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MOLECULE PRODUCTION BY PHOTOSYNTHETIC ORGANISMS 

[0001] 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 l l, 2007), and 61/130,892 

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

INCORPORATION BY REFERENCE 

[0002] All publ.ications and patent applications mentioned in this specification arc herein 

incorporated by reference to the same extent as if each individual publication or patent application 

was specifically and individually indicated to be incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0003] Fuel products, such as oil, petrochemicals, and other substances useful for the production of 

petrochemicals are increasingly 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 miliions of years. 

There is also a growing desire to lessen dependence on imported crude oil. Publ.ic 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 

[0004] The present disclosure relates to compositions and methods for creating products, such as 

isoprenoids, which can be used for multiple purposes (e.g., fuel. fuel feedstocks, fragrances and 

insecticid.cs ), 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. 

[0005] In some instances, 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 limited to, thiolase, HMG-CoA synthase, HMG-CoA reductase, mevalonate kinase, 

phosphemevalonate kinase, or mevalonate-5-pyrophosphate deearboxylase. In other embodiments, 

the nucleotide sequence encodes a polypeptide in the non-mevalonate pathway (MEP pathway). 

The polypeptide may be DOXP syntbase, DOXP rcductase, 4-diphosphocytidyl-2-C-mcthyl-D­

erythritol synthase, 4-diphophocytidyl-2-C-methyl-D-erythritol kinase, 2-C-methyl-D-erythritol 
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2,4,-cyclodiphosphate synthase, HMB-PP synthase, HMB-PP rcductase, and DOXP 
reducto isom erase. 

[OOOSa] In a first aspect, there is provided an isolated vector comprising: (a) a first nucleic 
acid encoding one or more mevalonate (MV A) 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, famesene synthase, P­
caryophyllene synthase, germacrene A synthase, 8-epicedrol synthase, valencene synthase, (+)-o­
cadinene synthase, gennacrene C synthase, (E)-~-farnesene synthase, casbene synthase, 
vetispiradiene synthase, 5-epi-aristolochene synthase, aristolochene synthase, a-humulene 
synthase, (E,E)-a-famesene synthase, (- )-~-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, o-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, garmna-terpinene synthase, E-~-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 (c) a promoter configured for expression of said first or second nucleic acid in a chloroplast 
of a non- vascular, photosyntl1etic organisn1, "Vlrherein the vector does not comprise the entll-e 
genome of a chloroplast. 

[0006] One embodiment of the present disclosure provides a vector comprising a nucleic acid encoding 
an enzyme that produces an Lsoprenoid with two phosphates and a promoter configured for 
expression of the nucleic acid in a chloroplast ofa non-vascular, photosynthetic organism (NVPO) 
and does not comprise the entire genome of a chloroplast. In practice, insertion of the vector into a 
chloroplast genome may not disrupt photosynthetic capability 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 some instances, an isoprenoid 
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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 a 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 desatnrase, diapophytoene synthase, 

GPP synthase, IPP isomerase, monoterpene synthase, terpinolene synthase, zingibercne synthase, 

ocimene synthase, sesquiterpene synthase, curcumene synthase, farnesene synthase, geranylgeranyl 

reductase, chlorophyllidohydrolase, ~-caryophyllene synthase, germacrene A synthase, 8-epicedrol 

synthase, valencene synthase, (+)-8-cadinene synthase, germacrcne C synthase, (E)-P-famesene 

synthase, casbenc synthase, vetispiradiene synthase, 5-epi-aristolochenc synthase, aristolchene 

synthase, o.-humulene, (E,E)-o.-famesene synthase, (- )-P-pinene synthase, y-terpinene synthase, 

limonene cyclase, linalool synthase, (+)-bomyl diphosphate synthase, levopimaradiene synthase, 

isopimaradiene synthase, (E)-y-bisabolene synthase, copalyl pyrophosphate synthase, kaurene 

synthase, longifolenc synthase, y-humulene synthase, 8-selinene synthase, ~- phellandrene 

synthase, terpinolene synthase, (+)-3-carene synthase, syn-copalyl diphosphate synthase, a­

terpineol synthase, syn-pimara-7, 15-diene synthase, ent-sandaaracopimaradiene synthase, stemer-

13 -ene synthase, E-µ-ocimene, S-linalool synthase, geraniol synthase, gamma-terpinene synthase, 

linalool synthase, E,-~-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, 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 

microalga. In some embodiments, the algal species is C. reinhardtii, D. salina, H. pluvalis, S. 
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dimorphus, D. viridis, or D. tertiolecta. A nucleic nucleic acid encoding an enzyme may be biased 
for a nonvascular photosynthetic microorganism nuclear and/or chloroplast expression. Sequences 
encoding the enzymes useful in the present disclosure may be any of fue sequences specifically 
disclosed herein (e.g .. the sequences in Tables 5-8), or sequences with 60, 65, 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, 85, 90, 95 or higher identity thereto. 

[0007] Another vector disclosed herein comprises a nucleic acid encoding an enzyme that 
produces an isoprenoid 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 or 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 oomprise a nucleic acid encoding a second enzyme which modifies an 
isoprenoid with two phosphates and a nucleic 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, taxadiene synthase, FPP synthase, bisabolene 
s)rnthase, diapophyrtoene desaturase 1 diapophyioene synthase~ OPP synthase\ IPP isomerase~ 
monoterpene synthase, terpinolene synthase, zingiberene synthase, ocimene synthase, 
sesquiterpene synthase, curcumene synthase, farnesene synthase, geranylgeranyl reducta.se, 

chlorophyllidohydrolase, ~-caryophyllene synthase, germacrene A synthase, 8-epicedrol synthase, 
valencene synthase, (+)-8-cadinene synthase, germacrene C synthase, (E)-0-famesene synthase, 
casbene synthase, vetispiradiene synthase, 5-epi-aristolochene synthase, aristolchene synthase, a.­

humulene, (E,E)-a,-famesene synthase, (- )-0-pinene synthase, y-terpinene synthase, limonene 
cyclase, linalool synthase, ( + )-bomyl diphosphate synthase, levopimaradiene synthase. 
isopimaradiene synthase, (E)-y-bisabolene synthase, copalyl pyrophosphate synthase, kaurene 

synthase, longifolene synthase, y-humulene synthase, 8-selinene synthase, 0- phellandrene 

synthase, terpinolene synthase, (+)-3-carene synthase, syn-copalyl diphosphate synthase, a.­
terpineol synthase, syn-pimara-7,15-diene synthase, ent-sandaaracopimaradiene synthase, stemer-
13 -ene synthase, E-~-ocimene, S-linalool synthase, geraniol synthase, gamrna-terpinene synthase, 
linalool synthase, E-~-ocimcne synthase, epi-cedrol synthase, a-zingibercne synthase, guaiadicne 
synthase, cascarilladicne synthase, cis-muuroladiene synthase, aphidicolan-16b-ol synthase, 

,3_ 



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. salina, H. pluvalis, S. dimorphus, D. viridis, or D. tertiolecta. 

Sequences encoding the enzymes useful in the present disclosure may be any of the sequences 

specificali.y discl.osed herein (e.g., the sequences in Table 5-8), or sequences with 60 .. 65, 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, 85, 90, 95 or higher identity thereto. 

[0008] The present disclosure also provides a host cell comprising; l) a vector comprising a 

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) a vector comprising a nucleic acid encoding an enzyme 

that produces an isoprenoid with two phosphates and a nucleic acid encoding a chloroplast 

targeting molecule for targeting an enzyme to a chloroplast. The host cell may be homoplasmic for 

one or more of the nucleic acids present on a vector. Some examples of the host cells 

contemplated herein include cyanophyta, prochlorophyta, rhod.ophyta, chlorophyta, 

heterokontophyta, tribophyta. glaucophyta, chlorarachniophytes, euglenophyta, euglenoids, 

haptophyta, chrysopbyta, cryptophyta, cryptomonads, dinophyta, dinoflagellata, pyn:nnesiopbytt, 

bacillariophyta, xanthophyta, eustigmatophyta, raphidophyta, phaeophyta, and phytoplanlcton. 

Some specific examples of host cells include the algal species C. reinhardtii, D. salina, H. pluvalis, 

S. dimorphus, D. viridis, or D. tertiolecta. 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 occurring isoprenoid at levels greater than a wild-type strain of the 

same organism. 

10008aj In a second aspect, there is provided a host cell comprising the vector as defined 

in the first aspect. 

[00(19] 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 a non­

vascular photosynthetic organism, particularly C. reinhardtii, D. salina, 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 chloroplast containing a 

vector comprising a nucleic acid encoding an enzyme that produces an isoprenoid with two 

-4-



phosphates and a promoter configured for expression of the nucleic acid in a chloroplast of a non­

vascular, photosynthetic organism (NVPO). 

[0010] Also provided herein. is a method for producing an isoprenoid-containing composition 

comprising the steps of transforming a chloroplast of a non-vascular, photosynthetic organism with 

a nucleic acid encoding an enzyme that produces an isoprenoid with two phosphates and collecting 

at least one isoprenoid produced by the transformed NVPO. Such methods may further comprise 

growing the organism in an aqueous environment, wherein C02 is supplied to the organism. C02 

provided 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 ofGPP, IPP, FPP, GGPP or DMAPP. 

In some instances, the collection process may comprise one or more of the following: harvesting a 

transformed NVPO, harvesting an isoprenoid from a cell medium; mechanically disrupting a 

transformed organism and; chemically disrupting an organism. A m:icroalga may be utilized in 

some embodiments of this disclosure, and the microalga may be C. reinhardtii, D. salina, H pluvalis, S. 

dimorphus, D. viridis, or D. tertiolecta. 

[OOHla] 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 transforming the chloroplast of a non-vascular, photosynthetic organism to 

produce said isoprenoid, wherein said organism is not transformed with isoprene synthase or a 

methyl-butenol synthase: and (b) collecting said isoprenoid. This method may further comprise 

growing the organism in an aqueous environment, wherein C02 is suppl.ied to the organism. The 

C02 may be at least partially derived from a burned fossil fuel and/or flue gas. Such methods may 

include production of GPP, IPP, FPP, GGPP or DMAPP. A chloroplast 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, 

sesquiterpcne synthase, curcumenc synthase, farnesene synthase, gcranylgcranyl reductase, 

chiorophyllidobydrolase, f)-caryophy!lene synthase, germacrene A synthase, 8-epicedro1 synthase, 

valencene synthase, (+)-8-cadinene synthase, germacrene C synthase, (E)-P-farnesene synthase, 

casbene synthase, vetispiradiene synthase, 5-epi-aristolochene synthase, aristolchene synthase, ct­

humulene, (E,E)-a.-famesene synthase, (- )-P-pinene synthase, y-terpinene synthase, limonene 

cyclase, linalool synthase, (+)-bomyl diphosphate synthase, levopimaradiene synthase, 

isopimaradiene synthase, (E)-y-bisabolene synthase. copalyl pyrophosphate synthase, kaurene 

synthase, longifolene synthase, y-humulene synthase, o-selinene synthase, [)- phellandrene 

synthase, tcrpinolene synthase, (+)-3-carene synthase, syn-copalyl diphosphate synthase, a,-
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terpineol synthase, syn-pimara-7,15-diene synthase, ent-sandaaracopimaradiene synthase, sterner-

13 -ene synthase, E-~-ocimene, S-linalool synthase, geraniol synthase, gamma-terpinene synthase, 

linalool synthase, E-~-ocimene synthase, epi-cedrol synthase, o.-zingiberene synthase, guaiadiene 

synfoase, cascarilladiene synfoase, cis-muuroladiene synfoase, aphidicolan-l 6b-ol synfoase, 

elizabethatriene synthase. sandalol synthase, patchoulol synthase, zinzanol synthase, cedrol 

synfoase, scareol synthase,. copalol synthase, or manool synthase. In some instances, the collection 

process may comprise one or more of the following: harvesting a transformed NVPO, harvesting 

an isoprenoid from a 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 miGToalga may be C. reinhardtii, D. salina, H. pluvalis, S. dimorphus, D. viridis. or D. 

tertio tee ta. 

[OOlla] In a fourth aspect, there is provided a genetically IDDdified chloroplast 

comprising the vector of the first aspect. 

[0011b] In a fifth aspect, there is provided a non-vascular, photosynthetic orgamsm 

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 chloroplast comprises a nucleic acid encoding an isoprenoid 

producing enzyme and wherein the organism can grow in a high saline environment. Such an 

organism may be an l\TVPO, specifically D. salina, D. viridis, or D. tertiolecta. In such 

=bodiments, that high saline environment may comprise about 0.5-4.0 molar sodium chloride. 

Also provided is a method for preparing an isoprenoid comprising transforming an organism with a 

nucleic acid to increase or initiate production of the isoprnnoid., wherein the organism is grown in a 

high-saline environment: and collecting the isoprenoid. Such an organism may be an N\TPO, 

specifically D. saline, D. viridis, or D. tertiolecta. In such embodiments, that high saline 

environment may comprise about 0.5-4.0 molar sodium chloride. In some instances, the 

transforming step is a chloroplast transformation. In other instances, the 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 disrupting said organism; or ( d.) chemically 

disrupting said organism. 

[0012a] In a 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 

.organism is grown in a high-saline environment; and (b) collecting said isoprenoid. 
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[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 Synechocystis, 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. 

[00141 The present disclosure fmiher provides a vector comprising: a first nucleic acid encoding a 

protein, a second nucleic acid encoding a selectable marker, wherein the first and second nucleic 

acids comprise one open reading frame, and a promoter configured for expression of said first and 

6a 



WO 2009/036067 PCT/US2008/075858 

second 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, diapophytocnc 

synthase, GPP synthase, !PP isomerase, monoterpene synthase, tcrpinolcne synthase, zingiberene 

synthase, ocimcnc synthase, sesquiterpene synthase, curcumene synthase, famesene synthase, 

geranylgeranyl reductase, chlorophyllidohydrolase, ~-caryophyllene synthase, germacrene A 

synthase, 8-epicedrol synthase, valencene synthase, (+)-8-cadinene synthase, germacrene C 

synthase, (E)-~-famesene synthase, casbene synthase, vetispiradiene synthase, 5-epi-aristolochene 

synthase, aristolchene synthase, a-humulene, (E,E)-a-farnesene synthase, (- )-P-pinene synthase, 

y-terpinene synthase, limonene cyclase, linalool synthase, ( + )-bomyl diphosphate synthase, 

lcvopimaradienc synthase, isopimaradiene synthase, (E)-y-bisabolene synthase, copalyl 

pyrophosphate synthase, kaurene synthase, longifolene synthase, y-humulene synthase, 8-selinene 

synthase, P- phellandrene synthase, terpinolene synthase, (+)-3-carene synthase, syn-copalyl 

diphosphate synthase, a-terpineol synthase, syn-pimara-7,15-diene synthase, ent­

sandaaracopimaradiene synthase, sterner- 13 -ene synthase, E-~-ocimene, S-linalool synthase, 

geraniol synthase, gamma-terpinene synthase, linalool synthase, E-P-ocimene synthase, epi-cedrol 

synthase, a-zingiberenc synthase, guaiadiene synthase, cascarilladiene synthase, cis-muuroladiene 

synthase, aphidicolan-16b-ol synthase, elizabethatriene synthase, sandalol synthase, patchoulol 

synthase, zinzanol synthase, cedrol synthase, scareol synthase, copalol synthase, or manool 

synthase. In still other instances, the biomass degrading enzyme is exo-~-glucanase, endo-P­

glucanase, ~-glucosidase, endoxylanase, or ligninasc. 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. 

[0015] 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. Tn other instances, the cleavage moiety is capable of being cleaved by a 

protease naturally produced by said organism. Also described herein are vectors comprising 

regulatory elements including an HSP70 promoter, a functional portion ofHSP70 promoter, rbcS2 

5' upstream translated region (UTR), a functional portion ofrbcS2 5' UTR, or a combination 

thereof In some instances, the regulatory element is derived from the organism to be transformed. 
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Still other vectors comprise a fourth nucleic acid encoding a 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, prochlorophyta, 

rhodophyta, chlorophyta, heterokontophyta, tribophyta, glaucophyta, chlorarachniophytes, 

euglenophyta, euglenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyta, 

dinoflagellata, pyrmnesiophyta, bacillariophyta, xanthophyta, eustigmatophyta, raphidopbyta, 

phaeopbyta, and phytoplankton. In some instances, the vector is capable of stable transformation in 

C. reinhardtii, D. salina, H. pluvalis, S. dim01phus, D. viridis, D. tertiolecta, a bacterium of the 

genus Synechocystis, a bacterium of the genus Synechococcus, or a. bacterium of the genus 

Ath.ro.1pira. The vectors described herein may comp1ise any nucleotide sequence described herein 

(e.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. 

