynthetic enzymes which are biased for expression in C. reinhardtii are provided in
Tables 5-8. Percent identity to the native sequence (in the organism from which the sequence was
isolated) may be about 50%, about 60%, about 70%, about 80%, about 90% or higher. Some
vectors of the present invention comprise one or more of the nucleic provided in Table 5 and/or
nucieic acids with about 70% identity thereto.

[60110] One example of an algorithm that 1s suitable for determiming percent sequence
identity or sequence similarity between nucleic acid or polypeptide sequences is the BLAST
atgorithm, which is described, e.g., in Altschul er ¢/, J. Mol. Biol. 215:403-410 (1990). Software
for performing BLAST analysis is publicly available through the National Center for
Biotechnology Information. The BLAST algorithm parameters W, T, and X determine the
sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences) uses as
defauits a wordlength (W) of 11, an expectation (E) of 10, a cutoff of 100, M=5, N=-4, and a
comparison of both strands. For amino acid sequences, the BLASTP program uses as defaults a
wordlength (W) of 3, an expectation (E) of 10, and the BLOSUMG62 scoring matrix (see Henikoff
& Henikoff {1989) Proc. Natl. Acad. Sci. USA §9:10915). In addition to calculating percent

sequence identity, the BLAST algorithm also can perform a statistical analysis of the similarity

between two sequences (see, e.g., Karlin & Altschul, Proc. Nat’l. Acad. Sci. USA 90:5873-5787

(1993)). One measure of similarity provided by the BLAST algorithm is the smallest sum
probability (P(N)), which provides an indication of the probability by which a match between two
nucieotide or amino acid sequences would occur by chance. For example, a nucleic acid 18
considered similar to a reference sequence if the smaliest sum probability m a comparison of the
test nucleic acid to the reference nucleic acid 1s less than about 0.1, more preferably less than about
0.01, and most preferably less than about 0.001.

[00111] The term “biased,” when used in reference to a codon, means that the sequence of a
codon in a polynucleotide has been changed such that the codon is one that is used preferentially in
the target which the bias is for, e.g., alga cells, chloroplasts. A polynucleotide that 1s biased for
chloroplast codon usage can be synthesized de novo, or can be genetically modified using routine
recombinant DNA techniques, for example, by a site directed mutagenesis method, to change one
or more codons such that they are biased for chloroplast codon usage. Chloroplast codon bias can
be variously skewed in different plants, including, for example, in aiga chloroplasts as compared to
tobacco. Generally, the chloroplast codon bias selected reflects chloroplast codon usage of the

plant which 1s being transformed with the nucleic acids of the present invention. For example,
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where C. reinhardtii is the host, the chloroplast codon usage is biased to reflect alga chloroplast
codon usage (about 74.6% AT bias in the third codon position).
66112} One method of the invention can be performed using a polynucleotide that encodes a
first polypeptide and at least a second polypeptide. As such, the polynucleotide can encode, for
-example, a first polypeptide and a second polypeptide; a first polypeptide, a second polypeptide,
and a third polypeptide; cte. Furthermore, any or all of the encoded polypeptides can be the same
or different. The polypeptides expressed in chloroplasts of the microalga C. reinhardtii may be
assembled to form functional polypeptides and protein compiexes. As such, a method of the
invention provides a means to produce functional protein complexes, including, for example,
dimers, trimers, and tetramers, wherein the subunits of the complexes can be the same or different
(e.g., homodimers or heterodimers, respectively).
[60113] The term “recombinant nucleic acid molecule” is used herein to refer to a
polynucieotide that is manipulated by human intervention. A recombinant nucleic acid molecule
can contain two or more nucleotide sequences that are linked in a manner such that the product 1s
not found in a cell in nature. In particular, the two or more nucteotide sequences can be operatively
linked and, for example, can encode a fusion polypeptide, or can comprise an encoding nucleotide
sequence and a regulatory element. A recombinant nucleic acid molecule also can be based on, but
manipulated so as to be different, from a naturally occurring polynucicotide, (e.g. biased for
chloroplast codon usage, insertion of a restriction enzyme site, insertton of a promoter, insertion of
an origin of replication). A recombinant nucleic acid molecuie may further contain a peptide tag
(e.g.. His-6 tag), which can facilitate identification of expression of the polypepiide in a cell.
Additional tags include, for example: a FLAG epitope, a ¢c-myc epitope; biotin; and glutathione S-
transferase. Such tags can be detected by any method known i the art {¢.g., anti~tag antibodies,
streptavidin), Such tags may also be used to isoiate the operatively linked polypeptide(s), for
example by affinity chromatography.
[00114)] A polynucleotide comprising naturally occurring nucleotides and phosphodiester
bonds can be chemically synthesized or can be produced using recombinant DNA methods, using
an appropriate polynucleotide as a template. In comparison, a polynucieotide comprising
nucleotide analogs or covalent bonds other than phosphodiester bonds generally are chemically
synthesized, although an enzyme such as T7 polymerase can incorporate certain types of
nucleotide analogs into a polynucleotide and, therefore, can be used to produce such a
polynucleotide recombinantly from an appropriate template (Jellinek et al., supra, 1995).
Polynucieotides useful for practicing a method of the present invention may be isolated from any

organism.
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[60115] The invention may take advantage of naturally occurring product production
pathways in an NVPO. An example of such a pathway (for the production of phytol and B-
carotene) is shown in FIG. 1. One of skill in the art will recognize that this isoprenoid production
pathway 1s provided merely by way of exampie to further illustrate one embodiment.

[60116] One aspect of the present invention is to modify the phytol/B-carotene pathway to
produce non-naturally occurring products and/or increase the production of naturally occurring
products. FIG. 2 illustrates one potential for modification of the pathway iliustrated in FIG. 1. By
inserting an exogenous geranyl-diphosphate synthase (GPPS) and/or farsenyl-diphosphate synthase
(FPPS), the production of GPP and FPP can be increased. For example, a host organism (e.g., C.
reinhardtii, D. salina) can be transformed with any of the sequences encoding GPP or FPP
synthases listed in Tables 5 or 7 (e.g., SEQ ID NOs. 82, 87-94, 118, and/or 180-191).

Furthermore, as exemplified in the examples below, introduction of a GPPS or FPPS may be
accompanied by the insertion of an exogenous gene encoding an enzyme (e.g.; limonene synthase,
zingiberene synthase, chlorophyliohydrolase) which leads to the production of isoprenoids of
interest (¢.g., monoterpenes, sesquiterpenes, and triterpenes) which are not naturally produced by
the NVPO. A non-limiting list of enzymes which may be used to transform NVPQOs — alone, or in
combination - is provided in Tables 5-8.

{00117} Insertion of genes encoding enzymes of the present invention may lead to increased
production of a naturally occurring isoprenoid (e.g., GPP, FPP, phytol, phytoene, B-carotene). For
example, production of naturally cccurring isoprenoids {(e.g., GPP, FPP, phytoene) may be
increased by: 1) introducing extra copies of an endogenous or exogenous gene encoding a synthetic
enzyme which produces the isoprenoid; 2) introducing a regulatory element (e.g., constitutive
promoter, inducible promoter) to control expression of a naturally occurring synthetic enzyme;
and/or 3) introduction of an exogenous nucleic acid which increases production of a naturaily
occurring soprenoid through an indirect route {(e.g., an exogenous GPPS may increase the
intracellular concentration of GPP, providing more substrate for a phytol/chlorophyll synthesis
pathway}. |

[06118] Thus, production of certain naturally occurring isoprenoids may be increased. For
purposes of iliustration only, the isoprenoid, phytol, is naturally produced by a number of NVPOs,
including C. reinhardtii, Generally, the amount of phytol in wild type strains of C. reinhardtii is
less than 1% by weight. The present disclosure provides for several mechanisms which may
increase production of phytol. In one example, a regulatory element which drives constitutive or
inducible expression of an endogenous gene {(e.g., GPP synthase) may be iniroduced into a genome

of the organism to express the gene at a higher level than that which is achieved by the naturally
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occuring regulatory elements. Alternately, one or more cxogenous isoprenoid synthases may be
introduced into a genome of the organism. Such synthases may be homologous or non-
homeologous to the target NVPO (c.g. a GPP synthase from a related organism, an FPP synthase).
Alternately, exogenous enzymes (e.g., phosphatases, pyrophosphatases) may be introduced into the
target NVPO. Such enzymes may act on naturally occuring substrates (e.g., GGPP, phytyl-
diphosphate) or may act on substrates produced by other exogenous genes introduced into the host
NVPO. In some instances, exogenous enzymes may produce the isoprenoid of interest (¢.g.,
phytol) or may produce a precursor for an enzyme which then acts to produce the isoprenoid of
mterest. In stili another approach, an enzyme may be mtroduced or upregulated which causes the
degradation of a product produced by the host NVPO — either naturally or as the result of an
infroduced gene — thereby producing the isoprenoid of interest. For example, a
chiorophyliidohydrolase may be introduced into the host cell to promote degradation of
chiorophyli into phytol.

106119] Utilizing such approaches, a modified NVPO may comprise about 1.5%, 1.6%. 1.7%,
1.8%, 1.9%, 2.0%, 2.1%, 2.2%, 2.3%, 2.4%, 2.5%, 2.6%, 2.7%, 2.8%, 2.9%, 3.0%, 3.1%, 3.2%,
3.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4.0%, 4.1%, 4.2%, 4.3%, 4.4%, 4.5%, 4.6%, 4.7%,
4.8%, 4.9%, 5.0%, 5.1%, 5.2%, 5.3%, 5.4%, 5.5%, 5.6%, 5.7%, 5.8%, 5.9%, 6.0%, 6.1%, 6.2%,
6.3%, 6.4%, 6.5%, or more, Where desired, phytol can be collected from modified NVPOs and
concentrated to about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 30%, 55%. 60%, 65%,
T0%, 76%, 80%, 85%, 90%, 95%, or higher. In some instances, compeositions comprising phytol
collected from an NVPO of the present invention may also comprise portions of the celis of the
NVPO (e.g., cell wall material, cell membrane material, proteins, carbohydrates, nucleic acids,
etc. ).

100120} Pathways utilized for the present invention may involve enzymes present in the
cytosol, in a plastid (e.g., chloroplast), or both. Exogenous nucleic acids encoding the enzymes of
embodiments of the invention may be introduced into a host cell, such that the enzyme encoded is
active in the cytosol or in a plastid, or both. In some embodiments, a naturaliy occurring enzyme
which is present in one intracelluiar compartment (¢.g., in the cytosol) may be expressed in a
different intracellular locale (e.g., in the chloroplast), or in both the naturally occurring and non-
naturally occurring locales following transformation of the host cell.

i06121] To illustrate this concept, and merely by way of example, a non-vascular
photosynthetic microalga species can be genetically engineered to produce an isoprenoid, such as
limonene {(a molecule of high value in the specialty chemical and petrochermical industries).

Limonene ts a monoterpene that is a pure hydrocarbon, only composed of hydrogen and carbon
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atoms. Limonene is not naturally produced in the species, Chlamvdomonas rheinhardii. Production
of limonene in these microalgae can be achieved by engineering the microalgae to express the
heterologous enzyme limonene synthase in the chloroplast. Limonene synthase can convert the
terpene precursor geranyl pyrophosphate into limonene. Unlike limonene, gerany! pyrophosphate
is naturally present in the chioroplast of microalgae. The expression of the imonene synthase can
be accomplished by inserting the heterologous gene encoding limonene synthase into the
chioroplast genome of the microalgae, The modified strain of microalgae is then made
homoplasmic to ensure that the limonene gene will be stably maintained m the chloroplast genome
of ali descendents. A microaiga is homoplasmic for a gene when the inserted gene is present in all
copies of the chloropiast genome. It is apparent to one of skill in the art that a chloroplast may
contain multiple copies of its genome, and therefore, the term “homopiasmic”™ or “homoplasmy”
refers to the state where all copies of a particular locus of interest are substantially identical.
Plastid expression, in which genes are inserted by homologous recombination into all of the several
thousand copies of the circular plastid genome present in each plant cell, takes advantage of' the
enormous copy number advantage over nuclear-expressed genes to permif expression levels that
can readily exceed 10% of the total soluble plant protein.

[00122] Briefly, the process of determining plasmic state of an organism of the present
imvention mvolves screening transformants for the presence of exogenous nucleic acids and the
absence of wild-type nucleic acids at a given locus of interest. Such approaches are utilized in
Examples 1 and 2 below (Figs. 4A-C and 6A-C).

[06123] Any of the vectors herein {(e.g. including any of the expression vectors described
above) can comprise & nucleotide sequence(s) encoding a protein or polypeptide that allows or
improves secretion of a product produced by a transformed organism. The protein or polypeptide
moiccule affects, increases, upregulates, or modulates the secretion of a product from a host cell or
organism.

[60124] An expression vector may comprise a sequence encoding a protein or polypeptide that
allows or improves secretion of a product molecule and a nucieotide sequence encoding a synthase
from an isoprenoid pathway.

[00125] Selectable markers.

[00126] In some instances, a heterologous sequence in an expression vector encodes a
dominant selectabie marker for selection of the transformed organisms. ’Thus, organisms that have
been subjected to transformation can be cultured in the presence of a compound (e.g., to which a
dominant selectable marker confers resistance) that allows for the dominant seiection of

fransformed host cells. Examples of compounds to which selectable markers confer resistance
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when expressed in the host organism include metabolic inhibitors (i.e., compounds that inhibit
algal metabolism), such as antibiotics, fungicides, algicides, bactericides, and herbicides.
Functionally, such compounds may be toxic to the cell or otherwise inhibit metabolism by
functioning as protein or nucleic acid binding agents. For example, such compounds can inhibit
translation, transcription, enzyme function, cell growth, cell division and/or microtubule formation.
Dominant selectable markers suitable for use in the present invention can be selected from any
known or subsequently identified selectable markers, including markers derived from fungal and
bacterial sources (see e.g. US Pat. No. 5,661,017). In other embodiments, wild-type homologous
genes that complement auxotrophic mutant strains may also be used as selectable marker systems,
for example in some green algae (see e.g. Kindle et al.,, J. Cell Biol., 109:2589-2601 (1989) which
discusses the transformation of a nitrate reductase deficient mutant of Chlamvdomonas reinhardiii

with a gene encoding nitrate reductase).

[00127] Regulatery control seguences.
[00128] Any of the cxpression vectors herein can further comprise a regulatory control

sequence. A regulatory control sequence may include for example, promoter(s), operator(s),
repressor(s), enhancer(s), transcription termination sequence(s), sequence(s) that regulate
transiation, or other regulatory control sequence(s) that are compatible with the hest cell and
control the expression of the nucleic acid moiecules of the present invention, In some casges, a
egulatory control sequence includes transcription control sequence(s) that are able to contrel,
ation, and/or termination of transcription. For example, a
regulatory control sequence can increase transcription and franslation rate and/or efficiency of a
gene or gene product in an organism, wherein expression of the gene or gene product is
upregulated resulting (directly or indirectly) in the increased production, secretion, or both, of a
product described herein. The regulatory control sequence may also result in the increase of
production, secretion, or both, of a product by increasing the stability of a gene or gene product.
{00129] A regulatory control sequence can be autologous or heterologous, and if heterologous,
may be homologous. The regulatory control sequence may encode one or more polypeptides
which are enzymes that promote expression and production of products. For example, a
heterologous regulatory control sequence may be denived from another species of the same genus
of the organism (e.g., another algal species) and encode a synthase in an algae. In another
example, an autologous regulatory control sequence can be derived from an organism in which an

eXPIession vector is to be expressed.
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{00130] Depending on the application, regulatory control sequences can be used that effect
inducible or constitutive expression. The algal regulatory control sequences can be used, and can
be of nuclear, viral, extrachromosomal, mitochondrial, or chloroplastic origin.

[60131] Suitable regulatory control sequences include those naturally associated with the
nucleotide sequence to be expressed (for example, an algal promoter operably linked with an algal-
derived nucleotide sequence in nature). Suitable regulatory control sequences include regulatory
control sequences not naturally associated with the nucleic acid molecule to be expressed (for
example, an aigal promoter of one species operatively linked to an nucleotide sequence of another
organism or algal species). The latter regulatory control sequences can be 2 sequence that conirols
expression of another gene within the same species (i.e., autoiogous) or can be derived from a
different organism or species (1.e., heterologous).

[66132] To determine whether a putative regulatory control seguence 1s suitable, the putative
regulatory controi sequence is linked to a nucleic acid molecule typically encodes a protein that
produces an easily detectabic signal. The construction may then be introduced into an alga or other
organism by standard techniques and expression thereof 1s monitored. For example, if the nucleic
acid molecuie encodes a dominant sclectable marker, the alga or organism to be used 1s tested for
the ability to grow in the presence of a compound for which the marker provides resistance.
{60133] In some cases, a regulatory control sequence 18 a promoter, such as a promoter
adapted for expression of a nucleotide sequence in a non-vascular, photosynthetic organism. For
example, the promoter may be an algal promoter, for example as described in U.S. Publ, Appl.
Nos. 2006/0234368 and 2004/0014174, and in Hallmann, Transgenic Plant 1. 1:81-98(2007). The
promoter may be a chloroplast specific promoter or a nuclear promoter. The prometer may an
EF1-o gene promoter or a D promoter. In some embodiments, the synthase is operably linked fo
the EF i-o gene promoter. In other embodiments, the synthase is operably linked to the D
promoter.

[00134] A regulatory control sequences herein can be found in a variety of locations, mciuding
for example, coding and nor-coding regions, 5' untranslated regions (e.g., regions upstream from
the coding region}, and 3" untranslated regions (e¢.g., regions downstream from the coding region).
Thus, in some instances an autologous or heterologous nucleotide sequence can include one or
more 3’ or 57 untranslated regions, one or more introns, or oNe Or MOTE €XONS,

[60135] For example, in some embodiments, a regulatory control sequence can comprise a
Cyclotella cryptica acetyl-CoA carboxylase 5' untranslated regulatory control sequence or a
Cyclotella cryptica acetyl-CoA carboxylase 3'-untranslated regulatory control sequence (U.S. Pat.
No. 5,661,017},
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[66136] A regulatory control sequence may also encode chimeric or fusion polypeptides, such
as protein AB, or SAA, that promotes expression of heterologous nucleotide sequences and
proteins. Other regulatory control sequences include autologous intron sequences that may promeote
transiation of a heterologous sequence,

j[60137] The regulatory control sequences used in any of the expression vectors herein may be
mcucible. Inducibie regulatory control sequences, such as promoters, can be inducible by light, for
example. Regulatory control sequences may also be autoregulatable. Examples of autoregulatable
regulatory control sequences include those that are autoregulated by, for exampic, endogenous
ATP levels or by the product produced by the organism. In some instances, the regulatory control
sequences may be inducible by an exogenous agent. Other inducible elements are well known in
the art and may be adapted for use in the present invention.

[00138] Various combinations of the regulatory contro! sequences described herein may be
embodied by the present invention and combined with other features of the present invention. In
some cases, an expression vector comprises one or more regulatory control sequences operatively
linked to a nucleotide sequence encoding a polypeptide. Such sequences may, for example,
upregulate secretion, production, or both, of & product described herein. In some cases, an
exXpression vector comprises one or more regulatory control sequences operatively linked to a
nucieotide sequence encoding a polypeptide that effects, for example, upregulates secretion,

production, or both, of a product.

100139 Exnresgion,
100146} Chloroplasts are a productive organelle of photosynthetic organismms and a site of

large of amounts of protein synthesis. Any of the expression vectors herein may be selectively
adapted for chloroplast expression. A number of chloroplast promoters from higher plants have
been described in Kung and Lin, Nucleic Acids Res. 13: 7543-7549 (1985). Gene products may
be expressed from the expression vector in the chloroplast. Gene products encoded by expression
vectors may also be targeted to the chloroplast by chloroplast targeting sequences. For example,
targeting an expression vector or the gene product(s) encoded by an expression vector to the
chloroplast may further enhance the effects provided by the regulatory control sequences and
sequence(s) encoding a protein or peptide that allows or improves secretion of a fuel molecule.
[00141] Various combinations of the chloroplast targeting described herein may be embodied
by the present invention and combined with other features of the present invention. For example, a
nucleotide sequence encoding a terpene synthase may be operably linked to a nucleotide sequence
encoding a chioroplast targeting sequence. A host cell may be transformed with an expression

vector encoding limonene synthase targeted to the chloroplast, and thus, may produce more
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limonene synthase as compared to a host cell transformed with an expression vector encoding
limonene synthase but not a chloroplast targeting sequence. The increased lmonene synthase
expression may produce more of the limonenc in comparison to the host cell that produces less.
Tables 5 and 7 provide examples of nucleic acids encoding 1soprenoid producing enzymes useful
in the present invention. Tables 6 and § provide these nucleic acid sequences with the addition of
restriction enzyme sites. The sequences in Tables 5-8 are also codon-biased for expression i C.
reinhardtii. Such sites, as will be readily apparent, can be used to integrate the nucleic acids into a
vector,

1001421 In yet another example, an expression vector comprising a nucleotide sequence
encoding an enzyme that produces a product (e.g. fuel product, fragrance product, insecticide
product) not naturally produced by the organism by using precursors that are naturally produced by
the organism as substrates, is targeted to the chloroplast, By targeting the enzyme to the
chloroplast, production of the product may be increased in comparison to a host cell wherein the
enzyme is expressed, but not targeted to the chloroplast. Without being bound by theory, this may
be due to increased precursors being produced in the chloroplast and thus, more product may be
produced by the enzyme encoded by the mmtroduced nucleotide sequence.

[60143] Products.

[00144] Examples of products contemplated herein include hydrocarbon products and
hydrocarbon derivative products. A hydrocarbon product is one that consists of only hydrogen
molecules and carbon molecules. A hydrocarbon derivative product is a hydrocarbon product with
one or more heteroatoms, wherein the heteroatom 1s any atom that is not hydrogen or carbon.
Examples of heteroatoms melude, but not limited to, nitrogen, oxygen, sulfur, and phosphorus.
Some products are hydrocarbon-rich, wherein as least 50%, 60%, 70%, 80%, 90%, or 95% of the
product by weight 1s made up carbon and hydrogen.

[00145] Examples of hydrocarbon and hydrocarbon derivative products that can be produced
using the compositions and methods herein include terpenes, and their derivatives, terpenoids. A
terpene 18 a molecule made of 1soprene (C5) units and 18 not necessarily a pure a hydrocarbon.
Terpenes are typically derived from isoprenc units. Isoprene units are five-carbon units (C5).
Terpenes are hydrocarbons that can be modified (e.g. oxidized, methyl groups removed, etc.) or its
carbon skeleton rearranged, to form derivatives of terpenes, such as isoprenoids.

[00146] isoprenoids (aiso known as terpenoids) are derived from isoprene subunits but are
modified, such as by the addition of heteroatoms such as oxygen, by carbon skeleton
rearrangement, and by alkylation. Isoprenoids generally have a number of carbon atoms which is

evenly divisible by five, but this is not a requirement as “trregular” terpenoids are known.
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Carotenoids, such as carotenes and xanthophyvlls, are an cxample of & isoprenoid as a useful
product. A steroid is another examplie of a terpenoid. Examples of isoprenoids include, but are not
limited to, hemiterpenes (C5), monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20),
friterpenes (C30), tetraterpenes (C40), and polyterpenes (C,, wherein “n” is equal to or greater than
45). Other examples of isoprenoids include, but are not limited to, limonene, 1, 8-cineole, o-
pinene, camphene, (+)-sabinene, myrcene, abietadiene, taxadiene, farnesyl pyrophosphate,
amorphadiene, (E)-a-bisabolene, zingiberene, or diapophytoene, and their derivatives.

[00147] Isoprenoid precursors are thought fo be generated by two pathways. The mevalonate
pathway, or HMG-CoA reductase pathway, generates dimethylallyl pyrophosphate (DMAPP) and
isopentyl pyrophosphate (IPP), the common C5 precursor for isoprenoids. The non-mevalonate
pathway is an aliernative pathway to form DMAPP and 1PP. The DMAPP and IPP may be
condensed to form geranyl-diphosphate (GPP), or other precursors, such as farnesyl-diphosphate
(FPP), geranyigeranyi-diphosphate { GGPP), from which higher isoprenes are formed.

[00148] Examples of products which can include the isoprenoids of the present invention
include, but are not limited to, fuel products, fragrance products, and insecticide products. In some
instances, a product may be used directly. In other instances, the product may be used as a
“feedstock™ to produce another product. For example, where the product 1s an isoprenoid, the
isoprenoid may be hydrogenated and “‘cracked” to produce a shorter chain hydrocarbon (e.g..

farnesene is hydrogenated to produce farnesane which is then cracked to produce propane, butane,

octane, or other fuel products).
[00149] The products produced by the present invention may be naturally, or non-naturally

(e.g., as a result of transformation) produced by the host cell(s) and/or organism(s) transformed.
The product may also be a novel molecule not present in nature, For example, products naturalty
produced in algae may be terpenes such as carotenoids (e.g. beta-carotene). Examples of products
not naturally produced by algac may include a non-nafive terpene such as limonene. The host cell
may be genetically modified, for example by transformation with a sequence to encourage the
secretion of iimonene.

[00150] Fuel products

[00151] Examples of fuel products include petrochemical products and their precursors and all
other substances that may be useful m the pefrochemical industry. Fuel products nclude, for
example, petfoleum products, precursors of petroleum, as well as petrochemicéis and precursors
thereof. The fuel or fuel products may be used in a combustor such as a boiler, kiln, dryer or

furnace. Other examples of combustors arc internal combustion engines such as vehicle engines or
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generators, including gasoline engines, dicsel engines, jet engines, and others. Fuel products may
also be used to produce plastics, resins, fibers, clastomers, fubricants, and gels.

[60152] Fuel products can include small alkanes (for example, 1 to approximately 4 carbons)
such as methane, ethane, propane, or butane, which may be used for heating (such as mn cooking) or
making plastics. Fuel products may also include molecules with a carbon backbone of
approximately 5 to approximately 9 carbon atoms, such as naptha or ligroin, or their precursors.
Other fuel products may be about 5 to about 12 carbon atoms or cycloalkanes used as gasoline or
motor fuel. Molecules and aromatics of approximately 10 to approximately 18 carbons, such as
kerosene, or its precursors, may also be fuel products. Fuel products may also include molecules,
or their precursors, with more than 12 carbons, such as used for fubricating oil. Other fuel products
mclude heavy gas or fuel oil, or their precursors, typically containing alkanes, cycloalkanes, and
aromatics of approximately 20 to approximately 70 carbons. Fuel products also includes other
residuals that can be derived from or found in crude oil, such as coke, asphalt, tar, and waxes,
generally containing multiple rings with about 70 or more carbons, and their precursors.

[06153] The various fuel products may be further refined to a final product for an end user by
a number of processes. Refining can occur by fractional distillation. For example, a mixture of
fuel products, such as a mix of different hydrocarbons with different various chain lengths may be
separated into various components by fractional distillation.

[00154] Réﬁning may also include any one or more of the following steps; cracking, unifying,
broken down into smaller fragments by cracking. Cracking may be performed by heat or high
pressure, such as by steam, visbreaking, or coking. Fuel products may also be refined by
visbreaking, for example reducing the viscosity of heavy oils. Refining may alse include coking,
wherein a heavy, aimost pure carbon residue is produced. Cracking may also be performed by
catalytic means to enhance the rate of the cracking reaction by using catalysts such as, but not
limited to, zeolite, aluminum hydrasilicate, bauxite, or silica-alumina. Catalysis may be by fluid
catalytic cracking, whereby a hot catalyst, such as zeolite, is used to catalyze cracking reactions.
Catalysis may also be performed by hydrocracking, where lower temperatures are generally used in
comparison to fluid catalytic cracking. Hydrocracking typically occurs in the presence of elevated
partiat pressure of hydrogen gas. Fuel products may be refined by catalytic cracking to generate
diesel, gasoline, and/or kerosene,

[00155] The fuel products may also be refined by combining them in a unification step, for
example by using catalysts, such as platinum or a platinum-rhenium mix. The unification process

typically produces hydrogen gas, a by-product which may be used in cracking.
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[66156] The fuel products may also be refined by altering or rearranging or restructuring
hydrocarbons into smaller molecules. There are a number of chemical reactions that occur in the
catalytic reforming process of which are known to one of ordinary skill in the arts. Generally,
catalytic reforming is performed in the presence of a catalyst and high partial pressure of hydrogen.
One common process is alkylation. For example, propylene and butylene are mixed with a catalyst
such as hydrofluoric acid or suifuric acid.

[66157] The fuel products may also be biended or combined into mixtures to obtain an end
product. For example, the fuel products may be blended to form gasoline of various grades,
gasoline with or without additives, lubricating oils of various weights and grades, kerosene of
various grades, jet fuel, diesel fuel, heating oil. and chemicals for making plastics and other
polymers. Compositions of the fuel products described herein may be combined or blended with
fuel products produced by other means.

1001581 Some fuet products produced from the host cells of the invention, especially after
refining, will be identical to existing petrochemicals, i.e. same structure. Some of the fuel products
may not be the same as existing petrochemicals. However, although a molecule may not exist in
conventional petrochemicals or refining, it may still be useful in these industries. For example, &
hydrocarbon could be produced that is in the boiling point range of gasoline, and that could be used
as gasoline or an additive, even though it does not normally occur in gasoline.

[60159] Methods.

[00160] Thus, a product (e.g. 1soprenoid, fuel product, fragrance product, insecticide product)
may be produced by a method that comprises: transforming a host organism {e.g.. non-vascular,
photosynthetic organism) with an exptession vector; growing the organism: and coliecting the
product produced by the organism. In a refated yet distinct aspect, the present invention provides a
method for producing a product comprising: transforming a photosynthetic organism with an
expression vector, growing the organism; and collecting the product produced by the oganism.

The expression vector is typically the type of expression vector described herein, and is specifically
used to add additional biosynthetic capacity to an organism or to modify an existing biosynthetic
pathway within the organisms, either with the intension of increasing or allowing the production of
a molecule by the photosynthetic organism.

{60161} The methods herein comprise selecting genes that are useful to produce products,
such as isoprenoids, fuels, fragrances, and insecticides, transforming a cell of a photosynthetic
organism with such gene(s), and growing such organisms under conditions suitable to allow the
product to be produced. Organisms of the present invention can be cultured in conventional

fermentation bioreactors, which include, but are not limited to, batch, fed-batch, cell recycle, and
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continuous fermentors. Further, they may be grown in photobioreactors (see e.g. US Appl. Publ.
No. 20030260553, U.S. Pat. No. 5,958,761; U.S. Pat. No. 6,083,740). Culturing can also be
conducted in shake flasks, test tubes, microtiter dishes, and petri plates, Culturing is carried out at a
temperature, pH and oxygen content appropriate for the recombinant cell. Such cuituring
conditions are well within the expertise of one of ordinary skill in the art.

[00162] A host organism is an organism comprising a host cell, In preferred embodiments, the
host organism 1s photosynthetic. A photosynthetic organism 18 one that naturally photosynthesizes
{has a plastid) or that is genetically engineered or otherwise modified to be photosynthetic, In
some instances, a photosynthetic organism may be transformed with a construct of the invention
which renders all or part of the photosynthetic apparatus inoperable. In some instances a host
organism 1s non-vascuiar and photosynthetic. The host cell can be prokaryotic. Exampies of some
prokaryotic organisms of the present invention include, but are not limited to, cyanobacteria (e.g.,
Svnechococcus, Svnechocystis, Athrospira). The host organism can be unicellular or multicellular.
In most embodiments, the host organism is eukaryotic (¢.g. green algae, red algae, brown algae). In
preferred embodiments, the host cell is a microalga (e.g.. Chlamvdomonas reinhardtii, Dunaliella
salina, Haematococcus pluvalis, Scenedesmus dimorphus, D. viridis, or D. tertiolecta). Examples
of organisms contemplated herein include, but are not limited to, rhodophyta, chlorophyta,
heterokontophyta, tribophyta, glaucophyta, chlorarachmophytes, euglenoids, haptophyta,
cryptomonads, dinoflageliata, and phytoplankton.

63] Some of the host organisms which may be used to practice the present invention are
halophilic (e.g., Dunaliellu salina, D. viridis, or D. tertiolecta). For example, D. saling can grow
in ocean water and salt lakes (salinity from 30-300 parts per thousand) and high salinity media
(e.g., artificial seawater medium, seawater nutrient agar, brackish water medium, seawater
medium, ¢tc.}. In some embodiments of the invention, a host cell comprising a vector of the
present invention can be grown in a liquid environment which is 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
09510,11,1.2,13,14,15,16,1.7,18,19,20,2.1,22,23,24,25,26,2.7,2.8,2.9,30,31.,
32,33,34,35,36,3.7,3.&,3.9,4.0,4.1.4.2, 4.3 molar or higher concenirations of sodium
chioride. One of skill in the art will recognize that other salts (sodium salts, calcium salts,
potassium salts, etc.) may also be present i the liguid environments.

j66164] Where a halophilic organism 1s utilized for the present invention, i may be
transformed with any of the vectors described herein. For example, D. salina may be transformed
with a vector which is capable of insertion into the chloroplast genome and which contains nucleic
acids which encode an isoprenoid producing enzyme (e.g., FPP synthase, zingiberene synthase,

squalene synthase). Transformed halophilic organisms may then be grown in high-saline
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environments {c.g., salt lakes, salt ponds, high-salinc media, eic.) to produce the products (c.g.,
isoprenoids) of interest. Isolation of the products may involve removing a transformed organism
from a high-saline environment prior to extracting the product from the organism. In instances
where the product is secreted into the surrounding environment, it may be necessary to desalinate
the Hiquid environment prior to any further processing of the product.

[06165] A host organism may be grown under conditions which permit photosynthesis,
however, this is not a requirement (e.g., a host organism may be grown in the absence of light). In
some instances, the host organism may be genetically modified in such a way that photosynthetic
capability is diminished and/or destroyed (sce examples below). In growth conditions where a host
organism is not capable of photosynthests (e.g., because of the absence of light and/or genetic
modification), typically, the organism will be provided with the necessary nutrients to support
growth in the absence of photosynthesis. For example, a culture medium in (or on) which an
organism 1s grown, may be supplemented with any required nutrient, including an organic carbon
source, nitrogen source, phosphorous source, vitamins, metals, lipids, nucleic acids, micronuirients,
or an organism-specific requirement. Organic carbon sources inciud any source of carbon which
the host organism is able to metabolize inciuding, but not limited to, acetate, simple carbohydrates
(e.g., glucose, sucrose, lactose), complex carbohydrates (e.g., starch, glycogen}, proteins, and
lipids. One of skill in the art will recognize that not all organisms will be able to sufficiently
metabolize a particular nutrient and that nutrient mixtures may need to be modified from one
organism to another in order to provide the apprepriate nutrient mix.

[G0166] A host organism may also be grown on land, e.g., landfills. In some cases, host
organism(s} are grown near ethanol production plants or other facilities or regions (e.g., cities,
highways, etc.) generating CO;. As such, the methods herein contemplate business methods for
selling carbon credits to ethanol plants or other facilities or regions generating CO» while making
fuels by growing one or more of the modified organisms described herein near the ethano!
production plant.

[00167] Further, the organisms may be grown in outdoor open water, such as ponds, the
ocearn, sea, rivers, waterbeds, marsh water, shallow pools, lakes, reservoirs, etc. When grown in
water, the organisms can be contained in a hale like object comprising of lego-like particles. The
halo object encircles the algae and allows it to retain nutrients from the water bencath while
keeping it in open sunlight.

[06168] In some instances, organisms can be grown in containers wherein each container
comprises 1 or 2 or a plurality of organisms. The containers can be configured to fioat on water.

For example, & container can be filied by a combination of air and water to make the container and
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the host organism(s) in it buoyant. A host organism that is adapted to grow in fresh water can thus
be grown in salt water (i.e., the ocean) and vice versa. This mechanism allows for automatic death
of the organism if there is any damage to the container,

{00169} In some mstances a plurality of containers can be contained within 4 halo-like
structure as described above. For example, up to 100, 1,000, 10,000, 100,000, or 1,000,000
containers can be arranged in a meter-square of a halo-like structure,

[001790] In some embodiments, the product (e.g. fuel product, fragrance product, msecticide
product) is collected by harvesting the organism. The product may then be extracted from the
organism. In some instances, the product may be produced without killing the organisms.
Producing and/or expressing the product may not render the organism unviable.

[00171] In some embodiments, the production of the product (¢.g. fuel product, fragrance
product, msecticide product) is inducible. The product may be induced to be expressed and/or
produced, for example, by exposure to light. In yet other embodiments, the production of the
product is autoregulatable. The product may form a feedback loop, wherein when the product (e.g.
fuel product, fragrance product, insecticide product) reaches a certain level, expression or secretion
of the product may be mhibited. In other embodiments, the ievel of a metabolite of the organism
inhibits expression or secretion of the product. For example, endogenous ATP produced by the
organism as a result of increased energy production to express or produce the product, may form a
feedback loop to mhibit expression of the product. In yet another embodiment, production of the
product may be inducible, for example, by light or an exogenous agent, For examnle, an
expression vector for effecting production of a product in the host organism may comprise an
inducible regulatory control sequence that is activated or mactivated by an exogenous agent.
[06172] The present invention also relates to methods for screening for new genes/expression
vectors to create any of the fuel products described herein. Such methods comprise the steps of: (1)
inserting a candidate expression vector of nucleic acids into a photosynthetic organism, (2)
collecting a putative fuel product produced there from, {3) applying the putative fuel product to a
mass spectrometer to determine a characteristic of the putative fiel product, and whether 1t may be
used as a fuel product. In some embodiments, step (2) may comprise collecting a known fuel
product and whether a candidate expression vector increases production or secretion of the fuel
product relative fo a photosynthetic organism without the candidate expression vector.

[60173] (ther Methods

[060174] The present invention also provides a business method comprising providing a carbon
credit to a party growing a genetically modified non-vascular, photosynthetic organism adapted to

produce a fucl product. The method of producing a fuel product provided by the present invention
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provides a possibly more environmentalty friendly way of generating fuel products relative to
current methods. As such, the methods and compositions described herein may be used in a
business method in exchange for carbon credits.

Ip0175] Carbon credits may be an aliowance, permit, credit, or the like which are or have been
allowed, authorized, or recognized by some relevant sovereign entity (such as but not limited to &
city (including municipalities of all sizes and types including both incorporated and unincorporated
municipalities), a county, a state or province, or a nation, as well as related governmental entities
such regional, multi-national, or other international hodies such as the United Nations or the
European Union}.

[08176] The carbon credit may be substantially received directly from a regulatory agency or
administrative entity. In other mstances, they may be received indirectly, for example, an entity
using the methods or compositions herein may receive the carbon credits directly from a regulatory
agency, and may then transfer the carbon credits to another entity. Transfer of the carbon credit
may be 1n association with a given process, product using the genetically modified non-vascular,
photosynthetic organism adapted to produce a fuel product.

{60177 For example, a first entity may be identified that provides a consumable product that
1s distributed for consumption in an end-user mobile platform, wherein the consumption and/or
production of the consumable product includes a corresponding resultant emission. For example,
combustion of diesel fuel often results in the environmental release of corresponding nitrogen
oxides combustion of diesel fuel often results in the environmental release of corresponding
nitrogen oxides and combustion of gasoline often results in the environmental release of
corresponding sulfur oxide.

[00178] The first party may adopt a method of producing its products using the genetically
modified organisms described above, or use the products generated by the genetically modified
organisms described above in their compositions, resulting in less harmful effects on the
environment than conventional methods of gencrating, for example, diesel fuel. Thus off-setting
the environmental effects of the end product. The first party may then receive a carbon, or
emission, credit as a result of a reduction of the total emission. The carbon credit may be received
from a regulatory or administrative agency, or may be transferred to the first party from a second
party, wherein the second party may have sold the genetically modified organism or the products
of the genetically modified organism fo the first party.

(060179} The carbon credit may be exchanged for a substantially liquid monetary instrument,
For example, the carbon credit may be exchanged for a cash equivalent, such as cash, check, and

the like. The carbon credit may also be exchanged for a legal grant regarding an intellectual
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property right, for example, but not limited to, an assignment or a license. The carbon credit may
also be exchanged for a government tax subsidy or access to purchasers of a given market. The
carbon credit may also be exchanged for use of another carbon emission process, such as one not
comprising growing the organism. For example, a party may have a limited number of emissions it
may release in a time period, for example, a month or a year, and going over the limit may incur
fines and penalties, However, with carbon credits, the party going over the limit may exchange of
carbon credits to offset the fines or penalties or may be taken into account when determining the
amount of emissions generated by the party.

[63180] The business methods of the invention can also involve the production of products
other than fuel products, such as fragrances and insecticides. Business methods associated with fuel
products, including those involving the use of carbon credits, are also relevant to the production of
other types of useful products and materials.

{80181 While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Numerous varations, changes, and substitutions will now occur to those
skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing
the invention. It is intended that the following claims define the scope of the invention and that
methods and structures within the scope of these ciaims and their equivalents be covered thereby.

The following examples merely illustrate the invention disclosed herein, but do not limit it.

EXAMPLES
[60182] Example 1. Production of FPP synthases and sesquiterpene synthases in €. reinhardtii
[00183] In this example 2 nucleic acids encoding FPP synthase from G. gallus and bisabolene

synthase from P. abies were introduced into C. reinhardtii. Transforming DNA 1s shown
graphically in FIG. 3. For these examples, the transforming DNA was contained in a vector with
E. coli elements (e.g., origin of replication, antibiotic resistance marker), In this instance the genc
encoding FPP synthase (SEQ ID NO. 82, Table 5; SEQ ID NO. 133, Table 6) is the segment
labeled “transgene” in FIG, 3 and is regulated by the 5° UTR and promoter sequence for the psbA
gene from C. reinhardtii and the 3" UTR for the psbA4 gene from C. reinhardtii, and the segment
labeled *Selection Marker™ is the kanamycin resistance encoding gene from bacterta, which is
regulated by the 3° UTR and promoter sequence for the ampA gene from C. reinhardtii and the 37
UTR sequence for the rbel gene from C. reinhardtii. The bisabolene synthase gene (SEQ 1D NO.
115, Table 5; SEQ ID NO. 168, Table 6) is the segment labeled “transgence™ in FIG. 3 and is

regulated by the 5 UTR and promoter sequence for the pshA4 gene from C. reinhardtii and the 3’
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UTR for the psbA gene from C. reinhardtii, and the segment labeled “Selection Marker” is the
streptomycin resistance encoding gene from bacteria, which is regulated by the 5° UTR and
promoter sequence for the atp4 gene from C. reinhardtii and the 3° UTR sequence for the rbel
gene from C. reinhardtii. The FPP synthase transgene cassette is targeted to the psbA loci of C.
reinhardtil via the segments labeled “Homology A” and “Homelogy B,” which are identical to
sequences of DNA flanking the psh4 loci on the 57 and 3° sides, respectively. The bisabolene
synthase transgene cassette 1s targeted to the 3HB locus of C. reinhardtii via the segments labeled
“Homology C” and “Homology D),” which are identical to sequences of DNA flanking the 3HB
locus on the 57 and 3° sides, respectively. All DNA manipulations carried out in the construction
of this transforming DNA were essentially as described by Sambrook et al., Molecular Cloning: A
Laboratory Manual (Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Meth. Enzvmol.
297, 192-208. 1998.

[60G184] For these experiments, all transformations were carried out on C. reinhardtii strain

- 137¢ (mt+). Cells were grown to late log phase (approximately 7 days) in the presence of 0.5 mM
S-fluorodeoxyuridine in TAP medium (Gorman and Levine, Proc. Natl. Acad. Sci., US4 54:1665-
1669, 1965, which 1s incorporated herein by reference) at 23°C under constant illumination of 450
Lux on a rotary shaker set at 100 rpm. Fifty ml of cells were harvested by centrifugation at 4,000xg
at 23°C for 5 min. The supernatant was decanted and cells resuspended in 4 ml TAP medium for
subsequent chloroplast transformation by particle bombardment (Cohen et al., supra, 1998). All
transformations were carried out under kenamycin selection (100 ng/ml) in which resistance was
conferred by the gene encoded by the segment in FIG. 3 labeled “Selection Marker.”
{Chlamydomonas Stock Center, Duke University).

[60185] PCR was used to identify transformed strains. For PCR analysis, 10° algae cells
(from agar plate or liquid culture) were suspended in 10 mM EDTA and heated to 95°C for 10
minutes, then cooied to near 23°C. A PCR cockiail consisting of reaction buffer, MgCl2, dNTPs,
PCR primer pair(s) (Table 4), DNA polymerase, and water was prepared. Algae lysate in EDTA
was added to provide template for reaction. Magnesium concentration was varied to compensate
for amount and concentration of algae lysate in EDTA that was added. Annealing temperature
gradients were employed to determine optimal annealing temperature for specific primer pairs.
[00186] To identify strains that contain the FPP synthase gene, a primer pair was used in
which one primer anneals to a site within the psbA 5"UTR (SEQ ID NO. 55) and the other primer
{(SEQ ID NO. 66) anncals within the FPP synthase coding segment. Desired clones are those that
yield a PCR product of expected size. To identify strains that contain the bisabolene synthase gene,

a primer pair was used in which one primer anneals to a site within the psb4 5’UTR (SEQ ID NO.
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55} and the other primer annealis within the bisabolene synthase coding segment (SEQ ID NO. 73}.
Desired clones are those that yield a PCR product of expected size in both reactions.

[00187] To determine the degree to which the endogenous psh4 gene locus 1s displaced
{heteroplasmic vs. homoplasmic), a PCR reaction consisting of two sets of primer pairs were
emploved (in the same reaction). The first pair of primers amplifies the endogenous locus targeted
by the expression vector and consists of a primer that anneals within the psbA 5’UTR (SEQ 1D
NO. 57) and one that anneals within the psbA coding region (SEQ ID NO. 38). The second pair of
primers {SEQ 1D NOs. 59 and 60) amplifies a constant, or controi region that is not targeted by the
expression vector, so should produce a product of expected size in all cases. This reaction
confirms that the absence of a PCR product from the endogencous locus did not result from cellular
and/or other contaminants that inhibited the PCR reaction. Concentrations of the primer pairs are
varied so that both reactions work in the same tube; however, the pair for the endogenous locus 18
SX the concentration of the constant pair. The number of cycles used was =30 to increase
sensitivity. The most desired clones are those that yield a product for the constant region but not
for the endogenous gene locus. Desired clones are also those that give weak-intensity endogenous
locus products reiative to the control reaction. Results from this PCR are shown in FIG. 4, panels
A, B, and C.

[00188] Resulis from this PCR on 96 clones were determined and the results are shown in
FI1G. 4. Figures 4A and 4B show PCR results using the pairs specific for the FPP synthase and

. ty. As can be seen, multiple transformed clones are positive for
msertion of both the FPP synthase and squalene synthase genes (e.g. numbers 1-3). Figure 4C
shows the PCR results using the primer pairs to differentiate homoplasmic from heteroplasmic
clones. As can be seen, multiple transformed clones are etther homoplasmic or heteroplasmic fo a
degree in favor of mcorporation of the transgene {¢.g. numbers 1-3}. Unnumbered clones
demonstrate the presence of wild-type locus and, thus, were not selected for further analysis.
100189] To determine if the FPP synthase gene led to expression of the FPP synthase and if
the bisabolene synthase gene led to expression of the bisabolene synthase in transformed algae
cells, both soluble proteins were immunoprecipitated and visualized by Western blot. Briefly, 500
ml of algae cell culture was harvested by centrifugation at 4000xg at 4°C for 15 min. The
supernatant was decanted and the cells resuspended m 10 ml of lysis buffer (1006 mM Tris-HCI,
pH=8.0, 300 mM Na(’l, 2% Tween-20}. Cells were lysed by sontcation (10x30sec at 35% power).
Lysate was clarified by centrifugation at 14,000xg at 4°C for 1 hour. The supernatant was removed
and incubated with anti-FLAG antibody-conjugated agarose resin at 4°C for 10 hours. Resin was

separated from the iysate by gravity fiitration and washed 3x with wash buffer (100 mM Tris-HCl,
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pH=8.0, 300 mM NaCl, 2% Tween-20}. Resin was mixed 4:1 with loading buffoer (XT Sample
buffer; Bio-Rad), samples were heated to 95°C for 1 min, cooled to 23 °C, and insoluble proteins
were removed by centrifugation. Soluble proteins were separated by SDS-PAGE, followed by
iransfer to PVDF membrane. The membrane was biocked with TBST + 0.53% dried, nonfat milk at
23°C for 30 min, incubated with anti-FLAG, alkaline phosphatase-conjugate antibody (diluted
1:2,500 in TBST + 0.5% dried, nonfat milk) at 4°C for 10 hours, washed three times with TBST.
Proteins were visualized with chemifluorenscent detection. Results from multiple clones (FIG.
4Dy show that expression of the FPP synthase gene led to expression of the FPP synthase and
expression of the bisabolene synthase gene led to expression of the bisabolene syn.th.ése.

[00190] Cultivation of C. reinhardtii transformants for expression of FPP synthase and
bisabolene synthase was carried out in liquid TAP medium at 23°C under constant iltlumination of
5,000 Lux on a rotary shaker set at 100 rpr, unless stated otherwise. Cultures were maintained at a
density of 1x10” cells per ml for at least 48 hr prior to harvest.

[66191] To determine whether bisabolene synthase produced in the algae chloroplast is a
functional enzyme, sesquiterpene production from FPP was examined. Briefly, 50 mL of algae cell
culture was harvested by centrifugation at 4000xg at 4°C for 15 min. The supernatant was
decanted and the cells resuspended in 0.5 mL of reaction buffer (23 mM HEPES, pH=7.2, 100 mM
KClL 10 mM MnCI2, 10% glycerol, and 5 mM DTT). Cells were lysed by sonication (10x30sec at
35% power). 0.33 mg/mL of FPP were added to the lysate and the mixture was transferred to a

at 23°C for 12 hours. The

glass vial. The reaction was overla:

a1d with heptane and mcu
reaction was quenched and extracted by vortexing the mixture. 0.1 mL of heptane was removed
and the sample was analyzed by gas chromatography — mass spectrometry (GC-MS). Results are
shown in FIG. 5. The results show a large increase (indicated by the peaks) in sesquiterpene over
a wiid-type strain,

[06192] Example 2. Production of triterpene molecules in C reinhardsi

[06193] In this exampie a nucleic acids encoding FPP synthase from G. gallus and squalene
synthase S aureus were introduced into C. reinharddi. Transforming DNA is shown graphicaliy
in FIG. 3. In this instance the segment labeled “Transgene 17 is the gene encoding FPP synthase
(SEQ 1D NO. §2, Table 5; SEQ ID NO. 135, Table 6), the segment labeled “Transgene 27 1s the
gene encoding squaiene synthase (SEQ ID NO. 85, Table 5; SEQ ID NO. 138, Table 6), the
segments labeled “5” UTR” are the 5” UTR and promoter sequence for the rbel gene from C
reinhardtii, the segments labeled “3” UTR” contain the 3" UTR for the psb4 gene from C.
reinhardtii, and the segment labeled “Selection Marker” is the kanamycin resistance encoding gene

from bacteria, which is regulated by the 57 UTR and promoter sequence for the afpd gene from C.
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reinhardtii and the 3° UTR sequence for the rbel gene from C. reinhardtii. The transgene cassette
is targeted to the 3HB locus of C. reinhardtii via the segments tabeled 5" Homology” and “3°
Homology,” which are identical to sequences of DNA flanking the 3HB locus on the 5" and 3°
sides, respectively. All DNA manipulations carried out in the construction of this transforming
DNA were essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Manual
(Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Meth. Enzymol. 297, 192-208, 1998,
[00194) For these experiments, all transformations were carried out on C. reinhardtii strain
137¢ {mit). Cells were grown to late log phase (approximately 7 days) in the presence of 0.5 mM
S-fluorodeoxyuridine in TAP medium (Gorman and Levine, Proc. Natl. Acad. Sci., US4 54.1665-
1669, 1965, which is incorporated herein by reference) at 23°C under constant illumination of 450
Lux on a rotary shaker set at 100 rpm. Fifty ml of cells were harvested by centrifugation at 4,000xg
at 23°C for 5 min. The supemnatant was decanted and cells resuspended in 4 mi TAP medium for
subsequent chloroplast transformation by particle bombardment (Cohen et al., supra, 1998). All
transformations were carried out under kanamyein selection (150 pg/ml}) in which resistance was
conferred by the gene encoded by the segment in FIG. 3 labeled “Selection Marker.”
{(Chlamydomonas Stock Center, Duke University).

[00195] PCR was used to identify transformed strains, For PCR analvsis, 10° algae cells
(from agar plate or liguid culture) were suspended in 10 mM EDTA and heated to 95°C for 10
minutes, then cooled to near 23°C. A PCR cocktail consisting of reaction buffer, MgCl2, dNTPs,
PCR primer pair(s) (Table 4), DNA polymerase

and water was prepared. Algae lysate in EDTA
was added to provide template for reaction. Magnesium concentration is varied to compensate for
amouxnt and concentration of algae lysate in EDTA added. Annealing temperature gradients were
employed to determine optimal annealing temperature for specific primer pairs.

[68196] To identify strains that contain the FPP synthasc gene, a primer pair was used in
which one primer anneals to a site within the psbC S"UTR (SEQ ID NO. 64) and the other primer
anneals within the FPP synthase coding segment (SEQ 1D NO. 66). To identify strains that contain
the squalene synthase gene, a primer pair was used in which one primer anneals to a site within the
psbC 5°UTR (SEQ 1D NO. 64) and the other primer anneals within the squalene synthase coding
segment (SEQ 1D NO. 72). Desired clones are those that yield a PCR product of expected size in
both reactions. To determine the degree to which the endogenous gene locus is displaced
(heteroplasmic vs. homoplasmic), a PCR reaction consisting of two sets of primer pairs were
employed (in the same reaction). The first pair of primers amplifics the endogenous locus targeted

by the expression vector (SEQ 1D NOs. 68 and 69). The second pair of primers (SEQ ID NOs. 59

and 60) amplifies a constant, or control region that is not targeted by the expression vector, so
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should produce a product of expected size in all cases. This reaction confirms that the absence of a
PCR product from the endogenous locus did not result from cellular and/or other contaminants that
inhibited the PCR reaction. Concentrations of the primer pairs are varied so that both reactions
work in the same tube; however, the pair for the endogenous locus 18 5X the concentration of the
constant pair. The number of cycles used was >30 {o increase sensitivity. The most desired clones
are those that yield a product for the constant region but not for the endogenous gene locus,
Desired clones are also those that give weak-intensity endogenous locus products relative to the
control reaction.

106197} Results from this PCR on 96 clones were determined and the results are shown in
FIG. 6. Figures 6A and 6B show PCR results using the pairs specific for the FPP synthase and
squalene synthase genes, respectively. As can be seen, mulfiple transformed clones are positive for
msertion of both the FPP synthase and squalene synthase genes (e.g. numbers 1-10). Figure 6C
shows the PCR results using the primer pairs to differentiate homoplasmic from heteroplasmic
clones. As can be seen, multiple transformed clones are either homoplasmic or heteroplasmic to &
degree in favor of incorporation of the transgene (e.g. numbers 1-10). Unnumbered clones
demonstrate the presence of wild-type locus and, thus, were not selected for further analysis.
[06198] To ensure that the presence of the FPP synthase and squalene synthase genes led to
expression of the FPP synthase and squalene synthase enzymes, a Western blot was performed.
Approximately 1x10° algae cells were collected from TAP agar medium and suspended in 0.5 ml
of lysis buffer (750 mM Tris, pH=8.0, 15% sucrose, 100 mM beta-mercaptoethanol). Celis were
lysed by sonication (5x30sec at 15% power). Lysate was mixed 1:1 with loading buffer (5% SDS,
5% beta~mercaptoethanol, 30% sucrose, bromophenol blue) and proteins were separated by SDS-
PAGE, followed by transfer to PVDF membrane, The membrane was blocked with TBST + 5%
dried, nonfat milk at 23°C for 30 min, incubated with anti-FLAG éntibod.y (diluted 1:1,600 in
TBST + 5% dried, nonfat mitk) at 4°C for 10 hours, washed three times with TBST, incubated with
horseradish-linked anti-mouse antibody (diluted 1:10,000 in TBST -+ 5% dried, nonfat milk) at
23°C for 1 hour, and washed three times with TBST. Proieins were visualized with
chemiluminescent detection. Results from multiple clones (FIG. 61) show that expression of the
FPP synthase gene in C. reinhardtii cells resulted i production of the protein. Visualization of the
product of the squalene synthase gene was occluded by the signal from an unidentified protein
present in all samples.

[066199] Cultivation of C. reinhardtii ransformants for expression of endo-p-ghucanase was

carried out in liquid TAP medium at 23°C under constant ithumination of 5,000 Lux on a rotary
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shaker sct at 100 rpm, unless stated otherwise. Cultures were maintained at & density of 1x10” cells
per ml for at least 48 hr prior to harvest.

[06200] To determine if the FPP synthase and squalene synthase enzymes were produced in
transformed algae cells, both enzymes were immunopreciptated and visualized by Western blot.
Briefly, 500 ml of algae cell culture was harvested by centrifugation at 4000xg at 4°C for 15 min.
The supernatant was decanted and the cells resuspended in 10 m! of tysis buffer (100 mM Tris-
HCI, pH=8.0, 300 mM NaCl, 2% Tween-20). Cells were lysed by sonication (10x30sec at 35%
power). Lysate was clarified by centrifugation at 14,000xg at 4°C for 1 hour. The supematant was
removed and incubated with anti-FLAG antibody-conjugated agarose resin at 4°C for 10 hours.
Resin was separated from the lysate by gravity filtration and washed 3x with wash buffer (100
mM Tris-HCl, pH=8.0, 300 mM NaCl, 2% Tween-20). Results from Western biot analysis of
multiple samples (FIGS. 6D and 6E) show that the both enzymes are indeed produced.

[00261] To determine whether FPP synthase and squalene synthase comprise a functional
squalene biosynthesis pathway in vive, the accumulation of squalene was determined. Briefly, 1.2
L of algae cell culture was harvested by centrifugation at 4000xg at 4°C for 5 min. The supernatant
was poured off and the remaining cell pellet resuspended in 10 ml of TAP medium and transferred
to 50mL cenirifuge tube. Celis were pelleted again by centrifugation at 3,000 RPM for 5 minutes.
All of the supernatant was removed and the cell mass determined. Samples were kept on ice and
cell peliets resuspended in ice-cold methanol (MeQOH) at a ratio of 0.75 mg biomass:5 ml, MeOH.
A solvent blank consisting of 30mL MeOH was stored on ice in 2 30mL conical vial to control for
icaching. Cell péliets were solublized by repeated pipetting and lysates stored on ice to precipitate
protein. Lysates were then clarified by centrifugation at 1,000 RPM for 5 min. 4 mL of soluble
fraction was transferred to amber glass vials and overlaid with 8 mL of heptane. Lysates were
extracted overnight at 23°C on a rotating wheel. 1.5 mL of heptane from each sample was
lyophilized to compiete dryness, and then resuspended in 100 uL heptane. Analysis was performed

on GC-MS. Results are shown in FIG. 7. These analyses were conducted with 5 replicates per

strain.
[60242] Example 3. Production of monoterpene svnthases in C. reinhardtii
[00203] In this example a nucleic acids encoding limonene synthase from M. spicata was

introduced into C. reinhardtii. Transforming DNA is shown graphically in FIG. 3. In this instance
the segment labeled “Transgene” is the gene encoding limonene synthase (SEQ ID NO. 74, Table
3, SEQ ID NO. 127, Table 6) that is regulated by the 5° UTR and promoter sequence for the psbA
gene from C. reinhardtii and the 3° UTR for the psbA gene from C. reinhardiii, and the segment

iabeled “Sciection Marker” is the kanamyvcein resistance encoding gene from bacteria, which is
v EE
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regulated by the 5 UTR and promoter scquence for the ampA gene from C. reinhardtii and the 3°
UTR sequence for the rbcl gene from C. reinhardtii. The transgene cassette is targeted to the pshA
loci of C. reinhardtii via the segments labeled “Homology A” and “Homology B,” which are
identical to sequences of DNA flanking the psbA locus on the 57 and 3° sides, respectively. All
DNA manipuiations carried out in the construction of this transforming DNA were essentially as
described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Laboratory Press 1989) and Cohen et al., Meth. Enzymol. 297, 192-208, 1998,

[00204)] For these experiments, al! transformations were carried out on C. reinhardtii strain
137c (mt+). Cells were grown to late log phase (approximately 7 days) in the presence of 0.5 mM
S-fluorodeoxyuridine in TAP medium (Gorman and Levine, Proc. Natl. Acad. Sci., USA 54:1665-
1669, 1965, which is incorporated herein by reference) at 23°C under constant itlumination of 450
Lux on a rotary shaker set at 100 rpm. Fifty ml of cells were harvested by centrifugation at 4,000xg
at 23°C for 5 min. The supernatant was decanted and cells resuspended in 4 ml TAP medium for
subsequent chloroplast transformation by particie bombardment (Cohen ¢t al., supra, 1998). All
transformations were carried out under kanamycin selection (100 pg/mi) in which resistance was
conferred by the gene encoded by the segment in FI1G. 3 labeled “Selection Marker.”
(Chlamydomonas Stock Center, Duke University).

[00205] PCR was used to identify transformed strains. For PCR analysis, 10° algae cells
(from agar plate or liquid cutture) were suspended in 10 mM EDTA and heated to 95°C for 10
minutes, then cooled fo near 23°C. A PCR cocktail consisting of reaction buffer, MgCl2, dNTPs,
PCR primer pair(s) (Table 4), DNA polymerase, and water was prepared. Algae lysate in EDTA
was added to provide template for reaction. Magnesium concentration is varied to compensate for
amount and concentration of algae lysate in EDTA added. Annealing temperature gradients were
employed to determine optimal annealing temperature for specific primer pairs.

[60206] To identify strains that contain the limonene synthase gene, a primer pair was used in
which one primer anncals to a site within the psbA 5"UTR (SEQ 1D NO. 55) and the other primer
anneals within the limonene synthase coding segment (SEQ ID NO. 56). Desired clones are those
that yield a PCR product of expected size. To determine the degree to which the endogenous gene
locus is displaced (heteroplasmic vs. homeoplasmic), a PCR reaction consisting of two sets of
primer pairs were employed (in the same reaction). The first pair of primers amplifies the
endogenous locus targeted by the expression vector and consists of a primer that anneals within the
psbA 57UTR (SEQ ID NO, 57) and one that anneals within the psbA coding region (SEQ ID NO.
58). The second parr of primers (SEQ ID NOs. 59 and 60} amplifies a constant, or control region

that 18 not targeted by the expression vector, so should produce a product of expected size in all
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cascs. This reaction confirms that the absence of a PCR product from the endogenous locus did
not result from cellular and/or other contaminants that inhibited the PCR reaction. Concentrations
of the primer pairs are varied so that both reactions work in the same tube; however, the pair for
the endogenous locus is 5X the concentration of the constant pair. The number of cycles used was
>30 to increase sensitivity, The most desired clones are those that yield a product for the constant
region but not for the endogenous gene locus. Desired clones are also those that give weak-
intensity endogenous locus products relative to the control reaction.

[00207] Cultivation of C. reinhardtii transformants for expression of limonene synthase was
carried out in liquid TAP medium at 23°C in the dark on a rotary shaker set at 100 rpm, unless
stated otherwise. Cultures were maintained at a density of 1x10 cells per ml for at least 48 hr prior
to harvest.

[00208] To determine if the limonene synthase gene led to expression of the imonene
synthase in transformed algae cells, both soluble proteins were immunopreciptated and visuahized
by Western blot. Briefly, 500 ml of algae cell culture was harvested by centrifugation at 4000xg at
4°C for 15 min. The supernatant was decanted and the cells resuspended in 10 mi of lysis buffer
{100 mM Tris-HCI, pH=8.0, 300 mM NaCli, 2% Tween-20). Celis were lysed by sonication
{10x30sec at 35% power). Lysate was clarified by centrifugation at 14,000xg at 4°C for 1 hour.
The supernatant was removed and incubated with anti-FL.AG antibody-conjugated agarose resin at
4°C for 10 hours. Resm was separated from the lysate by gravity filtration and washed 3x with
wash buffer ((100 mM Tris-HCI, pH=8.0, 300 mM NaCl, 2% Tween-20}). Results from Western
blot analysis of muliiple samples (FI1G. 8) show that imonene synthase is indeed produced.
[00209] To determine whether limonene synthase produced in the algae chloroplast is a
functional enzyme, limonene production from GPP was exarmined. Briefly, 50 uL of the limonene
synthase-bound agarose (same samples prepared above) was suspended in 300 ul. of reaction
buffer (25 mM HEPES, pH=7 .2, 100 mM KCL, 10 mM MnCIi2, 10% glycerol, and 5 mM DTT)
with 0.33 mg/mL GPP and transferred to a glass vial. The reaction was overlaid with heptane and
incubated at 23°C for 12 hours. The reaction was guenched and extracted by vortexing the
mixture. (.1 mL of heptane was removed and the sample was analyzed by GC-MS. Results are
shown m FIG, 8. The results show that the isolated enzyme was capable of converting GPP to
limonene in vitro.

[00210] Limonene synthase activity from crude cell lysates was also examined. Briefly, 50 mL
of algae cell culture was harvested by centrifugation at 4000xg at 4°C for 15 min. The supernatant
was decanted and the cells resuspended tn 0.5 mL of reaction buffer (25 mM HEPES, pH=7.2, 100
mM KCi, 10 mM MnCi2, 10% glycerol, and 5 mM DTT). Celis were tysed by sonication
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{10x30sec at 35% power). €.33 mg/mL of GPP was added to the lysate and the mixturc was
transferred to a glass vial. The reaction was overlaid with heptane and incubated at 23°C for 12
hours. The reaction was quenched and extracted by vortexing the mixture. 0.1 mL of heptane was
removed and the sampie was analyzed by GC-MS. Results are shown in FIG. 9. The results show
that the strain producing limonene synthase is capable of producing limonene in vivo.

[060211] Example 4. Production of GPP synthases in C. reinhardtii

100212) in this example a nucleic acids encoding GPP synthase from A. thaliana was
introduced into C. reinhardtii. Transforming DNA is shown graphically in FIG. 3. In this mnstance
the segment labeled “Transgene” 1s the gene encoding GPP synthase (SEQ 1D NO. 89, Table 5;
SEQ ID NO. 142, Table 6) that is regulated by the 5° UTR and promoter sequence for the pshA
gene from C. reinhardtii and the 3° UTR for the psb4 gene from C. reinhardtii, and the segment
labeled “Selection Marker” 1s the kanamycin resistance encoding gene from bacterta, which is
regulated by the 5° UTR and promoter sequence for the aip4 gene from C. reinhardtii and the 3°
UTR sequence for the rbcl gene from C. reinhardtii. The transgene cassette is targeted to the pshA
loci of C. reinhardtii via the segments labeled “Homology A” and “Homology B,” which are
identical to sequences of DNA flanking the psb4 locus on the 57 and 3° sides, respectively. All
DNA manipulations carried out in the construction of this transforming DNA were essentially as
described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Laboratory Press 1989) and Cohen et al., Meth. Enzymol. 297, 192-208, 1998.

j00213] For these experiments, all transformations were carried out on C. reinhardtil strain
137¢ {mt+). Cells were grown to late log phase (approximately 7 days) in the presence of 0.5 mM
S-fluorodeoxyuridine in TAP medium (Gorman and Levine, Proc. Natl, Acad. Sci., USA 54:1665-
1669, 1963, which is incorporated herein by reference) at 23°C under constant iliumination of 450
Lux on a rotary shaker set at 100 rpm. Fifty ml of cells were harvested by centrifugation at 4,000xg
at 23°C for 5 min. The supernatant was decanted and cells resuspended in 4 ml TAP medium for
subsequent chloroplast transformation by particle bombardment (Coben et al., supra, 1998). All
transformations were carried out under kanamycin selection (100 pg/ml) in which resistance was
conferred by the gene encoded by the segment in FIG. 3 labeled “Selection Marker.”
(Chlamydomonas Stock Center, Duke University).

[00214] PCR was used to identify transformed strains. For PCR analysis, 10° aigae cells
(from agar plate or liquid culture) were suspended in 10 mM EDTA and heated to 95°C for 10
minutes, then cooled to near 23°C. A PCR cocktail consisting of reaction buffer, MgCI2, dNTPs,
PCR primer pair(s) (Table 4), DNA polymerase, and water was prepared. Algae lysate m EDTA

was added to provide template for reaction. Magnesium concentration is varied to compensate for
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amount and concentration of algae lysate in EDTA added. Annealing temperature gradients were
employed to determine optimal annealing temperature for specific primer pairs.

[00215] To identify strains that contain the GPP synthase gene, a primer pair was used in
which one primer anneals o a site within the psbA 5’UTR (SEQ TD NO. 55) and the other primer
anneals within the GPP synthase coding segment (SEQ ID NO. 61). Desired clones are those that
yicld a PCR product of expected size. To determine the degree to which the endogenous gene
locus is displaced (heteroplasmic vs. homoplasmic), a PCR reaction consisting of two sets of
primer pairs were emploved (in the same reaction). The first pair of primers amplifies the
endogenous locus targeted by the expression vector and consists of a primer that anneals within the
psbA 5"UTR (SEQ ID NO. 57) and one that anneals within the psbA coding region (SEQ ID
NO.38). The second pair of primers (SEQ ID NOs. 59 and 60) amplifies a constant, or control
region that is not targeted by the expression vector, so should produce a product of expected size in
all cases. This reaction confirms that the absence of a PCR product from the endogenous locus did
not result from cellular and/or other contaminants that inhibited the PCR reaction. Concentrations
of the primer pairs are varied so that both reactions work in the same tube; however, the pair for
the endogenous locus 1§ 5X the concentration of the constant pair. The number of cvcles used was
>30 to increase sensitivity, The most desired clones are those that yield a procduct for the constant
region but not for the endogenous gene locus. Desired clones are also those that give weak-
intensity endogenous locus products relative to the control reaction. Results from this PCR are
shown in FIG. 18 (A and B),

[00216] To ensure that the presence of the GPP synthase gene led to expression of the GPP
synthase, a Western blot was performed. Approximately 1x10° algae cells were collected from
TAP agar medium and suspended in 0.05 mi of Ivsis buffer (Bugbuster; Novagen}. Solutions were
heated to 95°C for 5 min and then cooled to 23 °C. Lysate was mixed 3:1 with loading buffer (XT
Sample buffer; Bio-Rad), samples were heated to 95°C for 1 min, cooled to 23°C, and insoluble
proteins were removed by centrifugation. Soluble proteins were separated by SDS-PAGE,
followed by transfer to PVDF membrane. The membrane was blocked with TBST ~ 5% dried,
nonfat milk at 23°C for 30 min, incubated with anti-FLAG antibody (dituted 12,500 in TBST +
5% dried, nonfat mili} at 4°C for 10 hours, washed three times with TBST, incubated with _
horseradish-linked anti-mouse antibody (diluted 1:5,000 in TBST + 3% dried, nonfat milk) at 23°C
for 1 hour, and washed three times with TBST. Proteins were visualized with chemiluminescent
detection. Results from multiple clones (FIG. 18C) show that expression of the GPP synthase

gene in C. reinhardtii cells resulted in production of the protein. Fig, 16C.
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[66217] Cultivation of C. reinhardtii transformants for expression of GPP synthase was
carried out in tiquid TAP medium at 23°C under constant illumination of 5,000 Lux on a rotary
shaker set at. 100 rpm, uniess stated otherwise. Cultures were maintained at a density of 1x107 cells
per ml for at least 48 hr prior to harvest.