10016] The present disclosure also provides a host cell comprising a vector, wherein the vector 

comprises a first nucleic acid encoding a protein, a second nucleic acid encoding a 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 a non-vascular, photosynthetic 

organism and optionally one or more additional nucleic acids encoding a clea·vage moiety, a 

secretion sit,'llal, 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, cyanobacteria. cyanophyta, prochlorophyta, rhodophy1a, chlorophyta, heterokontopbyta, 

tribophyta, glaucophyta, chlorarachniophytes, euglenophyta. euglenoids, haptophyta, chrysophyta, 

cryptophyta, cryptomonads, dinophyta, dinoflagellata, pyrmnesiophyta, bacillariophyta, 

xanthophyta, eustigmatopbyta, raphidophyta, phaeophyta, or phytoplankton. In some instances, 

the host cell is C. reinhardtii, D. salina, H. pluvalis, S. dimmphus, D. viridis, D. tertiolecta, a 

bacterium of the genus Synechocystis, a bacterium of the genus Synechococcus, 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 a method of producing a protein in a non-vascular photosynthetic 

organism, comprising:growing said organism, wherein the organism comprises an exogenous 

nucleic acid comprising a 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 

!Tame in 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 nucleic 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 is a 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 photosynthetic organism. The host 

cell may be C. reinhardtii, D. salina, H. pluvalis, a bacterium of the genus Synechocystis, the genus 

Synechococcus, or the genus Athrospira. In some instances, the vector is stably integrated into a 

nuclear genome of the host cell. A fusion protein may fmiher 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 disease virus. 

Alternately, a cleavage moiety may capable of being cleaved by a protease naturally produced by 

said organism. One secretion signal which may be utilized is a C. reinhardtii carbonic anhydrasc 

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 disease virus. Alternately, a cleavage moiety may capable of being cleaved by a protease 

naturally produced by said organism. 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. 

[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 a 

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 chloroplast 

transformation. In still other embodiments, the enzyme is endogenous to the organism or is 

homologous to an cndogenons enzyme of the organism or is exogenous to the organism. In some 

instances, the enzyme is overexpressed. Expression of the enzyme may be regnlated by an 

inducible promoter. The disclosed method may further comprise transformation of the organism 

with a nucleic acid which resu]ts in production of dimethylall.yl alcohol, isopentyl alcohol~ 

geraniol, famesol or geranylgeraniol. In some instances, the organism used in practicing the 

method is a photosynthetic bacteria, cyanobacteria, cyanophyta, prochlorophyta, rhodophyta, 

chlorophyta, heterokontophyta, tribophyta, glaucophyta, chlorarachniophytcs, 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. pluvalis, S. dimorphus, D. 

viridis, or D. tertiolecta. 

[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 cell may be, D. viridis, or D. tertiolecta. In some instances, the high-saline environment 

comprises 0.5-4.0 molar sodium chloride. Jn some host cells, the nucleic acid is present in a 

chloroplast. In still other host cells, the nucleic acid encodes an enzyme selected from the group 
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consisting of a GPP synthase, a FPP synthase, a geranylgcranyl rcductase, a 

chlorophyllidohydrolase, and a pyrophosphatase. The host cell may further comprise a nucleic 

acid which results in production of dimethylallyl alcohol, isopentyl alcohol, geraniol, famesol or 

geranylgeranioL The host cell may be 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, phaeophyta, and phytoplankton. Jn some instances, the host cell is 

C reinhardtii, D. salina, H pluvalis, S. dim01phus, 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 a GPP synthase, a FPP synthase, a geranylgeranyl rcductase, 

a chlorophyllidohydrolase, or a pyrophosphatase. In still other instances, the transformation is a 

chloroplast transformation. In still 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 dimethyla!lyl alcohol, isopentyl alcohol, 

geraniol, famesol or gcranylgeraniol. In some instances, the organism used in practicing the 

method is a photosynthetic bacteria, cyanobacteria, cyanophyta, prochlorophyta, rhodophyta, 

chlorophyta, hetcrokontophyta, 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 pluvalis, S. dimmphus, 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 cellular 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, geranylgcranyl rcductase, chlorophyllidohydrolase, or 

pyrophosphatase. In other instances, a chloroplast of the organism is genetically modified. The 

disclosed compositions may further comprise dimethylallyl alcohol, isopentyl alcohol, geraniol, 

farnesol or geranylgeranioL In some instances, the cclllular portion present in the composition is a 
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from a photosynthetic bacteria, cyanobactcria, cyanophyta, prochlorophyta, rhodophyta, 

chlorophyta, heterokontophyta, tribophyta, glaucophyta, chlorarachniophytes, euglenophyta, 

euglenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyta, dinoflagellata, 

pyrmnesiophyta, bacillariophyta, xanthophyta, eustigmatophyta, raphidophyta, phaeophyta, and 

phytoplankton. In other instances, the organism may be C. reinhardtii, D. salina, H. pluvalis, S. 

dim01phus, D. viridis, or D. tertiolecta. 

[0024] In some instances, such nucleotide sequence(s) encode one or more polypeptides that 

function in isoprenoid synthetic pathway. Examples of polypeptides in the isoprenoid biosynthetic 

pathway include synthases such as CS, ClO, C15, C20, C30, and C40 synthases. More specific 

examples of polypeptides in the isoprenoid pathway limonene synthase, 1 ,8 cineole synthase, a­

pinene synthase, camphene synthase, ( + )-sabinene synthase, myrcenc synthase, abietadiene 

synthase, taxadiene synthase, farnesyl pyrophosphate synthase, amorphadiene synthase, (E)-cx­

bisabolcne synthase, diapophytoene synthase, or diapophytoene desaturase. Jn other embodiments, 

the synthase is f:\-caryophyllene synthase, germacrene A synthase, 8-epicedrol synthase, valcnccne 

synthase, (+)-8-cadinene synthase, gcrmacrene C synthase, (E)-f:\-farnesene synthase, casbenc 

synthase, vetispiradiene synthase, 5-epi-aristolochene synthase, aristolchene synthase, a-hnmulene, 

(E,E)-a-farnesene synthase, (- )-f:\-pinene synthase, y-terpinene synthase, limonene cyclase, 

linalool synthase, (+)-bornyl diphosphate synthase, levopimaradiene synthase, isopimaradiene 

synthase, (E)-y-bisabolene synthase, copalyl pyrophosphate synthase, kaurcnc synthase, 

longifolenc synthase, y-humulene synthase, o-selinene synthase, f:\- phellandrene synthase, 

terpinolene synthase, ( +)-3-carene synthase, syn-copalyl diphosphate synthase, a.-terpineol 

synthase, syn-pimara-7,15-dicne synthase, ent-sandaaracopimaradiene synthase, sterner- 13 -ene 

synthase, E-f:\-ocimene, S-linalool synthase, geraniol synthase, y-terpinene synthase, linalool 

synthase, E-f:\-ocimene synthase, epi-ccdrol synthase, a-zingibcrcne synthase, gnaiadicne synthase, 

cascarilladienc synthase, cis-mnuroladicne synthase, aphidicolan-16b-ol synthase, elizabcthatrienc 

synthase, sandalol synthase, patchoulol synthase, zinzanol synthase, cedrol synthase, scareol 

synthase, copalol synthase, or manool synthase. 

[0025] Any of the nucleotides sequences contemplated herein can include one or more 

heterologous sequences and/or one or more homologous sequences. 

[0026] In some instances, the products produced can be naturally produced by the organism that is 

transformed. In other instances, the products are not naturally produced by the organism that is 

transformed. 

[0027] In some instances, a product (e.g. fuel, fuel feedstock, fragrance, insecticide) is a 

hydrocarbon-rich molecule, e.g. an isoprenoid. An isoprenoid (classified by the number of isoprene 
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units) can be a hcmitcrpene, monoterpcnc, scsquiterpenc, diterpenc, triterpene, or tctratcrpcnc. In 

specific embodiments, the isoprcnoid may be a naturally occurring isoprenoid, such as a steroid or 

carotenoid. Subclasses of carotenoids include carotenes and xanthophylls. Some isoprenoids are 

pure hydrocarbons (e.g. limonene) and others are hydrocarbon derivatives (e.g. cineole ). 

[00281 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 nucleotide 

sequences are NT 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. 

[00291 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 

regulatory 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 

regulatory control regions. The nuclear sequences can encode 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 are produced by altering the enzymatic content of the cell to increase the 

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

enzymes can be introduced into the chloroplast of a photosynthetic organism. Nucleotide 

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 biosynthctic enzyme in the chloroplast of the photosynthetic organism. 

[0031] Any of the nucleotide sequences herein may further comprise a regulatory control 

sequence. Regulatory control sequences can include one or more of the following: a promoter, an 

intron, an exon, processing elements, 3' untranslated region, 5' untranslated region, RNA stability 

elements, or translational 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 inducible or autoregulatable. A regulatmy control sequence can include autologous and/or 

heterologous sequences. In some cases, control sequences can be flanked by a first homologous 

sequence and a second homologous sequence. The first and second homologous sequences can 

each be at least 500 nucleotides in length. The homologous sequences can allow for either 
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homologous recombination or can act to insulate the hcterologous sequence to facilitate gene 

expression. 

[0032] In some instances, a nucleotide sequence may allow for secretion of the product (e.g., a 

protein) from the cell. ln these cases, the nucleotide sequences herein may encode a protein that 

enhances or initiates or increases the rate of secretion of a 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 

rhodophyta, chloropbyta, heterokontophyta, trihophyta. glaucophyta, chlorarachniophytes, 

euglenoids, haptophyta. cryptomonads, dinoflagellata, and phytoplankton. 

[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 production 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 

alloVv' for increased prodl1ction or accumulation of a 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 

elements 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 genetically modified non-vascular, photosynthetic organism adapted to 

produce a fuel product. The organism may be any of the ones described herein. In some 

embodiments, the carbon credit is exchanged for one or more of the following: a substantially 

liquid monetary instrument, commitment of at least one of present and future business opportunity, 

a legal grant regarding an intellectual 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 

[0037] 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 sets forth illustrative embodiments, in which the 

principles of the invention 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. 

[0041] Figure 4, panels A-D show PCR and Western analysis of C. reinhardtii transfonned with 

FPP synthase and bisabolene synthase. 

[0042] Figure 5 shows gas chromatography~ mass spectrometry analysis of C. reinhardtii 

transformed with FPP synthase and bisabolenc synthase. 

[0043] Figure 6, panels A-E show PCR and Western analysis of C. reinhardtii transformed with 

FPP synthase and squalene synthase. 

[0044] Figure 7 shows gas chromatography- mass spectrometry analysis of C. reinhardtii 

transformed with FPP synthase and squalene synthase. 

[0045) Figure 8 shows Western analysis of C. reinhardtii transformed with limonene synthase. 

[0046] Figure 9 shov.rs gas chromatograph)' - mass spectrometry analysis of C. reinhardtii 

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. reinhardtii transformed with FPP synthase and 

sesquitcrpene synthase. 

[0050) Figure 13 shows gas chromatography - mass spectrometry analysis of phytol production in 

C. reinhardtii transformed with FPP synthase and scsquiterpene synthase. 

[0051) Figure 14 shows Western analysis of E.coli transformed with FPP synthase and 

sesquiterpene synthase. 

[0052] Figure 15 shows gas chromatography- mass spectrometry analysis ofFPP and 

sesquiterpene production in E. coli transformed with FPP synthase and sesquiterpene synthase. 

[0053) Figure 16 is a graphic representation of nucleic acid constructs of the present invention. 
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[0054] Figure 17 shows Western analysis of C. reinhardtii expressing xylanase 2 from the nucleus. 

[0055] Figure 18 shows a comparison ofxylanase activity from exogenous enzymes expressed in 

the nucleus and chloroplast of C. reinhardtii. 

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

nucleus. 

[0057] Figure 20 shows Western analysis of C. reinhardtii expressing CBHl 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 invention. 

For example, an NVPO (e.g., C. reinhardtii) may be transformed with one or more nucleic acids 

encoding enzyme(s) (e.g., bisabolenc synthase, sesquiterpene synthase) which effect the production 

of a desired product (e.g., bisabolene, squalene ). The product(s) produced may be naturally, or not 

naturally, 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 desired product (e.g., zingiberene, bisabolene), may result in increased production 

of another product (e.g., phytol). Jn still other instances, multiple products may be produced by a 

transformed NVPO and the multiple products may be naturally occun-ing, 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, l :0.2, 1:0.3, 1:0.4, I :0.5, l: 0.6, 

1:0.7, 1:0.8, 1:0.9, 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10, 1:20, 1:30, 1:40, 1:50, 1:60, 1:70, 

1 :80, 1 :90, 1: 100 or higher. 

[0059] The products which arc produced by the methods of the present invention include 

hydrocarbons and hydrocarbon derivatives. Jn certain aspects, the hydrocarbon and/or derivative is 

an isoprenoid (or terpenoid). The isoprenoids contemplated by the present invention may contain 

any number of carbon atoms, with isoprenoids containing five to fifty carbon atoms being 

exemplary. An isoprenoid of the present invention may be one naturally produced by the NVPO 

prior to transfonnation (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. 

-16-



WO 2009/036067 PCT/US2008/075858 

Thus, collection of the product may involve disruption of one or more cells of the organism(s) of 

the present invention and/or collection 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. 

[0060] 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 (Cl 5), 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 

[0062] 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 eukaroytic. 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 cyanobactcria. In 

some instances, the organism is algae (e.g., macroalgae or microalgae). The algae can be 

unicellular or multicellular algae. In some instances, the organism is a rhodophyte, chlorophyte, 

heterokontophyte, tribophyte, glaucophyte, chlorarachniophyte, euglenoid, haptophyte, 

cryptomonad, dinoflagellum, or phytoplankton. For example, the microalgac Chlamydomonas 

reinhardtii may be transformed with a vector, or a linearized portion therof, encoding limonene 

synthaBc to produce limonene. 

[0064] The methods of the present invention are exemplified using the microalga, C. reinhardtii. 

The use of microalgae to express a polypeptide or protein complex according to a method of the 

invention 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 chloroplasts, including, for example, 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 cutting, a plant cell, a plant cell culture, a plant organ, a plant 

seed, or a plantlet. A plant cell is the structural and physiological unit of the plant, comprising a 

protoplast and a cell wait. A plant cell can he 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 he 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 include 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 to 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 

polynucleotidc encoding one or more heterologous polypeptides, including polypeptides that can 

specifically associate to form a functional protein complex. A photosynthetic organism of the 

present invention comprises at least one host cell that is modified to generate a product. 

100671 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, or 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 polypeptides. Examples of heterologous 

nucleotide 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 transfom1cd into an algal host cell include isoprcnoid 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, a 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 transformed. The skilled artisan is well aware of the "codon­

bias" exhibited by a specific host cell in usage of nucleotide 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 arc generally NT rich, for example, iVT rich in the third nucleotide position of the 

codons. Typically, the NT rich codon bias is used for algae. In some embodiments, at least 50% 

of the third nucleotide position oftl1e codons are ~A,._ or T. In other embodiments, at least 60~1ol 70%, 

80%, 90%, or 99% of the third nucleotide 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 capable 

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 cells are typically plated on selective media following introduction of 

exogenous nucleic acids. This method may also comprise several steps for screening. Initially, a 

screen of primary transformants is typically conducted to determine which clones have proper 

insertion of the exogenous nucleic acids. Clones which show the proper integration may be 

propagated and re-screened to ensure genetic stability. Such methodology ensures that tbe 

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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varied io achieve optimal screening rcsulis. For example, magnesium concentration may need io 

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, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 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, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, l.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 nLl\11 or higher. Particular examples are 

utilized in the examples described herein; however, one of skill in the art will recognize that other 

PCR techniques may 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 

bloi 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 a polynucleotide into a 

chloroplast and, preferably, includes a nucleotide sequence of chloroplast genomic DNA that is 

sufficient to undergo homologous recombination v;ith chloroplast ge11omic DN_,_ll,,_~ for example, a 

nucleotide sequence comprising about 400 to 1500 or more substantially contiguous nucleotides of 

chloroplast genomic DNA. Chloroplast vectors and meihods for selecting regions of a chloroplast 

genome for use as a vector arc 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 instances, 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, including, but not limited to, algae, cyanobacteria and photosynthetic bacteria, whieh 

does not have a vascular system such as that found in higher plants. In some instances, the nucleic 

acids above are inserted 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 nucleic 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 

transcription, (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 

include, for example, a nitrate-inducible promoter (Bock et al, Plant .Mol. Biol. 17:9 ( 1991 )), or a 

light-inducible promoter. (Feinbaum et al, MoI 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)). 

[0075] The entire chloroplast genome of C. reinhardtii is available to the public on the world wide 

web, at the URL "biology.duke.edu/chlamy _genome/- chloro.html" (see "view complete genome 

as text file" little 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 chloroplast genome, or to a plant cell containing the chloroplast. In this respect, the v;ebsite 

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 RI) site at about position 143.1 kb to the Xho (Xho I) site at about 

position 148.5 kb (see, world wide web, at the URL 

"biology.duke.edu/chlamy _gcnomc/chloro.html", 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-y/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 like. 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 
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a hetcrologous 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. coli 

ori or a cosmid ori, thus allowing passage of the vector in a prokaryote host cell, as well as in a 

plant chloroplast, as desired. 

[0077] A regulatory element, as the term is used herein, broadly refers to a nucleotide sequence 

that regulates the transcription or translation of a polynucleotide or the localization of a 

polypeptide to which it is operatively linked. Examples include, but arc not limited to, an RBS, a 

promoter, enhancer, transcription terminator, an initiation (start) codon, a splicing signal for intron 

excision and maintenance of a correct reading frame, a STOP codon, an amber or ochre codon, and 

an !RES. Additionally, a cell compartmentalization signal (i.e., a sequence that targets a 

polypeptide to the cytosol, nucleus, chloroplast membrane or cell membrane). ln some aspects of 

the present invention, a cell compartmentalization signal (e.g .. a chloroplast targeting sequence) 

may be ligated to a gene and/or transcript, such that tranlation of the gene occurs in the chloroplast. 

ln 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 chloroplast. 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., J. Biol. 

Chem. 1999; 274(20): 14444-54; von Heijne et al., Eur. J Biochem. 1989; 180(3): 535-45. 

[0078] A vector, or a linearized portion therof, may include a nucleotide sequence encoding a 

reporter polypeptide or other selectable marker. The term "reporter" or "selectable marker" refers 

to a pol)rnuc]cotide (or encoded polypeptide) that confers a detectable phenot}rpe. /\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 luciferin, respectively) generates a signal that can be detected by eye or using appropriate 

instrumentation (Giacomin, Plant Sci. 116:59-72, l 996; Scikantha, J Bacterial. 178: 121, 1996; 

Gerdes, FEBSLett. 389:44-47, 1996; see, also, Jeffcrson,EMBOJ. 6:3901-3907, 1997, fl­

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 cell. 

[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 limited to, those that confer antimetabolite resistance, for example, dihydrofolatc reductase, 
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which confers resistance to methotrcxatc (Reiss, Plant Physiol. (Life Sci. Adv.) 13:143-149, 1994 ); 

neomycin phosphotransferasc, which confers resistance to the aminoglycosides neomycin, 

kanamycin and paromycin (Herrera-Estrella, EMBO .!. 2:987-995, 1983), hygro, which confers 

resistance to hygromycin (Marsh, Gene 32:481-485, 1984), trpB, which allows cells to utilize 

indole in place oftryptophan; hisD, which allows cells to utilize histinol in place of histidine 

(Hartman, Proc. Natl. Acad. Sci., USA 85:8047, 1988); mannose-6-phosphatc isomerase which 

allows cells to utilize mannose (WO 94/20627); ornithine dccarboxylase, which confers resistance 

to the omithine decarboxylase inhibitor, 2-(diflnoromethyl)-DL-ornithine (DFMO; 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 selectable markers include those that confer 

herbicide resistance, for example, phosphinothricin acetyltransferasc 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 

imidazolione or sulfonylurea resistance (Lee et al., EMBO .!. 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 polynucleotides that confer 

dihydrofolate reductase (DHFF_) or neomycin resistance for eukaryotic cells and tetracycline; 

ampicillin resistance for prokaryotes such as E. 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). 

[0080) 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. reinhardtii, 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 chloroplasts of higher plants, ~-glucuronidase ( uidA, Staub and Maliga, EMBO .!. 

12:601-606, 1993), neomycin phosphotransferase (nptll, Carrer et al., Mo/. Gen. Genet. 241:49-56, 

l 993), adenosyl-3-adenyltransf- 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 82:655-666, 2000). Each of these genes has 

attributes that make them useful reporters of chloroplast gene expression, such as case of analysis, 
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sensitivity, or the ability to 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., USA 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. reinhardtii, including aad.A (Goldschmidt-Clermont, Nucl. Acids 

Res. 19:4083-4089 1991; Zerges and Rochaix, Mo!. Cell Biol. 14:5268-5277, 1994), uidA 

(Sakamoto ct 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., Mo!. Gen. Genet. 262:421-425, 1999) and the 

amino glycoside phosphotransferase from Acinetobacter baumanii, aphA6 (Bateman and Purton, 

lvlol. 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 cr11de 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 dctennined 

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, including the intended use, the target protein, 

cost, etc. 

[0082] Another example ofa 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

clcaving 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, ct 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. 14A). 

[0083] Still another modification which may be made to a gene encoding a protein of the present 

invention is 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 signals 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. l 986; 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] ln some instances, the vectors of the present invention will contain elements such as an E. 

coli or S. 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 E. coli, amplified and collected using routine methods, and examined 

to identify vectors containing an insert or construct of interest. If desired, the vector can be further 

manipulated, for example, by perfo1ming site directed mutagenesis of the inserted polynuclcotide, 

then again amplifying and selecting vectors having a mutated polynucleotide of interest. A shuttle 

vector then can be introduced into plant cell chloroplasts, wherein a polypeptide of interest can be 

expressed and, if desired, isolated according to a method ofthc invention. 

[0085] 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 polynuclcotide can be 

introduced into a cell by a variety of methods, which arc well known in the art and selected, in part, 

based on the particular host cell. For example, the polynuclcotide can be introduced into a plant 

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-mediatcd transformation, transformation using wounded or enzyme-
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degraded immature embryos, or wounded or enzyme-degraded embryogenic callus (Potrykus, Ann. 

Rev. Plant. Physiol. Plant Mal. 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 is 

linked to a second nucleotide sequence (or polypeptide) with which it is not normally associated, or 

is 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 chloroplast, as are the components of a recombinant nucleic acid molecule 

comprising, for example, a first nucleotide sequence operatively linked to a second nucleotide 

sequence, as is a mutated polynucleotide introduced into a chloroplast where the mutant 

polynucleotide is not nonnally found in the chloroplast. 

[00871 Plastid transformation is a method for introducing a polynucleotide into a plant cell 

chloroplast (see U.S. Pat. Nos. 5,451,513, 5,545,817, and 5,545,818; WO 95116783; McBride et 

al., Proc. Natl. Acad. Sci., USA 91:7301-7305, 1994). In some embodiments, chloroplast 

transformation involves introducing regions of chloroplast 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 

\'ector may contain the entire vector in the cell (in either circular or linear form), or may contain a 

linearized portion of a vector of the present invention (e.g., constructs graphically depicted in 

Figures 3 and 16). ln 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 

rps12 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 in stable homoplasmic transformants, at a frequency of approximately one 

per I 00 bombardments of target leaves. 

[0088] Microprojectile mediated transformation also can be used to introduce a polynucleotide into 

a plant cell chloroplast (Klein et al., Nature 327:70-73, 1987). This method utilizes 

microprojectiles such as gold or tungsten, which are coated with the desired polynucleotide by 

precipitation with calcium chloride, spermidine or polyethylene glycol. The microprojectile 

particles 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, e.g.; Christou, Trends in Plant Science 1 :423-431, 1996). 
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Microprojcctilc mediated transformation has been used, for example, to generate a variety of 

transgenic plant species, including cotton, tobacco, com, hybrid poplar and papaya. Important 

cereal crops such as wheat, oat, barley, 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 most dicotyledonous plants is 

possible with the methods described above. Transformation of monocotyledonous plants also can 

be transformed using, for example, biolistic methods as described above, protoplast transformation, 

clectroporation 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 rRJ'\JA 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 is apparent to one of skill in the art that a chloroplast may contain 

multiple copies of its genome, and therefore, the term "homoplasmic" 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 permit 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 into a chloroplast, wherein the recombinant nucleic acid molecule includes a first 

polynucleotide, which encodes at least one polypeptide (i.e., 1, 2, 3, 4, or more). In some 

embodiments, a polypeptide is operatively linked to a 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 chloroplasts, one major benefit of the present invention is the 

utilization of a recombinant nucleic acid construct which contains both a selectable marker and one 

or more genes of interest. Typically, transformation of chloroplasts is perfo1med 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 is performed by Southern blot (sec, e.g. PCT/US2007/072465). 

[0092] In chloroplasts, 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 (see Barkan and Goldschmidt-Clermont, 

Biochemie 82:559-572, 2000; Zerges, Biochemie 82:583-601, 2000). The chloroplast translational 

apparatus generally resembles that in bacteria; chloroplasts contain 70S ribosomes; have mRNAs 

that lack 5' caps and generally do not contain 3' poly-adenylated tails (Harris et al., Microbial. Rev. 

58:700-754, 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 polypeptides that an advantage of 

expressing polypeptides in chloroplasts is that the polypeptides do not proceed through cellular 

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 \Vithout such post-translational modification. 

[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 tenm; include RNA and DNA, which can be 

a gene or a portion thereof, a cDNA, a synthetic polydeoxyribonuclcic acid sequence, or the like, 

and can be single stranded or double stranded, as well as a DNA/RNA hybrid. Furthermore, the 

tcrm.s as used herein include 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). Jt 

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 polynucleotidc are naturally occurring 

dcoxyribonucleotidcs, such as adenine, cytosine, guanine or thymine linked to 2'-dcoxyribosc, or 
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ribonuclcotides such as adenine, cytosine, guanine or uracil linked to ribosc. Depending on the use, 

however, a polynucleotide also can contain nucleotide analogs, including non-naturally occurring 

synthetic nucleotides or modified naturally occurring nucleotides. Nucleotide analogs 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-

113 72, 1995; Pagratis et al., Nature Biotechnol. 15 :68-73, 1997). Generally, a phosphodiester bond 

links the nucleotides of a polynuclcotide 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 polynucieotides (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). 

[00971 Fusion Protein Vectors. 

[0098] 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 

b~/ incorporating appropriate signals (e.g., a host-cell nuclear origin of replication or plastid origin 

of replication) 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 FIG. 14A comprises at least one regulatory element ("Promoter I 5' UTR" 

and/or "3 'UTR") and an open reading frame (i.e., 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 

elements 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.e., 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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[0099] Also shown in FIG. 14A is the inclusion 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 trans gene and the 

intervening cleavage 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. 

[00100] 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 transgcne, the selectable marker or both). Typically, a 

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 transgcnc and a nucleotide sequence encoding a FLAG tag is 

ligated in-frame \Vith the sequence encoding the selectable mark:er. In sti11 other instances, a 

nucleic acid encoding a secretion signal may be attached in-frame with a portion of the fusion 

protein. In some instances. a secretion signal will be attached to the transgene. As is apparent, 

multiple combinations of selectable markers, 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 constructs 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. 

[001011 FIG. 14B shows another approach to nuclear transformation in which the 

transforming construct contains a selectable marker and a transgcne 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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Nucleic acids, Proteins and Enzvrnes. [00102] 

[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 in 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 isoprcnoid 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 isoprcnoids with zero, one, three or more 

phosphates or may produce isoprenoids with other functional groups. Non-limiting examples 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 Svnthases for Use in the Present Invention. 

Svnthase Source NCBI urotein ID 

Lbnonene Jd. spicara 20NH_A 

Cineole S. o.,(1icinalis AAC26016 

Pinene A. grandis AAK83564 

Ca1nphcne A. grandis AAB70707 

Sabinene S. oj]icinalis I AAC26018 

Myrcene A. grandis AAB71084 I 
Abietadiene A. grandi.c; Q387!0 ' ! 
Taxadiene T. breqfolia AAK83566 

FPP G. gallus P08836 

An1orphadiene A. annua AAF61439 

Bisabolene A. grandis 081086 

Diapophytocnc S. aureus 

Diapophytoene desaturase S. aureus 

GPPS-LSU 1'1 spicata AAF08793 

GPPS-SSU M. spicata AAF08792 

GPPS A. tha.l iana CAC16849 

GPPS C. reinhardtii EDP05515 
! 

FPP 'I E coli NP_414955 

FPP A. thaliana NP 199588 -
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FPP A. thaliana NP 193452 -

FPP C. reinhardtii EDP03194 

IPP ison1era.'ie E.coli NP_ 417365 

IPP iso1nerase !-{. pluvialis ABB80l l4 

Li111onene L. an[!Ust[folia ! ABB73044 

Monotcrpcnc S. iycopersicu1n AAX69064 

Terpinolene 0. basilicum I AAV63792 

Myrcene CJ. basilicum AAV63791 

Zingiberene (). basilicu1n AAV63788 

Myrcene Q. ilex CAC41012 

Myrcene P. ahies AAS47696 

Myrcene, ocimene A. thaliana NP - 179998 

My:rcene, ocin1ene A. thaliana NP _56751 l 

Sesquiterpene Z. n1ays; B73 , AAS8857 l 

Sesquiterpene A. thaliana NP - 199276 

Sesquite:rpene A. lhaliana NP - 193064 

Sesquiterpene A thaliana NP - 193066 

Curcumene I P. cab/in AAS863 l9 

Farnesene 1'vL do1nestica AAX19772 

Farnesene (~. sativus AAU05951 

Farncsenc C.junos AAK54279 

Fa111esene P. abies AAS47697 

Bisabolene P. abies AAS47689 

Sesquite11)ene A. thaliana ! NP _197784 

Sesquiterpene A. thaliana NP 175313 ' 
- I 

GPP Chimera 

GPPS-LSU+SSU fusion 

Gcranyigcranyl rcductasc A. thaliana i NP 177587 

Geranylgeranyl reduct.ase (~. reinhardtii I EDP09986 

Chlorophyllidohydrolase C. reinhardtii EDP01364 

Chlorophyllidohydrolase A. thaliana NP _564094 

Chlorophyllidohydrolase A. thaliana NP - 199199 

Phosphatase S. cerevisiae AAB64930 

FPP Al18W G. gallus 

[00105] The synthase may also be botryococcene synthase, P-caryophyllene synthase, 

germacrene A synthase, 8-epicedrol synthase, valencene synthase, ( + )-8-cadinene synthase, 

germacrene C synthase, (E)-P-farnesene synthase, casbene synthase, vetispiradiene synthase, 5-epi­

aristolochene synthase, aristolchene synthase, a-humulene, (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, longifolene synthase, y-humulene synthase, 8-selinene 

synthase, P- phellandrene synthase, terpinolene synthase, (+)-3-carene synthase, syn-copalyl 

diphosphate synthase, oAerpineol synthase, syn-pimara-7,15-diene synthase, ent­

sandaaracopimaradiene synthase, sterner- 13 -ene synthase, E-p-ocimene, S-linalool synthase, 

gcraniol synthase, y-terpinene synthase, linalool synthase, E-P-ocimene synthase, epi-eedrol 

synthase, a-zingiberene synthase, guaiadiene synthase, cascarilladiene synthase, cis-muuroladiene 

synthase, aphidicolan- l 6b-ol synthase, elizabethatriene synthase, sandalol synthase, patchoulol 

synthase, zinzanol synthase, cedrol synthase, seareol synthase, copalol synthase, or manool 

synthase. 

[00106] The vectors of the present invention may be capable of stab le transformation of 

multiple photosynthetic organisms, including, but not limited to, photosynthetic bacteria (including 

cyanobacteria), cyanophyta, proehlorophyta, rhodophyta, chlorophyta, heterokontophyta, 

tribophyta, glaucophyta, chlorarachniophytes, euglenophyta, cuglenoids, haptophyta, chrysophyta, 

cryptophyta, cryptomonads, dinophyta, dinoflagellata, pyrmncsiophyta, bacillariophyta, 

xanthophyta, eustigmatophyta, raphidophyta, phaeophyta, and phytoplankton. Other vectors of the 

present invention are capable of stable transformation of C. reinhardtii, D. salina .. H. pluvalis, S. 

dimorphus, D. viridis, or D. tertiolecta. 

[00107] A vector herein may encode polypeptide(s) having a role in the mevalonate pathway, 

such as, for example, thiolase, HMG-CoA synthase, HMG-CoA reductase, mevalonate kinase, 

phosphemevalonate kinase, and mevalonate-5-pyrophosphate decarboxylase. In other 

embodiments, the polypeptides arc enzymes in the non-mcvalonate pathway, such as DOXP 

synthase, DOXP reductase, 4-diphosphocytidyl-2-C-methyl-D-erythritol synthase, 4-

diphophocytidyl-2-C-methyl-D-erythiitol kinase, 2-C-methyl-D-erythritol 2,4,-cyclodiphosphate 

synthase, HMB-PP synthase, HMB-PP reductase, or DOXP reductoisomerase. 