062181 To determine whether GPP synthase produced in the algae chloroplast is a functional
enzyme, limonene production from IPP and DMAPP 1s examined. Brefly, 50 mL of algae cell
culture is harvested by centrifugation at 4000xg at 4°C for 15 min. The supernatant is decanted
and the cells resuspended in reaction buffer (25 mM HEPES, pH=7.2, 100 mM KC1, 10 mM
MnCl12, 10% glycerol, and 5 mM DTT). Cells arc lysed by sonication (10x30sec at 35% power).
One ug of limonene synthase (prepared from £. coli) 1s added to the lysate along with (.33 mg/mL
IPP and 0.33 mg/mL DMAPP and the mixture is transferred to a glass vial. The reaction 18
overlaid with heptane and incubated at 23°C for 12 bours. The reaction 1s quenched and exiracted
by vortexing the mixture. 0.1 mL of heptane is removed and the sample analyzed by GC-MS.

[04219] Example 5. Production of FPP synthases and sesquiterpene synthases in C. reinsardiil

{06226] In this example a nucleic acids encoding FPP synthase from G. gallus and zingiberene
synthase from O. basilicum were introduced into C. reinhardtii, Transforming DNA is shown
graphically in F1G. 3. In this instance the segment labeled “Transgene 17 is the gene encoding
FPP synthase (SEQ ID NO. 82, Table 5; SEQ ID NO. 135, Table 6) that is regulated by the 5 UTR
and promoter sequence for the pshD gene from C. reinhardtii and the 3° UTR for the pshA gene
from C. reinhardtii, the segment labeled “Transggene 27 15 the gene encoding zingiberene synthase
{SEQ ID NO. 101, Table 3; SEQ ID NO. 154, Table 6) that 1s regulated by the 5" UTR and
promoter sequence for the pshD gene from C. reinhardtii and the 3° UTR for the psbA gene from
C. reinhardtii, and the segment labeled “Selection Marker” 18 the kanamycin resistance encoding
gene from bacteria, which is regulated by the 57 UTR and promoter sequence for the gip4 gene
from C. reinhardtii and the 3° UTR sequence for the rbeL gene from C. reinhardtii. The transgene
cassette 13 targeted to the 3HB locus of C. reinhardtil via the segments labeled “Homology C” and
“Homology D,” which are identical to sequences of DNA flanking the 3HB locus on the 5 and 37
sides, respectively. All DNA manipulations carried out in the construction of this transforming
DNA were essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Manual
{Cold Spring Harbor Laboratory Press 1989) and Cohen ¢t al., Meth. Enzvmol. 297, 192-208, 1998,
[60221] = For these experiments, all transformations were carried out on C. reinhardtii strain
137¢ (mt+). Cells were grown to late log phase (approximately 7 days) in the presence of 0.5 mM
S-fluorodeoxyuridine in TAP medium (Gorman and Levine, Proc. Natl. Acad. Sci., USA 54:1665-

1669, 1965, which is incorporated herein by reference) at 23°C under constant illumination of 450
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Lux on a rotary shaker s¢t at 100 rpm. Fifty ml of cells were harvested by centrifugation at 4,000xg
at 23°C for 5 min. The.supematant was decanted and cells resuspended in 4 mi TAP medium for
subsequent chloroplast transformation by particle bombardment (Cohen et al., supra, 1998). All
transformations were carried out under kanamycin selection (100 pg/mi) in which resistance was
conferred by the gene encoded by the segment in FIG. 3 labeled “Selection Marker.”
(Chlamydomonas Stock Center, Duke University).

[00222] PCR was used to identify transformed strains. For PCR analysis, 10° algae cells
(from agar plate or liquid culture) were suspended in 10 mM EDTA and heated to 95°C for 10
minutes, then cooled to near 23°C. A PCR cocktail congisting of reaction buffer, MgCl2, dNTPs,
PCR primer pair(s) (Table 4), DNA polymerase, and water was prepared. Algae lysate in EDTA
was added to provide template for reaction. Magnesium concentration is varied to compensate for
amount and concentration of algae lysate in EDTA added. Aunealing temperature gradients were
employed to determine optimal annealing temperature for specific primer pairs. To identify strains
that contain the FPP synthase gene, a primer pair was used in which one primer anneals to a site
within the ps6D S"UTR (SEQ ID NO. 62) and the other primer anneals within the FPP synthase
coding segment (SEQ ID NQO. 66). To identify strains that contain the zingiberence synthase gene, a
primer pair was used in which one primer anneals to a site within the psbD S’UTR (SEQ 1D NO.
62) and the other primer anncals within the zingiberene synthase coding segment (SEQ ID NO.
67). Desired clones are those that vield a PCR product of expected size in both reactions. To
determine the degree to which the endogencus gene locus is displaced (heteroplasmic vs.
homoplasmic), a PCR reaction consisting of two sets of primer pairs were employed (in the same
reaction). The first pair of primers amplifies the endogenous locus targeted by the expression
vector (SEQ ID NOs. 68 and 69). The second pair of primers (SEQ D NOs. 59 and 60) amplifies
a constant, or controi region that is not targeted by the expression vector, so shouid produce a
product of expected size in all cases. This reaction confirms that the absence of a PCR product
from the endogenous locus did not result from celiular and/or other contaminants that inhibited the
PCR reaction. Concentrations of the primer pairs are varied so that both reactions work in the
same tube; however, the patr for the endogenous locus is 5X the concentration of the constant pair.
The number of cycles used was >30 to increase sensitivity. The most desired clones are those that
yield a product for the constant region but not for the endogenous gene locus. Desired clones are
also those that give weak-intensity endogenous locus products relative to the control reaction,
100223] To ensure that the presence of the FPP synthase and zingiberene synthase genes led to
expression of the FPP synthase and zingiberene synthase enzymes, a Western blot was performed.

Approximately 1x10" algae cells were collected from TAP agar medium and suspended in 0.05 ml
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of lysis buffer (Bugbuster, Novagen). Solutions were heated to 95°C for 5 min and then cooled to
23°C. Lysate was mixed 3:1 with loading buffer (XT Sample buffer; Bio-Rad), samples were
heated to 95°C for 1 min, cooled to 23 °C, and insoluble proteins were removed by centrifugation.
Soluble proteins were separated by SDS-PAGE, followed by transfer to PVDF membrane. The
membrane was blocked with TBST + 5% dried, nonfat milk at 23°C for 30 min, imcubated with
anti-FLLAG antibody (diluted 1:2,500 in TBST + 5% dried, nonfat milk) at 4°C for 10 hours,
washed three times with TBST, incubated with horseradish-linked anti-mouse antibody (diluted
1:5,000 in TBST + 5% dried, nonfat milk) at 23°C for 1 hour, and washed three times with TBST.
Proteins were visualized with chemiluminescent detection. Results from multiple clones (FIG, 11)
show expression of the GPP synthase gene in C. reinhardtii cells resulted in production of the
protein.

[00224] Cultivation of C. reinhardtii transformants for expression of FPP synthase and
zingiberene synthase was carried out in liquid TAP medium at 23°C under constant iliumination of
5,000 Lux or a rotary shaker set at 100 rpm, unless stated otherwise. Cultures were maintained at a
density of 1x107 cells per ml for at icast 48 hr prior to harvest,

[00225] To determine whether FPP synthase and zingiberene synthase produced in the algae
chloroplast are functional, sesquiterpene production from DMAPP and IPP is examined. Briefly,
50 mL of algae cell culture is harvested by centrifugation at 4000xg at 4°C for 13 min. The
supernatant 1s decanted and the cells resuspended in 0.5 mL of reaction buffer (25 mM HEPES,
pH=7.2, 100 mM KCL 10 mM MnCl12, 10% elycerol, and 5 mM DTT). Cells are lysed by
sorucation (10x30sec at 35% power). 0.33 mg/mL of FPP are added to the lysate and the mixture
transferred to a glass vial. The reaction is overlaid with heptane and incubated at 23°C for 12
hours. The reaction is quenched and extracted by vortexing the mixture. 0.1 mL of heptane is
removed and the sample analyzed by gas chromatography — mass spectrometry (GC-MS).

[00226] Example 6. Production of FPP svnthases and sesquiterpene synthases in C. reinhardtii

[00227] In this example a nucleic acids encoding FPP synthase from G. gallus and
sesquiterpene synthase from Z. mays were introduced into C. reinhardtii. Transforming DNA is
shown graphically in FIG. 3. In this instance the segment labeled “Transgene 17 is the gene
encoding FPP synthase (SEQ ID NO. 82, Table 5; SEQ ID NO. 135, Table 6) that is regulated by
the 5° UTR and promoter sequence for the psbD gene from C. reinhardtii and the 3° UTR for the
psbA gene from C. reinhardtii, the segment labeled “Transgene 27 is the gene encoding
sesquiterpene synthase (SEQ ID NO. 106, Table 5; SEQ ID NO. 159, Table 6) that is regulated by
the 5 UTR and promoter sequence for the psbD gene from C. reinhardtii and the 3° UTR for the

psbA gene from C. reinhardtii, and the segment labeled “Selection Marker” is the kanamycin
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resistance encoding gene from bacteria, which is regulated by the 5° UTR and promoter sequence
for the aip4 gene from C. reinhardtii and the 3° UTR sequence for the rbel gene from C.
reinhardtii. The transgene cassette is targeted to the 3HB locus of C. reinhardtii via the segments
labeled “Homology C” and “Homology D,” which are identical to sequences of DNA flanking the
3HB locus on the 5 and 37 sides, respectively, All DNA manipulations carried out in the
consiruction of this transforming DNA were essentially as described by Sambrook et al., Molecular
Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 1989) and Cohen et al.,
Meth. Enzymol. 297, 192-208, 1998.

[00228] For these experiments, all transformations were carried out on C. reinhardtii strain
137¢ (mt+). Celis were grown to late log phase (approximately 7 days) in the presence of 0.5 mM
S-fluorodeoxyuridine in TAP medium (Gorman and Levine, Proc. Natl. Acad. Sci., US4 54:1665-
1669, 1965, which is incorporated herein by reference) at 23°C under constant iliumination of 450
Lux on a rotary shaker set at 100 rpm. Fifty ml of cells were harvested by centrifugation at 4,000xg
at 23°C for 5 min. The supernatant was decanted and cells resuspended in 4 ml TAP medium for
subsequent chioroplast transformation by particle bombardment (Cohen et al., supra, 1998). All
transformations were carried out under kanamyecin selection (100 pg/ml) in which resistance was
conferred by the gene encoded by the segment in FIG. 3 labeled “Selection Marker.”
(Chiamydomonas Stock Center, Duke University).

[00229] PCR was used to identify transformed strains. For PCR analysis, 10° algae cells
from agar plate or Hguid culture) were suspended in 10 mM EDTA and heated to 95°C for 10
minutes, then cooled to near 23°C. A PCR cocktail consisting of reaction buffer, MgCl2, dNTPs,
PCR primer pair(s) (Table 4), DNA polymerase, and water was prepared. Algae lysate in EDTA
wasg added to provide template for reaction. Magnesium concentration is varied to compensate for
amount and concentration of algae Iysate in EDTA added. Annealing temperature gradients were
employed to determine optimal annealing temperature for specific primer pairs.

[00230] To identify strains that contain the FPP synthase gene, a primer pair was used in
which one primer anneals to & site within the psbD 5°UTR (SEQ ID NO. 62) and the other primer
anneals within the FPP synthase coding segment (SEQ ID NO. 66). To identify strains that contain
the sesquiterpene synthase gene, a primer pair was used in which one primer anneals to a site
within the psbD S"UTR (SEQ ID NO. 62} and the other primer anneals within the sesquiterpene
synthase coding segment (SEQ 1D NO. 70). Desired clones are those that yield a PCR product of
expected size in both reactions. To determine the degree to which the endogenous gene locus is
displaced (heteroplasmic vs. homoplasmic), a PCR reaction consisting of two sets of primer pairs

were employed (in the same reaction). The first pair of primers amplifies the endogenous locus
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targeted by the expression vector (SEQ ID NOs. 68 and 69). The second pair of primers (SEQ 1D
NOs. 59 and 60) amplifies a constant, or control region that is not targeted by the expression
vector, so should produce a product of expected size in all cases. This reaction confirms that the
absence of a PCR product from the endogenous locus did not result from cellular and/or other
contaminants that inhibited the PCR reaction. Concentrations of the primer pairs are varied so that
both reactions work 1n the same tube; however, the pair for the endogenous locus is 5X the
concentration of the constant pair. The number of cycles used was >30 to increase sensitivity. The
most desired clones are those that yield a product for the constant region but not for the
endogenous gene locus. Desired clones are alse those that give weak-intensity endogenous locus
products relative to the control reaction.

[00231] To ensure that the presence of the FPP synthase and sesquiterpene synthase genes led
to expression of the FPP synthase and sesquiterpene synthase enzymes, a Western blot was
performed. Approximately 1x10° algae cells were collected from TAP agar medium and suspended
in 0.05 ml of lysis buffer (Bugbuster, Novagen). Solutions were heated to 95°C for 5 min and then
cooled to 23 °C. Lysate was mixed 3:1 with loading buffer (XT Sample buffer; Bio-Rad), sampies
were heated to 95°C for 1 min, cooled to 23 °C, and insoluble proteins were removed by
centrifugation. Soluble proteins were separated by SDS-PAGE, followed by transfer to PVDF
membrane. The membrane was blocked with TBST + 5% dried, nonfat milk at 23°C for 30 min,
incubated with anti-FLAG antibody (diluted 1:2,500 in TBST + 5% dried, nonfat milk) at 4°C for
10 hours, washed three times with TBST, incubated with horseradish-linked anti-mouse antibody
(diluted 1:5,000 in TBST + 5% dried, nonfat milk) at 23°C for | hour, and washed three times with
TBST. Proteins were visualized with chemifuminescent detection. Results from multiple clones
(FIG. 12) show expression of the FPP synthase gene in C. reinhardtii cells resulted in production
of the protein.

[00232] Cultivation of C. reinhardtii transformants for expression of FPP synthase and
sesquiterpene synthase was carried out in liquid TAP medium at 23°C under constant illumination
of 5,000 Lux on a rotary shaker set at 100 rpm, unless stated otherwise. Cultures were maintained
at a density of 1x107 cells per ml for at least 48 hr prior to harvest.

J80233} To determine whether FPP synthase and sesquiterpene synthase produced in the algae
chloroplast are functional, sesquiterpene production from DMAPP and IPP is examined. Briefly,
50 mL of algae cell culture is harvested by centrifugation at 4000xg at 4°C for 15 min. The
supernatant is decanted and the cells resuspended in 0.5 mi of reaction buffer (25 mM HEPES,
pH=72, 100 mM KCIl, 10 mM MnCl2, 10% glycerol, and 5 mM DTT). Cells are lysed by

sonication (10x30sec at 35% power). 0.33 mg/mL of FPP arc added to the lysate and the mixture
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transferred to a glass vial. The reaction is overlaid with heptance and incubated at 23°C for 12
hours. The reaction is quenched and extracted by vortexing the mixture. 0.1 mL of heptane is
removed and the sample analyzed by gas chromatography — mass spectrometry (GC-MS).

[06234] Exampie 7. Production of diterpene molecuies in C. reinhardtii

[06235] In this example, strains of C. reinhardtii were engineered to express FPP synthase
from G. gallus and squalene synthase from S, aureus (as described above). Cultivation of C.
reinhardtii transformants for expression of FPP synthase and squalene synthase was carried out in
liquid HSM medium at 23°C under constant illumination of 5,000 Lux on a rotary shaker set at 100
rpm, unless stated otherwise.

[00236] To determine if expression of either enzyme impacts the metabolic pathways that
produce diterpenes, phytol production was examined. Briefly, 800 mL of algae cell culture was
harvested by centrifugation at 4000xg at 4°C for 5 min. The supernatant was poured off and the
remaining cell pellet resuspended in 10 mi of HSM medium and transferred to 50mL centrifuge
tube. Cells were pelieted again by centrifugation at 3,000 RPM for 5 minutes. All of the
supernatant was removed and the cell mass determined. Samples were maintained at 23°C and cell
peilets resuspended in MeOH:KOH (1:10) at a ratio of 0.75 mg biomass:SmL MeOH. A solvent
blank consisting of 30mL MeOH:KOH (1:10) was stored in a 50mL conical vial to control for
leaching. Cell peliets were solublized by repeated pipetting. Lysates were heated to 55°C for 30
minutes {shaken at 10 minute intervals to ensure complete mixing). Lysates were cooled to
approximately 23°C and 4 mL of cach samples was transferred to amber glass vials and overlaid
with & mL of heptane and mixed for 10-12 hours at 23°C on a rotating wheel. 100 ul. of heptane
was collected. Analysis was performed on GC-MS. Results are shown in FIG. 13. The results

show that expression of these enzymes increases the production of phytol in C. reinhardtii.
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1002371 FExample 8. Production of enzvmes comprising a monoterpene biosynthesis pathway

in Escherichia coli,

[00238] In this example a nucleic acids encoding GPP synthase from A. thaliana and limonene
synthase from M. spicata were introduced into £, coli BL-21 cells. In this instance the gene
encoding GPP synthase (SEQ ID NO. 89, Table 5; SEQ 1D NO. 142, Table 6) and the gene
encoding limonene synthase (SEQ ID NO. 74, Table 5; SEQ ID NO. 127, Table 6) were cach
ligated into the plasmid pET-21a using the Ndel and Xhol éites. The resulting plasmid was
transformed into £, coli BL-21 cells. All DNA manipulations carried out in the construction of this
transforming DNA were essentially as described by Sambrook et al., Molecular Cloning: A
Laboratory Manual (Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Meth. Enzymol.
297, 192-208, 1998,

100239] Expression of the synthases was induced when cell density reached OD=0.6. Celis
were grown at 30°C for 5 hours and then harvested. To ensure that the presence of the GPP
synthase and limonene synthase genes led to expression of the enzymes, a Western blot was
performed essentially as described above. Results (FIG. 14, lane I: MW ladder; lane 2. GPP
synthase; and lane 3: imonene synthase) show expression of the GPP synthase and limonene
synthase proteins in E. coli cells.

100240] To determine whether the enzymes were functional, limonene production from IPP
and DMAPP was examimned. Briefly, 500 ml of £. coli cell culture was harvested by centrifugation
at 4000xg at 4°C for 13 min. The supernatant was decanted and the cells resuspended in 10 ml of
lysis buffer (100 mM Tris-HCL, pH=8.0, 300 mM NaCl, 2% Tween-20)}. Cells were lysed by
sonication (3x30sec at 35% power). Lysate was clarified by centrifugation at 14,000xg at 4°C for
1 hour. The supernatant was removed and incubated with anti-FLAG antibody-conjugated agarose
resin at 4°C for 10 hours. Resin was separated from the lysate by gravity filtration and washed 3x
with wash buffer (100 mM Tns-HCI, pH=8.0, 300 mM NaCl, 2% Tween-20). Enzymes were
eluted from the resin with elution buffer (100 mM Tris-HCI, pH=8.0, 300 mM NaCl, 250 pg/mL
FLAG peptide).

[60241] Reactions were carried out in reaction buffer (25 mM HEPES, pH=7.2, 100 mM K|,
10 mM MnCi2, 10% glvceeroi, and 5 mM DTT), with or without the addition of limonene synthase,
and IPP and DMAPP. The reaction was overlaid with heptane and incubated at 23°C for 12 hours.
The reaction was quenched and extracted by vortexing the mixture. 0.1 mL of heptane is removed
and the sample analyzed by gas chromatography — mass spectrometry (GC-MS). Resuits are
shown in F1G. 15. A large peak resulted in the reaction containing the hmonene synthase isolated

from the transformed E. coli strain,
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[00242] Example 9. Nuclear transformation of C. reinhardtii with a nucleic acid encoding a

fused resistance marker and gene of interest.

[00243] in this example, a nucleic acid encoding xylanase 2 from T, reesei 18 introduced into
C. reinhardtii. T raﬁSfonning DNA 1s shown graphically in FIG, 16A. The segment labeled
“Transgene” is xylanase 2 encoding gene, the segment labeled “Promotcr'/ 5" UTR” 1s the C.
reinhardtii HSP70 / 1beS2 57 UTR with introns, the segment labeled “Selectable Marker” is a
bleomycin resistance gene, the segment labeled CM (cleavage moiety) is the A2 viral protease of
foot and mouth disease virus (FMDYV), and the segment labeied 3° UTR 1s the 3’UTR from C.
reinhardtii tbeS2. The bleomycin resistance gene, A2 and xvlanase 2 coding regions are
physically linked in-frame, resulting in a chimeric single ORF. A Metal Affinity Tag (MAT) and
FILAG epitope tag were added to the 37 end of the ORF, using standard techniques. All DNA
manipuiations carried out in the construction of this transforming DNA were cssentially as
described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Laboratory Press 1989) and Cohen et al., Meth. Enzymol, 297, 192-208, 1998.

[00244} For these experiments, all transformations are carried out on celi-wall-deficient C.
reinhardtii stram CC3395 (an arginine auxotrophic mutant mt-). Cells were grown and transformed
via electroporation, Celis are grown to mid-log phase (approximately 2-6 x 10° celis/ml). Tween-
20 was added mto cell cultures to a concentration of 0.05% before harvest to prevent cells from
sticking to centrifugation fubes. Spin cells down gently (between 2000 and 5000g) for 5 min. The
supernatant was removed and cells resuspended in TAP+40 mM sucrose media. 1 to 2 ug of
transforming DNA was mixed with ~ 1 x 10 cells on ice and transferrad to electroporation
cuvettes. Electroporation was performed with the capacitance set at 25 uF, the voltage at 800 V to
deliver V/em of 2000 and a time constant for 10-14 ms. Following electroporation, the cuvette is
returned to room temperature for 5-20 min. Cells were transferred to 10 ml of TAP+40 mM
sucrose + 50 ug/ml arginine and allowed to recover at room temperature for 12-16 hours with
continuous shaking. Cells were then harvested by centrifugation at between 2000g and 5000g and
resuspended in 0.5 ml TAP+40 mM sucrose medium. 0.25 ml of cells were plated on TAP -+ 100
ug/ml bleomycin + 50 ug/ml arginine. All fransformations were carried out under bleomycin
selection (100 pg/ml) in which resistance was conferred by the gene encoded by the segment in
FIG. 16A labeled “Selection Marker.” Transformed strains are maintained in the presence of
bleomycin to prevent loss of the exogenous DNA.

[00245] Colonies growing m the presence of bleomycin were screened by dot blot. Briefly,

colonies were lysed by BugBuster Protein Extraction Reagent (Novagen) and MAT-tagged
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proteins were separated using Co2-+ magnetic beads (Invitrogen), according to manufacturer’s
mstructions. After exposure to the proteins, the beads were washed three times by 150 ul of 1X
Tris Buffered Saline with 0.05% Tween-20 {TBST) at room temperature. Proteins were released
from beads by 150 ul 10 uM EDTA, 25 mM Tris-HCI pH 7.0, 400 mM NaCl, and the 150 ul
eluates were dot blotted onto nitrocellulose membranes. Membranes were blocked by Starting
Block (TBS) blocking buffer (Thermo Scientific) and probed for one hour with mouse anti-FLAG
antibody-horseradish peroxidase conjugate (Sigma} diluted 1:3000 in Starting Block buffer. After
probing, membranes were washed four times with TBST, then developed with Supersignal West
Dura chemiluminescent subrate (Thermo Scientific) and imaged using a CCD camera (Alpha
Innotech). Colonies showing positive results in the dot blot analysis are then screened by western
blotting.

[06246] Patches of algae cells growing on TAP agar plates were lysed by resuspending cells in
50 ul of 1X SDS sample buffer with reducing agent (BioRad). Samples were then boiled and run
on a 10% Bis-tris polyacrylamide gel (BioRad) and transferred to PVDF membranes using a Trans-
blot semi-drv blotter (BioRad) according to manufacturers instructions. Membranes were blocked
by Starting Block {TBS) blocking buffer (Thermo Scientific) and probed for one hour with mouse
anti-FLAG antibody-horseradish peroxidase conjugate (Sigma) dituted 1:3000 in Starting Block
buffer. After probing, membranes were washed four times with TBST, then developed with
Supersignal West Dura chemiluminescent subrate (Thermo Scientific) and imaged using a CCD
camera {Alpha Innotech), Results from 5 colonies {and wild-type control) are shown in FIG 17,
Positive colonies show a band with a lower molecular weight than the WT background. A small
amount of intact fusion (Bleomycin resistance marker fused to xylanase) is translated by the cells;
as the resistance marker forms a dimer, these products mugrate at a higher molecular weight. The
results indicate that xylanase 2 is being produced from the strains.

[00247] To determine whether xylanase produced is functional, enzyme activity is examined.
Patches of cells were homogenized by 50 ul by BugBuster Protein Exfraction Reagent {(Novagen)
and EnzCheck Ultra Xylanase Assay Kit (Molecular Probe) was used to examine xylanase activity
according to manufacturer’s instructions.

[00248] Results are shown in FIG, 18 and are compared with xylanase 1solated from a C.
reinhardtii strain producing exogenous xylanase from a transformed chloroplast.

[00249] Similar protocols for plasmid construction, transformation, colony selection Western
blot, and enzyme analysis were performed with each of the enzymes listed in Table 3. For each of
these enzymes, experiments were repeated where the fusion protein was prepared with the C.

reinhardtii carbonic anhydrase secretion signal.
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Table 3. Sclect enzymes expressed from the nucleus in C. reinhardtii

Enzyme Source
CBHI T. viride
CBHH T. Reesei
CBHI1 A. acuieatus
Endoglucanase | T. Reesei
Endoglucanase 11 T. Reesel
Endoglucanase V T. reesel
Endoglucanase A A. niger
beta-D-glucoside
glucohydrolase T. reesei
beta-glucosidase T. reesei
Beta glucosidase A niger
Xylanase 2 T. reeset
Xvlanase | T. reesei
FPP synthase Chicken
Squalene desaturase S. aureus
[60256] Example 10, Nuclear transformation of C. reinhardtis with a nucletc acids encoding a

resistance marker and a eene of interest.

[06251] In this exampie, a nucleic acid encoding endoglucanase from 7. reesed is introduced
into C. reinhardtii. Transforming DNA 1s shown graphically in FIG. 16B. The segment labeled
“Transgene” is the endoglucanase encoding gene, the segment labeled “Promoter / 5 UTR” is the
C. reinhardfii HSP70 /rbeS2 57 UTR, the segment labeled “Selectable Marker” is a hygromycin
resistance gene (should we include statement regarding non-functional paromomycin resistance
gene?maybe not 1 think), and the segment labeled 3" UTR is the 3"UTR from C. reinhardtii theS2.
The hygromycin resistance gene and endoglucanase coding regions are expressed separately with
hygromycin marker driven by a beta 2-tubulin promoter Endoglucanase coding sequence was
fused to a DNA fragment that encodes a C. reinhardtii carbonic anhydrase secretion signal, A
Metal Affinity Tag (MAT) and FLAG epitope tag were added to the 3° end of the ORF, using

standard techniques, All DNA manipulations carried out in the construction of this transforming
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DNA were essentially as described by Sambrook ct al., Molccular Cloning: A Laboratory Manual
(Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Meth. Enzyvmol. 297, 192-208, 1998.
[60252] For these experiments, all transformations are carried out on cell-wall strain C.
reinhardtii strain CC1960 (mt+), essentially as described above. All transformations were carried
out under hygromycin selection {20 ug/ml) i which resistance was conferred by the gene encoded
by the segment in FIG. 16B labeled “Selection Marker.” Transformed strains are mamtained in
the presence of hygromycin.
[00253] Colonies growing in the presence of hygromycin were screened by dot blot. Briefly,
colonies were lysed and MAT-tagged proteins were purified for dot blots as previously described.
After exposure to the proteins, the beads were washed two times with 150 ul of 1X TBST and one
time with 150 ul of 100 mM Tris-HCl pH 7.5, 400 mM NaCl, and 20 mM Imidazole at room
temperature, Proteins were reteased from beads by 150 ul 10 uM EDTA, 25 mM Tris-HCi pH 7.0,
400 mM NaCl and the 150 ul eluates were dot blotted onto nitroceliulose membranes. Membranes
were blocked and probed with anti-FLAG antibody as previously described.
[00254] Colonies showing positive results in the dot blot analysis are then screened by western
blotting. 1 x 10° cells from log phase liguid cultures were harvested at 3000xg at for 5 min. The
supernatant was decanted and the cells resuspended in 1 ml of protein binding buffer (100 mM
Tris-HCIL, pH=7.5, 400 mM NaCl, 20 mM Imidazoic). Cells were tysed by vortexing in the
presence of 500 ul zirconium beads at the highest speed (1 mm, BioSpec Products, Inc.). Lysate
was clarified by centrifugation at 2400 g at 4°C for 1 min. The supernatant was removed and
mncubated with Ni2+ agarose resin {Invitrogen) at 4°C for | hour. Resin was separated from the
lysate by centrifugation at 2400 g and washed 3x with protein binding buffer (100 mM Tris-HCL,
pH=7.5, 400 mM NaC(l, 20 mM Imidazole). Proteins were eluted by ncubation of the resin with
100 ul elution buffer (25 mM Tris-HCI, pH=7.5, 400 mM NaCl, 20 mM EDTA). Results from 3
colonies (and wild-type contrel) from samples bound to the resin (fanes 1-4) and samples after
elution (lanes 5-8) are shown in FIG 19. Positive colonies show a band (indicated by arrow) that is
missing in wild type control. The results indicate that endo-glucanase is being produced from the
strains.

[00255] Example 11, Nuclear transformation of C, reinhardtii with a nucleic acids encoding a

resistance marker and a gene of interest.

(00256} In this example, a aucleic acid encoding CBH1 from 4. aculeatus 1s introduced into
C. reinhardtii. Transforming DNA is shown graphically in FIG. 16B. The segment labeled
“Transgene™ 18 the exoglucanase encoding gene, the segment labeled “Promoter / 3° UTR” 18 the C.

reinhardtii HSP70 / tbeS82 5° UTR, the segment labeled “Selectable Marker” is a hygromycin
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resistance gene, and the segment labeled 3° UTR is the 3’UTR from C. reinhardtii theS2. The
hygromycin resistance gene and CBH1 coding regions were expressed separately with hygromycin
marker driven by a beta-2 tubulin promoter. CBH! coding sequence was fused to a DNA fragment
that encodes a C. reinhardtii carbonic anhydrase secretion signal. A Metal Affinity Tag (MAT)
and FLAG e¢pitope tag were added to the 3’ end of the ORF, using standard technigues. All DNA
manipulations carried out in the construction of this transforming DNA were essentially as
described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Laboratory Press 1989) and Cehen et al., Meth. Enzymol. 297, 192-208, 1998,

[00257] For these experiments, all transformations are carried out on celi-wall strain C.
reinhardtii strain CC1960 (mt+), essentially as described above. All transformations were carried
out under hygromyein selection (20 ug/ml) in which resistance was conferred by the gene encoded
by the segment in FIG. 16B labeled “Selection Marker.” Transformed straing are maintained in
the presence of hygromycin.

{00258} Colonigs growing in the presence of hygromycein were screened by pull-down assay
followed by Western blot analysis, Four ml of liquid cultures was harvested at 3000xg at for 5 min.
The supernatant was decanted and the cells resuspended in 1 ml of protein binding buffer (100 mM
Tris-HCI, pH=7.5, 400 mM NaCl, 20 mM Imidazole, 0.005% NP40}. The protein purification and
Western blot analysis were carried out as described above. Results from 5 colonies (and witd-type
conirol) from samples bound to the resin (lanes 1-5) and samples after etution (lanes 7-11) are
shown in FIG 20, Positive colonies {7, 8, 9) show a band (indicated by arrow) that is missing in
wild type control. The results indicate that CBH1 is being produced from the strains.

[00259] Example 12, Nuclear transformation of C. reinhardtii with a nucleic acids encoding a

resistance marker and a secreted gene of interest.

100260] In this example, a nucleic acid encoding Xylanase 2 from 7. reeser is introduced into
C. reinhardtii, Transforming DNA is shown graphically in FIG. 16A. The segment labeled
“Transgene” is xylanase 2 encoding gene, the segment labeled “Promoter /5 UTR” is the C.
reinhardrii HSP70 / tbe82 57 UTR with introns (intron position not indicated), the segment labeled
“Selectable Marker” is a bleomycin resistance gene, the segment labeled CM (cleavage moiety) is
the A2 viral protease of foot and mouth disease virus (FMDV), and the segment labeled 3° UTR 18
the 3"UTR from C. reinhardtii tbcS2. The bieomycin resistance gene, A2 and xylanase 2 coding
regions are physically linked in-frame, resulting in a chimeric single ORF. Nucleic acids encoding
the secretion signal sequence of the Chlamvdomonas carbonic anhydrase gene were placed
between the A2 sequence and the 5’end of the xylanase encoding sequence. A Metal Affinity Tag
(MAT) and FLLAG epitopc tag were added to the 37 end of the ORF, using standard technigues. All
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DNA manipulations carried out in the construction of this transforming DNA were essentially as
described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Laboratory Press 1989) and Cohen et al., Meth. Enzymol. 297, 192-208, 1998,

1002611 For these experiments, all transformations were carried out on cell-wall-deficient C.
refnhardtii strain CC3395 (an arginine auxotrophic mutant mt-), Cells were grown and transformed
via electroporation. Cells are grown to mid-log phase (approximately 2-6 x 10° cells/ml). Tween-
20 was added into cell cultures to a concentration of 0.05% before harvest to prevent cells from
sticking to centrifugation tubes. Spin cells down gently (between 2000 and 5000g) for 5 mm. The
supernatant was removed and cells resuspended in TAP+40 mM sucrose media. 1 to 2 ug of
transforming DNA was mixed with ~ 1 x 10" cells on ice and transferred to a electroporation
cuvettes. Electroporation was performed with the capacitance set at 25 uF, the voltage at 800 V to
deliver V/em of 2000 and a time constant for 10-14 ms. Following clectroporation, the cuvette is
returned to to room temperature for 5-20 min. Cells were transferred to 10 ml of TAP+40 mM
sucrose + 50 ug/ml arginine and allowed to recover at room temperature for 12-16 hours with
continuous shaking. Cells were then harvested by centrifugation at between 2000g and 5000¢g and
resuspendeded in 0.5 m! TAP+40 mM sucrose medium. 0.25 ml of cells were plated on TAP +
100 ug/ml bleomycin + 50 ug/ml arginine. All transformations were carried out under bleomycin
selection (100 pg/ml) in which resistance was conferred by the gene encoded by the segment in
FI1G. 16A labeled “Selection Marker.” Transformed strains are maintained in the presence of
eornycin to prevent loss of the exogenous DNA.

[60262] Colonies growing in the presence of bleomycin were screened by dot blot. Briefty,
colonies were lysed by BugBuster Protein Extraction Reagent (Novagen) and MAT-tagged
proteins were separated using Co2+ magnetic beads (Invitrogen), according to manufacturers
mstructions. After exposure to the proteins, the beads were washed three times by 150 ul of 1X
Tris Buffered Saline with 0.05% Tween-20 (TBST) at room temperature. Proteins were released
from beads by 150 ul 10 mM EDTA, 25 mM Tris-HCI pH 7.0, 400 mM NaCl, and the 150 ul
cluates were dot blotted onto nitrocellulose membranes. Membranes were blocked by Starting
Block {TBS) blocking buffer (Thermo Scientific) and probed for one hour with mouse anti-FLAG
antibody-horseradish peroxidase conjugate (Sigma) diluted 1:3000 in Starting Block buffer. After
probing, membranes were washed four times with TBST, then developed with Supersignal West
Dura chemiluminescent subrate {Thermo Scientific) and imaged using a CCD camera (Alpha
Innotech). Colonies showing positive results in the dot blot analysis are then screened by western
blotting. Aigae cells werce cultured at a volume of 50ml, and carefully centrifuged to avoid cell

lysis. Cobalt-derivatized magnetic beads (Invitrogen) were added to the conditioned media, and
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incubated, and washed according to manufacturer instructions. Proteins were released from beads
by 150 ul 10 mM EDTA, 25 mM Tris-HCl pH 7.0, 400 raM NaCl, and 50ui of 4X SDS sample
buffer with reducing agent (BioRad) was added to the cluates. Samples were then boiled and run
on a 10% Bis-tris polyacrylamide gel (BioRad) and transferred to PVDYF membranes using a Trans-
blot semi-dry blotter (BioRad) according to manufacturers instructions, Membranes were blocked
by Starting Block {TBS) blocking buffer {Thermo Scientific) and probed for one hour with mouse
anti-FLAG anttbody-horseradish peroxidase conjugate {Sigma) diluted 1:3000 in Starting Block
buffer. After probing, membranes were washed four times with TBST, then developed with

Supersignal West Dura chemiluminescent subrate (Thermo Scientific) and imaged using a CCD

camera (Alpha Innotech).

Table 4. PCR Primers

PCT/US2008/075858

SEQID | Use Sequence

NO.

55 psbA 5* UTR forward primer | GTGCTAGGTAACTAACGTTTGATTTTT

56 Limonene synthase reverse | TGGGTTCATATCTGGACGTT
primer (155)

57 psbA 37 UTR forward primer | GGAAGGGGACGTAGGTACATAAA
{wild-type)

58 pshA 37 reverse primer TTAGAACGTGTTTTGTTCCCAAT
(wild-type)

59 Control forward primer CCGAACTGAGGTTGGGTTTA

60 Control reverse primer GGGGGAGCGAATAGGATTAG

61 GPP synthase reverse primer | GCAACTTCAGCTGTTTGACCT
(281)

62 psbD 57 UTR forward primer | AAATTTAACGTAACGATGAGTTG

63 psbA 37 reverse primer TTAGAACGTGTTTTGTTCCCAAT
{wild~type)

64 psbC 5” UTR forward primer | TGGTACAAGAGGATTTTTGTTGTT

65 psbD 5" UTR forward primer | AAATTTAACGTAACGATGAGTTG

66 FPP synthase reverse primer | CGTTCTTCTGAGAAATGGCTTA
(163)

67 Zingiberene synthase reverse | ATTAGCATCAGAGCCGCATT
primer {(293)
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68 3HB forward primer (wild- | CTCGCCTATCGGCTAACAAG
type)

69 3HB forward primer (wild- | CACAAGAAGCAACCCCTTGA
type)

70 Sesquiterpene synthase CGACGGAATAAAGGTGTACGA
reverse primer (298)

71 psbC 5" UTR forward primer | TGGTACAAGAGGATTTTTGTTGTT

72 Squalene synthase reverse TCAGCAATTGCAGCGTAATA
primer (166)

73 Bisabolene synthase reverse | GACGTTCTTGACGTTTTGTTTG

primer (307)
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Table 8, Nucleic acids encoding exemplary isoprencid producing enzymes.

SEQ | Codon-biased, Synthesized Gene Sequence Enzyme
ID NO {synthase)

encoded

74 ATGGTACCAAGACGTTCAGGTAACTATAATCCTAGCCGTTGGUACGT | Limonene

AAATTTCA TTCAATCTTTATTATCTGATTATAAA GAAGATAAACACG | (M. spicata)
TTATTAGAGCTTCTGAATTAGTAACACTTGTTAAGATGGAATTAGAA
AAAGAAACAGATCAAATCCOTCAATTAGAATTAATTGACGATTTAC
AACGTATGGGTTTATCTGATCATTTCCAAAACGAATTTAAAGAAATC
TTATCAAGTATTTACTTAGATCATCATTATTACAAAAATCCATTTCCA
AAAGAAGAGCGTGATTTATACTCAACTAGCTTAGCTITTCGTITATT
ACGTGAACACGGTTTTCAAGTAGCACAAGAAGTTTTTGATTCATTCA
AAAATGAAGAGGGTOAATTTAAGGAGAGCTTATCTGACGATACTCG
TGGCTTATTACAATTATATGAAGCATCATTCTTATTAACAGAGGGTG
AAACAACCTTAGAAAGTGCACGCGAATTTGCTACAAAATTTTTAGA
AGAAAAAGTTAACGAAGGTGGCGTTGATGGTGACTTATTAACAAGA
ATTGCTTACTCATTAGATATTCCCTTACATTGGCGCATTAAACGTCCT
AATGCCCCAGTTTGGATTGAATGGTATCGTAAACGTCCAGATATGAA
CCCAGTGGTTTTAGAATTAGCAATTTITAGACTTAAACATTGTACAAG
CTCAATTTCAAGAGGAATTAAAAGAGTCTTTTCGCTGGTGGCGTAAT
ACTGGTTTTGTTGAGAAATTACCATTTGCACGTGATCGTTTAGTTGA
ATGTTACTTTTGGAACACTGGTATTATT GAACCACGTCAACACGCAT
CAGCTCOGTATTATGATGGGTAAAGTAAATGCATTAATTACAGTAATT
GATGACATCTATGATGTTTATGGAACACTTGAAGAATTAGAACAATT
CACTGATTTAATTCGCAGATGGGACATAAACTCAATAGATCAATTAC
CAGATTATATGCAATTATGTTTTCTTGCATTAAACAATTTCGTTGATG
ACACTTCATACGATGTTATGAAAGAAAAGGOGTGTTAATGTITATTCCT
TACTTACGTCAATCTTGOGGTAGACCTTGCAGACAAATATATGGTAGA
AGCACGTTGGTTICTACGGTGGCCATAAACCATCATTAGAAGAATACT
TAGAAAATTCTTGGCAATCTATCTCAGGTCCATGTATGTTAACTCAT
ATATTCTTTCGTGTAACAGATAGCTTTACTAAAGAAACTGTTGATIC
TCTTTACAAATATCATGATTTAGTTAGATGGTCATCATTCGTGCTTCG
TCTTGCTGACGACTTAGGTACAAGCGTTGAAGAAGTATCTCGTGGTG
ATGTGCCAAAATCTTTACAATGCTACATGAGTGATTATAACGCTAGT
GAGGCTGAAGCACGTAAACACGTAAAATGGTTAATTGCAGAAGTAT
GGAAAAAGATGAATGCAGAACGTGTTTCTAAAGATAGTCCTTTTGUT
AAACGATTTTATAGGTTIGTGCTCTTGATTTAGGTCGTATGGCTCAATT
AATGTATCACAATGGAGATGGTCATGGTACTCAACACCCTATTATTC
ATCAACAAATGACACGTACTTTATTTGAACCATTCGCTGGTACCGGT
GAAAACTTATACTTTCAAGGCTCAGGTGGUCGGTGGAAGTGATTACA
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AAGATGATGATGATAAAGGAACCGGTTAA

75

ATGGTACCAAGACGTACTGGTGGCTATCAACCTACACTTTGGGATTT
TTCAACAATTCAATTATTTGATAGTGAATATAAAGAAGAAAAACATC
TTATGCGTGCTGCTGGTATGATTGCTCAAGTOGAACATGTTACTTCAA
GAAGAAGTAGACAGCATCCAACGTCTTGAATTAATTGATGACTTAC
GTCGTTTAGGTATATCTTGCCACTTTGATCGTGAAATTGTAGAGATTT
TAAACAGTAAATACTACACCAACAATGAAATTGATGAATCAGATTET
ATACAGTACAGCACTTAGATTCAAACTTTTACGTCAATATGATTITA
GCGTTAGCCAAGAAGTTITTTGATTGTTTTAAAAATGACAAAGGTACA
GATTTCAAACCATCATTAGTTGACGATACACGTGGUTTATTACAATT
ATATGAAGCATCATTTTTATCAGCTCAGGGTGAAGAAACTTTACATT
TAGCACGTGATTITGCTACTAAATTCTTACATAAAAGAGTTTTAGTA
GATAAAGATATCAATTTATTATCTAGTATCGAGCGTGCTTTAGAATT
ACCAACACACTGGCGTGTACAAATGCCTAACGCTAGATCATTCATCG
ACGCATATAAAAGAAGACCAGACATGAACCCTACAGTATTAGAGTT
AGCAAAACTTGACTTTAACATGGTTCAAGCACAGTTCCAACAAGAA
TTAAAAGAAGCCAGTCGCTGGTGGAACTCTACAGOATTAGTACATG
AATTACCATTTGTACGTGATCCGTATTGTGGAATGTTATTATIGGACT
ACTGGTGTAGTAGAACGTCHTGAACACGGTTACGAACOTATTATGTT
AACAAAAATTAACGCTTTAGTTACAACAATCGATGATGTTTTTGACA
TTTATGGTACTTTAGAAGAATTACAACTTTTTACAACTGCTATTCAA
AGATCGGGACATTGAGTCTATGAAACAACTTCCACCCTATATGCAAAT
CTGCTACTTAGCTTTATTCAACTTCOGTAAATGAGATGGCTTACGATA
CATTACGTGATAAAGGTTTITAATAGTACTCCATATITACGCAAAGCC
TGGGTAGACTTAGTAGAAAGCTACTTAATTGAAGCTAAATGGTATTA
TATGGGTCACAAACCAAGTTTAGAAGAGTACATGAAAAACTCATGG
ATTTCTATCGGAGGTATTCCAATTTTATCACATTTATICTITCGTTTA
ACAGACAGTATCGAAGAAGAAGACGCTGAATCAATGCATAAATATC
ACGATATAGTACGTGCCTCTTGTACTATTTTACGTTTAGCTGATGATA
TGGGTACATCATTAGATGAAGTTGAACGTGGCGATGTTCCTAAATCT
GTACAATGCTATATGAATGAGAAAAACGCCTCTGAAGAAGAAGCAL
GTGAACATGTTCGTAGTTTAATTGATCAGACATGGAAGATGATGAAT
AAAGAAATGATGACTTCATCATTTTCAAAATACTTICGTACAAGTGTC
TGCAAATCTTGCTCGTATGGCACAATGGATATATCAACATGAAAGTG
ATGOTTTCGGTATGCAACACTCTTTAGTTAACAAAATGUTTCGTGCT
TTACTTTTTGACCGTTATGAAGGTACCGGTGAAAACTTATACTTICA
AGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGATGATGATAAA
GGAACCGGTTAA

Cineole (8.

officinalis)

76

ATGGTACCACGTCGCATGGGTGATTTTCATTCAAACTTATGGGATGA
TGATGTAATTCAATCTTTACOCACAGCTTACGAAGAAAAATCTTATC

Pinene (A.
grandis)
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TTGAACGTGCTGAGAAGTTAATTGGAGAAGTTGAAAATATGTTCAA
CAGTATGAGTTTAGAAGATGGTGAACTTATGAGTCCATTAAATGATT
TAATTCAACGCCTTTGGATTGTTCGATTCTITAGGTAGATTAGGTATOC
ATCGTCACTTTAAAGATGAGATTAAAAGTGCTTTAGATTATGTTTAC
AGTTACTGGGGTGAAAACGGAATAGOGTTGTGGTCGTGAAAGTGCTG
TAACTGATTTAAACAGTACAGCTTTAGGCTTTCGTACACTTCGTTTAC
ACGGTTATCCAGTTICATCTGATGTATTITAAAGCATTTAAAGGTCAA
AATGCTCAATTCAGTTGTTCAGAAAATATCCAAACAGATGAAGAAA
TTCGTGGTGTTCTTAACTTATTTAGAGCCAGTTTAATAGCCTTCCCTG
GTGAGAAAATAATGGACGAAGCTGAAATCTTCTCTACAAAATACTT
AAAGGAAGCATTACAAAAGATCCCAGTTAGTTCATTATCACGTGAA
ATCGGTGATGTACTTGAATATGGATGGCATACATACTTACCACGTTT
AGAAGCACGTAACTATATTCATGTTTTCGGACAAGATACAGAGAAT
ACAAAAAGTTATGTAAAATCAAAGAAACTTITAGAATTAGCTAAAT
TAGAATTTAACATTTTTCAGAGCTTACAAAAACGTGAATTAGAAAGC
CTTGTTOGTTGGTGGAAAGAATCTGGATTTCCTGAAATGACATTICTG
TAGACACAGACACGTGGAATATTACACACTTGCATCATGTATTGCAT
TCGAACCTCAGCATAGTGUGTTTTOGTTTAGGTITTGCTAAAACATGT
CACCTTATAACAGTTTTAGATGACATGTATGACACTITCGGCACCGT
AGACGAATTAGAGTTATTTACAGCAACTATGAAACGTTGGGACCCA
AGTTCAATTGACTOCCTTCCAGAATACATGAAAGGAGTTTACATTGC
TGTGTATGATACAGTTAATGAAATGGCTCGTGAAGUTGAGGAAGCT
CAAGGTCGCGATACACTTACATACGCTCGTGAGGCCTGGGAGGCTT

AT AT A £TL A T TITYTY A FT A T A AA LTIOETY TN T T T A ST T IR A P A
MALATATALICL LALA lkT\,AAGI‘\.AkT J\JULLUU'A,{ A8 AI‘LCLUUATAC

TTACCTTCTTTCGATGAATATTATGAAAATGGTAAGCGTTTICATGTGG
TCACCGTATATCTGCTTTACAACCAATTCTTACTATGGATATTCCATT
TCCAGATCACATTTTAAAGGAAGTTGACTTTCCTTCTAAACTTAATG
ACTTAGCTTGTGCTATCTTACGCCTTCGCGGTGATACTCGTTGTTACA
AAGCAGACCGTGCACGTGGTCGAAGAGGCTAGTTCTATTTCTTGTTAT
ATGAAAGATAATCCAGGTGTTTCTGAAGAAGATGCCTTAGATCATAT
TAACGCAATGATCAGTCGATCGTTATTAAGGGCTTAAACTGGCGAATTAC
TTAAACCCOGACATTAACGTACCTATTTCTGCTAAGAAACATGCTTTC
GACATTGCTCGTGCTTTTCACTACGGTTATAAATATCGTGATGGCT A
TTCAGTTGCTAATGTIGAAACAAAATCTTITAGTTACACGTACTTTACT
TGAATCAGTTCCATTAGGTACCGGTGAAAACTTATACTTTCAAGGCT
CAGOTGGCGGTGOAAGTGATTACAAAGATCGATOATCGATAAAGGAAC
CGGETTAA

77

ATGGTACCACGTAGAGTTGGTAATTATCATTCTAATCTTTGGGATGA
TGATTTTATACAAAGTTTAATTTCTACACCTTACGGTGCTCCTGACTA
CCGTGAACGCGUTGATCGTCTTATTGGTGAAGTAAAAGATATTATGT

Camphene

(A, grandis)
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TTAATTTCAAATCTTTAGAGGATGGTGGTAATGACTTATTACAACGT
TTACTTTTAGTTGATGACGTAGAACGTTTAGGCATTGATCGTCATTTC
AAAAAGGAAATTAAGACTGCATTAGATTATCTAAATAGTTATTGGA
ATGAAAAAGGAATTGGTTGTGGTCGTGAGTCTGTAGTTACAGACTTA
AATTCAACTGCTTTAGGCCTTCGTACCTTAAGATTACATGGTTATACT
GTTAGCTCTGACGTTTTAAATGTTTTTAAAGATAAAAATGGTCAATT
TTCATCTACAGCTAATATTCAAATTGAAGGTGAAATTOGTGOGTGTTT
TAAATCTTTTTCGTGCCTCTCTTGTAGCTTTTCCAGGTGAGAAAGTGA
TGGATGAGGCTGAAACTTTTTCAACAAAATATCTTCGTGAAGCATTA
CAGAAAATTCCTGCCAGTTCAATTITATCATTAGAAATACGTGATGT
ATTAGAATATGGATGGCATACTAATTTACCACGTTTAGAAGCACGTA
ATTACATGGATGTTTTCGGTCAGCACACCAAGAACAAAAATGCAGC
COAAAAATTACTTGAATTAGCAAAATTAGAGTTCAATATCTTTCACA
GCTTACAAGAACGTGAATTAAAGCACGTTTCAAGATGGTGGAAAGA
CTCTGGTAGTCCAGAGATGACTTTCTGTCGCCACCGCCATUTGGAAT
ATTATGCTTTAGCTTCTTGTATTGCTTTCGAACCCCAGCACAGTGGTT
TCCGTTTAGGTTTTACTAAAATGAGTCATTTAATCACAGTGTTAGAT
GATATOTATGATOTATTCGGTACAGTTGATGAATTAGAGTTATITAC
CGCCACTATTAAACGTTGGGACCCTICTGCTATGGAATGTTITACCAG
AGTACATGAAAGGTUTTTACATGATGGTTTATCATACAGTTAACGAA
ATGGCTCGTGTGGCAGAAAAGGUTCAAGGTAGAGACACATTAAACT
ATGCTCGTCAAGCCTGGGAAGCATGTTTITGACTCTTATATGCAAGAA
GCAAAATGGATTGCAACAGGTTACTTACCTACATTCGAGGAATATTT
AGAAAATOUTAAAGTUAGTTCAGCACATCGTCCTTGTGCATTACAAC
CTATTTTAACTCTTGATATTCCATTTCCCGATCATATTCTTAAAGAAG
TGGATTTCCCAAGCAAACTTAATCGACTTAATTIGTATTATCTTACGTC
TTAGAGGAGACACACGTTGCTATAAAGCAGACCGTGCCCOGTGOTGA
AGAAGCATCATCAATATCTTGTTATATGAAAGATAACCCAGGTTTAA
CTGAAGAAGATGCTTTAAACCACATTAACTTTATGATTCGTGACGCA
ATCCGCGAATTAAACTGGGAGTTACTTAAACCAGATAATAGTGTTCC
AATTACTTCAAAGAAACATGCTTTTGATATTTCACGTGTGTGGCACC
ACGGATACCGTTATCGTGATGGTTACAGCTTTGCAAACGTGGAAACT
AAAAGTCTTGTAATGCGTACTGTAATAGAACCAGTACCATTAGGTAC
CGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGUTGGAAGTGATT
ACAAAGATGATGATGATAAAGGAACCGUTTAA

78

ATGGTACCACCGTCOTTCAGGAGATTATCAACCAAGTTTATGGGACTT
TAATTACATTCAATCTTTAAACACACCTTACAAAGAACAACGTCATT
TTAATCGTCAAGCTGAGTTAATTATGCAAGTTCGTATGTTATTAAAG
GTAAAAATGGAAGCAATTCAACAATTAGAGTTAATAGATGATTTAC

AGTACTTAGGATTATCATATTTCTTITCAAGACGAAATTAAACAAATC

Sabinene (S.

officinalis)
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TTAAGCTCTATTCACAATGAACCTCGTTATTTTCATAATAATGACCTT
TATTTCACTGCTTTAGGTTTTAGAATTTTACGTCAACATGGTTTTAAT
GTTTCAGAAGACGTATTTGACTGCTTTAAAATCGAAAAATGTTCTGA
CTTTAATGCTAACTTAGCTCAGGACACAAAGGUTATOGTTACAATTAT
ATGAAGCTAGTTTCTTATTAAGAGAAGGAGAAGATACACTTGAATT
AGCTCGTCGTTTTAGTACACGTTCTTTACGTGAAAAATTTGATGAAG
GTGOTCGACCGAGATAGATGAAGATTTAAGTAGTTGGATTCGTCATTCT
TTAGATTTACCATTACACTGGCGTGTTCAAGGTTTAGAAGCTCGTTG
GITTTTAGATGCCTATGCTCGTCGTCCAGATATGAACCCTCTTATTTT
CAAATTAGCTAAATTAAATTTTAACATTOTTCAAGCTACATACCAAG
AAGAATTAAAAGACATCTCTCGTTGGTGGAACAGTAGTIGTTTAGCA
GAGAAATTACCCTTCGTTCGCGATCGTATTIGTAGAATGTTTCTTCTG
GGCTATTGCTGCTTTCGAACCACACCAATACTCATATCAACGTAAAA
TGGCCGCTGTAATTATTACATTTATTACTATTATTGATGATGTTTACG
ATGTATATGGTACTATTGAAGAATTAGAGTTATTAACAGATATGATT
CGTAGATGGGATAATAAGAGTATTAGTCAACTTCCTTACTATATGCA
AGTTTGTTATTTAGCTCTTTATAACTTCGTAAGTGAACGCGCATALCG
ACATCTTAAAAGATCAACACTTTAACAGTATTCCATACCTTCAAAGA
AGTTGGGTTITCATTAGTTGAGGGATACTTAAAAGAAGCATATTGGTA
CTATAACGGTTACAAACCAAGTCTTGAAGAATATCTTAATAATGCAA
AAATTAGTATTAGTGCACCCACCATTATTTCACAATTATACTTTACTT
TAGCAAATAGTATCGACGAAACTGCCATTGAAAGTTTATACCAATAT
CACAACATTTTATACTTATCAGGTACTATCTTACGTTTAGCTGATGAT
TTAGGAACTTCACAACATGAATTAGAACGGTGOTCGATOTTCCCAAAGC
TATTCAATGTTATATGAATGATACAAATGCATCAGAAAGAGAAGCT
GTAGAACATGTTAAATTTCTTATTCGTGAAGCCTGGAAAGAAATGAA
TACAGTTACTACCGCATCAGATTGTCCTTTTACAGACGATCTTGTTGC
CGCCGCAGCTAATTTAGCTCGTGCTGCTCAATTCATTTACTTAGATG
GTGATGOTCATGGTGTACAACATAGCGAAATTCATCAGCAAATGGG
CGGTCTTCTTTTTCAACCATACGTTGUGTACCGGTGAAAACTTATACTT
TCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGATGATGAT
AAAGGAACCOGTTAA

79

ATGGTACCACGCAGAATTGGTGATTACCATAGTAACATTTGGGATGA
TGATTTTATCCAGTCACTTTCTACCCCTTATGGTGAACCATCTTACCA
AGAAAGAGCTGAACGTCTTATTGTAGAAGTGAAAAAGATTTTCAAC
AGTATGTACTTAGATGACGGTCGTITAATGAGTTCTTTTAATGACTT
AATGCAACGTTTATGGATTGTAGACTCAGTAGAACOGTTTAGGTATTG
CCCGTCACTTCAAAAATGAAATTACATCTGCCCTTGACTATGTTTTTC
GTTATTGGGAAGAAAACGGTATAGGTTGTGGTCGTGATTCTATTGTA
ACTGACTTAAATAGCACAGCTTTAGGTTTTCGTACACTTCGTTTACA

Myrcene (A.

grandis)
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CGGTTATACAGTTTICTCCAGAGGTTTTAAAAGCATTTCAAGATCAAA
ATGGTCAATTCOGTTTIGTTCACCAGGACAAACAGAAGOTGAAATTOGT
TCAGTTTTAAATTITATATCGTGCAAGTTTAATTGCCTTTCCAGGCGAA
AAAGTTATGGAAGAAGCAGAAATCTTCTCTACTCGCTATTTAAAAGA
AGCTCTTCAAAAGATTCCAGTTAGCGCATTATCACAAGAAATCAAAT
TTGTTATGGAATATGGATGGCATACAAATTTACCTAGATTAGAAGCA
CGTAACTATATTGATACTTTAGAAAAGOQATACATCAGCTTGGTTAAA
CAAAAATGCAGGTAAAAAGTTATTAGAATTAGCTAAATTAGAATTT
AACATCTTTAACTCATTACAACAAAAAGAATTACAATACTTACTTCG
CTGGTGOAAAGAATCTGACTTACCTAAATTAACCTTTGCACGTCATA
GACACGTTGAATTTTACACATTAGCTTCTTGTATTGCTATTGATCCCA
AACATTCAGCATTCCGTTTAGGATTCGCTAAAATGTGTCACTTAGTT
ACAGTTCTTGACGATATTTATGATACTTTCGGTACTATTGATGAACTT
GAGTTATTTACTTCTGCAATTAAACGTTGGAATAGTTCTGAAATTGA
ACACTTACCAGAATATATGAAATGCGTGTATATGGTTGTTTTTGAAA
CTGTTAATGAATTAACTCGTGAAGCTGAGAAAACACAAGGACGTAA
CACTTTAAACTATGTTCGTAAAGCATGGGAAGCATATTTTGATTCTT
ATATGGAGGAAGCAAAGTGGATCTCAAACGGATATTTACCAATGTT
TGAAGAATACCACGAAAATOGGTAAAGTGTCATCTGCATACOGTGTA
GCAACATTACAACCAATTTTAACTTTAAACGCTTGGTTACCCGACTA
CATTCTTAAAGGAATTGATTTCCCAAGTCGTTTTAACGATTTAGCTA
GTTCATTCTTACGTTTACGTGGCGATACTCGCTGTTACAAAGCTGAC
COTGATCGTGUGTGAAGAAGCTAGCTGCATTTCTTGTTACATGAAAGA

TCCAGGTTCTACCGAAGAAGATGCACTTAATCACATTAACGCTA

AATGATAATATTCCTATGTTAGCTAAAAAGCACGCTTTTGATATTAC
TCGTGCACTTCACCACTTATACATTTATCGCGATGGTTTCAGTGTTGC
TAATAAAGAAACTAAAAAGTTAGTTATGGAGACATTACTTGAATCA
ATGTTATTTGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGG
COOTGGAAGTGATTACAAAGATGATGATGATAAAGCGAACCGGTTAA

50

ATGGTACCACAATCTGCTGAAAAGAACGACTCTTTATCAAGTTCTAC
ATTAGTTAAGAGAGAATTTCCACCCGGTTTCTGGAAAGACGACTTAA
TCGACAGTTTAACTTCAAGTCACAAAGTAGCTGCTAGCGATGAAAA
ACGTATCGAAACCTTAATTTCAGAAATTAAGAATATGTTTCGTTGTA
TGGGTTATGGTGAGACAAATCCATCAGCTTATGATACTGCTTGGGTA
GCTCGCATCCCAGCAGTTGATGGATCAGATAATCCTCACTTTCCAGA
GACTGTGUGAATGGATCTTACAAAATCAATTAAAAGATGGTTCTTGGG
GTOGAAGGTTTTTACTTCCTTGCTTATGATCGCATTTTAGCCACTTTAG
CTTGTATTATCACACTTACACTTTGGOGTACTGGAGAAACACAAGTA
CAGAAAGQGGTATCGAATTTTTCCGCACTCAAGCAGGTAAAATGGAAG

Abetadiene

(A, grandis)
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ATGAAGCAGATTCACACCGTCCAAGTGGTTTTGAGATTGTATTTCCT
GCTATGTTAAAAGAGGCTAAGATTTTAGGCTTAGATTTACCTTATGA
TCTTCCTTTTCTTAAACAAATTATTGAAAAGAGAGAAGCTAAGTTAA
AACGTATTCCTACAGATGTTTTATATGCTTTACCAACTACTTTACTTT
ATTCATTAGAAGGTTTACAAGAAATAGTAGACTCOGCAAAAAATCAT
GAAATTACAAAGTAAAGATGOTAGTTTCTTATCTTCTCCTGCCTCAA,
CAGCAGCAGTATTTATGAGAACAGGTAACAAAAAGTGTTTAGATTT
CTTAAATTTCGTGCTTAAAAAGTTCGGTAATCATGTTCCATGCCACT
ATCCTTTAGACCTTTTTGAGCGTCTTTGGGCAGTTGATACTGTTGAAA
GATTAGCGTATTGACCGTCATTTTAAAGAAGAAATAAAAGAGGCTTT
AGACTATGTGTATTCACACTGGGACGAACGTGUGTATTGGTTGGGCTC
GTGAAAACCCCGTTCCAGATATTGACGATACAGCAATGGGTCTTCGT
ATTTTACGTCTTCATGGTTACAATGTTAGCAGCGATGTTICTTAAAAC
ATTECGTGATGAAAATGGTGAGTTICTTTTGCTTTTITAGGACAAACAC
AAAGAGGTGTGACTGATATGTTAAATGTTAATCGTTGTAGCCATGTA
TCTTICCCTGGTGAAACTATAATGGAAGAGGCAAAATTATGTACTGA
ACUGTTACTTACGCAACGCATTAGAAAATGTAGACGCTTTTGATAAGT
GOGGCATTTAAGAAAAACATTCGTGOTGAGGTAGAATATGCTCTTAA
ATATCCTTGGCATAAATCAATGCCACGTTTAGAAGCACGTTCATATA
TTGAAAATTACGGTCCAGATGATGTTTGGTTAGGTAAAACTGTTTAT
ATGATGCCTTACATTTCAAATGAAAAGTACTTAGAGTTAGCTAAACT
TGATTTTAACAAAGTTCAGTCAATCCACCAGACAGAACTTCAAGACT
TACGCCGTTGGTGGAAAAGTTCTGGTTTTACAGATTTAAACTTTACA
AGAGAACGTGTTACTGAAATTTACTTTTCACCTGCATCTITTATCTTC
GAACCAGAATTTAGTAAATGTCGTGAGGTTTATACAAAAACTTCTAA
TTTTACTGTAATTITAGACGATTTATATGACGCTCATGGCTCTTTAGA
TGACTTAAAACTTTTITACAGAGAGTGTTAAACGTTGGGATTTATCTT
TAGTTGACCAAATGCCCCAGCAGATGAAAATCTGTTTTGTAGGTTTC
TATAATACATTCAACGATATTGCTAAAGAAGGTAGAGAACGTCAAG
GTCOGTGATGTTTITAGGTTATATICAAAACGTATGGAAAGTACAACTT
GAAGCATATACTAAAGAAGCAGAATGGTCAGAAGCAAAATATGTIC
CTAGTTTTAACGAATACATTGAAAATGCTTCAGTTTCAATTGCCTTA
GOETACAGTAGTACTTATCAGTGCTTTATTTACCGGAGAAGTTTITAAC
AGATGAAGTTTTATCTAAAATTGACCGTGAAAGTAGATTCTITACAGT
TAATGGGCTTAACTGGACGTTTAGTAAATGATACTAAAACATATCAA
GCTGAGCOGTGOTCAAGGTGAAGTTGCTAGTGCAATTCAATGTTATAT
CGAAAGACCACCCTAAAATTAGTGAAGAAGAAGCATTACAACATGTA
TATTCTGTAATGGAAAATGCATTAGAAGAATTAAATCGTGAGTTCGT
TAACAACAAAATTCCAGACATCTATAAACGTCTTGTTTTCGAAACTG
CACGTATAATGCAATTATTTTACATGCAAGGTGATGGTTTAACATTA
AGTCACGATATGGAAATTAAAGAGCACGTAAAGAATTOTTTATTCC
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AGCCAGTAGCTGOTACCGUGTGAAAACTTATACTTTCAAGGCTCAGGT
GGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTT
Al

81

ATGGTACCATCTTCATCAACAGGCACTTCAAAAGTAGTAAGCGAAA
CATCTTCAACTATTGTAGACGATATTCCACGTCTTTCAGCAAATTATC
ATGUTGATTTATGGCATCACAACGTAATTCAGACTTTAGAAACACCA
TTTAGAGAAAGTTCAACTTATCAAGAGCGTGCAGATGAATTAGTAGT
GAAAATCAAAGATATGTTCAATGCATTAGGTGACGGTGACATCTCA
CCTTCAGCTTATGATACTGCATGGGTAGCTCGTGTTGCTACCATTTCT
TCTGATGGTAGCGAAAAACCACGTTTTCCTCAAGCTCTTAATTGGGT
TTTTAACAATCAATTACAAGATGGATCATGGGGTATTGAATCACATT
TTAGTTTATGCGATCGTTTACTTAATACTACAAATTCAGTTATTGCTT
TATCAGTATGGAAAACTGGTCACTCACAGGTTCAACAAGGTGCCGA
ATTTATTGCTGAAAATTTACGTCTTTTAAATGAAGAAGACGAATTAA
GTCCTGATTTICAAATTATCTTCCCAGCTTTATTACAGAAAGCCAAG
GCTTTAGGAATCAATTTACCCTATGATTTACCATTCATCAAATATCTT
AGTACAACACGCGAAGCTCGTTTAACAGATGTGTCAGCTGCTGCTGA
CAACATACCAGCCAATATGCTTAATGCACTTGAAGGTTTAGAAGAA
GTGATTGATTGGAATAAAATCATGCGTTTTCAATCTAAAGATGGTTC
ATTTTTATCTTCTCCAGCTAGTACAGCCTGTGTTITAATGAATACAGG
TGATGAAAAATGTTTCACATTCTTAAATAACTTATTAGATAAATTCG
GCOGTTGTOGTTCCATGTATGTATAGCATTGATTTATTAGAACGTTTAT
CTTTAGTGGACAACATTGAACACTTAGGTATTGGTCGTCACTTTAAA
CAAGAAATCAAAGGTGCATTAGATTATGTATATCGTCATTGGTCTGA
ACGCGCTATCOGUTTGGGUTAGAGACTCTTTAGTTCCAGATTTAAACA
CCACAGCTTITAGGTTTACGCACATTAAGAATGCACGGTTATAACGTG
TCTAGTGATGTACTTAACAATTTCAAAGACGAAAATGGTCGTTTCTT
TAGTAGTGCTGGTCAAACACACGTAGAGTTACGTTCTGTTGTAAATC
TITTTCGCGCCTCAGATTTAGCCTTTCCAGACGAACGTGCAATGGAT
GATGCTCGTAAATTCGCAGAACCATATTTACGTGAAGCATTAGCTAC
AAAAATATCAACAAATACAAAGTTATTCAAAGAAATTGAATATGTT
GTTGAATACCCTTGGCACATGTCAATTCCACGTTTAGAAGCTCGTAG
TTATATTOGACAGTTATGATGATAATTATGTATGGCAACGTAAGACTT
TATATCGTATGCCATCATTAAGTAATTCAAAATGTTTAGAACTTGCT
AAATTAGATTTCAATATTGTTCAATCTTTACACCAAGAAGAACTTAA
ACTTTTAACTCGTTGGTGGAAAGAATCTGGTATGGCAGACATAAATT
TCACCCGCCATCGTGTAGCTGAAGTTTACTTTITCTAGTGCTACATTTG
AGCCAGAATATAGTGCTACTCGTATTGCATTCACAAAAATTGGTTGC
TTACAAGTACTTTTCCGATGATATGGCTGACATTTTCGCCACTTTAGAT
GAGTTAAAAAGTTTTACTGAAGGTGTTAAACGCTGGGACACATCATT

Taxadiense
(T.

brevifolia)
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ATTACATGAAATTCCCGAATGTATGCAAACTTGTTTTAAAGTATGGT
TTAAACTTATGGAAGAAGTAAACAACGACGTAGTAAAAGTTCAAGG
AAGAGATATGTTAGCACATATTCGTAAACCCTGGGAATTATACTTTA
ATTGTTATGTTCAAGAACGTGAATGGTTAGAAGCTGGTTATATTCCT
ACATTCGAAGAATATCTTAAAACTTATGCTATTAGTGTAGGCCTTGG
TCCTTGTACCTTACAACCTATTCTTTTAATGGGTGAGTTAGTTAAAGA
TGATGTAGTAGAAAAAGTTCATTACCCTTCTAACATGTTCGAATTAG
TTTCTTTAAGCTGGCGTTTAACTAATGATACCAAAACATATCAAGCA
GAAAAAGTACGCGGTCAACAAGCTAGTGGCATTGCCTGTTATATGA
AAGACAATCCAGGTGCTACTGAAGAAGATGCTATTAAACACATTTG
TCGTGTTGTTGATCGTGCATTAAAAGAAGCAAGTTTCGAATATTTCA
AGCCTTCAAATCGACATTCCTATGGGTTGTAAATCTTTTATCTTTAACT
TACGTTTATGTGTACAAATTTTCTATAAATTCATTGATGGTTATGGTA
TCGCAAACGAAGAAATTAAGGACTACATTCOTAAGGTTTATATTGAT
CCAATTCAAGTTGOTACCGGTGAAAACTTATACTTTICAAGGCTCAGG
TGGCGGTGCGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGT
TAA

ATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCAACC | FPP(G.
AGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGCGAACGTGAG | gallus)
GAATTTGTAGGATTCTTICCACAAATTGTICGTGACTTAACTGAAGA
TGGTATTGGTCATCCAGAAGTAGGTGACGCTGTAGCTCGTCTTAAAG
AAGTATTACAATACAACGCACCTGGTGGTAAATGCAATAGAGGTTT
AACAGTTOTTGCAGCTTACCGTGAACTTTCTGGACCAGGTCAAAAAG
ACGCTGAAAGTICTTCGTTGTGCTTTAGCAGTAGGATGGTGTATTGAA
TTATTCCAAGCCTTTTTCTTAGTTGCTGACGATATAATGGACCAGTCA
TTAACTAGACGTGGTCAATTATGTTGGTACAAGAAAGAAGGTGTTG
GTTTAGATGCAATAAATGATTICTTTITCTTTTAGAAAGCTCTGTGTATC
GCGTTCTTAAAAAGTATTGCCGTCAACGTCCATATTATGTACATTTA
{ TTAGAGCTTTTTCTTCAAACAGCTTACCAAACAGAATTAGGACAAAT
GTTAGATTTAATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATTT
CTCAGAAGAACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTCT
ATTCATTCTATTTACCAGTIGCAGCAGCTATGTATATGGTTGGTATA
GATTCTAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGA
TGOOTGAATACTICCAAATTCAAGATGATTATTTAGATTGTTTTGGC
GATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATAACAA
ATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACACCAGAAC
AACGTCAACTTITAGAAGATAATTACGGTCGTAAAGAACCAGAAAA
AGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAGGTATGAGAGCC
GCCTTTCAACAATACGAAGAAAGTAGTTACCGTCGTCTTCAAGAGTT
AATTGAGAAACATTCTAATCGTTTACCAAAAGAAATTTTCTTAGGTT
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TAGCTCAGAAAATATACAAACGTCAAAAAGGTACCGGTGAAAACTT
ATACTTTCAAGGCTCAGGTGGOGUTGGAAGTGATTACAAAGATGAT
GATGATAAAGGAACCGGTTAA

ATGGTACCATCATTAACTGAAGAAAAACCAATTCGCCCAATCGCAA | Amor-
ACTTTCCTCCAAGCATTTGGGGAGATCAATTCTTAATTTACGAAAAA | phadiens
CAAGTAGAACAAGGTGTTGAACAGATTGTTAACGACCTTAAGAAAG | (A annua)
AAGTGOGCCAACTTTTAAAAGAGGCTTTAGATATTCCAATGAAACAC
GCAAACCTTTTAAAACTTATTGACGAAATTCAACGTCTTGGTATTCC
ATATCACTTTGAACGTGAAATTGATCATGCATTACAATGTATCTATG
AAACTTATGOTGATAATTGGAATGUTGATCGTTCTTICATTATGGTTC
CGTTTAATGCGTAAACAAGUTTATTATGTTACATGTGACGTGTTTAA
CAATTACAAAGATAAAAATGGTGCATTTAAACAATCTTTAGCTAATG
ATGTTGAAGGTTTATTAGAATTATATGAAGCTACTTCAATGOGTGTT
CCAGOTGAAATTATTCTTGAAGATGCATTAGGTTTTACACGTTCICG
TITATCTATTATGACAAAAGACGCATTTAGTACAAATCCTGCTTTATT
TACTGAAATTCAGCGTGCCCTTAAACAGCCTTTATGGAAACGTTTAC
CAAGAATTGAAGCTGCTCAATATATTCCATTTITATCAACAACAAGAT
TCTCACAATAAGACATTACTTAAATTAGCCAAATTAGAATTTAATCT
TITACAATCATTACATAAAGAAGAATTAAGTCATGTGTGTAAATGGT
GGAAAGCATTTGATATTAAGAAGAATGCTCCATGTTTACGTGATAGA
ATTCTAGAGTGTTACTTTTGGGGCCTTGGTAGTGGTTACGAGCCACA
ATATTCACGTGCTCGTGTATTCTTTACAAAAGCTGTTGCAGTTATTAC
TTTAATTGACGATACCTATGATGCATACGGAACCTATGAGGAGCTTA
AAATTTTCACTGAAGCTGTAGAACGTTGGTCTATAACTTGTTTAGAT
ACTTTACCAGAATATATGAAACCCATCTACAAATTATTCATGGACAC
ATACACTGAAATGGAAGAATTTTTAGCAAAAGAAGGTCGCACAGAC
CTTTTTAACTGTGGTAAAGAATTTGTTAAAGAGTTTGTTCGTAACTTA
ATGGTAGAAGCTAAGTGGGCTAATGAAGGTCACATTCCTACTACAG
AAGAGCACGATCCAGTAGTAATAATTACAGGTGGAGCAAACTTACT
TACCACAACTTGTTACTTAGGTATGTCTGACATTTTTACAAAAGAAT
CAGTAGAGTGGGCAGTATCTGCACCACCATTATTCCGTTATTCTGGC
ATACTTOGTCGTCGTCTTAATGATTTAATGACTCATAAAGCTGAACA
AGAGCGTAAACACTCATCAAGTAGTTTAGAAAGCTATATGAAGGAA
TATAACGTTAACGAAGAGTATGCTCAAACACTTATTTACAAAGAGGT
TGAAGACGTTTGGAAGOACATTAACCGTGAATACTTAACAACTAAA
AACATTCCACGTCCTCTTTTAATGGCTGTAATATACTTATGTCAATTC
TTAGAAGTACAATACGCTGGAAAAGATAACTTTACACGTATGGGTG
ATGAATATAAACACTTAATAAAGAGTTTATTAGTTTATCCTATGTCA
ATAGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGGTG
OAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAA
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84

ATGGTACCAGCAGGTGTATCAGCTGTGTCAAAAGTTTCTTCATTAGT
ATGTGACTTAAGTAGTACTAGCGGCTTAATTCGTAGAACTGCAAATC
CTCACCCTAATGTATGGGGTTATGACTTAGTTCATTCTTTAAAATCTC
CATATATTGATAGTAGCTATCGTGAACGTGCTGAAGTGCTTGTAAGT
GAAATAAAAGCTATOTTAAATCCAGCAATTAUTGCGAGATGOTGAAT
CAATGATTACACCTTCAGCTTATGACACTGCTTGGGTTGCACGTGTA
CCAGCAATTGATGCGTAGCOGCACGTCCACAATTTCCACAAACAGTAG
ATTGGATTTTAAAGAATCAATTAAAAGATGGTTCTTGGGGTATTCAA
TCACACTTTTTACTTTCAGACCGTTITATTAGCTACTCTTAGCTGTGTT
TTAGTTTTACTTAAATGGAATGTTGGTCGATTTACAGGTTGAGCAAGG
TATTGAGTTTATTAAGTCAAACCTTGAATTAGTAAAAGATGAAACTG
ATCAAGATTCTTTAGTGACTGATTTTGAGATTATTTTCCCTAGCTTAC
TTCGTGAGGCCCAAAGTTTACGTTTAGGTCITCCATACGAT T TACCTT
ACATCCACTTATTACAAACAAAACGTCAGGAACGTTTAGCAAAATT
AAGCCGTGAAGAAATATATGCAGTTCCAAGTCCACTTTTATATICTT
TAGAGGOGTATTCAAGATATTGTTGAGTGGGAACGTATTATGGAAGT
ACAATCTCAGGATGGATCATTTITTAAGTTCTCCAGCATCAACCGCAT
GTGTTTTTATG CATACAGGTGACGCTAAGTGTTTAGAATTICTTAAC
AGTGTAATGATTAAGTTTGGTAATTTTGTACCATGCCTTTATCCTGTA
GATTTATTAGAACGTTTACTTATAGTAGATAATATAGTTCGTCTTGGT
ATTTACCGTCACTTCGAAAAAGAAATTAAAGAAGCATTAGATTATGT
ATATOGCCATTGGAATGAACGTGGTATTGGTTGGGGTCGTITAAATC
CAATTGCTGACTTAGAAACAACTGCTTITAGGTTTTCGTTTATTACGTT
TACACCGTTATAATGTATCTCCAGCAATCTTTGATAATTTCAAAGAT
GCCAATGGCAAATTCATTTGTAGCACTGOTCAGTTTAATAAGGATGT
GOCTTCAATGTTAAACTTATACCGTGCATCACAATTAGCATTCCCAG
GCGAAAACATTITAGATGAAGCTAAATCTTTTGCCACCAAATACTTA
CGTGAAGCCCTTGAAAAATCTGAAACTTCATCAGCTTGGAACAATA
AACAGAATTTAAGTCAAGAAATCAAGTATGCATTAAAAACTTCATG
GCACGCTTCTGTACCACGTOTTGAAGCAAAMACGTTATTGTCAAGTTT
ATCGTCCTGATTACGCTCGTATTGCTAAGTGTGTATACAAATTACCA
TACGTTAACAACGAAAAATTCTTAGAATTAGGTAAATTAGATTTTAA
CATCATTCAATCAATTCATCAAGAAGAAATGAAAAATGTGACAAGT
TOGTTTCGTGATTCTGGCTTACCATTATTTACTTTCGCTCGCGAACGT
CCTTTAGAATTTTACTTCTTAGTTGCTGCTOGTACTTATGAACCTCAA
TATGCTAAATGTCGTTTCTTATTCACAAAAGTAGCTTGTCTTCAAAC
AGTATTAGACGATATGTACGATACTTACGGTACTTTAGACGAATTAA
AACTTTTTACCGAGGCTGTGCGTCGTTGGGATTTATCTTTTACAGAA
AATTTACCTGACTATATGAAATTATGTTATCAAATCTATTATGACAT
CGTTCATGAAGTGGCTTGGGAAGCTGAAAAAGAACAAGGTAGAGAA
TTAGTGTCATTCTTCCGTAAAGGCTGGGAAGACTACTTATTAGGTTA

Bisabolene

{A. grandis}
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CTATGAAGAAGCAGAATGGTTAGCAGCAGAATACGTTCCAACATTA
GATGAATACATTAAAAACGGTATTACATCAATCGGCCAACGTATCTT
ATTACTTTCAGGTGTGTTAATTATGGATGGCCAACTTTTATCACAAG
AAGCATTAGAAAAAGTTGATTACCCTGGTCATCGTGTTTTAACTGAG
TTAAACTCACTTATTAGCCGTTTAGCTGACGACACTAAAACTTATAA
AGCAGAAAAAGCTCGTGGAGAATTAGCCTCATCAATTGAATGCTAC
ATGAAAGATCATCCTGAATGTACAGAAGAAGAAGCCTTAGACCACA
TTTATTCTATTCTTGAACCAGCCGTAAAAGAATTAACTCGTGAATTT
CTTAAACCAGACGACGTTCCATTTGCTTGTAAAAAGATGTTATTCGA
AGAAACTCAETATTACAATGGTGATCTTTAAAGATGGTGATGGTTTTG
GTGTATCTAAGTTAGAAGTTAAAGATCACATCAAAGAATGCTTAATT
GAACCATTACCATTAGGTACCGGTGAAAACTTATACTTTICAAGGCTC
AGGTGGCGOTGGAAGTGATTACAAAGATGATGATGATAAAGGAACC
GGTTAA

B5

ATGGTACCAACTATGATGAATATCGAATTTTAAGTACTGTCACAAGAT
TATGAAGAAACATTCAAAATCATTCAGTTATGCTTTTGACTTATTAC
CAGAAGACCAACGTAAACGCTOTTTGGGCAATTTACGCCGTGTGCLG
CAAAATTGATGATTCTATTGATGTATATGGTGATATTCAATTCTTAA
ATCAGATTAAAGAAGACATACAAAGTATTGAAAAATATCCATACGA
ACATCATCATTTICAATCTGACAGACGTATTATGATGGCCTTACAGC
ATGTTGCTCAGCATAAAAACATTGCATTTCAATCATTCTACAATTTA
ATTGACACAGTATATAAAGATCAACACTTTACAATGTTITGAAACAGA
TGCTGAACTTTTTIGGTTATTGTTACGGTGTAGCTGGTACTGTGGGTG
AAGTTTTAACTCCTATATTATCTGATCACGAAACACATCAAACTTAT
GACGTTGCCOGTCGTTTAGGAGAGTCATTACAGTTAATCAATATTCT
TAGAGATGTAGGTGAAGACTTTGACAACGAACGTATTTACTTICTCTA
AACAACGTTTAAAACAATACGAAGTAGATATTIGCAGAAGTGTACCA
AAATGGTGTAAACAATCACTATATTGATTTATGGGAATATTACGCTG
CAATTGCTGAAAAGGATTTTCAAGATGTTATGGACCAAATTAAAGTT
TTCTCTATTGAAGCTCAGCCAATTATTGAGTTAGCTGCACGTATTTAT
ATCGAAATTTTAGATGAAGTACGTCAAGCTAACTACACATTACATGA
ACGTGTTTTTGTAGATAAACGTAAAAAGGCTAAACTTTTTCACGAAA
ATAAAGGTACCGGTGAAAACTTATACTTTCAAGGUTCAGGTGGCGG
TGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAA

Diapo-
phyioene (S.

aureus)

26

ATGGTACCAAAAATTGCTGTTATTGGTGCTGGTGTTACCGGATTAGC
TGCTGCTGCTCGTATTGCTAGCCAAGGTCATGAAGTTACAATCTTCG
AAAAAAACAATAATGTAGGTGCGTCGTATGAATCAATTAAAAAAAGA
TGGTTTTACATTCGATATGGGACCTACAATTGTTATGATGCCAGATG
TATATAAAGATGTATTTACTGCTTGCGGTAAAAACTATGAAGATTAT
ATAGAGTTACGTCAACTTCGTTACATTTATGACGTATATTTCGATCA

Diapo-
phytoene
desaturase

(S. aureus)
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CGATGATCGTATTACTGTTCCAACTGATTTAGCTGAATTACAACAAA
TGTTAGAATCAATTGAACCTGGTAGTACACACGGATTTATGTCATIT
TTAACAGATGTGTACAAGAAATATCGAAATCGCTCGCAGATATTTCTT
AGAACGTACTTACCGTAAACCATCAGACTTCTACAATATGACCTCTT
TAGTACAAGGTGCTAAACTTAAAACTTTAAATCACGCTCGATCAACTT
ATCGAACACTACATTGATAACGAAAAGATTCAAAAACTTTTAGCATT
CCAAACTCTTTATATCGGCATTGATCCAAAGCGTGGTCCTAGTTTAT
ATAGTATTATTCCTATGATTGAAATGATGTTCGGTGTACATTTTATCA
AAGGTGGTATGTATGGTATGGCTCAAGGATTAGCTCAACTTAACAA
AGATTTAGGTOTTAATATTGAATTAAATGCTGAAATTGAACAAATCA
TTATCGATCCTAAATTCAAACGOGCAGATGCAATTAAAGTTAATGGT

CGACATTCGCAAATTTGATAAGATTTTATGTACTGCTGACTTICCTTCA

GTTGCCGAATCACTTATGCCAGATTTCGCACCTATCAAAAAGTACCC
TCCACATAAAATTGCAGATTTAGATTATTCTTGTTCAGCTTTTCTTAT
GTATATTGGTATTGACATCGACGTAACTGACCAAGTTCGTTTACATA

ACGTAATTTTTAGCGACGATTTTCGTGGAAATATTGAAGAAATTTTC

GAAGGTCGCTTAAGTTACGACCCATCAATCTATGTTTATGTACCAGC

TGTAGCCOGATAAATCTITAGCTCCTGAAGOGTAAAACAGGCATTITATG
TOGTTAATGCCTACTCCTGAACTTAAAACAGGATCAGGTATTGACTGG
TCAGATGAGGCTTTAACTCAACAAATTAAAGAAATCATTITATCGTAA
ATTAGCAACAATTGAAGTATTTGAAGACATTAAATCACACATTGTAT
CAGAAACAATTTTTACTCCTAATGACTTTGAACAAACCTATCACGCT

AAATTTGOGTTCTGUCTTICGOTTTAATGCCCACCTTAGCACAATCTAAT
TATTACAGACCTCAAAATGTGICACGTGATTATAAAGACTTATATTT

COCAGGTGCATCAACACATCCAGGTGCTGGAGTTCCAATTGTATTAA
CAAGTGCCAAGATAACAGTAGACGAAATOGATTAAAGATATTGAGCOG
TGGTGTGGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCG
GTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAA

87

ATGGTACCAGCATTTGACTTCGATGGTTACATGCTTCGTAAAGCTAA
ATCTGTAAATAAAGCTCTTGAAGCTGCAGTACAAATGAAAGAACCA
TTAAAAATTCATGAAAGTATGCGTTATTCTTTATTAGCTGGTGGTAA
ACGTGTACGTCCAATGTTATGTATTGCAGCTIGTGAATTAGTTGGTG
GTGACGAAAGTACTGCTATGCCTGCTGCTTGCGCTGTAGAAATGATT
CATACTATGAGTTTAATGCATGATGATTTACCATGTATGGATAATGA
CGATTTACGTCGTGGTAAACCAACAAACCACATGGCATTTGGTGAA
AGTGTAGCAGTATTAGCAGGTGATGCATTATTATCTTTTGCTTTITGA
ACATOTAGCAGCAGCAACAAAAGGTGCTCCTCCAGAACGTATTGTT
AGAGTTTTAGGTGAACTTGCAGTTTCTATTGGTTCAGAAGUGTTTAGT
TGCTGGACAAGTAGTTGACGTTTGTTCTGAAGGTATGGCTGAGGTTG
OGTTTAGATCATTTAGAATTTATTCATCACCACAAAACTGCTGCTTTAT

GPPS-LSU
(M. spicata)
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TACAAGOTTCTGTAGTATTAGGTGCAATATTAGGTGGTGUAAAAGA
AGAAGAGGTAGCAAAACTTCGTAAATTCGCTAACTGCATTGGTTTAC
TTTTCCAAGTAGTAGATGATATTCTTGATGTAACAAAATCATCTAAA
GAATTAGGTAAAACAGCAGGTAAAGATTTAGTTGCTGATAAAACTA
CTTATCCAAAATTAATCGGTGTTGAGAAAAGTAAAGAGTTCGCAGA
CCGTTTAAATCGTGAAGCTCAAGAACAACTTCTTCATTTTCATCCAC
ATAGAGCAGCACCTTTAATCGCTTTAGCAAACTATATTGCTTATCGT
GATAATGGTACCGGTGAAAATTTATATTTTCAAGGTTCAGGTGGCGE
AGGTTCTGATTATAAAGATGATGATGATAAAGGAACCGGTTAA

BE

ATGGTACCAAGTCAACCTTACTGGGCAGCAATTGAGGCAGATATTG
AACGTTACTTAAAAAAATCAATTACAATTCGTCCACCAGAAACTGTA
TTTGGTCCAATGCACCACTTAACTTTTGCTGCACCAGCTACAGCTGC
TAGTACTTTATGTTTAGCAGCATGTGAACTTGTAGGTGGTGATCGTA
GTCAAGCTATGUGCTGCAGCAGCAGCAATCCATCTTGTTCATGCAGCT
GCTTATGTACATGAACATTTACCATTAACTGATGGTAGTCGTCCAGT
AAGTAAACCAGCTATCCAACATAAATATGGTCCAAATGTAGAATTA
CTTACAGGTGACGGTATTGTACCATTTGGTTTTGAATTATTAGCAGG
TTCTGTTGATCCAGCACGTACAGATGATCCAGACCGTATTTTACGTG
TAATAATTGAAATAAGTCGTGCTGOTGGTCCAGAAGGTATGATTAGT
GOTTTACATCGTGAAGAAGAGATTGTAGATGGTAATACTTCTCTTGA
TTTTATTGAATACGTTTGCAAAAAAAAATATGGTGAAATGCACGCAT
GTGGTGCTGCATGCGGTGCAATTTTAGGTGGTGCAGCTGAAGAAGA
AATTCAAAAACTTCGTAACTTCGGATTATATCAAGGAACTTTACGTG
GTATGATGGAGATGAAAAACTCACACCAACTTATTGACGAAAATAT
CATTGGCAAACTTAAAGAATTAGCTTTAGAAGAATTAGGTGGATTTC
ATGGTAAAAATGCTGAATTAATGTCTAGTTTAGTAGCAGAACCATCA
TTATATGCTGCTGGTACCGGTGAAAATTTATACTTTCAAGGTTCTGG
TGGTGGTGGCAGTGATTATAAAGACGATGATGACAAAGGAACCGGT
TAA

GPPS-S5U

(M. spicata)

89

ATGGTACCACTTTTATCTAACAAATTAAGAGAGATGGTTTTAGCAGA
AGTTCCTAAATTAGCATCTGCTGCTGAATATTTCTTTAAACGTGGTGT
TCAGGGTAAACAATTCCOTTCAACAATTTTATTATTAATGGCAACAG
CTCTTGACGTTCUGTGTTCCAGAAGCATTAATTGGTGAATCTACTGAT
ATTGTAACATCTGAATTACGTGTACGTCAACGTGGCATTGCTGAAAT
TACAGAAATGATTCATGTAGCATCACTTCTTCACGATGACGTTCTTG
ACGATGCTGATACTCGTCGTGGTGTTGGTAGTCTTAATGTIGTAATG
GUGAAACAAAATGTCAGTTTTAGCAGGTGACTTCTTACTTTCTCGTGC
TTOGTGGTGUTCTTGCAGCTCTTAAAAACACAGAAGTTGTAGCATTAT
TAGCTACAGCAGTAGAACACTTAGTTACTGGTGAGACAATGGAAAT
AACTTCATCAACTGAACAACGTTATTCTATGGATTACTACATGCAGA

GPPS (A.

thalania}
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AAACTTATTACAAAACTGCTTCATTAATTTCAAATTCATGTAAAGCA

GTTGCTGTATTAACAGGTCAAACAGCTGAAGTTGCAGTATTAGCTTT
TOGAATATGUTCGTAATTTAGGTTTAGCTTTICCAGTTAATTCGACGACA
TTTTAGATTTCACAGGCACATCTGCTAGTTTAGGAAAAGGTTCTTTA

| TCAGATATACGTCATGGTGTTATTACTGCTCCTATCTTATTTGCAATG

GAAGAATTTCCTCAATTAAGAGAAGTAGTAGATCAAGTAGAAAAAG
ATCCAAGAAATGTAGACATAGCTTTAGAATATTTAGGTAAAAGTAA
AGGTATTCAACGTGCTCGTGAATTAGCAATGGAACACGCAAATTTA
GCTGCTGCAGCTATTGGTTCTTTACCTGAAACAGATAACGAAGATGT
TAAACGTTCACGTCGTGCTTTAATTGATTTAACACACAGAGTAATTA
CACGTAACAAAGGTACCGGTCGAGAATTTATACTTTCAAGGTAGTGGT
GGAGGAGGTAGTGACTATAAAGATGATGACGATAAAGGAACCGGTT
AN

90

ATGGTACCAGTAGTTTCTGAACGTTTAAGACATTCTGTAACAACTGG
TATTCCAGCATTAAAAACAGCAGCTGAATATTTCTTTCGTCGTGGTA
TCGAAGGAAAACGTTTAAGACCTACATTAGCATTATTAATGAGTAGT
GCTTTATCACCAGCTGCTCCATCACCAGAGTATTTACAAGTTGATAC
AAGACCTGCTGCAGAACACCCTCATGAAATGCGTCGTCGTCAACAA
CGTTTAGCTGAAATTGCAGAATTAATCCATGTAGCTTCATTACTTCA
CGATGATGTTATTGATGACGCACAAACACGTCGIGGTGTTTTAAGTT
TAAATACATCTGTTGGTAATAAAACAGCTATCTTAGCAGGTGATTTC
TTATTAGCTCGTGCATCTGTAACATTAGCTAGTTTAAGAAACTCTGA
AATTGTAGAATTAATGTCACAGGTTTITAGAACACTTIAGTATCTGGTG
AAATTATGCAAATGACTGCTACTTCAGAACAACTTTTAGATTTAGAA
CATTATTTAGCAAAAACATATTGTAAAACTGCTTCATTAATGGCTAA
TAGTTCTCGTTCTGTTGCAGTTCTTGCAGOGTOGCAGCTCCTGAAGTTTG
TGATATGGCATGGTCATACGGTCGTCATTTAGGTATTGCTTTCCAAG
TAGTTGACGATTTATTAGATTTAACAGGTTCATCTTCTGTTITAGGTA
AACCTGCTTTAAACGATATGCGTTCTGGTTTAGCAACAGCACCAGTA
TTATTCGUTGCACAAGAAGAACCTGCATTACAGGCTCTTATATTACG
TCGTTTTAAACACGACGGTGACGTAACAAAAGCAATGTCATTAATTG
AACGTACACAAGGCTTACGTCGTGCTGAAGAACTTGCAGCACAACA
CGCAAAAGCTGCTGCTGATATGATTCGTTGCTTACCTACAGCTCAAT
CAGACCATGCAGAAATTGCTCGTGAAGCATTAATTCAAATTACACAT
CGTGTTTTAACACGTAAAAAAGGTACCGGTGAAAACTTATACTTTCA
AGOGTTCTGGTGOTGOTGGATCAGATTATAAAGATGATGATGACAAA
GGAACCGGTTAA

GPPS (C.

reinhardtii)

91

ATGGTACCAGATTTTICCACAACAATTAGAAGCATGTGTTAAACAAGC
AAATCAAGCATTATCACGTTTCATCGCACCACTTCCATTCCAAAATA
CTCCTGTTGTTGAAACAATGCAATATGGTGCATTATTAGGAGGTAAA

FPP (E.

coli)
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AGATTAAGACCATTTCTTGTATATGCAACAGGTCACATGTTTGGAGT
ATCTACTAACACATTAGATGCTCCAGCTGCTGCAGTTGAATGTATTC
ATGCATATAGTTITAATICATGATGATITACCTGCAATGGATGATGAT
GACTTAAGAAGAGGTTTACCTACATGTCATGTTAAATTTGGTGAAGC
TAATGCTATTTTAGCTGGCGATGCACTTCAAACTCTTGCATTCAGTAT
TTTATCAGATGCTGATATGCCAGAAGTTITCAGATCGTGATCGTATTT
CTATGATATCTGAATTAGCTTCTGCTAGTGGTATTGCTGGTA’E‘GTGC
GGTGGCCAAGCTCTTGATTTAGACGCAGAAGGAAAACACGTTCCTTT
AGATGUTTTAGAGUGTATACATCGTCACAAAACAGGAGCTTTAATTA
GAGCTGCTGTTCGTICTTGGTGCTTTATCAGCTGGAGACAAAGGTCGT
COTGCTTTACCAGTTTTAGACAAATACGCTGAAAGTATTGGTTTAGC
TTTTCAAGTTCAGGATGATATCTTAGATGTTGTAGGTGATACTGCTA
CTTTAGGTAAACGTCAAGGTGCTGATCAACAGTTAGGCAAATCTACA
TACCCAGCACTTTTAGGTTTAGAACAAGCTCOTAAAAAAGCAAGAG
ACTTAATTGACGATGCTCGTCAAAGTCTTAAACAATTAGCAGAACAA
TCACTTGATACAAGTGCTTITAGAAGCATTAGCAGATTACATTATTCA
ACGTAATAAAGGTACCGOTGAAAATTTATATTTTCAAGGTTCTGGTG
GTGGAGGTTCAGACTATAAAGATCGACCGATGATAAAGGAACCGGTTA
A

ATGGTACCAAGTGTTAGTTGTTGTTGTAGAAATTTAGGAAAAACTAT | FPP (A,
CAAAAAAGCTATTCCAAGTCACCACTTACATTTACGTTCTTTAGGTG | thalania)
GTAGTTTATATAGAAGACGTATTCAATCATCTTCAATGGAAACAGAC
TTAAAATCTACATTCTTAAATGTTTATTCAGTICTTAAATCAGATTTA
TTACACGACCCATCATTTGAATTTACAAATGAAAGTCGTTTATGGGT
AGATAGAATOGCTTGATTATAATOTTCOTGGCOGTAAACTTAATCGTG
GTCTTTICTGTAGTAGACTCTTTCAAATTACTTAAACAAGGTAATGAT
TTAACTGAACAAGAAGTTTTCTTATCTTGTGCATTAGGTTGGTGTATT
GAGTGGTTACAGGCTTACTTTTTAGT TCTTGATGATATTATGGATAAT
TCAGTTACACGTCGTGGTCAACCTTIGTTGGTTITCGTGTACCACAAGT
TOGGTATGGTAGCTATTAATGATGGCATTCTTCTTCGTAACCATATTCA
TCGTATTCTTAAAAAACACTTCCGTGATAAACCATATTATGTAGATT
TAGTTGACCTTTICAATGAAGTAGAGTTACAAACTGCATGTGGACAA
ATGATTGATTTAATCACAACATTTGAAGGTGAAAAAGACTTAGCTAA
ATATAGTTTATCAATTCACCGTCGTATTGTTCAATACAAAACTGCAT
ATTACTCATTCTATTTACCAGTTGCATGTGCTCTTTTAATGGCTGGCG
AAAATTTAGAAAACCACATTGATGTTAAAAATGTATTAGTAGATATG
GGTATTTACTTTCAAGTTCAGGATGATTATTTAGACTGTITIGCTGAT
CCTGAAACATTAGGTAAAATTGGCACTGATATTGAGGACTTTAAATG
TTCTTGGTTAGTTGTAAAAGCATTAGAACGTTGTAGTGAAGAACAAA
CAAAAATTCTTTACGAAAACTATGGCAAACCTGATCCATCTAATGTT
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GCTAAAGTAAAAGATTTATACAAAGAATTAGATTTAGAAGGCGTTTT
CATGGAATATGAATCTAAATCATACGAGAAATTAACTGGTGCTATCG
AAGGTCACCAATCTAAAGCAATTCAAGCTGTTCTTAAATCTTTCTTA
GCAAAAATCTATAAACGTCAAAAAGGTACCGGTGAAAACTTATACT
TTCAAGGTAGTGGTOGGCGOTGGTAGTGATTATAAAGATGATGATGA
TAAAGGAACCGGTTAA

ATGGTACCAGCTGATCTTAAATCAACATTCTTAGATGTTTATTCAGT
ATTAAAAAGTGATTTATTACAAGATCCATCTTTTGAATTTACACACG
AAAGTCGTCAATGGTTAGAACGTATGTTAGATTATAATGTTCGTGGA
GGCAAATTAAACAGAGGTTTAAGTGTAGTAGACAGTTACAAACTTTT
AAAACAAGGTCAAGACTTAACAGAAAAAGAAMACATTTTTATCTTGT
GCTTTAGOGTTGGTGTATTGAATGGTTACAAGCATACTTICTTAGTTTTA
GACGATATTATGGATAATTCTGTAACTAGACGTGGTCAACCATGTTG
GTTTOGTAAACCAAAAGTAGGTATGATTGCTATTAATGATGGAATAC
TTCTTCGTAACCACATTCATCGTATTCTTAAAAAACACTTITCGTGAA
ATGCCTTATTATGTAGACCTTGTAGACTTATITAACGAAGTAGAATT
TCAAACAGCTTGTGGTCAAATGATTGACTTAATTACAACATTTGATG
GTGAAAAAGACCTTTCAAAATATTCACTTCAGATTCACCGTCGTATT
GTTGAGTACAAAACAGCATACTACTCTTICTATTTACCTGTAGCATG
TGCTTTACTTATGGCAGGTGAAAATTTAGAAAATCACACAGATGTTA
AAACTGTATTAGTTGATATGGGTATCTATTTCCAAGTTCAAGATGAT
TATTTAGATTGCTICGCTGATCCAGAAACATTAGGTAAAATTGGTAC
AGATATTGAAGACTTTAAATCGTAGTTGGTTAGTAGTAAAAGCATTAG
AACCTTGTAGTGAAGAACAAACAAAAATTCTTTACGAAAATTATGG
AAAAGCTGAACCTTCAAATGTAGCTAAAGTTAAAGCATTATACAAA
GAATTAGATTTAGAGGGTGCATTTATGGAATATGAAAAAGAATCAT
ACGAGAAACTTACAAAACTTATTGAAGCACATCAATCAAAAGCTAT
TCAAGCAGTTCTTAAATCTTTCTTAGUTAAAATTTATAAACGTCAAA
AAGGTACCGGTGAAAACTTATACTTTCAAGGCTCTGGAGGTGGTGGT
TCAGACTATAAAGATGATGATGATAAAGUGAACCGGTTAA

FPP (A.

thalania)

94

ATGGTACCAAGTGGCGAACCTACTCCAAAAAAAATGAAAGCAACAT
ACGTTCACGACCGTGAAAACTTTACAAAAGTATACGAAACTCTTCGT
GACGAATTACTTAACGATGATTGTCTTAGTCCAGCTGGTTCACCTCA

GOCTCAAGCTGCTCAAGAGTGGTTTAAAGAAGTTAATGATTATAATG
TTCCTGGTGGAAAACTTAACCGTGGTATGGCTGTATATGACGTTTTA

GCTTCAGTTAAAGGTCCAGATGGTTTAAGTGAAGACGAAGTATTTAA
AGCTAACGCTCTTGGTTGGTGTATTGAGTGGTTACAAGCATTTTTCTT
AGTTGCTGATGATATAATGGATGGTTCAATTACACGTCGTGGCCAAC
CTTGTTGOTACAAACAACCTAAAGTTGGTATGATTGCTTGTAATGAT

TACATCTTATTAGAATGCTGTATTTACTCAATTCTTAAAAGACATTTT

FPP (C.

reinhardtii)
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AGAGGTCACGCTGCATACGCTCAACTTATGGACCTTTTICCATGAAAC
TACATTCCAGACTTCACACGGTCAATTATTAGATTTAACAACAGCAC
CTATCGGTTCTGTAGACTTATCAAAATATACAGAAGATAATTACCTT
COTATTGTAACATATAAAACTGCATACTATTCTTTTTATTTACCTGTA
GCATGTGGTATGGTATTAGCTGGCATTACAGATCCAGCTGCTTTTGA
TCTTGCAAAAAATATTTGTGTTGAAATGGGTCAATATTTCCAGATTC
AAGACGATTATTITAGATIGCTATGGTGACCCTGAGGTTATIGGTAAA
ATCGGTACAGACATAGAAGACAACAAATGTAGTTGGTTAGTTTGCA
CAGCTCTTAAAATCGUAACAGAAGAACAAAAAGAGGTTATAAAAGC
TAATTATGGTCACAAAGAGGCTGAATCAGTAGCAGCAATTAAAGCA
TTATACGTTGAATTAGGTATTGAACAACGTTTTAAAGACTATGAAGC
TGCATCATACGCAAAATTAGAAGGTACAATTAGTGAACAAACTTTAT
TACCTAAAGCAGTATTTACTTCTTTATTAGCTAAAATCTATAAAAGA
AAAAAAGGTACCGGTUAGAACTTATACTTTCAAGGTAGTGGAGGTG
GTGGTTCAGACTATAAAGATGATGATGATAAAGCGAACCGGTTAA

95 ATGGTACCACAAACTGAACATGTTATCTTATTAAACGCTCAAGGTGT | IPP
TCCTACAGGTACATTAGAAAAATATGCTGCACACACTGCTGATACTC | isomerase
GTTTACACTTAGCTTTCTCATCTTGGTTATTCAATGCTAAAGGTCAAC | (E. coli)
TTTTAGTTACAAGACGTGCATTAAGTAAAAAAGCATGGCCTGGETGTT
TGGACTAACTCAGTTITGTGGTCATCCACAATTAGGTGAAAGTAATGA
AUGATGCAGTTATACGTCGTTGCAGATATGAATTAGGTGTTGAAATAA
CTCCACCAGAATCAATTTATCCAGATTTCCGTTATCGTGCAACTGAT
CCTAGTGUGTATCGTTGAAAACGAAGTATGTICCTGTTTTTGCTGCACG
TACAACAAGTGCATTACAAATTAATGATGATGAAGTAATGGATTATC
AATGOTGTGACTTAGCTGATGTITTTACATGGTATTGATGCAACACCA
TOGGCATTTTCACCATGGATGGTAATGCAAGCAACAAATCGTGAAG
CACGTAAAAGATTAAGTGCTTTTACACAGTTAAAAGGTACCGGTGA
AAACTTATACTTTCAAGGTAGTGGAGGTCGTGGTTICTGACTATAAAG
ATGACGATGATAAAGGAACCGGTTAA

96 ATGGTACCACTTCGTAGTTTATTAAGAGOGTTTAACACACATTCCTICG | IPP
TGTTAATAGTGCTCAGCAACCTTCTTGCGCTCACGCTCGTCTTCAATT | isomerase
TAAACTTCGTTCTATGCAATTATTAGCAGAAAACCGTACAGATCACA | (H. pluvalis)
TGCGTGGTGCTTCTACATGGGCAGGTGGTCAGTCTCAAGATGAATTA
ATGUTTAAAGATGAATGTATCTTAGTAGATGCTCATGATAACATTAC
TGGTCACGCTTCTAAATTAGAATGTCACAAATTTCTTOCACATCAAC
CAGCTGGATTATTACACCGTGCTTTTTCTGTATTTCTTITICGACGATC
AAGGTCOTTTACTTTITACAACAACGTGCTCGTAGTAAAATTACATTT
CCATCTGTATGGGCTAATACATGTTGTAGTCATCCATTACATGGTCA
AACACCAGATGAAGTAGATCAACAATCACAAGTAGCAGACGGAACT
GTACCAGGTGCAAAAGCTGCTGCAATCAGAAAATTAGAACATGAAT
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TAGGTATTCCAGCTCACCAATTACCAGCATCAGCTTTICGTTTICTTAA
CACGTCTTCACTATTGTGCAGCTGACGTTCAACCTGCAGCAACACAA
TCTGCATTATGGGGTGAACACGAAATGGATTACATTITATTCATTAG
AGCTAATGTTACACTTGCTCCTAATCCTGACGAAGTAGATGAGGTAC
GTTATGTAACTCAAGAAGAATTAAGACAAATGATGCAACCAGATAA
TGGTTTACAATGGTCACCATGGTTCCGTATTATTGCAGCAAGATTTTT
AGAACGTTGGTGGGCTGATTTAGATGCTGCATTAAATACAGATAAA
CATGAAGACTGGGGAACAGTTCATCACATTAACGAAGCTGGTACCG
GTCGAAAACTTATACTTTCAAGGATCAGGAGGCGGTGGAAGTGATTA
TAAAGATGATGATGATAAAGGAACCGGTTAA

57

ATGGTACCAAGAAGATCAGGCAATTATAACCCAACAGCATGGGACT
TCAATTATATCCAATCATTAGACAATCAATACAAAAAAGAACGTTAC
TCTACTCGTCACGCTGAATTAACAGTTCAAGTTAAAAAATTATTAGA
AGAAGAAATGGAAGCTGTTCAAAAACTTGAACTTATAGAGGATCTT
AAMAACTTAGGCATTTICITACCCATTTAAAGATAATATTCAACAAAT
CTTAAATCAAATTITACAATGAACACAAATOGTTGTCACAACTCAGAAG
TTGAAGAAAAAGACCTTTATTTCACTGCTTTACGTTTTAGATTATTAC
GTCAACAAGGTTTTGAAGTAAGTCAAGAAGTATTTGATCACTTTAAA
AACCGAAAAAGGTACAGATTTTAAACCTAATTTAGCAGATGATACTA
AAGGATTATTACAATTATATGAAGCATCATTCTTATTACGTGAAGCA
GAAGACACATTAGAACTTGCTCGTCAATTCTCTACTAAACTTTTACA
AAAAAAAGTTGATOAAAACGOTGACGATAAAATTGAAGATAACTTA
TTACTTTGGATTAGACGTAGTITAGAATTACCATTACATTGGCGTGT
ACAAAGATTAGAAGCTCGTGGCTTTTTAGATGCTTACGTTCGTAGALC
CTGATATGAATCCTATTGTATTTIGAATTAGCAAAATTAGACTTTAAC
ATTACTCAAGCAACACAACAAGAAGAACTTAAAGATTTATCAAGAT
GGTGOAATAGTACTGGCTTAGCTGAAAAACTTCCTTTTGCTCGTGAT
COTGTAGTTGAATCATATTTCTGOGCTATGGGTACTTTTGAACCACA
TCAATACGGATACCAACGTGAATTAGTTGCTAAAATCATTGCACTTG
CTACAGTTGTAGACGATGTTTACGATGTATATGGTACTTTAGAGGAA
TTAGAACTTTTTACTGATGCTATTCGTCOGTTGGGACCGTGAATCTATT
GACCAATTACCATATTACATGCAATTATGTTTTCTTACTGTAAACAA
CTTTGTTTTTGAGTTAGCTCACGACGTATTAAAAGATAAATCATTCA
ATTGTTTACCTCATTTACAAAGATCATGGTTAGATTTAGCTGAAGCA
TACCTTGTAGAAGCAAAATGGTATCATAGTCGTTATACACCTYICTTT
AGAAGAATATCTTAATATTIGCTCUGTGTTTCAGTAACATGTCCAACTA
TTGTTTCTCAAATGTATTTTGCATTACCAATTCCAATCGAAAAACCTG
TAATTGAGATCATGTACAAATATCACGATATCTTATACTTATCAGGT
ATGTTATTACGTTTACCAGATGACTTAGGAACAGCATCATTCGAACT
TAAACGTGGTGATGTACAAAAAGCAGTTCAATGTTATATGAAAGAA

Linonene
(L.

angusiifolia)
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COTAATGTTCCTGAAAATGAAGCTCGTGAACATGTTAAATTCTTAAT
TCGTGAGGCTTCTAAACAAATTAATACAGCAATGGCAACAGACTGT
CCATTTACAGAAGATTTTGCAGTTGCAGCAGCAAACTTAGGTCGTGT
AGCAAATTTTGTATATGTTGATGGTGATGGTTITTGGAGTACAACACA
GTAAAATCTATGAGCAAATTGGTACACTTATGTTTGAACCATATCCA
GGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGTGGAGGTTC
TGATTACAAAGACGATGATGATAAAGGAACCGGTTAA

98

ATGGTACCAAGAAGAAGTGGAAACTATAAACCTACAATGTGGGATT
TTCAATTTATTCAAAGTGTAAATAATCTTTACGCTGGTGATAAATAC

ATGGAACGTTTCGATGAAGTAAAAAAAGAAATGAAAAAAAACTTAA
TGATGATGGTTGAGGGTTTAATAGAGGAATTAGATGTTAAATTAGA

ATTAATAGATAATTTAGAAAGATTAGGTGTTAGTTATCATTTCAAAA
ATGAAATAATGCAAATCCTTAAATCTGTACACCAGCAAATCACTTGT
COTGATAATTCATTATACTCTACTGCATTAAAATTTCGTTTATTACGT
CAACACGGATTCCACATTAGTCAAGACATCTTTAACGATTTTAAAGA

| TATGAATGGCAATGTTAAACAAAGTATCTGTAACGATACTAAAGGTT

TATTAGAACTTTATGAAGCATCTTTCTTATCTACTGAATGTGAAACA
ACACTTAAAAACTTCACTGAAGCACACTTAAAAAATTATGTTTATAT
TAACCACTCATGTGGAGATCAATACAATAACATAATGATGGAATTA
GTTGTTCACGCTTTAGAATTACCACGTCACTGGATGATGCCTCGTTT
AGAGACACGTTGGTATATATCAATTTATGAACGTATGCCTAATGCTA
ATCCACTTTTACTTGAACTTGCTAAATTAGACTTCAATATTGTTCAAG
CTACACACCAACAAGACTTAAAATCATTATCACGTTGGTGGAAAAA
CATGTGTTTAGCTGAAAAATTATCATTTTCTCGTAACCGTTTAGTAG
AAAATCTTTTCTGGGCAGTTGGAACTAATTTTGAACCACAACACAGT
TATTTCCGTCGTTTAATCACTAAAATCATTGTTTTTGTTIGGTATTATT
GATGATATTTATGATGTTTACGGCAAACTTGATGAGTTAGAATTATT
CACTTTAGCTGTACAACGTTGGGATACAAAAGCAATGGAAGACTTA
CCATATTACATGCAAGTTIGTTATTTAGCTTTAATTAATACAACAAA
TGATGTTIGCTTATGAAGTTCTTCGTAAACATAACATTAATGTATTAC
CATACTTAACTAAATCTTGGACAGACTTATGTAAATCATATITACAA
GAAGCTCOTTGGTACTACAATGGTTACAAACCTTCATTAGAGGAATA
TATGGATAATGGTTGGATTAGTATAGCAGTTCCTATGGTATTAGCAC
ATGCACTTTTCTTAGTTACAGATCCAATTACAAAAGAAGCATTAGAA
TCATTAACAAACTATCCTGATATTATTCGTITGCTCAGCTACAATATTC
CGTTTAAATGATGATCTTGGTACAAGTTCAGATGAATTAAAACGTGG
AGATGTACCAAAATCAATTCAATGCTATATGAACGAAAAAGGCGTT
TCAGAGGAAGAAGUTCGTGAACATATTCGTTTCTTAATCAAAGAAA
CATGGAAATTCATGAACACTGCACACCATAAAGAGAAAAGTTTATT
TTGTGAGACATTITGTAGAAATTGCAAAAAATATTGCAACAACAGCTC

Mono-
terpene (S.
ivco-

persicun)
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ATTGTATGTACTTAAAAGGTGATTCTCACGGTATTCAAAACACTGAT
GTTAAAAACTCAATAAGTAATATACTTTTCCATCCAATTATTATCGG
TACCGGTGAAAACCTTTACTTTCAAGGTTCAGGTGGTGGOGGTTCAG
ACTATAAAGATGACGATGATAAAGGAACCGGTTAA

9%

ATGGTACCAAGACGTAGTGGAAATTATGAGCCATCTGCATGGGACT
TCAATTACTTACAATCTCTTAATAATTATCACCATAAAGAAGAACGT
TACTTACGTCGTCAAGCTGATTTAATTGAAAAAGTAAAAATGATTCT
TAAAGAAGAGAAAATGGAAGCATTACAGCAATTAGAACTTATAGAC
GATCTTCGTAATTTAGGTCTTTCATATTGTTTTGATGATCAAATTAAT
CATATTCTTACAACAATTTACAACCAACATTCTTGTTTCCATTATCAC
GAAGCTGCAACAAGTGAAGAAGCTAACTTATATTTCACAGCTTTAG
GTTTCCOGTTITACTTCGTGAACACGGATTCAAAGTATCACAAGAAGTA
TTTGACCGTTTCAAAAATGAAAAAGGTACAGATTTTCGTCCAGATTT
AGTAGATGATACTCAAGGTTTATTACAACTTTATGAAGCATCTTTCC
TECTICGTGAAGOTGAAGACACTTTAGAATTTGCACGTCAATTTGCT
ACTAAATTTCTTCAAAAAAAAGTTGAGGAGAAAATGATAGAAGAGG
AAAATCTTTTATCTTGGACTTTACATTCACTTGAATTACCATTACATT
GGCGTATACAACGTTTAGAAGCTAAATGGTTTTTAGATGCTTATGCT
AGTCGTCCTGATATGAATCCAATAATCTTTGAATTAGCAAAATTAGA
ATTTAACATTGCTCAGGCACTTCAACAAGAAGAACTTAAAGATTTAT
CAAGATGGTGGAACGATACTGGTATTGCTGAAAAATTACCTTTCGCT
COTGATAGAATCGTTGAATCTCATTATTGGGCAATTGGTACTTTAGA
ACCTTATCAATACCGTTATCAGCGTTCATTAATTGCAAAAATCATTG
CTTTAACTACAGTTGTTGATGATGTATATGATGTTTACGGTACATTA
GACGAATTACAGTTATTTACTGATGCAATTCGTCGTTGGGACATTGA
AAGTATAAATCAATTACCTICTTATATGCAATTATGTTATTTAGCTAT
TTATAATTTCGTATCAGAATTAGCTTATGATATTTTCAGAGATAAAG
GTTTTAATTCTTTACCATATTTACACAAAAGTTGGCTTGACTTAGTTG
AGGCTTACTTTCAAGAAGCAAAATGGTATCATTCTGGCTACACACCA
TCATTAGAACAATACTTAAATATCGCTCAAATTTCTGTAGCAAGTCC
AGCTATATTAAGTCAAATTTACTTTACTATGGCTGGTTCAATTGATA
AACCAGTAATCGAATCAATGTACAAATATAGACACATTTTAAACTTA
TCTGGTATATTACTTAGATTACCAGATGACTTAGGTACTGCTAGTGA
TGAATTAGGTCGTGGTGATTTAGCAAAAGCAATGCAATGTTACATGA
AAGAGOGTAACGTTTCTGAAGAAGAAGCTCGTGATCATGTACGTTTC
TTAAATCGTGAGGTTTCAAAACAAATGAATCCTGCTCGTGCTGCTGA
TGATTGTCCATTCACTGATGATTTTGTAGTAGCTGCTGCTAATTTAGG
AACGAGTTGCAGATTTCATGTATGTTGAAGGCGATGGTTTAGGTTTAC
AATACCCAGCTATCCACCAACACATGGCAGAACTTTTATTTCACCCT
TACGCAGGTACCGGTGAAAACTTATACTTTCAAGGTTCAGGTGGETGG

Terpinolene
{0.

basilicum)
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AGGTTCTGACTATAAAGATGATCGATGATAAAGGAACCGGTTAA

100

ATGGTACCAAGAAGATCAGGAAATTATCAACCTAGTGCATGGGATT
TTAACTATATCCAATCTCTTAATAACAACCATTCTAAAGAAGAACGT
CACTTAGAGCGTAAAGCAAAACTTATTGAAGAAGTAAAAATGTTAT
TAGAGCAAGAAATGGCTGCTGTACAACAATTAGAGCTTATTGAAGA
CCTTAAAAACTTAGOTTITATCTTACTTATTICCAAGATGAAATCAAAA
TAATCCTTAATTCTATTTACAATCATCATAAATGTTTTCATAATAATC
ACGAACAATGTATTCACGTTAATAGTGACTTATACTTTGTTGCATTA
GGCTTCCGTTTATTTOGTCAACATGGTTTCAAAGTTICTCAAGAGGTT
TITGACTGTTTTAAAAACGAAGAAGGATCAGACTTTAGTGCTAACTT
AGCAGATGATACTAAAGGTTTACTTCAATTATACGAGGCTTCATATT
TAGTTACAGAAGATGAAGACACATTAGAAATGGCACGTCAATTTTC
AACTAAAATCTTACAAAAAAAAGTAGAAGAGAAAATGATTGAGAA
AGAGAACTTATTAAGTTGGACTTTACATAGTTTAGAATTACCACTTC
ACTGGOGTATTCAACGTTTAGAAGCAAAATGGTTCCTTGATGCTTAT
GCTAGTCGTCCAGATATGAATCCAATTATTTTTGAATTAGCTAAATT
AGAGTTTAACATTGCTCAAGCATTACAACAAGAAGAATTAAAAGAT
TTAAGTAGATGGTGGAATGATACAGGCATTGCTGAAAAATTACCTTT
TGCTCGTGATAGAATAGTAGAGAGTCATTACTGGGCAATTGGTACTT
TAGAACCTTATCAATATAGATATCAACGTTCATTAATTGCTAAAATT
ATTGCTTITAACAACAGTTGTTGATGACGTTTACGACGTATATGGAAC
TTTAGATGAATTACAGITATTTACAGACGCTATTCGTCGTTGGGATA
TIGAATCTATTAATCAATTACCAAGTTATATGCAATTATGCTATTTAG
CTATTTATAACTTTGTTTICTGAATTAGCATACGATATTTTTCGTGACA
AAGGATTCAATTCTTTACCTTACCTTCATAAATCATGGTTAGATTTAG
TAGAAGCATACTTTIGTTGAAGCTAAATGGTTTCATGATGGTTATACT
CCAACTCTTGAAGAATATTTAAATAACTCAAAAATTACTATTATATG
TCCTGCTATTGTTAGTGAAATCTACTTCGCATTCGCTAATTCAATTGA
TAAAACAGAAGTTGAATCAATCTACAAATATCACGATATTTTATATT
TATCAGGAATGCTTGCACGTTTACCAGACGACTTAGGTACTTCATCA
TTTGAAATGAAAAGAGGTGATGTTGCTAAAGCTATTCAATGTTACAT
GAAAGAACATAATGCTTCAGAGGAAGAAGCTCGTCGAACACATTCGT
TTCTTAATGCGTGAAGCATGOAAACACATGAATACTGCTGCAGCTGC
TGATGACTGTCCATTTGAATCTGATTTAGTAGTAGGTGCTGCATCAT
TAGGTAGAGTTGCAAACTTTGTATATGITGAAGGTGACGGTTTTGGT
GTACAACATTCAAAAATACATCAACAAATOGCTGAATTACTTTTTTA
TCCATATCAAGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGAG
GTGGTGGTAGTGACTATAAAGACCGATGACCGATAAAGGAACCGGTTA
A

Myrcene (O,

basthicun)

101

ATGCTACCAAGAAGAAGTGCTAATTATCAAGCAAGTATTTGGGATG

Zingiberene
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ATAATTTCATTCAAAGTCTTGCATCTCCTTATGCAGGAGAAAAATAT
GCAGAAAAAGCAGAAAAACTTAAAACAGAAGTTAAAACTATGATTG
ATCAAACAAGAGATCGAACTTAAACAATTAGAACTTATTGATAACTY
ACAACGTTTAGGTATATGTCATCACTTTCAAGACCTTACAAAAAAAA
TTTTACAAAAAATTTATGGAGAAGAACGTAACGGAGATCACCAACA
TTACAAAGAAAAAGGCTTACATTITTACAGCATTACGTTTCCGTATTT
TACGTCAGGACGGTTATCATGTTCCACAAGATGTATTTTCATCATTT
ATGAATAAAGCTGGTGACTTTCGAAGAATCTTTAAGTAAAGACACAA
AAGGTTTAGTTAGTITATATGAGGCTTCTTACT TATCAATGGAAGGT
GAAACTATTTTAGATATGGCAAAAGACTTTTCATCICACCATTTACA
TAAAATGGTTGAAGATGCTACTGACAAACGTGTAGCTAATCAAATT
ATCCATTCTCTTGAAATGCCACTTCACAGACGTGTTCAAAAACTTGA
AGCAATTTIGGTTTATTCAATTCTACGAATGCGGCTCTGATGCTAATC
CAACTTTAGTAGAATTAGCAAAATTAGATTTCAACATGGTTCAGGCA
ACATACCAAGAAGAATTAAAACGTTTATCACGTTGGTATGAAGAAA
CAGGCTTACAAGAGAAACTTTCATTICGCTCGTCACCGTCTTGCTGAA
GCATTCTTATGGTCTATGGGTATTATTCCAGAAGGACACTTTGGTTA
TGGTCGTATGCACTTAATGAAAATTGGTGCTTACATTACATTACTTG
ATGATATTTATGATGTTTATGGTACTTTAGAAGAACTTCAAGTATTA
ACAGAAATTATTGAACGTTGGGATATTAACTTATTAGATCAATTACC
TGAATACATGCAAATCTTCTTITTTATACATGTTTAATTCTACAAATGA
ACTTGCTTATGAAATTTTACGTGATCAAGOGTATCAATGTAATATCAA
ACTTAAAAGGATTATGGGTAGAGTTATCTCAGTGTTACTITAAAGAA
CCATAACGGTTACACACCAACAACTGAAGAATATCT
TAATGTTGCTTGTATTTCTGCTAGTGGTCCTGTTATTTTATTTTCAGG
TTACTTTACTACTACTAATCCTATTAATAAACACGAATTACAATCTTT
AGAACGTCACGCACATTCATTATCTATGATATTACGTTTAGCTGATG
ATTTAGGTACATCAAGTGATGAAATGAAACGTGGAGATGTACCAAA
AGCTATTCAATOTTTTATGAATGACACTGGTTGTTUTUGAAGAAGAAG
CACGTCAACACGTAAAAAGATTAATAGATGUTGAATGGAAAAAAAT
GAACAAAGACATCTTAATGCGAGAAACCATTTAAAAATTTTTGTCCAA
CTGCTATGAATTTAGGTCGTATTTCTATCGAGTTTTTATGAACACGGA
GATGGTTATGGAGGTCCTCACTCTGATACAAAAAAAAAAATGGOTAT
CTTTATTTGTACAACCAATGAATATTACTATTGGTACCGGTGAAAAL
CTTTATTTTCAAGGTICTGGTGGTGGCGGTITCAGATTATAAAGATGA
TGACGACAAAGGAACCGGTTAA

(0.

basilicum)

ATGGTACCAAGACGTTCAGCTAACTATCAACCTAGTATTTGGAACCA
CGATTACATTGAATCACTTCGTATCGAATATGTTGGTGAAACATGTA
CACGTCAAATTAACGTITTAAAAGAACAAGTICGTATGATGTTACAC

| AAAGTTGTTAATCCATTAGAACAATTAGAATTAATTGAAATTTTACA

Myrecene (Q.

ilex)
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ACGTTTAGGTTTAAGTTACCATTTCGAAGAAGAAATAAAACGTATTT
TAGATGGTATTTACAATAACGATCATGOTGGTGATACATGGAAAGC
AGAAAACCTTTATGCAACAGCTCTTAAATTCCGTCTTTTACGYCAGC
ACGGTTATTCTGTTTCTCAAGAAGTTTTCAACTCTTTTAAAGATGAGC
GTGGCAGTTTCAAAGCATGTTTATGTGAAGATACTAAAGGTATGTTA
TCACTTTATGAAGCATCTTTCTTTCTTATTGAAGGTGAAAACATTTTA
GAGGAAGCTAGAGACTTTAGTACAAAACATCTTGAAGAATATGTAA
AACAAAATAAAGAGAAAAACTTAGCTACTTTAGTTAATCACTCATTA
GAATTTCCATTACATTIGGCGTATGCCTCGTTTAGAAGCTCGTTGGETTC
ATCAATATCTATCGTCATAATCAAGATGTAAATCCAATCCTTTTAGA.
ATTTGCTGAACTTGACTTCAATATTOTACAAGCTGCTCACCAAGCAG
ATTTAAAACAAGTATCAACATGGTOGGAAATCAACTGGTTTAGTAGA
AAATCTITCATTCGCTCGTGATCGTCCTGTAGAAAACTTCTTTTGGAC
AGTTGGTCTTATTTTCCAACCACAATTCGOTTATIGTCGTAGAATGTT
TACTAAAGTATTCGCATTAATTACTACAATTGATGACGTATATGATG
TATATGGTACTTTAGATGAATTAGAACTTTTCACAGACGTTGTTGAA
AGATGGGATATTAATGCAATGGATCAATTACCTGATTATATGAAAAT
TTGCTTTTTAACATTACACAATAGTGTTAACGAAATGGCATTAGACA
CTATGAAAGAACAACGTTTTCACATCATTAAATACCTTAAAAAAGCA
TGGGTTGATCTTTGTCGTTATTAC’I“TAGT’?GAAGC?AAATG( ITATAGT
AATAAATATAGACCTTCTTTACAAGAATACATTGAAAATGCATGGAT
TTCAATTGGTGCTCCAACTATTTTAGTTCATGCATATTTCTTCGTTAC
AAATCCAATTACAAAAGAAGCATTAGACTGTTTAGAAGAATATCCA
AACATTATTCGTTGGAGTAGTATTATTGCACGTTTAGCTGATGATET
AGGTACTTCAACAGACGAATTAAAACGTGGTGACGTACCAAAAGCA
ATTCAATGTTATATGAATGAAACAGGTGCTTCAGAAGAAGGTGCTC
GITGAGTACATTAAATACTTAATTICTGCTACTIGGAAAAAAATCAAC
AAAGATAGAGCAGCATCAAGTCCATTTTCACATATCTTCATTGAAAT
TGCTCTTAATTTAGCACGTATGUCACAATGTTTATATCAACACGGTG
ACGGCCACGGTTTAGGTAACCGTGAAACAAAAGATCGTATACTITC
ATTACTTATTCAACCAATTCCATTAAACAAAGATGGTACCGGTGAGA
ACTTATACTTTCAAGGCTCAGGTGGTGGTIGGTTCTGATTACAAAGATT
GATGATOGATAAAGGAACCGGTTAA

ATGGTACCAAGAAGAATTGGAGACTATCACTCAAACTTATGGAATG
ATGACTTCATTCAATCATTAACAACACCATACGGTGCTCCATCATAT
ATTGAACGTGCTGATAGATTAATATCTGAAGTAAAAGAAATGTTITAA
TAGAATGTGTATGGAAGATGGTGAGTTAATGTCTCCATTAAATGATC
TTATTCAAAGATTATGGACTGTTGATAGTGTTGAACGTTTAGGTATA
GATCGTCACTTCAAAAATGAAATAAAAGCTAGTTTAGATTATGTATA
CTCATACTGGAACGAAAAAGGTATCGGTTGTGGTCGTCAATCAGTA

Myrcene (P.

abies}
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GTTACAGATTTAAACTCTACTGCTCTTGGATTAAGAATTTTACGTCA
ACATGGTTACACAGTTTCAAGTGAAGTTTTAAAAGTTITTTGAAGAAG
AAAACGGTCAATTTGCTTGTTCACCITCACAGACTGAGGGCGAAATT
CGTTCATTCTTAAACTTATATCGTGCTTCATTAATTGCTTTTCCTGGT
GAAAAAGTAATGGAAGAAGCTCAAATCTTTTCTAGTCGTTACTTAAA
AGAAGCAGTTCAGAAAATTCCAGTTTCAGGTTTATCTCGTGAAATAG
GCGATGTTTTAGAATATGGTTGGCACACAAACTTACCTCGTTGGGAA.
GCTCGTAACTATATGGACGTATTCGGTCAAGACACAAATACATCATT
CAACAAAAACAAAATGCAATATATGAATACAGAGAAAATTCTTCAA
TTAGTAAAATTAGAGTTTAATATCTTTCATTCATTACAACAACGTGA
ATTACAATGTTTATTACGTTIGGTGGAAAGAAAGTGGTCTTCCACAAT
TAACATTTGCACGTCACCGTCACGTIGAATTTTACACTTTAGCTTICTT
GTATIGCATGTGAACCAAAACACAGTGCATTTCGTTTAGGTTITTGCA
AAAATCGTGTCACTTAGTAACAGTTTITAGATGATGTATATGACACATT
TGGCAAAATGGATGAATTAGAACTTTTTACTGCAGCTGTTAAACGTT
GOOACTTATCAGAAACTGAGCGTTTACCTGAGTATATGAAAGGTITA
TATGTTGTAGTTTTCGAGACTGTTAATGAATTAGCACAAGAAGCAGA
GAAAACTCAAGGACGTAATACATTAAATTACGTTCGTAAAGCATGG
GAAGCATACTTCGATAGTTATATGAAAGAAGCAGAATGGATCTCAA
CAGGCTATTTACCAACATTCGAAGAGTATTGTGAAAACGGTAAAGT
ATCAAGTGCATATAGAGTTGCTGCACTTCAACCTATTTTAACATTAG
ATGTACAACTTCCAGATGACATCTTAAAAGGTATTGATTTTCCATCT
CGTTTCAATGATTTAGCATCTTCATTTCTTCGTTTACGTGGAGATACT
AGATGTTACCGAGUCTGATCOTGCTCOTGGTGAAGAAGCAAGTTGTA
TTTCTTGTTACATGAAAGACAATCCAGGTTCAACTGAAGAAGATGCA
TTAAATCACATTAATGCTATGATAAATGATATTATTCGTGAATTAAA,
CTGGGAATTTCTTAAACCAGACTCAAATATCCCAATGCCAGCTCGTA
AACATGCTTTCOGATATTACAAGAGCTTITACATCACTTATATATTTATC
GTGACGGTTTITTICTGTTGCTAACAAAGAGACTAAAAATCTTGTTGAG
AAAACTTTATTAGAATCAATGTTATTCGGTACCGGTGAGAACCTTTA
TTTTCAAGGTTCAGGTGGTGGTGGTTCAGATTATAAAGACGATGATG
ATAAAGGAACCGGTTAA

104 ATGGTACCAAGAAGATCAGCTAATTATCAACCTAGTCGTTGGGATCA | Myrcene,

TCATCACCTTTTAAGTGTAGAAAACAAATTCGCTAAAGATAAACGTG | ocimene (A.
TAAGAGAACGTGACTTACTTAAAGAAAAAGTTCGTAAAATGTTAAA | thalania)

TGACGAACAGAAAACTTACTTAGATCAATTAGAATTTATTGACGATC
TICAAAAATTAGGTGTTAGTTATCACTTCGAAGCAGAAATAGATAAT
ATACTTACAAGTTCATACAAAAAAGATCGTACAAATATACAAGAAA
GTGATTTACACGCAACTGCATTAGAGTTTCGTCTTTTTCGTCAACAC
GOTTTTAACGTTTCAGAAGATGTATTTGATGTATTTATGGAAAATTG
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TGGTAAATTCGACCGTGATGACATTTATGGTTTAATTITCATTATATG
AAGCTAGTTATCTTTCTACTAAACTTGACAAAAATCTTCAAATCTTT
ATCCGTCCATTTGCTACTCAACAATTACGTGATTTTGTAGATACTCAC
AGTAATGAAGATTTCGGTTCATGTGATATGGTAGAAATAGTTGTTCA
AGCATTAGACATGCCATACTATTGGCAAATGCGTCGTTTATCTACAC
GITGGTATATTGATGTTTATGGTAAAAGACAAAATTACAAAAACTTA
GTAGTTGTTGAATTTGCAAAAATTGATTTCAATATTGTTCAAGCTATT
CACCAGGAAGAACTTAAAAATGTATCATCTTGGTGGATGGAAACTG
GITTAGGTAAACAACTTTATTTTIGCTCGTGATCGTATTGTAGAGAAL
TATTTTTGGACAATTGGTCAAATTCAAGAACCTCAATATGGATATGT
TAGACAAACAATGACTAAAATCAATGCTITATTAACAACAATTGATG
ATATTTATGATATATACGGTACATTAGAAGAATTACAGTTATTCACA
GTTGCATTTGAGAATTGGGACATAAATCCGTTTAGACGAATTACCAGA
ATATATGCGTTTATGTTTCTTAGTTATCTATAACGAAGTAAATAGTAT
AGCATGTGAAATTCTTAGAACAAAAAATATTAACGTTATTCCTTICT
TAAAAAAATCTTGGACTGATGTAAGTAAAGCATACTTAGTTGAAGCT
AAATGGTATAAATCAGGCCATAAACCAAATTTAGAAGAGTATATGC
AAAATGCACGTATTTCTATTTCTTCACCAACAATCTTIGTTCACTTTT
ATTGTGTATTTTCAGACCAATTATCTATTICAAGTTTTAGAAACTTTAT
CACAACACCAACAAAATGTTGTAAGATGTAGTTCTTCTGTTTTCCGT
TTAGCTAATGACTTAGTAACTTCTCCAGATGAATTAGCTAGAGGTGA
TGTTTGTAAATCAATTCAATGTTATATGTCAGAAACTGGTGCAAGTG
AAGATAAAGCTAGATCACACGTTCGTCAAATGATTAATGATTTATGG
CGACGAAATGAATTACGAGAAAATGGCACATTCAAGTAGTATCTTAC
ATCATGATTTITATGGAGACAGTAATCAATTTAGCTAGAATGTCTCAA
TGTATGTACCAATATGGTCGACGGACACGGTTCTCCAGAAAAAGOTA
AAATTGTAGATCGTGTAATCGAGTTTACTTTTCAACCCTATTCCTTTAG
ATGGTACCGGTGAGAATTTATATTTTCAAGGCTCTGGAGGTGGTGET
TCAGATTATAAAGATGATGACGACAAAGGAACCGGTTAA

105 ATGGTACCAAGAAGAAGTGCAAACTATCAACCTTCATTATGGCAAC | Myrcene,

ATGAATACTTATTATCATTAGGCAACACTTATGTTAAAGAAGATAAT | ocimene (A.
GTTGAAAGAGTAACTCTTTTAAAACAAGAAGTTTCTAAAATGTTAAA | thalania)

CGAAACAGAAGGTTTACTTGAACAACTTGAATTAATTGACACTTTAC
AAAGATTAGGTGTTTCTTATCATTTTGAACAGGAGATTAAAAAAACA
TTAACTAATGTTCATGTTAAAAACGTACGTGCTCATAAAAATCGTAT
TGATCGTAACCGTTGGGGCGATTTATATGCAACTGCATTAGAATTTC
GTTTATTACGTCAACATGGTTTTTCTATTGCTCAAGACGTTTTTGATG
GTAATATTGGTGTTGACTTAGACGACAAAGACATTAAAGGTATTTTA
AGTTTATACGAAGCTAGTTACTTATCAACACGTATTGATACAAAACT
TAAAGAATCAATCTATTACACAACAAAACGTTTAAGAAAATTCGTA
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GAGUGTAAACAAAAACGAAACTAAAAGTTACACTCTTCGTCGTATGG
TTATTCACGCACTTGAGATGCCTTATCACCGTCGTGTTGGTCGICTTG
AAGCTCGTTGGTATATCGAGGTATATGGAGAAAGACACGACATGAA
TCCTATTTTATTAGAATTAGCTAAATTAGATTTTAACTTTGTTCAGGC
TATCCACCAAGACGAATTAAAATCATTATCTAGTTGGTGGTCTAAAA
CAGGATTAACAAAACATITAGACTTTGTTCGTGATCGTATTACAGAG
GGTTACTTCAGTAGTGTAGGTGTTATGTATGAACCAGAATTTGCATA
TCATCGTCAAATGCTTA.CAAAAGTATTTATGCTTATTACAACTATTG
ATGACATCTATGACATTTACGGTACACTTGAAGAATTACAATTATTC
ACAACTATCGTTGAAAAATGGGATGTTAATCGTTTAGAAGAACTTCC
TAACTATATGAAATTATGCTTCTTATGTTTAGTTAACGAAATAAATC
AAATTGGATATTTTGTATTAAGAGATAAAGGTTTTAATGTAATTCCT
TATCTTAAAGAGTCTTGGGCTGACATGTGTACTACATTTCTTAAAGA
AGCTAAATGOTACAAATCAGGTTATAAACCAAATTTTGAAGAGTAT
ATGCAAAATGGCTGGATTTCATCATCAGTTCCAACTATTCTTTTACA
CTTATTTTGTITATTAAGTGACCAAACTTTAGACATTCTTGGTICTTA
TAATCACAGTGTTGTTCGTAGTTCAGCAACAATTTTACGTCTTGCAA
ATGATTTAGCTACTTCTTCAGAAGAATTAGCAAGAGGAGATACAAT
GAAATCAGTTCAATGTCACATGCATGAAACTGGTGCTTCAGAAGCTG
AATCAAGAGCTTACATTCAAGGTATTATTIGGCGTAGCTTGGGATGAC
CTTAATATGGAGAAAAAATCATGTCGTTTACACCAGGGATTCTTAGA
AGCAGCAGCAAATTTAGGACCTGTAGCACAATGCGTATATCAATAT
GGAGACGGTCACGGTTGTCCAGATAAAGCAAAAACAGTAAATCATG
TTCGTAGTTTATTAGTTCACCCATTACCATTAAACGGTACCGGTGAA
AACCTTTATTTTCAAGGTAGTGGTGGAGGTGGTTCTGATTATAAAGA
CGACGATGACAAAGGAACCGUGTTAA