[00108] Jn other instances, a 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 Cl 0, Cl5, C20, C30, or C40 synthase. In some embodiments, the synthase is 

limonene synthase, 1,8 cineole synthase, a.-pinene synthase, camphene synthase, (+)-sabinene 

synthase, myrcene synthase, abietadiene synthase, taxadiene synthase, farnesyl pyrophosphate 

synthase, amorphadiene synthase, (E)-a.-hisabolene synthase, diapophytoene synthase, or 

diapophytoene desaturase. Non-limiting examples of synthases and their amino acid sequences are 

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

SEQ Synthesized AA Seq Enzyme 

IDNO 

l MVPRRSGNYNPSRWDVNFIQSLLSDYKEDKHVIRASELVTLVKMELEKETDQI Limonene 

RQLELIDDLQRMGLSDHFQNEFKEILSS!YLDHHYYKNPFPKEERDLYSTSLAF synthase 

RLLREHGFQV AQEVFDSFKNEEGEFKESLSDDTRGLLQL YEASFLLTEGETTLE 

SAREFATKFLEEKVNEGGVDGDLL TRIA YSLDIPLHWRIKRPNAPVWIEWYRK 

RPDMNPVVLELAILDLNIVQAQFQEELKESFRWWRNTGFVEKLPF ARDRL VE 

CYFWNTGI!EPRQHASARIMMGKVNALITVIDDIYDVYGTLEELEQFTDLIRRW 

DINSIDQLPDYMQLCFLALNNFVDDTSYDVMKEKGVNVIPYLRQSWVDLADK 

YMVEAR\\IFYGGHKPSLEEYLENSWQSISGPCMLTHIFFRVTDSFTKETVDSLY 

KYHDL VR WSSFVLRLADDLGTSVEEVSRGDVPKSLQCYMSDYNASEAEARK 

HVKWLIAEVWKKMNAERVSKDSPFGKDFIGCAVDLGRMAQLMYHNGDGHG 

TQHPIIHQQMTR TLFEPF AGTGENL YFQGSGGGGSDYKDDDDKGTG 

2 MVPRRTCJGYQPTLWDFSTIQLFDSEYKEEKHLMRAAGMIAQVNMLLQEEVD Cineolc 

SIQRLELIDDLRRLGISCHFDREIVEILNSKYYTNNEIDESDL YSTALRFKLLRQY synthase 

DFSVSQEVFDCFKNDKGTDFKPSL VDDTRGLLQL YEASFLSAQGEETLHLARD 

FA TKFLHKRVL VDKDINLLSSIERALELPTHWRVQMPNARSFIDA YKRRPDMN 

PTVLELAKLDFNMVQAQFQQELKEASRWWNSTGLVHELPFVRDRIVECYYW 

TTGVVERREHGYERIMLTKINAL VTTIDDVFDIYGTLEELQLFTT AIQR WDIES 

MKQLPPYMQIC:YLALFNFVNEMAYDTLRDKGFNSTPYLRKA WVDLVESYLIE 

AKWYYMGHKPSLEEYMKNSWISIGGIPILSHLFFRLTDSIEEEDAESMHKYHDI 
' 

\rRASCTILRLADDJv1G·TSLDEVERCTDVPKSVQCYMNEKNASEEEARE:tIVRSLI I 
DQTWKMMNKEMMTSSFSKYFVQVSANLARMAQWTYQHESDGFGMQHSLV 

NKMLRGLLFDRYEGTGENLYFQGSGGGGSDYKDDDDKGTG 
I 

3 MVPRRMGDFHSNL WDDDVIQSLPTA YEEKSYLERAEKLIGEVENMFNSMSLE Pin enc 

DGELMSPLNDLIQRLWIVDSLGRLGIHRHFKDEIKSALDYVYSYWGENGIGC:G synthase 

RESA VTDLNSTALGFR TLRLHGYPVSSDVFKAFKGQNGQFSC:SENIQTDEEIRG 

VLNLFRASLIAFPGEKIMDEAEIFSTKYLKEALQKIPVSSLSREIGDVLEYGWHT 

YLPRLEARNYIHVFGQDTENTKSYVKSKKLLELAKLEFNIFQSLQKRELESLVR I 
WWKESGFPEMTFC:RHRHVEYYTLASC:IAFEPQHSGFRLGFAKTC:HLITVLDD 

MYDTFGTVDELELFTA TMKR WDPSSIDC:LPEYMKGVYIA VYDTVNEMAREA 

EEAQGRDTL TY AREA WEA YIDSYMQEAR WIATGYLPSFDEYYENGKVSC:GH 

RISALQPILTMDIPFPDHILKEVDFPSKLNDLAC:AILRLRGDTRC:YKADRARGEE 

ASSISC:YMKDNPGVSEEDALDHINAMISDVIKGLNWELLKPDINVPISAKKHAF 

DIARAFHYGYKYRDGYSV ANVETKSLVTRTLLESVPLGTGENLYFQGSGGGG 

SDYKDDDDKGTG 

14 MVPRRVGNYHSNLWDDDFIQSLISTPYGAPDYRERADRLIGEVKDIMFNFKSL Can1~ 

I EDGGNDLLQRLLLVDDVERLGIDRHFKKEIKTALDYVNSYWNEKGIGC:GRES phene ' ! 
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VVTDLNSTALGLRTLRLHGY1VSSDVLNVFKDKNGQFSSTANIQIEGEIRGVL synthase 

NLFRASL V AFPGEKVMDEAETFSTKYLREALQKIPASSILSLEIRDVLEYGWHT 

NLPRLEARNYMDVFGQHTKNKNAAEKLLELAKLEFNJFHSLQERELKHVSRW 

WKDSGSPEMTFCRHRHVEYYALASCIAFEPQHSGFRLGFTKMSHLITVLDDM 

YDVFGTVDELELFTATIKRWDPSAMECLPEYMKGVYMMVYHTVNEMARVA 

EKAQGRDTLNYARQA WEACFDSYMQEAKWIA TGYLPTFEEYLENGKVSSAH 

RPCALQPILTLDIPFPDHILKEVDFPSKLNDLICIILRLRGDTRCYKADRARGEEA 

SSISCYMKDNPGLTEEDALNHINFM!RDAIRELNWELLKPDNSVPITSKKHAFD 

ISRVWHHGYR YRDGYSF ANVETKSL VMR TVIEPVPLGTGENL YFQGSCKJGGS 

DYKDDDDKGTG 

5 MVPRRSGDYQPSLWDFNYJQSLNTPYKEQRHFNRQAELIMQVRMLLKVKME Sabinene 

AIQQLELIDDLQYLGLSYFFQDEIKQILSSIHNEPRYFHNNDLYFTALGFRILRQ synthase 

HGFNVSEDVFDCFKIEKCSDFNANLAQDTKGMLQL YEASFLLREGEDTLELAR 

RFSTRSLREKFDECKiDEIDEDLSSWIRHSLDLPLHWRVQGLEARWFLDA Y ARR 

PDMNPLIFKLAKLNFNIVQATYQEELKDISRWWNSSCLAEKLPFVRDRIVECFF 

WA!AAFEPHQYSYQRKMAAVIITFITIIDDVYDVYGTIEELELLTDMIRRWDNK 

SISQLPYYMQVCYLAL YNFVSERA YDILKDQHFNSIPYLQRSWVSL VEGYLKE 

A YWYYNGYKPSLEEYLNNAKISISAPTIISQL YFTLANSIDETAIESL YQYHNIL 

YLSGTILRLADDLGTSQHELERGDVPKAIQCYMNDTNASEREA VEHVKFLIRE 

A WKEMNTVTTASDCPFTDDL V AAAANLARAAQFIYLDGDGHGVQHSEIHQQ 

MGGLLFQPYVGTGENL YFQGSGGGGSDYKDDDDKGTG 

6 MVPRRIGDYHSNIWDDDFIQSLSTPYGEPSYQERAERL!VEVKKIFNSMYLDDG Myrcene 

RLMSSFNDLMQRLWTVDSVERLGlARHFKNEITSALDYVFRYWEENGIGCGRD synthase 

SIVTDLNSTALGFRTLRLHGYTVSPEVLKAFQDQNGQFVCSPGQTEGEIRSVLN 

L YRASLIAFPGEKVMEEAEIFSTR YLKEALQKIPVSALSQETKFVMEYGWHTNL 

PRLEARNYIDTLEKDTSA WLNKNAGKKLLELAKLEFNIFNSLQQKELQYLLR 

ViWKESDLPKLTF ARHRHVEFYTLASCIAIDPKHSAFRLGF AKMCHLVTVLDDT 

YDTFGTIDELELFTSAIKRWNSSEIEHLPE'l'MKCVYMVVFETVNEL TREAEKT 

QGRNTLNYVRKA WEA YFDSYMEEAK WISNGYLPMFEEYHENGKVSSA YRV 

ATLQPILTLNA WLPDYILKGIDFPSRFNDLASSFLRLRGDTRCYKADRDRGEEA 

SCISCYMKDNPGSTEEDALNHINAMVNDIIKELNWELLRSNDNIPMLAKKHAF 

DITRALHHL YIYRDGFSV ANKETKKL VMETLLESMLFGTGENL YFQGSGGGG 

SDYKDDDDKGTG 

' 7 MVPQSAEKNDSLSSSTLVKREFPPGFWKDDLIDSLTSSHKV AASDEKRIETLIS Abieta~ 

EIKNMFRCMGYGETNPSA YDTA WVARIPA VDGSDNPHFPETVEWILQNQLKD diene 

GSWGEGFYFLAYDRILATLACIITLTLWRTGETQVQKGIEFFRTQAGKMEDEA synthase 

' DSHRPSGFETVFPAMLKEAKILGLDLPYDLPFLKQIIEKREAKLKRIPTDVL Y AL I 
' PTTLL YSLEGLQEIVDWQKIMKLQSKDGSFLSSPASTAA VFMRTGNKKCLDFL 

NFVLKKFGNHVPCHYPLDLFERLW A VDTVERLGIDRHFKEEIKEALDYVYSH 

WDERGIGWARENPVPDIDDTAMGLRILRLHGYNVSSDVLKTFRDENGEFFCFL . 
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GQTQRGVTDMLNVNRCSHVSFPGETIMEEAKLCTERYLRNALENVDAFDKW 

AFKKNIRGEVEYALKYPWHKSMPRLEARSYIENYGPDDVWLGKTVYMMPYI 

SNEKYLELAKLDFNKVQSIHQTELQDLRRWWKSSGFTDLNFTRERVTEJYFSP 

ASFIFEPEFSKCREVYTKTSNFTVILDDL YDAHGSLDDLKLFTESVKR WDLSL V 

DQMPQQMKICFVGFYNTFNDIAKEGRERQGRDVLGYIQNVWKVQLEA YTKE 

AEWSEAKYVPSFNEYIENASVSIALGTVVL!SALFTGEVLTDEVLSKIDRESRFL 

QLMGLTGRL VNDTKTYQAERGQGEV ASAIQCYMKDHPKISEEEALQHVYSV I 
MENALEELNREFVNNKIPDIYKRLVFETARIMQLFYMQGDGLTLSHDMEIKEH 

VKNCLFQPVAGTGENLYFQGSGGGGSDYKDDDDKGTG 

8 MVPSSSTGTSKVVSETSSTIVDDIPRLSANYHGDLWHHNVIQTLETPFRESSTY Taxadicnc 

QERADELVVKIKDMFNALGDGDJSPSAYDTAWVARVATISSDGSEKPRFPQAL synthase 

h'WVFNNQLQDGSWGIESHFSLCDRLLNTTNSVIALSVWKTGHSQVQQGAEFI 

AENLRLLNEEDELSPDFQIIFPALLQKAKALGINLPYDLPFIKYLSTTREARL TD 

VSAAADNIPANMLNALEGLEEVID\VNKIMRFQSKDGSFLSSPASTACVLMNT 

GDEKCFTFLNNLLDKFGGCVPCMYSIDLLERLSL VDNIEHLGIGRHFKQEIKGA 

LDYVYRHWSERGIGWGRDSLVPDLNTTALGLRTLRMHGYNVSSDVLNNFKD 

ENGRFFSSAGQTHVELRSVVNLFRASDLAFPDERAMDDARKFAEPYLREALA 

TKISTNTKLFKEIEYVVEYPWHMSIPRLEARSYIDSYDDNYVWQRKTL YRMPS 

LSNSKCLELAKLDFNIVQSLHQEELKLLTR WWKESGMADINFTRHRV AEVYF 

SSATFEPEYSATRIAFTKIGCLQVLFDDMADIFATLDELKSFTEGVKRWDTSLL 

HEIPECMQTCFKVWFKLMEEVNNDVVKVQGRDMLAHIRKPWELYFNCYVQE 

REWLEAGYIPTFEEYLKTYA!SVGLGPCTLQPJLLMGELVKDDVVEKVHYPSN 

MFEL VSLSWRLTNDTKTYQAEKVRGQQASGlACYMKDNPGATEEDAIKHJCR 

VVDRALKEASFEYFKPSNDIPMGCKSFIFNLRLCVQIFYKFIDGYGIANEEIKDY 

IRKVY!DPIQVGTGENL YFQGSGGGGSDYKDDDDKGTG 

9 MVPHKFTGVNAKFQQPALRNLSPVVVEREREEFVGFFPQIVRDLTEDGIGHPE FPP 

VGDAVARLKEVLQYNAPGGKCNRGLTVV AA YRELSGPGQKDAESLRCALA V syntha.-;c 

GWCIELFQAFFL V ADDIMDQSLTRRGQLCWYKKEGVGLDAINDSFLLESSVY 

RVLKKYCRQRPYYVHLLELFLQTAYQTELGQMLDLITAPVSKVDLSHFSEERY 

KAIVKYKTAFYSFYLPVAAAMYMVG!DSKEEHENAKAILLEMGEYFQIQDDY 

LDCFGDPALTGKVGTDIQDNKCSWLVVQCLQRVTPEQRQLLEDNYGRKEPEK 

V AKVKELYEA VGMRAAFQQYEESSYRRLQELIEKHSNRLPKEIFLGLAQKIYK 

RQKGTGENLYFQGSGGGGSDYKDDDDKGTG 

10 MVPSLTEEKPIRPIANFPPSIWGDQFLIYEKQVEQGVEQIVNDLKKEVRQLLKE Amorpha 

ALDIPMKHANLLKL!DEIQRLGIPYHFEREIDHALQCIYETYGDNWNGDRSSL di enc 

WFRLMRKQGYYVTCDVFNNYKDKNGAFKQSLANDVEGLLEL YEATSMRVP synthase 

GE!ILEDALGFTRSRLSIMTKDAFSTNPALFTEIQRALKQPLWKRLPRIEAAQYI 

PFYQQQDSHNKTLLKLAKLEFNLLQSLHKEELSHVCKWWKAFDIKKNAPCLR 

DRIVECYFWGLGSGYEPQYSRARVFFTKA VA VITLIDDTYDA YGTYEELKIFTE 

A VER WSITCLDTLPEYMKPIYKLFMDTYTEMEEFLAKEGRTDLFNCGKEFVKE 
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FVRNLMVEAKW ANEGHIPTTEEHDPVVIITGGANLLTTTCYLGMSDIFTKESV 

EWA VSAPPLFRYSGILGRRLNDLMTHKAEQERKHSSSSLESYMKEYNVNEEY 

AQTLIYKEVEDVWKDINREYLTTKN!PRPLLMA VIY LCQFLEVQY AGKDNFTR 

MGDEYKHLIKSLL VYPMSIGTGENL YFQGSGGGGSDYKDDDDKGTG 

'7 l~ MVPAGVSA VSKVSSL VCDLSSTSGLIRR TANPHPNVWGYDLVHSLKSPYIDSS Bisa~ 

YRERAEVL VSEIKAMLNPAITGDGESMITPSA YDTA WV ARVPAIDGSARPQFP bolene 

QTVDW!LKNQLKDGSWGIQSHFLLSDRLLA TLSCVL VLLKWNVGDLQVEQG! synthase 

EFIKSNLEL VKDETDQDSLVTDFEIIFPSLLREAQSLRLGLPYDLPYIHLLQTKR 

QERLAKLSREEIY A VPSPLLYSLEGIQDIVEWERIMEVQSQDGSFLSSPASTACV 

FMHTGDAKCLEFLNSVMIKFGNFVPCLYPVDLLERLLIVDNIVRLGIYRHFEKE 

!KEALDYVYRHWNERGIGWGRLNP!ADLETTALGFRLLRLHRYNVSPAIFDNF 

KDANGKFICSTGQFNKDV ASMLNL YRASQLAFPGENILDEAKSFA TKYLREAL 

EKSETSSA WNNKQNLSQEIKY ALKTSWHASVPRVEAKR YCQVYRPDY ARIAK 

CVYKLPYVNNEKFLELGKLDFNIIQS!HQEEMKNVTSWFRDSGLPLFTFARERP 

LEFYFLV AAGTYEPQYAKCRFLFTKVACLQTVLDDMYDTYGTLDELKLFTEA 

VRRWDLSFTENLPDYMKLCYQ!YYDIVHEV A WEAEKEQGRELVSFFRKGWE 

DYLLGYYEEAEWLAAEYVPTLDEYIKNGITS!GQRILLLSGVLIMDGQLLSQEA 

LEKVDYPGRRVLTELNSL!SRLADDTKTYKAEKARGELASSIECYMKDHPECT 

EEEALDHIYSILEPA VKEL TREFLKPDDVPFACKKMLFEETRVTMVIFKDGDGF 

GVSKLEVKDHIKECLIEPLPLGTGENL YFQGSGGGGSDYKDDDDKGTG 

1 -"-' MVPTMMNMNFKYCHKIMKKHSKSFSY AFDLLPEDQRKA VWAIYA VCRKIDD Diapo-

SIDVYGDIQFLNQIKEDIQSIEKYPYEHHHFQSDRRIMMALQHV AQHKNIAFQS phytoene 

. FYNLIDTVYKDQHFTMFETDAELFGYCYGVAGTVGEVLTPILSDHETHQTYD I syntha.;;;e 

I VARRLGESLQL!NILRDVGEDFDNERIYFSKQRLKQYEVDIAEVYQNGVNNHY i 
IDL WEYY AA!AEKDFQDVMDQIKVFSIEAQPIIELAARIYIEILDEVRQANYTLH 

ERVFVDKRKKAKLFHENKGTGENL YFQClSGGGGSDYKDDDDKGTG 

14 MVPKlA V!GAGVTGLAAAARIASQGHEVTIFEKNNNVGGRMNQLKKDGFTFD Dia po-

MGPTIVMMPDVYKDVFTACGKNYEDYIELRQLRYIYDVYFDHDDRITVPTDL phytoene 

AELQQMLESIEPGSTHGFMSFLTDVYKKYEIARRYFLERTYRKPSDFYNMTSL desaturase 

VQGAKLKTLNHADQLIEHYIDNEK!QKLLAFQTLYIGIDPKRGPSLYSIIPMIEM 

MFGVHFIKGGMYGMAQGLAQLNKDLGVNIELNAEIEQIIIDPKFKRADAIKVJ\ 

GDIRKFDKILCTADFPSVAESLMPDFAPIKKYPPHKIADLDYSCSAFLMYIGIDI 

DVTDQVRLHNVIFSDDFRGNIEEIFEGRLSYDPSIYVYVPA V ADKSLAPEGKTG 

IYVLMPTPELKTGSGIDWSDEALTQQIKEIIYRKLA TIEVFEDIKSHIVSETIFTPN 

DFEQTYHAKFGSAFGLMPTLAQSN-YYRPQNVSRDYKDL YF AGASTHPGAGVP 

JVL TSAKITVDEMIKDIERGVGTGENL YFQGSGGGGSDYKDDDDKGTG 

15 MVPAFDFDGYMLRKAKSVNKALEAA VQMKEPLKIHESMRYSLLAGGKRVRP GPPS-

MLCIAACEL VGGDESTAMP AACA VEMIHTMSLMHDDLPCMDNDDLRRGKPT LSU 

NHMAFGESV A VLAGDALLSFAFEHVAAA TKGAPPERIVRVLGELA VSJGSEGL synthase 
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V AGQVVDVCSEGMAEVGLDHLEFIHHHKT AALLQGSVVLGAILGGGKEEEV 

AKLRKFANCIGLLFQVVDDILDVTKSSKELGKTAGKDLVADKTTYPKLIGVEK 

SKEFADRLNREAQEQLLHFHPHRAAPLIALANYIA Y RDNGTGENL YFQGSGG 

GGSDYKDDDDKGTG 

16 MVPSQPYW AAIEADIERYLKKSITIRPPETVFGPMHHLTFAAPATAASTLCLAA GPPS-

CELVGGDRSQAMAAAAAIHLVHAAA YVHEHLPL TDGSRPVSKP AIQHKYGPN ssu 
VELLTGDGIVPFGFELLAGSVDPARTDDPDRILRVIIEISRAGGPEGMISGLHRE synthase 

EEIVDGNTSLDFIEYVCKKKYGEMHACGAACGAILGGAAEEEIQKLRNFGL YQ 

GTLRGMMEMKNSHQLIDENIIGKLKELALEELGGFHGKNAELMSSLVAEPSLY 

AAGTGENLYFQGSGGGGSDYKDDDDKGTG 

17 MVPLLSNKLREMVLAEVPKLASAAEYFFKRGVQGKQFRSTILLLMATALDVR 1 GPPS 

VPEALIGESTDIVTSELRVRQRGIAEITEMIHV ASLLHDDVLDDADTRRGVGSL 

NVVMGNKMSVLAGDFLLSRACGALAALKNTEVV ALLA TA VEHLVTGETMEI 

TSSTEQRYSMDYYMQKTYYKTASLISNSCKA \/A VLTGQTAEVA VLAFEYGRN 

LGLAFQLIDDILDFTGTSASLGKGSLSDIRHGVITAPILFAMEEFPQLREVVDQV 

EKDPRNVDIALEYLGKSKGIQRARELAMEHANLAAAAIGSLPETDNEDVKRSR 

RALIDLTHRVITRNKGTGENL YFQGSGGGGSDYKDDDDKGTG 

18 I MVPVVSERLRHSVTTGIPALKTAAEYFFRRGIEGKRLRPTLALLMSSALSP AAP GPPS 

SPEYLQVDTRP AAEHPHEMRRRQQRLAEIAELIHV ASLLHDDVIDDAQTRRGV 

LSLNTSVGNKTAILAGDFLLARASVTLASLRNSEIVELMSQVLEHL VSGEIMQ 

MTATSEQLLDLEHYLAKTYCKTASLMANSSRSV A VLAGAAPEVCDMAWSYG 

RHLGIAFQVVDDLLDLTGSSSVLGKPALNDMRSGLATAPVLFAAQEEPALQA i 
I LILRRFKHDGDVTKAMSLIERTQGLRRAEELAAQHAKAAADMIRCLPTAQSD 

I 

I HAEIAREALIQITHRVLTRKKGTGENLYFQGSGGGGSDYKDDDDKGTG 

19 MVPDFPQQLEACVKQANQALSRFIAPLPFQNTPVVETMQYGALLGGKRLRPF FPP 

LVYATGHMFGVSTNTLDAPAAA VECIHA YSLIHDDLPAMDDDDLRRGLPTCH synthase 

VKFGEANAILAGDALQTLAFSILSDADMPEVSDRDR!SM!SELASASGL<\GMCG 

GQALDLDAEGKHVPLDALERIHRHKTGALIRAA VRLGALSAGDKGRRALPVL 

DKYAESIGLAFQVQDDILDVVGDTATLGKRQGADQQLGKSTYPALLGLEQAR 

KKARDLIDDARQSLKQLAEQSLDTSALEALADYIIQRNKGTGENL YFQGSGGG 

GSDYKDDDDKGTG 

20 MVPSVSCCCRi'ILGKTIKKAIPSHHLHLRSLGGSL Y RiRRIQSSSMETDLKSTFLN PPP 

VYSVLKSDLLHDPSFEFTNESRLWVDRMLDYNVRGGKLNRGLSVVDSFKLLK synthase 

QGNDLTEQEVFLSCALGWCIEWLQA YFL VLDDIMDNSVTRRGQPCWFRVPQ 

VGMV AINDGILLRNHIHRILKKHFRDKPYYVDLVDLFNEVELQTACGQMIDLI 

TTFEGEKDLAKYSLSIHRRIVQYKTA YYSFYLPV ACALLMAGENLENHIDVKN 

VL VDMGIYFQVQDDYLDCF ADPETLGKIGTDIEDFKCSWLVVKALERCSEEQT 

KIL YENYGKPDPSNV AKVKDL YKELDLEGVFMEYESKSYEKLTGAIEGHQSK 

AIQA VLKSFLAKIYKRQKGTGENLYFQGSGGGGSDYKDDDDKGTG 
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21 MVPADLKSTFLDVYSVLKSDLLQDPSFEFTHESRQWLERMLDYNVRGGKLNR FPP 

GLSVVDSYKLLKQGQDL TEKETFLSCALGWCIEWLQA YFL VLDDIMDNSVTR synthase 

RGQPCWFRKPKVGMIAINDGILLRNHIHRILKKHFREMPYYVDLVDLFNEVEF 

QTACGQMIDLITTFDGEKDLSKYSLQIHRRIVEYKTA YYSFYLPV ACALLMAG 

ENLENHTDVKTVL VDMGJYFQVQDDYLDCF ADPETLGKIGTDIEDFKCSWL V 

VKALERCSEEQTKILYENYGKAEPSNV AKVKAL YKELDLEGAFMEYEKESYE 

KL TKLIEAHQSKAIQA VLKSFLAKIYKRQKGTGENL YFQG SGGGGSDYKDDD 

DKGTG 

22 I MVPSGEPTPKKMKATYVHDRENFTKVYETLRDELLNDDCLSPAGSPQAQAA FPP 

I QEWFKEVNDYNVPGGKLNRGMA VYDVLASVKGPDGLSEDEVFKANALGWC synthase 

i IEWLQAFFLVADDIMDGSITRRGQPCWYKQPKVGMlACNDY!LLECCIYS!LKR I 
HFRGHAA Y AQLMDLFHETTFQTSHGQLLDLTTAPIGSVDLSKYTEDNYLRIVT 

YKTA YYSFYLPV ACGMVLAGJTDPAAFDLAKNICVEMGQYFQIQDDYLDCYG I 
I 

DPEVIGKIGTDIEDNKCSWL VCTALKIATEEQKEVIKANYGHKEAESV AAIKAL 

i 
YVELGIEQRFKDYEAASY AKLEGTISEQTLLPKA VFTSLLAKIYKRKKGTGENL 

I 
YFQGSGGGGSDYKDDDDKGTG 

o-d MVPQTEHVILLNAQGVPTGTLEKY AAHTADTRLHLAFSSWLFNAKGQLL VTR !PP 

RALSKKA WPGVWTNSVCGHPQLGESNEDA VIRRCRYELGVEITPPESIYPDFR lSOlTICrase 

YRATDPSGJVENEVCPVF AARTTSALQINDDEVMDYQWCDLADVLHGIDA TP 

WAESPWMVMQA TNREARKRLSAFTQLKGTGENL YFQGSGGGGSDYKDDDD 

KGTG 

24 MVPLRSLLRGL THIPR VNSAQQPSCAHARLQFKLRSMQLLAENR TDHMRGAS !PP 

TWAGGQSQDELMLKDEC!LVDADDNITGHASKLECHKFLPHQPAGLLHRAFS ison1erasc I 
VFLFDDQGRLLLQQRARSKITFPSVWANTCCSHPLHGQTPDEVDQQSQV ADG 

TVPGAKAAAIRKLEHELGJPAHQLPASAFRFLTRLHYCAADVQP AA TQSALW 

GEHEMDYILFIRANVTLAPNPDEVDEVRYVTQEELRQMMQPDNGLQWSPWF 

RIIAARFLER WW ADLDAALNTDKHEDWGTVHHINEAGTGENL Y FQGSGGGG 
I 

SDYKDDDDKGTG I 
I 

I 
25 MVPRRSGNYNPTAWDFNYIQSLDNQYKKERYSTRHAELTVQVKKLLEEEME Limonene 

A VQKLELIEDLKNLGJSYPFKDNIQQILNQIYNEHKCCHNSEVEEKDL YFTALR synthase 

FRLLRQQGFEVSQEVFDHFKNEKGTDFKPNLADDTKGLLQLYEASFLLREAED 

TLELARQFSTKLLQKKVDENGDDKIEDNLLLWIRRSLELPLHWRVQRLEARGF 

LDA YVRRPDMNPIVFELAKLDFNITQATQQEELKDLSR WWNSTGLAEKLPFA 

RDRVVESYFWAMGTFEPHQYGYQRELV AKIIALATVVDDVYDVYGTLEELEL 

FTDAIRRWDRESIDQLPYYMQLCFLTVNNFVFELAHDVLKDKSFNCLPHLQRS 

WLDLAEA YL VEAKWYHSRYTPSLEEYLNIARVSVTCPTIVSQMYF ALPIPIEKP 

VIEIMYKYHDIL YLSGMLLRLPDDLGTASFELKRGDVQKA VQCYMKERNVPE 

NEAREHVKFL!REASKQINTAMATDCPFTEDF AV AAANLGRV ANFVYVDGDG 

FGVQHSKJYEQJC)TLMFEPYPGTGENLYFQGSGGGGSDYKDDDDKGTG 

-39-



WO 2009/036067 PCT/US2008/075858 

26 MVPRRSGNYKPTMWDFQFIQSVNNLY AGDKYMERFDEVKKEMKKNLMMM Monoterp 

VEGLIEELDVKLELIDNLERLGVSYHFKNEIMQILKSVHQQITCRDNSLYSTAL ene 

KFRLLRQHGFHISQDIFNDFKDMNGNVKQSICNDTKGLLELYEASFLSTECETT synthase 

LKNFTEAHLKNYVYINHSCGDQYNNIMMELVVHALELPRHWMMPRLETRW 

YISIYERMPNANPLLLELAKLDFNIVQATHQQDLKSLSRWWKNMCLAEKLSFS 

RNRL VENLFWA VGTNFEPQHSYFRRLITKIIVFVGIIDDIYDVYGKLDELELFTL 

A VQRWDTKAMEDLPYYMQVC:YLALINTTNDVA YEVLRKHNINVLPYLTKSW 
1 

TDLC:KSYLQEAR WYYNGYKPSLEEYMDNGWISIA VPMVLAHALFL VTDPITK 

EALESLTNYPDIJRCSATIFRLNDDLGTSSDELKRGDVPKSIQCYMNEKGVSEE 

EAREHIRFLIKETWKFMNTAHHKEKSLFC:ETFVEIAKNlATTAHCMYLKGDSH 
' 

GJQNTDVKNSISNJLFHPIIJGTGENL YFQGSGGGGSDYKDDDDKGTG 

27 MVPRRSGNYEPSA WDFNYLQSLNNYHHKEERYLRRQADLIEKVKMILKEEK Terpin-

MEALQQLELIDDLRNLGLSYCFDDQINHILTTIYNQHSCFHYHEAATSEEANL Y olene 

FTALGFRLLREHGFKVSQEVFDRFKNEKGTDFRPDLVDDTQGLLQL YEASFLL synthase 

REGEDTLEF ARQF ATKFLQKKVEEKMIEEENLLS'NTLHSLELPLHWRIQRLEA 

KWFLDAYASRPDMNPIIFELAKLEFNTAQALQQEELKDLSRWWNDTGJAEKLP 

I FARDRIVESHYWAIGTLEPYQYRYQRSLIAKIIALTTVVDDVYDVYGTLDELQ I 
LFTDAIRRWD!ESINQLPSYMQLC:YLAIYNFVSELA YDIFRDKGFNSLPYLHKS i 

WLDLVEA YFQEAKWYHSGYTPSLEQYLNIAQISV ASPATLSQIYFTMAGSIDKP 

V!ESMYKYRHILNLSGILLRLPDDLGTASDELGRGDLAKAMQC:YMKERNVSE 

EEARDHVRFLNREVSKQMNPARAADDCPFTDDFVV AAANLGRVADFMYVE 

GDGLGLQYPAIHQHMAELLFHPY AGTGENL YFQGSGGGGSDYKDDDDKGTG 

28 I-.f\rPRP.._S(JN'YQPSA \VDF1'--NIQSL}-Jf.fr-~}ISKEEP-._HLER:KAKLIEEVK1\1LLEQEfv1.A fv1yrccnc 

A VQQLELIEDLKNLGLSYLFQDEIKIJLNSIYNHHKCFHNNHEQCIHVNSDL YF synthase 

V ALGFRLFRQHGFKVSQEVFDCFKNEEGSDFSANLADDTKGLLQL YEASYL V 

TEDEDTLEMARQFSTKILQKKVEEKMIEKENLLSWTLHSLELPLHWRIQRLEA 

KWFLDAYASRPDMNPIIFELAKLEFNIAQALQQEELKDLSRWWNDTGTAEKLP 

FARDRIVESHYWAIGTLEPYQYRYQRSLIAKIIALTTVVDDVYDVYGTLDELQ 

LFTDAIRRWDIESINQLPSYMQLC:YLAIYNFVSELA YDIFRDKGFNSLPYLHKS 

WLDL VEA YFVEAKWFHDGYTPTLEEYLNNSKITIICPAIVSEIYF AF ANSIDKTE 

VESIYKYHDIL YLSGMLARLPDDLGTSSFEMKRGDV AKAIQCYMKEHNASEE 

EAREHIRFLMREAWKHMNTAAAADDC:PFESDL VVGAASLGRV ANFVYVEGD I 
GFGVQHSKIHQQMAELLFYPYQGTGENLYFQGSGGGGSDYKDDDDKGTG 

29 MVPRRSANYQASIWDDNFIQSLASPYAGEKYAEKAEKLKTEVKTMIDQTRDE Zing-

LKQLEUDNLQRLGJCHHFQDL TKKILQKIYGEERNGDHQHYKEKGLHFT ALR iberene 

FRJLRQDGYHVPQDVFSSFMNKAGDFEESLSKDTKGLVSLYEASYLSMEGETI synthase 

LDMAKDFSSHHLHKMVEDATDKRVANQIJHSLEMPLHRRVQKLEAIWFIQFY 
I 
I 

ECGSDANPTL VELAKLDFNMVQATYQEELKRLSR WYEETGLQEKLSF ARHRL 

A EAFL WSMGIIPEGHFGYGRMHLMKIGA YITLLDDIYDVYGTLEELQVL TEIIE 
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R WDINLLDQLPEYMQIFFL YMFNSTNELA YEILRDQGINVISNLKGL WVELSQ 