166 ATGGTACCAGCTTCTCCACCTGCTCATCGTTCATCTAAAGCAGCAGA | Sesqui-

CGAAGAGTTACCAAAAGCATCTTC’I;ACATTCCA".‘{'CCATCTCTTTGGG terpene {Z.
GTTCATTTTTCTTAACATATCAGCCACCTACAGCTCCACAACGTGCA | mays; B73)
AATATGAAAGAACGTGCTGAAGTTCTTCGTGAACGTGTTCGTAAAGT
ATTAAAAGGTTCAACAACAGATCAATTACCTGAAACAGTTAACTTA
ATTCTTACATTACAAAGACTTGGTTTAGGTTATTACTATGAAAATGA
AATTGACAAATTACTTCATCAAATTTACTICTAATTCAGATTATAACG
TAAAAGACTTAAACTTAGTTTCTCAACGTTTTTACTTACTTCGTAAAA
ACGATTATGACGTACCTTCTGATGTTTTCTTATCTTTTAAAACTGAAG
AAGGTGGTTTCGCTTGTGCTGCAGCTGACACACGTTCACTTTTAAGT
TTATACAATGCTGCTTACCTTCGTAAACATGGTGAAGAAGTATTAGA
TGAAGCAATTTCATCAACACGTTTAAGATTACAAGACTTATTAGGTC
GTTTATTACCTGAATCACCATTCGCTAAAGAAGTATCAAGTTCACTT
CGTACACCTTTATTCCGTCGTGTAGGTATTTTAGAAGCTCGTAACTAT
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ATTCCAATCTATGAAACTGAAGCTACAAGAAATGAAGCTGTATTAG
AGCTTGCTAAACTTAACTTCAATTTACAACAGCTTGATTTCTGTGAA
GAATTAAAACATTGTAGTGCATGUTGGAATCGAGATCGATTGCTAAAA
GTAAATTAACTTTTGTACGTGACCGTATAGTTGAAGAATACTTTTIGG
ATGAATGGTGCATGTTATGATCCACCATATTCATTAAGTCGTATTAT
TCTTACAAAAATCACTGGTTTAATTACTATTATTGATGATATGTTCGA
TACTCATGGTACAACAGAGGATTGCATGAAATTCGCAGAAGCATTT
GGTCGTTGGGATGAATCAGCAATTCATCTTCTTCCAGAATACATGAA
AGATTTTTACATTTTAATGTTAGAAACTTTCCAGTCATTTGAAGATGC
ACTTGGTCCAGAAAAATCATACCGTGTATTATACTTAAAACAAGCAA
TGGAACGTTTAGTAGAGTTATATTCTAAAGAAATCAAATGGCGTGAT
GACGATTATGTTCCAACAATGTCAGAACATTTACAAGTTAGTGCTGA
AACAATTGCTACAATTGCTTTAACTTGUTCTGCTTATGCTGGTATGG
GTGATATGTCTATTCGTAAAGAAACATTTGAATGGGCATTATCTTTC
CCTCAATTCATTAGAACTTTTGGTTCATTTGTACGTTTATCAAATGAT
GTTGTATCAACAAAACGTGAACAAACTAAAGATCATTCACCTTCAAC
AGTTCACTGTTATATGAAAGAACACGGTACAACTATGGACGATGCTT
GTGAAAAAATCAAAGAATTAATTGAGGACTCATGGAAAGACATGTT
AGAACAATCTTTAGCTCTTAAAGGCTTACCTAAAGTAGTACCTCAAT
TAGTTTTTGATTTCTCTCGTACTACAGATAACATGTATCGTGACCGTG
ATGCTTTAACATCATCAGAAGCATTAAAAGAAATGATACAGTTATTA
TTCGTAGAACCTATACCTGAAGGTACCGGTGAGAATCTTTATTTTCA
AGGATCAGGTGGTGGAGGCTCAGATTACAAAGATGACGACGATAAA

PP

GGAACCGGTTAA

167 ATGGTACCAGAGGCTTTAGGAAATTTITGATTATGAGAGTTATACTAA | Sesqui-

TTTTACAAAATTACCATCATCACAATCGGGGTGATCAATTCCTTAAAT | terpene (A,
TTTCTATAGCAGATTCTGACTTCGATGTATTAGAAAGAGAAATAGAA | thalania)

GTATTAAAACCAAAAGTAAGAGAGAACATTTTTGTTTCATCAAGTAC
TGATAAAGATGCAATGAAAAAAACAATTTTAAGTATTCATTICTTAG
ATAGTTTAGGTTTATCTTATCACTTCGAAAAAGAAATAGAGGAGAGT
TTAAAACATGCTTTCGAGAAAATTGAAGACCTTATTGCTGATGAAAA
TAAACTTCATACAATAAGTACAATTTTCCGTGTATTCCGTACATACG
GCTATTATATGTCTICTGATGTATTCAAAATTTTCAAAGGAGACGAT
GGTAAATTCAAAGAAAGTTTAATTGAAGACGTTAAAGGTATGCTTTC
TTTTTATGAAGCTGTTCATTTTGG-AACAACTACTGATCACATTTTA_GA
COAAGCTCTTAGTTTTACATTAAACCACTTAGAGTCACTTGCAACAG
GOCGTCGTGCATCACCACCACATATTAGTAAATTAATCCAAAATGCT
TTACATATTCCTCAACATCGTAACATCCAGGCATTAGTAGCTOGTGA
ATACATTAGTTTITACGAACACGAAGAAGATCACGATGAAACATTAT
TAAAATTAGCTAAATTAAACTTTAAATTCTTACAACTTCACTATTTTC
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AAGAATTAAAAACAATTACAATGTGGTGGACTAAATTAGATCATAC
ATCTAATTTACCACCAAATTTTCGTGAACGTACAGTTGAAACATGGT
TTGCAGCTTTAATGATGTATTTCGAACCACAATTTAGTTTAGGTCGT
ATTATGAGTGCAAAATTATATTTAGTAATTACTTTCTTAGATGACGC
ATGTGATACATACGGATCAATATCTGAAGTAGAGTCATTAGCTGATT
GTTTAGAACGTTGGGACCCAGATTATATGGAAAATTTACAAGGTCAC
ATGAAAACAGCATTCAAATTCGTTATGTATITATICAAAGAATACGA
AGAAATTTTACGTTCACAAGGCCGTTCATTCGTATTAGAGAAAATGA
TTGAGGAGTTTAAAATTATCGCACGTAAAAACTTAGAACTTGTAAAA
TGGGCTCGTGUTGGTCACOGTTCCTTCTTITGACGAATATATAGAGAG
TOGTOGOTGCTGAGATTGGTACTTATGCTACAATCGCTTGTTCAATTA,
TGGGTCTITGCTOAAATTGGTAAAAAAGAAGCATTTGAGTGGTTAATC
TCTCGTCCTAAACTTGTTCGTATTTTAGOGTGCTAAAACACGTTITAATG
GATGATATCGCAGACTTTGAAGAAGACATGGAAAAAGGCTATACAG
CTAATGCACTTAACTATTATATGAATGAACACGGAGTAACTAAAGA
AGAAGCTAGTCGTGAACTTGAGAAAATGAATGGTGATATGAACAAA
ATTGTAAACGAAGAATGTCTTAAAATTACAACTATGCCACGTCGTAT
CITTAATGCAAAGTGTTAACTACGCTOGTAGTTTAGATGTATTATACA
CAGCTGATGATGTATATAACCACCGTGAAGGCAAACTTAAAGAATA
TATGAGATTACTTTTAGTAGATCCAATTTITACTTGGTACCGGTGAAA
ATCTTTATTTTCAAGGTTCAGGTGGTGGTGGTTCTGATTATAAAGAT
GATGACGATAAAGGAACCGGTTAA

108 ATGGTACCAGAGAGTCAAACAACATTCAAATACGAATCATTAGCAT | Sesqui-
TTACAAAACTTAGTCACTGTCAATGGACAGACTATTTTCTTAGTGTIT | temene (A,
CCAATTGATGAAAGTGAATTAGATGTTATTACTOGTGAAATTGATAT | thalania)
TCTTAAACCAGAAGTTATGGAGTTATTAAGTAGTCAAGGAGATGAT
GAAACAAGTAAAAGAAAAGTTICTTCTTATTCAGTTATTACTTTCTTT
AGOGTTTAGCATTCCACTTTGAAAATGAGATTAAAAACATACTTGAAC
ACGCATTTCGTAAAATAGATGATATAACTGGTGACGAAAAAGACTT
ATCAACAATTAGTATTATGTTCCGTGTTTICOCGTACTTATGGACACA
ATCTTCCAAGTAGTGTTITTAAACGTITCACAGGTGATGATGGTAAA
TTTCAGCAAAGTTTAACAGAAGACGCAAAAGGTATTTTAAGTTTATA
TOAAGCTGCACATTTAGGTACTACTACAGATTACATTTTAGATGAAG
CTCTTAAATTCACATCTAGTCACTTAAAAAGTTTACTTGCTGGTGGT
ACATGTCGTCCTCACATCTTACGTTTAATCCGTAATACATTATACTTA
CCACAACGTTGGAACATGGAAGCTGTTATCGCTCGTGAATACATATC
ATTTTACGAGCAGGAAGAAGATCACGATAAAATGCTTTTACGTCTTG
CAAAACTTAACTTTAAACTTCTTCAATTACACTACATTAAAGAGCTT
AAAAGTTTCATTAAATGGTGGATGGAACTTGGTTTAACTTCTAAATG
GCCTTCICAATTTCGTGAACGTATTGTTGAAGCATGGTTAGCTGGAT
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TAATGATGTATTTTGAACCACAGTTCTCAGGTGGTCGTGTTATTGCET
GCAAAATTCAACTATTTACTTACAATATTAGACGACGCATGTGACCA
CTATTTTTCTATTCACGAATTAACACGTTTAGTTGCATGTGTAGAACG
TTGGTCACCAGATGGTATTGACACATTAGAAGATATTTCACGTTCTG
TATTCAAATTAATGTTAGATGTTTTCGACGATATTGGTAAAGGTGTA
CGTTCAGAAGGTTCTAGTTACCACTTAAAAGAAATGTTAGAGGAATT
AAACACTTTAGTTCGTGCTAATTTAGATTTAGTTAAATGGGCTCGTG
GAATACAAACAGCTGGTAAAGAGGCTTATGAATGGUGTTCGTTCACG
TCCACGTTTAATCAAATCTTTAGCAGCTAAAGGTAGACTTATGGATG
ATATTACAGACTTTGACTCAGATATGAGTAATGGATTCGCAGCTAAT
GCTATTAACTACTATATGAAACAATTTGTTGTTACAAAAGAAGAAGC
TATTCTTGAATGTCAACGTATGATTGTAGACATTAACAAAACTATTA
ATGAAGAGTTATTAAAAACTACTTCAGTTCCAGOTCGTGTATTAAAA
CAAGCTCTTAACTTTGGCCGTTTATTAGAATTATTATATACAAAATCT
GACGATATTTACAATTGTTCTGAAGGCAAACTTAAAGAATACATTGT
AACTCTTTTAATTGATCCTATAAGACTTGGTACCGGTGAAAACTTAT
ACTTTCAAGGTTCAGGCGGTGGTGGTAGTGATTACAAAGATGATGAT
GACAAAGGAACCGGTTAA

109 ATGGTACCAGAGAGTCAAACAAAATTCGACTACGAATCATTAGCTTT | Sesqui-

TACAAAATTATCACATTCACAATGGACTGATTACTTTTTATCAGTAC | terpene (A,
CTATAGACGACTCTGAACTTGACGCAATTACTCGTGAAATCGACATT | thalania)

ATCAAACCTGAAGTTCGTAAATTACTTTCAAGTAAAGGTGATGATGA
AACTTCTAAACGTAAAGTATTACTTATCCAAAGTTTATTATCATTAG
GTTTAGCATTTCATTTTGAAAACGAAATTAAAGATATTTTAGAAGAT
GCATTTAGACGTATTGATGACATTACAGGTGATGAAAACGACTTAA
GTACTATTAGTATTATGTTCCGTGTATTCCGTACATACGGTCACAATT
TACCAAGTAGTGTTTTTAAACGTTTCACTGGTGATGACGGTAAATTT
GAACGTTCTTTAACTGAAGATGCTAAAGGAATTTTATCATTATATGA
AGCTGCACATTTAGGAACAACTACTGATTATATTCTTGATGAAGCAT
TAGAATTTACTTCATCACACTTAAAATCTTTACTTGTTGGTGGTATGT
GTOCGTCCACATATTTTACGTCTTATTAGAAATACTTTATATCTTCCAC
AACGTTGGAATATGGAAGCAGTAATTGCAAGAGAATACATTAGTTT
TTATGAACAAGAAGAAGATCACGATAAAATGTTACTTCGTTTAGCTA
AATTAAATTTCAAATTACTTCAATTACACTACATTAAAGAGTTAAAA
ACATTCATTAAATGGTGGATGGAATTAGGACTTACATCAAAATGOCC
TTCTCAATTTCGTGAACGTATTGTTGAAGCATGGTTAGCTGUGTCTTAT
GATGTATTITGAACCACAGTTTTICTGGAGOTCOGTGTAATAGCTGCTA
AATTCAATTACTTATTAACAATTTTAGATGATGCATGTGATCACTATT
TCTCAATTCCAGAATTAACTCGTTTAGTTGATTGOGTAGAAAGATGG
AATCATGATGGTATACATACTTTAGAAGACATCTCACGTATCATCTT
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TAAACTTGCATTAGATGTATTTGATGATATTGGTCGTGGTGTTCGTTC
TAAAGGTTGTTCTTATTACTTAAAAGAAATGTTAGAAGAGTTAAAAA
TCTTAGTTCGTGCAAACTTAGATTTAGTTAAATGGGCTCGTGGTAAT
CAATTACCTAGTTTTGAAGAACACGTTGAGGTAGGTGGTATTGCTCT
TACAACATACGCAACTTTAATGTACTCTTITTGTTGGCATGGGETGAAG
CAGTAGGTAAAGAAGCATACGAATGGGTACGTTCTCGTCCACGTTTA
ATCAAAAGTTTAGCAGCAAAAGGTCOGTCTTATGGACGATATTACTGA
TTTCGAAGTAAAAATTATCAACTTATTTTTCGACCTTCTTTTATTTGT
ATTCGGTACCGATGAAAACTTATATTTCCAGGGTAGTGGTGGAGGA
GGTTCAGACTACAAAGATGACCGATGACAAAGGAACCGGTTAA

110 ATGGTACCAGCAGCTTTCACAGCAAATGCAGTTGACATGCGTCCACC | Curcumene
AGTTATTACAATTCACCCACGTTCAAAAGATATTTTCTCTCAATTTTIC | (P. cablin)
TTTAGATGATAAATTACAAAAACAATACGCTCAAGGAATCGAAGCT
CTTAAAGAAGAAGCTCGTTCTATGCTTATGGCTGCAAAATCTGCTAA
AGTAATGATCTTAATTGATACACTTGAACGTTTAGGATTAGOTTATC
| ACTTTGAAAAAGAAATTGAAGAGAAATTAGAAGCTATTTACAAAAA
AGAGGATGOTGACGATTATGATCTTTTTACAACTGCTTTAAGATTCC
GTTTACTTAGACAACACCAACGTCGTCOTACCATGTTCTGTTTTITGAC
AAATTTATGAATAAAGAGGGTAAATTCGAAGAAGAACCATTAATTT
CAGATGTTGAAGGTCTTCTTTCATTATATGACGCTGCTTATTTACAGA
TTCACGGTGAACACATTTTACAAGAGGCTTTAATTITCACTACACAT
CATTTAACTCGTATTGAACCACAATTAGATGATCACTCTCCTTTAAA
ATTAAAATTAAACCGTGCTTTAGAATTTCCTTTTTACAGAGAAATCC
CTATAATCTATGCACATTTTTACATITCAGTATATGAACGTGACGATT
CTCGTGATGAAGTATTATTAAAAATGGCTAAATTATCTTATAATTTC
TTACAAAACTTATACAAAAAAGAATTAAGTCAACTT TCTCGTTGG-TG
GAACAAATTAGAACTTATTCCTAATTTACCTTATATTICGTGATTCTGT
AGCTOGGAGCTTATTTATGGGCTGTTGCTITATATTTCGAACCTCAATA
TTCAGACGTTCGTATGGCAATTGCTAAACTTATCCAAATTGCAGCAG
CTGTAGATGATACTTACGATAATTATGCTACTATACGTGAAGCTCAA
TTATTAACAGAAGCATTAGAACGTTTAAATGTACACGAAATTGACAC
ATTACCAGATTATATGAAAATTGTTTATCGTTTTGTAATGTCATGGA
GTGAAGATTTCGAACGTGATGCTACAATTAAAGAACAGATGTTAGC
TACACCTTATTTCAAAGCTGAAATGAAAAAACTTGGTOGTGCTTATA
ATCAAGAACTTAAATGGGTTATGGAACGTCAATTACCTAGTTTCGAA
GAATACATGAAAAACTCTGAAATCACTTCTGGTGTTTACATTATGTT
TACTGTAATTAGTCCTTACTTAAATAGTGCAACACAAAAAAACATTG
ACTGGTTATTATCACAACCTCGTTTAGCATCTTCAACTGCAATTGTTA
TGCGTIGTTGTAATGATTTAGGCTCTAATCAACGTGAATCTAAAGGA
GGAGAAGTTATGACATCTTTAGATTGCTATATGAAACAACACGGTGC
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TAGTAAACAAGAAACAATTTCTAAATTCAAACTTATTATCGAAGATG
AATGGAAAAACTTAAATGAAGAATGGGCTGCAACAACATGTCTTCC
AAAAGTTATGGTAGAAATTITTCGTAACTATGCACGTATTGCAGGCT
TTTGCTACAAAAATAACGGTGATGCTTATACATCTCCAAAAATTIGTA
CAACAATGTTTTGACGCTTTATTTGTAAATCCATTAAGAATTGGTAC
COGTGAGAATTTATACTTTICAAGGCTCAGGTGGAGGTGGTAGTGATT
ATAAAGATGATGATGATAAAGGAACCGGTTAA

111

ATGGTACCAGAATTTAGAGTTCATTTACAGGCTGATAATGAACAGA
AAATATTCCAGAACCAAATCGAAACCTGAACCTGAAGCATCATATCTT
ATTAATCAACGTAGATCAGCTAATTACAAACCTAATATTTGGAAAAA
TCGACTTTTTAGATCAAAGTTTAATTAGTAAATACGACGGTGATGAAT
ATCGTAAATTAAGTGAGAAATTAATCGAGGAAGTAAAAATTTATAT
ATCTGCTGAGACAATGGACTTAGTAGCTAAATTAGAACTTATTGATT
CTGTTCGTAAATTAGGTTTAGCTAATCTTTTTGAAAAAGAAATTAAA
GAAGCATTAGATTCTATCGCAGCTATTGAGTCAGATAATTTAGGTAC
TCGTGATGACTTATATGGTACTGCTTTACACTTTAAAATTTTACGTCA
ACATGGTTATAAAGTTTCTCAAGATATTTTTGGTCGTTTCATGGATG
AAAAAGGTACATTAGAAAATCATCACTTCGCTCACTTAAAAGGTAT
GTTAGAATTATTTGAAGCATCTAATTTAGGTTITTGAAGGTGAAGATA
TTTTAGATGAAGCAAAAGCATCACTTACATTAGCTCTTCGTGATAGT
GGTCATATTTGTTATCCAGATTCTAACTTAAGTCGTGATGTAGTACA
CTCATTAGAATTACCTAGTCACCGTCGTGTTCAATGGTTTGATGTTA
AATGGCAAATTAATGCTTATGAAAAAGATATTTGTAGAGTTAATGCA
ACTCTTTTAGAATTAGCAAAATTAAATTTTAACGTAGTACAAGCACA
ACTTCAAAAAAACTTACGTGAAGCATCTCGTTGGTGGGCTAACTTAG
GTTTCGCTGATAACTTAAAATTCGCTCGTGATCGTTTAGTTGAATGTT
TTTCTTGCOCAGTAGGCGTAGCATTTGAACCTGAACACTCTTCTTTTC
GTATCTGTTTAACAAAAGTTATTAATTTAGTTTTAATAATTGATGAC
GTATACGACATATATGGAAGTGAAGAAGAATTAAAACACTTTACAA
ATGCTGTTGATCGTTGOGGATTCTCHTGAAACAGAACAATTACCAGAA
TGTATGAAAATGTGCTTTCAAGTTTTATACAATACTACATGTGAAAT
TGCTCGTCAAATTCGAAGAAGAAAATGGATGGAATCAAGTTTTACCT
CAATTAACTAAAGTATGGGCTGATITITGTAAAGCATTATTAGTAGA
AGCTGAATGGTACAATAAAAGTCACATCCCAACTTTAGAAGAATAT
CTTCGTAATGGCTGTATTTCATCAAGTGTTICTGTATTATTAGTACAT
TCTTTCTTTAGTATTACACATGAAGGTACAAAAGAAATGGCAGATTT
CTTACACAAAAACGAAGACTTATTATACAACATCTCATTAATTGTAC
GTTTAAACAACGACTTAGGTACAAGTGCAGCTGAACAAGAACGTGG
TGATTCACCATCATCTATTGTATGTTACATGCGTGAAGTTAATGCTA
GTGAAGAAACAGCTCGTAAAAATATAAAAGGAATGATCGACAATGC

Famesene
{M.

domestica}
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TTOGAAAAAAGTTAATGGTAAATGTTTTACAACTAATCAAGTTCCTT
TTCTTTCTTCTTTTATGAATAACGCTACTAATATGGCTCGTGTAGCTC
ATTCATTATATAAAGACGGAGACGGTTTTGGCGATCAGGAAAAAGG

TCCACGTACTCACATCTTATCTTTATTATTCCAACCATTAGTTAACGG
TACCGGTGAAAACTTATACTTTCAAGGTTCTGGTGGTGGTGGTTCTG

ACTACAAAGATGACGATGACAAAGGAACCGOTTAA

ATGGTACCAAGTAGTAATGTATCAGCTATTCCTAATTCTTTTGAATT
AATTCGTCGTTCAGCTCAATTTCAGGCTTCTGTATGGGGTGATTACTT
TTTATCTTATCACTCTTTACCACCTGAGAAAGGTAATAAAGTAATGG
AAAAACAAACTGAAGAACTTAAAGAGUAAATCAAAATGGAATTAGT
TICTACTACTAAAGATGAACCAGAGAAATTACGTTTAATTGACCTTA
TTCAACGTTTAGGTGTATGTTATCACTTTGAAAATGAAATTAACAAC
ATTTTACAACAATTACACCACATTACTATTACTTCTGAGAAAAACGG
TGACGATAATCCTTATAACATGACTTTATGTTTCCGTTTATTACGTCA
ACAAGGTTACAATGTATCTAGTGAACCTTITTGATCGTTITTCGTGGCA
AATGGGAATCTTCTTATGATAACAATGTAGAAGAACTTTTATCATTA
TATGAAGCATCTCAATTAAGAATGCAAGGTGAAGAAGCATTAGATG
AAGCATTCTGTTTTGCAACTGCACAATTAGAAGCTATTGTTCAAGAT
CCTACTACAGATCCAATGGTTGCAGCAGAAATCAGACAAGCATTAA
AATGGCCAATGTACAAAAACTTACCTCGTTTAAAAGCTCGTCATCAT
ATTGGTTTATATTCTGAGAAACCATGGCGTAATGAGTCATTACTTAA
TTTCGCAAAAATGGACTTCAATAAACTTCAAAATTTACATCAAACTG
AAATTGCATATATTTCTAAATGGTGGGACGATTACGGCTTTGCAGAA
AAACTTTCTTTCGCACGTAATCCTATTGTTGAAGGCTATTTCTTCGCA
TTAGGTATCTTTTTCGAACCTCAACTTTTAACAGCACGTCTTATAATG
ACAAAAGTAATCGCTATTIGGTICTATGTTAGATGACATITATGATGT
TTATGGTACTTTTGAAGAGTTAAAACTTTTAACATTAGCTTTAGAAC
GTTGGGATAAATCAGAAACAAAACAATTACCTAATTACATGAAAAT
GTACTACGAAGCATTATTAGATGTTTTTGAAGAAATTGAGCAAGAA
ATGTCACAAAAAGAAACTGAAACAACACCATACTGTATTCATCACA
TCGAAAGAAGCTACTAAAGAACTTGGACGTGTATTTTTAGTTGAAGCA
ACTTGOTGTAAAGAAGGTTATACTCCTAAAGTAGAGGAATACTTAG
ACATTGCTTTAATTTCTTTTGGTCATAAATTACTTATGGTAACTGCTT
TATTAGGTATGGGTTCTCACATGGCTACACAACAAATTGTACAATGG
ATTACATCTATGCCAAATATCTTAAAAGCATCTGCAGTAATATGTCG
TITTAATGAATGACATTGTATCTCATAAATTTGAACAAGAACGTGGTC
ATOTTGCTTCTGCTATCGAATGCTACATGGAACAAAACCACCTTAGT
GAATATGAAGCATTAATTGCTCTTCGTAAACAAATTGATGATTTATG
GAAAGACATGGTAGAAAATTACTGTGCAGTAATCACAGAAGACGAA
GTACCTCGTGGTGTTTTAATGCGTGTTTTAAATCTTACACGTTTATTC

Farnesene

{C. safivus)
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AATGTTATTTACAAAGACGGTGATGGATACACACAAAGTCATGGTA
GTACAAAAGCTCACATTAAAAGTCTTTTAGTTGATAGTGTACCTCTT
GOTACCGGTGAAAATCTTTACTTTCAAGGTTCAGGTGGAGGTGGTTC
TGATTATAAAGATGATGATGACAAAGGAACCGGTTAA

ATGGTACCAAAAGACATGAGTATTCCATTATTAGCAGCTGTATCTTIC
TAGTACAGAAGAAACAGTACGTCCTATCGCAGATTTTCATCCAACAC
TTTGGGOTAATCATTTTCTTAAATCTGCTGCTGACGTAGAAACTATT
GATGCAGCAACACAAGAGCAACACGCTGCATTAAAACAAGAAGTAC
GTCGTATGATTACTACAACAGCAAATAAACTTGCACAAAAACTTCAC
ATCGATTGATGCTGTACAACUTTTAGGTGTTGCTTATCATTTITGAAAA
AGAAATTGAAGACGAATTAGGTAAAGTAAGTCACGATTTAGATTCA
GATGATTTATACGTTGTATCTTTACGTTTTCGTTTATTCCGTCAACAA
GOTGTAAAAATTAGTTGCGATGTTTTCGACAAATTCAAAGATGACGA
AGGAAAATTCAAAGAGTCTCTTATTAACGATATTAGAGGAATGTTAT
CATTATACGAAGCAGUTTACTTAGCTATTAGAGGTGAAGATATTTTA
GACGAAGCAATTGTTTTCACAACTACTCACTTAAAAAGTGTTATCTC
TATTAGTGATCATTCACATGCTAATAGTAATTTAGCTGAACAAATAC
GTCATAGTTTACAAATTCCACTTCGTAAAGCTGCTGCAAGATTAGAA
GCACGTTATTICTTAGATATTTACTCTCGTGATGATITACATGATGAA
ACATTACTTAAATTCGCTAAACTTGACTTTAACATTCTTCAAGCTGC
ACACCAAAAAGAAGCTAGTATTATGACTCGTTGGTGGAACGATTTA
GOTTTTCCTAAAAAAGTTCCTTATGCTCGTGACCGTATTATAGAAAC
TTATATTTGGATGTTATTAGGAGTTTCATACGAACCTAATTTAGCATT
TGGAAGAATTTTTGCAAGTAAAGTAGTATGTATGATTACAACAATTG
ATGATACATTTGATGCTTATGGTACATTTGAAGAGTTAACATTATTC
ACTGAAGCTOTTACACGTTGGGATATTGGTTTAATTGACACATTACC
TGAATATATGAAATTCATTGTAAAAGCTCTTTTAGACATTTACCGTG
AAGCTGAAGAAGAATTAGCTAAAGAAGGTAGATCATACGGTATTCC
ATACGCTAAACAAATOGATGCAAGAGTTAATCATTTITATACTTTACTG
AGGCTAAATGGTTATACAAAGGTTACGTTCCTACATTTGACGAATAC
AAAAGTGTAGCTTTACGTTCTATTGGTCTTAGAACATTAGCAGTAGC
TTCATTTGTAGATTTAGGTGACTTTATTGCTACAAAAGACAATTTTG
AATGTATTCTTAAAAATGCAAAAAGTTTAAAAGCTACTGAAACAATT

GGCCGTTTAATGGATGATATAGCTGGTTACAAATTTGAACAGAAAC :

GTGGTCATAACCCATCTGCTGTTGAGTGTTACAAAAA?CAACACGGA
GTATCAGAAGAAGAAGCAGTTAAAGAGCTTTTATTAGAAGTTGCAA
ACAGTTGGAAAGATATTAACGAGGAACTTTTAAATCCAACTACAGTT
CCATTACCTATGTTACAGCGTTTATTATATTTTGCTCGTTCAGGTCAC
TTCATCTATGATGATGGACATGATCGTTATACACATTCTTTAATGAT
GAAAAGACAAGTTGCACTTTTATTAACTGAACCTTTAGCTATTGGTA

Farnesene

(C. junos)
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CCOGTCGAAAACTTATACTTTCAAGGTTCAGGTGGTGGTGGATCTGAT
TATAAAGATGATGATGACAAAGGAACCGGTTAA

114 ATGGTACCAGATTTAGCTGTTGAGATTGCAATGGACTTAGCTGTTGA | Farnesene
TGACGTTGAGCGTCGTOTAGUTGACTATCATAGTAACCTTTGGGATG | (P. abies)
ATGATTTTATTCAGAGTTTATCAACACCATACGGCGCATCATCATAT
COTGAACGTGCTGAAAGATTAGTAGGAGAAGTTAAAGAAATGTTTA
CTTCTATTICTATCGAAGATGGTGAACTTACATCTGATTTATTACAAC
GTTTATGGATGGTAGATAATCGTAGAGCGTTTAGGCATTTCACGTCAT
TTCGAGAACGAAATAAAAGCAGCTATTGATTATGTTTATTCATATTG
GAGTOGACAAAGGTATTGTACGTGGTCGTGATTCAGUTGTTCCTGACT
TAAATAGTATTGCTTTAGGTTITCGTACATTACGTTTACACGGTTACA
CAGTTAGTAGTGATGTATTTAAAGTTTTCCAAGATCGTAAAGGTGAA
TTTGCTTGCAGTGCAATTCCAACTGAAGGAGATATTAAAGGAGTTTT
AAACTTACTTCGTGCAAGTTATATTGCATTCCCTGGTGAAAAAGTAA
TGGAAAAAGCTCAAACTTTTGCAGCAACATACCTTAAAGAAGCATT
ACAGAAAATTCAAGTAAGTAGTTTAAGTCGTGAAATCGAATATGTTC :
TTGAATACGGTTGGTTAACTAACTTTCCTCGTTTAGAAGCACGTAAC
TATATTGACGTATTCGGTGAAGAAATTTGTCCATACTTCAAAAAACC
ATGTATTATGGTTGACAAACTTTTAGAATTAGCAAAATTAGAATTTA
ACTTATTTCACAGTCTTCAACAAACAGAGTTAAAACATGTTAGTCGT
TGGTGGAAAGATAGTGGTTTCTCTCAATTAACATTTACAAGACACCG
TCATGTTGAGTTTTATACATTAGCTAGTTGTATAGCAATTGAACCAA
AACACAGTGCTTTTCGICTTGGTTTTGCTAAAGTTTGTTATTTAGGTA
TAGTTTTAGATGATATTTATGACACATTTGGTAAAATGAAAGAATTA
GAACTTTTTACTGCAGCAATCAAACGTTGGGACCCTTCTACTACAGA
ATGCTTACCTGAATACATGAAAGGTGTTTATATGGCTTTTTACAATT
GTGTTAATGAATTAGCACTTCAAGCAGAGAAAACACAAGGTCGTGA
TATGTTAAACTATGCACGTAAAGCATGGGAAGCTCTTTTTGATGCAT
TTTTAGAAGAAGCAAAATGGATCTCTTCTGGCTATTTACCAACATEC
GAAGAATACTTAGAAAATGGTAAAGTATCTTTIGGTTATCGTGCTGC
TACATTACAACCAATTTTAACATTAGATATTCCTTTACCTTTACATAT
TTTACAACAGATTGATTTTCCAAGTCGTTTTAATGATTITAGCTICATC
TATTTTACGTTTAAGAGGTGATATCTGTGGTTACCAAGCTGAACGTA
GTCGTGGTGAAGAAGCATCATCAATTTCATGTTATATGAAAGATAAT
CCAGGTICTACTGAAGAAGATGCATTATCTCACATTAATGCAATGAT
| CTCAGACAATATTAACGAATTAAACTGGGAACTTTTAAAACCAAATT
CAAATGTACCAATTTCATCAAAAAAACATGCATTTGACATTICTTCGT
GCITTCTATCACTTATACAAATATCGTCGATGGCTTCTCTATCGCAAA
AATTGAAACTAAAAATCTTG‘TAAT(}CGTACAGTTTTAGAACCTGTAC
CAATGGGTACCGGTGAAAACTTATACTTTCAGGGTTCTGGTGGAGGT

-124-



WO 2089/036067

PCT/USZ008/075858

GUGTTCAGACTATAAAGATGATGATGATAAAGGAACCGGTTAA

115

ATGGTACCAACAAGTGTATCAGTAGAATCAGGAACAGTATCTTGTTT
ATCATCAAACAACTTAATTAGACGTACAGCTAATCCACATCCTAACA
TTTGGGGATATGATTTTGTTCACTCACTTAAATCACCATATACACAC
GACTCATCATATCGTGAACGTGCTGAGACTTTAATTTCAGAAATAAA
AGTTATGCTTGGAGGTGGTGAATTAATGATGACTCCATCAGCTTATG
ATACAGCATGOGGTAGCTCGTGTTCCATCAATTGACGGTAGTGCTTGT
CCACAATTTCCACAAACTGTTGAATGGATTCTTAAAAACCAATTAAA
AGATGGTAGTTGGGGAACTGAATCTCACTTCTTACTTAGTGACAGAT
TATTAGCTACATTAAGTTOTGTATTAGCATTATTAAAATGGAAAGTA
GUTGATGTTCAAGTAGAGCAAGGTATTGAGTTTATCAAACGTAATTT
ACAAGCTATTAAAGACGAACGTGATCAAGACAGTTTAGTAACTGAT
TTCGAGATTATTTICCCATCACTTTTAAAAGAGGCTCAATCTTTAAAC
TTAGGCTTACCTTATGATTTACCATATATTAGATTATTACAAACAAA
ACGTCAAGAACGTCTTGCTAACTTAAGTATGCGATAAAATTCACGGTG
GTACTTTATTATCATCTTTAGAGGGCATTCAAGATATAGTTGAATGG
GAAACAATTATGGATGTACAATCTCAAGATOGGTTCTTTCTTATCATC
ACCAGCTTCTACAGCATGTGTATTCATGCATACAGGAGATATGAAAT
GTTTAGATTTCTTAAACAACGTATTAACTAAATTTIGGTAGTAGTGTT
CCTTGTTTATACCCTGTAGATTTATTAGAACGTCTTTTAATTGTAGAT
AATGTAGAGCGTCTTOOTATTGACCGTCATTTTGAAAAAGAAATCAA
AGAGGCTTTAGATTATGTTTATCGTCATIGGAACGATCGETGUTATTG
GTTGGGGTCGTTTATCACCTATCGCAGACTTAGAAACAACAGCTTTA
GGTTTTCGTTTACTTCGTCTTCATCGTTACAATGTTITCTCCTGTAGT A
TTAGACAATTTICAAAGACGCAGATGCGCCGAGTTCTTCTGCAGTACAGG
TCAATTTAACAAAGATGTTGCAAGTATGTTATCTTTATACCGTGCTTC
TCAATTAGCTTTCCCTGAAGAATCAATTTITAGATGAAGCTAAATCAT
TCTCAACACAATATCTTCGTGAAGCATTAGAAAAATCAGAAACATTT
TCTTCTTGGAATCATCGTCAGAGTTTATCAGAAGAAATTAAATATGC
TTTAAAAACATCATGGCACGCTTCAGTTCCTCGTGTTGAAGCAAAAC
GTTATTGTCAGGTTTACCGTCAAGACTATGCTCATTTAGCAAAATCA
GTTTATAAACTTCCTAAAGTAAATAATGAGAAAATTCTTGAATTAGC

AAAATTAGATTTTAACATTATTCAATCTATCCATCAAAAAGAAATGA

AAAATGTTACATCATGGTTTCGTGATTCAGGCTTACCACTTTTCACAT
TTGCTCGTGAAAGACCTTTAGAGTTTTACTTTTTAATCGCTGGTGGA
ACATACGAACCTCAATACGCAAAATGTAGATTCTTATTTACAAAAGT
AGCTTGTTTACAAACTGTTTTAGACGATATGTACGATACTTACGGTA
CACCATCAGAGTTAAAATTATTTACTGAGGCAGTTCGTCGTTGGGAT
TTATCATTCACAGAAAACTTACCTGATTATATGAAATTATGCTACAA
AATTTACTATGATATTGTTCATGAAGTTGCTTGGGAAGTAGAAAAAG

Bisaholene

(P. abies}
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AACAGGGACGTGAGCTTGTTTCATTTTTCCGTAAAGGTTGGGAAGAC
TATCTITTAGGTTATTATGAAGAAGCTGAATGGTTAGCTGCTGAATA
COTTCCTACTTTAGATGAATACATTAAAAACGGTATTACATCTATTG
GTCAACGTATTTTACTTTTATCAGGTGTACTTATTATGGAAGGTCAA
CTTTTATCACAAGAAGCTCTTGAAAAAGTAGATTATCCAGGTCGTCG
TGTTTTAACAGAATTAAACAGTTTAATTAGTCGTTTAGCAGACGATA
CTAAAACATACAAAGCAGAAAAAGCTCCTGGTGAACTTGCTAGTAG
TATTGAATCGITATATGAAACGACCACCCTGGTTGTCAAGAAGAAGAA
GCATTAAACCATATTTATGGCATTTTAGAACCAGCTGTTAAAGAATT
AACTCGTGAGTTTICTTAAAGCAGATCACGTACCATTCCCTTGCAAAA
AAATGTTATTTGATGAAACAAGAGTTACAATGGTAATTTTCAAAGAT
GOTGATGGTTTCGGTATTTCTAAATTAGAAGTAAAAGACCACATAAA
AGAATGTTTAATTGAGCCATTACCACTTGGTACCGGTGAAAATCTTT
ATTTTCAAGGTAGTGGTGGTGGCGUTTCTGACTACAAAGATGACGAC
GATAAAGGAACCGGTTAA

ATGGTACCAGGTTCTGAAGTAAATAGACCTTTAGCAGACTTTCCAGC
AAACATTTGGGAAGACCCATTAACTTCTTICTCAAAATCTGATCTTG
GTACAGAAACATTTAAAGAGAAACATAGTACTTTAAAAGAAGCTGT
TAAAGAGGCATTTATGAGTTCTAAAGCTAATCCAATCGAAAATATCA
AATTCATAGATGCATTATGCCGTTTAGGAGTATCTTATCACTTTGAA
AAAGATATTGTAGAACAATTAGATAAATCATTTGATIGCTTAGATTT
TCCACAAATGGTACGTCAAGAAGGTTGCGATTTATATACAGTTGGTA
TTATCTTTCAAGTTTTTAGACAATTTGGTTITCAAATTAAGTGCTGATG
TTTITGAAAAATTCAAAGATGAAAATGGTAAATTCAAAGGTCACTTA
GTAACTGATGCTTATOGTATGTTATCATTATACGAAGCTOCACAATG
GGGTACTCACGGTGAAGACATCATTGACGAAGCTCTTGCTTTTTCTC
GTAGTCACTTAGAAGAAATATCTAGTCGTAGTTCACCACACTTAGCA
ATTCGTATTAAAAACGCTTTAAAACATCCATATCATAAAGGTATTTC
ACGTATTGAAACACGTCAATACATTAGTTACTATGAAGAAGAAGAA
TCTTGTGATCCAACATTATTAGAGTTCGCTAAAATTGACTTTAACTTA
TTACAAATTTTACACCGTGAAGAGTTAGCTTGTGTAACTCGTTGGCA
TCATGAAATGGAATTTAAAAGTAAAGTAACTTACACACOTCATCGTA
TTACAGAAGCATATTTATGGAGTCTTGGAACATATTTTGAACCACAA
TACAGTCAAGCTCOTGTAATAACTACAATGGCATTAATCTTATTTAC
TGCTTTAGACGACATGTACGATGCTTACGGTACTATGGAGGAGTTAG
AGTTATTCACAGATGCTATGGACGAATGGTTACCAGTTGTTCCAGAT
GAAATTCCTATTCCAGATTCAATGAAATTCATTTACAATGTTACAGT
TGAATTTTACGATAAATTAGACGAAGAATTAGAAAAAGAAGGTCGT
TCTGGTTGTGGTTTCCATCTTAAAAAAAGTTTACAAAAAACAGCTAA
TGOGATATATGCAAGAAGCAAAATGGUTTAAAAAAGATTACATTGCT

Sesquiterpe
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ACATTTGATGAGTATAAAGAAAATGCTATTTTATCTTCAGGTTATTA
TGCATTAATTGCAATGACATTTGTTCGTATGACTGATGTTGCTAAATT
AGATGCTTTTGAATOGTTAAGTAGTCACCCAAAAATTCGTGTAGCAA
GTGAAATCATITCACGTTTTACAGACGATATTTCAAGTTATGAATTT
GAACACAAACGTGAACACGTTGCTACAGGTATTGATTGTTATATGCA
ACAATTCGGAGTTAGTAAAGAACCGTGCTGTTGAAGTTATGGGCAAT
ATAGTTTCTGATGCATGGAAAGACTTAAATCAAGAACTTATGCGTCC
TCATGTTTTCCCATTTCCACTICTTATGCGTGTTTTAAATCTTTCAAG
AGTAATTGATGTATTTTATCGTTACCAAGATGCATATACTAATCCAA
AATTACTTAAAGAGCACATTGTTTCTTTACTTATTGAAACTATTCCAA
TTGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGAGGTGGT
TCTGATTATAAAGACGACGATGACAAAGGAACCGGTTAA

ATGGTACCAGAGGCAATTAGAGTATTTGGCTTAAAACTTGGTTCAAA
ATTATCTATTCACTCACAAACAAATGCTTTTCCTGCATTCAAATTATC
TCGTTTTCCATTAACATCTTTCCCTGGTAAACATGCTCACTTAGATCC
ATTAAAAGCAACAACTCATCCATTAGCTTTTGATGGTGAAGAAAATA
ACCGTGAGTTTAAAAACTTAGGTCCAAGTGAGTGGGGCCATCAATTT
CTTTCTGCTCATGTAGATTTATCTGAAATGGATGCATTAGAACGTGA
AATTGAAGCTCTTAAACCAAAAGTACGTGATATGTTAATATCAAGTG
AAAGTTCAAAAAAAAAAATCTTATTTCTTTATCTTTTAGTATCATTA
GGATTAGCTTATCACTTTCGAAGATGAAATTAAAGAAAGTTTAGAGG
ATGOGATTACAGAAAATTCGAGGAAATGATGGCTTCAGAAGATGATCT
TCGTTTTAAAGGCGATAATGGTAAATTCAAAGAATGTTTAGCAAAA
GATGCTAAAGGTATTTTATCTCTTTATGAGGCTGCTCACATGGGTAC
AACAACTGATTATATTCTTGATGAGGCTTTATCATITACTTTAACATA
TATGGAATCATTAGCAGCTTCAGGAACATOTAAAATCAACTTATCAC
GTCGTATTAGAAAAGCATTAGATCAACCTCAACACAAAAATATGGA
AATAATTGTAGCAATGAAATACATTCAATTTITATGAAGAAGAGGAA
GATTGCGATAAAACTTTACTTAAATTTGCTAAACTTAACTTTAAATT
CTTACAATTACACTATTTACAAGAACTTAAAATCTTATCTAAATGGT
ATAAAGACCAAGACTTTAAATCAAAATTACCTCCATATTTCCGTGAC
CGTCTTGTAGAATGTCATTTTGCATCATTAACATGTTTTGAGCCTAAA
TATGCTCGTGCACGTATTTICTTATCTAAAATCTTCACTGTTCAAATT
TTCATTGACGATACTTGTGACCGTTACGCATCATTAGGTGAAGTTGA
GTCATTAGCTGACACTATCGAACGTTGGGACCCTGATGATCATGCTA
TGGACGGATTACCTGATTATCTTAAATCAGTAG TTAAATTTGTATTC
AATACATT'TCAAGAATTT(iAACGTAAATGTAAACGTTCAC'TTCGTAT
TAACTTACAAGTAGCAAAATGGGTTAAAGCTGGTCACTTACCATCTT
TTGATGAGTATCTTGATGTAGCTGGTTTAGAATTAGCTATTTCATTCA
CTTTCGCTGGTATCTTAATGOGCATGGAAAATGTTTGTAAACCTGAA
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GCATACGAATGGTTAAAATCTCGTCGACAAACTTGTTCGTGGTGTAAT
CACAAAAGTTCGTTTACTTAATGATATTTTTIGGCTATGAAGATGATA
TGCGTCGTGOTTATGTAACAAATTCAATAAACTGCTACAAAAAACA
ATATGGAGTAACAGAGGAAGAAGCTATTCGTAAATTACATCAAATC
GTTGCTGATGGAGAGAAAATGATGAATGAAGAGTTCTTAAAACCTA
TTAATGTACCATATCAGGTTCCTAAAGTAGTTATTTTAGACACTTTAC
GTGCAGCTAATGTTTCATACGAAAAAGATGACGAATTTACACGTCCA
GGCGAACACCTTAAAAACTGCATTACATCTATTTACTTCGATTTAGG
TACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGCGGTGGTAGTG
ATTACAAAGATGATGATGATAAAGGAACCGUTTAA

118 ATGGTACCAACTACAACATTATCATCTAACCTTAACTCACAATTCAT | GPP
GCAGOGTTTACGAGACTCTTAAATCAGAACTTATTCATGACCCATTAT | Chimera
TTGAGTTCGATGACGATTCAAGACAATGGGTAGAACGTATG-ATTGAT
TATACTGTACCAGGTGGTAAAATGGTTCGTGGTTATAGTGTAGTAGA
TAGTTATCAATTACTTAAAGGTGAAGAACTTACAGAAGAAGAGGCA
TTTTTAGCTTGTGCACTTCGGTTGGTCGTACAGAATGGTTTCAAGCATTC
ATTCTTTTACATGATGATATGATGCGATGGTAGTCACACAAGACGTGG
TCAACCATGTTGGTTTCOTTTACCTGAGOTTOGTGCTGTTGCTATTAA
TCATGGTGTTTTACTTCGTAATCACGTTCACCGTATTCTTAAAAAALC
ATTTTCAAGGTAAAGCATATIATGTTCATTTAGTTGATTTATTCAATG
AAACTGAATTTCAAACAATTAGTGGACAAATGATCGACTTAATTACA
ACATTAGTTGGTGAAAAAGACTTATCTAAATATTCATTAAGTATTCA
TCGTCOGTATCGTTCAATACAAAACAGCATACTACTCATTTTACTTAC
CAGTTGCTTGTGCTTTACTTATOTTTGGTGAGGATCTTGATAAACATG
TAGAAGTTAAAAATGTTCTTGTTGAAATGGGTACATATTTTCAAGTT
CAAGATGATTATITAGATTGTTTTGGTGCTCCAGAAGTTATTGGCAA
AATTGGTACTGATATTGAAGACTTTAAATGTTCATGGTTAGTAGITA
AAGCATTAGAATTAGCAAATGAAGAACAGAAAAAAACTTTACACGA
AAATTATGGAAAAAAAGATCCAGCATCAGTTGCTAAAGTTAAAGAA
GTATACCACACACTTAATTTACAAGCTGTTTTCGAAGATTATGAAGC
AACATCATACAAAAAACTTATTACTTICTATTGAAAATCACCCATCTA
AAGCTGTTCAAGCTGTTITAAAATCTTTCTTAGGCAAAATATACAAA
COTCAAAAAGUTACCGUTGAAAACTTATACTTTCAAGOGTTCTGGTGG
CGOTGGAAGTGATTACAAAGATGATGACGATAAAGGAACCOGGTTAA

119 ATGGTACCAAGTCAACCTTACTGGGCTGCAATTGAAGCAGACATTG | GPPS-
AAAGATATTTAAAAAAAT_CAATTACAATTCGTCCACCA(}AAACTGT LSU+3SU
ATTTGGTCCTATGCACCATTTAACATTTGCTGCTCCTGCTACTGCAGC | fusion
TAGTACATTATGCCTTGCTGCTTGTGAATTAGTTGGCGGTGATCGTA
GTCAAGCTATGGCAGCTGCTGCTGUTATCCATTTAGTTCATGCAGCT
GCTTACGTTCACGAACATCTTCCTTTAACAGATGGATCACGTCCTGT
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AAGTAAACCTGCTATTCAACATAAATATGGTCCAAACGTTGAACTTT
TAACAGGTGATGGTATCGTTCCTTTICGGTTTTGAGTTATTAGCAGGTT
CAGTAGATCCAGCACGTACTGATGACCCTGATCGTATTTTACGTGTA
ATTATTGAAATTTCTCGTGCTGGTGGACCAGAAGGCATGATTTCIGG
TTTACACCGTGAGGAAGAAATCGTAGATGGTAACACATCATTAGAC
TTTATAGAATATGTATGCAAAAAAAAATACGGTGAAATGCACGCAT
GFOGTOGCAGCTTGCGGAGCTATTTITAGOGTGGAGCTGCTGAAGAAGA
AATTCAAAAACTTCGTAACTTTGGTCTTTATCAAGGCACATTACGTG
GTATGATGGAAATCGAAAAATAGTCATCAGTTAATTGACGAAAATAT
CATTGGAAAACTTAAAGAACTTGCTCTTGAAGAATTAGGTGGATTCC
ACGGTAAAAACGCTOAATTAATGAGTTCTTTAGTTGCTGAACCTAGT
TTATATGCAGCTTCATCAAATAACTTAGGTATCGAAGGTCGTTTTGA
CTTTGACGGTTACATGCTTCGTAAAGCAAAATCTGTAAATAAAGCAT
TAGAAGCTGCTGTTCAAATGAAAGAACCACTTAAAATTCACGAATC
AATGCGTTATTCATTATTAGCTGGTGGTAAACGTGTTCGTCCAATGT
TATGTATTGCAGCTTGTGAACTTGTTGGTGGTGACGAATCTACAGCA
ATGCCTGCAGCATGTGCTGTTGAAATGATTCACACAATGTCTTTAAT
GCATGATGACCTTCCATGTATGGATAACGATGACTTACGTCGTGGTA
AACCTACAAACCACATGGCTTTTIGGTGAGTCTGTAGCTGTTCTTGCT
GGTGATGCATTACTTAGTTTTGCTTITGAACATGTTGCTGCTGUAACA
AAAGGCGCACCACCTGAACGTATCGTACGTGTATTAGGTGAATTAG
CTGTTAGTATTGGTTCAGAAGGACTTGTAGCAGGTCAAGTTGTAGAC
GTTTGTTCTGAAGGCATGGCTGAAGTAGGATTAGATCATCTTGAATT
TATTCACCATCATAAAACTGCTGCATTATTACAAGGTTCAGTTGTTTT
AGGTGCAATATTAGGAGGCGGTAAAGAAGAAGAAGTAGCTAAACTT
COTAAATTTGCTAACTGTATTGGTTTACTTTTCCAAGTTGTTGATGAT
ATTTTAGATGTTACTAAAAGTAGTAAAGAGTTAGGTAAAACTGCAG
GTAAAGACTTAGTAGCTGATAAAACTACATATCCTAAACTTATAGGC
GTTGAAAAATCAAAAGAATTTGCTGACCGTTTAAATCGTGAAGCAC
AAGAACAATTATTACATTTTCATCCTCACCGTGCTGCTCCATTAATC
GUTTTAGCTAACTACATCGCTTACCGTGATAATGOTACCGGTGAAAMA
CTTATACTTCCAGGGTAGTGGTGGTGGCGGATCAGATTATAAAGATG
ACGATGATAAAGGAACCGGTTAA

ATGGTACCAGTAACAGCAGCACGTGCAACACCAAAATTAAGTAATA
GAAAATTACGTGTTGCTGTAATTGGAGGCGGTCCAGCAGGAGHTGC

AGCTGCTGAAACA'}’f'TAGCACAAGGAGGTATTGAAACAATT_CTTATC

GAACGTAAAATGGATAATTIGTAAACCATGTGGTGGTGCTATTCCATT
ATGTATGGTAGGAGAGTTCAATTTACCTTTAGACATTATTC }ACCGTC
GTGTAACAAAAATGAAAATGATCTCTCCTTCAAACATTGCAGTTGAT
ATCGGTCGTACACTTAAAGAACACGAATATATTGGTATGGTTCGTCG

Geranyl-
geranyl
reductase
{A. thalania)
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TGACGGTACTTGATGCTTATCTTCGTGAACGTGCAGAAAAATCAGGTG
CTACTGTTATTAACGGTTTATTCTTAAAAATGGATCACCCAGAAAAT
TGGGATTCACCATATACACTTCACTACACAGAGTATGATGGAAAAA
CAGGTGCTACAGUGAACTAAAAAAACTATGGAAGTAGATGCTGTTAT
TGGTGCTGATGGTGCTAATTCTCGTGTTGCAAAAAGTATTGACGCAG
GTGATTATGATTATGCTATTGCATTTCAAGAACGTATTCGTATACCT
GATGAGAAAATGACTTATTATGAGGACTTAGCTGAGATGTATGTAG
GTGATGATGTATCACCAGACTTCTACGGTTGGGTATTCCCAAAATGT
GATCATGTAGCTGTTGGTACAGGTACTGTAACACATAAAGGTGATAT
CAAAAAATICCAGTTAGCTACACGTAATCGTGCTAAAGATAAAATTC
TTGOTGGCAAAATAATCCGTGTAGAGGCTCATCCTATTCCAGAGCAT
CCTAGACCACGTCGTTTATCAAAACGTGTTGCATTAGTAGGCGACGC
AGCAGGTTACGTTACTAAATGTTCAGGAGAAGGAATTTACTTCGCAG
CTAAATCTGGTCGTATGTGTGCTGAAGCTATOGTTGAAGGTTCACAA
AATGGCAAAAAAATGATAGATGAAGGCGATTTAAGAAAATACTTAG
AAAAATGGCATAAAACTTACTTACCAACTTATCGTGTTTTAGATGTA
CTTCAAAAAGTTTITCTATCGTTCTAACCCAGCTCGTGAGGCTTTTGTT
GAAATGTCTAACGATGAGTATGTACAGAAAATGACATTTGATTCTTA
CCTTTATAAACGTGTAGCTCCTGOTAGTCCATTAGAAGATATCAAAT
TAGCTGTAAATACTATTGGTTCACTTGTTICGTGCTAACGCATTACGTC
GTGAAATTGAGAAATTATCAGTAGGTACCGGTGAGAATCTTTACTTT
CAAGGATCAGGTGGTGGTGOTTCTGATTATAAAGATGACGATGATA
AAGGAACCGGTTAA

121 ATGOTACCAGTAGCTGTTATTGGTGGTGGTCCAAGTGGCGCTTGTGE | Geranyl-
AGCAGAAACTTTAGCAAAAGGTGOTGTACGAAACTTTCTTACTTGAGC | geranyl
GTAAATTAGATAATTGTAAACCTTGTGGAGGTGCAATTCCATTATGT | reductase
ATGGTTGAAGAATTTGATTTACCAATGGAAATAATTGACCGTCGTGT | (C.
TACTAAAATGAAAATGATATCACCTTCAAACCGTGAAGTTGATGTTG | reinhardtil)
GAAAAACTTTATCAGAAACTGAATGGATCGOTATGTGTCGTCGTGA
AGTATTTGACGATTACTTAAGAAACCGTGCACAGAAATTAGGTGCTA
ATATTGTTAACGGTTTATTCATGCOTTCAGAACAACAATCTGCAGAG
GGTCCATTCACAATTCACTATAATTCTTATGAAGACGGTAGTAAAAT
GGGAAAACCTGCTACTTTAGAAGTTGATATGATAATTGGTGCAGATG
GAGCAAATTCTCGTATTGCAAAAGAGATAGATGCAGGTGAATACGA
CTACGCTATAGCTTTTCAAGAACGTATICGTATTCCTGATGATAAAA
TGAAATATTACGAAAACCTTGCTGAAATGTATGTAGGTGATGACGTA
TCTCCTGATTTCTATG-G-TTGGGTT‘TTTCCTAAATATGATCACGTTGCT
GTTGG-TACAGGTACTGTTGTAAACAAAACAGCTATTAAACAATATCA
ACAGGCAACACGTGACAGATCAAAAGTTAAAACAGAAGGTGGCAA
AATTATACGTGTTGAAGCACACCCAATTCCAGAACATCCACGTCCAL
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GTCCTTGTAAAGGTCGTGTTGCATTAGTAGGCGACGCAGCTGGTTAT
GTTACAAAATGTTCTGGCGAGGUCATTITACTTIGCTGCTAAATCTGG
TAGAATGGCTGCTGAAGCTATTGTAGAAGGTTCTGCTAACGGTACAA
AAATGTGTGGTGAGGATGCAATTCGTGTTTATTTAGATAAATGGGAT
CGTAAATATYGGACAACATACAAAGTATTAGACATITTACAAAAAG
TATTTTATCGTAGTAATCCAGCACGTGAAGCATTTGTTGAATTATGT
GAAGATAGTTATGTACAGAAAATGACATTTGATTCATACTTATATAA
AACTGTTGTTCCAGGAAACCCATTAGACGACGTAAAATTACTTGTTC
GTACAGTATCTTICTATTTTACGTTCAAATGCTTTACGTTCTGTTAATT
CTAAATCTGTAAATGTTTCTTTCGGCTCTAAAGCAAATGAGGAACGT
GTTATGGCTGCAGGTACCGGTGAAAATCTTTATTTTCAAGGTTCAGG
AGGTGGTGGTTCAGATTATAAAGATCGATGATGACAAAGGAACCGGT
TAA

ATGGTACCAGCAATGUGCAGTACCATTAGATGTAGTAATTACATATCC
TTCTTCAGGTGCTGCTGCTTATCCAGTACTTGTTATGTATAACGGTTT
CCAAGCTAAAGCTCCATGGTATCGTGGTATTGTAGATCATGTTTCTA
GTTGGGGTTACACAGTTGTTCAATATACAAATGGTGGCTTATTTCCT
ATTGTTGTAGATCGTGTTGAGTTAACTTATTTAGAGCCATTATTAACT
TGGTTAGAAACACAAAGTGCTOGATCGCTAAATCTCCTTTATACGGTCG
TGCAGATGTTTCTCGTTTAGGTACAATGGGTCATTCACGTGGTGGTA
AATTAGCAGCTTTACAATTTGCTGGACGTACAGATGTAAGTGGTTGT
GTATTATTTGACCCTGTAGATGGAAGTCCAATGACACCAGAATCTGC
TGATTATCCTTCAGCTACAAAAGCATTAGCAGCAGCTGGTCGTICTG
CTGGCTTAGTAGUGTGCAGCTATTACAGGTTCATGTAATCCAGTAGGT
CAAAATTACCCAAAATTCTOGGGTGCTTTAGCTCCTGGTTCTTGGCA
AATOGGTATTATCACAAGCTGGTCACATGCAATTTGCTCGTACTGGTA
ATCCATICTTAGATTGGTCATTAGACCGTTTATGTGGTCGTGGTACA
ATGATGAGTTCAGATGTTATTACATATAGTGCAGCATTTACTGTTGC
TTGGTTTGAAGGTATTTTTCGTCCTGCTCAAAGTCAAATGGGTATTTC
TAATTTCAAAACTTGGGCTAATACTCAAGTTGCAGCTCGTAGTATCA
CTTTTGATATTAAACCTATGCAATCTCCTCAGGGTACCGGTGAAAAC
CTTTACTTTCAAGGTAGTGGTGGTGGAGGAAGTGATTATAAAGATGA
TGATGACAAAGGAACCGGTTAA

Chioro-
phviiido
hydrolase
{C.

reinhardtii)

ATGGTACCAGCACCACCAAAACCAGTTCGTATAACTTGTCCAACAGT
AGCTGGCACTTATCCTGTTGTTTTATTCTTICACGGTITTTATCTTCGT
AACTATTICTATTCAGATGTTTTAAATCATATIGCTAGTCATGGTTAC
ATCTTAGTTGCACCACAATTATGTAAACTTTTACCTCCAGGTGGCCA.

AGTAGAAGTTGATGACGCTGGTTCAGTTATTAACTGGGCTTCAGAGA
ATCTTAAAGCACACCTTCCAACTTCTGTTAATGCTAATGGTAAATAT

ACATCTTTAGTTGGACATTCACGTGGTGGCAAAACAGCTTTCGCAGT

Chloro-
phyllido
bydrolase
{A. thalania)
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TGCATTAGGTCACGCAGCTACATTAGATCCATCAATTACATTTTCAG
CATTAATTGGTATTIGATCCAGTAGCAGGAACTAACAAATACATTCGT
ACAGATCCACACATCTTAACTTATAAACCTGAATCATTTGAATTAGA
TATTCCTGTAGCTGTTGTAGGCACTGGTCTTGGTCCAAAATGGAATA
ACGTAATGCCTCCATGCGCACCTACAGATTTAAACCACGAAGAATTT
TACAAAGAATGTAAAGCTACTAAAGCTCACTTTGTTGCTGCTGATTA
TGGTCACATGGACATGTTAGACGACGATCTTCCAGGTITTG TAGGCT
TCATGGCTGOTTGTATGTGTAAAAATGGTCAACGTAAAAAATCAGA
AATGCGTTCTTTTGTAGGTGGTATAGTTGTAGCATTCTTAAAATATTC
TTTATGGGGTGAAAAAGCTGAAATAAGATTAATTGTTAAAGATCCTA
GTGTATCTCCTGCTAAATTAGACCCATCACCAGAATTAGAAGAAGCA
TCAGGTATTITTGTTGGTACCGGTGAAAATCTTTATITICAAGGTTCA
GOTOGAGGTGGTTCTGATTATAAAGATGATGATGACAAAGGAACCG
GTTAA

124 ATGGTACCAGCTACACCAGTTGAAGAAGGTGATTATCCAGTTGTAAT | Chioro-

GITATTACATGGCTACCTTTTATATAATTCATITTATTCACAATTAAT | phyllido

OTTACATGTATCATCTCACGGTTTCATCTTAATYGCTCCACAATTATA | hydrolase
CTCAATTGCTGOTCCTGATACTATGGATGAAATTAAAAGTACTGCTG | (A, thalania)
AGATTATGGACTGGTTATCAGTTGGTTTAAATCACTTITTTACCAGCTC
AAGTTACACCTAATTTATCTAAATTTGCATTATCTGGTCATAGTCGTG
GTGGTAAAACTGCTTTTGCTGTAGCATTAAAAAAATTTGGTTATICT
TCAAACTTAAAAATTAGTACTTTAATTGGTATTGATCCAGTAGACGG
AACAGGTAAAGGTAAACAAACTCCACCTCCTGTTTTAGCATATTTAC
CTAATAGTTTTGACTTAGACAAAACACCAATTTTAGTAATTGGTTCA
GGTTTAGGTGAAACTGCACGTAATCCTTTATTTCCTCCATGTGCTCCT
CCAGUGTOGTTAACCACCGTGAGTTTTTCCGTGAATGTCAAGGTCCAGC
ATGGCACTTTIGTTGCTAAAGATTATGGTCATTTAGACATGCTTGATG
ATGATACAAAAGGTATTCGTGGCAAATCTAGTTACTGTITATGCAAA
AATGGTGAAGAACGTCGTCCAATGCGTCGTTTCGTTIGGTGGTTTAGT
TGTTAGTTTICTTAAAGCATATCTTGAAGGTGATGATCGTGAATTAG
TAAAAATCAAAGATGGTTGTCATGAAGATGTACCTGTTGAAATTCAA
GAATTTGAAGTAATTATGGGTACCGGTGAAAATCTTTACTITCAAGG
TTCAGGCGGTGGAGGTTCAGATTATAAAGATGATGATGACAAAGGA
ACCGGTTAA

125 ATGGTACCAAGTCACAAAAAAAAAAACGTAATCTTCTTCGTAACTG Phosphatase
ATGGTATGGGTCCTGCTTCTCTTTCAATGGCTCGTTCATTTAATCAAC | (S.
ACGTTAATGATTTACCAATTGATGATATTTTAACATTAGATGAACAT cerevisiac)
TTTATTGGAAGTTCAAGAACACGTTCATCAGATTCACTTGTAACTGA
CTCAGCTGCTGGAGCTACAGCTTTTGCTTGTGCACTTAAATCATACA
ATGOGTGCTATAGGTGTAGATCCACACCATCGTCCATGTGGAACTGTT
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TTAGAAGCTGCTAAATTAGCAGGTTATTTAACAGGATTAGTAGTTAC
TACACGTATTACTGATGCTACACCAGCTAGTTTCTCAAGTCACGTAG
ATTATCGTTGGCAAGAAGATTITAATTGCAACACACCAATTAGGTGAA
TATCCTTTAGGACGTGTTGTTGATCTTCTTATGGGTGGTGGTCGTTCT
CACTTTTATCCTCAAGGTGAAAAAGCTAGTCCATACGGTCACCACGG
TGCACGTAAAGATGGTCGTGATTTAATCGATGAAGCTCAAAGTAAT
GGCTGGCAGTATGTAGGAGATCGTAAAAATTTTGATTCTTTACTTAA
ATCACATGGTGAAAATGTTACTTTACCATTTTTAGGTTTATTTGCTGA
CAACGATATCCCATTTGAAATTGATCGTGATGAAAAAGAATATCCTA
GTTTAAAAGAACAAGTAAAAGTAGCATTAGGTGCTTTAGAAAAAGC
AAGTAACGAAGATAAAGATAGTAATGOTTTCTTTTTAATGGTAGAA
GGTTCTCGTATTGATCATGCTGGCCATCAAAACGATCCTGCATCTCA
AGTACGTGAAGTATTAGCATTTGATGAGGCTTTTCAATATGTATTAG
AATTTGCAGAAAACAGTGATACAGAAACAGTATTAGTAAGTACATC
AGATCATGAAACAGGTGGTITAGTTACTTCAAGACAAGTAACAGCA
TCATACCCACAATATGTATGGTATCCTCAAGTATTAGCTAACGCTAC
ACATAGTGGAGAGTTTCTTAAACGTAAATTAGTTGATTTCGTTCATG
AACACAAAGGCGCATCATCAAAAATAGAAAACTTCATAAAACACGA
AATTCTTGAAAAAGATTTAGGTATTTATGATTATACAGATTCTGACT
TAGAAACACTTATTCATTTAGATGATAACGCTAATGCAATTCAAGAT
AAACTTAATOATATGOTAAGTTTTAGAGCTCAAATTGGTTGGACAAL
ACATGGTCATTCAGCAGTTGATGTAAACATATATGCTTACGCAAACA
AAAAAGCTACATGGTCTTATGTTCTTAATAACTTACAAGGTAATCAC
GAAAACACAGAAGTTGGTCAATTCTTAGAGAATTTCTTAGAATTAAA
CTTAAATGAAGTTACTGATTTAATCCOGTGATACAAAACATACTICTG
ATTTTGACGCAACAGAAATAGCAAGTGAGGTTCAACACTATGATGA
ATATTACCACGAATTAACAAATGGTACCGGTGAAAATCTTTATTITC
AAGGTTCTGGTGGAGGTGGCAGTCGATTATAAAGATGATGATGACAA
AGGAACCGGTTAA

ATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCAACC
AGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGCGAACGTGAG
GAATTTGTAGGATTCTTTCCACAAATTGTTCGTGACTTAACTGAAGA
TGGTATTGGTCATCCAGAAGTAGGTGACGCTGTAGCTCGTCTTAAAG
AAGTATTACAATACAACGCACCTGGTGGTAAATGCAATAGAGHTTT
AACAGTTGTTGCAGCTTACCGTGAACTTTCTGGACCAGGTCAAAAAG
ACGCTGAAAGTCTTICGTTGTGCTTTAGCAGTAGGATGGTGTATTGAA
TTATTCCAAGCCTTTTTCTTAGTTTCGGGACGATATAATGGACCAGTC
ATTAACTAGACGTGGTCAATTATGTTGGTACAAGAAAGAAGGTGTT
GOGTTTAGATGCAATAAATGATTCTTTTICTITTAGAAAGCTCTGTGTAT
CGCGTTCTTAAAAAGTATTGCCGTCAACGTCCATATTATGTACATTT

FPP A118W
(G. gallas)
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ATTAGAGCTTTTTCTTCAAACAGCTTACCAAACAGAATTAGGACAAA
TGTTAGATTTAATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATT
TCTCAGAAGAACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTC
TATTCATTCTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATA
GATTCTAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGA
TGGGTGAATACTTCCAAATTCAAGATCGATTATTTAGATTIGTTTTIGGC
GATCCTGCTTTAACAGGTAAAGTAGUTACTGATATTCAAGATAACAA
ATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACACCAGAAC
AACGTCAACTTTTAGAAGATAATTACGOTCOTAAAGAACCAGAAAA
AGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAGGTATGAGAGCC
GCCTTTCAACAATACGAAGAAAGTAGTTACCGTCGTCTTCAAGAGTT
AATTGAGAAACATTCTAATCGTTTACCAAAAGAAATTTTCTTAGGTT
TAGCTCAGAAAATATACAAACGTCAAAAAGGTACCGGTGAAAACTT
ATACTTTCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGAT
GATGATAAAGGAACCGGTTAA
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Table 6. Nacleic acids encoding exemplary isoprenoid producing enzymes (with restriction enzyme sites

Enzyme
SEQ Codon-biased, Synthesized Gene Sequence encoded
ID NO w/ Cloning Sites {synthetie)