CYFKEATWFHNGYTPTTEEYLNV ACISASGPVILFSGYFTTTNPINKHELQSLE 

RHAHSLSMILRLADDLGTSSDEMKRGDVPKAIQCFMNDTGCCEEEARQHVKR 

LIDAEWKKMNKDILMEKPFKNFCPTAMNLGRISMSFYEHGDGYGGPHSDTKK 

KMVSLFVQPMNITIGTGENL YFQGSGGGGSDYKDDDDKGTG 

30 MVPRRSANYQPSIWNHDYIESLRIEYVGETCTRQINVLKEQVRMMLHKVVNP Myrcene 

LEQLELIEILQRLGLSYHFEEEIKRILDGVYNNDHGGDTWKAENL Y ATALKFR synthase I 

I 
LLRQHGYSVSQEVFNSFKDERGSFKACLCEDTKGMLSL YEASFFLIEGENILEE 

I ARDFSTKHLEEYVKQNKEKNLATLVNHSLEFPLHWRMPRLEARWFINIYRHN 

QDVNPILLEF AELDFNIVQAAHQADLKQVSTWWKSTGL VENLSF ARDRPVEN 

FFWTVGL!FQPQFGYCRR1\1FTKVF ALITTIDDVYDVYGTLDELELFTDVVER W 

DINAMDQLPDYMKICFLTLHNSVNEMALDTMKEQRFHI!KYLKKAWVDLCR 

YYLVEAKWYSNKYRPSLQEYIENA WISIGAPTILVHAYFFVTNPITKEALDCLE 

EYPNIIRWSSIIARLADDLGTSTDELKRGDVPKAIQCYMNETGASEEGAREY!K I 

YL!SATWKKMNKDRAASSPFSHIFIEIALNLARl\1AQCL YQHGDGHGLGNRET 

KDRILSLLIQPIPLNKDGTGENLYFQGSGGGGSDYKDDDDKGTG 

31 MVPRRTGDYHSNLWNDDFIQSLTTPYGAPSYIERADRL!SEVKEMFNRMCMED Myrcene 

GELMSPLNDLIQRLWTVDSVERLGIDRHFKNEIKASLDYVYSYWNEKGIGCGR synthase 

QSVVTDLNSTALGLRILRQHGYTVSSEVLKVFEEENGQFACSPSQTEGEIRSFL 

NL YRASL!AFPGEKVMEEAQIFSSRYLKEA VQKIPVSGLSREIGDVLEYGWHTN 

LPRWEARNYMDVFGQDTNTSFNKNKMQYMNTEKILQLVKLEFNIFHSLQQRE 

LQCLLRWWKESGLPQLTF ARHRHVEFYTLASCIACEPKHSAFRLGFAKMCHL 

VTVLDDVYDTFGKMDELELFT AA VKR WDLSETERLPEYMKGLYVVVFETVN 

ELAQEAEKTQGRNTLNYVRKA WEA YFDSYMKEAEWISTGYLPTFEEYCENG 

KVSSA YRV AALQPILTLDVQLPDDILKGIDFPSRFNDLASSFLRLRGDTRCYEA 

DRARGEEASCISCYMKDNPGSTEEDALNHINAMINDl!RELNWEFLKPDSNIPM 

PARKHAFDITRALHHL YfYRDGFSV ANKETKNL VEKTLLESMLFGTGENL YFQ 

GSGGGGSDYKDDDDKGTG 

-o MVPRRSANYQPSRWDHHHLLSVENKFAKDKRVRERDLLKEKVRKMLNDEQ Myrcene, -'~ 

KTYLDQLEFIDDLQKLGVSYHFEAEIDNILTSSYKKDRTNIQESDLHA TALEFR oc1111ene I 
LFRQHGFNVSEDVFDVFMENCGKFDRDDIYGLISL YEASYLSTKLDKNLQIFIR synthase 

PFATQQLRDFVDTHSNEDFGSCDMVEIVVQALDMPYYWQMRRLSTRWYIDV 

YGKRQNYKNLVVVEFAKIDFNIVQAIHQEELKNVSSWWMETGLGKQLYFAR 

DRIVENYFWTIGQIQEPQYGYVRQTMTKINALLTTIDDIYDIYGTLEELQLFTV 

AFENWDINRLDELPEYMRLCFLVIYNEVNSIACEILRTKNINVIPFLKKSWTDV 

SKA YLVEAKWYKSGHKPNLEEYMQNARISISSPTIFVHFYCVFSDQLSIQVLET 

LSQHQQNVVRCSSSVFRLANDLVTSPDELARGDVCKSIQCYMSETGASEDKA 

RSHVRQMINDLWDEMNYEKMAHSSSILHHDFMETVINLARMSQCMYQYGD 

GHGSPEKAKIVDRVMSLLFNPIPLDGTGENLYFQGSGGGGSDYKDDDDKGTG 
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MVPRRSANYQPSLWQHEYLLSLGNTYVKEDNVERVTLLKQEVSKMLNETEG Myrcene, 

LLEQLELIDTLQRLGVSYHFEQEIKKTLTNVHVKNVRAHKNRIDRNRWGDL Y oc1mene 

ATALEFRLLRQHGFSIAQDVFDGNIGVDLDDKDIKGILSL YEASYLSTRJDTKL synthase 

KESIYYTTKRLRKFVEVNKNETKSYTLRRMVIHALEMPYHRRVGRLEARWYI 

EVYGERHDMNPILLELAKLDFNFVQAIHQDELKSLSSWWSKTGLTKHLDFVR 

DRJTEGYFSSVGVMYEPEFA YHRQMLTKVFMLITTIDDIYDIYGTLEELQLFTTI 

VEKWDVNRLEELPNYMKLCFLCL VNEINQlGYFVLRDKGFNVIPYLKESW AD 

MCTTFLKEAKWYKSGYKPNFEEYMQNGWISSSVPTILLHLFCLLSDQTLDILG 

SYNHSVVRSSATILRLANDLATSSEELARGDTMKSVQCHMHETGASEAESRA 

YIQGIIGV AWDDLNMEKKSCRLHQGFLEAAANLGRVAQCVYQYGDGHGCPD 

KAKTVNHVRSLLVHPLPLNGTGENL YFQGSGGGGSDYKDDDDKGTG 

MVPASPPAHRSSKAADEELPKASSTFHPSLWGSFFL TYQPPT APQRANMKERA Sesqui-

EVLRERVRKVLKGSTTDQLPETVNLILTLQRLGLGYYYENEIDKLLHQIYSNSD 1(,·rpcne 

YNVKDLNL VSQRFYLLRKNGYDVPSDVFLSFKTEEGGFACAAADTRSLLSL Y synthase 

NAA YLRKHGEEVLDEAISSTRLRLQDLLGRLLPESPF AKINSSSLRTPLFRRVGI 

LEARNYIPJYETEATRNEA VLELAKLNFNLQQLDFCEELKHCSA WWNEMIAKS 

KLTFVRDRIVEEYFWMNGACYDPPYSLSRIILTKITGLITIIDDMFDTHGTTEDC 

MKF AEAFGR WDESAIHLLPEYMKDFYILMLETFQSFEDALGPEKSYRVL YLK 

QAMERLVEL YSKEIKWRDDDYVPTMSEHLQVSAETIA TIALTCSA Y AGMGDM 

SIRKETFEWALSFPQFIRTFGSFVRLSNDVVSTKREQTKDHSPSTVHCYMKEHG 

TTMDDACEKIKELIEDSWKDMLEQSLALKGLPKVVPQL VFDFSR TTDNMYRD 

, RDALTSSEALKEMIQLLFVEPIPEGTGENLYFQGSGGGGSDYKDDDDKGTG 
' 
I }.lf\/PE~AlG:t'--JFDYESYTJ'.-JFTKLPSSQ\X/GDQFLKFSL\DSDFD\'LEHEIEVLKPK\.T I Sesqui-

RENIFVSSSTDKDAMKKTILSIHFLDSLGLSYHFEKEIEESLKHAFEKIEDLIADE terpene 

NKLHTJSTIFRVFRTYGYYMSSDVFKIFKGDDGKFKESLIEDVKGMLSFYEAVH syuthase 

FGTTTDHILDEALSFTLNHLESLA TGRRASPPHISKLIQNALHIPQHRNIQAL VA 

REYISFYEHEEDHDETLLKLAKLNFKFLQLHYFQELKTITMWWTKLDHTSNLP 

PNFRERTVETWFAALMMYFEPQFSLGRIMSAKLYLVITFLDDACDTYGSISEV 

ESLADCLER WDPDYMENLQGHMKTAFKFVMYLFKEYEEILRSQGRSFVLEK 

MIEEFKIIARKNLELVKWARGGHVPSFDEYIESGGAEIGTY ATIACSJMGLGEIG 

KKEAFEWLISRPKL VRILGAKTRLMDDIADFEEDMEKGYT ANALNYYMNEHG 

VIKEEASRELEKMNGDMNKJVNEECLKITTMPRRJLMQSVNY ARSLDVL YTA 

DDVYNHREGKLKEYMRLLL VDPILLGTGENL YFQGSGGGGSDYKDDDDKGT 

G 

36 MVPESQTTFKYESLAFTKLSHCQWTDYFLSVPJDESELDVITREIDILKPEVMEL Sesqui-

LSSQGDDETSKRKVLLIQLLLSLGLAFHFENEIKNILEHAFRKIDDITGDEKDLS terpene 

TISIMFRVFRTYGHNLPSSVFKRFTGDDGKFQQSLTEDAKGILSLYEAAHLGTT synthase 

TDYILDEALKFTSSHLKSLLAGGTCRPHILRLIRNTL YLPQR WNMEA VIAREYI 

SFYEQEEDHDKMLLRLAKLNFKLLQLHYIKELKSF!KWWMELGLTSKWPSQF 
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RERIVEAWLAGLMMYFEPQFSGGRVIAAKFNYLLTILDDACDHYFSIHELTRL 

I I 
VACVERWSPDGIDTLEDISRSVFKLMLDVFDDIGKGVRSEGSSYHLKEMLEEL 

NTLVRANLDL VKWARGIQTAGKEA YEWVRSRPRLIKSLAAKGRLMDDITDFD 

SDMSNGFAANAINYYMKQFVVTKEEAILECQRMIVD!NKT!NEELLKTTSVPG 

RVLKQALNFGRLLELL YTKSDDIYNCSEGKLKEYIVTLLIDPJRLGTGENL YFQ 

GSGGGGSDYKDDDDKGTG 

37 MVPESQTKFDYESLAFTKLSHSQWTDYFLSVPIDDSELDAITREIDIIKPEVRKL Sesqui-

LSSKGDDETSKRKVLLIQSLLSLGLAFHFENEIKDILEDAFRRlDDITGDENDLS tcrpcne 

TISIMFRVFRTYGHNLPSSVFKRFTGDDGKFERSLTEDAKGILSL YEAAHLGTT synthase 

TDYILDEALEFTSSHLKSLLVGGMCRPHILRLIRNTL YLPQRWNMEA \'IAREYI 

SFYEQEEDHDKMLLRLAKLNFKLLQLHY!KELKTFIKWWMELGL:rSKWPSQF 

RERIVEAWLAGLMMYFEPQFSGGRVIAAKFNYLLTILDDACDHYFSIPELTRL 

VDCVERWNHDGIHTLEDISRIIFKLALDVFDDIGRGVRSKGCSYYLKEMLEEL 

KIL VRANLDL VKW ARGNQLPSFEEHVEVGGIALTTY ATLMYSFVGMGEA VG 

KEAYEWVRSRPRLIKSLAAKGRLMDDITDFEVK!INLFFDLLLFVFGTGENL YF 

QGSGGGGSDYKDDDDKGTG 
I 

38 MVP AAFTANA VDMRPPVITIHPRSKDIFSQFSLDDKLQKQY AQGIEALKEEAR i Cur-

SMLMAAKSAKVMILIDTLERLGLGYHFEKEIEEKLEAIYKKEDGDDYDLFTTA cumene 

LRFRLLRQHQRRVPCSVFDKFMNKEGKFEEEPLISDVEGLLSL YDAA YLQ!HG synthase 

EHILQEALIFTTHHLTRIEPQLDDHSPLKLKLNRALEFPFYRE!PllY AHFYISVYE 

RDDSRDEVLLKMAKLSYNFLQNL YKKELSQLSRWWNKLELIPNLPY!RDSV A 

GAYLWAVALYFEPQYSDVRMAIAKLIQIAAAVDDTYIJNYATIREAQLLTEAL 

ERLNVHEIDTLPDYMKIVYRFVMSWSEDFERDA TIKEQMLATPYFKAEMKKL 

GRA YNQELKWVMERQLPSFEEYMKNSEITSGVYIMFTVISPYLNSATQKNIDW 

LLSQPRLASSTA!VMRCCNDLGSNQRESKGGEVMTSLDCYMKQHGASKQET! 