127 | CATATGGTACCAAGACGTTCAGUGTAACTATAATCCTAGCCGTTGGGA | Limonene
COTAAATTTCATTCAATCTTTATTATCTGATTATAAAGAAGATAAAC | (M, spicata)
ACGTTATTAGAGCTTCTGAATTAGTAACACTTGTTAAGATGGAATTA
GAAAAAGAAACAGATCAAATCCGTCAATTAGAATTAATTGACGATT
TACAACGTATGGCGTTTATCTGATCATTTCCAAAACGAATTTAAAGAA
ATCTTATCAAGTATTTACTTAGATCATCATTATTACAAAAATCCATTT
CCAAAAGAAGAGCGTGATTTATACTCAACTAGCTTAGCTTTTCGTTT
ATTACGTGAACACGGTTTTCAAGTAGCACAAGAAGTTTTTGATTCAT
TCAAAAATGAAGAGGGTGAATTTAAGGAGAGCTTATCTGACGATAC
TCGTGGCTTATTACAATTATATGAAGCATCATTCTTATTAACAGAGG
GTGAAACAACCTTAGAAAGTGCACGCGAATTTGCTACAAAATTTTTA
CGAAGAAAAAGTTAACGAAGGTGGCGTTGATGGTGACTTATTAACAA
GAATTGCTTACTCATTAGATATTCCCTTACATTGGCGCATTAAACGT
CCTAATGCCCCAGTTTGGATTGAATGGTATCGTAAACGTCCAGATAT
GAACCCAGTGGTTTTAGAATTAGCAATTTTAGACTTAAACATTGTAC
AAGCTCAATTTCAAGAGGAATTAAAAGAGTCTTTTCOGCTGGTGGCGT
AATACTGGTTITGTTGAGAAATTACCATTTGCACGTGATCGTTTAGTT
GAATGTTACTTTTGGAACACTGGTATTATTGAACCACGTCAACACGC
ATCAGCTCGTATTATGATGGGTAAAGTAAATGCATTAATTACAGTAA
TTIGATGACATCTATGATGTTITATGGAACACTTGAAGAATTAGAACAA
TTCACTGATTTAATTCGCAGATGGGACATAAACTCAATAGATCAATT
ACCAGATTATATGCAATTATGTTTTCTTGCATTAAACAATTTCGTTGA
TGACACTTCATACGATGTTATGAAAGAAAAGGOTGTTAATGTTATTC
CTTACTTACGTCAATCTTGGGTAGACCTTGCAGACAAATATATGGTA
GAAGCACGTTGGTTCTACGGTGGCCATAAACCATCATTAGAAGAAT
ACTTAGAAAATTCTTGGCAATCTATCTCAGGTCCATGTATGTTAACT
CATATATTCTTTCGTGTAACAGATAGCTTTACTAAAGAAACTGTTGA
TTCTCTTTACAAATATCATGATTTAGTTAGATGGTCATCATTOGTGCT
TCGTCTTGCTGACGACTTAGGTACAAGCGTTGAAGAAGTATCTCGTG
GTGATGTGCCAAAATCTTTACAATGCTACATGAGTGATTATAACGCT
AGTGAGGCTGAAGCACGTAAACACGTAAAATGGTITAATTGCAGAAG
TATGGAAAAAGATGAATGCAGAACGTGTTITCTAAAGATAGTCCTTTT
GGTAAAC}ATTTTATAGGTTGTG’CTGTTGATTTAGGTCGTATGGCTCA
ATTAATGTATCACAATGOGAGATGGTCATCGGTACTCAACACCCTATTA
TTCATCAACAAATGACACGTACTTTATTTGAACCATTCGCTGGTACC
GOTGAAAACTTATACTTTICAAGGCTCAGGTGGUGGTGGAAGTGATT
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ACAAAGATCGATGATGATAAAGGAACCGOTTAATCTAGACTCGAG

128 | CATATGGTACCAAGACGTACTGGTGGCTATCAACCTACACTTTGGGA | Cineole (8.
TTTTTCAACAATTCAATTATITGATAGTGAATATAAAGAAGAAAAAC | officinalis)
ATCTTATGCGTGCTGCTGOGTATGATTGCTCAAGTGAACATGTTACTT
CAAGAAGAAGTAGACAGCATCCAACGTCTTGAATTAATTGATGACT
TACGTCGTTTAGGTATATCTTGCCACTTIGATCGTGAAATTGTAGAG
ATTTTAAACAGTAAATACTACACCAACAATGAAATTGATGAATCAG
ATTTATACAGTACAGCACTTAGATTCAAACTTTTACGTCAATATGAT
TTTAGCOTTAGCCAAGAAGTTTTTGATTGTTTITAAAAATGACAAAGG
TACAGATTTCAAACCATCATTAGTTGACGATACACGTGGCTTATTAC
AATTATATGAAGCATCATTTTTATCAGCTCAGGGTGAAGAAACTTTA
CATTTAGCACGTGATTTTGCTACTAAATTCTTACATAAAAGAGTTIT
AGTAGATAAAGATATCAATTTATTATCTAGTATCGAGCGTGCTTTAG
AATTACCAACACACTGGCGTGTACAAATGCCTAACGCTAGATCATTC
ATCGACGCATATAAAAGAAGACCAGACATGAACCCTACAGTATTAG
AGTTAGCAAAACTTGACTTTAACATGGTTCAAGCACAGTTCCAACAA
GAATTAAAAGAAGCCAGTOGUTGGTGOAACTCTACAGGATTAGTAC
ATGAATTACCATTTGTACGTGATCGTATTIGTGGAATGTTATTATTGG
ACTACTGGTGTAGTAGAACGTCGTGAACACGGTTACGAACGTATTAT
GTTAACAAAAATTAACGCTTTAGTTACAACAATCGATGATGTTTTTG
ACATTTATGGTACTTTAGAAGAATTACAACTTTTTACAACTGCTATTC
AAAGATGGGACATTGAGTCTATGAAACAACTTCCACCCTATATGCA
AATCTGCTACTTAGCTTTATTCAACTTCGTAAATGAGATGGCTTACG
ATACATTACOTOGATAAAGGTTITAATAGTACTCCATATITACGCAAA
GCCTGGOGTAGACTTAGTAGAAAGCTACTTAATTGAAGCTAAATGGT
ATTATATGGGTCACAAACCAAGTTTAGAAGAGTACATGAAAAACTC
ATGGATTTCTATCGGAGGTATTCCAATTTTATCACATTITATTCTTTCG
TTTAACAGACAGTATCGAAGAAGAAGACGCTGAATCAATGCATAAA
TATCACGATATAGTACGTGCCTCTTGTACTATTITACGTTTAGCTGAT
GATATGGGTACATCATTAGATGAAGTTGAACGTGGCGATGTTCCTAA
ATCTGTACAATGCTATATGAATGAGAAAAACGCCTCTGAAGAAGAA
GCACGTGAACATGTTCGTAGTTTAATTGATCAGACATGGAAGATGAT
GAATAAAGAAATGATGACTTCATCATTTTCAAAATACTTCGTACAAG
TOTCTGCAAATCTTGUTCGTATGGCACAATGGATATATCAACATGAA
AGTGATGOGTTTCGGTATGCAACACTCTTTAGTTAACAAAATGCTTCG
TGGTTTACTTTTTGACCGTTATGAAGGTACCGGTGAAAACTTATACT
TTCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGATGATGA
TAAAGGAACCGGTTAATCTAGACTCGAG

129 | CATATGGTACCACGTCGCATGGGTGATTTTCATTCAAACTTATGGGA | Pinene (A.
TGATGATGTAATTCAATCTTTACCCACAGCTTACGAAGAAAAATCTT | grandis)
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ATCTTGAACGTOGCTGAGAAGTTAATTGGAGAAGTTGAAAATATGTTC
AACAGTATGAGTTTAGAAGATCGGTGAACTTATGAGTCCATTAAATG
ATTTAATTCAACGCCTTIGGATTGTIGATTCTTTAGGTAGATTAGGTA
TCCATCGTCACTTTAAAGATGAGATTAAAAGTGCTTITAGATTATGTT
TACAGTTACTGGGGTGAAAACGGAATAGGTIGTGGTCGTGAAAGTG
CTGTAACTGATTTAAACAGTACAGCTTTAGGCTTTCGTACACTTCGTT
TACACGGTTATCCAGTTTCATCTGATGTATTTAAAGCATTTAAAGGT
CAAAATGGTCAATTCAGTTGTICAGAAAATATCCAAACAGATGAAG
AAATTCGTGGTGTTCTTAACTTATTTAGAGCCAGTTTAATAGCCTTCC
CTGGTGAGAAAATAATGGACGAAGCTGAAATCTTCTCTACAAAATA
CTTAAAGGAAGCATTACAAAAGATCCCAGTTAGTTCATTATCACGTG
AAATCGGTGATGTACTTGAATATGGATGGCATACATACTTACCALCGT
TTAGAAGCACGTAACTATATTCATOTTTTCGGACAAGATACAGAGAA
TACAAAAAGTTATGTAAAATCAAAGAAACTTTTAGAATTAGCTAAA
TTAGAATTTAACATTTTTCAGAGCTTACAAAAACGTGAATTAGAAAG
CCTTGTTCGTTGGTGGAAAGAATCTGGATTTCCTGAAATGACATTCT
GTAGACACAGACACGTGGAATATTACACACTTGCATCATGTATTGCA
TTCGAACCTCAGCATAGTGGTTTTCGTTTAGGTTTTGCTAAAACATGT
CACCTTATAACAGTTTTAGATGACATGTATGACACTTTCGGCACCGT
AGACGAATTAGAGTTATTTACAGCAACTATGAAACGTTGGGACCCA
AGTTCAATTGACTGCCTTCCAGAATACATGAAAGGAGTTTACATTGC
TGTGTATGATACAGTTAATGAAATGGCTCGTGAAGCTCGAGGAAGCT
CAAGGTCGCGATACACTTACATACGCTCGTGAGGCCTGGGAGGCTT
ATATAGATTCTTATATGCAAGAAGCTCGCTGOATTGCTACTGGATAC
TTACCTTCTTTCGATGAATATTATGAAAATGGTAAGGTTTCATGTGG
TCACCGTATATCTGCTTTACAACCAATTCTTACTATGGATATTCCATT
TCCAGATCACATTTTAAAGGAAGTTGACTTTCCTTCTAAACTTAATG
ACTTAGCTTGTGCTATCTTACGCCTTCGCGOTGATACTCGTTGTTACA
AAGCAGACCOGTGCACGTOGGTGAAGAGGUTAGTTCTATTTCTTGTTAT
ATGAAAGATAATCCAGGTGTTTCTGAAGAAGATGCCTTAGATCATAT
TAACGCAATGATCAGTGATGTTATTAAGGGCTTAAACTGGGAATTAC
TTAAACCCGACATTAACGTACCTATTTCTGCTAAGAAACATGCTTTC
GACATTGCTCGTGCTTTTCACTACGUTTATAAATATCGTGATGGUTA
TTCAGTTGCTAATGTTGAAACAAAATCTITAGTTACACGTACTTTACT
TGAATCAGTTCCATTAGGTACCGGTGAAAACTTATACTTTCAAGGCT
CAGGTGGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAAC
CGGTTAATCTAGACTCGAG

130 | CATATGGTACCACGTAGAGTTGGTAATTATCATTCTAATCTTTGGGA | Camphene
TGATGATTTTATACAAAGTTTAATTTCTACACCTTACGGTGCTCCYGA. | {A. grandis)
CTACCGTGAACGCGCTGATCGTCTTATTGGTGAAGTAAAAGATATTA
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TGTTTAATTTCAAATCTTTAGAGGATGGTGGTAATGACTTATTACAA
CGTTTACTTTTAGTTGATGACGTAGAACGTTTAGGCATTGATCGTCA
TTTCAAAAAGGAAATTAAGACTGCATTAGATTATGTAAATAGTTATT
GOAATGAAAAAGGAATTGGTTGTGOTCGTGAGTCTGTAGTTACAGA
CTTAAATTCAACTGCTTTAGGCCTTCGTACCTTAAGATTACATGGTTA
TACTGTTAGCTCTGACGTTTTAAATGTTITITAAAGATAAAAATGGTC
AATTTTCATCTACAGCTAATATTCAAATTGAAGGTGAAATTCGTGGT
GTTTTAAATCTTTTTCGTGCCTCTCTTGTAGCTTTTCCAGGTGAGAAA
GTGATGGATCGAGGCTGAAACTTTTTCAACAAAATATCTTCGTGAAGC
ATTACAGAAAATTCCTGCCAGTTCAATTTTATCATTAGAAATACGTG
ATGTATTAGAATATGGATGGCATACTAATTTACCACGTTTAGAAGCA
COTAATTACATGGATGTTTTCGGTCAGCACACCAAGAACAAAAATG
CAGCCGAAAAATTACTTGAATTAGCAAAATTAGAGTTCAATATCTTT
CACAGCTTACAAGAACGTGAATTAAAGCACGTTTCAAGATGGTGGA
AAGACTCTGUTAGTCCAGAGATGACTTTCTGTCGCCACCGCCATGTG
GAATATTATGCTTTAGCTTCTTGTATTGCTTITCGAACCCCAGCACAGT
GGTTTCCOTTTAGGTTTITACTAAAATGAGTCATTTAATCACAGTGTTA
GATGATATGTATGATGTATTCGOGTACAGTTGATGAATTAGAGTTATT
TACCGCCACTATTAAACGTTGGGACCCTTCTGCTATGGAATGTTITAC
CAGAGTACATGAAAGGTGTTTACATGATGGTTTATCATACAGTTAAC
GAAATGGCTCOTGTGGCAGAAAAGGCTCAAGOGTAGAGACACATTAA
ACTATGCTCGTCAAGCCTGGGAAGCATOTTTTGACTCTTATATGCAA
GAAGCAAAATGOATTGCAACAGGTTACTTACCTACATTCGAGGAAT
ATTTAGAAAATGGTAAAGTGAGTTCAGCACATCGTCCTTGTGCATT
CAACCTATTTTAACTCTTGATATTCCATTTCCCGATCATATTCTTAAA
GAAGTGOATTTCCCAAGCAAACTTAATGACTTAATITGTATTATCIT
ACGTCTTAGAGGAGACACACGTTGCTATAAAGCAGACCUHTGCCCGT
GGTGAAGAAGCATCATCAATATCTTGTTATATGAAAGATAACCCAG
GTTTAACTGAAGAAGATGCTTTAAACCACATTAACTTTATGATTCGT
GACGCAATCCGCGAATTAAACTGGGAGTTACTTAAACCAGATAATA,
GTGTTCCAATTACTTCAAAGAAACATGCTTTTGATATTITCACGTGTGT
GGCACCACGGATACCGTTATCGTGATGGTTACAGCTTTGCAAACGTG
GAAACTAAAAGTCTTGTAATGCGTACTGTAATAGAACCAGTACCATT
AGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGGTGGA
AGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAATCTAGAC
TCGAG

A
£

131 | CATATGGTACCACGTCGTTCAGGAGATTATCAACCAAGTTTATGGGA | Sabinene (S,
CTTTAATTACATTCAATCTTTAAACACACCTTACAAAGAACAACGTC | officinalis)

ATTTTAATCGTCAAGCTGAGTTAATTATGCAAGTTCGTATGTTATTA
AAGGTAAAAATGGAAGCAATTCAACAATTAGAGTTAATAGATGATT
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TACAGTACTTAGGATTATCATATTTCTTTCAAGACGAAATTAAACAA
ATCTTAAGCTCTATTCACAATGAACCTCGTTATTTTCATAATAATGAC
CTTTATTTCACTGCTTTAGGTTTTAGAATTITTACGTCAACATGGTTIT
AATGTTTCAGAAGACGTATTTGACTGCTTTAAAATCGAAAAATGTTC
TGACTTITAATGCTAACTTAGCTCAGGACACAAAGGGTATGTTACAAT
TATATGAAGCTAGTTTCTTATTAAGAGAAGCGAGAAGATACACTTGA
ATTAGCTCGTCGTTTTAGTACACGTTCTTTACGTGAAAAATTTIGATG
AAGGTGGTGACGAGATAGATGAAGATTTAAGTAGTTGGATTCGTCA
TTCTTTAGATTITACCATTACACTGGCGTGTTCAAGGTTTAGAAGCTC
GTTGGTTTTTAGATGCCTATGCTCGTCOTCCAGATATGAACCCTCTTA
TTTTCAAATTAGCTAAATTAAATTTTAACATTGTTCAAGCTACATACC
AAGAAGAATTAAAAGACATCTCTCGTTGGTGGAACAGTAGTTGTTTA
GCAGAGAAATTACCCTTCOTTCGCGATCGTATTGTAGAATGTTTCTT
CTGGGCTATTGCTGCTTTCGAACCACACCAATACTUCATATCAACGTA
AAATGGCCGCTGTAATTATTACATTTATTACTATTATTGATGATGTTT
ACGATGTATATGGTACTATTGAAGAATTAGAGTTATTAACAGATATG
ATTCGTAGATGGGATAATAAGAGTATTAGTCAACTTCCTTACTATAT
GCAAGTTTGTTATTTAGCTCTTTATAACTTCGTAAGTGAACGCGCAT
ACGACATCTTAAAAGATCAACACTTTAACAGTATTCCATACCTTCAA
AGAAGTTGGGTTTCATTAGTTGAGGGATACTTAAAAGAAGCATATTG
GTACTATAACGGTTACAAACCAAGTCTTGAAGAATATCTTAATAATG
CAAAAATTAGTATTAGTGCACCCACCATTATTTCACAATTATACTTT
ACTTTAGCAAATAGTATCGACGAAACTGCCATTGAAAGTTTATACCA
ATATCACAACATITTATACTTATCAGGTACTATCTTACGTTTAGCTG
TGATTTAGGAACTTCACAACATGAATTAGAACGTGGTGATGTTCCCA
AAGCTATTCAATGTTATATGAATGATACAAATGCATCAGAAAGAGA
AGCTGTAGAACATGTTAAATTTCTTATTCGTGAAGUCTGGAAAGAAA
TGAATACAGTTACTACCGCATCAGATTGTCCTTTTACAGACGATCTT
GTTGCCGCCGCAGCTAATTTAGUTCGTGCTGCTCAATTCATTTACTTA
GATGGTGATGGTCATGGTGTACAACATAGCGAAATTCATCAGCAAA {
TGGGCGGTCTTCTTTTTCAACCATACGTTGGTACCGGTGAAAACTTA
TACTTTCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGATG
ATGATAAAGGAACCGUGTTAATCTAGACTCGAG

132 | CATATGGTACCACGCAGAATTGGTGATTACCATAGTAACATTTGGGA | Myrcene (A.
TGATGATTTTATCCAGTCACTTTCTACCCCTTATGGTGAACCATCTTA | grandis)

CCAAGAAAGAGCTGAACGTCTTATTGTAGAAGTGAAAAAGATTTTC
AACAGTATGTACTTAGATGACGGTCGTTTAATGAGTTCTTTTAATGA
CTTAATGCAACGTTTATGGATTGTAGACTCAGTAGAACGTTTAGGTA
TTGCCCGTCACTTCAAAAATGAAATTACATCTGCCCTTGACTATGTTIT
TTCGTTATTGGGAAGAAAACGGTATAGGTTGTGGTCGTGATTCTATT
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GTAACTGACTTAAATAGCACAGCTTTAGGTTITCGTACACTTCGTTT
ACACGGTTATACAGTTTCTCCAGAGGTTTTAAAAGCATTTCAAGATC
AAAATGGTCAATTCOGTTTOTTCACCAGGACAAACAGAAGGTGAAAT
TCGTTCAGTTTTAAATTTATATCGTGCAAGTTTAATTGCCTTTCCAGG
CGAAAAAGTTATGGAAGAAGCAGAAATCTTCTCTACTCGCTATTTAA
AAGAAGCTCTTCAAAAGATTCCAGTTAGCGCATTATCACAAGAAAT
CAAATTTGTTATGGAATATGGATGGCATACAAATTTACCTAGATTAG
AAGCACGTAACTATATTGATACTTTAGAAAAGGATACATCAGCTTGG
TTAAACAAAAATGCAGGTAAAAAGTTATTAGAATTAGCTAAATTAG
AATTTAACATCTTTAACTCATTACAACAAAAAGAATTACAATACTTA
CTTCGCTGGTGGAAAGAATCTGACTTACCTAAATTAACCTTTGCACG
TCATAGACACGTTGAATTTTACACATTAGCTTCTTGTATTGCTATTGA
TCCCAAACATTCAGCATTCCGTTTAGGATTCGCTAAAATGTGTCACT
TAGTTACAGTTCTTCGACGATATTTATGATACTTTCGGTACTATTGATG
AACTTGAGTTATTTACTTCTGCAATTAAACGTTGGAATAGTTCTGAA
ATTGAACACTTACCAGAATATATCGAAATGCGTGTATATGGTTGTTTT
TGAAACTGTTAATGAATTAACTCOTGAAGCTGAGAAAACACAAGGA
CGTAACACTTTAAACTATCTTCOTAAAGCATGGGAAGCATATTTTGA
TTCTTATATGGAGGAAGCAAAGTGGATCTCAAACGGATATTTACCAA
TGTTTGAAGAATACCACGAAAATGGTAAAGTGTCATCTGCATACCGT
GTAGCAACATTACAACCAATTTTAACTTTAAACGCTTGGTTACCCGA
CTACATTCTTAAAGGAATTGATTTCCCAAGTCGTTTTAACGATTTAG
CTAGTTCATTCTTACGTTTACGTGGCGATACTCGCTGTTACAAAGCT
GACCGTGATCGTGOTGAAGAAGCTAGCTGCATTTCTTGTTACATGAA
AGATAATCCAGGTTCTACCGAAGAAGATGCACTTAATCACATTAAC
GUTATGGTAAATGACATCATTAAAGAATTAAACTGGGAATTATTACG
CAGTAATGATAATATTCCTATGTTAGCTAAAAAGCACGCTTTTGATA
TTACTCGTGCACTTCACCACTTATACATTTATCGCGATGGTTTCAGTG
TIGCTAATAAAGAAACTAAAAAGTTAGITATGGAGACATTACTTGA
ATCAATGTTATTTGGTACCGGTGAAAACTTATACTTTCAAGGCTCAG
GTGGOGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGG
TTAATCTAGACTCGAG

133 1 CATATGGTACCACAATCTGCTGAAAAGAACOGACTCTTTATCAAGTTC | Abictadiene
TACATTAGTTAAGAGAGAATTTCCACCCGGTTTCTGGAAAGACGACT | (A, grandis)
TAATCGACAGTTTAACTTCAAGTCACAAAGTAGCTGCTAGCGATGAA
AAACGTATCGAAACCTTAATTTCAGAAATTAAGAATATGTTTCGTTG
TATGOGGTTATGGTGAGACAAATCCATCAGCTTATGATACTGCTTGGG
TAGCTCGCATCCCAGCAGTTGATGGATCAGATAATCCTCACTTTCCA
GAGACTGTGGAATGGATCTTACAAAATCAATTAAAAGATGGTTCTTG
GOGTGAAGGTTTITTACTTCCTTGCTTATGATCGCATTTTAGCCACTTT
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AGCTTGTATTATCACACTTACACTTTGGCGTACTGGAGAAACACAAG
TACAGAAAGGTATCGAATTTTTCCGCACTCAAGCAGGTAAAATGGA
AGATGAAGCAGATTCACACCGTCCAAGTGGTTTTGAGATTGTATTTC
CTGCTATGTTAAAAGAGGCTAAGATTTTAGOUTTAGATTTACCTTAT
GATCTTCCTTTTICTITAAACAAATTATTGAAAAGAGAGAAGCTAAGTT
AAAACGTATTCCTACAGATGTTTTATATGCTTTACCAACTACTTTACT
TTATTCATTAGAAGGTTTACAAGAAATAGTAGACTGGCAAAAAATC
ATGAAATTACAAAGTAAAGATGGTAGTTITCTTATCTTCTCCTGCCTC
AACAGCAGCAGTATTTATGAGAACAGGTAACAAAAAGTGTTTAGAT
TTCTTAAATTTCGTGCTTAAAAAGTTCGGTAATCATGTTCCATGCCAC
TATCCTTTAGACCTTTTTGAGCGTCTTTGGGCAGTTGATACTGTTGAA
| AGATTAGGTATTGACCGTCATTTTAAAGAAGAAATAAAAGAGGCTT
TAGACTATGTGTATTCACACTGGGACGAACGTGGTATTGGTTGGGCT
COTGAAAACCCCGTTCCAGATATTGACGATACAGCAATGGGTCTTCG
TATTTTACGTCTTCATGGTTACAATGTTAGCAGCGATGTTCTTAAAAC
ATTTCGTGATGAAAATGGTGAGTTCTTTTGCTTTTTAGGACAAACAC
AAAGAGGTGTGACTGATATGTTAAATGTTAATCGTTGTAGCCATGTA
TCTTTCCCTGGTGAAACTATAATGOAAGAGGCAAAATTATGTACTGA
ACGTTACTTACGCAACGCATTAGAAAATGTAGACGCTTTTGATAAGT
GGGCATTTAAGAAAAACATTCGTGGTGAGGTAGAATATGCTCTTAA
ATATCCTIGGCATAAATCAATGCCACGTTITAGAAGCACGTTCATATA
TTGAAAATTACGGTCCAGATGATGTTTGGTTAGGTAAAACTGTTTAT
ATGATGCCTTACATTTCAAATGAAAAGTACTTAGAGTTAGCTAAACT

’T‘GA'T"T"'F’T‘A A A ST A AT A A T I A £ A 5 A A ATV A A 7 A T
1 iEll CAAAGTTICAGTCAATCCACCAGACAGAAUTTUCAAGACLT

TACGCCGTTGGTGGAAAAGTTCTGGTTTTACAGATTITAAACTTTACA
AGAGAACGTGTTACTGAAATTTACTTTTICACCTGCATCTTTTATCTTC
GAACCAGAATTTAGTAAATGTCGTGAGGTTTATACAAAAACTTCTAA
TTTTACTGTAATTTITAGACGATTTATATGACGCTCATGGCTCTTTAGA
TOGACTTAAAACTTTTTACAGAGAGTGTTAAACGTTGGGATTTATCTT
TAGTTGACCAAATGOCCCAGCAGATOGAAAATCTGTTTTGTAGGTTIC
TATAATACATTCAACGATATTGCTAAAGAAGGTAGAGAACGTCAAG
GTCGTGATGTITTAGGTTATATTCAAAACGTATGGAAAGTACAACTT
GAAGCATATACTAAAGAAGCAGAATGOTCAGAAGCAAAATATGTTC
CTAGTTTTAACGAATACATTGAAAATGCTTCAGTTTCAATTIGCCTTA
GOTACAGTAGTACTTATCAGTGCTTTATTTACCGGAGAAGTTTTAAC
AGATGAAGTTTTATCTAAAATTGACCGTGAAAGTAGATTCTTACAGT
TAATGGGCTTAACTGGACGTTTAGTAAATOGATACTAAAACATATCAA
GCTGAGCGTGGTCAAGGTGAAGTTIGCTAGTGCAATTCAATGTTATAT
GAAAGACCACCCTAAAATTAGTGAAGAAGAAGCATTACAACATGTA
TATTCTGTAATGGAAAATGCATTAGAAGAATTAAATCGTGAGTTCGT
TAACAACAAAATTCCAGACATCTATAAACGTCTTGTTTTCGAAACTG
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CACGTATAATGCAATTATTTTACATGCAAGGTGATGGTTTAACATTA
AGTCACGATATGGAAATTAAAGAGCACGTAAAGAATTGTTTATTCC
AGCCAGQTAGCTGGTACCGGTCGAAAACTTATACTTTCAAGGCTCAGGT
GGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTT
AATCTAGACTCGAG

134 § CATATGGTACCATCTTCATCAACAGGCACTTCAAAAGTAGTAAGCGA | Taxadiene
AACATCTTCAACTATTGTAGACGATATTCCACGTCTTTCAGCAAATT | (T,

ATCATGGTGATTTATGGCATCACAACGTAATTCAGACTTTAGAAACA | brevifolia)
CCATTTAGAGAAAGTTCAACTTATCAAGAGUGTGCAGATGAATTAGT
AGTGAAAATCAAAGATATGTTCAATGCATTAGGTGACGGTGACATC
TCACCTTCAGCTTATGATACTGCATGGGTAGCTCGTGTTGUTACCATT
TCTTCTGATGGTAGCGAAAAACCACGTTTTCCTCAAGCTCTTAATTG
GOGTTTTTAACAATCAATTACAAGATGGATCATGGGGTATTGAATCAC
ATTTTAGTTTATGCGATCGTTTACTTAATACTACAAATTCAGTTATTG
CTTTATCAGTATGGAAAACTGGTCACTCACAGGTTCAACAAGGTGCC
GAATTTATTGCTGAAAATTTACGTCTTTTAAATGAAGAAGACGAATT
AAGTCCTGATTTTCAAATTATCTTCCCAGCTTTATTACAGAAAGCCA
AGGCTTTAGGAATCAATTTACCCTATGATTTACCATTCATCAAATAT
CTTAGTACAACACGCGAAGCTCGTTTAACAGATGTETCAGCTGCTGE
TGACAACATACCAGCCAATATGCTTAATGCACTTGAAGGTTTAGAAG
AAGTOGATTGATTGGAATAAAATCATGCGTTTTCAATCTAAAGATGGT
TCATTTTTATCTTCTCCAGCTAGTACAGCCTGTGTTTTAATGAATACA
GGTGATGAAAAATGTTTCACATTCTTAAATAACTTATTAGATAAATT
CGGCGGTTAETGTTCCATGTATCTATAGCATTGATTTATTAGAACGTTT
ATCTTTAGTGGACAACATTGAACACTTAGGTATTGGTOGTCACTTITA
AACAAGAAATCAAAGGTGCATTAGATTATGTATATCGTCATTGGTCT
GAACGCGGTATCGGTTGGGGTAGAGACTCTTTAGTTCCAGATTTAAA
CACCACAGCTTTAGGTTTACGCACATTAAGAATGCACGGTTATAACG
TGTCTAGTGATGTACTTAACAATTTCAAAGACGAAAATGGTCOGTTTC
TITAGTAGTGCTGGTCAAACACACGTAGAGTTACGTTCTGTTGTAAA
TCTTTTTCGCGCCTCAGATITAGCCTTTICCAGACGAACGTGCAATGG
ATGATGCTCGTAAATTCGCAGAACCATATTTACGTGAAGCATTAGCT
ACAAAAATATCAACAAATACAAAGTTATICAAAGAAATTGAATATG
TTGTTGAATACCCTTGGCACATGTCAATTCCACGTTTAGAAGCTCOGT
AGTTATATTGACAGTTATGATGATAATTATGTATGGCAACGTAAGAC
TTTATATCGTATGCCATCATTAAGTAATTCAAAATGTTTAGAACTTG
CTAAATTAGATTTCAATATTGTTCAATCTTTACACCAAGAAGAACTT
AAACTTTTAACTCGTTGGTGGAAAGAATCTGGTATGGCAGACATAA
ATTTCACCCGCCATCGTGTAGCTGAAGTTTACTTTTCTAGTGCTACAT
TTGAGCCAGAATATAGTGCTACTCGTATTGCATTCACAAAAATTGOT
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TGCTTACAAGTACTTTTCGATGATATGGCTGACATTITTCGCCACTTTA
GATGAGTTAAAAAGTTTTACTGAAGGTGTTAAACGCTGGGACACAT
CATTATTACATGAAATTCCCGAATGTATGCAAACTTGTTTTAAAGTA
TGGTTTAAACTTATGGAAGAAGTAAACAACGACGTAGTAAAAGTTC
AAGGAAGAGATATGTTAGCACATATTCGTAAACCCTGGGAATTATA
CTTTAATTGTTATGTTCAAGAACGTGAATGGTTAGAAGCTGGTTATA
TICCTACATTCGAAGAATATCTTAAAACTTATGCTATTAGTGTAGGC
CTTGGTCCTIGTACCTTACAACCTATTCTTTTAATGGGTGAGTTAGTT
AAAGATGATGTAGTAGAAAAAGTTCATTACCCTTCTAACATGTTCGA
ATTAGTTTCTTTAAGCTGGCGTTTAACTAATGATACCAAAACATATC
AAGCAGAAAAAGTACGCGGTCAACAAGCTAGTGGCATTGCCTGTTA
TATGAAAGACAATCCAGGTGCTACTGAAGAAGATGCTATTAAACAC
ATTTGTCGTGTTGTTGATCGTGCATTAAAAGAAGCAAGTTTCGAATA
TITCAAGCCTTCAAATGACATTICCTATGGGTTGTAAATCTTTTATCET
TAACTTACGTTTATGTGTACAAATTTTCTATAAATTCATTGATGGTTA
TGGTATCGCAAACGAAGAAATTAAGGACTACATTCGTAAGGTTTAT
ATTGATCCAATTCAAGTTGGTACCGGTGAAAACTTATACTTTCAAGG
CTCAGGTGGUGGTGGAAGTGATTACAAAGATGATCGATCGATAAAGGA
ACCGGTTAATCTAGACTCGAG

135 | CATATGGTACCACACAAGTICACAGGTGTTAACGCTAAATTCCAGCA | FPP (G,
ACCAGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGCGAACGTG | gallus)
AGGAATTTGTAGGATTCTTTCCACAAATTGTTOGTGACTTAACTGAA
GATGGTATTGGTCATCCAGAAGTAGGTGACGCTGTAGCTCGTCTTAA
AGAAGTATTACAATACAACGCACCTGGTGGTAAATGCAATAGAGGT
TTAACAGTTOTTGCAGCTTACCGTGAACTTTCTGGACCAGGTCAAAA
AGACGCTGAAAGTCTTCGTTIGTGCTTTAGCAGTAGGATGGTGTATTG
AATTATTCCAAGCCTTTTTCITAGTTGCTGACGATATAATGGACCAG
TCATTAACTAGACGTGGTCAATTATGTTGGTACAAGAAAGAAGGTGT
TGGTTTAGATGCAATAAATGATTCTTITCTTTTAGAAAGCTCTGTGTA
TCGCOTTCTTAAAAAGTATTGCCGTCAACGTCCATATTATGTACATTT
ATTAGAGCTTTTTCTTCAAACAGCTTACCAAACAGAATTAGGACAAA
TGTTAGATTTAATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATT
TCTCAGAAGAACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTC
TATTCATTCTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATA
GATTCTAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGA
TGGGTGAATACTTCCAAATTCAAGATGATTATTTAGATTGTITTGGC
GATCCTGCTTTAACAGGTAAACTAGGTACTGATATTICAAGATAACAA
ATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACACCAGAAC -
AACGTCAACTTTTAGAAGATAATTACGGTCGTAAAGAACCAGAAAA
AGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAGGTATGAGAGCC
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GCCTTTCAACAATACGAAGAAAGTAGTTACCOTCOTCTTCAAGAGTT
AATTGAGAAACATTCTAATCGTTTACCAAAAGAAATTTTCTTAGGTT
TAGCTCAGAAAATATACAAACGTCAAAAAGGTACCGGTGAAAACTT
ATACTTTCAAGGCTCAGOTGGCGGTGGAAGTGATTACAAAGATGAT

GATGATAAAGGAACCGGTTAATCTAGACTCGAG

136 | CATATGGTACCATCATTAACTGAAGAAAAACCAATTCGCCCAATCGC | Amor-

AAACTTTCCTCCAAGCATTTGGGGAGATCAATTCTTAATTTACGAAA | phadiene
AACAAGTAGAACAAGGTGTTGAACAGATTGTTAACGACCTTAAGAA | (A, annua)
AGAAGTGCGCCAACTTTTAAAAGAGGCTTTAGATATTCCAATGAAA
CACGCAAACCTTTTAAAACTTATTGACGAAATTCAACGTCTTGGTAT
TOCATATCACTTTGAACGTGAAATTCGATCATGCATTACAATGTATCT
ATGAAACTTATGGTGATAATTGGAATGGTGATCGTTCTTCATTATGG
TTCCGTTTAATGCGTAAACAAGGTTATTATGTTACATGTGACGTGTTT
AACAATTACAAAGATAAAAATGGTGCATTTAAACAATCTTTAGCTA
ATGATGTTGAAGGTTTATTAGAATTATATGAAGCTACTTCAATGCGT
GTITCCAGGTGAAATTATTCTTGAAGATGCATTAGGTTTTACACGTIC
TCGTTTATCTATTATGACAAAAGACGCATTTAGTACAAATCCTGCTT
TATTTACTGAAATTCAGCGTGCCCTTAAACAGCCTTTATGGAAACGT
TTACCAAGAATTGAAGCTGCTCAATATATICCATTTTATCAACAACA
AGATTCTCACAATAAGACATTACTTAAATTAGCCAAATTAGAATTTA
ATCTTTTACAATCATTACATAAAGAAGAATTAAGTCATGTGTGTAAA
TGGTGGAAAGCATTTGATATTAAGAAGAATGCTCCATGTTTACGTGA
TAGAATTGTAGAGTGTTACTITTGGGGCCTTGGTAGTGGTTACGAGT
CACAATATTCACGTGCTCGTGTATTCTTTACAAAAGCTGTTGCAGTT
ATTACTTTAATTGACGATACCTATGATGCATACGGAACCTATCGAGGA
GCTTAAAATTTTCACTGAAGCTGTAGAACGTTGGTCTATAACTTGTT
TAGATACTTTACCAGAATATATGAAACCCATCTACAAATTATTCATG
GACACATACACTGAAATGGAAGAATTTTITAGCAAAAGAAGGTCGCA
CAGACCTTTTTAACTGTGGTAAAGAATTTGTTAAAGAGTTTGTTCGT
AACTTAATGGTAGAAGCTAAGTGGGUTAATGAAGGTCACATTCCTA
CTACAGAAGAGCACGATCCAGTAGTAATAATTACAGGTGGAGCAAA
CTTACTTACCACAACTTGTTACTTAGGTATGTCTGACATTTTTACAAA
AGAATCAGTAGAGTGGGCAGTATCTGCACCACCATTATTCCGTTATT
CTGGCATACTTGGTICGTCGTCTTAATGATTTAATGACTCATAAAGCT
GAACAAGAGCGTAAACACTCATCAAGTAGTTTAGAAAGCTATATGA
AGGAATATAACGTTAACCGAAGAGTATGCTCAAACACTTATTTACAA
AGAGGTTGAAGACGTTTIGGAAGGACATTAACCGTGAATACTTAACA
ACTAAAAACATTCCACGTCCTCTTTTAATGGCTGTAATATACTTATGT
CAATTCTTAGAAGTACAATACGCTGGAAAAGATAACTTTACACGTAT
GGGTGATGAATATAAACACTTAATAAAGAGTTTATTAGTTTATCCTA
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TGTCAATAGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGC
GOTGGAAGTGATTACAAAGATGATOATCGATAAAGGAACCGGTTAAT
CTAGACTCGAG

137 | CATATGGTACCAGCAGGTGTATCAGCTGTCTCAAAAGTTTCTICATT | Bisabolene
AGTATGTCGACTTAAGTAGTACTAGCGGCTTAATTCGTAGAACTGCAA |+ (A, grandis)
ATCCTCACCCTAATGTATGGGGTTATGACTTAGTTCATTCTTTAAAAT
CTCCATATATTGATAGTAGCTATCGTGAACGTGCTGAAGTGCTTGTA
AGTGAAATAAAAGCTATGTTAAATCCAGCAATTACTGGAGATGGTG

AATCAATGATTACACCTTCAGCTTATGACACTGCTTGGATTGCACGT

GTACCAGCAATTGATGGTAGCGCACGTCCACAATTTCCACAAACAGT
AGATTGGATTTTAAAGAATCAATTAAAAGATOGTTCTTGGGGTATTC
AATCACACTTTTTACTTTCAGACCGTTTATTAGCTACTCTITAGCTGTG
TTTTAGTTTTACTTAAATGGAATCGTTGGTGATTTACAGGTTGAGCAA

GGTATTGAGTTTATTAAGTCAAACCTTGAATTAGTAAAAGATGAAAC
TGATCAAGATTCTTTAGTGACTCGATTTTGAGATTATTTTCCCTAGCTT
ACTTCGTGAGGCCCAAAGTTTACGTTITAGGTCTTCCATACGATTTAC

CTTACATCCACTTATTACAAACAAAACGTCAGGAACGTTITAGCAAAA
TTAAGCCGTGAAGAAATATATGCAGTTCCAAGTCCACTTTTATATIC
TTTAGAGGGTATTCAAGATATTGTTGAGTGGGAACGTATTATGGAAG
TACAATCTCAGGATGGATCATTTTTAAGTTCTCCAGCATCAACCGCA
TGTGTTTTTATGCATACAGGTGACGCTAAGTGTTTAGAATTTCTTAAC
AGTGTAATGATTAAGTTTGGTAATTTTCGTACCATGCCTTTATCCTGTA
GATTTATTAGAACGTTTACTTATAGTAGATAATATAGTTCGTCTTGGT
ATTTACCGTCACTTCGAAAAAGAAATTAAAGAAGCATTAGATTATGT
ATATCGCCATTGGAATGAACGTGGTATTGCTTCGGUGGTCGTTTAAATC
CAATTGCTGACTTAGAAACAACTGCTTTAGGTTTTCGTTTATTACGTT
TACACCOGTTATAATGTATCTCCAGCAATCTTTGATAATTTCAAAGAT

GCCAATGGCAAATTCATTTGTAGCACTGGTCAGTTTAATAAGGATGT
GGCTTCAATGTTAAACTTATACCGTGCATCACAATTAGCATTCCCAG
GCGAAAACATTTTAGATGAAGCTAAATCTTTTGCCACCAAATACTTA
COTGAAGCCCTTGAAAAATCTGAAACTTCATCAGCTTGGAACAATA

AACAGAATTTAAGTCAAGAAATCAAGTATGCATTAAAAACTTCATG

GCACGCTTCTGTACCACGTGTTGAAGCAAAACGTTATTGTCAAGTTT
ATCGTCCTGATTACGCTCGTATTGCTAAGTGTGTATACAAATTACCA

TACGTTAACAACGAAAAATTCTTAGAATTAGGTAAATTAGATTTTAA
CATCATICAATCAATTCATCAAGAAGAAATGAAAAATGTGACAAGT

TGOTTTCGTGATTCTGGCTTACCATTATTTACTTTCGCTCGCGAACGT
CCTTTA.GAATTTTACTTCTTAGTTGCTGCTGG-TACTTATGAACCTCAA
TATGCTAAATGTCGTTTCTTATTCACAAAAGTAGCTTGTCTTCAAAC

AGTATTAGACGATATGTACGATACTTACGGTACTTTAGACGAATTAA
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AACTTTTTACCGAGGCTGTGCGTCGTTGGGATTTATCTTTTACAGAA
AATTTACCTGACTATATGAAATTATGTTATCAAATCTATTATGACAT
CGTTCATGAAGTGGOTITGGGAAGCTGAAAAAGAACAAGGTAGAGAA
TTAGTGTCATTCTTCCGTAAAGGCTGGGAAGACTACTTATTAGGTTA
CTATGAAGAAGCAGAATGOTTAGCAGCAGAATACGTTCCAACATTA
GATGAATACATTAAAAACGGTATTACATCAATCGGCCAACGTATCTT
ATTACTTICAGGTGTGTTAATTATGGATGGCCAACTTTTATCACAAG
AAGCATTAGAAAAAGTTIGATTACCCTGGTCGTCGTGTITTAACTGAG
TTAAACTCACTTATTAGCCGTTTAGCTGACGACACTAAAACTTATAA
AGCAGAAAAAGCTCGTGGAGAATTAGCCTCATCAATTGAATGCTAC
ATGAAAGATCATCCTGAATGTACAGAAGAAGAAGCCTTAGACCACA
TITATTCTATTCTTGAACCAGCUGTAAAAGAATTAACTCGTGAATTT
CTTAAACCAGACGACGTTCCATTTGCTTGTAAAAAGATGTTATTCGA
AGAAACTCGTGTTACAATGGTGATCTTTAAAGATGGTGATGGTTTITG
GITGTATCTAAGTTAGAAGTTAAAGATCACATCAAAGAATGCTTAATT
GAACCATTACCATTAGGTACCGGTGAAAACTTATACTTTCAAGGCTC
AGGTGGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACC
GGTTAATCTAGACTCGAG

138 | CATATGUGTACCAACTATGATGAATATGAATTTITAAGTACTGTCACAA | THapo-
GATTATGAAGAAACATTCAAAATCATTCAGTTATGCTTTTGACTTAT | phyloene (S,
TACCAGAAGACCAACGTAAAGCTGTTTGGGCAATITACGCCGTGTGC | aureus)
CGCAAAATTGATGATTCTATTGATGTATATGGTGATATTCAATTCTT
AAATCAGATTAAAGAAGACATACAAAGTATTGAAAAATATCCATAC
GAACATCATCATTTTCAATCTGACAGACGTATTATGATGGCCTTACA
GCATGTTGCTCAGCATAAAAACATTGCATTTCAATCATTCTACAATT
TAATTGACACAGTATATAAAGATCAACACTTTACAATGTTTGAAACA
GATGCTGAACTTTTITGGTTATTGTTACGGTGTAGCTGGTACTGTGGG
TGAAGTTTTAACTCCTATATTATCTGATCACGAAACACATCAAACTT
ATGACGTTGCCCGTCGTITAGGAGAGTCATTACAGTTAATCAATATT
CTTAGAGATGTAGGTGAAGACTTTGACAACGAACGTATTITACTTCTC
TAAACAACGTTTAAAACAATACGAAGTAGATATTGCAGAAGTGTAC
CAAAATGGTGTAAACAATCACTATATTGATTTATGGGAATATTACGC
TGCAATTGCTGAAAAGGATTTTCAAGATGTTATGGACCAAATTAAAG
TTTTCTCTATTGAAGCTCAGCCAATTATTGAGTTAGCTGCACGTATTT
ATATCGAAATTTTAGATGAAGTACGTCAAGCTAACTACACATTACAT
GAACGTGTTTTTGTAGATAAACGTAAAAAGGCTAAACTTTTTCACGA
AAATAAAGGTACCGGTCGAAAACTTATACTTTCAAGGCTCAGCTGGC
GGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAAT
CTAGACTCGAG

139 | CATATGGTACCAAAAATTGCTGTTATTGGTGCTGGTGTTACCGGATT | Diapo-
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AGCTGCTGCTGCTCOTATTIGCTAGCCAAGGTCATGAAGTTACAATCT
TCGAAAAAAACAATAATGTAGGTGGTCGTATGAATCAATTAAAAAA
AGATOGTTTTACATTCGATATGGGACCTACAATTGTTATGATGCCAG
ATGTATATAAAGATGTATTTACTGCTTGCGGTAAAAACTATGAAGAT
TATATAGAGTTACGTCAACTTCGTTACATITATGACGTATATTTCGAT
CACGATGATCGTATTACTGTTCCAACTGATTTAGCTGAATTACAACA
AATGTTAGAATCAATTGAACCTGGTAGTACACACGGATTTATGTCAT
TTTTAACAGATGTGTACAAGAAATATGAAATCGCTOGCAGATATTTC
TTAGAACGTACTTACCGTAAACCATCAGACTTCTACAATATGACCTC
TTTAGTACAAGGTGCTAAACTTAAAACTTTAAATCACGCTGATCAAC
TTATCGAACACTACATTGATAACGAAAAGATTCAAAAACTTTTAGCA
TTCCAAACTCTTTATATCGGCATTGATCCAAAGCGTGGTCCTAGTTT
ATATAGTATTATTCCTATGATTGAAATGATGTTCGGTGTACATTTTAT
CAAAGGTGGTATGTATGUTATGOGCTCAAGGATTAGCTCAACTTAACA
AAGATTTAGGTGTTAATATTCGAATTAAATGCTGAAATTGAACAAATC
ATTATCGATCCTAAATTCAAACGCGCAGATGCAATTAAAGTTAATGG
TGACATTCGCAAATTTGATAAGATTTTATGTACTGCTGACTTTCCTTC
AGTTOGCCGAATCACTTATGCCAGATTTCGCACCTATCAAAAAGTACC
CTCCACATAAAATTGCAGATTTAGATTATTCTTGTTCAGCTTTTCTTA
TGTATATTGGTATTGACATOGACGTAACTGACCAAGTTCGTTTACAT
AACGTAATTTTTAGCGACGATTTTCGTGGAAATATTGAAGAAATTTT
COGAAGOTCOGCTTAAGTTACGACCCATCAATCTATGTTTATGTACCAG
CTOTAGCCGATAAATCTTTAGCTCCTGAAGGTAAAACAGGCATTTAT
GTGTTAATGCCTACTCCTGAACTTAAAACAGGATCAGGTATTGACTG
OTCAGATGAGGCTTTAACTCAACAAATTAAAGAAATCATTTATCGTA
AATTAGCAACAATTGAAGTATTTGAAGACATTAAATCACACATTGTA
TCAGAAACAATTTTTACTCCTAATGACTTTGAACAAACCTATCACGC
TAAATTTGGTTCTGCTTTCGOTTTAATGCCCACCTTAGCACAATCTAA
TTATTACAGACCTCAAAATGTGTCACGTGATTATAAAGACTTATATT
TCGCAGGTGCATCAACACATCCAGGTGCTGGAGTTCCAATTGTATTA
ACAAGTGCCAAGATAACAGTAGACGAAATGATTAAAGATATTGAGC
GTGGTGTGGGTACCGGTGAAAACTTATACTTICAAGGCTCAGGTGGC
GATGOGAAGTOATTACAAAGATGATGATGATAAAGGAACCGGTTAAT
CTAGACTCGAG

phytoene
desaturase

(5. aurcus}

140

CATATGGTACCAGCATTEGACTTCGATGGTTACATGCTTCGTAAAGC
TAAATCTGTAAATAAAGCTCTTGAAGCTGCAGTACAAATGAAAGAA
CCATTAAAAATTCATGAAAGTATGCGTTATTICTTTATTAGCTGGTGG
TAAACGTGTACGTCCAATGTTATGTATTGCAGCTTGTGAATTAGTTG
GTGGTGACGAAAGTACTGCTATGCCTGCTGCTTGCGCTGTAGAAATG
ATTCATACTATGAGTTITAATGCATGATGATTTACCATGTATGGATAA

GPPS-LSU
(M. spicata)
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TCACGATTITACGTCGTGGTAAACCAACAAACCACATGGCATTTGGTG
AAAGTGTAGCAGTATTAGCAGGTGATGCATTATTATCTTITGCTTTT
GAACATGTAGCAGCAGCAACAAAAGGTGCTCCTCCAGAACGTATTG
TTAGAGTTTTAGGTGAACTTGCAGTTTCTATTGUGTTCAGAAGUTTTA
GTTGCTGGACAAGTAGTTGACGTTTGTTCTGAAGGTATGGCTGAGGT
TGGTTTAGATCATTTAGAATTITATTCATCACCACAAAACTGCTGCTTT
ATTACAAGGTTCTGTAGTATTAGGTGUAATATTAGGTGGTGGAAAAG
AAGAAGAGGTAGCAAAACTTCGTAAATTCGCTAACTGCATTGGTTTA
CTTTTCCAAGTAGTAGATGATATTCTTGATGTAACAAAATCATCTAA
AGAATTAGGTAAAACAGCAGGTAAAGATTTAGTTGCTGATAAAACT
ACTTATCCAAAATTAATCGGTGTTCGAGAAAAGTAAAGAGTTOGCAG
ACCGTTTAAATCGTGAAGCTCAAGAACAACTTCTTCATTTTCATCCA
CATAGAGCAGCACCTTTAATCOCTTTAGCAAACTATATTGCTITATCG
TCATAATGGTACCGGTGAAAATTTATATTTTCAAGGTICAGGTGGCG
GAGGTTCTGATTATAAAGATGATGATGATAAAGGAACCGGTTAATC
TAGACTCGAG

141 | CATATGGTACCAAGTCAACCTTACTGGGCAGCAATTGAGGCAGATA | GPPS-SSU
TTGAACGTTACTTAAAAAAATCAATTACAATTCGTCCACCAGAAACT | (M. spicata)
GTATTTGGTCCAATGCACCACTTAACTTTTGCTGCACCAGCTACAGC

TGCTAGTACTTTATGTTTAGCAGCATGTGAACTTGTAGGTGGTGATC

GTAGTCAAGCTATGGCTGCAGCAGCAGCAATCCATCTTGTTCATGCA
GCTGCTTATGTACATGAACATTTACCATTAACTGATGGTAGTCGTCC

AGTAAGTAAACCAGCTATCCAACATAAATATGGTCCAAATGTAGAA

TTACTTACAGGTGACGGTATTGTACCATTIGGTTTTGAATTATTAGCA
GOTTCTGTTGATCCAGCACGTACAGATCGATCCAGACCGTATTTTACG
TOGTAATAATTGAAATAAGTCGTGCTOGTGOTCCAGAAGGTATGATTA
GTGGTTTACATCGTGAAGAAGAGATTGTAGATGGTAATACTTCTCTT
GATTTTATTGAATACGTTTGCAAAAAAAAATATGGTGAAATGCACGC
ATGTGGTGCTGCATGCGGTGCAATTTTAGGTGGTGCAGCTGAAGAA

GAAATTCAAAAACTTCGTAACTTCGGATTATATCAAGGAACTTTACG
TGGTATGATGGAGATGAAAAACTCACACCAACTTATTGACGAAAAT

ATCATTGGCAAACTTAAAGAATTAGCTTTAGAAGAATTAGGTGGATT
TCATGGTAAAAATGCTGAATTAATGTCTAGTTTAGTAGCAGAACCAT
CATTATATGCTGCTGGTACCGGTGAAAATTTATACTTTCAAGGTTCT

CGOGTGETGATGGCAGTGATTATAAAGACGATGATGACAAAGGAACCG
GTTAATCTAGACTCGAG

142 1 CATATGGTACCACTTTTATCTAACAAATTAAGAGAGATGGTTTTAGC | GPPS (A,
AGAAGTTCCTAAATTAGCATCTGCTGCTGAATATTTCTTTAAACGTG thalamia}

GTGTTCAGGGTAAACAATTCCGTTCAACAATTTTATTATTAATGGCA
ACAGCTCTTGACGTTCGTGTTCCAGAAGCATTAATTGGTGAATCTAC
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TGATATTGTAACATCTGAATTACGTOGTACGTCAACGTGGCATTGCTG
AAATTACAGAAATGATTCATGTAGCATCACTTCTTCACGATGACGTT
CTTGACGATGCTGATACTCGTCOTGGTGTTGGTAGTCTTAATGTTGT
AATGGGAAACAAAATGTCAGTTITAGCAGGTGACTTCTTACTTTICTC
GTGCTTGTGGTGCTCTTGCAGCTCTTAAAAACACAGAAGTTGTAGCA
TTATTAGCTACAGCAGTAGAACACTTAGTTACTGGTGAGACAATGGA
AATAACTTCATCAACTGAACAACGTTATTCTATGGATTACTACATGC
AGAAAACTTATTACAAAACTGCTTCATTAATTTCAAATTCATGTAAA
GCAGTTGCTGTATTAACAGGTCAAACAGCTGAAGTTGCAGTATTAGC
TTTTGAATATGGTCGTAATTTAGGTTTAGCTTICCAGTTAATTGACGA
CATTTTAGATTTCACAGGCACATCTGCTAGTTTAGGAAAAGGTTCTT
TATCAGATATACGTCATGGTGTTATTACTGCTCCTATCTTATTTGCAA
TGGAAGAATTTICCTCAATTAAGAGAAGTAGTAGATCAAGTAGAAAA
AGATCCAAGAAATOTAGACATAGCTTTAGAATATTTAGGTAAAAGT
AAAGGTATTCAACGTGUTCGTGAATTAGCAATGGAACACGCAAATT
TAGCTGCTGCAGCTATTGGTTCTTTACCTGAAACAGATAACGAAGAT
GTTAAACGTTCACGTCGTGCTTITAATTGATTTAACACACAGAGTAAT
TACACGTAACAAAGGTACCGGTGAGAATTTATACTTTCAAGGTAGTG
GTGGAGGAGGTAGTGACTATAAAGATGATGACGATAAAGGAACCGG
TTAATCTAGACTCGAG

143 | CATATGGTACCAGTAGTTTCTGAACGTTTAAGACATTCTGTAACAAC | GPPS (C.
TGGTATTCCAGCATTAAAAACAGCAGCTGAATATTITCTTICGTCGTG | reinhardtil)
GTATCGAAGGAAAACGTTTAAGACCTACATTAGCATTATTAATGAGT
AGTGCTTTATCACCAGCTGCTCCATCACCAGAGTATTTACAAGTTGA
TACAAGACCTGCTGCAGAACACCCTCATGAAATGUGTCGTCGTCAAC
AACGTTTAGCTGAAATTGCAGAATTAATCCATGTAGCTTCATTACTT
CACGATGATGTTATTGATGACGCACAAACACGTCGTGGTGTTTTAAG
TTTAAATACATCTGTTGGTAATAAAACAGCTATCTTAGCAGGTGATT
TCTTATTAGCTCGTGCATCTGTAACATTAGCTAGTTTAAGAAACTCT
GAAATTGTAGAATTAATGTCACAGGTTTTAGAACACTTAGTATCTGG
TGAAATTATGCAAATGACTGCTACTTCAGAACAACTTTTAGATTTAG
AACATTATTTAGCAAAAACATATTGTAAAACTGCTTCATTAATGGCT
AATAGTTCTCGTTCTGTTGCAGTTCTTGCAGGTGCAGCTCCTGAAGTT
TCTGATATGGCATGGTCATACGGTCGTCATTTAGGTATTGCTTTCCA
AGTAGTTGACGATTTATTAGATTTAACAGGTTCATCTTCTGTTTTAGCG
TAAACCTGCTTTAAACGATATGCGTTCTGGTTTAGCAACAGCACCAG
TATTATTCGCTGCACAAGAAGAACCTGCATTACAGGCTCTTATATTA
CGTCGTTTTAAACACGACGGTGACGTAACAAAAGCAATGTCATTAAT
TGAACGTACACAAGGCTTACGTCOTGCTGAAGAACTTGCAGCACAA
CACGCAAAAGCTGUTGCTOATATGATTCGTTGCTTACCTACAGCTCA
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ATCAGACCATGCAGAAATTGCTCGTGAAGCATTAATTCAAATTACAC i
ATCGTGTTTTAACACGTAAAAAAGGTACCGGTGAAAACTTATACTTT
CAAGGTTICTGGTGGTGGTGGATCAGATTATAAAGATGATGATGACA
AAGGAACCGETTAATCTAGACTCGAG

144 | CATATGGTACCAGATTTTCCACAACAATTAGAAGCATGTGTTAAACA | 'FPP (E.
AGCAAATCAAGCATTATCACGTTTCATCGCACCACTTCCATTCCAAA | coll)

ATACTCCTGTTGTTGAAACAATGCAATATGGTGCATTATTAGGAGGTY
AAAAGATTAAGACCATTTCTTGTATATGCAACAGGTCACATGTTTGG
AGTATCTACTAACACATTAGATGCTCCAGCTGCTGCAGTTGAATGTA
TTCATGCATATAGTTTAATTCATGATGATTTACCTGCAATGGATGAT
GATGACTTAAGAAGAGGTTTACCTACATGTCATGTTAAATTTGGTGA
AGCTAATGCTATITTAGCTGGCGATGCACTTCAAACTCTTGCATTCA
GTATTTTATCAGATGCTGATATGCCAGAAGTTTCAGATCGTGATCGT
ATTTCTATGATATCTGAATTAGCTTCTGCTAGTGGTATTGCTGGTATG
TGCGGTGGCCAAGCTCTTGATTTAGACGCAGAAGGAAAACACGTTC
CTTTAGATGCTTTAGAGCGTATACATCGTCACAAAACAGGAGCTTTA
ATTAGAGCTGCTOTTCGTCTTGGTGCTTTATCAGUTGGAGACAAAGG
TCOGTCGTGCTTTACCAGTTTTAGACAAATACGCTGAAAGTATTGGTT
TAGCTTTTCAAGTTCAGGATGATATCTTAGATGTTGTAGGTGATACT
GCTACTTTAGGTAAACGTCAAGGTGCTGATCAACAGTTAGGCAAATC
TACATACCCAGCACTTTTAGGTTTAGAACAAGCTCGTAAAAAAGCA
ACGAGACTTAATTGACGATGCTCGTCAAAGTCTTAAACAATTAGCAG
AACAATCACTTGATACAAGTGCTTTAGAAGCATTAGCAGATTACATT
ATTCAACGTAATAAAGCTACCGGTCGAAAATTTATATTTTCAAGGTTC
TGOGTGGTCGGAGGTTCAGACTATAAAGATGACGATGATAAAGGAACC
FGTTAATCTAGACTCGAG

145 | CATATGOGTACCAAGTGTTAGTTGTTGTTGTAGAAATTITAGGAAAAAC | TPP (AL
TATCAAAAAAGCTATTCCAAGTCACCACTTACATTTACGTTCTTTAG | thalania)
GTGOTAGTTTATATAGAAGACGTATTCAATCATCTTCAATGGAAACA
GACTTAAAATCTACATTCTTAAATGTTTATTCAGTTCTTAAATCAGAT
TTATTACACGACCCATCATTTGAATTTACAAATGAAAGTCGTTTATG
GGTAGATAGAATGCTTOATTATAATGTTCGTGGCGGTAAACTTAATC
GTGGTCTTTCTGTAGTAGACTCTTTCAAATTACTTAAACAAGGTAAT
GATTTAACTGAACAAGAAGTTTTCTTATCTTGTGCATTAGGTTGGTG
TATTGAGTGGTTACAGGCTTACTTTTTAGTTCTTGATGATATTATGGA
TAATTCAGTTACACGTCGTGGTCAACCTTGTTGGTTTCGTGTACCAC
AAGTTGGTATGGTAGCTATTAATGATGGCATTCTICTTCGTAACCAT
ATTCATCGTATTCTTAAAAAACACTTCCGTGATAAACCATATTATGT
AGATTTAGTTGACCTTTTCAATGAAGTAGAGTTACAAACTGCATGTG
CGACAAATGATTGATITAATCACAACATITGAAGGTGAAAAAGACTT
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AGCTAAATATAGTTTATCAATTCACCGTCGTATTGTTCAATACAAAA
CTGCATATTACTCATTCTATTTACCAGTTGCATGTGCTCTTTTAATGG
CTGGCGAAAATTTAGAAAACCACATTGATGTTAAAAATGTATTAGTA
GATATGGGTATITACTTTCAAGTTCAGGATGATTATTTAGACTGTTTT
GCTGATCCTGAAACATTAGGTAAAATTGGCACTGATATTGAGGACTT
TAAATGTTCTTGGTTAGTTGTAAAAGCATTAGAACGTTGTAGTGAAG
AACAAACAAAAATTICTTTACGAAAACTATGGCAAACCTGATCCATCT
AATCGTTGCTAAAGTAAAAGATITATACAAAGAATTAGATTTAGAAG
GCGTTTTCATGGAATATGAATCTAAATCATACGAGAAATTAACTGGT
GCTATCGAAGGTCACCAATCTAAAGCAATTCAAGCTGTTCTTAAATC
TTTCTTAGCAAAAATCTATAAACGTCAAAAAGGTACCGGTGAAAAC
TTATACTTTCAAGGTAGTGGTGGCGGTGGTAGTGATTATAAAGATGA
TGATGATAAAGGAACCGGTTAATCTAGACTCGAG

146 | CATATGGTACCAGCTGATCTTAAATCAACATTCTTAGATGTTTATTC FPP (A.
AGTATTAAAAAGTGATTTATTACAAGATCCATCTTTTGAATTTACAC | thalania)
ACGAAAGTCGTCAATGGTTAGAACGTATGTTAGATTATAATGTTCGT
GGAGGCAAATTAAACAGAGGTTTAAGTGTAGTAGACAGTTACAAAC
TTTTAAAACAAGGTCAAGACTTAACAGAAAAAGAAACATTTTTATCT
TGTGCTTTAGGTTGGTGTATTIGAATGGTTACAAGCATACTTCTTAGTT
TTAGACGATATTATGGATAATTCTGTAACTAGACGTGGTCAACCATG
TTGGTTTCGTAAACCAAAAGTAGGTATGATTGCTATTAATGATGGAA
TACTTCTTCGTAACCACATTCATCGTATTCTTAAAAAACACTTTCGTG
AAATOGCCTTATTATGTAGACCTTGTAGACTTATTTAACGAAGTAGAA
TTTCAAACAGCTTGTGOTCAAATGATTGACTTAATTACAACATTTGA
TOOTCGAAAAAGACCTTTCAAAATATTCACTTCAGATTCACCGTCGTA
TTGTTGAGTACAAAACAGCATACTACTCTITCTATTTACCTGTAGCAT
GTGCTTTACTTATGGCAGOGTGAAAATTTAGAAAATCACACAGATGTT
AAAACTGTATTAGTTGATATGGGTATCTATTTCCAAGTTCAAGATGA
TTATTTAGATTGCTTCGUTGATCCAGAAACATTAGGTAAAATTGGTA
CAGATATTGAAGACTTTAAATGTAGTTGGTTAGTAGTAAAAGCATTA
GAACGTTGTAGTGAAGAACAAACAAAAATTCTTTACGAAAATTATG
GAAAAGCTGAACCTTCAAATGTAGCTAAAGTTAAAGCATTATACAA
AGAATTAGATTTAGAGGUGTGCATTTATGGAATATGAAAAAGAATCA
TACGAGAAACTTACAAAACTTATTGAAGCACATCAATCAAAAGCTA
TTCAAGCAGTTCTTAAATCTTTCTTAGCTAAAATTTATAAACGTCAA
AAAGGTACCGGTGAAAACTTATACTTTCAAGGCTCTGGAGGTGGTG
GTTCAGACTATAAAGATGATGATGATAAAGCGAACCGGTTAATCTAG
ACTCGAG

147 | CATATGGTACCAAGTGGOGAACCTACTCCAAAAAAAATGAAAGCAA | FPP(C.
CATACGTTCACGACCGTGAAAACTTTACAAAAGTATACGAAACTCTT | reinhardtii)
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COTGACGAATTACTTAACGATGATTGTCTTAGTCCAGCTGOTTCACC
TCAGGCTCAAGCTGCTCAAGAGTGGTTITAAAGAAGTTAATGATTATA
ATGTTCCTGGTGGAAAACTTAACCGTGGTATGGCTGTATATGACGTT
TTAGCTTCAGTTAAAGGTCCAGATGGTTTAAGTGAAGACGAAGTATT
TAAAGCTAACGCTCTTGGTTGGTGTATTGAGTGGTTACAAGCATTIT

"TCTTAGTTGCTGATC }ATA"{AATGGATGG-TTCAATTACACGTCGTGGC
CAACCTTGTTGGTACAAACAACCTAAAGTTGGTATGATTGCTTGTAA
TGATTACATCTTATTAGAATGCTGTATTTACTCAATTCTTAAAAGAC
ATTTTAGAGGTCACGCTGCATACGCTCAACTTATGGACCTITTCCAT
GAAACTACATTCCAGACTTCACACGGTCAATTATTAGATTTAACAAC
AGCACCTATCGGTTCTGTAGACTTATCAAAATATACAGAAGATAATT
ACCTTCGTATTGTAACATATAAAACTGCATACTATTCTTTTTATTTAC
CTGTAGCATGTGGTATGGTATTAGCTGGCATTACAGATCCAGCTGCT
TTTGATCTTGCAAAAAATATTTGTGTTGAAATGGGTCAATATTTCCA
GATTCAAGACGATTATTITAGATTGCTATGGTGACCCTGAGGTTATTG
GTAAAATCGGTACAGACATAGAAGACAACAAATGTAGTTGGTTAGT
TTGCACAGCTCTTAAAATCGCAACAGAAGAACAAAAAGAGGTTATA
AAAGCTAATTATGGTCACAAAGAGGCTGAATCAGTAGCAGCAATTA
AAGCATTATACGTTGAATTAGGTATTGAACAACGTTTTAAAGACTAT
GAAGCTGCATCATACGCAAAATTAGAAGGTACAATTAGTGAACAAA
CTTTATTACCTAAAGCAGTATTTACTTCTTTATTAGCTAAAATCTATA
AAAGAAAAAAAGGTACCGGTGAGAACTTATACTTTCAAGGTAGTGG
AGGTGGTGGTTCAGACTATAAAGATGATGATGATAAAGGAACCGGT
TAATCTAGACTCGAG

148 | CATATGGTACCACAAACTGAACATGTTATCTTATTAAACGCTCAAGG | IPP

TGTTCCTACAGGTACATTAGAAAAATATGCTGCACACACTGCTGATA | isomerase
CICGTTTACACTTAGCTTTCTCATCTTGGTTATTCAATGCTAAAGGTC | (E. coll)
AACTTTTAGTTACAAGACGTGCATTAAGTAAAAAAGCATGGCCTGGT
GTTTGGACTAACTCAGTTTGTGGTCATCCACAATTAGGTGAAAGTAA
TCAAGATGCAGTTATACGTCGTTGCAGATATGAATTAGGTGTTGAAA
TAACTCCACCAGAATCAATTTATCCAGATTTCCGTTATCGTGCAALT
GATCCTAGTGGTATCGTTGAAAACGAAGTATGTCCTGTTTTTGCTGC
ACGTACAACAAGTGCATTACAAATTAATGATCGATGAAGTAATGGAT
TATCAATGGTGTGACTTAGCTGATGTTTTACATGGTATTGATGCAAC
ACCATGGGCATTTTCACCATCGGATGGTAATGCAAGCAACAAATCGT
GAAGCACGTAAAAGATTAAGTGCTTTTACACAGTTAAAAGGTACCG
GTGAAAACTTATACTTTCAAGGTAGTGGAGGTGGTGGTTCTGACTAT
AAAGATGACGATGATAAAGGAACCGGTTAATCTAGACTCGAG

148 | CATATGGTACCACTTCGTAGTTTATTAAGAGGTTTAACACACATTCC | IPP
TCGTGTTAATAGTGCTCAGCAACCTFCTTGCGCTCACGCTCGTCTTCA | isomerase
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ATTTAAACTTCGTTCTATGCAATTATTAGCAGAAAACCGTACAGATC | (H. pluvalis)
ACATGCOTOGGTGCTTCTACATGGGCAGGTGGTCAGTCTCAAGATGAA
TTAATGCTTAAAGATGAATGTATCTTAGTAGATGCTGATGATAACAT
TACTGGTCACGCTTCTAAATTAGAATGTCACAAATTTCTICCACATC
AACCAGCTGGATTATTACACCGTGCTTTTICTGTATTTCTTTTCGACG
ATCAAGGTCGTTTACTTTTACAACAACGTGCTCGTAGTAAAATTACA
TTTCCATCTGTATGGGCTAATACATGTTGTAGTCATCCATTACATGGT
CAAACACCAGATGAAGTAGATCAACAATCACAAGTAGCAGACGGAA
CTGTACCAGUGTGCAAAAGCTGCTGCAATCAGAAAATTAGAACATGA
ATTAGGTATTCCAGCTCACCAATTACCAGCATCAGCTTTTCGTTTCTT
AACACGTCTTCACTATIGTGCAGCTGACGTTCAACCTGCAGCAACAC
AATCTGCATTATGGGOTGAACACGAAATGCGATTACATTTTATTCATT
AGAGCTAATGTTACACTTGCTCCTAATCCTGACGAAGTAGATGAGGT
ACOTTATGTAACTCAAGAAGAATTAAGACAAATGATGCAACCAGAT
AATGGTTTACAATGGTCACCATGGTTCCGTATTATTGCAGUAAGATT
TTTAGAACGTTGGTGGGCTGATTTAGATGCTGCATTAAATACAGATA
AACATGAAGACTGGGGAACAGTTCATCACATTAACGAAGCTGGTAC
COGTGAAAACTTATACTTTCAAGGATCAGUGAGGCGGTGGAAGTGAT
TATAAAGATGATGATGATAAAGGAACCGGTTAATCTAGACTCGAG

130 | CATATGGTACCAAGAAGATCAGGCAATTATAACCCAACAGCATGGG | Limonene
ACTTCAATTATATCCAATCATTAGACAATCAATACAAAAAAGAACGT | (L.

TACTCTACTCOTCACGCTOAATTAACAGTTCAAGTTAAAAAATTATT | angustifolia)
AGAAGAAGAAATGGAAGCTGTTCAAAAACTTGAACTTATAGAGGAT
CTTAAAAACTTAGGCATTTCTTACCCATTTAAAGATAATATTCAACA
AATCTTAAATCAAATTTACAATCGAACACAAATGTTGTCACAACTCAG
AAGTTGAAGAAAAAGACCTTTATTTCACTGCTTTACGTTTTAGATTA
TTACGTCAACAAGGTTTTGAAGTAAGTCAAGAAGTATTTGATCACTT
TAAAAACGAAAAAGGTACAGATTTTAAACCTAATTTAGCAGATGAT
ACTAAAGGATTATTACAATTATATGAAGCATCATTCTTATTACGTGA
AGCAGAAGACACATTAGAACTTGCTOGTCAATTCTCTACTAAACTTT
TACAAAAAAAAGTTGATGAAAACGGTGACGATAAAATTGAAGATAA
CTTATTACTTTGGATTAGACGTAGTTTAGAATTACCATTACATTGGC
GTGTACAAAGATTAGAAGCTCGTGGCTTTTTAGATGCTTACGTTCGY
AGACCTGATATGAATCCTATTGTATTTGAATTAGCAAAATTAGACTT
TAACATTACTCAAGCAACACAACAAGAAGAACTTAAAGATTTATCA
AGATGGTGGAATAGTACTGGCTTAGCTGAAAAACTTCCTTTTGCTCG
TGATCGTGTAGTTCGAATCATATTTCTGGGCTATGGGTACTTTTGAAC
CACATCAATACGGATACCAACGTGAATTAGTTGCTAAAATCATTGCA
CTTGCTACAGTTGTAGACGATGTTTACGATGTATATGGTACTTTAGA
GGAATTAGAACTTTTITACTGATGCTATTCGTCGTTGGGACCGTGAAT
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CTATTGACCAATTACCATATTACATGCAATTATGITTTCTTACTGTAA
ACAACTTTGTTTTTGAGTTAGCTCACGACGTATTAAAAGATAAATCA
TTCAATTGTTTACCTCATTTACAAAGATCATGGTTAGATTTAGCTGA
AGCATACCTTGTAGAAGCAAAATGGTATCATAGTCGTTATACACCTT
CTTTAGAAGAATATCTTAATATTGCTCGTGTTICAGTAACATGTCCA
ACTATTGTTTCTCAAATGTATTTIGCATTACCAATTCCAATCGAAAA
ACCTGTAATTGAGATCATGTACAAATATCACGATATCTTATACTTAT
CAGGTATGTTATTACGTTTACCAGATGACTTAGGAACAGCATCATTC
GAACTTAAACGTGGTGATGTACAAAAAGCAGTTCAATGTTATATGA
AAGAACGTAATGTTCCTGAAAATGAAGCTCGTGAACATGTTAAATIC
TTAATTCGTGAGGCTTCTAAACAAATTAATACAGCAATGGCAACAG
ACTGTCCATTTACAGAAGATTTTGCAGTTGCAGCAGCAAACTTAGGT
CGTGTAGCAAATTTTGTATATGTTGATGGTGATGGTITTGGAGTACA
ACACAGTAAAATCTATGAGCAAATTGGTACACTIATGTTTGAACCAT
ATCCAGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGTGGA
GGTTCTGATTACAAAGACGATGATGATAAAGGAACCGGTTAATCTA
GACTCGAG '

151 | CATATGGTACCAAGAAGAAGTGCAAACTATAAACCTACAATGTGGG 1 Mono-
ATTTTCAATTTATTCAAAGTGTAAATAATCTTTACGCTGGTGATAAA | terpene (S,
TACATGGAACGTTTCGATGAAGTAAAAAAAGAAATGAAAAAAAACT | lycopersicu
TAATGATGATGGTTGAGGGTTTAATAGAGGAATTAGATGTTAAATTA | m)
GAATTAATAGATAATTTAGAAAGATTAGGTGTTAGTTATCATTTCAA
AAATGAAATAATGCAAATCCTTAAATCTGTACACCAGCAAATCACTT
GTCGTGATAATTCATTATACTCTACTGCATTAAAATTTCGTTITATTAC
GTCAACACGGATTCCACATTAGTCAAGACATCTTTAACGATTTTAAA
GATATGAATGGCAATGTTAAACAAAGTATCTCTAACGATACTAAAG
GITTATTAGAACTTTATGAAGCATCTTTCTTATCTACTGAATGTGAAA
CAACACTTAAAAACTTCACTGAAGCACACTTAAAAAATTATGTTTAT
ATTAACCACTCATGTGGAGATCAATACAATAACATAATGATGGAATT
AGTTGTTCACGCTTTAGAATTACCACGTCACTGGATGATGCCTCGTT
TAGAGACACGTTIGGTATATATCAATTTATGAACGTATGCCTAATGCT
AATCCACTTTTACTTGAACTTGCTAAATTAGACTTCAATATTGTTCAA
GUTACACACCAACAAGACTTAAAATCATTATCACGTTGGTGGAAAA
ACATGTGTITTAGCTGAAAAATTATCATTTTCTCGTAACCGTTITAGTA
GAAAATCTTTTICTGGGCAGTTGGAACTAATTTTGAACCACAACACAG
TTATTTCCGTCGTTTAATCACTAAAATCATTGTTITTGTTGGTATTAT
TGATGATATTTATGATGTTTACGGCAAACTTGATGAGTTAGAATTAT
TCACTTTAGCTGTACAACGTTGGGATACAAAAGCAATGGAAGACTT
ACCATATTACATGCAAGTTTGTTATTTAGCTTTAATTAATACAACAA
ATGATGTTGCTTATGAAGTTCTTCGTAAACATAACATTAATGTATTA
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CCATACTTAACTAAATCTTGGACAGACTTATGTAAATCATATTTACA
AGAAGCTCGTTGGTACTACAATGGTTACAAACCTTCATTAGAGGAAT
ATATGGATAATGGTTGGATTAGTATAGCAGTICCTATGGTATTAGCA
CATGCACTTTTCTTAGTTACAGATCCAATTACAAAAGAAGCATTAGA
ATCATTAACAAACTATCCTGATATTATTCGTTGCTCAGCTACAATATT
CCOTTTAAATGATGATCTTGGTACAAGTTCAGATGAATTAAAACGTG

 GAGATGTACCAAAATCAATTCAATGCTATATGAACGAAAAAGGCGT
TTCAGAGGAAGAAGCTCGTGAACATATTCGTTTCTTAATCAAAGAAA
CATGGAAATTCATGAACACTGCACACCATAAAGAGAAAAGTTTATT
TTGTGAGACATTITGTAGAAATTGCAAAAAATATTGCAACAACAGCTC
ATTGTATGTACTTAAAAGOGTGATTCTCACGUTATTCAAAACACTGAT
GTTAAAAACTCAATAAGTAATATACTTTTCCATCCAATTATTATCGG
TACCGGTGAAAACCTTTACTTTCAAGGTTCAGGTGGTGGCGGTTCAG
ACTATAAAGATGACGATGATAAAGGAACCGGTTAATCTAGACTCGA
G

152 | CATATGGTACCAAGACGTAGTGGAAATTATGAGCCATCTGCATGGSG | Ter-
ACTTCAATTACTTACAATCTCTTAATAATTATCACCATAAAGAAGAA | pinolene (O,
CGTTACTTACGTCOTCAAGCTGATTTAATTGAAAAAGTAAAAATGAT | basilicum)
TCTTAAAGAAGAGAAAATGOAAGCATTACAGCAATTAGAACTTATA
GACGATCTTCGTAATTTAGGTICTTTCATATTGTYTTGATGATCAAATT
AATCATATTCTTACAACAATTITACAACCAACATTCTTGTTTCCATTAT
CACGAAGCTGCAACAAGTGAAGAAGCTAACTTATATTITCACAGCTTT
AGGTTTCCOGTTTACTTCGTGAACACGGATTCAAAGTATCACAAGAAG
TATTTGACCGTTTCAAAAATGAAAAAGGTACAGATTTTCGTCCAGAT
TTAGTAGATGATACTCAAGGTTTATTACAACTTTATGAAGCATCTTT
CCTTCTTCGTGAAGGTGAAGACACTTTAGAATTTGCACGTCAATTTG
CTACTAAATTTCTTCAAAAAAAAGTTGAGGAGAAMATGATAGAAGA
GGAAAATCTITTTATCTTGGACTTTACATTCACTTGAATTACCATTACA
TTGGCGTATACAACGTTTAGAAGCTAAATGUTTTTTAGATOCTTATG
CTAGTCGTCCTGATATGAATCCAATAATCTTTGAATTAGCAAAATTA
GAATTTAACATTGCTCAGGCACTTCAACAAGAAGAACTTAAAGATTT
ATCAAGATGGTGGAACGATACTGGTATTGCTGAAAAATTACCTTTCG
CTCGTGATAGAATCGTTGAATCTCATTATTGGGCAATTGGTACTTTA
GAACCTTATCAATACCGTTATCAGUGTTCATTAATTGCAAAAATCAT
TGCTTTAACTACAGTTGTTGATGATGTATATGATGTTTACGGTACATT
AGACGAATTACAGTTATTTACTGATGCAATTCGTCGTTGGGACATTG
AAAGTATAAATCAATIACCTTICTTATATGCAATTATGTTATTTAGCTA
TTTATAATTTCGTATCAGAATTAGCTTATGATATTTTCAGAGATAAA
GGTTTTAATTCTTTACCATATTTACACAAAAGTTGGCTTGACTTAGTT
GAGGCTTACTTTCAAGAAGCAAAATGGTATCATTICTGGCTACACACC
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ATCATTAGAACAATACTTAAATATCGCTCAAATTICTGTAGCAAGTC
CAGCTATATTAAGTCAAATTITACTTTACTATGGCTGGTTCAATTGAT
AAACCAGTAATCGAATCAATGTACAAATATAGACACATTTTAAACTT
ATCTGGTATATTACTTAGATTACCAGATGACTTAGGTACTGCTAGTG
ATGAATTAGGTCGTGGTGATTTAGCAAAAGCAATGCAATGTTACATG
AAAGAGCGTAACGTTTCTGAAGAAGAAGCTCGTGATCATGTACGTTT
CTTAAATCGTGAGGTTTCAAAACAAATGAATCCTGCTCGTGCTGCTG
ATGATTGTCCATTCACTGATGATTITGTAGTAGCTGCTGCTAATTITAG
GAAGAGTTGCAGATTTCATGTATGTTGAAGGCGATGGTTTAGGTTTA
CAATACCCAGCTATCCACCAACACATGGCAGAACTTTTATTICACCC
TTACGCAGGTACCGGTGAAAACTTATACTTTCAAGGTTCAGGTGOGTG
GAGGTTCTGACTATAAAGATGATGATGATAAAGGAACCGGTTAATC
TAGACTCGAG

153 | CATATGGTACCAAGAAGATCAGGAAATTATCAACCTAGTGCATGGG | Myreene (O,
ATTTTAACTATATCCAATCTCTTAATAACAACCATTCTAAAGAAGAA | basilicum)

COTCACTTAGAGCGTAAAGCAAAACTTATTGAAGAAGTAAAAATGT
TATTAGAGCAAGAAATGGCTGCTGTACAACAATTAGAGCTTATTGA

AGACCTTAAAAACTTAGGTTTATCTTACTTATTCCAAGATGAAATCA
AAATAATCCTTAATTCTATTTACAATCATCATAAATGTTTTCATAATA
ATCACGAACAATGTATTCACGTTAATAGTGACTTATACTTTGTTGCA
TTAGGCTTCCGTTTATTTCGTCAACATGGTTTCAAAGTTTCTCAAGAG
GTTTTTGACTGTTTTAAAAACGAAGAAGGATCAGACTTTAGTGCTAA
CTTAGCAGATGATACTAAAGGTTTACTTCAATTATACGAGGCTTCAT
ATTTAGTTACAGAAGATCAAGACACATTAGAAATGGCACGTCAATT

TTCAACTAAAATCTTACAAAAAAAAGTAGAAGAGAAAATGATTGAG
AAAGAGAACTTATTAAGTTGGACTTTACATAGTTITAGAATTACCACT
TCACTGGCGTATTCAACGTTTAGAAGCAAAATGGTTCCTTGATGCTT
ATGCTAGTOGTCCAGATATGAATCCAATTATTTTTGAATTAGCTAAA
TTAGAGTTTAACATTGCTCAAGCATTACAACAAGAAGAATTAAAAG
ATTTAAGTAGATGGTGGAATGATACAGGCATTGCTGAAAAATTACCT
TTTGCTCGTGATAGAATAGTAGAGAGTCATTACTGGGCAATTGGTAC
TTTAGAACCTTATCAATATAGATATCAACGTTCATTAATTGCTAAAA
TTATTGCTTTAACAACAGTTGTTGATGACGTTTACGACGTATATGGA
ACTTTAGATGAATTACAGTTATTTACAGACGCTATTICGTCGTTGGGA
TATTGAATCTATTAATCAATTACCAAGTTATATGCAATTATGCTATTT
AGCTATTTATAACTTTGTTTCTGAATTAGCATACGATATTTTTCGTGA
CAAAGGATTCAATTCTTTACCTTACCTTCATAAATCATGGTTAGATTT
AGTAGAAGCATACTTTGTTGAAGCTAAATGOTTTCATGATGGTTATA
CTCCAACTCTTGAAGAATATTTAAATAACTCAAAAATTACTATTATA
TGTCCTGCTATTGTTAGTGAAATCTACTTCGCATTCGUTAATTCAATT
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GATAAAACAGAAGTTGAATCAATCTACAAATATCACGATATTTTATA
TTTATCAGGAATGCTTGCACGTTTACCAGACGACTTAGGTACTTCAT
CATTTGAAATGAAAAGAGGTGATGTTGCTAAAGCTATTCAATGTTAC
ATGAAAGAACATAATGCTTCAGAGGAAGAAGCTCGTGAACACATTC
GTTICTTAATGCGTGAAGCATGGAAACACATGAATACTGCTGCAGCT
GCTGATGACTGTCCATTTGAATCTGATTTAGTAGTAGGTGCTGCATC
ATTAGGTAGAGTTGCAAACTTTGTATATGTTGAAGGTGACGGTTTTG
GTGTACAACATTCAAAAATACATCAACAAATGGCTGAATTACTTTTT
TATCCATATCAAGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGG
AGGTGGTGGTAGTGACTATAAAGACGATGACGATAAAGGAACCGGT
TAATCTAGACTCGAG

1534 | CATATGGTACCAAGAAGAAGTGCTAATTATCAAGCAAGTATTTGGG | Zingiberene
ATGATAATTTCATTCAAAGTCTTGCATCTCCTTATGCAGGAGAAAAA | (O.

TATGCAGAAAAAGCAGAAAAACTTAAAACAGAAGTTAAAACTATGA | basihcum)
TTGATCAAACAAGAGATGAACTTAAACAATTAGAACTTATTGATAA
CTTACAACGTTTAGGTATATGICATCACTTTCAAGACCTTACAAAAA
AAATTTTACAAAAAATTTATGGAGAAGAACCGTAACGGAGATCACCA
ACATTACAAAGAAAAAGGCTTACATTTTACAGCATTACGTTTCCGTA
TTTTACGTCAGGACGGTTATCATGTTCCACAAGATGTATTITCATCAT
TTATGAATAAAGCTGGTGACTTTGAAGAATCTTTAAGTAAAGACACA
AAAGGTTTAGTTAGTTTATATGAGGCTTCTTACTTATCAATGGAAGG
TGAAACTATTTTAGATATGGCAAAAGACTTITCATCTCACCATTTAC
ATAAAATGGTTGAAGATGCTACTGACAAACGTGTAGCTAATCAAAT
TATCCATTCTCTTGAAATGCCACTTCACAGACGTGTTCAAAAACTTG
AAGCAATTTGGTTTATTCAATTCTACGAATGCGGCTCTGATGETAAT
CCAACTTTAGTAGAATTAGCAAAATTAGATTTCAACATGGTTCAGGC
AACATACCAAGAAGAATTAAAACGTTTATCACGTTGGTATGAAGAA
ACAGGCTTACAAGAGAAACTTTCATICGCTCGTCACCGTCTTGCTGA
AGCATTCTTATGGTCTATGGGTATTATTCCAGAAGGACACTTTGCTT
ATGGTCGTATGCACTTAATGAAAATTGGTGCTTACATTACATTACTT
GATGATATTTATGATGTTTATGGTACTTTAGAAGAACTTCAAGTATT
AACAGAAATTATTGAACGTTIGGGATATTAACTTATTAGATCAATTAC
CTGAATACATGCAAATCTTCTITITATACATGTTTAATTCTACAAATG
AACTTGCTTATGAAATTTTACGTGATCAAGGTATCAATGTAATATCA
AACTTAAAAGGATTATGGGETAGAGTTATCTCAGTGTTACTTTAAAGA
AGCTACTTGGTTCCATAACGGTTACACACCAACAACTGAAGAATATC
TTAATGTTGCTTGTATTTCTGCTAGTGGTCCTUGTTATTTITATTTTCAG
GTTACTTTACTACTACTAATCCTATTAATAAACACGAATTACAATCTT
TAGAACGTCACGCACATTCATTATCTATGATATTACGTTTAGCTGAT
CGATTTAGGTACATCAAGTGATGAAATGAAACGTGGAGATGTACCAA
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AAGCTATICAATGTTTTATGAATGACACTGGTTGTTGTGAAGAAGAA
GCACGTCAACACGTAAAAAGATTAATAGATGCTGAATGGAAAAAAA
TGAACAAAGACATCTTAATGGAGAAACCATTTAAAAATTTTTGTCCA
ACTGCTATGAATTTAGGTCGTATTTCTATGAGTTTTTATGAACACGEG
AGATGGTTATGGAGGTCCTCACTCTGATACAAAAAAAAAAATGGTA
TCTTTATTTGTACAACCAAT.GAATATTACTATTGGTACCGGTGAAAA
CCTTTATTTTCAAGGTTCTGGTGGTGGCGGTTCAGATTATAAAGATG
ATGACGACAAAGGAACCGGTTAATCTAGACTCGAG

155

CATATGGTACCAAGACGTTCAGCTAACTATCAACCTAGTATTTGGAA
CCACGATTACATTGAATCACTTCGTATCGAATATGTTGGTGAAACAT
GTACACGTCAAATTAACGTTTTAAAAGAACAAGTTCGTATGATGITA
CACAAAGTTGTTAATCCATTAGAACAATTAGAATTAATTGAAATTTT
ACAACGTITAGGTTTAAGTTACCATTTCOGAAGAAGAAATAAKAACGT
ATTTTAGATGGTGTTTACAATAACGATCATGGTGGTGATACATGGAA
AGCAGAAAACCTTTATGCAACAGCTCTTAAATTCCGICITTTACGTC
AGCACGGTTATTICTGTTTCTCAAGAAGTTTTCAACTCTTTITAAAGATG
AGQUGTGGCAGTTTCAAAGCATGTTTATGTGAAGATACTAAAGGTATG
TTATCACTTTATGAAGCATCTTTCTTTCTTATTGAAGGTGAAAACATT
TTAGAGGAAGCTAGAGACTTTAGTACAAAACATCTTGAAGAATATG
TAAAACAAAATAAAGAGAAAAACTTAGCTACTTTAGTTAATCACTC
ATTAGAATTTCCATTACATTIGGCGTATGCCTCOTTTAGAAGCTCUTT
OOTTCATCAATATCTATCGTCATAATCAAGATGTAAATCCAATCCTT
TTAGAATTTGCTGAACTTGACTTCAATATTGTACAAGCTGCTCACCA
AGCAGATTTAAAACAAGTATCAACATGGTGGAAATCAACTGGTTTA
GTAGAAAATCTTTCATTCGCTCGTGATCOTCCTGTAGAAAACTTCTTT
TGGACAGTTGGTCTTATTTTCCAACCACAATTCGGTTATTGTCGTAG
AATGTTTACTAAAGTATTCGCATTAATTACTACAATTGATGACGTAT
ATGATGTATATGGTACTTTAGATGAATTAGAACTTTTCACAGACGTT
GTTGAAAGATGGGATATTAATGCAATGGATCAATTACCTGATTATAT
GAAAATTTGCTTTTTAACATTACACAATAGTGTTAACGAAATGGCAT
TAGACACTATGAAAGAACAACGTTTTCACATCATTAAATACCTTAAA
AAAGCATGGGTTGATCTTTGTCGTTATTACTTAGTTGAAGCTAAATG
GTATAGTAATAAATATAGACCTTICTTTACAAGAATACATTGAAAATG
CATGGATTTCAATTGGTGCTCCAACTATTTTAGTTCATGCATATTTCT
TCGTTACAAATCCAATTACAAAAGAAGCATTAGACTGTTTAGAAGA
ATATCCAAACATTATTCGTTGGAGTAGTATTATTGCACGTTTAGCTG
ATGATTTAGGTACTTCAACAGACGAATTAAAACGTGGTGACGTACC
AAAAGCAATTCAATGTTATATGAATGAAACAGGTGCTTCAGAAGAA
GGTGCTCGTGAGTACATTAAATACTTAATTTCTGCTACTTGGAAAAA
AATGAACAAAGATAGAGCAGCATCAAGTCCATTTTCACATATCTTCA

Myrcene (Q.

ilex)
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TTGAAATTGCTCTTAATTITAGCACGTATGGCACAATGTTTATATCAA
CACGGTGACGGCCACGGTTTAGGTAACCGTGAAACAAAAGATCGTA
TACTTTCATTACTTATTCAACCAATTCCATTAAACAAAGATGGTACC
GGTGAGAACTTATACTTTCAAGGCTCAGGTGGTGUGTGGTTCTGATTA
CAAAGATGATGATGATAAAGGAACCGGTTAATCTAGACTCGAG

136 | CATATGGTACCAAGAAGAATTGGAGACTATCACTCAAACTTATGGA | Myreene (P,
ATGATGACTTCATTCAATCATTAACAACACCATACGGTGCTCCATCA abies)
TATATTGAACGTGCTGATAGATTAATATCTGAAGTAAAAGAAATGTT
TAATAGAATGTGTATGGAAGATGGTGAGTTAATGTCTCCATTAAATG
ATCTTATTCAAAGATTATGGACTGTTGATAGTGTTGAACGTTTAGGT
ATAGATCOGTCACTTCAAAAATGAAATAAAAGCTAGTTTAGATTATGT
ATACTCATACTGGAACGAAAAAGGTATCGGTTGTGUGTCGTCAATCA
GTAGTTACAGATTTAAACTCTACTGCTCTTGGATTAAGAATTTTACG

| TCAACATGGTTACACAGTTTCAAGTGAAGTTTTAAAAGTTITTGAAG
AAGAAAACGGTCAATTTGCTTGTTCACCTTCACAGACTGAGGGCGA
AATTCGTTCATTCTTAAACTTATATCGTGCTTCATTAATTGCTTTITCC
TGGTGAAAAAGTAATGGAAGAAGCTCAAATCTTTTCTAGTCGTTACT
TAAAAGAAGCAGTTCAGAAAATTCCAGTTTCAGGTTTATCTCGTGAA
ATAGGCGATGTTTTAGAATATGGTTGGCACACAAACTTACCTCGTTG
GGAAGCTCGTAACTATATGGACGTATTCGOTCAAGACACAAATACA
TCATTCAACAAAAACAAAATGCAATATATGAATACAGAGAAAATTC
TTCAATTAGTAAAATTAGAGTTTAATATCITICATTICATTACAACAA
CGTGAATTACAATGTTTATTACGTTGGTGGAAAGAAAGTGGTCTTCC
ACAATTAACATTTGCACGTCACCGTCACGTTGAATTTTACACTTTAG
CTTCTTIGTATTGCATGTGAACCAAAACACAGTGCATTTCGTTTAGGT
TTTGCAAAAATCGTGTCACTTAGTAACAGTTTTAGATGATGTATATGA
CACATTTIGGCAAAATGGATGAATTAGAACTTTTTACTGCAGCTGTTA
AACGTTGGGACTTATCAGAAACTGAGCGTTTACCTGAGTATATGAAA
GGTTTATATGTTGTAGTITITCGAGACTGTTAATGAATTAGCACAAGA.
AGCAGAGAAAACTCAAGGACGTAATACATTAAATTACGTTCGTAAA
GCATGGCGAAGCATACTTCGATAGTTATATGAAAGAAGCAGAATGGA
TCTCAACAGGCTATTTACCAACATTCGAAGAGTATTGTGAAAACGOT
AAAGTATCAAGTGCATATAGAGTTIGCTGCACTTCAACCTATTITAAC
ATTAGATGTACAACTTCCAGATGACATCTTAAAAGGTATTGATTTTC
CATCTCGTTTCAATGATTTAGCATCTTCATTTCTTCOTTTACGTGGAG
ATACTAGATGTTACGAGGCTGATCGTGCTCGTGOGTGAAGAAGCAAL
TTGTATTTCTTGTTACATGAAAGACAATCCAGGTTCAACTGAAGAAG
ATGCATTAAATCACATTAATGCTATGATAAATGATATTATTCGTGAA
TTAAACTGGGAATTTCTTAAACCAGACTCAAATATCCCAATGCCAGC
TCGTAAACATGCTTTCGATATTACAAGAGCTITACATCACTTATATA
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TTTATCGTGACGGTTTTTCTGTTGCTAACAAAGAGACTAAAAATCTT
GTTGAGAAAACTTTATTAGAATCAATGTTATTCGGTACCGGTGAGAA
CCTTTATTTTCAAGGTTCAGGTGGTGUTGCTTCAGATTATAAAGACG
ATGATGATAAAGGAACCGGTTAATCTAGACTCGAG

157 CATA’I'GGTACCAAGAAGATCAGCTAATTATCAACCTAGTCGTTGGGA - Myrcene,
TCATCATCACCTTITAAGTGTAGAAAACAAATTCGCTAAAGATAAAC | ocimene (A.
GTGTAAGAGAACGTGACTTACTTAAAGAAAAAGTTCGTAAAATGTT | thalania)
AAATGACGAACAGAAAACTTACTTAGATCAATTAGAATTITATTGAC
GATCTTCAAAAATTAGGTGTTAGTTATCACTTCGAAGCAGAAATAGA
TAATATACTTACAAGTTCATACAAAAAAGATOGTACAAATATACAA
GAAAGTGATTTACACGCAACTGCATTAGAGTTTCGTCTTTITTCGTICA
ACACGGTTTTAACGTTTCAGAAGATGTATTTGATGTATTTATGGAAA
ATTGTGGTAAATTOGACCGTGATGACATTTATGGTTTAATTTCATTAT
ATGAAGCTAGTTATCTTTCTACTAAACTTGACAAAAATCTTCAAATC
TTTATCCGTCCATTTGCTACTCAACAATTACGTGATTTTGTAGATACT
CACAGTAATGAAGATTTCGGTTCATOTGATATGGTAGAAATAGTTGT
TCAAGCATTAGACATGCCATACTATTGGCAAATGCGTCGTTTATCTA
CACGTTGGTATATTGATGTTTATGGTAAAAGACAAAATTACAAAAAC
TTAGTAGTTGTTGAATTIGCAAAAATTGATTTCAATATTGTTCAAGCT
ATTCACCAGGAAGAACTTAAAAATGTATCATCTTGGTGGATGGAAA
CTGGTTTAGGTAAACAACTTTATTTTGCTCGTGATCGTATTGTA(}AG
AACTATTTTTGGACAATTGGTCAAATTCAAGAACCTCAATATGGATA
TGTTAGACAAACAATGACTAAAATCAATGCTTTATTAACAACAATTG
ATGATATTTATGATATATACGGTACATTAGAAGAATTACAGITATTC
ACAGTTGCATTTGAGAATTGGGACATAAATCGTTTAGACGAATTACC
ACGAATATATGCGTTTATGTITCTTAGTTATCTATAACGAAGTAAATA
GTATAGCATGTGAAATTCTTAGAACAAAAAATATTAACGTTATTCCT
TTCTTAAAAAAATCTTGGACTGATGTAAGTAAAGCATACTTAGTTGA
AGCTAAATGGTATAAATCAGGCCATAAACCAAATTITAGAAGAGTAT
ATGCAAAATGCACGTATTTCTATTTCTTCACCAACAATCTTTIGTTCAC
TTTTATTGTGTATTTTCAGACCAATTATCTATTCAAGTTTTAGAAACT
TTATCACAACACCAACAAAATGTTGTAAGATGTAGTTCTTCTGTTTIT
CCOTTTAGCTAATGACTTAGTAACTTCTCCAGATGAATTAGCTAGAG
GTGATGTTTGTAAATCAATTCAATGTTATATGTCAGAAACTGGETGCA
AGTGAAGATAAAGCTAGATCACACGTTCGTCAAATGATTAATGATTT
ATGOGGACGAAATGAATTACCGAGAAAATGGCACATTCAAGTAGTATC
TTACATCATGATTTTATGGAGACAGTAATCAATTTAGCTAGAATGTC
TCAATGTATGTACCAATATGGTGACGGACACGGTTCTCCAGAAAAA
GCTAAAATTGTAGATCGTGTAATGAGTTTACTTTTCAACCCTATTCCT
TTAGATGGTACCGGTGAGAATTTATATTTTCAAGGCTCTGGAGGTGG
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TGGTTCAGATTATAAAGATGATGACGACAAAGGAACCGGTTAATCT
AGACTCGAG

158 | CATATGGTACCAAGAAGAAGTGCAAACTATCAACCTICATTATGGC Myreene,
AACATGAATACTTATTATCATTAGGCAACACITATGTTAAAGAAGAT | ocimene {A.
AATGTTGAAAGAGTAACTCTTTTAAAACAAGAAGTTTCTAAAATGTT | thalania)
AAACGAAACAGAAGGTTTACTTGAACAACTTGAATTAATTGACACTT
TACAAAGATTAGGTGTTICTTATCATTTTGAACAGGAGATTAAAAAA
ACATTAACTAATGTTCATGTTAAAAACGTACGTGCTCATAAAAATCG
TATTGATCGTAACCGTTGGGGCGATTTATATGCAACTGCATTAGAAT
TTCGTTTATTACGTCAACATGGTTTTTCTATTGCTCAAGACGTTTTTG
ATGGTAATATTGGTGTIGACTTAGACGACAAAGACATTAAAGOTATT
TTAAGTTTATACGAAGCTAGTTACTTATCAACACGTATTGATACAAA
ACTTAAAGAATCAATCTATTACACAACAAAACGTTTAAGAAAATTC
GTAGAGGTAAACAAAAACGAAACTAAAAGTTACACTCTTCGTCGTA
TGGTTATTCACGCACTTGAGATGCCTTATCACCGTCGTGTTGGTCGTC
TTGAAGCTCGTTGGTATATCGAGGTATATGGAGAAAGACACGACAT
GAATCCTATTTTATTAGAATTAGCTAAATTAGATTTTAACTTTGTTCA
GGCTATCCACCAAGACGAATTAAAATCATTATCTAGTTGGTGGTCTA
AAACAGGATTAACAAAACATTTAGACTTTGTTCGTGATCOGTATTACA
GAGGGTTACTTCAGTAGTGTAGGTGTTATGTATGAACCAGAATTTGC
ATATCATCGTCAAATGCTTACAAAAGTATTTATGCTTATTACAACTA
TTGATGACATCTATGACATTTACGGTACACTIGAAGAATTACAATTA
TICACAACTATCGTTGAAAAATGGGATGTTAATCOTTTAGAAGAACT
TCCTAACTATATGAAATTATGCTTCTTATGTTTAGTTAACGAAATAA
ATCAAATTGGATATTTTGTATTAAGAGATAAAGGTTTTAATGTAATT
CCTTATCTTAAAGAGTCTTGGGCTGACATGTGTACTACATTTCTTAA
AGAAGCTAAATGGTACAAATCAGGTTATAAACCAAATTTTGAAGAG
TATATGCAAAATGGCTGGATTTCATCATCAGTTCCAACTATTCTITTA
CACTTATTTTGTTTATTAAGTGACCAAACTTTAGACATTICTTGGTTCT
TATAATCACAGTGTTGTTCGTAGTTCAGCAACAATTTTACGTCTTGC
AAATGATTTAGCTACTTCTTCAGAAGAATTAGCAAGAGGAGATACA
ATGAAATCAGTTCAATGTCACATGCATGAAACTGGTGCTTCAGAAGC
TGAATCAAGAGCTTACATTCAAGGTATTATTIGGCGTAGCTTGGGATG
ACCTTAATATGGAGAAAAAATCATGTCGTTTACACCAGGGATTCTTA
GAAGCAGCAGCAAATTTAGGACGTGTAGCACAATGCGTATATCAAT
ATGGAGACGGTCACGGTTGTCCAGATAAAGCAAAAACAGTAAATCA
TGTTCGTAGTTTATTAGTTCACCCATTACCATTAAACGGTACCGGTG
AAAACCTTTATTTTCAAGGTAGTGGTGGAGGTGGTTCTGATTATAAA
GACGACGATGACAAAGGAACCGGTTAATCTAGACTCGAG

159 | CATATGGTACCAGCTTCTCCACCTGCTCATCGTTCATCTAAAGCAGC | Sesqui-
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AGACGAAGAGTTACCAAAAGCATCTTCTACATTCCATOCATCTCTTT | terpene (2.
GGGGTTCATTTTTCTTAACATATCAGCCACCTACAGCTCCACAACGT | mays; B73)
GCAAATATGAAAGAACGTGCTGAAGTTCTTCGTGAACGTGTTCGTAA
AGTATTAAAAGG’ITCAACAACAGATCAATTACCTGAAACAGTTAAC
TTAATTCTTACATTACAAAGACTTGGTTITAGGTTATTACTATGAAAA
TGAAATTGACAAATTAC?TCATCAAATTTAC.TCTAATTGAGATTATA
ACGTAAAAGACTTAAACTTAGTTTCT CAACGTTTTTACTTACTTCGTA
AAAACGGTTATGACGTACCTTCTGATGTTTTCTTATCTTTTAAAACTG
AAGAAGGTGGTTTCGCTTGTGCTGCAGCTGACACACOTTCACTTTTA
AGTTTATACAATGCTGCTTACCTTCGTAAACATGOTGAAGAAGTATT
AGATGAAGCAATTTCATCAACACGTITAAGATTACAAGACTTATTAG
GTCGTTTATTACCTGAATCACCATTCGCTAAAGAAGTATCAAGTICA
CTTCGTACACCTTTATTCCGTCGTGTAGGTATTTITAGAAGCTCGTAAC
TATATTCCAATCTATGAAACTGAAGCTACAAGAAATGAAGCTGTATT
AGAGCTTGCTAAACTTAACTTCAATTTACAACAGCTTGATTTCTGTG
AAGAATTAAAACATTGTAGTGCATGGTGGAATGAGATGATIGCTAA
AAGTAAATTAACTTTTGTACGTGACCGTATAGTTGAAGAATACTTTT
GGATGAATGGTGCATGTTATGATCCACCATATTCATTAAGTCGTATT
ATTCTTACAAAAATCACTGGTTTAATTACTATTATTGATGATATGTTC
GATACTCATGGTACAACAGAGGATTGCATGAAATTCGCAGAAGCAT
TTGGTCGTTGGGATGAATCAGCAATTICATCTTCTICCAGAATACATG
AAAGATTTTTACATTTTAATGTTAGAAACTTTCCAGTCATTTGAAGA
TGCACTTGGTCCAGAAAAATCATACCGTGTATTATACTTAAAACAAG

A AT("‘.GA ATEITTT A 'l'T‘A('l:‘\GTTA"FA TEYTAAATA A AT A A AT 0T
A LOIONTAALATE & AT EATA N o N A 0 N G G W S W W AT P Wi Wa N W0 Y VW RN LW L WS W)

GATGACGATTATGTTCCAACAATGTCAGAACATTTACAAGTTAGTGC
TGAAACAATTGCTACAATTGCTTTAACTTGCTCTGCTTATGCTGGTAT
GGGTGATATGTCTATTCGTAAAGAAACA’I’TTGAATGGGCATTATCTT
TCCCTCAATTCATTAGAACTTTTGGTTCATTTGTACGTTTATCAAATG
ATGTTOTATCAACAAAACGTGAACAAACTAAAGATCATICACCTTCA
ACAGTTCACTGTTATATGAAAGAACACGGTACAACTATGGACGATG
CTTGTGAAAAAATCAAAGAATTAATTGAGG-ACTCATG GAAAGACAT
GTTAGAACAATCTTTAGCTCTTAAAGGCTTACCTAAAGTAGTACCTC
AATTAGTTTTTGATTTCTCTCGTACTACAGATAACATGTATCGTGACC
GTGATGCTTTAACATCATCAGAAGCATTAAAAGAAATGATACAGTT
ATTATTCGTAGAACCTATACCTGAAGGTACCGGTGAGAATCTTTATT
TTCAAGGATCAGGTGGTGGAGGUTCAGATTACAAAGATGACGACGA
TAAAGGAACCGGTTAATCTAGACTCGAG

160 | CATATGGTACCAGAGGCTTTAGGAAATTTTGATTATGAGAGTTATAC | Sesgui-
TAATTTTACAAAATTACCATCATCACAATGGGGTGATCAATTCCTTA terpene (A.
AATTTTCTATAGCAGATTCTGACTTCGATGTATTAGAAAGAGAAATA | thalania)
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GAAGTATTAAAACCAAAAG TAAGAGAGAACATTTTTGTTITCATCAA
GTACTGATAAAGATGCAATGAAAAAAACAATTTTAAGTATTCATITC
TTAGATAGTTTAGGTTTATCITATCACTTCGAAAAAGAAATAGAGGA
GAGTTTAAAACATGCTTTCGAGAAAATTGAAGACCTTATTGCTGATG
AAAATAAACTTCATACAATAAGTACAATTTTCCGTGTATTCCGTACA
TACGGCTATTATATGTCTTCTGATGTATTCAAAATTTTCAAAGGAGA
CGATGGTAAATTCAAAGAAAGTTTAATTGAAGACGTTAAAGGTATG
CTTTCTTITTATGAAGCTGTTCATTTITGGAACAACTACTGATCACATT
TTAGACGAAGCTCTTAGTTTTACATTAAACCACTTAGAGTCACTTGC
AACAGGUOCGTCGTGCATCACCACCACATATTAGTAAATTAATCCAAA
ATGCTTTACATATTCCTCAACATCG’TAACATCCAGGCA’??AGTAGGT
COGTGAATACATTAGTTTTTACGAACACGAAGAAGATCACGATGAAA
CATTATTAAAATTAGCTAAATTAAACTTTAAATTCTTACAACTTCACT
ATTTTCAAGAATTAAAAACAATTACAATGTGGTGGACTAAATTAGAT
CATACATCTAATTTACCACCAAATTTTCGTGAACGTACAGTTGAAAC
ATGG?TTGCAGCTTTAATG-ATGTATTTCGAACCACAAT TTAGTTTAG
GTCGTATTATGACGTGCAAAATTATATTTAGTAATTACTTTCTITAGATG
ACGCATGTGATACATACGGATCAATATCTGAAGTAGAGTCATTAGCT
GATTGTTTAGAACGTTGGGACCCAGATTATATGGAAAATTTACAAGG
TCACATGAAAACAGCATTCAAATTCGTTATGTATTTATT CAAAGAAT
ACCGAAGAAATTTTACGTTCACAAGGCCGTTCATTCOTATTAGAGAAA
ATGATTGAGGAGTTTAAAATTATCGCACGTAAAAACTTAGAACTTGT
AAAATGGGCTCGTGGTGGTCACGTTCCTTCTTITGACGAATATATAG

LA T MO VETEE VN Falr s us el SN W sial W nFarals AV Wall W i oFarar ey ba Manis bd Ve
AUMGT\J\JT(}(} AU ANTANA L IO I AL DA AL I MMM EATL- L ET B

ATTATGGGTCTTGGTGAAATTGGTAAAAAAGAAGCATTTGAGTGGTT
AATCTCTCGTCCTAAACTTGTTCGTATITTAGGTGCTAAAACACGTTT
AATGGATGATATCGCAGACTTTGAAGAAGACATGGAAAAAGGCTAT
ACAGCTAATGCACTTAACTATTATATGAATGAACACGCGAGTAACTA
AAGAAGAAGCTAGTCGTGAACTTIGAGAAAATGAATGGTGATATGAA
CAAAATTGTAAACGAAGAATGTCTTAAAATTACAACTATGCCACGTC
GTATCTTAATGCAAAGTGTTAACTACGCTCGTAGTTTAGATGTATTA
TACACAGCTGATGATGTATATAACCACCUTGAAGGCAAACTTAAAG
AATATATGAGATTACTTTTAGTAGATCCAATTTTACTTGGTACCGGT
CAAAATCTTTATTTTCAAGGTTCAGGTGGTGGTGGTTCTGATTATAA
AGATGATGACGATAAAGGAACCGGTTAATCTAGACTCGAG

161

CATATGGTACCAGAGAGTCAAACAACATTCAAATACGAATCATTAG
CATTTACAAAACTTAGTCACTGTCAATGGACAGACTATTTTCTTAGT
GITCCAATTGATGAAAGTGAATTAGATGTTATTACTCGTGAAATTGA
TATTCTTAAACCAGAAGTTATGGAGTTATTAAGTAGTCAAGGAGATG
ATGAAACAAGTAAAAGAAAAGTTCTTCTTATTCAGTTATTACTTTCT

Sesgui-
terpene (A.

thalania)
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TTAGGTTTAGCATTCCACTTTGAAAATGAGATTAAAAACATACTTGA
ACACGCATTTCGTAAAATAGATGATATAACTGGTGACGAAAAAGAC
TTATCAACAATTAGTATTATGTTCCGTGTTTTCCGTACTTATGGACAC
AATCTTCCAAGTAGTGTTTTTAAACGTTTCACAGGTGATGATGGTAA
ATTTCAGCAAAGTTTAACAGAAGACGUCAAAAGGTATTTTAAGTTTAT
ATGAAGCTGCACATTTAGGTACTACTACAGATTACATTTTAGATGAA
GCTCTTAAATTCACATCTAGTCACTTAAAAAGTTTACTTGCTGGTGG
TACATGTCGTCCTCACATCTTACGTTTAATCCGTAATACATTATACTT
ACCACAACGTTGGAACATGGAAGCTGTTATCGCTCGTGAATACATAT
CATTTTACGAGCAGGAAGAAGATCACGATAAAATGCTTTTACGTCTT
GCAAAACTTAACTTTAAACTTCTTCAATTACACTACATTAAAGAGCT
TAAAAGTTTCATTAAATGGTGGATGGAACTTGGTTTAACTTCTAAAT
GGCCTTCTCAATTTCGTGAACGTATTGTTGAAGCATGGTTAGCTGGA
TTAATGATGTATTTTGAACCACAGTTCTCAGGTGGTCGTGTTATTGCT
GCAAAATTCAACTATTITACTTACAATATTAGACGACGCATGTGACCA
CTATTTTTCTATTCACGAATTAACACGTTTAGTTGCATGTGTAGAACG
TTGGTCACCAGATGGTATTGACACATTAGAAGATATTTCACGTTCTG
TATTCAAATTAATGTTAGATCGTTTTCGACGATATTGGTAAAGGTGTA
CGTTCAGAAGGTTCTAGTTACCACTTAAAAGAAATGTTAGAGGAATT
AAACACTTTAGTTCGTGCTAATTTAGATTITAGTTAAATGGGCTCGT G
GAATACAAACAGCTGGTAAAGAGGUITATGAATGGGTTCGTTCACG
TCCACGTTTAATCAAATCTTTAGCAGCTAAAGGTAGACTTATGGATG
ATATTACAGACTTTGACTCAGATATGAGTAATGGATTCGCAGCTAAT
GCTATTAACTACTATATGAAACAATTIGTTGTTACAAAAGAAGAAGC
TATTCTTGAATGTCAACGTATGATTGTAGACATTAACAAAACTATTA
ATGAAGAGTTATTAAAAACTACTTCAGTTCCAGGTCGTGTATTAAAA
CAAGCTCTTAACTTTGGCCGTTTATTAGAATTATTATATACAAAATCT
GACGATATTTACAATTGTTCTGAAGGCAAACTTAAAGAATACATTGT
AACTCTTTTAATTGATCCTATAAGACTTGGTACCGGTGAAAACTTAT
ACTTTCAAGGTTCAGGCGGTGGTGGTAGTGATTACAAAGATGATGAT
GACAAAGGAACCGGTTAATCTAGACTCGAG

162 | CATATGGTACCAGAGAGTCAAACAAAATTCGACTACGAATCATTAG Sesqui-

CTTTTACAAAATTATCACATTCACAATGGACTGATTACTTTTTATCAG | terpene (A.
TACCTATAGACGACTCTGAACTTGACGCAATTACTCGTGAAATCGAC | thatama)
ATTATCAAACCTGAAGTTCGTAAATTACTTTCAAGTAAAGGTGATGA
TGAAACTTCTAAACGTAAAGTATTACTTATCCAAAGTTTATTATCATY
TAGGTTTAGCATTTCATTTTGAAAACGAAATTAAA(.}ATATTTTAGAA
GATGCATTTAGACGTATTGATGACATTACAGGTGATGAAAACGACTT
AAGTACTATTAGTATTATGTTCCGTGTATTCOCGTACATACGGTCACA
ATTTACCAAGTAGTGTTTTTAAACGTTTCACTGGTGATGACGGTAAA
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TTTGAACGTTCTTTAACTGAAGATGCTAAAGGAATTITATCATTATA
TGAAGCTGCACATTTAGGAACAACTACTGATTATATTCTTGATGAAG
CATTAGAATTTACTTCATCACACT TAAAATC?TTACTTGTTGGTGGTA
TGTGTCGTCCACATATTTTACGTCTTATTAGAAATACTTTATATCTTIC
CACAACGTTGGAATATGGAAGCAGTAATTGCAAGAGAATACATTAG
TTTTTATGAACAAGAAGAAGATCACGATAAAATGTTACTTCGTTTAG
CTAAATTAAATTTCAAATTACTTCAATTACACTACATTAAAGAGTTA
AAAACATTCATTAAATGGTGGATGGAATTAGGACTTACATCAAAAT
GGOCTTCTCAATTTCGTGAACGTATTGTTGAAGCATGGTTAGCTGGT
CTTATGATGTATTTTGAACCACAGTTTTCTGGAGGTCGTGTAATAGC
TOCTAAATTCAATTACTTATTAACAATTTTAGATGATGCATGTGATC
ACTATTTCTCAATTCCAGAATTAACTCGTITAGTTGATTGCGTAGAA
AGATGGAATCATGATGGTATACATACTTTAGAAGACATCTCACGTAT
CATCTTTAAACTTGCATTAGATGTATTITGATCGATATTGUGTCGTGOTGT
TCGTTCTAAAGGTTGTTCTTATTACTTAAAAGAAATGTTAGAAGAGT
TAAAAATCTTAGTTCGTGCAAACTTAGATTTAGTTAAATGGGCTCGT
GGTAATCAATTACCTAGTTTITGAAGAACACGTTGAGGTAGGTGGTAT
TGOTCTTACAACATACGCAACTTTAATCGTACTCTTTTGTTGGCATGGG
TGAAGCAGTAGGTAAAGAAGCATACGAATGGGTACGTTCTCGTCCA
CGTTTAATCAAAAGTTTAGCAGCAAAAGGTCGTCTTATGGACGATAT
TACTGATTTCGAAGTAAAAATTATCAACTTATTTITCGACCTTCTTTT
ATTTGTATTCGGTACCGGTGAAAACTTATATTTCCAGGOGTAGTGGTG
GAG(?A(}GTTCAGACTACAAAGATGACGATG-ACAAAGGAACCGGTTA

TCTAGACTCGAG

163 | CATATGGTACCAGCAGCTTTCACAGCAAATGCAGTTGACATGCGTCC | Curcumene
ACCAGTTATTACAATTCACCCACGTITCAAAAGATATTTTCTCTCAATT | (P. cabiin)

TTCTTTAGATGATAAATTACAAAAACAATACGCTCAAGGAATCGAA

GUTCTTAAAGAAGAAGCTCGTTCTATGCTTATGGCTGCAAAATCTGC
TAAAGTAATGATCTTAATTGATACACTTGAACGTTTAGGATTAGGTT
ATCACTTTGAAAAAGAAATTGAAGAGAAATTAGAAGCTATTTACAA

AAAAGAGGATGGTGACGATTATGATCTTTTTACAACTGCTTTAAGAT
TCCGTTTACTTAGACAACACCAACGTCGTGTACCATGTTCTGTTTTTG
ACAAATTTATGAATAAAGAGGGTAAATTCGAAGAAGAACCATTAAT

- TTCAGATGTTGAAGGTCTTCTTTCATTATATGACGCTGCTTATTTACA
GATTCACGGTGAACACATTTTACAAGAGGCTTTAATTTTCACTACAC
ATCATTTAACTCGTATTGAACCACAATTAGATGATCACTCTCCTTTA

AAATTAAAATTAAACCGTGCTTTAGAATTICCTTITTACAGAGAAAT
CCCTATAATCTATGCACATTTTTACATTTCAGTATATGAACGTGACG

ATTCTCGTGATGAAGTATTATTAAAAATGGCTAAATTATCTTATAAT

TTCTTACAAAACTTATACAAAAAAGAATTAAGTCAACTTTCTCGTTG

-165-



ey,

WO 2609/036067 PCT/US2008/075858

GTGGAACAAATTAGAACTTATTCCTAATTTACCTTATATTCGTGATTC
TGTAGCTGGAGCTTATTTATGGGCTGTTGCTTTATATTICGAACCTCA
ATATTCAGACGTTCGTATGGCAATTGCTAAACTTATCCAAATTGCAG
CAGCTGTAGATGATACTTACGATAATTATGCTACTATACGTGAAGCT
CAATTATTAACAGAAGCATTAGAACGTTTAAATGTACACGAAATTG
ACACATTACCAGATTATATGAAAATTGTTTATCGTTTTGTAATGTCAT
GGAGTGAAGATTTCGAACGTGATGCTACAATTAAAGAACAGATGTT
AGCTACACCTTATTTCAAAGCTGAAATGAAAAAACTTGGTCGTGCTT
ATAATCAAGAACTTAAATG GGTTATGGAACGTCAATTACCTAGTTTC
GAAGAATACATGAAAAACTCTGAAATCACTTCTGGTGTTTACATTAT
GTTTACTGTAATTAGTCCTTACTTAAATAGTGCAACACAAAAAAACA
TTGACTGUGTTATTATCACAACCTCGTTTAGCATCTTCAACTGCAATTG
TTATGCGTTGTTGTAATGATTTAGGCTCTAATCAACGTGAATCTAAA
G‘GAGGAGAAGTTATGACATCTTTAGATTGCTATATGAAAC.AACACG-
GTOCTAGTAAACAAGAAACAATTTCTAAATTCAAACTTATTATCGAA
GATGAATGGAAAAACTTAAATGAAGAATOGGCTGCAACAACATGTC
TTCCAAAAGTTATGOTAGAAATTTTTCGTAACTATGCACGTATTGCA
GGUTTTTGCTACAAAAATAACGGTGATGCTTATACATCTCCAAAAAT
TGTACAACAATGTTTIGACGCTTTATTTGTAAATCCATTAAGAATTG
GTACCGGTGAGAATTTATACTTTCAAGGCTCAGGTGGAGGTGGTAGT
GATTATAAAGATGATGATGATAAAGOAACCGGTTAATCTAGACTCG
AG

164 | CATATGGTACCAGAATTTAGAGTTCATTTACAGGCTGATAATGAACA | Farnesene
CGAAAATATTCCAGAACCAAATCGAAACCTGAACCTGAAGCATCATAT | (M.

CTTATTAATCAACGTAGATCAGCTAATTACAAACCTAATATTTGGAA | domestica)
AAATGACTTTTTAGATCAAAGTTTAATTAGTAAATACGACGUTGATG
AATATCGTAAATTAAGTGAGAAATTAATCGAGGAAGTAAAAATTTA
TATATCTGCTGAGACAATGGACTTAGTAGCTAAATTAGAACTTATTG
ATTCTGTTCGTAAATTAGGTTTAGCTAATCTTTTTGAAAAAGAAATT
AAAGAAGCATTAGATTCTATCGCAGCTATTGAGTCAGATAATTTAGG
TACTCGTGATGACTTATATGGTACTGCTTTACACTTTAAAATTTTACG
TCAACATGGTTATAAAGTITCTCAAGATATTTTTGGTCGTTTCATGGA
TGAAAAAGGTACATTAGAAAATCATCACTICGCTCACTTAAAAGGT
ATGTTAGAATTATTIGAAGCATCTAATTTAGGTTTTIGAAGGTGAAGA
TATTTTAGATGAAGCAAAAGCATCACTTACATTAGCTCTTCGTGATA
GTGGTCATATTTGTTATCCAGATTCTAACTTAAGTCGTGATGTAGTA
CACTCATTAGAATTACCTAGTCACCGTCGIGTTCAATGGTITGATGTT
AAATGGCAAATTAATGCTTATGAAAAAGATATTTGTAGAGTTAATGC
AACTCTTTTAGAATTAGCAAAATTAAATTTTAACGTAGTACAAGCAC

AACTTCAAAAAAACTTACGTGAAGCATCTCGTTGGTGGGCTAACTTA
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GGTTTCGCTGATAACTTAAAATTCGCTCGTGATCGTTTAGTTGAATG
TTTTTCTTGCGCAGTAGGCGTAGCATTTGAACCTGAACACTCTTICTTT
TOCGTATCIGTTTAACAAAAGTTATTAATTTAGTTTTAATAATTGATGA
CGTATACGACATATATGGAAGTGAAGAAGAATTAAAACACTITACA
AATGCTGTTGATCGTTGGGATTUTCGTGAAACAGAACAATTACCAGA
ATGTATGAAAATGTGCTTTCAAGTTTTATACAATACTACATGTGAAA
TTGCTCOTGAAATTGAAGAAGAAAATGGATGGAATCAAGTTTTACET
CAATTAACTAAAGTATGGGCTGATTTTTGTAAAGCATTATTAGTAGA
AGCTGAATGGTACAATAAAAGTCACATCCCAACTTTAGAAGAATAT
CTTCGTAATGGCTGTATTTCATCAAGTGTTITCTGTATTATTAGTACAT
TCTTTCTTTAGTATTACACATGAAGGTACAAAAGAAATGGCAGATTT
CTTACACAAAAACGAAGACTTATTATACAACATCTCATTAATTGTAC
GTTTAAACAACGACTTAGGTACAAGTGCAGCTGAACAAGAACGTGG
TGATICACCATCATCTATTGTATGTTACATGCGTGAAGTTAATGCTA.
GTUAAGAAACAGCTOGTAAAAATATAAAAGGAATGATCGACAATGC
TTGGAAAAAAGTTAATGGTAAATGTTTTACAACTAATCAAGTTCCTT

CTTCTTTCTTCTTTTATGAATAACGCTACTAATATGGCTCGTGTAGCTC
ATTCATTATATAAAGACGOGAGACGGTTTTGGCGATCAGGAAAAAGG
TCCACGTACTCACATCTTATCTTTATTATTCCAACCATTAGTTAACGG
TACCGGTGAAAACTTATACTTITCAAGGTTCTGGTGGTGGTGOGTTCTG
ACTACAAAGATGACGATOACAAAGGAACCGGTTAATCTAGACTCGA
G

165 | CATATGGTACCAAGTAGTAATGTATCAGCTATTCCTAATICTTTTGA | Farnesene
ATTAATTCGTCGTTCAGCTCAATTTCAGGCTICTGTATGGGGTGATTA | (C. sativus)
CTTTTTATCTTATCACTCTITACCACCTGAGAAAGGTAATAAAGTAA
TGOGAAAAACAAACTGAAGAACTTAAAGAGGAAATCAAAATGGAATT
AGTTTCTACTACTAAAGATGAACCAGAGAAATTACGTTTAATTGACC
TTATTCAACGTTTAGGTGTATGTTATCACTTTGAAAATGAAATTAAC
AACATTTTACAACAATTACACCACATTACTATTACTTUTGAGAAAAA
CGGTGACGATAATCCTTATAACATGACTTTATGTTTCCGTTTATTACG
TCAACAAGGTTACAATGTATCTAGTGAACCTTTTGATCGTTTTCGTG
GCAAATGGGAATCTTCTTATGATAACAATGTAGAAGAACTTTTATCA
TTATATGAAGCATCTCAATTAAGAATGCAAGGTGAAGAAGCATTAG
ATGAAGCATTCTGTTTTGCAACTGCACAATTAGAAGCTATTGTTCAA
GATCCTACTACAGATCCAATGGTTGCAGCAGAAATCAGACAAGCAT
TAAAATGGCCAATGTACAAAAACTTACCTICGTTTAAAAGCTCGTCAT
CATATTGGTTTATATTCTGAGAAACCATGGUGTAATGAGTCATTACT
TAATTTCGCAAAAATGGACTTCAATAAACTTCAAAATTTACATCAAA
CTGAAATTGCATATATTTCTAAATGGTGGGACGATTACGGCTTTGCA
GAAAAACTTTCTTTCGCACGTAATCGTATTGTTGAAGGCTATTTCTTC
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GCATTAGGTATCTTTTTCGAACCTCAACTTTTAACAGCACGTCTTATA
ATGACAAAAGTAATCGCTATTGGTTCTATGTTAGATGACATTTATGA
TGTTTATGGTACTTTTGAAGAGTTAAAACTTTTAACATTAGCTTTAGA
ACGTTGGGATAAATCAGAAACAAAACAATTACCTAATTACATGAAA
ATGTACTACGAAGCATTATTAGATGTTTTTGAAGAAATTGAGCAAGA
AATGTCACAAAAAGAAACTGAAACAACACCATACTGTATTCATCAC
ATCGAAAGAAGCTACTAAAGAACTTGGACGTGTATTTTTAGTTGAAGC
AACTTGGTGTAAAGAAGGTTATACTCCTAAAGTAGAGGAATAC’?TA
GACATTGCTTTAATTTCTTTTGGTCATAAATTACTTATGGTAACTGC'T
TTATTAGGTATGGGTTCTCACATGGUTACACAACAAATTGTACAATG
GATTACATCTATGCCAAATATCTTAAAAGCATCTGCAGTAATATGTC
GTTTAATGAATGACATTGTATCTCATAAATTTGAACAAGAACGTGGT.
CATGTTGCTTCTGCTATCGAATGCTACATGGAACAAAACCACCTTAG
TOAATATGAAGCATTAATTGCTCTTCGTAAACAAATTGATGATTTAT
GGAAAGACATGGTAGAAAATTACTGTGCAGTAATCACAGAAGACGA
AGTACCTCGTGUTGTTITAATGCGTGTTTTAAATCTTACACGTTTATT
CAATGTTATTTACAAAGACGGTGATGGATACACACAAAGTCATGGT
AGTACAAAAGCTCACATTAAAAGTCTTTTAGTTGATAGTGTACCTCT
TGGTACCGGTGAAAATCTTTACTTTCAAGGTTCAGGTGGAGGTGGTT
CTGATTATAAAGATOGATGATGACAAAGGAACUGGTTAATCTAGACT
CGAG

166 | CATATGGTACCAAAAGACATGAGTATTCCATTATTAGCAGCTGTATC | Farnesene
TTCTAGTACAGAAGAAACAGTACGTCCTATCGCAGATTTTCATCCAA | (C. junos)
CACTTTGGGGTAATCATTTTCTTAAATCTGCTGCTGACGTAGAAACT |
ATTGATGCAGCAACACAAGAGCAACACGCTGCATTAAAACAAGAAG
TACGTCGTATGATTACTACAACAGCAAATAAACTTGCACAAAAACTT
CACATGATTGATGCTGTACAACGTTTAGGTGTTGCTTATCATTTTGA
AAAAGAAATTGAAGACGAATTAGGTAAAGTAAGTCACGATTTAGAT
TCAGATGATTTATACGTTGTATCTTTACGTTTTCGTTTATICCGTCAA
CAAGGTGTAAAAATTAGTTGCGATGTTTTCGACAAATTCAAAGATGA
CGAAGGAAAATTCAAAGAGTCTCTTATTAACGATATTAGAGGAATG
TTATCATTATACGAAGCAGCTTACTTAGCTATTAGAGGTGAAGATAT
TTTAGACGAAGCAATTGTTTTCACAACTACTCACTTAAAAAGTGTTA
TCTCTATTAGTGATCATTCACATGCTAATAGTAATTTAGCTGAACAA
ATACGTCATAGTTTACAAATTCCACTTCGTAAAGCTGCTGCAAGATT
AGAAGCACGTTATTTCTTAGATATTTACTCTCGTGATGATTTACATG
ATGAAACATTACTTAAATTCGCTAAACTTGACTTTAACATTCTTCAA
ICTGCACACCAAAAAGAAGCTAGTATTATGACTCGTTGGTGGAACG
ATTTAGGTTITCCTAAAAAAGTTCCTTATGCTCGTGACCGTATTATAG
AAACTTATATTTGGATGTTATTAGGAGTTTCATACGAACCTAATTTA
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GCATTTGGAAGAATTTTTIGCAAGTAAAGTAGTATGTATGATTACAAC
AATTGATGATACATTTGATGCTTATGGTACATTTGAAGAGTTAACAT
TATTCACTGAAGCTGTTACACGTTGGGATATTGGTTTAATTGACACA
TTACCTGAATATATGAAATTCATTGTAAAAGCTCTTITTAGACATTTA
CCOTGAAGCTGAAGAAGAATTAGCTAAAGAAGGTAGATCATACGGT
ATTCCATACGCTAAACAAATGATGCAAGAGTTAATCATTTTATACTT
TACTGAGGCTAAATGGTTATACAAAGGTTACGTTCCTACATTITGACG
AATACAAAAG'TGTAGCTTTACGTTCTATTGGTCTTAGAACATTAGCA
GTAGCTTCATTTGTAGATTTAGGTGACTTTATTGCTACAAAAGACAA
TTTTGAATGTATTCTTAAAAATGCAAAAAGTTTAAAAGCTACTGAAA
CAATTGGCCGTTTAATGOATGATATAGCTGGTTACAAATTTGAACAG
AAACGTGGTCATAACCCATCEIGCTGTTGAGTGTTACAAAAATCAACA
COGAGTATCAGAAGAAGAAGCAGTTAAAGAGCTTTTATTAGAAGTT

"GCAAACAGTTGGAAAGATATTAACGAGGAACTTTTAAATCCAACTA
CAGTTCCATTACCTATGTTACAGCGTTTATTATATTTTGCTCGTTCAG
GTCACTTCATCTATGATGATGGACATGATCGTTATACACATTCTTTA
ATGATGAAAAGACAAGTTGCACTTTTATTAACTGAACCTTTAGCTAT
TOGGTACCGGTGAAAACTTATACTTTCAAGGTTCAGGTGGTGGTGGAT
CTGATTATAAAGATGATGATGACAAAGGAACCGGTTAATCTAGACT
CGAG

167 | CATATGGTACCAGATTTAGCTGTTGAGATTGCAATGGACTTAGCTGT | Famesene
TCATGACGTTGAGCGTCGTGTAGGTGACT A’I‘CATAGTAACCTTTGGG {P. abics)
ATGATGATTTTATTCAGAGTTTATCAACACCATACGGCGCATCATCA '
TATCGTGAACGTGCTGAAAGATTAGTAGGAGAAGTTAAAGAAATGT

TTACTE“CTATTTCTATCGAAGAT(‘}GTGAACTTACATCTGATTTATTAC
AACGTTTATGGATGGTAGATAATGTAGAGCGTTTAGGCATTTCACGT
CATTTCGAGAACGAAATAAAAGCAGCTATTGATTATGTTTATTICATA
TTGGAGTGACAAAGGTATTGTACGTGGTCGTGATICAGCTGTTCCTG
ACTTAAATAGTATTGCTTTAGGTTTTCGTACATTACGTTTACACGGTT
ACACAGTTAGTAGTGATGTATTITAAAGTTTTCCAAGATCGTAAAGGT
GAATTTGCTTGCAGTGCAATTCCAACTGAAGGAGATATTAAAGGAG

TTTTAAACTTACTTCGTGCAAGTTATATTGCATTCCCTGGTGAAAAA

GTAATGGAAAAAGUTCAAACTTTTGCAGCAACATACCTTAAAGAAG

CATTACAGAAAATTCAAGTAAGTAGTTTAAGTCGTGAAATCGAATAT
GTTCTTGAATACGGTTGGTTAACTAACTTTCCTCGTTTAGAAGCACG

TAACTATATTGACGTATTCGGTGAAGAAATTTGTCCATACTTCAAAA
AACCATGTATTATGOTTGACAAACTTTTAGAATTAGCAAAATTAGAA
TITAACTTATTTCACAGTCTTCAACAAACAGAGTTAAAACATGTTAG
TCGTTGGTGGAAAGATAGTGGTTTCTCTCAATTAACATTTACAAGAC
ACCGTCATGTTGAGTTTTATACATTAGCTAGTTGTATAGCAATTGAA
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CCAAAACACAGTGCTTTTCGTCTTGGT TTIGCTAAAGTTTGTTATTTA
GGTATAGTTTTAGATGATATTTATGACACATTTGGTAAAATGAAAGA
ATTAGAACTTTTTACTGCAGCAATCAAACGTTGGGACCCTTCTACTA

CAGAATGCTTACCTGAATACATGAAAGGTGTTTATATGGCTTTTTAC

AATTGTGTTAATGAATTAGCACTTCAAGCAGAGAAAACACAAGGTC

GTGATATGTTAAACTATGCACGTAAAGCATGGGAAGCTCTTTTTGAT
GCATTTTTAGAAGAAGCAAAATGGATCTCTTICTGGCTATTTACCAAC
ATTCGAAGAATACTTAGAAAATGGTAAAGTATCTTTTGGTTATCGTG
CTGCTACATTACAACCAATTTITAACATTAGATATTCCTTTACCTTTAC
ATATTTTACAACAGATTGATTTTCCAAGTCGTTTTAATGATTTAGCTT
CATCTATTTTACGTTTAAGAGGTGATATCTGTGGTTACCAAGCTGAA

CGTAGTCGTGGTGAAGAAGCATCATCAATTTCATGTTATATGAAAGA
TAATCCAGGTTCTACTGAAGAAGATGCATTATCTCACATTAATGCAA
TGATCTCAGACAATATTAACGAATTAAACTGGGAACTTTTAAAACCA
AATTCAAATGTACCAATTTCATCAAAAAAACATGCATTTGACATTCT
TCGTGCTTTCTATCACTTATACAAATATCGTGATGGCTTCTCTATOGE
AAAAATTGAAACTAAAAATCTTGTAATGCGTACAGTTTTAGAACCTG
TACCAATGGGTACCGGTGAAAACTTATACTTTCAGGGTTCTGGTGGA
GGTGGTTCAGACTATAAAGATGATGATGATAAAGGAACCGGTTAAT

CTAGACTCGAG '

168 | CATATGGTACCAACAAGTGTATCAGTAGAATCAGGAACAGTATCTT | Bisabalene
GTTTATCATCAAACAACTTAATTAGACGTACAGCTAATCCACATCCT | (P, abies)
AACATTTGGGGATATGATTTITGTTCACTCACTTAAATCACCATATAC
ACACGACTCATCATATCGTGAACGTGCTGAGACTTTAATTTCAGAAA
TAAAAGTTATGCTTGGAGGTGGTGAATTAATGATGACTCCATCAGCT
TATGATACAGCATGGGTAGCTCGTGTTCCATCAATTGACGGTAGTGE
TTGTCCACAATTTCCACAAACTGTTGAATGGATTCTTAAAAACCAAT
TAAAAGATGGTAGTTGGGGAACTGAATCTCACTTCTTACTTAGTGAC
AGATTATTAGCTACATTAAGTTGTGTATTAGCATTATTAAAATGGAA
AGTAGCTGATGTTCA A_GTAGAGCAAGGTATT(%AGTTTATCAAACGTA
ATTTACAAGCTATTAAAGACGAACGTGATCAAGACAGTTTAGTAACT
GATTTCGAGATTATTTTCCCATCACTTTTAAAAGAGGCTCAATCTTTA
AACTTAGGCTTACCTTATGATTTACCATATATTAGATTATTACAAAC
AAAACCTCAAGAACGTCTTGCTAACTTAAGTATGGATAAAATTCAC
GGTGGTACTTTATTATCATCTTTAGAGGGCATTCAAGATATAGTTGA

. ATGGGAAACAATTATGGATGTACAATCTCAAGATGGTTCTTTCTTAT
CATCACCAGCTTCTACAGCATGTGTATTCATGCATACAGGAGATATG
AAATGTTTAGATTTCTTAAACAACGTATTAACTAAATTTGGTAGTAG
TOTTCCTTGTTTATACCCTGTAGATTTATTAGAACGTCTTTTAATTGT
AGATAATGTAGAGCGTCTTGGTATTGACCGTCA’ITTTGAAAAAGAAA
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TCAAAGAGGCTTTAGATTATGTTTATCGTCATTGGAACGATCGTGGT
ATTGOTTGGGGTCOTTTATCACCTATCGCAGACTTAGAAACAACAGC
TTTAGOTTTTCGTTTACTTCGTCTTCATCGTTACAATGTTECTCCTGTA
GTATTAGACAATTTCAAAGACGCAGATGGCGAGTTCTTCTGCAGTAC
AGOTCAATTTAACAAAGATGTTGCAAGTATGTTATCTTTATACCGTG
CTTCTCAATTAGCTTTCCCTGAAGAATCAATTTTAGATGAAGCTAAA
TCATTCTCAACACAATATCTTCGTGAAGCATTAGAAAAATCAGAAAC
ATTTTICTICTTGGAATCATCGTCAGAGTTTATCAGAAGAAATTAAAT
ATGCTTTAAAAACATCATGGCACGCTTCAGTTCCTCGTGTTGAAGCA
AAACGTTATTGTCAGGTTTACCGTCAAGACTATGCTCATTTAGCAAA
ATCAGTTTATAAACTTCCTAAAGTAAATAATGAGAAAATTCTTGAAT
TAGCAAAATTAGATTTTAACATTATICAATCTATCCATCAAAAAGAA
ATGAAAAATGTTACATCATGGTTTCGTGATTCAGGCTTACCACTTTT
CACATTTGCTCGTGAAAGACCTTTAGAGTTTTACTTITTAATCGCTGG
TGGAACATACGAACCTCAATACGCAAAATGTAGATTCTTATTTACAA
AAGTAGCTTGTTTACAAACTGTTTTAGACGATATGTACGATACTTAC
GGTACACCATCAGAGTTAAAATTATTTACTGAGGCAGTTCGTCGTTG
GGATTTATCATTCACAGAAAACTTACCTGATTATATGAAATTATGCT
ACAAAATTTACTATGATATTGTTCATGAAGTTGCTTGGGAAGTAGAA
AAAGAACAGGUACHTGAGCTTGTTTCATTTTTCCGTAAAGGTTGGGA
AGACTATCTTTTAGGTTATTATGAAGAAGCTGAATGGTTAGCTGCTG
AATACGTTCCTACTTTAGATGAATACATTAAAAACGGTATTACATCT
ATTGGTCAACGTATTTTACTTTTATCAGGTGTACTTATTATGGAAGGT
CAACTTTTATCACAAGAAGCTCTTGAAAAAGTAGATTATCCAGGTCG
TCGTGTTTTAACAGAATTAAACAGTTTAATTAGTCOGTTTAGCAGACG
ATACTAAAACA TACAAAGCAGAf!uf-\LAAGC’TCGTGGTGAz‘kCT’.FGCTAQ;r
TAGTATTGAATGTTATATGAAAGACCACCCTGGTTGTCAAGAAGAA
GAAGCATTAAACCATATTITATGGCATTTTAGAACCAGCTGTTAAAGA
ATTAACTCOTGAGTTICTTAAAGCAGATCACGTACCATTCCCTTGCA
AAAAAATGTTATTTIGATGAAACAAGAGTTACAATGGTAATTTTCAAA
GATGUGTGATGGTTTCGGTATTTCTAAATTAGAAGTAAAAGACCACAT
AAAACGAATCTTTAATTGAGCCATTACCACTTGGTACCGGTGAAAATC
TTTATTTTCAAGGTAGTGGTGOTGGCGOTTCTGACTACAAAGATGAC
GACGATAAAGGAACCGGTTAATCTAGACTCGAG