SKFKLIIEDEWKNLNEEW AA TTCLPKVMVEIFRNY ARIAGFCYL'\INGDAYTSP 

KIVQQCFIJALFVNPLRJGTGENL YFQGSGGGGSDYKDDDDKGTG ' I 
39 MVPEFRVHLQADNEQKJFQNQMKPEPEASYLINQRRSANYKPNIWKNDFLDQ Farncsenc 

SLISKYDGDEYRKLSEKLIEEVKIYISAETMDLVAKLELIDSVRKLGLANLFEKE synthase 

IKEALDSIAAIESDNLGTRDDL YGTALHFKILRQHGYKVSQDIFGRFMDEKGTL 

ENHHF AHLKGMLELFEASNLGFEGEDILDEAKASLTLALRDSGHICYPDSNLS 

RDVVHSLELPSHRRVQWFDVKWQ!NA YEKDICRVNATLLELAKLNFNVVQA 

QLQKNLREASR WW ANLGF ADNLKF ARDRL VECFSCA VGV AFEPEHSSFRICL 

TKVINL VLIIDDVYDIYGSEEELKHFTNA VDR WDSRETEQLPECMKMCFQVL Y 

NTTCEIAREIEEENGWNQVLPQLTKVW ADFCKALL VEAEWYNKSHIPTLEEYL 

llc'\IGCISSSVSVLLVHSFFSITHEGTKEMADFLHKNEDLLYN!SLIVRLNNDLGTS 

AAEQERGDSPSSIVCYMREVNASEETARKNJKGMIDNAWKKVNGKCFTTNQV 

PFLSSFMNNATNMARV AHSL YKDGDGFGDQEKGPRTHILSLLFQPLVNGTGE 

NLYFQGSGGGGSDYKDDDDKGTG 
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40 MVPSSNVSAIPNSFELIRRSAQ FQASVWGDYFLSYHSLPPEKGNKVMEKQTEE F arnesc'Ile 

LKEEIKMELVSTTKDEPEKLRLIDLIQRLGVCYHFENEINNILQQLHHITITSEKN synthase 

GDDNPYNMTLCFRLLRQQGYNVSSEPFDRFRGKWESSYDNNVEELLSLYEAS 

QLRMQGEEALDEAFCFATAQLEAIVQDPTTDPMVAAEIRQALKWPMYKNLPR 

LKARHHIGL YSEKPWRNESLLNF AKMDFNKLQNLHQTEIA Y!SKWWDDYGFA 

EKLSF ARNRIVEGYFF ALGIFFEPQLLTARLIMTKVIAIGSMLDDIYDVYGTFEE 

LKLLTLALER WDKSETKQLPNYMKMYYEALLDVFEEIEQEMSQKETETTPYCJ 

HHMKEATKELGRVFLVEATWCKEGYTPKVEEYLDIALISFGHKLLMVTALLG ' 

MGSHMATQQIVQWTTSMPNILKASAVICRLMNDIVSHKFEQERGHVASAIECY 

MEQNHLSEYEALIALRKQIDDLWKDMVENYCA VITEDEVPRGVLMRVLNL TR 

LFNVIYKDGDGYTQSHGSTKAHIKSLL VDSVPLGTGENL YFQGSGGGGSDYK 

DDDDKGTG 

4i MVPKDMSIPLLAA VSSSTEETVRPIADFHPTLWGNHFLKSAADVETIDAATQE Farnesene 

QHAALKQEVRRMITTT ANKLAQKLHMIDA VQRLGV A YHFEKEIEDELGKVSH synthase 

DLDSDDLYVVSLRFRLFRQQGVKISCDVFDKFKDDEGKFKESLINDIRGMLSL 

YEAA YLAIRGEDJLDEA!VFTTTHLKSVJSISDHSHANSNLAEQ!RHSLQJPLRKA 

AARLEARYFLDIYSRDDLHDETLLKF AKLDFNILQAAHQKEASIMTR WWNDL 

GFPKKVPY ARDRllETYIWMLLGVSYEPNLAFGRIF ASKVVCMJTTIDDTFDA Y 

GTFEEL TLFTEA VTR WDIGLIDTLPEYMKFIVKA1LDIYREAEEELAKEGRSYGI 

PYAKQMMQELIILYFTEAKWL YKGYVPTFDEYKSV ALRSIGLRTLAVASFVDL 

GDFJATKDNFECILKNAKSLKATETIGRLMDDIAGYKFEQKRGHNPSAVECYK 

NQHGVSEEEA VKELLLEV ANSWKDINEELLNPTTVPLPMLQRLLYFARSGHFI 

YDDGHDRYTHSLMMKRQV ALLLTEPLAIGTGENL YFQGSGGGGSDYKDDDD 

I KGTG 

42 MVPDLAVEIAMDLAVDDVERRVGDYHSNLWDDDFIQSLSTPYGASSYRERAE Farnescne 

RL VGEVKEMFTSISIEDGELTSDLLQRL WMVDNVERLGISRHFENEIKAAIDYV synthase 

YSYWSDKGIVRGRDSAVPDLNSIALGFRTLRLHGYTVSSDVFKVFQDRKGEFA 

CSAIPTEGDIKGVLNLLRASYIAFPGEKVMEKAQTF AA TYLKEALQKIQVSSLS 

REIEYVLEYGWLTNFPRLEARNYIDVFGEEICPYFKKPCIMVDKLLELAKLEFN 

LFHSLQQTELKHVSRWWKDSGFSQLTFTRHRHVEFYTLASCIAIEPKHSAFRL 

GFAKVCYLGIVLDDTYDTFGKMKELELFT AAIKR WDPSTTECLPEYMKGVYM 

AFYNCVNELALQAEKTQGRDMLNY ARKA WEALFDAFLEEAKWISSGYLPTF 

EEYLENGKVSFGYRAATLQPILTLDJPLPLHJLQQIDFPSRFNDLASSJLRLRGDI 

CGYQAERSRGEEASSISCYMKDNPGSTEEDALSHINAMISDNINELNWELLKP 

NSNVPISSKKHAFDILRAFYHL YKYRDGFSIAKIETKNL VMR TVLEPVPMGTGE 

NLYFQGSGGGGSDYKDDDDKGTG 
i 

43 MVPTSVSVESGTVSCLSSNNLIRRTANPHPNIWGYDFVHSLKSPYTHDSSYRER Bisa-

AETLISEJKVMLGGGELMMTPSA YDTA WV ARVPSIDGSACPQFPQTVEWILKN bolene 

QLKDGSWGTESHFLLSDRLLA TLSCVLALLKWKV ADVQVEQGIEFIKRNLQAl synthase 
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KDERDQDSLVTDFEIIFPSLLKEAQSLNLGLPYDLPYIRLLQTKRQERLANLSM 

DKIHGGTLLSSLEGIQDIVEWETIMDVQSQDGSFLSSPASTACVFMHTGDMKC 

LDFLNNVLTKFGSSVPCLYPVDLLERLLIVDNVERLGIDRHFEKEIKEALDYVY 

RHWNDRGIGWGRLSPIADLETTALGFRLLRLHRYNVSPVVLDNFKDADGEFF 

CSTGQFNKDV ASMLSL YRASQLAFPEESILDEAKSFSTQYLREALEKSETFSSW 

Nr!RQSLSEEIKY ALKTSWHASVPRVEAKRYCQVYRQDY AHLAKSVYKLPKV 

NNEKILELAKLDFNIJQSIHQKEMKNVTSWFRDSGLPLFTFARERPLEFYFLIAG 

GTYEPQY AKCRFLFTKV ACLQTVLDDMYDTYGTPSELKLFTEA VRR WDLSFT 

ENLPDYMKLCYKIYYDIVHEV A WEVEKEQGREL VSFFRKGWEDYLLGYYEE 

AEWLAAEYVPTLDEYIKNGITSIGQRILLLSGVL!MEGQLLSQEALEKVDYPGR 

RVLTELNSLISRLADDTKTYKAEKARGELASSIECYMKDHPGCQEEEALNHfY 

GILEP A VKELTREFLKADHVPFPCK!Cl\llLFDETRVTMVIFKDGDGFG!SKLEVK 

DHIKECLIEPLPLGTGENLYFQGSGGGGSDYKDDDDKGTG 

44 MVPGSEVNRPLADFPANIWEDPLTSFSKSDLGTETFKEKHSTLKEAVKEAFMS Sesqui-

SKANPIENIKFIDALCRLGVSYHFEKDIVEQLDKSFDCLDFPQMVRQEGCDLYT terpene 

VGIIFQVFRQFGFKLSADVFEKFKDENGKFKGHLVTDA YGMLSL YEAAQWGT synthase 

HGED!IDEALAFSRSHLEEISSRSSPHLAIRIKNALKHPYHKGISRlETRQYISYYE 

EEESCDPTLLEF AKIDFNLLQJLHREELACVTR WHHEMEFKSKV1YTRHR1TEA 

YLWSLGTYFEPQYSQARVTTTMALILFTALDDMYDA YGTMEELELFTDAMDE 

WLPVVPDEIPIPDSMKFIYNVTVEFYDKLDEELEKEGRSGCGFHLKKSLQKTA 

NGYMQEAKWLKKDYIATFDEYKENAILSSGYY ALIAMTFVRMTDV AKLDAF 

EWLSSHPKIRV ASEI!SRFTDDISSYEFEHKREHV ATGIDCYMQQFGVSKERA V 

EVMGNIVSDA WKDLNQELMRPHVFPFPLLMRVLNLSRVIDVFYRYQDA YTNP 

KLLKEHIVSLLIETIPIGTGENL YFQGSGGGGSDYKDDDDKGTG 

45 MVPEAIR VFGLKLGSKLSIHSQTNAFPAFKLSRFPLTSFPGKHAHLDPLKATTH Sesqul-

I PLAFDGEENNREFKNLGPSEWGHQFLSAHVDLSEMDALEREIEALKPKVRDM terpene 

LISSESSKKKILFL YLLVSLGLA YHFEDEIKESLEDGLQKIEEMMASEDDLRFKG synthase 

I DNGKFKECLAKDAKGILSL YEAAHMGTTTDYILDEALSFTLTYMESLAASGTC 

KINLSRRIRKALDQPQHKNMEIIV AMKYIQFYEEEEDCDKTLLKF AKLNFKFLQ I 

LHYLQELKILSKWYKDQDFKSKLPPYFRDRLVECHFASLTCFEPKYARARIFLS 

KIFTVQIFIDDTCDRYASLGEVESLADTIERWDPDDHAMDGLPDYLKSVVKFV I 
FNTFQEFERKCKRSLRINLQV AKWVKAGHLPSFDEYLDV AGLELAISPTFAG!L 

MGMENVCKPEA YEWLKSRDKL VRGVITKVRLLNDIFGYEDDMRRGYVTNS! 

NCYKKQYGVTEEEAIRKLHQIVADGEKMMNEEFLKPINVPYQVPKVV!LDTL 

RAANVSYEKDDEFTRPGEHLKNCITSIYFDLGTGENLYFQGSGGGGSDYKDD 

DDKGTG 

46 MVPTTTLSSNLNSQFMQVYETLKSEL!HDPLFEFDDDSRQWVERMIDYTVPGG GPP 

KMVRGYSVVDSYQLLKGEELTEEEAFLACALGWCTEWFQAFILLHDDMMDG Chi1ncra 

SHTRRGQPCWFRLPEVGA V AINDGVLLRNHVHRILKKHFQGKr'c YYVHLVDLF synthase 

NETEFQTISGQMIDLITTLVGEKDLSKYSLSIHRRlVQYKTA YYSFYLPVACALL 
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MFGEDLDKHVEVKNVLVEMGTYFQVQDDYLDCFGAPEVJGKJGTDIEDFKCS 

WL VVKALELANEEQKKTLHENYGKKDPASV AKVKEVYHTLNLQA VFEDYE 

ATSYKKLITSIENHPSKA VQA VLKSFLGKIYKRQKGTGENL YFQGSGGGGSDY 

KDDDDKGTG 

47 MVPSQPYW AAIEAD!ERYLKKSITIRPPETVFGPMHHLTF AAPATAASTLCLAA GPPS-

CEL VGGDRSQAMAAAAAIHLVHAAA YVHEHLPLTDGSRPVSKPAIQHKYGPN LSU+SS 

VELLTGDGIVPFGFELLAGSVDPARTDDPDRJLRVIIEISRAGGPEGMISGLHRE U fusion 

EEIVDGNTSLDFIEYVCKKKYGEMHACGAACGAILGGAAEEEIQKLRNFGLYQ 

GTLRGMMEMKNSHQLIDENIIGKLKELALEELGGFHGKNAELMSSLV AEPSL Y 

AASSNNLGIEGRFDFDGYMLRKAKSVNKALEAA VQMKEPLKIHESMRY SLLA 

GGKRVRPMLCIAACEL VGGDESTAMPAACA VEMIHTMSLMHDDLPCMDND 

DLRRGKPTNHMAFGESV A VLAGDALLSF AFEHV AAA TKGAPPERIVRVLGEL 

A VS!GSEGLV AGQVVDVCSEGMAEVGLDHLEFIHHHKTAALLQGSVVLGAIL 

GGGKEEEV AKLRKFANCIGLLFQVVDDILDVTKSSKELGKTAGKDLV ADKTT 

YPKLIGVEKSKEFADRLNREAQEQLLHFHPHRAAPLIALANYIAYRDNGTGEN 

LYFQGSGGGGSDYKDDDDKGTG 

48 MVPVTAARATPKLSNRKLRV A VIGGGPAGGAAAETLAQGGIETJLIERKMDN Geranyl 

CKPCGGAIPLCMVGEFNLPLDilDRRVTKMKMISPSNIA VD!GRTLKEHEYIGM geranyl 

VRREVLDA YLRERAEKSGATVINGLFLKMDHPENWDSPYTLHYTEYDGKTCi reductase 

ATGTKKTMEVDA VIGADGANSRV AKSIDAGDYDY AIAFQERIRIPDEKMTYY 

EDLAEMYVGDDV SPDFYGWVFPKCDHV A VGTGTVTHKGDIKKFQLATRNRA 

KDKILGGKIIRVEAHPIPEHPRPRRLSKRV AL VGDAAGYVTKCSGEGIYF AAKS 

I GRMCAEAIVEGSQNGKKMIDEGDLRKYLEKWDKTYLPTYRVLDVLQKVFYR 

SNPAREAFVEMCNDEYVQKMTFDSYL YKRV APGSPLEDIKLA VNTIGSLVRA 

NALRREIEKLSVGTGENLYFQGSGGGGSDYKDDDDKGTG 

49 MVPV A VIGGGPSGACAAETLAKGGVETFLLERKLDNCKPCGGAIPLCMVEEF Gerany1-

DLPMEIIDRRVTKMKMlSPSNREVDVGKTLSETEWIGMCRREVFDDYLRNRA geranyl 

QKLGANJVNGLFMRSEQQSAEGPFTIHYNSYEDGSKMGKPATLEVDM!IGADG reduc1asc 

ANSRlAKEIDAGEYDYAIAFQERIRIPDDKMKYYENLAEMYVGDDVSPDFYG 
i 

WVFPKYDHV A VGTGTVVNKTAIKQYQQATRDRSKVKTEGGKJIRVEAHPIPE 

HPRPRRCKGRV AL VGDAAGYVTKCSGEGIYF AAKSGRMAAEA!VEGSANGT 

KMCGEDAIRVYLDKWDRKYWTTYKVLDILQKVFYRSNP AREAFVELCEDSY 

VQKMTFDSYL YKTVVPGNPLDDVKLL VRTVSSILRSNALRSVNSKSVNVSFGS 

KANEERVMAAGTGENL YFQGSGGGGSDYKDDDDKGTG 

50 MVPAMAVPLDVVITYPSSGAAAYPVLVMYNGFQAKAPWYRGIVDHVSSWG Chloroph 

i 
YTVVQYTNGGLFPIVVDRVELTYLEPLLTWLETQSADAKSPL YGRADVSRLG yllido-

TMGHSRGGKLAALQFAGRTDVSGCVLFDPVDGSPMTPESADYPSATKALAA hydro lase 

AGRSAGLVGAAITGSCNPVGQNYPKFWGALAPGSWQMVLSQAGHMQFART 

GNPFLDWSLDRLCGRGTMMSSDVITYSAAFTV A WFEGIFRPAQSQMGISNFKT 
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WANTQV AARSITFDIKPMQSPQGTGENL YFQGSGGGGSDYKDDDDKGTG 

51 MVPAPPKPVRITCPTV AGTYPVVLFFHGFYLRNYFYSDVLNHIASHGYJL V AP Chloro-

QLCKLLPPGGQVEVDDAGSVINW ASENLKAHLPTSVNANGKYTSLVGHSRGG phyllido-

KT AF AV ALGHAA TLDPSITFSALIGIDPV AGTNKYIR TD PHIL TYKPESFELDIPV bydrolase 

A VVGTGLGPKWNNVMPPCAPTDLNHEEFYKECKATKAHFV AADYGHMDML ' 

DDDLPGFVGFMAGCMCKNGQRKKSEMRSFVGGIVV AFLKYSL WGEKAEIRLI 

VKDPSVSPAKLDPSPELEEASGIFVGTGENL YFQGSGGGGSDYKDDDDKGTG 

52 MVPATPVEEGDYPVVMLLHGYLLYNSFYSQLMLHVSSHGFILIAPQLYSIAGP Chloro-

DTMDEIKSTAEIMDWLSVGLNHFLPAQVTPNLSKF ALSGHSRGGKTAFA VAL phyllido-

KKFGYSSNLKISTLIGIDPVDGTGKGKQTPPPVLAYLPNSFDLDKTPJL VJGSGL , hydrolase 

GETARNPLFPPCAPPGVNHREFFRECQGPA WHFV AKDYGHLDMLDDDTKGIR 

GKSSYCLCKNGEERRPMRRFVGGL VVSFLKA YLEGDDREL VKJKDGCI-IEDVP 

VEJQEFEVIMGTGENL YFQGSGGGGSDYKDDDDKGTG 

53 MVPSHKKKNVIFFVTDGMGPASLSMARSFNQHVNDLPIDDILTLDEHFIGSSR T Phos-

RS SD SL VTDSAAGATAFACALKSYNGAJGVDPHHRPCGTVLEAAKLAGYL TG phatase 

L VVTTR fTDA TPASFSSHVDYRWQEDLIA THQLGEYPLGRVVDLLMGGGRSH 

FYPQGEKASPYGHHGARKDGRDLIDEAQSNGWQYVGDRKNFDSLLKSHGEN 

VTLPFLGLF ADNDIPFEIDRDEKEYPSLKEQVKV ALGALEKASNEDKDSNGFFL 

MVEGSRIDHAGHQNDPASQVREVLAFDEAFQYVLEFAENSDTETVLVSTSDH 

ETGGLVfSRQVTASYPQYVWYPQVLANATHSGEFLKRKLVDFVHEHKGASS 

KIENFJKHEILEKDLGIYDYTDSDLETLIHLDDNANAIQDKLNDMVSFRAQIGW 

TTHGHSA VDVNIYA YANKKATWSYVLNNLQGNHENTEVGQFLENFLELNLN 

EVTDLIRDTKHTSDFDATEIASEVQHYDEYYHELTNGTGENLYFQGSGGGGSD 

YKDDDDKGTG 

54 MVPHKFTGVNAKFQQPALRNLSPVVVEREREEFVGFFPQIVRDLTEDGIGHPE FPP 

VGDA V ARLKEVLQYNAPGGKCNRGLTVV AA YRELSGPGQKDAESLRCALA V All8W 

GWCIELFQAEFL VWDDIMDQSLTRRGQLCWYKKEGVGLDAINDSFLLESSVY 

RVLKKYCRQRPYYVHLLELFLQTA YQTELGQMLDLITAPVSKVDLSHFSEER Y 

KAIVKYKT AFYSFYLPV AAAMYMVGIDSKEEHENAKAILLEMGEYFQIQDDY 

LDCFGDPALTGKVGTDIQDNKCSWLVVQCLQRVTPEQRQLLEDNYGRKEPEK 

V AKVKELYEA VGMRAAFQQYEESSYRRLQELIEKHSNRLPKEIFLGLAQKIYK 

RQKGTGENLYFQGSGGGGSDYKDDDDKGTG 

[00109] One or more codons of an encoding polynucleotide ean be biased to reflect 

chloroplast 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 reinhardtii has 
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been reported. See U.S. 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 

nucleic acids with about 70% identity thereto. 