169 | CATATGGTACCAGGTTCTGAAGTAAATAGACCTTTAGCAGACTTTCC | Sesqui-
AGCAAACATTTGGGAAGACCCATTAACTTCTTTCTCAAAATCTGATC | terpene (A,
TTGGTACAGAAACATTTAAAGAGAAACATAGTACTTTAAAAGAAGC | thalania)
TGTTAAAGAGGCATTTATGAGTTCTAAAGCTAATCCAATCGAAAATA
TCAAATTCATAGATGCATTATGCCGTTTAGGAGTATCTTATCACTTTG
AAAAAGATATTGTAGAACAATTAGATAAATCATTTGATTGCTTAGAT
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TTTCCACAAATGGTACGTCAAGAAGGTTGCGATTTATATACAGTTGG
TATTATCTITCAAGTTITTTAGACAATTTGGTTTCAAATTAAGTGCTGA
TOGTTTTTGAAAAATTCAAAGATGAAAATGGTAAATTCAAAGGTCACT
TAGTAACTGATGCTTATGGTATGTTATCATTATACGAAGCTGCACAA
TGGGGTACTCACGGTGAAGACATCATTGACGAAGCTCTTGCTTTTTC
TCGTAGTCACTTAGAAGAAATATCTAGTCGTAGTTCACCACACTTAG
CAATTCGTATTAAAAACGCTTTAAAACATCCATATCATAAAGGTATT
TCACGTATTGAAACACGTCAATACATTAGTTACTATGAAGAAGAAG
AATCTTGTGATCCAACATTATTAGAGTTCGCTAAAATTGACTTTAAC
TTATTACAAATTTTACACCGTGAAGAGTTAGCTTGTC}TAACTCGTTG
GCATCATGAAATGOGAATTTAAAAGTAAAGTAACTTACACACGTCAT
COTATTACAGAAGCATATTTATGGAGTCTTGGAACATATTTTGAACC
ACAATACAGTCAAGCTCGTGTAATAACTACAATGGCATTAATCTTAT
TTACTGCTTTAGACGACATGTACGATGCTTACGGTACTATGGAGGAG
TTAGAGTTATTCACAGATGCTATGGACGAATGGTTACCAGTTGITCC
AGATGAAATTCCTATTCCAGATTCAATGAAATTCATTTACAATGTTA
CAUGTTGAATTITACGATAAATTAGACGAAGAATTAGAAAAAGAAGG
TCOTTCTGGTTGTGGTTTCCATCTTAAAAAAAGTTTACAAAAAACAG
CTAATGGATATATGCAAGAAGCAAAATGGCTTAAAAAAGATTACAT
TGCTACATTTGATGAGTATAAAGAAAATGCTATTTTATCTTCAGGTT
ATTATGCATTAATTGCAATGACATTTGTTCGTATGACTGATGTTGCTA
AATTAGATGCTTTTGAATGAGTTAAGTAGTCACCCAAAAATTCGTGT A
GCAAGTGAAATCATTTCACGTTTTACAGACGATATTITCAAGTTATGA
ATTTGAACACAAACOTGAACACGTTGCTACAGGTATTGATTGTTATA
TGCAACAATTCGGAGTTAGTAAAGAACGTGCTGTTGAAGTTATGGG
CAATATAGTTTCTGATGCATGGAAAGACTTAAATCAAGAACTTATGC
GTCCTCATGTTTTCCCATTTCCACTTCTTAT(}CGTG’I"T'I“I"AAATCTTTC
AAGAGTAATTGATGTATTTTATCGTTACCAAGATGCATATACTAATC
CAAAATTACTTAAAGAGCACATTGTTICTTTACTTATTGAAACTATTC
CAATTGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGAGGT
GGTTCTGATTATAAAGACGACGATGACAAAGGAACCGGTTAATCTA
GACTCGAG

170 | CATATGGTACCAGAGGCAATTAGAGTATTTGGCTTAAAACTTGGTTC | Sesqui-

AAAATTATCTATTCACTCACAAACAAATGCTTTTCCTGCATTCAAAT | terpene (A.
TATCTCGTTTTCCATTAACATCTTTCCCTGGTAAACATGCTCACTTAG | thalania)

ATCCATTAAAAGCAACAACTCATCCATTAGCTTTTGATGGTGAAGAA
AATAACCGTGAGTTTAAAAACTTAGUTCCAAGTGAGTGGGGCCATC
AATTTCTTTICTGCTCATGTAGATTTATCTGAAATGGATGCATTAGAA
CGTGAAATTGAAGCTCTTAAACCAAAAGTACGTGATATGTTAATATC
AAGTGAAAGTTICAAAAAAAAAAATCTTATTICTTTATCTTTTAGTAT
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CATTAGOATTAGCTTATCACTTTGAAGATGAAATTAAAGAAAGTTTA
GAGGATGGATTACAGAAAATTGAGGAAATGATGGCTTCAGAAGATG
ATCTTCGTTITAAAGGCGATAATGGTAAATTCAAAGAATGTTTAGCA
AAAGATGCTAAAGGTATTTTATCTCTTTATGAGGCTGCTCACATGGG
TACAACAACTGATTATATTCTTGATGAGGCTTTATCATTTACTTTAAC
ATATATGGAATCATTAGCAGCTTCAGGAACATGTAAAATCAACTTAT
CACGTCGTATTAGAAAAGCATTAGATCAACCTCAACACAAAAATA.T
GGAAATAATTGTAGCAATGAAATACATTCAATTTTATGAAGAAGAG
GAAGATTGCGATAAAACTTTACTTAAATTTGCTAAACTTAACTTTAA
ATTCTTACAATTACACTATTTACAAGAACTTAAAATCTTATCTAAAT
GGTATAAAGACCAAGACTTTAAATCAAAATTACCTCCATATTTCCGT
GACCOTCTTGTAGAATGTCATTTTGCATCATTAACATGTTTTGAGCCT
AAATATCGCTCGTGCACGTATTTTCTTATCTAAAATCTTCACTGTTCAA
ATTTTCATTGACGATACTTGTGACCGTTACGCATCATTAGGTGAAGT
TGAGTCATTAGCTGACACTATCGAACGTTGGGACCCTGATGATCATG
CTATGGACGGATTACCTGATTATCTTAAATCAGTAGTTAAATTTGT A
TTCAATACATTTCAAGAATTTGAACGTAAATGTAAACGTTCACTTCG
TATTAACTTACAAGTAGCAAAATGGGTTAAAGCTGGTCACTTACCAT
CTTTTGATGAGTATCTTGATGTAGCTGGTTTAGAATTAGCTATTTCAT
TCACTTTCGCTGGTATCTTAATGGGCATGGAAAATGTTTGTAAACCT
GAAGCATACGAATGGTTAAAATCTCGTGACAAACTTGTTCGTGGTGT
AATCACAAAAGTTCOTTTACTTAATGATATTTTTGGCTATGAAGATG
ATATGCGTCGTGGTTATGTAACAAATTCAATAAACTGCTACAAAAAA
CAATATGGAGTAACAGAGGAAGAAGCTATTCGTAAATTACATCAAA
TCGTTGCTGATGG‘AGAGAA.AATGATGAATGAAGAGTTCTTAAAACC
TATTAATGTACCATATCAGGTTCCTAAAGTAGTTATTITAGACACTTT
ACGTGCAGCTAATGTTTCATACGAAAAAGATGACGAATTTACACGTC
CAGOCGAACACCTTAAAAACTGCATTACATCTATTTACTTCGATTTA
GGTACCGGTOAAAACTTATACTTTCAAGGTAG TGGTGGCGGTGGTA
GTGATTACAAAGATGATGATGATAAAGGAACCGGTTAATCTAGACT
CGAG

171 | CATATGGTACCAACTACAACATTATCATCTAACCTTAACTCACAATT | GPP

CATGCAGGTTTACGAGACTCTTAAATCAGAACTTATICATGACCCAT | Chimera
TATTTGAGTTCGATGACGATTCAAGACAATGGGTAGAACGTATGATT
GATTATACTGTACCAGGTGGTAAAATGGTTCGTGGTTATAGTGTAGT
AGATAGTTATCAATTACTTAAAGGTGAAGAACTTACAGAAGAAGAG
GCATTTTTAGCTIGTGCACTTGGTTGGTGTACAGAATGOTTTCAAGC
ATTCATTCTTTTACATGATGATATGATGGATGGTAGTCACACAAGAC
GTGGTCAACCATGTTGGTTTCGTTTACCTGAGGTTGGTGCTGTTGCTA
' TTAAT(‘}ATGGTGTTTTACTTCGTAATCACGTTCACCGTATTCTTAAAA
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AACATTTTCAAGGTAAAGCATATTATGTTCATTTAGTTGATTTATTCA
ATGAAACTGAATTTCAAACAATTAGTGGACAAATGATCGACTTAATT
ACAACATTAGTTGGTGAAAAAGACTTATCTAAATATTCATTAAGTAT
TCATCGTCGTATCGTTCAATACAAAACAGCATACTACTCATTTTACTT
ACCAGTTGCTTGTGCTTTACTTATGTTTGGTGAGGATCTIGATAAAC
ATGTAGAAGTTAAAAATGTTICTTGTTGAAATGGGTACATATTTTCAA
GTTCAAGATGATTATTTAGATTGTTTITGGTGCTCCAGAAGTTATTGG
CAAAATTGGTACTGATATTGAAGACTTTAAATGTTCATGGTTAGTAG
TTAAAGCATTAGAATTAGCAAATGAAGAACAGAAAAAAACTTTACA
CGAAAATTATGGAAAAAAAGATCCAGCATCAGTTGCTAAAGTTAAA
GAAGTATACCACACACTTAATTTACAAGCTGTTTTCGAAGATTATGA
AGCAACATCATACAAAAAACTTATTACTTCTATTGAAAATCACCCAT
CTAAAGCTGTTCAAGCTGTTTTAAAATCTTTCTTAGGCAAAATATAC
AAACGTCAAAAAGGTACCGGTGAAAACTTATACTTTCAAGGTTCTG
GTGGCGGTGGAAGTGATTACAAAGATGATGACGATAAAGGAACCGG
TTAATCTAGACTCGAG

172 ¢ CATATGGTACCAAGTCAACCTTACTGGGCTGCAATTGAAGCAGACAT | GPPS-
TCAAAGATATTTAAAAAAATCAATTACAATTCGTCCACCAGAAACT LSU+SsU
GTATTTGOTCCTATGCACCATTTAACATTTGCTGCTCCTGCTACTGCA | fusion
GCTAGTACATTATGCCTTGCTGCTTGTGAATTAGTTGGCGGTGATCG
TAGTCAAGCTATGGCAGCTGCTGCTGCTATCCATTTAGTTCATGCAG
CTGCTTACGTTCACGAACATCTTCCTTTAACAGATGGATCACGTCCT
GTAAGTAAACCTGCTATTCAACATAAATATGGTCCAAACGTTGAACT
| TTTAACAGGTGATGGTATCGTTCCTTTCGGTTTTGAGTTATTAGCAGG
TTCAGTAGATCCAGCACGTACTGATGACCCTGATCGTATTTTACGTG
TAATTATTGAAATTTCTCGTGCTGGTGGACCAGAAGGCATGATTTCT
GGTTTACACCGTGAGGAAGAAATCGTAGATGGTAACACATCATTAG
ACTTTATAGAATATGTATGCAAAAAAAAATACGGTGAAATGCACGC
ATGTGGTGCAGCTTGCGGAGCTATTTTAGGTGGAGCTGCTGAAGAA
GAAATTCAAAAACTTCGTAACTTTGGTCTTTATCAAGGCACATTACG
TGGTATGATGGAAATGAAAAATAGTCATCAGTTAATTGACGAAAAT
ATCATTGGAAAACTTAAAGAACTTGCTCTTGAAGAATTAGGTGGATT
CCACGGTAAAAACGCTGAATTAATGAGTTCTTTAGTTGCTGAACCTA
FTTTATATGCAGCTTCATCAAATAACTTAGGTATCGAAGGTCGTTTT
GACTTTGACGGTTACATGCTTCGTAAAGCAAAATCTGTAAATAAAGC
ATTAGAAGCTGCTGTTCAAATGAAAGAACCACTTAAAATTCACGAA
TCAATGCGTTATTCATTATTAGCTGGTGGTAAACGTGTTCGTCCAAT
GTTATGTATTGCAGCTTGTGAACTTGTTGGTGGTGACGAATCTACAG
CAATGCCTGCAGCATGTGCTGTTGAAATGATTCACACAATGTCTTTA
ATGCATGATGACCTTCCATGTATGGATAACGATGACTTACGTCGTGG
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TAAACCTACAAACCACATGGCTTTTGGTGAGTCTGTAGCTGTTICTTG
CTGOTGATGCATTACTTAGTTTTGCTTTTGAACATGTTGCTGCTGCAA
CAAAAGGCGCACCACCTGAACGTATCGTACGTGTATTAGGTGAATT
AGCTGTTAGTATTGGTTCAGAAGGACTTGTAGCAGGTCAAGTTGTAG
ACGTTTGTTCTGAAGGCATOGCTGAAGTAGGATTAGATCATCTTGAA
TTTATTCACCATCATAAAACTGCTGCATTATTACAAGGTTCAGTTGTT
TTAGGTGCAATATTAGGAGGCGGTAAAGAAGAAGAAGTAGCTAAAC
TTCGTAAATTTGCTAACTGTATTGGTTTACTTTTCCAAGTTGTTIGATG
ATATTTTAGATGTTACTAAAAGTAGTAAAGAGTTAGGTAAAACTGCA
GGTAAAGACTTAGTAGCTGATAAAACTACATATCCTAAACTTATAGG
COTTGAAAAATCAAAAGAATTTGCTGACCGTTTAAATCGTGAAGCA
CAAGAACAATTATTACATTTTCATCCTCACCGTGCTGCTCCATTAATC
GCTTTAGCTAACTACATCGCTTACCGTGATAATGGTACCGGTGAAAA
CTTATACTTCCAGGGTAGTGGTGGTGGCGGATCAGATTATAAAGATG
ACGATGATAAAGGAACCGGTTAATCTAGACTCGAG

173 | CATATGGTACCAGTAACAGCAGCACGTGCAACACCAAAATTAAGTA | Geranyl-
ATAGAAAATTACGTGTTGCTGTAATTGGAGGCGGTCCAGCAGGAGG | gerany!
TGCAGCTGCTGAAACATTAGCACAAGGAGGTATTGAAACAATTCTT reductase
ATCGAACGTAAAATGGATAATTGTAAACCATGTGGTGGTGCTATTCC | (A, thalania}
ATTATGTATGGTAGGAGAGTTCAATTTACCTITAGACATTATTGACC
GTCGTGTAACAAAAATGAAAATGATCTCTCCTTCAAACATTGCAGTT
GATATCGGTCGTACACTTAAAGAACACGAATATATTIGGTATGGTICG
TCGTGAGGTACTTGATGCTTATCTTCGTGAACGTGCAGAAAAATCAG
GTGCTACTGTTATTAACGGTTTATTCTTAAAAATGGATCACCCAGAA
AATTGGGATTCACCATATACACTTCACTACACAGAGTATGATGGAAA
AACAGGTGCTACAGGAACTAAAAAAACTATGGAAGTAGATGCTGTT
ATTGGTGCTGATGGTGCTAATTCTCGTGTTGCAAAAAGTATTIGACGC
AGGTGATTATGATTATGCTATTGCATITCAAGAACGTATTCGTATAC
CTGATGAGAAAATGACTTATTATGAGGACTTAGCTGAGATGTATGTA
GOGTGATGATGTATCACCAGACTTCTACGGTTGGGTATTCCCAAAATG
TGATCATGTAGCTGTTGGTACAGUGTACTGTAACACATAAAGGTGATA
TCAAAAAATTCCAGTTAGCTACACGTAATCGTGCTAAAGATAAAATT
CTTGUTGGCAAAATAATCCGTGTAGAGGCTCATCCTATTCCAGAGCA
TCCTAGACCACGTCGT"TTATCAAAACGTGTTGCATTAGTAGGCGACG
CAGCAGGTTACGTTACTAAATGTTCAGGAGAAGGAATTITACTTCGCA
GCTAAATCTGGTCGTATGTGTGCTGAAGCTATCGTTGAAGGTTCACA
AAATGGCAAAAAAATCGATAGATGAAGGCOGATITAAGAAAATACTTA
GAAAAATGGGATAAAACTTACTTACCAACTTATCGTGTTTTAGATGT
ACTTCAAAAAGTTTTCTATCGTTCTAACCCAGCTCGTGAGGCTTTTGT
TGAAATGTGTAACGATGAGTATGTACAGAAAATGACATTTGATTCTT
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ACCTTTATAAACGTGTAGCTCCTGGTAGTCCATTAGAAGATATCAAA
TTAGCTGTAAATACTATTGGTTCACTTGTTCGTGCTAACGCATTACGT
CGTGAAATTGAGAAATTATCAGTAGGTACCGGTGAGAATCTTTACTT
TCAAGGATCAGGTGGTGGTGOGTTCTGATTATAAAGATGACGATGAT
AAAGGAACCGGTTAATCTAGACTCGAG

174 | CATATGGTACCAGTAGCTGTTATTGGTGGTGGTCCAAGTGGOGCTTG | Geranylgera
TGCAGCAGAAACTTTAGCAAAAGGTGGTGTAGAAACTTTCTTACTTG | nyl '
AGCGTAAATTAGATAATTGTAAACCTTGTGGAGGTGCAATTCCATTA | reductase
TGTATGGTTGAAGAATTTGATTTACCAATGGAAATAATTGACCGTCG | (C.
TGTTACTAAAATGAAAATGATATCACCTTCAAACCGTGAAGTTGATG | reinhardtii)
TTGGAAAAACTTTATCAGAAACTGAATGGATCGGTATGTGTCGTCGT
GAAGTATTTGACGATTACTTAAGAAACCGTGCACAGAAATTAGGTG
CTAATATTGTTAACGGTTTATTCATGCGTTCAGAACAACAATCTGCA
GAGGGTCCATTCACAATTCACTATAATTCTTATGAAGACGGTAGTAA
AATGGGAAAACCTGCTACTTTAGAAGTTGATATGATAATIGGTGCAG
ATGGAGCAAATTCTCGTATTGCAAAAGAGATAGATGCAGGTGAATA
CGACTACGCTATAGCTTTTCAAGAACGTATTCGTATTCCTGATGATA
AAATGAAATATTACGAAAACCTTGCTGAAATGTATGTAGGTGATGA
CGTATCTCCTGATTTCTATGGTTGGGTTTTTCCTAAATATGATCACGT
TGCTGTTGGTACAGGTACTGTTGTAAACAAAACAGCTATTAAACAAT
ATCAACAGGCAACACGTGACAGATCAAAAGTTAAAACAGAAGGTGG
CAAAATTATACGTGTTGAAGCACACCCAATTCCAGAACATCCACGTC
CACGTCGTTGTAAAGGTCGTGTTGCATTAGTAGGCGACGCAGCTGGT
TATGTTACAAAATGTTCTGGCGAGGGCATTTACTTTGCTGCTAAATC
TGGTAGAATGGCTGCTGAAGCTATTGTAGAAGGTTCTGCTAACGGTA
CAAAAATGTGTGGTGAGGATGCAATTCGTGTITATTTAGATAAATGG
GATCGTAAATATTGGACAACATACAAAGTATTAGACATTTTACAAA
AAGTATTTTATCGTAGTAATCCAGCACGTGAAGCATTTGTTGAATTA
TGTGAAGATAGTTATGTACAGAAAATGACATTTGATTCATACTTATA
TAAAACTGTTGTTCCAGGAAACCCATTAGACGACGTAAAATTACTTG
TTCGTACAGTATCTTCTATTTITACGTTCAAATGCTTTACGTTCTGTTA
ATTCTAAATCTGTAAATGTTICTTTCGGCTCTAAAGCAAATGAGGAA
CGTGTTATGGCTGCAGGTACCGGTGAAAATCTTTATITTCAAGGTTC
AGGAGGTGGTGGTTCAGATTATAAAGATGATGATGACAAAGGAACC
GGTTAATCTAGACTCGAG

175 | CATATGGTACCAGCAATGGCAGTACCATTAGATGTAGTAATTACATA | Chioro-
TCCTTCTTCAGGTGCTGCTGCTTATCCAGTACTTGTTATGTATAACGG | phyllidohyd
TTTCCAAGCTAAAGCTCCATGGTATCGTGGTATTGTAGATCATGTTT | rolase (C.
CTAGTTGGGGTTACACAGTTGTTCAATATACAAATGGTGGCTTATTT | reimhardtii)
CCTATTGTTGTAGATCGTGTTGAGTTAACTTATTTAGAGCCATTATTA
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ACTTGGTTAGAAACACAAAGTGCTGATGCTAAATCTCCTTTATACGG
TCGTGCAGATGTTTCTCGTTTAGGTACAATGGGTCATTCACGTGGTG
GTAAATTAGCAGCTTTACAATTTGCTGGACGTACAGATGTAAGTGGT
TGTGTATTATTTGACCCTGTAGATGGAAGTCCAATGACACCAGAATC
TOGCTGATTATCCTTCAGCTACAAAAGCATTAGCAGCAGCTGGTCGTT
CTGCTGGCTTAGTAGGTGCAGCTATTACAGGTTCATGTAATCCAGTA
GOGTCAAAATTACCCAAAATTCTGGGGTGCTTTAGCTCOTGGTTICTTG
GCAAATGGTATTATCACAAGCTGGTCACATGCAATTTGCTCGTACTG
GTAATCCATTCTTAGATTGGTCATTAGACCGTTTATGTGGTCGTGGT
ACAATGATGAGTTCAGATGTTATTACATATAGTGCAGCATTTACTGT
TGCTTGGTTTGAAGGTATTTTTCGTCCTGCTCAAAGTCAAATGGGTA
TTTCTAATTTCAAAACTTGGGCTAATACTCAAGTTGCAGCTCGTAGT
ATCACTTTTGATATTAAACCTATGCAATCTCCTCAGGGTACCGGTGA
AAACCTTTACTTTCAAGGTAGTGGTGGTGGAGGAAGTGATTATAAA
GATGATGATCGACAAAGGAACCGGTTAATCTAGACTCGAG

176 | CATATGGTACCAGCACCACTUAAAACCAGTTCGTATAACTTGTCCAAC | Chioro-
AGTAGCTGGCACTTATCCTGTTIGTTITTATTCTTTCACGGTTTTTATCTT | phyllide
CGTAACTATTTCTATTCAGATGTTTTAAATCATATTGCTAGTCATGGT | hydrolase
TACATCTTAGTTGCACCACAATTATGTAAACTTTTACCTCCAGGTGG | (A. thalania)
CCAAGTAGAAGTTGATGACGCTGGTTCAGTTATTAACTGGGCTTICAG
AGAATCTTAAAGCACACCTTCCAACTTCTGTTAATGCTAATGGTAAA
TATACATCTTTAGTTGGACATTCACGTGGTGGCAAAACAGCTTTCGC
AGTTGCATTAGGTCACGCAGCTACATTAGATCCATCAATTACATTTT
CAGCATTAATTGGTATTGATCCAGTAGCAGGAACTAACAAATACATT
CUTACAGATCCACACATCTTAACTTATAAACCTGAATCATTTGAATT
AGATATTCCTGTAGCTGTTG TAGGCACTGGICTTGUTCCAAAATGGA
ATAACGTAATGCCTCCATGCGCACCTACAGATT TAAACCACGAAGA
ATTTTACAAAGAATGTAAAGCTACTAAAGCTCACTTTGTTGCTGCTG
ATTATGGTCACATGGACATGTTAGACGACGATCTTCCAGGTTTTGTA
GGCTTCATGGCTGGTTGTATGTGTAAAAATGGTCAACGTAAAAAATC
AGAAATGCGTTCTTITGTAGGTGGTATAGTIGTAGCATTCTTAAAAT
ATTCTTTATGGGGTGAAAAAGCTGAAATAAGATTAATTGTTAAAGAT
CCTAGTGTATCTCCTGCTAAATTAGACCCATCACCAGAATTAGAAGA
AGCATCAGGTATTTTIGTIGGTACCGGTGAAAATCTTTATTTTCAAG
GTTCAGGTOGAGOTGGTTCTGATTATAAAGATGATGATGACAAAGG
AACCGGETTAATCTAGACTCGAG '

177 | CATATGGTACCAGCTACACCAGTTGAAGAAGGTGATTATCCAGTTGT | Chloro-
AATGTTATTACATGGCTACCTEFTTATATAATTCATTTTATTCACAATT | phyllidolyd
AATGTTACATGTATCATCTCACGGTTTCATCTTAATTGCTCCACAATT | rolase (A.
ATACTCAATTGCTGGTCCTGATACTATGGATGAAATTAAAAGTACTG | thalania)
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CTGAGATTATGGACTGGTTATCAGTTGGTITAAATCACTTTTITACCA
GCTCAAGTTACACCTAATTTATCTAAATTTGCATTATCTGGTCATAGT
COTGCTGGTAAAACTGCTTTTGCTGTAGCATTAAAAAAATTTGGTTA
TTCTTCAAACTTAAAAATTAGTACTTTAATTGGTATTGATCCAGTAG
ACGGAACAGGTAAAGGTAAACAAACTCCACCTCCTGTTTTAGCATAT
TTACCTAATAGTTTTGACTTAGACAAAACACCAATTTTAGTAATTGG
JTTCAGGTTTAGGTGAAACTGCACGTAATCCTTITATTTCCTCCATGTGC
TCCTCCAGGTGTTAACCACCGTGAGTTTTICCGTGAATGTCAAGGTC
CAGCATGGCACTTIGTTGCTAAAGATTATGGTCATTTAGACATGCTT
GATGATGATACAAAAGGTATTICGTGGCAAATCTAGTTACTGTTTATG
CAAAAATGGTGAAGAACGTCGTCCAATGCGTCGTTTCGTTGGTGGTT
TAGTTGTTAGTTTTCTTAAAGCATATCTTGAAGGTGATGATCGTGAA
TTAGTAAAAATCAAAGATGGETTGTCATGAAGATGTACCTGTTGAAAT
TCAAGAATTTGAAGTAATTATGGGTACCGGTGAAAATCTTTACTTTC
AAGGTTCAGGCGOTGGAGOGTICAGATTATAAAGATGATGATGACAA
AGGAACCGGTTAATCTAGACTCGAG

178 1 CATATGGTACCAAGTCACAAAAAAAAAAACGTAATCTTCTTCGTAA | Phosphatase
CTGATGGTATGGGTCCTGCTTCTCTTTCAATGGCTCGTTCATTTAATC | (S,
AACACGTTAATGATTTACCAATTGATGATATTTTAACATTAGATGAA | cerevisiae)
CATTTTATTGGAAGTTCAAGAACACGTTCATCAGATTCACTTGTAAC
TCGACTCAGCTGCTGGAGCTACAGCTTTTGCTTGTGCACTTAAATCAT
ACAATGGTGCTATAGGTGTAGATCCACACCATCGTCCATGIGGAALT
GITTTAGAAGCTGCTAAATTAGCAGGTTATTTAACAGGATTAGTAGT
TACTACACGTATTACTGATGCTACACCAGCTAGTTTICTCAAGTCACG
TAGATTATCGTTGGCAAGAAGATTTAATTGCAACACACCAATTAGGT
GAATATCCTTTAGGACGTGTTGTTGATCTTCTTATGGGTGGTGGTCGT
TCTCACTTTTATCCTCAAGGTGAAAAAGCTAGTCCATACGGTCACCA
CGGTGCACGTAAAGATGGTOGTGATTTAATCGATGAAGCTCAAAGT
AATGGCTGGCAGTATGTAGGAGATCGTAAAAATTTTGATTCTTTACT
TAAATCACATGGTGAAAATGTTACTTTACCATTTTTAGGTTTATTTGC
TGACAACGATATCCCATTTGAAATTGATCOTGATGAAAAAGAATATC
CTAGTTTAAAAGAACAAGTAAAAGTAGCATTAGGTGCTTTAGAAAA
AGCAAGTAACGAAGATAAAGATAGTAATGGTTTCTTTITAATGGTAG
AAGGTTCTCOGTATTGATCATGCTGGCCATCAAAACGATCCTGCATCT
CAAGTACGTGAAGTATTAGCATTTGATGAGGCTTTTCAATATGTATT

AGAATTTGCAGAAAACAGTGATACAGAAACAGTATTAGTAAGTACA
TCAGATCATGAAACAGGTGOGTTTAGTTACTTCAAGACAAGTAACAG
CATCATACCCACAATATGTATGGTATCCTCAAGTATTAGCTAACGCT
ACACATAGTGGAGAGTTTCTTAAACGTAAATTAGTTGATTTCGTTCA
TGAACACAAAGGCGCATCATCAAAAATAGAAAACTTCATAAAACAC
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GAAATTCTTGAAAAAGATTTAGGTATTTATGATTATACAGATTCTGA |
CTTAGAAACACTTATTCATTTAGATGATAACGCTAATGCAATTCAAG
ATAAACTTAATGATATGGTAAGTTTTAGAGCTCAAATTGGTTGGACA
ACACATGGTCATTCAGCAGTTGATGTAAACATATATGCTTACGCAAA
CAAAAAAGCTACATGGTCTTATGTTCTTAATAACTTACAAGGTAATC
ACGAAAACACAGAAGTTGGTCAATTCTTAGAGAATTTICTTAGAATTA
AACTTAAATGAAGTTACTGATTTAATCCGTGATACAAAACATACTTC
TGATTTTGACG CAACAGAAATAGCAAGTGAGGTTCAACACTATGA.T
GAATATTACCACGAATTAACAAATGGTACCGGTGAAAATCTTTATTT
TCAAGGTTCTGGTGGAGGTGGCAGTGATTATAAAGATGATGATGAC
AAAGGAACCGGTTAATCTAGACTCGAG

179 | CATATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCA | FPP ALIEW
ACCAGCATTAA.GAAATTTATCTCCAGT(fGTAGTTGAGCGCGAACGTG (G gallus)
AGGAATTTGTAGGATTCTTTCCACAAATTGTTCGTGACTTAACTGAA
GATGGTATIGGTCATCCAGAAGTAGGTGACGCTGTAGCTCGTCTTAA
AGAAGTATTACAATACAACGCACCTGGTGUTAAATGCAATAGAGGT
TTAACAGTTGTTGCAGCTTACCGTGAACTTTCTGGACCAGGTCAAAA
AGACGCTGAAAGTCTTCGTTGTGCTTTAGCAGTAGGATGGTGTATIG
AATTATTCCAAGCCTTTTTCTTAGTTTGGGACGATATAATGGACCAG
TCATTAACTAGACGTGGTCAATTATGTTGGTACAAGAAAGAAGGTGT
TGGTTTAGATGCAATAAATGATTCTTTTICTTTTAGAAAGCTCTGTGTA
TCGCOGTTCTTAAAAAGTATTGCCOTCAACGTCCATATTATGTACATTT
ATTAGAGCTTTTTCTTCAAACAGCTTACCAAACAGAATTAGGACAAA
TGTTAGATTTAATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATT
TCTCAGAAGAACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTC
TAT T.CATT CTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATA
GATTCTAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGA
TGGGTGAATAC’?TCCAAATTCAAGATGATTATTTAGATTGTT.TT‘GGC
GATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATAACAA
ATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACACCAGAAC
AACGTCAACTTTITAGAAGATAATTACGGTCOTAAAGAACCAGAAAA
AGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAGGTATGAGAGCC
GCCTTTCAACAATACGAAGAAAGTAGTTACCGTOGTCTTCAAGAGTT
AATTGAGAAACATTCTAATCGTTTACCAAAAGAAATTTICTTAGGTT
TAGCTCAGAAAATATACAAACGTCAAAAAGGTACCGGTGAAAACTT
ATACTTICAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGAT
GATGATAAAGGAACCGGTTAATCTAGACTCGAG
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Table 7. Nucleic acids encoding exemplary isoprenoid producing enzymes used to increase phytol production

Enzyme
SEQ ' (synthase)
B NQ. Codon-biased, Synthesized Gene Sequence encoded

180 ATGGTACCAGCATTTGACTTCGATGGTTACATGCTTCGTAAAGCT | GPPS-LSU (M.
AAATCTGTAAATAAAGCTCTTGAAGCTGCAGTACAAATGAAAGA | spicata)
ACCATTAAAAATTCATGAAAGTATGCGTTATTCTTTATTAGCTGG
TGGTAAACGTGTACGTCCAATGTTATGTATTGCAGCTTGTGAATT
AGTTGOTGGTGACGAAAGTACTGCTATGCCTGCTGCTTGCGCTG
TAGAAATGATTCATACTATGAGTTTAATGCATGATGATTTACCAT
GTATGGATAATGACGATTTACGTCOTGGTAAACCAACAAACCAC
ATGGCATTTGGTGAAAGTCGTAGCAGTATTAGCAGGTGATGCATT
ATTATCTTTTGCTTTTGAACATGTAGCAGCAGCAACAAAAGGTG
CTCCTCCAGAACGTATTGTTAGAGTTTTAGGTGAACTTGCAGTTT
CTATTGGTTCAGAAGGTTTAGT TGO TGGACAAGTAGTTGACGTTT
GTTCTGAAGGTATGGCTGAGGTTGGTTTAGATCATTTAGAATTTA
TTCATCACCACAAAACTGCTGCTTTATTACAAGGTTCTGTAGTAT
TAGGTGCAATATTAGGTGGTGGAAAAGAAGAAGAGGTAGCAAA
ACTTOGTAAATTCGCTAACTGCATTGGTTTACTTTTCCAAGTAGT
AGATGATATTCTTGATGTAACAAAATCATCTAAAGAATTAGGTA
AAACAGCAGGTAAAGATTTAGTTGUTGATAAAACTACTTATCCA
AAATTAATCGGTGTTGAGAAAAGTAAAGAGTTCGCAGACCGTTT
AMATCGTOGAAGCTCAAGAACAACTTCTTCATTTTCATCCACATA
GAGCAGCACCTTTAATCGCTTTAGCAAACTATATTGCTTATCGTG
ATAATGGTACCGOTCGAAAATTTATATTTTCAAGGTTCAGGTGGC
GGAGGTTCTGATTATAAAGATGATGATGATAAAGGAACCGGTTA
A

181 ATGGTACCAAGTCAACCTTACTGGGCAGCAATTGAGGCAGATAT | GPPS-S8U (M.
TOGAACGTTACTTAAAAAAATCAATTACAATTCGTCCACCAGAAA | spicata}
CTGTATTTGGTCCAATGCACCACTTAACTTTTGUTGCACCAGCTA
CAGCTGCTAGTACTTTATGTTITAGCAGCATGTGAACTTGTAGGTG
GTGATCGTAGTCAAGCTATGGCTGCAGCAGCAGCAATCCATCTT
GTTCATGCAGCTGCTTATGTACATGAACATTTACCATTAACTGAT
GGTAGTCGTCCAGTAAGTAAACCAG CTATCCAACATAAATATGG
TCéAAATGTAGAATTACTTACAGGTGACGGTAT TGTACCATTTG
GTTTTGAATTATTAGCAGGTTCTGTTGATCCAGCACGTACAGATG
ATCCAGACCGTATTTTACGTGTAATAATTGAAATAAGTCGTGCT
GGTGGTCCAGAAGGTATGAT-TAGTGGTT’I ACATCGTGAAGAAGA
GATTGTAGATGGTAATACTTCTCTTGATTTTATTGAATACGTTTG
CAAAAAAAAATATGGTGAAATGCACGCATGTGGTGCTGCATGC
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WO 2009/036067 PCE/US2008/075858

Enzyme
SEQ (synthase)
D NG, Codon-biased, Synthesized Gene Sequence encoded

GGTGCAATTTTAGGTGGTGCAGCTGAAGAAGAAATTCAAAAACT
TCGTAACTTCGGATTATATCAAGGAACTTTACGTGGTATGATGG
AGATGAAAAACTCACACCAACTTATTGACGAAAATATCATTGGC
AAACTTAAAGAATTAGCTTTAGAAGAATTAGGTGGATTTCATGG
TAAAAATGCTGAATTAATGTCTAGTTTAGTAGCAGAACCATCAT
TATATGCTGCTGGTACCGGTGAAAATTTATACTTTCAAGGTTCTG
GTGGTGGTGGCAGTGATTATAAAGACGATGATGACAAAGGAAC
CGGTTAA

182 ATGGTACCACTTTTATCTAACAAATTAAGAGAGATGGTTTTAGC | GPPS (AL
AGAAGTTCCTAAATTAGCATCTGCTGCTGAATATTTCTTTAAACG | thaliana)
TGGTGTTCAGGGTAAACAATTCCGTTCAACAATTTITATTATTAAT
GGCAACAGCTCTTGACGTTCGTGTTCCAGAAGCATTAATTGGTG
AATCTACTGATATTGTAACATCTGAATTACGTGTACGTCAACGT
GGCATTGCTGAAATTACAGAAATGATTCATGTAGCATCACTTCY
TCACGATGACGTTCTTGACGATGCTGATACTCGTCGTGGTGTTGG
TAGICTTAATGTTGTAATGGGAAACAAAATGTCAGTTTITAGCAG
GTGACTTCTTACTTTCTCGTGCTTIGTGGTGCTICTTGCAGCTCTTA
AAAACACAGAAGTTGTAGCATTATTAGCTACAGCAGTAGAACAC
TTAGTTACTGOTGAGACAATGGAAATAACTTCATCAACTGAACA
ACGTTATTCTATGGATTACTACATGCAGAAAACTTATTACAAAA
CTGCTTCATTAATTTCAAATTCATGTAAAGCAGTTGCTGTATTAA
CAGGTCAAACAGCTGAAGTTGCAGTATTAGCTTTTIGAATATGGT .
CGTAATTTAGGTTTAGCTTTCCAGTTAATTC’iACGACATTTTAGAT
TTCACAGGCACATCTGCTAGTTTAGGAAAAGGTTCTTTATCAGA
TATACGTCATGGTGTTATTACTGCTCCTATCTTATTTGCAATGGA
AGAATTTCCTCAATTAAGAGAAGTAGTAGATCAAGTAGAAAAA
GATCCAAGAAATOGTAGACATAGCTTTAGAATATTTAGGTAAAAG
TAAAGGTATTCAACGTGCTCGTGAATTAGCAATGGAACACGCAA
ATTTAGCTGCTGCAGCTATTGGTTCTTTACCTGAAACAGATAACG
AAGATOETTAAACGTTCACGTCGTGCTTTAATTGATTTAACACAC
AGAGTAATTACACGTAACAAAGGTACCGGTGAGAATTTATACTT
TCAAGGTAGTGGTGGAGGAGUGTAGTGACTATAAAGATGATGAC
GATAAAGGAACCGGTTAA

183 ATGGTACCAGTAGTTTCTGAACGTTTAAGACATTCTGTAACAAC | GPPS (C.

TGGTATTCCAGCATTAAAAACAGCAGCTGAATATTTICITTICGTCG | rembardti)
.TGGTATCGAAGGAAAACGTTTAAGACCTACATTAGCATTATTAA
TGAGTAGTGCTTTATCACCAGCTGCTCCATCACCAGAGTATTTAC
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WG 2009/036067 PCTUS2008/675858
Enzvme
SEQ (synthase}
ID NO. Codon-biased, Synthesized Gene Sequence encoded

AAGTTGATACAAGACCTGCTGCAGAACACCCTCATGAAATGCGT
CGTCGTCAACAACGTTTAGCTGAAATTGCAGAATTAATCCATGT
AGCTTCATTACTTCACGATGATGTTATTGATGACGCACAAACAC
GTCGTGGTOGTTTTAAGTTTAAATACATCTGTTGGTAATAAAACA
GCTATCTTAGCAGGTGATTTCTTATTAGCTCGTGCATCTGTAACA
TTAGCTAGTTTAAGAAACTCTGAAATTGTAGAATTAATGTCACA
GOTTTTAGAACACTTAGTATCTGGTGAAATTATGCAAATGACTG
CTACTTCAGAACAACTTTTAGATTTAGAACATTATTTAGCAAAA
ACATATTGTAAAACTGUTTCATTAATGGCTAATAGTTCTCGTTCT
GTTGCAGTTCTTGCAGGTGCAGCTCCTGAAGTTTGTGATATGGC
ATGGTCATACGGTCGTCATTTAGGTATTGCTTTCCAAGTAGTTGA
CGATTTATTAGATTTAACAGGTTCATCTTCTGTTTTAGGTAAACC
TGCTTTAAACGATATGCGTTCTGGTTTAGCAACAGCACCAGTATT
ATTCGCTGCACAAGAAGAACCTGCATTACAGGCTCTTATATTAC
GTCGTTTTAAACACGACGGTGACGTAACAAAAGCAATGTCATTA
ATTGAACGTACACAAGGCTTACGTCGTGCTGAAGAACTTGCAGC
ACAACACGCAAAAGCTGCTGCTGATATGATTCGTTGCTTACCTA
CAGCTCAATCAGACCATGCAGAAATTGCTCUTGAAGCATTAATT
CAAATTACACATCGTGTITTAACACGTAAAAAAGGTACCGGTGA
AAACTTATACTTTCAAGGTTCTGGTGGTGGTGGATCAGATTATA
AAGATGATGATGACAAAGGAACCGGTTAA

184

ATGGTACCAACTACAACATTATCATCTAACCTTAACTCACAATTC
ATGCAGGTTTACGAGACTCTTAAATCAGAACTTATTCATGACCC
ATTATTTGAGTTCGATGACGATTCAAGACAATGGGTAGAACGTA
TGATTGATTATACTGTACCAGGTGGTAAAATGGTTCGTGGTTAT
AGTGTAGTAGATAGTTATCAATTACTTAAAGGTGAAGAACTTAC
AGAAGAAGAGGCATTTTTAGCTTGTGCACTTGGTTGGTGTACAG
AATGGTTTCAAGCATTCATTCTTTTACATGATGATATGATGGATG
GTAGTCACACAAGACGTOGGTCAACCATGTTGGTTTCGTTTACCT
GAGGTTGGTGCTGTTGCTATTAATGATGGTGTTTTACTTCGTAAT
CACGTTCACCGTATTCTTAAAAAACATTTTCAAGGTAAAGCATA
TTATGTTCATTTAGTTGATTTATTCAATGAAACTGAATTTCAAAC
AATTAGTGGACAAATCGATCCGACTTAATTACAACATTAGTTGGTG
AAAAAGACTTATCTAAATATTCATTAAGTATTCATCGTCGTATCG
TTCAATACAAAACAGCATACTACTCATTTTACTTACCAGTTGCTT
GTGCTTTACTTATGTTITGGTGAGGATCTTGATAAACATGTAGAA
GTTAAAAATGTTCTTGITGAAATGGGTACATATTTTCAAGTTCAA

GPP Clumera
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WG 2009/036067

PCT/US2008/075858

SEQ
ID NO.

Codon-biased, Synthesized Gene Sequence

Enzyme
(synthase)

encoded

GATGATTATTTAGATTGTTITTGGTGCTOCAGAAGTTATTGGCAAA
ATTGOTACTGATATTGAAGACTTTAAATGTTCATGGTTAGTAGTT
AAAGCATTAGAATTAGCAAATGAAGAACAGAAAAAAACTTTAC
ACGAAAATTATGGAAAAAAAGATCCAGCATCAGTTGCTAAAGTT
AAAGAAGTATACCACACACTTAATTTACAAGCTGTTTTCGAAGA

TTATGAAGCAACATCATACAAAAAACTTATTACTTCTATTGAAA
ATCACCCATCTAAAGCTGTTCAAGCTGTTTTAAAATCTTTCTTAG

GCAAAATATACAAACGTCAAAAAGGTACCGGTGAAAACTTATA
CTTTCAAGGTTCTGGTGGCGGTGGAAGTGATTACAAAGATGATG
ACGATAAAGGAACCGGTTAA

185

ATGGTACCAAGTCAACCTTACTGGGCTGCAATTGAAGCAGACAT
TGAAAGATATTTAAAAAAATCAATTACAATTCGTCCACCAGAAA
CTGTATTTGGTCCTATGCACCATTTAACATTITGCTGCTCCTGCTA
CTGCAGCTAGTACATTATGCCTTGCTGCTTGTGAATTAGTTGGCG
GTGATCOTAGTCAAGCTATGGCAGCTGCTGCTGCTATCCATTTA
GTTCATGCAGCTGCTTACGTTCACGAACATCTTCCTTTAACAGAT
GOGATCACGTCCTGTAAGTAAACCTGCTATTCAACATAAATATGG
TCCAAACGTTGAACTTTTAACAGGTGATGGTATCGTTCCTTTCGG
TTTTGAGTTATTAGCAGGTTCAGTAGATCCAGCACGTACTGATG
ACCCTGATCOTATITTACGTGTAATTATTGAAATTTCTCGTGCTG
GTGGACCAGAAGGCATGATTITCTGGTTTACACCGTGAGGAAGAA
ATCOTAGATGGTAACACATCATTAGACTTTATAGAATATGTATG
CAAAAAAAAATACGGTGAAATGCACGCATGTGGTGCAGCTTGC
GGAGCTATTTTAGGTGGAGCTGCTGAAGAAGAAATTCAAAAACT
TCGTAACTTTGGTCTTTATCAAGGCACATTACGTGGTATGATGGA,
AATCGAAAAATAGTCATCAGTTAATTGACGAAAATATCATTGGAA
AACTTAAAGAACTTGCTCTTGAAGAATTAGGTGGATTCCACGGT
AAAAACGCTGAATTAATGAGTTCTTTAGTTGCTGAACCTAGTTT
ATATGCAGCTTCATCAAATAACTTAGGTATCGAAGGTCOTTTTG

 ACTTTGACGGTTACATGCTTCGTAAAGCAAAATCTGTAAATAAA
: GCATTAGAAGCTGUTGTTCAAATGAAAGAACCACTTAAAATTCA

CGAATCAATGCGTTATTCATTATTAGCTGGTGCTAAACGTGTTCG
TCCAATGTTATGTATTGCAGCTTGTGAACTIGTIGGTGGTGACGA
ATCTACAGCAATGCCTGCAGCATGTGCTGTTGAAATGATTCACA.

- CAATGTCTTTAATGCATGATGACCTTUCATGTATGGATAACGAT

GACTTACGTCGTGGTAAACCTACAAACCACATGGCTTTTGGTGA.
GTCTGTAGCTGTTCTTGCTGGTGATGCATTACTTAGTTTTGCTTTT

1S-14-15 fusion
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WO 2009/036067

PCT/USZ008/075858

SEQ
1D NO.

Codon-biased, Synthesized Gene Sequence

Enzyme
{synthase)

encoded

GAACATGTTGCTGCTGCAACAAAAGGCGCACCACCTGAACGTAT
CGTACGTGTATTAGGTGAATTAGCTGTTAGTATTGGTTCAGAAG
GACTTGTAGCAGGTCAAGTTGTAGACGTTTGTTCTGAAGGCATG
GCTGAAGTAGGATTAGATCATCTTGAATTTATTCACCATCATAA
AACTGCTGCATTATTACAAGGTTCAGTTGTTTTAGGTGCAATATT
AGGAGGCGGTAAAGAAGAAGAAGTAGCTAAACTTCGTAAATTT
GCTAACTGTATTGGTTTACTTTTCCAAGTTGTTGATGATATTTTA
GATGTTACTAAAAGTAGTAAAGAGTTAGGTAAAACTGCAGGTA
AAGACTTAGTAGCTGATAAAACTACATATCCTAAACTTATAGGC
GITGAAAAATCAAAAGAATTTGCTGACCGTTTAAATCGTGAAGT
ACAAGAACAATTATTACATTTTCATCCTCACCGTGCTGCTCCATT
AATCOCTTTAGCTAACTACATCGCTTACCGTGATAATGGTACCG
GTGAAAACTTATACTTCCAGGGTAGTGGTGGTGGOGGATCAGAT
TATAAAGATGACGATGATAAAGGAACCGGTTAA

186

ATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCA
ACCAGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGCGAAC
GTGAGGAATTTGTAGGATTCTTTCCACAAATTGTTCGTGACTTAA
CTGAAGATGGTATTGGTCATCCAGAAGTAGGTGACGCIGTAGCT
CGTCTTAAAGAAGTATTACAATACAACGCACCTOGGTGGTAAATG
CAATAGAGGTTTAACAGTTGTTGCAGCTTACCGTGAACTTTCTG
GACCAGGTCAAAAAGACGCTGAAAGTCTTCGTTGTGCTTTAGCA
GTAGGATGOTGTATTGAATTATTCCAAGCCTTITTTCITAGTTTGG
GACGATATAATGGACCAGTCATTAACTAGACGTGGTCAATTATG
TTGGTACAAGAAAGAAGGTGTTGGTTTAGATGCAATAAATGATT
CTTTTCTTTTAGAAAGCTCTGTGTATCGCGTTCTTAAAAAGTATT
GCCQTCAACGTCCATATTATGTACATTTATTAGAGCTTTTTICTTC
AAACAGCTTACCAAACAGAATTAGGACAAATGTTAGATTITAATC
ACTGCTCCTGTATCTAAGGTAGATTTAAGCCATTTCTCAGAAGA
ACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTCTATTCATT
CTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATAGATTC
TAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGATG
GGTGAATACTTCCAAATTCAAGATGATTATTTAGATTGTTTTGGC
GATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATAA
CAAATGTTICATGGTTAGTTGTGCAATGCTTACAAAGAGTAACAC
CAGAACAACGTCAACTTTTAGAAGATAATTACGGTCGTAAAGAA
CCAGAAAAAGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAGG
TATGAGAGCCGCCTTTCAACAATACGAAGAAAGTAGITACCGTC

IS-09 ATI8W
(. gallus}
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WO 2009/036067 PCT/US2008/675858
Enzyme
SEQ (synthase)
ID NO. Codon-biased, Synthesized Gene Sequence encoded

GTCTTCAAGAGTTAATTGAGAAACATTCTAATCGTTITACCAAAA

GAAATTTTCTTAGGTTTAGCTCAGAAAATATACAAACGTCAAAA
AGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGGTG
GAAGTGATTACAAAGATGATCGATGATAAAGGAACCGGTTAA

187

ATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCA
ACCAGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGCGAAC
GTGAGGAATTTGTAGGATTCTTITCCACAAATTGTTCGTGACTTAA
CIGAAGATGGTATIGGTCATCCAGAAGTAGGTGACGCTGTAGCT
CGTCTTAAAGAAGTATTACAATACAACGCACCTGOGTGGTAAATG
CAATAGAGGTTTAACAGTTGTTGCAGCTTACCGTGAACTTTCTG
GACCAGGTCAAAAAGACGCTGAAAGTCTTCGTTGTGCTTTAGCA
GTAGGATGGTGTATTGAATTATTCCAAGCCTTTTTCTTAGTTGCT
GACGATATAATGGACCAGTCATTAACTAGACGTGGTCAATTATG
TTGGTACAAGAAAGAAGGTGTTGGTTTAGATGCAATAAATGATT
CTTTTCTTTTAGAAAGCTCTGTGTATCGCGTTCTTAAAAAGTATT
GCCGTCAACGTCCATATTATGTACATTTATTAGAGCTTTTTCETC
AAACAGCTTACCAAACAGAATTAGGACAAATGTTAGATTTAATC
ACTGCTCCTGTATCTAAGGTAGATTTAAGCCATTTCTCAGAAGA
ACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTCTATTCATT
CTATTTACCAGTTGCAGCAGCTATGTATATGGTTGUGTATAGATTC
TAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGATG
GUTGAATACTTCCAAATTCAAGATGATTATTTAGATTGTTITTIGGC
GATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATAA
CAAATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACAC
CAGAACAACGTCAACTTTTAGAAGATAATTACGGTCGTAAAGAA
CCACGAAAAAGTTGCTAAACGTTAAAGAATTATATGAGGCTGTAGG
TATGAGAGCCGCCTTTCAACAATACGAAGAAAGTAGTTACCGTC
GTCTTCAAGAGTTAATTGAGAAACATTCTAATCGTTTACCAAAA
GAAATTTTCTTAGGTTTAGCTCAGAAAATATACAAACGTCAAAA
AGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGGTG
GAAGTGATTACAAAGATGATGATOGATAAAGGAACCGGTTAA

FPP {3, gallus)

188

ATGGTACCAGATTTTCCACAACAATTAGAAGCATGTGTTAAACA
AGCAAATCAAGCATTATCACGTTTCATCGCACCACTTCCATTCCA
AAATACTCCTGTTGTTGAAACAATGCAATATGGTGCATTATTAG
GAGGTAAAAGATTAAGACCATTTCTTGTATATGCAACAGGTCAC
ATGTTTGGAGTATCTACTAACACATTAGATGCTCCAGCTGCTGC

- AGTTGAATGTATTCATGCATATAGTTTAATTCATGATGATTTACC

FPP (E. coli)
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WO 2009/036067

PCT/US2008/075858

SEQ
D NO.

Codon-biased, Synthesized Gene Sequence

Enzyme
(synthase)

encoded

TGCAATGGATGATGATGACTTAAGAAGAGGTTTACCTACATGTC
ATGTTAAATTTGGTGAAGCTAATGCTATTITAGCTGGCGATGCA

CTTCAAACTCTTGCATTCAGTATTTTATCAGATGCTGATATGCCA
GAAGTTTCAGATCGTGATCGTATTTCTATGATATCTGAATTAGCT

TCTGCTAGTGGTATTGCTGGTATGTGCGGTGGCCAAGCTCTTGAT |

TTAGACGCAGAAGUGAAAACACGTTCCTTTAGATGCTTTAGAGCG
TATACATCGTCACAAAACAGGAGCTTTAATTAGAGCTGCTGTTC
GICTTGGTGCTTTATCAGCTGGAGACAAAGGTCGTCGTGCTTTAC
CAGTTTTAGACAAATACGCTGAAAGTATTGGTTTAGCTTTTCAA
CTTCAGGATGATATCTTAGATGTTGTAGGTGATACTGCTACTTTA
GOTAAACGTCAAGGTGCTGATCAACAGTTAGGCAAATCTACATA
CCCAGCACTTTTAGGTTTAGAACAAGCTCGTAAAAAAGCAAGAG
ACTTAATTGACGATGCTCOGTCAAAGTCTTAAACAATTAGCAGAA
CAATCACTTOGATACAAGTGCTTTAGAAGCATTAGCAGATTACAT
TATTCAACGTAATAAAGGTACCGGTGAAAATTTATATTTTCAAG
GTTCTGOTGUTGGAGGTTCAGACTATAAAGATGACGATGATAAA
GGAACCGOTTAA

186

ATGGTACCAAGTGTTAG-TTGTTGTTGTAG-AAATTTAGG-AAAAAC
TATCAAAAAAGCTATTCCAAGTCACCACTTACATTTACGTTCTTT
AGGTGGTAGTTTATATAGAAGACGTATTCAATCATCTTCAATGG

AAACAGACTTAAAATCTACATTCTTAAATGTTTATTCAGTTCTTA
AATCAGATTTATTACACGACCCATCATTTGAATTTACAAATGAA

AGTCOTTTATGGGTAGATAGAATGCTTGATTATAATGTTCGTGG

CGGTAAACTTAATCOTGOTCTTTCTUGTAGTAGACTCTTTCAAATT
ACTTAAACAAGGTAATGATTTAACTGAACAAGAAGTTTTCTTAT

CTTGTGCATTAGGTTGGTGTATTGAGTGGTTACAGGCTTACTTTT
TAGTTCTTGATGATATTATGGATAATTCAGTTACACGTCGTGGTC
AACCTTGTTGUGTTTCOTGTACCACAAGTTGGTATGGTAGCTATTA
ATCGATGGCATTCTTCTTCGTAACCATATICATCGTATICTTAAAA
AACACTTCCOTOGATAAACCATATTATGTAGATTTAGTTGACCTTT
TCAATGAAGTAGAGTTACAAACTGCATGTGCGACAAATGATTGAT
TTAATCACAACATTTGAAGGTGAAAAAGACTTAGCTAAATATAG
TTTATCAATTCACCGTCGTATTGTTCAATACAAAACTGCATATTA
CTCATTCTATTTACCAGTTGCATGTGCTCTTTTAATGGCTGGCGA
AAATTTAGAAAACCACATTGATGTTAAAAATGTATTAGTAGATA
TGGGTATTTACTTTCAAGTTCAGGATGATTATTITAGACTGTITEG
CTGATCCTGAAACATTAGGTAAAATTGGCACTGATATTGAGGAC

FPP (A.
thaliana}
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WO 2009/036067 PCT/US2068/075858
Enzvime
SEQ {synthase)

IB NO. Codon-biased, Synthesized Gene Sequence encoded
TITAAATGTICTTGGTTAGTTGTAAAAGCATTAGAACGTTGTAGT
GAAGAACAAACAAAAATTCTTTACGAAAACTATGGCAAACCTG
ATCCATCTAATGTTGCTAAAGTAAAAGATTTATACAAAGAATTA
GATTTAGAAGGCGTTTTCATGGAATATGAATCTAAATCATACGA
GAAATTAACTGGTGCTATCGAAGGTCACCAATCTAAAGCAATTC
AAGCTGTTCTTAAATCTTTCTTAGCAAAAATCTATAAACGTCAA
AAAGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGCGG
TGGTAGTGATTATAAAGATGATGATGATAAAGGAACCGGTTAA

190 ATGGTACCAGCTGATCTTAAATCAACATTCTTAGATGTTTATTCA | FPP(A.

GTATTAAAAAGTGATTTATTACAAGATCCATCTTTTGAATTTACA
CACGAAAGTCGTCAATGGTTAGAACGTATGTTAGATTATAATGT
TOGTGGAGGCAAATTAAACAGAGGTITAAGTGTAGTAGACAGTT
ACAAACTTTTAAAACAAGGTCAAGACTTAACAGAAAAAGAAAC
ATTTTTATCTTGTGCTTTAGGTTGGTGTATTGAATGGTTACAAGC
ATACTTCTTAGTTTTAGACGATATTATGGATAATTCTGTAACTAG
ACGTGUTCAACCATGTTGGTTTCGTAAACCAAAAGTAGGTATGA
TTGCTATTAATGATGGAATACTTCTTCGTAACCACATTCATCGTA
TTCTTAAAAAACACTTTCOGTGAAATGCCTTATTATGTAGACCT TG
TAGACTTATTTAACGAAGTAGAATTTCAAACAGCTTGTGGTCAA
ATGATTOACTTAATTACAACATTTGATGGTGAAAAAGACCTTTC
AAAATATTCACTTCAGATTCACCGTCGTATTGTTGAGTACAAAA
CAGCATACTACTCTTICTATTTACCTGTAGCATGTGCTTTACTTA
TGGCAGGTGAAAATTTAGAAAATCACACAGATGTTAAAACTGTA
TTAGTTGATATGGGTATCTATTTCCAAGTTCAAGATGATTATTTA
GATTGCTTCGCTGATCCAGAAACATTAGGTAAAATTGGTACAGA
TATTGAAGACTTTAAATGTAGTTGGTTAGTAGTAAAAGCATTAG
AACUGTTGTAGTGAAGAACAAACAAAAATTCTTTACGAAAATTAT
GGAAAAGCTGAACCTTCAAATGTAGCTAAAGTTAAAGCATTATA
CAAAGAATTAGATTTAGAGGGTGCATTTATGGAATATGAAAAAG
AATCATACGAGAAACTTACAAAACTTATTGAAGCACATCAATCA
AAAGCTATTCAAGCAGTTCTTAAATCTTTCTTAGCTAAAATTTAT
AAACGTCAAAAAGGTACCGGTGAAAACTTATACTTTCAAGGCTC
TGGAGGTOGGTGGTTCAGACTATAAAGATGATGATGATAAAGGA
ACCGGTTAA

thaitana)

191

ATGGTACCAAGTGGOGAACCTACTCCAAAAABAAATGAAAGCAA
CATACGTTCACGACCGTGAAAACTTTACAAAAGTATACGAAACT
CTTCGTCGACGAATTACTTAACGATGATTIGTCTTAGTCCAGCTGGT

FPP (C.

reinhardtii)
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WO 2009/036067 PCT/US2008/075858
Enzyme
SEQ (synthase)
D NO. Codon-biased, Synthesized Gene Sequence encoded

TCACCTCAGGCTCAAGCTGCTCAAGAGTGGTTTAAAGAAGTTAA
TGATTATAATGTTCCTGGTGGAAAACTTAACCGTGGTATGGCTG
TATATGACGTTTTAGCTTCAGTTAAAGGTCCAGATGGTTTAAGTG
AAGACGAAGTATTTAAAGCTAACGCTCTTGGTTGGTGTATTGAG
TGGTTACAAGCATTTTTCTTAGTTGCTGATGATATAATGGATGGT
TCAATTACACGTCGTGGCCAACCTTGTTGGTACAAACAACCTAA
AGTTGGTATCGATTOGCTTOTAATGATTACATCTTATTAGAATGCTG
TATTTACTCAATTCTTAAAAGACATTTTAGAGGTCACGCTGCATA
CGCTCAACTTATGGACCTTTTOCATGAAACTACATTCCAGACTTC
ACACGOTCAATTATTAGATTTAACAACAGCACCTATCGGTTCTG
TAGACTTATCAAAATATACAGAAGATAATTACCTTCGTATTGTA
ACATATAAAACTGCATACTATTCTTTTTATTTACCTGTAGCATSGT
GGTATGGTATTAGCTGGCATTACAGATCCAGCTGCTTTTGATCTT
GCAAAAAATATTTGTGTTGAAATGGGTCAATATTTCCAGATTCA
AGACGATTATTTAGATTGCTATGGTGACCCTGAGGTTATTGGTA
AAATCGGTACAGACATAGAAGACAACAAATGTAGTTGGTTAGTT
TGCACAGCTCITAAAATCGCAACAGAAGAACAAAAAGAGGTTA
TAAAAGCTAATTATGGTCACAAAGAGGCTGAATCAGTAGCAGC
AATTAAAGCATTATACGTTGAATTAGGTATTGAACAACGTTTTA
AAGACTATGAAGCTGCATCATACGCAAAATTAGAAGGTACAATT
AGTGAACAAACTTTATTACCTAAAGCAGTATTTACTTCTTTATTA
GCTAAAATCTATAAAAGAAAAAAAGGTACCGGTGAGAACTTAT
ACTTTCAAGGTAGTGOGAGOTGGTGGETTCAGACTATAAAGATGAT
GATGATAAAGGAACCGGTTAA

ATGGTACCAGTAACAGCAGCACGTGCAACACCAAAATTAAGTA
ATAGAAAATTACGTGTTGCTGTAATTGGAGGCGGTCCAGCAGGA
GGTGCAGCTGCTGAAACATTAGCACAAGGAGGTATTGAAACAA
TTCTTATCGAACGTAAAATGGATAATTGTAAACCATGTGGTGGT
GCTATTCCATTATGTATGGTAGGAGAGTTCAATTTACCTTTAGAC
ATTATTGACCGTCGTGTAACAAAAATGAAAATGATCTICTCCTTC
AAACATTGCAGTTGATATCGGTCGTACACTTAAAGAACACGAAT
ATATTGGTATGGTTCGTCGTGAGGTACTTGATGCTTATCTTCGTG
AACGTGCAGAAAAATCAGGTGCTACTGTTATTAACGGTTTATIC
TTAAAAATGGATCACCCAGAAAATTGGGATTCACCATATACACT
TCACTACACAGAGTATGATGGAAAAACAGGTGCTACAGGAACT
AAAAAAACTATGGAAGTAGATGCTGTTATTGGTGCTGATGGTGC
TAATTCTCGTGTTGCAAAAAGTATTGACGCAGGTGATTATGATT

Geranylgeranyi
reductase (Al

thaliana)
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WO 2009/036067

PCT/US2008/075858

SEQ
D NO.

Codon-biased, Synthesized Gene Sequence

Enzvme
{synthase}

encoded

ATGCTATTGCATTTCAAGAACGTATTCGTATACCTGATGAGAAA
ATGACTTATTATGAGGACTTAGCTGAGATGTATGTAGGTGATGA
TGTATCACCAGACTTCTACGGTTGGGTATTCCCAAAATGTGATC
ATGTAGCTGTTGGTACAGGTACTGTAACACATAAAGGTGATATC
AAAAAATTCCAGTTAGCTACACGTAATCGTGCTAAAGATAAAAT
TCTTGGTGGCAAAATAATCCGTGTAGAGGCTCATCCTATTCCAG
AGCATCCTAGACCACGTCOGITTATCAAAACGTGTTGCATTAGTA
GGOGACGCAGCAGGTTACGTTACTAAATOTTCAGGAGAAGCGAA
TTTACTTCGCAGCTAAATCTGGTCGTATGTGTGCTGAAGCTATCG
TTGAAGGTTCACAAAATCOGCAAAAAAATGATAGATGAAGGCGA
TTTAAGAAAATACTTAGAAAAATGGGATAAAACTTACTTACCAA
CTTATCGTOGTTTTAGATGTACTTCAAAAAGQTTTTCTATCGTTCTA
ACCCAGCTCGTGAGGCTTTIGTTGAAATGTGTAACGATGAGTAT
GTACAGAAAATGACATTTGATTCTTACCTTTATAAACGTGTAGCT
CCTGGTAGTCCATTAGAAGATATCAAATTAGCTGTAAATACTAT
TOGTTCACTTGTTCGTGCTAACGCATTACGTCGTGAAATTGAGA
AATTATCAGTAGGTACCGGTGAGAATCTTTACTTTCAAGGATCA
GOGTGOTGOTGOGTTCTGATTATAAAGATGACGATGATAAAGGAAC
CGOTTAA

ATGOTACCAGTAGCTGTTATTGOGTGGTGUTCCAAGTGGCGCTTG
TGCAGCAGAAACTTTAGCAAAAGGTGGTGTAGAAACTTTCTTAC
TTGAGCGTAAATTAGATAATTGTAAACCTTGTGGAGGTGCAATT
CCATTATGTATGOTTGAAGAATTTGATTTACCAATGGAAATAAT
TGACCUTCGTGTTACTAAAATGAAAATGATATCACCTTCAAACC
GTGAAGTTGATGTTGGAAAAACTTTATCAGAAACTGAATGGATC
GGTATGTGTCGTCGTGAAGTATTTGACGATTACTTAAGAAACCG
TGCACAGAAATTAGGTOCTAATATTGTTAACGGTTTATTCATGC
GTTCAGAACAACAATCTGCAGAGGGTCCATTCACAATTCACTAT
AATTCTTATGAAGACGGTAGTAAAATGGGAAAACCTGCTACTTT
AGAAGTTCGATATGATAATTGGTGCAGATGGAGCAAATTICTCGTA
TTGCAAAAGAGATAGATOCAGGTGAATACGACTACGCTATAGCT
TTTCAAGAACGTATTOGTATTCCTGATGATAAAATGAAATATTA
COAAAACCTTGCTGAAATGTATGTAGGTGATGACGTATCTCCTG
ATTTCTATGGTTGGGTTTTTCCTAAATATGATCACGTTIGCTGTTG
GTACAGGTACTGTTGTAAACAAAACAGCTATTAAACAATATCAA
CAGGCAACACGTGACAGATCAAAAGTTAAAACAGAAGGTGGCA
AAATTATACGTGTTGAAGCACACCCAATTCCAGAACATCCACGT

Geranyl-geranyl
reductase (C.

reinhardii)
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ity

PCTAIS2008/075858

SEQ
1D NO.

Codon-biased, Synthesized Gene Sequence

Enzyvme
(synthase)

encaded

CCACGTCGTTGTAAAGGTCGTGTTGCATTAGTAGGCGACGCAGC
TGGTTATGTTACAAAATGTTCTGGCGAGGGCATTTACTTTGCTGC
TAAATCTGGTAGAATGGCTGCTGAAGCTATTGTAGAAGGTTCTG
CTAACGGTACAAAAATGTGTGGTGAGGATGCAATTCGTGTTTAT
TTAGATAAATGGGATCGTAAATATTGGACAACATACAAAGTATT
AGACATTITACAAAAAGTATTTTATCGTAGTAATCCAGCACGTG
AAGCATTIGTTGAATTATGTGAAGATAGTTATGTACAGAAAATG
ACATTTGATTCATACTTATATAAAACTGTTGTTCCAGGAAACCCA
TTAGACGACGTAAAATTACTTGTTCGTACAGTATCTTCTATTTTA
COTTCAAATGCTTTACGTTICTGTTAATTCTAAATCTGTAAATGTT
TCTTICGGCTCTAAAGCAAATGAGGAACGTGTTATGGCTGCAGG
TACCGGTGAAAATCTTTATTTTCAAGGTTCAGGAGGTGGTGGTT
CAGATTATAAAGATGATGATGACAAAGGAACCGGTTAA

164

ATGOTACCAGCAATGGCAGTACCATTAGATGTAGTAATTACATA
TCCTTCTTCAGGTGCTGCTGCTTATCCAGTACTTGTTATGTATAA
COGTTTCCAAGCTAAAGCTCCATGGTATCGTGGTATTGTAGATC
ATGTTTICTAGTTGGGGTTACACAGTIGTTCAATATACAAATGGTG
GCTTATTTOCTATTGTIGTAGATCGTGTTGAGTTAACTTATTTAG
AGCCATTATTAACTTGGTTAGAAACACAAAGTGCTGATGCTAAA
TCTCCTTTATACGGTCGTGCAGATGTTTICTCGTTTAGGTACAATG
GGTCATTCACGTGGTGGTAAATTAGCAGCTTTACAATTTGCTGG
ACGTACAGATOTAAGTOGGTTGTGTATTATTTGACCCTGTAGATG
GAAGTCCAATGACACCAGAATCTGCTGATTATCCTTCAGCTACA
AAAGCATTAGCAGCAGCTGUTCGTTCTG CTC%GCTTAGTAGGTGC
AGCTATTACAGGTTCATGTAATCCAGTAGGTCAAAATTACCCAA
AATTCTGGGUGTGCTTTAGCTCCTGGTTCTTGGCAAATGGTATTAT
CACAAGCTGGTCACATGCAATTTGCTCGTACTGGTAATCCATTCT
TAGATTGGTCATTAGACCGTTTATGTGGTCGTGGTACAATGATG
AGTTCAGATGTTATTACATATAGTGCAGCATTTACTGTTGCTTGG
TTTGAAGGTATTTTTCGTCCTGCTCAAAGTCAAATGGGTATTTCT
AATTTCAAAACTTGGGCTAATACTCAAGTTGCAGCTCGTAGTAT
CACTTTTGATATTAAACCTATGCAATCTCCTCAGGGTACCGGTGA
AAACCTTTACTTTCAAGGTAGTGGTGGTGGAGGAAGTGATTATA
AAGATOGATGATGACAAAGGAACCGGTTAA

Chiorophyliido-
hvdrolase (C.

remhardtil)

ATGOTACCAGCACCACCAAAACCAGTTOGTATAACTTGTCCAAC
AGTAGCTGGCACTTATCCTGTTGTTTTATTCTTTCACGGTTTITAT
CTTCGTAACTATTICTATTCAGATGTTTTAAATCATATTGCTAGT

Chlorophylido-
hydrolase (A.

thaliana)
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WO 2009436067 FCT/TS2008/075858
Enzyme
SEQ {synthase)
D NO, Codon-biased, Synihesized Gene Sequence encoded

CATGGTTACATCTTAGTTGCACCACAATTATGTAAACTTTTACCT
CCAGGTGGCCAAGTAGAAGTTGATGACGCTGGTTCAGTTATTAA
CTGGGCTTCAGAGAATCTTAAAGCACACCTTCCAACTTCTGTTA
ATGCTAATGOTAAATATACATCTTTAGTTGGACATTCACGTGGT
GGCAAAACAGCTTTICGCAGTTGCATTAGGTCACGCAGCTACATT
AGATCCATCAATTACATTTTCAGCATTAATTGGTATTGATCCAGT
AGCAGGAACTAACAAATACATTCGTACAGATCCACACATCTTAA
CTTATAAACCTGAATCATTTGAATTAGATATTCCTGTAGCTGTTG
TAGGCACTGOTCTTGGTCCAAAATGGAATAACGTAATGCCTCCA
TGCOGCACCTACAGATTTAAACCACCGAAGAATTTTACAAAGAATG
TAAAGCTACTAAAGCTCACTTTGTTGCTGCTGATTATGGTCACAT
GOACATGTTAGACGACGATCTTCCAGGTTTIGTAGGCTTCATGG
CTGGTTGTATGTGTAAAAATGGTCAACGTAAAAAATCAGAAATG
COTTCTTTTGTAGGTGGTATAGTTGTAGCATTCTTAAAATATTCT
TTATGGGGTGAAAAAGCTGAAATAAGATTAATTGTTAAAGATCC
TAGFGTATCTCCTGCTAAATTAGACCCATCACCAGAATTAGAAG
AAGCATCAGOTATTTTTGTTGGTACCGGTGAAAATCTTTATTTTIC
AAGGTTCAGGTGGAGGTGGTTCTGATTATAAAGATGATGATGAC
AAAGGAACCGGTTAA

196

ATGGTACCAGCTACACCAGTTGAAGAAGGTGATTATCCAGTTGT
AATGTTATTACATGGCTACCTTTTATATAATTCATTTTATTCACA
ATTAATGTTACATGTATCATCTCACGGTTTCATCTTAATTGCTCC
ACAATTATACTCAATTGCTGGTCCTGATACTATGGATGAAATTA
AAAGTACTGCTGAGATTATGGACTGGTTATCAGTTGGTTTAAAT
CACTTTTTACCAGCTCAAGTTACACCTAATTITATCTAAATTTGCA

TTATCTGOTCATAGTCGTGGTGGTAAAACTGCTTTTGCTGTAGCA

TTAAAAAAATTTGGTTATTCTTCAAACTTAAAAATTAGTACTTTA
ATTGGTATTCGATCCAGTAGACGGAACAGGTAAAGGTAAACAAA
CTCCACCTCCTGTTTITAGCATATTTACCTAATAGTTTTGACTTAG
ACAAAACACCAATTTTAGTAATTGGTTCAGGTTTAGGTGAAACT
GCACGTAATCCTTTATTTCCTCCATGTGCTCCTCCAGGTGTTAAC
CACCGTGAGTTTTTCCGTGAATGTCAAGGTCCAGCATGGCACTTT
GTTGCTAAAGATTATGGTCATTTAGACATGCTTGATGATGATAC
AAAAGGTATTICGTGGCAAATCTAGTTACTGTTTATGCAAAAATG
GTOGAAGAACGTCGTCCAATGCGTCGTTTCETTGOTGGTTTAGTTG
TTAGITTTCTTAAAGCATATCTTGAAGGTGATGATCGTGAATTAG
TAAAAATCAAAGATGGTTGTCATGAAGATGTACCTGTTGAAATT

Chlorophyllido-
hydrolase (A,

thaliana)
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WO 2009/036667

PCT/US2608/075858

SEQ
1D NO.

Codon-biased, Synthesized Gene Sequence

Enzyme
(synthase)}

encoded

CAAGAATTTGAAGTAATTATGGGTACCGGTGAAAATCTTTACTT
TCAAGGTTCAGGCGGTGGAGGTTCAGATTATAAAGATGATGATG
ACAAAGGAACCGGTTAA

197

ATGGTACCAGCTGCTGCTGCACCTGCTGAGACAATGAATAAATC
TGCAGCTGGOGCTGAAGTACCAGAGGCTTITCACATCAGTTTTTC
AACCAGGTAAATTAGCAGTTGAAGCAATTCAAGTAGATGAAAA
TGCAGCTCCTACTCCACCTATTCCTGTTTTAATAGTTGCTCCAAA
AGATGCTGGTACATATCCAGTTGCTATGTTATTACACGGATTTTT
CTTACATAATCACTTTTATGAACACTTATTACGTCACGTTGCATC
TCATGGCTTTATCATTGTTGCTCCACAATTTICTATTAGTATTATT
CCATCAGGAGATGCTGAAGACATCGCTGCTGCTGCAAAAGTAGC
AGATTGGTTACCTGACGGATTACCAAGTGTTTTACCAAAAGGTG
TTGAACCAGAGTTATCAAAACTTIGCTTTAGCTGGACACAGTCGT
GGTGGTCACACAGCTTTTTCTTITAGCTTTAGGTCACGCTAAAACA
CAATTAACTTTCAGTGCATTAATTGGTTTAGATCCTGTTGCTGGA
ACAGGTAAATCATCTCAATTACAACCAAAAATTCTTACTTATGA
GCCAAGTTCATTTGGTATGGCTATGCCAGTTTTAGTTATTGGTAC
AGGTTTAGGAGAAGAAAAAAAAAACATTTTCTTTCCTCCATGTG
CTCCTAAAGACGTAAACCATG CAGAATTTTATCGTGAATGTAGA
CCACCATGTTACTATTTTGTAACTAAAGATTATGGCCATCTTGAT
ATGTTAGATGATGACGCTCCAAAATTTATCACATGTGTTTGTAA
AGACGGTAATGGATGTAAAGGAAAAATGCGTCGTTGTGTAGCTG
GCATCATGGTTGCTTTCTTAAACGCTGCTTTAGGTGAAAAAGAC
GCAGATTTAGAAGCTATTTTACGTGATCCAGCAGTTGCTCCTAL
AACATTAGACCCAGTTGAACACCGTGTTGCTGGTACCGGTGAGA
ATTTATACTTCCAGGGATCTGGTGGTGGTGGCAGTGATTATAAA
GATGATGATGATAAAGGAACCGGTTAA

Chloro-phyllido-
hydrolase (T.

Aestivum)

198

ATGGTACCAAGTCACAAAAAAAAAAACGTAATCTTCTICGTAAC
TGAT(}GTATGGGTCCTGCTTCTCTTTCAATGGCTCGTTCATTTAA
TCAACACGTTAATGATTTACCAATTGATGATATTTTAACATTAGA
TGAACATTTTATTGGAAGTTCAAGAACACGTTCATCAGATTCAC
TTGTAACTGACTCAGCTGCTGGAGCTACAGCTTTTIGCTTGTGCAC
TTAAATCATACAATGGTGCTATAGGTGTAGATCCACACCATCGT
CCATGTGGAACTGTTTTAGAAGCTGCTAAATTAGCAGGTTATTT
AACAGGATTAGTAGTTACTACACGTATTACTGATGCTACACCAG
CTAGTTTCTCAAGTCACGTAGATTATCGTTGGCAAGAAGATTTA
ATTGCAACACACCAATTAGGTGAATATCCTTTAGGACGTGTTGT

Phosphatase (S,

cerevisiae)
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WO 2009/636067 PCT/US2008/075858
Enzyme
SEQ {synthase)
1D NO. Codon-biased, Synthesized Gene Sequence encoded

TGATCTTCTTATGGGTGGTGGTCGTTCTCACTTTTATCCTCAAGG
TGAAAAAGCTAGTCCATACGGTCACCACGGTGCACGTAAAGATG
GTCGTGATTTAATCGATGAAGCTCAAAGTAATGGCTGGCAGTAT
GTAGGAGATCGTAAAAATTTTGATTCTTTACTTAAATCACATGGT
GAAAATGTTACTTTACCATTTTTAGGTTTATTTGCTGACAACGAT
ATCCCATTTGAAATTGATCGTGATGAAAAAGAATATCCTAGTTT
AAAAGAACAAGTAAAAGTAGCATTAGGTGCTTTAGAAAAAGCA
AGTAACGAAGATAAAGATAGTAATGGTTTCTTTTTAATGGTAGA
AGGTTCTCG'TATTG-ATCATGCTGGCCATCAAAACGATCCTGCAT
CTCAAGTACCGTGAAGTATTAGCATTTGATGAGGCTTTTCAATAT
GTATTAGAATTTGCAGAAAACAGTGATACAGAAACAGTATTAGT
AAGTACATCAGATCATGAAACAGGTGGTTTAGTTACTTCAAGAC
AAGTAACAGCATCATACCCACAATATGTATGGTATCCTCAAGTA
TTAGCTAACGCTACACATAGTGGAGAGTTTCTTAAACGTAAATT
AGTTGATTTCGTTCATGAACACAAAGGUCGCATCATCAAAAATAG
AAAACTTCATAAAACACGAAATTCTTGAAAAAGATTTAGGTATT
TATGATTATACAGATTCTGACTTAGAAACACTTATTCATTTAGAT
GATAACGCTAATGCAATTCAAGATAAACTTAATGATATGGTAAG
TTTTAGAGCTCAAATTGGTTGGACAACACATGGTCATTCAGCAG
TTGATGTAAACATATATGCTTACGCAAACAAAAAAGCTACATGE
TCTTATOTICTTAATAACTTACAAGGTAATCACGAAAACACAGA
AGTTGGTCAATTCTTAGAGAATTTCTTAGAATTAAACTTAAATG
AAGTTACTGATTTAATCCGTGATACAAAACATACTTCTGATTTTG
ACGCAACAGAAATAGCAAGTGAGGTTCAACACTATGATGAATA
TTACCACGAATTAACAAATGGTACCGGTGAAAATCTTTATITIC
AAGGTTCTGOTGGAGGTGGCAGTGATTATAAAGATGATGATGAC
AAAGGAACCGGTTAA

199

ATGOTACCAGCTTTATACGACATTATTAACTATTTCTACGGTTCA
AACTCTAAATTCAACCGTATTACATGGGGTTTTAAATCACCAAC
TTTCATCAAATGGAGAATTACTGATTTCATTTTAATCATCGTTTY
AATTGTICTITICTTCGTAACTTCTCAAGCAGAGCCATTCCATCG
TCAATTTTATCTTAACGACATGACTATCCAACATCCTTTIGCAGA
ACATGAACGTGTAACTAATATTCAACTTGGTTTATATTCAACAGT
AATTCCTTTATCAGTTATTATCATTGTTGCTTTAATTAGTACATGT
CCACCTAAATACAAATTATACAACACTTGGGTTTCAAGTATTGG
TITACTTTTATCAGTTTTAATCACATCTTTTGTTACAAACATCGTT
AAAAACTGGTTTGGACGTTTACGTCCTGACTTCTTAGATCGTTGC

Phosphatase (C.

albicans)
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Enzvise
SEQ (synthase)
ID NO. Codon-biased, Synthesized Gene Sequence encoded

CAACCAGCTAACGATACACCTAAAGATAAATTAGTTTCTATTGA
GGTTTGTACTACAGACAATTTAGACCGTTTAGCTGACGGTTTTCG
TACAACACCTTCTGGTCATTCTTCAATCTCATTITGCTGGTTITATTC
TA?TTAACATTATTTCT‘TTTAGGTCAATCTCAGGCAAATAATGGT
AAAACATCTTCATGGCGTACAATGATCAGTTTTATACCTTGGTTA
ATGGCTTGTTATATCGCTTTAAGTCGTACACAAGACTACCGTCAT
CATTTCATTGACGTATITGTTGOTAGTTGCTTAGGCTTAATTATC
GCAATTTGGCAATACTTCCGTTTATTCCCTTGGTTOGGTGGTAAC
CAAGCAAATGATTCATTTAACAACCGTATTATGATTGAAGAGAT
TAAACGTAAAGAGGAAATTAAACAAGATGAAAATAACTACCGT
CGTATTTCTGATATTTCTACTAATGTAGCGTACCGGTGAAAACCTT
TACTTTCAAGGTTCAGGTGGOGGCGGTTCAGATTATAAAGATGA
TCGACGACAAAGGAACCGGTTAA

Table 8. Nucleic acids encoding exemplary isoprencid producing enzymes used to increase phytol preduction

(with restriction enzywe sites)

Enzyme
SEQ {synthase)
D NG, Codon-hiased, Synthesized Gene Sequence w/Restriction Sites encoded

200 CATATGGTACCAGCTTTATACGACATTATTAACTATTTCTACGGT | GPPS-LSU (M.
TCAAACTCTAAATTCAACCGTATTACATGGGGTTTTAAATCACC spicata)
AACTTTCATCAAATOGGAGAATTACTGATTTCATTTTAATCATCGT
TTTAATTGTICTTTITCTTCOTAACTTICTCAAGCAGAGCCATTCCA
TCOTCAATTTTATCTTAACGACATCGACTATCCAACATCCTTTTGC
AGAACATGAACGTGTAACTAATATTCAACTTGGTTTATATTCAA
CAGTAATTCCTTTATCAGTTATTATCATTGTTGCTTTAATTAGTA
CATGTCCACCTAAATACAAATTATACAACACTTGGGTTTCAAGT
ATTGGTTTACTTTTATCAGTTTTAATCACATCTTTTGTTACAAAC
ATCOTTAAAAACTGGTTTGGACGTTTACGTCCTGACTTCTTAGAT
CATTGCCAACCAGCTAACGATACACCTAAAGATAAATTAGTTTC
TATTGAGGTTTGTACTACAGACAATTTAGACCGTTTAGCTGACG
GTTTTCGTACAACACCTTCTGGTCATTCTTCAATCTICATTIGCTG
GTTTATTCTATTTAACATTATTTCTTTTAGGTCAATC’E‘CAGGCAA
ATAATGGTAAAACATCTTCATGGCGTACAATGATCAGTTTTATA
CCTTGGTTAATGGCTTGTTATATCGCTTTAAGTCGTACACAAGAC
TACCGTCATCATTTCATTIGACGTATTTGTTGGTAGTTGCTTAGGC
TTAATTATCGCAATTTGGCAATACTTCCGTTTATTCCCTTGGTTC
GOTGOGTAACCAAGCAAATGATTCATTTAACAACCGTATTATGAT
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WO 2009/036067

PCT/US2008/075858

SEQ
ID NO.

Codon-biased, Synthesized Gene Sequence w/Restriction Sites

Enzyme
(synthase)

encoded

TGAAGAGATTAAACGTAAAGAGGAAATTAAACAAGATGAAAAT
AACTACCGTCGTATTTCTGATATTTCTACTAATGTAGGTACCGGT
GAAAACCTTITACTTTCAAGGTTCAGGTGGCGGCGGTTCAGATTA
TAAAGATGATGACGACAAAGGAACCGGTTAATCTAGACTCGAG

201

CATATGGTACCAAGTCAACCTTACTGGGCAGCAATTGAGGCAGA
TATTGAACGTTACTTAAAAAAATCAATTACAATTCGTCCACCAG

AAACTGTATTTGGTCCAATGCACCACTTAACTTTTGCTGCACCAG
CTACAGCTGCTAGTACTTTATGTTTAGCAGCATGTGAACTTGTAG
GTGOTGATCGTAGTCAAGCTATGGCTGCAGCAGCAGCAATCCAT
CTTGTTCATGCAGCTGCTITATGTACATGAACATTTACCATTAACT
GATGGTAGTCGTCCAGTAAGTAAACCAGCTATCCAACATAAATA
TGGTCCAAATGTAGAATTACTTACAGGTGACGGTATTGTACCAT

TTGGITTTGAATTATTAGCAGGTTCTGTTGATCCAGCACGTACAG
ATGATCCAGACCGTATTTTACGTGTAATAATTGAAATAAGTCGT

GCTGGTGGTCCAGAAGGTATGATTAGTOGTTTACATCGTGAAGA
AGAGATTGTAGATGGTAATACTTICTCTTGATTTTATTGAATACGT
TTGCAAAAAAAAATATGGTGAAATGCACGCATGTGGTGCTGCAT
GCGGTGCAATTITTAGGTGGTGCAGCTGAAGAAGAAATTCAAAA

ACTTCGTAACTTCGGATTATATCAAGGAACTTTACGTGGTATGAT

GGAGATGAAAAACTCACACCAACTTATTGACGAAAATATCATTG
GCAAACTTAAAGAATTAGCTTTAGAAGAATTAGGTGGATTTCAT
GOTAAAAATGCTGAATTAATGTCTAGTTTAGTAGCAGAACCATC
ATTATATGCTGCTGGTACCGGTGAAAATTTATACTTTCAAGGTTC
TGGTGGTGGETGGCAGTGATTATAAAGACGATGATGACAAAGGA
ACCGGTTAATCTAGACTCGAG

GPPS-SSU (M.

spicata)

CATATGGTACCACTTTTATCTAACAAATTAAGAGAGATGGTTTT
AGCAGAAGTTCCTAAATTAGCATCTGCTGCTGAATATTTCTTTAA
ACGTGGTGTTCAGGGTAAACAATTCCGTTCAACAATTTTATEATT
AATGGCAACAGCTCTTGACGTTCOTGTTCCAGAAGCATTAATTG
GTOAATCTACTGATATTGTAACATCTGAATTACGTGTACGTCAA
COGTGGCATTGCTGAAATTACAGAAATGATTCATGTAGCATCACT
TCTTCACGATGACGTTCTTGACGATGCTGATACTCGTCGTGGTGT
TGGTAGTCTTAATGTTGTAATGGGAAACAAAATGTCAGTTTITAG
CAGGTGACTICTTACTTTCTCGTGCTTGTGGTGCTCTTGCAGCTC
TTAAAAACACAGAAGTTGTAGCATTATTAGCTACAGCAGTAGAA
CACTTAGTTACTGGTGAGACAATGGAAATAACTTCATCAACTGA
ACAACGTTATTCTATGGATTACTACATGCAGAAAACTTATTACA

GPPS (AL

thahana)
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WO 2009/036067

PCTIS2008/075858

SEQ
1D NO.

Codon-biased, Synthesized Gene Sequence w/Restriction Sites

Enzvime
(synthase)

encoded

AAACTGCTTCATTAATTTCAAATTCATGTAAAGCAGTTQCTGTAT
TAACAGGTCAAACAGCTGAAGTTGCAGTATTAGCTTTTGAATAT
GGTCGTAATTTAGGTTTAGCTTTCCAGTTAATTGACGACATTTTA
GATTTCACAGGCACATCTGCTAGTTTAGGAAAAGGTTCTTTATC
AGATATACGTCATGGTGTTATTACTGCTCCTATCTTATTTGCAAT
GGAAGAATTTCCTCAATTAAGAGAAGTAGTAGATCAAGTAGAA
AAAGATCCAAGAAATGTAGACATAGCTTTAGAATATTTAGGTAA
AAGTAAAGGTATTCAACGTGCTCGTGAATTAGCAATGGAACACG
CAAATTTAGCTGCTGCAGCTATTGGTTCTTTACCTGAAACAGATA
ACGAAGATOTTAAACGTTCACGTCGTGCTTTAATTGATTTAACA
CACAGAGTAATTACACGTAACAAAGGTACCGOTGAGAATITATA
CTTTCAAGUTAGTGUTGGAGOAGGTAGTGACTATAAAGATGATG
ACGATAAAGGAACCGG’E"TAATCTAGACTCGAG

o]
fon]
s}

CATATGGTACCAGTAGTTTCTGAACGTTTAAGACATTCTGETAAC
AACTGGTATTCCAGCATTAAAAACAGCAGCTGAATATTTCTITC
GTCOGTGOTATCOGAAGOAAAACGTTTAAGACCTACATTAGCATTA
TTAATGAGTAGTGCTTTATCACCAGCTGCTCCATCACCAGAGTAT
TTACAAGTTOGATACAAGACCTGCTGCAGAACACCCTCATGAAAT
GCGTCGTCGTCAACAACGTTTAGCTGAAATTGCAGAATTAATCC
ATGTAGCTTCATTACTTCACGATGATCTTATTGATGACGCALCAA
ACACGTCGTGOTOTTTTAAGTTTAAATACATCTGTTGGTAATAAA
ACAGCTATCTTAGCAGGTGATTTCTTATTAGCTCGTGCATCTGTA
ACATTAGCTAGTTTAAGAAACTCTGAAATIGTAGAATTAATGTC
ACAGGTTTTAGAACACTTAGTATCTGGTGAAATTATGCAAATGA
CTGCTACTTCAGAACAACTTTTAGATTITAGAACATTATTTAGCAA
AAACATATTGTAAAACTGCTTCATTAATGGCTAATAGTTCTCGTT
CTGTTGCAGTTCTTGCAGGTGCAGCTCCTGAAGTTTGTGATATGG
CATGGTCATACGGTCGTCATTTAGGTATTGCTTTCCAAGTAGTTG
ACGATTTATTAGATTTAACAGGTTCATCTTICTGTTTTAGGTAAAC
CTGCTTTAAACGATATGCGTTICTGGTTTAGCAACAGCACCAGTA
TTATTCGCTGCACAAGAAGAACCTGCATTACAGGCTCTTATATT
ACGTCGTT’fTAAACACGACGGTGACGTAACAAAA(}CAATGTCAT
TAATTGAACGTACACAAGGCTTACGTCGTGCTGAAGAACTTGCA
GCACAACACGCAAAAGCTGCTGCTGATATGATTCGTTGCTTACC
TACAGCTCAATCAGACCATGCAGAAATTGCTOGTGAAGCATTAA
TTCAAATTACACATCGTGTTTTAACACGTAAAAAAGGTACCGGT

GPPS (C.

reinhardtii)

GAAAACTTATACTTTCAAGGTTCTGGTGGTGGTGGATCAGATTA
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Enzyme
SEQ (synthase)
1D NG. Codon-biased, Synthesized Gene Sequence w/Restriction Sites encoded

TAAAGATGATGATGACAAAGGAACCGGTTAATCTAGACTCGAG

204 CATATGGTACCAACTACAACATTATCATCTAACCTTAACTCACA | GGPP Chimera
ATTCATGCAGGTTTACGAGACTCTTAAATCAGAACTTATTCATG
ACCCATTATTTGAGTTCGATGACGATTCAAGACAATGGGTAGAA
COTATGATTGATTATACTOTACCAGGTGGTAAAATGGTTCGTGG
TTATAGTGTAGTAGATAGTTATCAATTACTTAAAGGTGAAGAAC
TTACAGAAGAAGAGGCATTTTTAGCTTGTGCACTTGGTTGGTGT
ACAGAATGOTTTCAAGCATTCATTCTTTTACATGATGATATGATG
GATGGTAGTCACACAAGACGTGGTCAACCATGTTGGTTICGTTT
ACCTGAGGTTGGTGCTGTTGCTATTAATGATGGTGTTTTACTTCG
TAATCACGTTCACCGTATTCTTAAAAAACATTTTCAAGGTAAAG
CATATTATGTTCATTTAGTTGATTTATTCAATGAAACTGAATTTC
AAACAATTAGTGGACAAATGATCGACTTAATTACAACATTAGTT
GGTGAAAAAGACTTATCTAAATATTCATTAAGTATTCATCGTCG
TATCGTTCAATACAAAACAGCATACTACTCATTTTACTTACCAGT
TGCTTGTGCTTTACTTATGTTTGGTGAGGATCTTGATAAACATGT
AGAAGTTAAAAATGTTCTTGTTGAAATGGGTACATATTTTCAAG
TTCAAGATGATTATITAGATTGTTITGOTGCTCCAGAAGTTATTG
GCAAAATTGGTACTGATATTIGAAGACTTTAAATGTTCATGGTTA
GTAGTTAAAGCATTAGAATTAGCAAATGAAGAACAGAAAAAAA
CTTTACACGAAAATTATGGAAAAAAAGATCCAGCATCAGTTGCT
AAAGTTAAAGAAGTATACCACACACTTAATTTACAAGCTGTTTT
CGAAGATTATOGAAGCAACATCATACAAAAAACTTATTACTTCTA
TTGAAAATCACCCATCTAAAGCTGTTCAAGCTGTTTTAAAATCTT
TCTTAGGCAAAATATACAAACGTCAAAAAGGTACCGGTGAAAA
CTTATACTTTCAAGGTTCTGGTGGCGGTGGAAGTGATTACAAAG
ATGATGACGATAAAGGAACCGGTTAATCTAGACTCGAG

205 CATATGGTACCAAGTCAACCTTACTGGGCTGCAATTGAAGCAGA | 18-14-15 fusion
CATTGAAAGATATTTAAAAAAATCAATTACAATTCGTCCACCAG
AAACTGTATTTGGTCCTATGCACCATTTAACATTTGCTGCTCCTG
CTACTGCAGCTAGTACATTATGCCTTIGCTGCTTGTGAATTAGTTG
GOGGTGATCGTAGTCAAGCTATGGCAGCTGCTGCTGCTATCCAT
TTAGTTCATGCAGCTGCTTACGTTCACGAACATCTTCCTTTAACA
GATGGATCACGTCCTGTAAGTAAACCTGCTATTCAACATAAATA
TGGTCCAAACGTTGAACTTTTAACAGGTGATGGTATCGTTCCTTT
CGOGTTTTGAGTTATTAGCAGGTTCAGTAGATCCAGCACGTACTG
ATGACCCTGATCGTATTTTACGTGTAATTATIGAAATTICTCGTG
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WO 2009/636067

PCE/US2008/075858

SEQ
1D NO.

Codon-biased, Synthesized Gene Sequence w/Restriction Sites

Enzyme
(synthase)

encoded

CTGGTGGACCAGAAGGCATGATTTCTGGTTTACACCGTGAGGAA
GAAATCGTAGATGGTAACACATCATTAGACTTTATAGAATATGT
ATGCAAAAAAAAATACGGTGAAATGCACGCATGTGGTGCAGCT
TGOGGAGCTATTTTAGGTGGAGCTGCTGAAGAAGAAATTCAAAA
ACTTCGTAACTTTGGTCTTTATCAAGGCACATTACGTGGTATGAT
GUAAATGAAAAATAGTCATCAGTTAATTGACGAAAATATCATTG
GAAAACTTAAAGAACTTGCTCTTGAAGAATTAGGTGGATTCCAC
GGTAAAAACGCTGAATTAATGAGTTCTTTAGTTGCTGAACCTAG
TITATATGCAGCTTCATCAAATAACT TAGGTATCGAAGGTCGTTT
TGACTTTGACGGTTACATGCTTCOTAAAGUAAAATCTGTAAATA
AAGCATTAGAAGCTGCTGTTCAAATGAAAGAACCACTTAAAATT
CACGAATCAATGCOGTTATTCATTATTAGCTGGTGOGTAAACGTGTT
COTCCAATGTTATOTATTGCAGCTTGTGAACTTGTTGGTGGTGAC
GAATCTACAGCAATGCCTGCAGCATGTGCTGTTGAAATGATTCA
CACAATOTCTTTAATGCATGATGACCTTCCATGTATGGATAACG
ATGACTTACGTCGTGGTAAACCTACAAACCACATGGCTTTTGGT
GAGTCTGTAGCTGTTCTTGCTGGTGATGCATTACTTAGTTTTGCT
TTTGAACATGTTGCTGCTGCAACAAAAGGOGCACCACCTGAACG
TATCGTACGTGTATTAGGTGAATTAGCTGTITAGTATTGGTTCAGA
AGGACTTGTAGCAGGTCAAGTTGTAGACGTTTGTTCTGAAGGCA
TGECTGAAGTAGGATTAGATCATCTTGAATTTATTCACCATCATA
AAACTGCTGCATTATTACAAGGTTCAGTTGTTTTAGGTGCAATAT
TAGGAGGCGUTAAAGAAGAAGAAGTAGCTAAACTTCGTAAATT
TGCTAACTGTATTGGTTITACTTTTCCAAGTTGTTGATGATATTTT
AGATOTTACTAAAAGTAGTAAAGAGTTAGGTAAAACTGCAGGT
AAAGACTTAGTAGCTGATAAAACTACATATCCTAAACTTATAGG
CGTTGAAAAATCAAAAGAATTTGCTGACCGTTTAAATCGTGAAG
CACAAGAACAATTATTACATTITTCATCCTCACCGTGCTGCTCCAT
TAATCGCTTTAGCTAACTACATCGCTTACCGTGATAATGGTACCG
GTGAAAACTTATACTTCCAGGGTAGTGGTGGTGGCGGATCAGAT
TATAAAGATGACGATGATAAAGGAACCGGTTAATCTAGACTCGA
G

206

CATATGOTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCA
GCAACCAGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGCG
AACGTGAGGAATTTGTAGGATTCTTTCCACAAATTGTTCGTGACT
TAACTGAAGATGGTATTGGTCATCCAGAAGTAGGTGACGCTGTA
GCTCGTCTTAAAGAAGTATTACAATACAACGCACCTGGTGGTAA

IS-09 AlI8W

(G. gallus}
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PCTAIS2008/075858

SEQ
1D NO.

Coden-biased, Synthesized Gene Sequence w/Restriction Sites

Enzyme
{synthase)

encoded

ATGCAATAGAGGTTTAACAGTTGTTGCAGCTTACCGTGAACTTT
CTGGACCAGGTCAAAAAGACGCTGAAAGTCTTCGTTGTGCTTTA
GCAGTAGGATGGTGTATTGAATTATTCCAAGCCTTTTTICTTAGTT
TGGGACGATATAATGGACCAGTCATTAACTAGACGTGGTCAATT
ATGTTGGTACAAGAAAGAAGGTOTTGGTTTAGATGCAATAAATG
ATTCTTTTCTTITAGAAAGCTCTGTGTATCGCGTTCTTAAAAAGT
ATTGCCGTCAACGTCCATATTATGTACATTTATTAGAGCTTTTTIC
TTCAAACAGCTTACCAAACAGAATTAGGACAAATGTTAGATITA
ATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATTTCTCAGAA
GAACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTCTATTCA
TTCTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATAGAT
TCTAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGAT
GGGTGAATACTTCCAAATTCAAGATGATTATTTAGATTGTTTTGG
CGATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATA
ACAAATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACA
CCAGAACAACGTCAACTTTTAGAAGATAATTACGGTCGTAAAGA
ACCAGAAAAAGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAG
GTATGAGAGCCGCCTTTCAACAATACGAAGAAAGTAGTTACCGT
COTCTTCAAGAGTTAATTGAGAAACATTCTAATCGTTTACCAAA
AGAAATTTTCTTAGGTTTAGCTCAGAAAATATACAAACGTCAAA
AAGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGOGGT
GOAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAAT
CTAGACTCGAG

[
P}
-1

CATATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCA
GCAACCAGCATTAAGAAATTTATCTCCAGTGGTAGTTIGAGCGCG
AACGTGAGGAATTTGTAGGATTCTTTCCACAAATTGTTCGTGACT
TAACTGAAGATGGTATTGGTCATCCAGAAGTAGGTGACGCTGTA
GCTOGTCTTAAAGAAGTATTACAATACAACGCACCTGGTGGTAA
ATGCAATAGAGGTTITAACAGTTGTTGCAGCTTACCGTGAACTTT
CTGGACCAGGTCAAAAAGACGCTGAAAGTCTTCGTTGTGCTTTA
GCAGTAGGATGGTGTATTGAATTATTCCAAGCCTTTITTCTTAGTT
GCTGACGATATAATGGACCAGTCATTAACTAGACGTGGTCAATT
ATGTTGGTACAAGAAAGAAGGTGTTGGTTTAGATGCAATAAATG
ATTCTTTTICTTTTAGAAAGCTCTGTGTATCGCGTTCTTAAAAAGT
ATTGCCOGTCAACGTCCATATTATGTACATITATTAGAGCTTTTTIC

TTCAAACAGCTTACCAAACAGAATTAGGACAAATGTTAGATTTA

ATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATTTCTCAGAA

FPP (G, gallus)
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WO 2009/036067

PCT/US2008/673858

SEQ
1D NO.

Codon-biased, Synthesized Gene Sequence w/Restriction Sites

Enzyme
(synthase)

encoded

GAACOTTACAAAGCTATTGTTAAGTATAAAACTGCTTTCTATTCA
TTCTATTTACCAGTTOCAGCAGCTATOTATATGGTTGOGTATAGAT
TCTAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGAT
GGOTGAATACTTCCAAATTCAAGATGATTATTTAGATTIGTTTTGG
CGATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATA
ACAAATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACA
CCAGAACAACGTCAACTTTTAGAAGATAATTACGGTCGTAAAGA
ACCAGAAAAAGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAG
GTATGAGAGCCGCCTTTCAACAATACGAAGAAAGTAGTTACCGT
CGTCTTCAAGAGTTAATTGAGAAACATTCTAATCOGTTTACCAAA
AGAAATTTTCTTAGGTTTAGCTCAGAAAATATACAAACGTCAAA
AAGGTACCGOGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGET
GGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAAT
CTAGACTCGAG

CATATGGTACCAGATTTTCCACAACAATTAGAAGCATGTGTTAA
ACAAGCAAATCAAGCATTATCACGTTTCATCGCACCACTTCCAT
TCCAAAATACTCCTGTITGTTGAAACAATGCAATATGGTGCATTA
TTAGGAGGTAAAAGATTAAGACCATTTCTTGTATATGCAACAGG
TCACATOTTTGGAGTATCTACTAACACATTAGATGCTCCAGCUTGC
TGCAGTTGAATGTATTCATGCATATAGTTTAATTCATGATGATTT
ACCTGCAATGGATGATGATGACTTAAGAACGAGGTTTACCTACAT
GTCATGTTAAATTTGGTGAAGCTAATGCTATTTTAGCTGGCGATG
CACTTCAAACTCTTGCATTCAGTATTTTATCAGATGCTGATATGL
CAGAAGTTTCAGATCOTGATCGTATTTCTATGATATCTGAATTAG
CTTCTGCTAGTGGTATTGCTGGTATGTGCGGTGGCCAAGCTCTTG
ATTTAGACGCAGAAGGAAAACACGTTCCTTTAGATGCTTTAGAG
COTATACATOGTCACAAAACAGGAGCTTTAATTAGAGCTGCTGT
TCGTCTTGGTGCTTTATCAGCTGGAGACAAAGGTCGTCGTGCTTT
ACCAGTTTTAGACAAATACGCTGAAAGTATIGGTTTAGCTTTTCA
AGTTCAGGATGATATCTTAGATGTTGTAGGTGATACTGCTACTTT
AGGTAAACGTCAAGGTGCTGATCAACAGTTAGGCAAATCTACAT
ACCCAGCACTTTTAGGTTTAGAACAAGUTCGTAAAAAAGCAAGA
GACTTAATTGACGATGCTCGTCAAAGTCTTAAACAATTAGCAGA
ACAATCACTTGATACAAGTGCTTTAGAAGCATTAGCAGATTACA
TTATTCAACGTAATAAAGGTACCGGTGAAAATTTATATTTTCAA
GGTTCTGOTGGTGGAGGTTCAGACTATAAAGATGACGATGATAA
AGGAACCGGTTAATCTAGACTCGAG

FP?P (E. coli)

-200-



WO 2009/036067

PCT/US2008/075858

SEGQ
ID NO.

Codon-bizsed, Synthesized Gene Sequence w/Restriction Sites

Enzyme
{synthase}

encoded

CATATGGTACCAAGTGTTAGTTGTTIGTTGTAGAAATTTAGGAAA
AACTATCAAAAAAGCTATTCCAAGTCACCACTTACATTTACGTT
CTTTAGGTGGTAGTTTATATAGAAGACGTATTCAATCATCTITCAA
TGGAAACAGACTTAAAATCTACATICTTAAATGTTTATTCAGTTC
TTAAATCAGATTTATTACACGACCCATCATITGAATTTACAAATG
AAAGTCGTTTATGGGTAGATAGAATGCTTGATTATAATGTTCGT
GGCGOTAAACTTAATCGTGGTCTTTCTGTAGTAGACTCTTTCAAA
TTACTTAAACAAGGTAATGATTTAACTGAACAAGAAGTTTTCTT
ATCTTGTGCATTAGGTTGGTGTATTGAGTGGTTACAGGCTTACTT

TTTAGTTCTTGATGATATTATGOGATAATTCAGTTACACGTCGTGG

TCAACCTTGTTGGTTTCGTGTACCACAAGTTGGTATGGTAGCTAT
TAATGATGGCATTCTTCTTCGTAACCATATTCATCGTATTCTTAA
AAAACACTTCCGTGATAAACCATATTATGTAGATTTAGTTGACC
TTTTCAATGAAGTAGAGTTACAAACTUCATGTGGACAAATGATT
GATTTAATCACAACATTTGAAGGTGAAAAAGACTTAGCTAAATA
TAGTITATCAATTCACCGTCGTATTGTTCAATACAAAACTGCATA
TTACTCATTCTATTTACCAGTTGCATGTGCTCTTTTAATGGCTGG
CGAAAATTTAGAAAACCACATTGATGTTAAAAATGTATTAGTAG
ATATGOGGTATTTACTTTCAAGTTCAGGATGATTATTTAGACTGTT
TTGCTGATCCTGAAACATIAGGETAAAATTGGCACTGATATTGAG
GACTTTAAATGTICTTGGTTAGTTGTAAAAGCATTAGAACGTTGT
AGTGAAGAACAAACAAAAATTCTTTACGAAAACTATGGCAAAC
CTGATCCATCTAATOGTTGCTAAAGTAAAAGATTTATACAAAGAA
TTAGATTTAGAAGGOGTTTTCATGGAATATGAATCTAAATCATA
CGAGAAATTAACTGGTGCTATCGAAGGTCACCAATCTAAAGCAA
TTCAAGCTGTTCTTAAATCTTTCTTAGCAAAAATCTATAAACGTC
AAAAA.GGTACCGGTGAAAACTTATACTTTCAAGGTAG’TGGTGGC
GOTGGTAGTGATTATAAAGATGATCGATGATAAAGGAACCGGTTA
ATCTAGACTCGAG '

FPP (A.

thaliana)

CATATGGTACCAGCTGATCTTAAATCAACATTCTTAGATGTTTAT
TCAGTATTAAAAAGTOGATTTATTACAAGATCCATCTTTTGAATTT
ACACACGAAAGTCGTCAATGGTTAGAACGTATGTTAGATTATAA
TGTTCGTGGAGGCAAATTAAACAGAGOTTTAAGTGTAGTAGACA
GITACAAACTTITAAAACAAGGTCAAGACTTAACAGAAAAAGA

AACATTTTTATCTTGTGCTTTAGGTIGGTGTATTGAATGGTTACA
AGCATACTTICTTAGTTTTAGACGATATTATGGATAATTCTGTAAC
TAGACGTGGTCAACCATGTTGOTTTCGTAAACCAAAAGTAGGTA

FPP (A,

thaiiana)
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WO 2009/036007

POT/AIS2608/075858

SEQ
I NO.

Codon-biased, Synthesized Gene Sequence w/Restriction Sifes

Enzyme
(synthase)

encoded

TGATTGCTATTAATGATGGAATACTICTTCGTAACCACATTCATC
OGTATTCTTAAAAAACACTTTCGTGAAATGCCTTATTATGTAGACC
TTGTAGACTTATTTAACGAAGTAGAATTTCAAACAGCTTGTGGT
CAAATGATTGACTTAATTACAACATTTGATGGTGAAAAAGACCT
TTCAAAATATTCACTTCAGATTCACCGTCGTATTGTTGAGTACAA
AACAGCATACTACTCTTTCTATTTACCTGTAGCATGTGCTTITACT
TATGGCAGGTGAAAATTTAGAAAATCACACAGATGTTAAAACTG
TATTAGTTGATATGGGTATCTATTTCCAAGTTCAAGATGATTATT
TAGATTGCTTCGCTGATCCAGAAACATTAGGTAAAATTGGTACA
GATATTGAAGACTTTAAATGTAGTTGGTTAGTAGTAAAAGCATT
AGAACGTTGTAGTGAAGAACAAACAAAAATTCTTTACGAAAATT
ATGGAAAAGCTGAACCTTCAAATGTAGCTAAAGTTAAAGCATTA
TACAAAGAATTAGATTTAGAGGGTGCATTTATGGAATATGAAAA
AGAATCATACGAGAAACTTACAAAACTTATTGAAGCACATCAAT
CAAAAGCTATTCAAGCAGTICTTAAATCTTTCTTAGCTAAAATTT
ATAAACGTCAAAAAGGTACCGGTGAAAACTTATACTTTCAAGGC
TCTGGAGGTGGTGGTTCAGACTATAAAGATGATGATGATAAAGG
AACCOGGTTAATCTAGACTCGAG

CATATGGTACCAAGTGOGCGAACCTACTCCAAAAAAAATGAAAG
CAACATACOGTTCACCACCGTGAAAACTTTACAAAAGTATACGAA
ACTCTTCGTGACGAATTACTTAACGATGATTGTCTTAGTCCAGCT
GGTTCACCTCAGGCTCAAGCTGCTCAAGAGTGGTTTAAAGAAGT
TAATGATTATAATGTTCCTGGTGGAAAACTTAACCGTGGTATGG
CTGTATATGACGTTITAGCTTCAGTTAAAGGTCCAGATGGTTTAA
GTGAAGACGAAGTATTTAAAGUTAACGCTCTTGGTTGGTGTATT
GAGTGGTTACAAGCATTTTTCTTAGTTGCTGATGATATAATGGAT
GGTTCAATTACACGTCGTGGCCAACCTTGTTGGTACAAACAACC
TAAAGTTGGTATGATTGCTTGTAATCGATTACATCTTATTAGAATG
CTGTATTTACTCAATTCTTAAAAGACATTTTAGAGGTCACGCTGC
ATACGCTCAACTTATGCACCTTTTCCATGAAACTACATTCCAGAC
TTCACACGGTCAATTATTAGATTTAACAACAGCACCTATOGGTTC
TGTAGACTTATCAAAATATACAGAAGATAATTACCTTCGTATTG
TAACATATAAAACTGCATACTATTCTTTTTATITACCTGTAGCAT
GTGGTATGGTATTAGCTGGCATTACAGATCCAGCTGCTTITGATC
TIGCAAAAAATATTIGTGTTGAAATOGGUTCAATATTTCCAGATTC
AAGACGATTATTTAGATTGCTATGGTGACCCTGAGGTTATTGGET
AAAATCGGTACAGACATAGAAGACAACAAATGTAGTTGGTTAG

EPP (C. -

reinhardtii}

-202-



WO 2009036067 PCT/US2008/075858
Enzyme
SEQ {synthase)
ID NO. Codon-biased, Synthesized Gene Sequence w/Restriction Sites encoded

TTTGCACAGCTCTTAAAATCGCAACAGAAGAACAAAAAGAGUTT
ATAAAAGCTAATTATGGTCACAAAGAGGCTGAATCAGTAGCAG
CAATTAAAGCATTATACGTTGAATTAGGTATTGAACAACGTTTT
AAAGACTATGAAGCTGCATCATACGCAAAATTAGAAGGTACAA
TTAGTGAACAAACTTTATTACCTAAAGCAGTATTTACTTCTTTAT
TAGCTAAAATCTATAAAAGAAAAAAAGGTACCGGTGAGAACTT
ATACTTTCAAGGTAGTGGAGGTGGTGGTTCAGACTATAAAGATG
ATGATGATAAAGGAACCGGTTAATCTAGACTCGAG

CATATGGTACCAGTAACAGCAGCACGTGCAACACCAAAATTAA
GTAATAGAAAATTACGTGTTGCTGTAATTGGAGGCGGTCCAGCA
GGAGCGTGCAGCTGCTCGAAACATTAGCACAAGGAGGTATTGAAA
CAATTCTTATCGAACGTAAAATGGATAATTGTAAACCATGTGGT
GOUTGCTATTCCATTATGTATGGTAGGAGAGTTCAATTTACCTTTIA
GACATTATTGACCGTCGTGTAACAAAAATGAAAATGATCTCTCC
TTCAAACATTGCAGTTGATATCGGTCGTACACTTAAAGAACACG
AATATATTGGTATGGTTCGTCGTOAGGTACTTGATGCTTATCITC
GTOAACGTGCAGAAAAATCAGGTGCTACTGTTATTAACGGTTTA
TICTTAAAAATGGATCACCCAGAAAATTGGGATTCACCATATAC
ACTTCACTACACAGAGTATGATGGAAAAACAGGTGCTACAGGA
ACTAAAAAAACTATGGAAGTAGATGCTGTTATTGGTGCTGATGG
TGCTAATTCTCGTGTTGCAAAAAGTATTGACGCAGGTGATTATG
ATTATGCTATTGCATTTCAAGAACGTATTCGTATACCTGATGAGA
AAATGACTTATTATGAGGACTTAGCTGAGATGTATGTAGGTGAT
GATGTATCACCAGACTTCTACGGTTGGGTATTCCCAAAATGTGA
TCATGTAGCTGTTGGTACAGGTACTGTAACACATAAAGGTGATA
TCAAAAAATTCCAGTTAGCTACACGTAATCGTGCTAAAGATAAA
ATTCTTGGTGGCAAAATAATCOGTGTAGAGGCTCATCCTATTCC
AGAGCATCCTAGACCACGTCGTTTATCAAAACGTGTTGCATTAG
TAGGCGACGCAGCAGGTITACGTTACTAAATGTTCAGGAGAAGG
AATTTACTTCGCAGCTAAATCTGGTCGTATGTGTGCTGAAGCTAT
CGTTGAAGGTTCACAAAATGGCAAAAAAATGATAGATGAAGGC
GATTTAAGAAAATACTTAGAAAAATGGGATAAAACTTACTTACC
AACTTATCGTGTITTAGATGTACTTCAAAAAGTTTTCTATCGTTC
TAACCCAGCTCGTGAGGCTTTTGTTGAAATGTGTAACGATGAGT
ATGTACAGAAAATGACATITGATTCTTACCTITATAAACGTGTA
GCTCCTGGTAGTCCATTAGAAGATATCAAATTAGCTGTAAATAC

Geranylgeranyl
reductase (A.

thaliana}

TATTGGTTCACTTGTTCGTGCTAACGCATTACGTCGTGAAATTGA

-203-



WO 2009/036067

PCTUS2008/075858

SEQ
ID NO.

Codon-biased, Synthesized Gene Sequence w/Restriction Sites

Enzyme
(synthase)

encoded

GAAATTATCAGTAGGTACCGGTGAGAATCTTTACTTTCAAGGAT
CAGGTGGTGGTGGTTCTGATTATAAAGATGACGATGATAAAGGA
ACCGGTTAATCTAGACTCGAG

CATATGGTACCAGTAGCTGTTATIGGTGGTGGTCCAAGTGGCGC
TTGTGCAGCAGAAACTTTAGCAAAAGGTGGTGTAGAAACTTTCT
TACTTGAGCGTAAATTAGATAATTGTAAACCTTGTGGAGGTGCA
ATTCCATTATGTATGGTTGAAGAATTTGATTTACCAATGGAAAT
AATTGACCGTCGTGTTACTAAAATGAAAATGATATCACCTTCAA
ACCGTGAAGTTIGATGTTGGAAAAACTTTATCAGAAACTGAATGG
ATCGGTATGTGTCGTCGTGAAGTATTTGACGATTACTTAAGAAA
CCGTGCACAGAAATTAGGTGCTAATATIGTTAACGGTITATTCAT
GCGTTCAGAACAACAATCTGCAGAGGGTCCATTCACAATTCACT
ATAATTCTTATGAAGACGGTAGTAAAATGGGAAAACCTGCTACT

| TTAGAAGTTGATATGATAATTGGTGCAGATGGAGCAAATTCTCG

TATTGCAAAAGAGATAGATGCAGGTGAATACGACTACGCTATAG
CTTTFCAAGAACGTATTCGTATTCCTGATGATAAAATGAAATATT
ACGAAAACCTTGCTGAAATGTATGTAGGTGATGACGTATCTCCT
GATTTCTATGGTTGGGTTTTTCCTAAATATGATCACGTTGCTGTT
GGTACAGGTACTGTTGTAAACAAAACAGCTATTAAACAATATCA
ACAGGCAACACGTGACAGATCAAAAGTTAAAACAGAAGGTGEC
AAAATTATACGTGTTGAAGCACACCCAATTCCAGAACATCCACG
TCCACGTCGTTGTAAAGOGTCGTOTTGCATTAGTAGGCGACGCAG
CTGGTTATGTTACAAAATGTTCTGGCGAGGGCATITACTTTGCTG
CTAAATCTGGTAGAATGGCTGCTGAAGCTATTGTAGAAGGTTCT
GCTAACGGTACAAAAATGTGTGGTGAGGATGCAATTCGTGTTTA
TTTAGATAAATGGUATCGTAAATATTGGACAACATACAAAGTAT
TAGACATTTTACAAAAAGTATTTTATCGTAGTAATCCAGCACGT
GAAGCATTTGTTGAATTATGTGAAGATAGTTATGTACAGAAAAT
GACATTTGATTCATACTTATATAAAACTGTTGTTCCAGGAAACCC
ATTAGACGACGTAAAATTACTTGTTCGTACAGTATCTTICTATTTT
ACGTTCAAATGCTTTACGTTCTGTTAATTCTAAATCTGTAAATGT
TTCTTTCGGCTCTAAAGCAAATCGAGGAACGTGTTATGGCTGCAG
GTACCGGTGAAAATCITTATTTTCAAGGTICAGGAGGTGGTGGT
TCAGATTATAAAGATCGATGATGACAAAGGAACCGGTTAATCTAG
ACTCGAG

Geranylgeranyi
reductase {C.

reinhardtii)

CATATGGTACCAGCAATGGCAGTACCATTAGATGTAGTAATTAC
ATATCCTTCTTCAGGTGCTGCTGCTTATCCAGTACTTGTTATGTA

Chlorophyllido-
hydrolase (C.
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WO 2009/036067

PCTE/IS2008/075858

Enzvme
SEQ (synthase)
1D NO. Codon-biased, Synthesized Gene Sequence w/Restriction Sites encoded
TAACGGTTTCCAAGCTAAAGCTCCATGGTATCGTGGTATTGTAG | reinhardiii)

ATCATGTTTCTAGTTGGGGTTACACAGTTGTTCAATATACAAATG
GTGGCTTATTTCCTATTGTTGTAGATCGTGTTGAGTTAACTTATT
TAGAGCCATTATTAACTTGGTTAGAAACACAAAGTGCTGATGCT
AAATCTCCTTTATACGGTCGTGCAGATGTTTCTOGTTTAGGTACA
ATGGGTCATTCACGTGGTGGTAAATTAGCAGCTTTACAATTTGCT
GGACGTACAGATGTAAGTGGTTGTGTATTATTTGACCCTGTAGA
TGGAAGTCCAATGACACCAGAATCTGCTGATTATCCTTCAGCTA
CAAAAGCATTAGCAGCAGCTGOTCGTTCTGCTGGUTTAGTAGGT
GCAGCTATTACAGGTTCATGTAATCCAGTAGGTCAAAATTACCC
AAAATTCTGGGGTGCTTTAGCTCCTGGTTCTTGGCAAATGGTATT
ATCACAAGUTGGTCACATGCAATTTGCTCGTACTGGTAATCCATT
CTTAGATTGGTCATTAGACCGTTTATGTGGTCGTGGTACAATGAT
GAGTTCAGATGTTATTACATATAGTGCAGCATTTACTGTTGCTTG
GTTTGAAGGTATTTTTCOTCCTGCTCAAAGTCAAATGGGTATTTC
TAATTTCAAAACTTGGGCTAATACTCAAGTTGCAGCTCGTAGTA
TCACTTTTGATATTAAACCTATGCAATCTCCTCAGGGTACCGGTG
AAAACCTTTACTTTCAAGGTAGTGGTGGTGGAGGAAGTGATTAT
AAAGATGATGATCGACAAAGGAACCGGTTAATCTAGACTCGAG

CATATGGTACCAGCACCACCAAAACCAGTTOGTATAACTTGTCC
AACAGTAGUTGGCACTTATCCTGTTGTTTTATTCTTTCACGGTTT
TTATCTTCGTAACTATTICTATTCAGATGTTI TAAATCATATTGCT
AGTCATGGTTACATCTTAGTTGCACCACAATTATGTAAACTTTTA
CCTCCAGGTGGCCAAGTAGAAGTTGATGACGUTGGTTCAGTTAT
TAACTGGGCTTCAGAGAATCTTAAAGCACACCTTCCAACTTCTG
TTAATGCTAATGGTAAATATACATCTTTAGTTGGACATTCACGTG
GTGGCAAAACAGCTTTCGCAGTTGCATTAGGTCACGCAGCTACA
TTAGATCCATCAATTACATITTCAGCATTAATTGGTATTGATCCA
GTAGCAGGAACTAACAAATACATTCGTACAGATCCACACATCTT
AACTTATAAACCTGAATCATTTGAATTAGATATTCCTGTAGCTGT
TOTAGGCACTGGTCTTIGGTCCAAAATGGAATAACGTAATGCCTC
CATGCGCACCTACAGATTTAAACCACGAAGAATTTTACAAAGAA
TCTAAAGCTACTAAAGCTCACTTTIGTTGCTGCTGATTATGGTCAC
ATGGACATGTTAGACGACGATCTTCCAGGTTTEGTAGGCTTCAT
GGCTGOGTTGTATGTGTAAAAATGOTCAACGTAAAAAATCAGAAA
TGCGTTCTTTTGTAGGTGGTATAGTTGTAGCATTCTTAAAATATT
CTTTATGGGGTGAAAAAGCTGAAATAAGATTAATTGTTAAAGAT

Chilorophyllido-
hydrolase (A,

thaliana)
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WO 2609/036067

PCT/US2008/075858

SEQ
ID NO.

Codon-biased, Synthesized Gene Sequence w/Restriction Sites

Enzyme
{synthase)

encoded

CCTAGTGTATCTCCTGUTAAATTAGACCCATCACCAGAATTAGA
AGAAGCATCAGGTATTTTTGTTGGTACCGGTGAAAATCTTTATTT
TCAAGGTTCAGGTGGAGGTGGTTCTGATTATAAAGATGATGATG
ACAAAGGAACCGGTTAATC'"?AGACTCGAG

CATATGOTACCAGCTACACCAGTTGAAGAAGGTGATTATCCAGT
TOGTAATGTTATTACATGGCTACCTTTTATATAATTCATTTTATTCA
CAATTAATGTTACATGTATCATCTCACGGTTTCATCTTAATTGCT
CCACAATTATACTCAATTGCTGGTCCTGATACTATGGATGAAATT
AAAAGTACTGCTGAGATTATGGACTGGTTATCAGTIGGTTTAAA
TCACTTTTTACCAGCTCAAGTTACACCTAATTTATCTAAATTTGC
ATTATCTGGTCATAGTCGTGGTGGTAAAACTGCTTTTGCTGYAGC
ATTAAAAAAATTTGGTTATTCTTCAAACTTAAAAATTAGTACTTT
AATTGGTATTGATCCAGTAGACGGAACAGGTAAAGGTAAACAA
ACTCCACCTCCTGITTTAGCATATTTACCTAATAGTTTITGACTTA
GACAAAACACCAATTTTAGTAATTGOGTTCAGGTTTAGGTGAAAC
TGCACGTAATCCTTTATTTCCTCCATGTGCTCCTCCAGGTGTTAA
CCACCGTGAGTTTTTCCGTGAATGTCAAGGTCCAGCATGGCACT
TTGTTGCTAAAGATTATGGTCATTTAGACATGCTTGATGATGATA
CAAAAGOTATTCOTCGGCAAATCTAGTTACTGTTTATGCAAAAAT
GGTGAAGAACGTOGTCCAATGCGTCGTTTCGTTGGTGGTTITAGTT
GTTAGTTTTCTTAAAGCATATCTTGAAGGTGATGATCGTGAATTA
GTAAAAATCAAAGATGOTIGTCATGAAGATGTACCTGTTGAAAT
TCAAGAATTTGAAGTAATTATGGGTACCGGTGAAAATCTTTACT
TTCAAGGTTCAGGCGGTOGGAGGTTCAGATTATAAAGATGATGAT
GACAAAGGAACCOGGTTAATCTAGACTOGAG

Chiorophyliido-
hydrolase (A.

thaliana)

CATATGGTACCAGCTGCTGCTGCACCTGCTGAGACAATGAATAA
ATCTGCAGCTGGCGCTGAAGTACCAGAGGCTTTCACATCAGTTT
TTCAACCAGGTAAATTAGCAGTTGAAGCAATTCAAGTAGATGAA
AATGCAGCTCCTACTCCACCTATTCCTGTTITTAATAGTTGCTCCA
AAAGATGCTGGTACATATCCAGTTGCTATGTTATTACACGGATTT
TTCTTACATAATCACTTITTATGAACACTTATTACGTCACGTTGCA
TCTCA"E‘GGC—TTTATCATFC%TTGCTCCACAATTTTC-TATTAGTATTA
TTCCATCAGGAGATGCTGAAGACATCGCTGCTGUTGCAAAAGTA
GCAGATTGGTTACCTGACGOATTACCAAGTGTTTTACCAAAAGG
TGTTGAACCAGAGTTATCAAAACTTGCTTTAGCTGGACACAGTC
GTGGTGGTCACACAGCTTITTCTTTAGCTTTAGGTCACGCTAAAA
CACAATTAACTTTCAGTGCATTAATTGGTTTAGATCCTGTTGCTG

Chiorophyliidoe-
biydrolase (7.

Aestivum)
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WO 2069/036067

PCTE/US2068/075858

SEQ
I NO,

Codon-biased, Synthesized Gene Seguence w/Restriction Sites

Enzyme
(synthase)

encoded

GAACAGGTAAATCATCTCAATTACAACCAAAAATTCTTACTTAT
GAGCCAAGTTCATTTGGTATGGCTATGCCAGTTTTAGTTATTGGT
ACAGGTTTAGGAGAAGAAAAAAAAAACATTTTCTTTCCTCCATG
TGCTCCTAAAGACGTAAACCATGCAGAATTTTATCGTGAATGTA
GACCACCATGTTACTATTTITGTAACTAAAGATTATGGCCATCTTG
ATATGTTAGATGATGACGCTCCAAAATTTATCACATGTGTTTGTA
AAGACGGTAATGGATGTAAAGGAAAAATGCGTCUTTGTGTAGCT
GGCATCATGGTTGCTTTCTTAAACGCTGCTTTAGGTGAAAAAGA
CGCAGATTTAGAAGCTATTTTACGTGATCCAGCAGTTGCTCCTAC
AACATTAGACCCAGTTGAACACCGTGTTGCTGGTACCGGTGAGA
ATTTATACTTCCAGGGATCTGGTGGTGGTGGCAGTGATTATAAA
GATGATGATGATAAAGGAACCGGTTAATCTAGACTCGAG

CATATGGTACCAAGTCACAAAAAAAAAAACGTAATCTTCTTCGT
AACTGATGGTATGGGTCCTGCTTCTCTTICAATGGCTCGTTCATT
TAATCAACACOGTTAATGATTTACCAATTGATGATATTTITAACATT
AGATGAACATTTTATTIGGAAGTTCAAGAACACGTTCATCAGATT
CACTTGTAACTGACTCAGCTGCTGGAGCTACAGCTTTITGCTTGTG
CACTTAAATCATACAATGGTGCTATAGGTGTAGATCCACACCAT
COTCCATGTGGAACTCTTTTAGAAGCTGCTAAATTAGCAGGTTA
TTTAACAGOATTAGTAGTTACTACACGTATTACTGATGCTACACC
AGCTAGTTTCTCAAGTCACGTAGATTATCGTTGGCAAGAAGATT
TAATTGCAACACACCAATTAGGTGAATATCCTTTAGGACGTGTT
OTTGATCTTCTTATGGGTGGTGGTCGTTCTCACTTTTATCCTCAA
GGTGAAAAAGCTAGTCCATACGGTCACCACGGTGCACGTAAAG
ATGGTCGTGATTTAATCGATGAAGCTCAAAGTAATGGCTGGCAG
TATGTAGCGAGATCGTAAAAATTTTGATTCTTTACTTAAATCACAT
GGTGAAAATGTTACTTTACCATTTTTAGGTTTATTTGCTGACAAC
GATATCCCATITGAAATTGATCGTGATGAAAAAGAATATCCTAG
TTTAAAAGAACAAGTAAAAGTAGCATTAGGTGCTTTA(}AAAAA
GCAAGTAACGAAGATAAAGATAGTAATGGTTTCTTTTTAATGGT
AGAAGGTTCTCGTATTGATCATGCTGGCCATCAAAACGATCCTG
CATCTCAAGTACGTGAAGTATTAGCATTTGATGAGGCTTTTCAAT
ATGTATTAGAATTTGCAGAAAACAGTGATACAGAAACAGTATTA
GTAAGTACATCAGATCATGAAACAGGTGGTTTAGTITACTTCAAG
ACAAGTAACAGCATCATACCCACAATA’FGTATCK}TATCCTCAAG'
TATTAGCTAACGCTACACATAGTGGAGAGTTTCTTAAACGTAAA
TTAGTTGATTTCGTTCATGAACACAAAGGCGCATCATCAAAAAT

Phosphatase (5.

cerevisiae)
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WO 2009/636067

PCT/USZH08/075858

SEQ
iD NO.

Codon-biased, Synthesized Gene Sequence w/Restriction Sites

Enzyme
{synthase)

encoded

AGAAAACTTCATAAAACACGAAATTCTTGAAAAAGATTTAGGTA
TTTATGATTATACAGATTCTGACTTAGAAACACTTATTCATTTAG
ATGATAACGCTAATGCAATTCAAGATAAACTTAATGATATGGTA
AGTTTTAGAGCTCAAATTGGTTGGACAACACATGGTCATTCAGC
AGTTGATGTAAACATATATGCTTACGCAAACAAAAAAGCTACAT
GGTCTTATGTTCTTAATAACTTACAAGGTAATCACGAAAACACA
GAAGTTGGTCAATTCTTAGAGAATTTCTTAGAATTAAACTTAAA
TGAAGTTACTGATTTAATCCGTGATACAAAACATACTTCTGATTT
TGACGCAACAGAAATAGCAAGTGAGGTTCAACACTATGATGAA
TATTACCACGAATTAACAAATGGTACCGGTGAAAATCTTTATTTT
CAAGGTTCTGGTGGAGGTGGCAGTGATTATAAAGATGATGATGA
CAAAGGAACCGUTTAATCTAGACTCGAG

CATATGGTACCAGCTTTATACGACATTATTAACTATTTCTACGGT
TCAAACTCTAAATTCAACCGTATTACATGGGGTTTTAAATCACC
AACTTTCATCAAATGGAGAATTACTGATTTCATTTTAATCATCGT
TTTAATTGTTCTTTTCTTCGTAACTTCTCAAGCAGAGCCATTCCA
TCGTCAATTITATCTTAACGACATGACTATCCAACATCCTTTTGC
AGAACATGAACGTCGTAACTAATATTCAACTTGGTITATATTCAA
CAGTAATTCCTTTATCAGTTATTATCATTGTTGCTITAATTAGTA
CATGTCCACCTAAATACAAATTATACAACACTTGGGTTTCAAGT
ATTGGTTTACTTITATCAGTTTTAATCACATCTTTTGTTACAAAC
ATCGTTAAAAACTGOTTTGGACGTTTACGTCCTGACTTCTTAGAT
COTTGCCAACCAGCTAACGATACACCTAAAGATAAATTAGTTTC
TATTGAGGTTTGTACTACAGACAATTTAGACCGTTTAGCTGACG
GITTTCGTACAACACCTTCTGGTCATTCTTCAATCTCATTTGCTG
GITTTATTCTATTTAACATTATTTCTTTITAGGTCAATCTCAGGCAA
ATAATGGTAAAACATCTTCATGGCGTACAATGATCAGTTTITATA
CCTTGGTTAATGGCTTGTITATATCGCTTITAAGTCGTACACAAGAC
TACCGTCATCATTTICATTGACGTATTTGTTGGTAGTTGCTTAGGC
TTAATTATCGCAATTTGGCAATACTTICCGTTTATTCCCTTGETTC
GGTGGTAACCAAGCAAATGATTCATTTAACAACCGTATTATGAT
TGAAGAGATTAAACGTAAAGAGGAAATTAAACAAGATGAAAAT
AACTACCGTCGTATTTCTGATATTTCTACTAATGTAGGTACCGGT
GAAAACCTTTACTTTCAAGGTTCAGGTGGCGGCGGTTCAGATTA
TAAAGATGATGACGACAAAGGAACCGGTTAATCTAGACTCGAG

Phosphatase {(C.

albicans)
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(60263} Technical and scientific terms used herein have the meanings commonly understood
by onte of ordinary skill in the art to which the mstant invention pertains, uniess otherwise defined.
Reference is made herein to various materials and methodologies known to those of skill in the art.
Standard reference works setting forth the general principles of recombinant DNA technology
inchude Sambrook et al., "Molecular Cloning: A Laboratory Manual", 2d ed., Cold Spring Harbor
Laboratory Press, Plainview, N.Y , 1989; Kaufman et al., eds., "Handbook of Molecular and
Cellular Methods in Biology and Medicine", CRC Press, Boca Raton, 1995; and M'cPherson, ed.,
"Directed Mutagenesis: A Practical Approach”, IRL Press, Oxford, 1991, Standard reference
literature teaching general methodologies and principles of yeast genetics useful for selected
aspects of the invention include: Sherman et al. "Laboratory Course Manual Methods in Yeast
Genetics", Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y ., 1986 and Guthrie et al.,
"Guide to Yeast Genetics and Molecular Biology”, Academic, New York, 1991,

[002564] Where a range of values is provided, it is understood that cach intervening value,
between the upper and lower limits of that range 15 also specifically disclosed. Each smaller range
between any stated value or intervening value in a stated range and any other stated or intervening
value in that stated range 15 encompassed. The upper and lower limits of these smalier ranges can
independently be included or excluded in the range, and each range where either, neither or both
imits are included in the smaller ranges is also encompassed, subject to any specifically excluded

limit in the stated range. Where the stated range includes one or both of the limits, ranges
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What is claimed is:

1. An isolated vector comprising: {a) a first nucleic acid encoding one or more mevalonate (MVA)
pathway or non-mevalonate (MEP) polypeptides; (b) a second nucleic acid encoding one or more
enzymes selected from the group consisting of

limonene synthase, cineole synthase, pinene synthase, camphene synthase, sabinene synthase,
myrcene synthase, abietadiene synthase, taxadiene synthase, bisabolene synthase, diapophytoene
desaturase, diapophytoene synthase, monoterpene synthase, terpinolene synthase, zingiberene
synthase, ocimene synthase, sesquiterpene synthase, curcumene synthase, farnesene synthase, p-
caryophyllene synthase, germacrene A synthase, 8-epicedrol synthase, valencene synthase, (+)-6-
cadinene synthase, germacrene C synthase, (E)-B-farnesene synthase, casbene synthase, vetispiraéiene
synthase, 5-epi-aristoiochene synthase, aristolochene synthase, o-humulene synthase, (E,E)-o-
farnesene synthase, (- )-B-pinene synthase, y-terpinene synthase, limonene cyclase, linalool synthase,
levopimaradiene synthase, isopimaradiene synthase, (E)-y-bisabolene synthase, copalyl
pyrophosphate synthase, kaurene synthase, longifolene synthase, y-humulene synthase, d-selinene
synthase, §- phellandrene synthase, {+)-3-carene synthase, a-terpineol synthase, syn-pimara-7,15-
diene synthase, ent-sandaaracopimaradiene synthase, sterner- 13 -ene synthase, S-linalool synthase,
geraniol synthase, gamma-terpinene synthase, E-f-ocimene synthase, epi-cedrol synthase, a-
zingiberene synthase, guaiadiene synthase, cascarilladiene synthase, cis-muuroladiene synthase,
aphidicolan-16b-ol synthase, elizabethatriene synthase, sandalol synthase, patchoulol synthase, cedrol
synthase, copalol synthase, and manool synthase; and (¢} a promoter configured for expression of said
first or second nu.cieic'ézcid in a chioroplast of a non- vascular, photosynthetic organism, wherein the

vector does not comprise the entire genome of a chloroplast.

2. The vector of claim 1, wherain insertion of said vector into a chloroplast genome does not disrupt

photosynthetic capability of said chloroplast.

3. The vector of ¢laim 1, further comprising a nucleic acid seguence which facilitates homologous

recombination with a chloroplast genome.
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4. The vector of claim 1, wherein said vector further comprises a selectable marker.

5. The vector of claim 1, wherein the nucleic acid encoding said enzyrae is codon biased for said

chloroplast.
&, The vecior of ¢claim 5, wherein said chlorvoplast is from a microalga.

7. The vector of claim 6, wherein said microalga is Chlamydomonas reinhardtii, Dunaliella salina,
Haematococcus pluvialis pluvalis, Scenedesmus dimorphus, Dunaliella viridis, or Dunaliella

fertiolecta.

8. The vector of ¢laim 1, comprising any of the sequences in Table 5 or a sequence having af least

80%, identity thereto.
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9. A host cell comprising the vector of claim 1.
10. The host cell of claim 9, wherein said host cell is a homoplasmic for said nucleic acid.

11. The host cell of claim 9, wherein said host cell is selected from the group consisting of:
cyanophyta, prochlorophyta, thodophyta, chlorophvta; heterokontophyta, tribophyta, glaucophyta,
chlorarachniophytes, cuglenophyta, euglenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads,
dinophyta, dinoflagellata, pyrmnesiophyta, bacillariophyta, xanthophyta, eustigmatophyta,

raphidophyta, phaeophyta, and phytoplankion.
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12. The host cell of claim 9, wherein said host cell is Chlamydomonas reinhardtii, Dunaliella salina,
Haematococcus pluvialis pluvalis, Scenedesmus dimorphus, Dunaliella viridis, or Dunaliclla

tertiolecta.

13. The host cell of claim 9, wherein chilorophyll levels are sufficient for said host cell fellowing

transformation {0 be photoautotrophic.

14. The host cell of claim 9, wherein said host cell produces at least one naturally occurring

isoprencid at levels greater than & wild-type strain of the same organism.
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15. A genetically modified chioroplast comprising the vector of claim 1.
16, A non-vascular, photosynthetic organism comprising the chloroplast of claim 15.

17. A method of producing an isoprenoid comprising: (a) transforming & chloroplast of a nonvascular,
photosynthetic organism with the vector of claim 1, and; (b) collecting at least one isoprenoid

produced by sald transformed organism.

1 8. The method of claim 17, further comprising growing said organism in an agueocus environment,

wherein CO, is supplied to said organism.
19, The methed of claim 18, wherein said CO; is at least partially derived from a burned fossil fuel.
20. The method of claim 18, wherein said CO; is at least partially derived from flue gas.

21, The methed of clainy 17, wherein said collecting step comprises one or more of the following
steps: (a) harvesting said transformed organism; (b) harvesting said isoprenoid from a cell medium;

{c} mechanically disrapting said organism; or () chemically disrupting said orgamsm,

22. The method of clamm 17, wherein said organism is a microalga.
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23. The method of claim 20, wherein said microalga is Chlamydomonas reinhardtil, Dunaliella salina,
Haematococeus pluvialis pluvalis, Scenedesmus dimorphus, Dunaliella viridis, or Desmarestia

tertiolecta.
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24, A method for preparing an isoprenoid comprising: {a) transforming an organism with the vector of

claim 1, wherein said organism is grown in a high-saline environment; and (b} collecting said isoprenoid.
25. The method of claim 24, wherein said organism is a non- vasoular photosynthetic organisn.

26, The method of claim 23, wherein said non-vascular, photosynthetic organism is Dunaliella salina,
Dunaliella viridis, or Dunaliella tertiolecta.

27. The method of claim 24, wherein said ransforming step is & chloroplast iransformation.

28. The method of claim 24, wherein said collecting step comprises one or more of the following steps: (a}

harvesting said transformed organism; (b) harvesting said isoprenoid from a cell medium; {¢) mechanically
disrupting said organism; or (d} chemicaily disrupting said organism.

29. The method of claim 24, wherein said high-saline environment comprises 0.5-4.0 molar sodium
chloride.