[00110] One example of an algorithm that is suitable for determining percent sequence 

identity or sequence similarity between nucleic acid or polypeptide sequences is the BLAST 

algorithm, which is described, e.g., in Altschul et al., 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 

defaults 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 (Vl) of3, an expectation (E) of 10, and the BLOSUM62 scoring matrix (see Henikoff 

& Henikoff (1989) Proc. Natl. Acad. Sci. USA 89: 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'!. Acad. Sci. USA 90:5873-5787 

(1993)). One measure of similarity provided by the BLAST algorithm is the smallest sum 

probability (P(N))~ \Vhich pro·vides an indication of the probability b)r \:vh.ich a match betv1ccn D.vo 

nucleotide or amino acid sequences would occur by chance. For example, a nucleic acid is 

considered similar to a reference sequence if the smallest sum probability in a comparison of the 

test nucleic acid to the reference nucleic acid is 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 is biased for 

chloroplast codon usage can be synthesized de nova, 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 alga chloroplasts as compared to 

tobacco. Generally, the chloroplast codon bias selected reflects chloroplast codon usage of the 

plant which is 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). 

[00112] 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; etc. 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 complexes. 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). 

[00113] The term "recombinant nucleic acid molecule" is used herein to refer to a 

polynucleotide 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 is 

not found in a cell in nature. In particular, the two or more nucleotide 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 polynuclcotide, (e.g. biased for 

chloroplast codon usage, insertion of a restriction enzyme site .. insertion of a promoter, insertion of 

an origin ofreplicatio11). A recombinant nucleic acid molecule may ft1rther contain a peptide tag 

(e.g., His-6 tag), which can facilitate identification of expression of the polypeptide 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 in the art (e.g., anti-tag antibodies, 

streptavidin). Such tags may also be used to isolate the operatively linked polypeptide(s). for 

example by affinity chromatography. 

[00114] A polynucleotidc comprising naturally occurring nucleotides and phosphodicstcr 

bonds can be chemically synthesized or can be produced using recombinant DNA methods, using 

an appropriate polynucleotide as a template. In comparison, a polynucleotide 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). 

Polynucleotides useful for practicing a method of the present invention may be isolated from any 

orgamsm. 
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[00115] The invention may take advantage of naturally occurring product production 

pathways in an NVPO. An example of such a pathway (for the production ofphytol and~­

carotene) is shown in FIG. 1. One of skill in the art will recognize that this isoprenoid production 

pathway is provided merely by way of example to further illustrate one embodiment 

[00116] One aspect of the present invention is to modify the phytol/~-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 illustrated in FIG. L By 

inserting an exogenous geranyl-diphosphate synthase (GPPS) and/or farsenyl-diphosphate synthase 

(FPPS), the production of OPP 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 OPP 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, chlorophyllohydrolase) which leads to the production of isoprenoids of 

interest (e.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 NVPOs - 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., OPP, FPP, phytol, phytoene, ~-carotene). For 

example, production of naturally occurring isoprcnoids (e.g., GPP, FPI)) phytoe11e) may be 

increased by: l) 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 naturally 

occurring isoprenoid through an indirect route (e.g., an exogenous GPPS may increase the 

intracellular concentration of OPP, providing more substrate for a phytol/chlorophyll synthesis 

pathway). 

[00118] Thus, production of certain naturally occurring isoprenoids may be increased. For 

purposes of illustration only, the isoprenoid, phytol, is naturally produced by a number ofNVPOs, 

including C reinhardtii. Generally, the amount ofphytol in wild type strains of C. reinhardtii is 

less than I% 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., OPP synthase) may be introduced 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 exogenous isoprenoid synthases may be 

introduced into a genome of the organism. Such synthases may be homologous or non­

homologous to the target NVPO (e.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 (e.g., 

phytol) or may produce a precursor for an enzyme which then acts to produce the isoprenoid of 

interest. In still another approach, an enzyme may be introduced or upregulated which causes the 

degradation of a product produced by the host NVPO - either naturally or as the result of an 

introduced gene -thereby producing the isoprenoid of interest. For example, a 

chlorophyllidohydrolase may be introduced into the host cell to promote degradation of 

chlorophyll into phytol. 

[00119] Utilizing such approaches, a modified NVPO may comprise about 1.5%, 1.6%, 1. 7%, 

l.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%, 50%, 55%, 60%, 65%, 

70~1o, 76CX), 80~~), 85o/o, 90~1o, 95~1o, or higher. In some instances, compositior1s comprising phytol 

collected from an NVPO of the present invention may also comprise portions of the cells 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 naturally occurring enzyme 

which is present in one intracellular compartment (e.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. 

[00121] 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 petrochemical industries). 

Limonene is a monotcrpcnc that is a pure hydrocarbon, only composed of hydrogen and carbon 
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atoms. Limonene is not naturally produced in the species, Chlamydomonas 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, geranyl pyrophosphate 

is naturally present in the chloroplast of microalgae. The expression of the limonene synthase can 

be accomplished by inserting the heterologous gene encoding limonene synthase into the 

chloroplast genome of the microalgae. The modified strain of microalgae is then made 

homoplasmic to ensure that the limonene gene will be stably maintained in the chloroplast genome 

of all descendents. A microalga is homoplasmic for a gene when the inserted gene is present in all 

copies of the chloroplast 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 "homoplasmic" or "homoplasmy" 

refers to the state where all copies of a particular locus of interest arc 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 permit expression levels that 

can readily exceed I 0% of the total soluble plant protein. 

[00122] Briefly, the process of determining plasmic state of an organism of the present 

invention involves screening transformants for the presence of exogenous nucleic acids and the 

absence of wild-type nucleic acids at a given locns of interest. Such approaches are utilized in 

Examples ! and 2 below (Figs. 4A-C and 6A-C). 

[00123] Any of the vectors herein (e.g. including any of the expression vectors described 

above) can comprise a 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 

molecule affects, increases, upregulates, or modulates the secretion of a product from a host cell or 

orgamsm. 

[00124] An expression vector may comprise a sequence encoding a protein or polypeptide that 

allows or improves secretion of a product molecule and a nucleotide 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 selectable 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 selection of 

transformed 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 divi.sion 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., l 09:2589-2601 (1989) which 

discusses the transformation of a nitrate reductase deficient mutant of Chlamydomonas reinhardtii 

with a gene encoding nitrate reductase). 

[00127] Regulatorv control sequences. 

[00128] Any of the expression 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 

translation, or other regulatory control sequence(s) that are compatible with the host cell and 

control the expression of the nucleic acid molecules of the present invention. In some cases, a 

regulatory control sequence includes transcription control sequence(s) that are able to control, 

modulate, or effect the initiation, elongation, and/or termination of transcription. For example, a 

regulatory control sequence can increase transcription and translation 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 tbe 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 hctcrologous, and ifhctcrologous, 

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 derived 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 

expression vector is to be expressed. 
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[00130] Depending on the application, rcgnlatory 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. 

[00131] Suitable regnlatory 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 algal promoter of one species operatively linked to an nucleotide sequence of another 

organism or algal species). The latter regulatory control sequences can be a sequence that controls 

expression of another gene within the same species (i.e., autologous) or can be derived from a 

different organism or species (i.e., heterologous). 

[00132] To determine whether a putative regulatory control sequence is suitable, the putative 

regulatory control sequence is linked to a nucleic acid molecule typically encodes a protein that 

produces an easily detectable signal. The construction may then be introduced into an alga or other 

organism by standard techniques and expression thereof is monitored. For example, if the nucleic 

acid molecule encodes a dominant selectable marker, the alga or organism to be used is tested for 

the ability to grow in the presence of a compound for which the marker provides resistance. 

[00133] In some cases, a regulatory control sequence is 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 promoteri for example as described in U.S. Publ. P.,._ppl. 

Nos. 2006/0234368 and 2004/0014174, and in Hallmann, Transgenic Plant J. 1 :8 l-98(2007). The 

promoter may be a chloroplast specific promoter or a nuclear promoter. The promoter may an 

EF 1-o. gene promoter or a D promoter. In some embodiments, the synthase is opcrably linked to 

the EF 1-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, including 

for example, coding and non-coding regions, 5' nntranslated 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 5' untranslated regions, one or more introns, or one or more exons. 

[00135] 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 acctyl-CoA carboxylasc 3'-untranslated regulatory control sequence (U.S. Pat. 

No. 5,661,017) 

-54-



WO 2009/036067 PCT/US2008/075858 

[00136] A regulatory control sequence may also encode chimeric or fusion polypeptides, such 

as protein AB, or SAA, that promotes expression ofheterologous nucleotide sequences and 

proteins. Other regulatory control sequences include autologous intron sequences that may promote 

translation of a heterologous sequence. 

[00137] The regulatory control sequences used in any of the expression vectors herein may be 

inducible. Inducible 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 example, 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 control 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, 

upregulatc secretion, production, or both, of a product described herein. In some cases, an 

expression vector comprises one or more regulatory control sequences operatively linked to a 

nucleotide sequence encoding a polypeptide that effects, for example, uprcgulates secretion, 

production, or both, of a product. 

[!Hl139] Expression. 

[00140] Chloroplasts are a productive organelle of photosynthetic organisms 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 chloroplast 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 limonene 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 isoprenoid producing enzymes useful 

in the present invention. Tables 6 and 8 provide these nucleic acid sequences with the addition of 

restriction enzyme sites. The sequences in Tables 5-8 arc also codon-biased for expression in C. 

reinhardtii. Such sites, as will be readily apparent, can be used to integrate the nucleic acids into a 

vector. 

[00142] In yet another example, an expression vector comprising a nucleotide sequence 

encoding an enzyme that produces a product (e.g. fuel product, rragrance 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 enzyn1e encoded by the introduced nucleotide sequence. 

[00143] 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. l\ hydrocarbon derivative product is a hydrocarbon product v;ith 

one or more heteroatoms, wherein the heteroatom is any atom that is not hydrogen or carbon. 

Examples ofheteroatoms include, 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 is made up carbon and hydrogen. 

[00145] Examples of hydrocarbon and hydrocarbon derivative products that can he produced 

using the compositions and methods herein include tcrpcnes, and their derivatives, tcrpenoids. A 

terpene is a molecule made of isoprene (C5) units and is not necessarily a pure a hydrocarbon. 

Terpenes are typically derived from isoprene 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 rean-anged, to form derivatives of terpenes, such as isoprenoids. 

[00146] lsoprenoids (also known as terpenoids) are derived from isoprene subunits but are 

modified, such as by the addition ofheteroatoms such as oxygen, by carbon skeleton 

rean-angement, and by alkylation. Isoprenoids generally have a number of carbon atoms which is 

evenly divisible by five, but this is not a requirement as "in-egular" terpcnoids arc known. 
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Carotenoids, such as carotenes and xanthophylls, arc an example of a isoprenoid as a useful 

product. A steroid is another example of a terpenoid. Examples of isoprenoids include, but are not 

limited to, hcmiterpenes (C5), monoterpenes (CJ 0), sesquiterpenes (CJ 5), diterpenes (C20), 

triterpenes (C30), tetraterpenes (C40), and polyterpenes (Cn, wherein "n" is equal to or greater than 

45). Other examples of isoprcnoids include, but are not limited to, limonene, 1, 8-cineole, a­

pinene, camphene, (+)-sabinene, myrcene, abietadiene, taxadiene, famesyl pyrophosphate, 

amorphadicne, (E)-a-bisabolene, zingiberene, or diapophytoene, and their derivatives. 

[00147] lsoprenoid precursors are thought to be generated by two pathways. The mevalonate 

pathway, or HMG-CoA reductase pathway, generates dimethylallyl pyrophosphate (DMAPP) and 

isopentyl pyrophosphate (!PP), the common CS precursor for isoprenoids. The non-mevalonate 

pathway is an alternative pathway to form DMAPP and !PP. The DMAPP and TPP may be 

condensed to form geranyl-diphosphate (GPP), or other precursors, such as famesyl-diphosphate 

(FPP), geranylgeranyl-diphosphate (GGPP), from which higher isoprcnes arc formed. 

[00148] Examples of products which can include the isoprenoids of the present invention 

inclnde, 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 is an isoprenoid, the 

isoprenoid may be hydrogenated and "cracked" to produce a shorter chain hydrocarbon (e.g., 

famesene 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 oftransfmmation) produced by the host cell(s) and/or organism(s) transfonned. 

The product may also be a novel molecule not present in natnre. For example, products naturally 

produced in algae may be terpcnes such as carotenoids (e.g. beta-carotene). Examples of products 

not naturally produced by algae may include a non-native tcrpene such as limonene. The host cell 

may be genetically modified, for example by transformation with a sequence to encourage the 

secretion of limonene. 

[00150! Fuel products 

[00151] Examples of fuel products include petrochemical products and their precursors and all 

other substances that may he useful in the petrochemical industry. Fuel products include, for 

example, petroleum products, precursors of petroleum, as well as petrochemicals and precursors 

thereof. The fuel or fuel products may be used in a combnstor 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, diesel engines, jet engines, and others. Fuel products may 

also be used to produce plastics, resins, fibers, clastomers, lubricants, and gels. 

[00152] 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 in 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 lubricating oil. Other fuel products 

include 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. 

[00153] 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] Refining may also include any one or more of the following steps; cracking, unifying, 

or altering the fuel product. Large fuel products, such as large hydrocarbons (e.g. :> C 10), may be 

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 also include coking, 

wherein a heavy, almost pure carbon residue is produced. Cracking may also be pe1formed by 

catalytic means to enhance the rate of the cracking reaction by using catalysts such as, but not 

limited to, zcolitc, aluminum hydrosilicate, 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 perfom1ed by hydrocracking, where lower temperatures are generally used in 

comparison to fluid catalytic cracking. Hydrocracking typically occurs in the presence of elevated 

partial 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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[00156] The fuel products may also he 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 butyl enc are mixed with a catalyst 

such as hydrofluoric acid or sulfuric acid. 

100157] The fuel products may also be blended 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 fuel 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, a 

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. 

[00159] Methods, 

[00160] Thus_, a product (e.g. isoprenoid, 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 expression vector; growing the organism; and collecting the 

product produced by the organism. In a related 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. 

[00161] 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 fcrmentors. Further, they may be grown in photobioreactors (sec e.g. US Appl. Publ. 

No. 20050260553; 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 culturing 

conditions are well within the expertise of one of ordinary skill in the art. 

f00162] A host organism is an organism comprising a host cell. In preferred embodiments, the 

host organism is photosynthetic. A photosynthetic organism is 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 is non-vascular and photosynthetic. The host cell can be prokaryotic. Examples of some 

prokaryotic organisms of the present invention include, but are not limited to, cyanobacteria (e.g., 

Synechococcus, Synechocystis, Athrospira). The host organism can be unicellular or multicellular. 

In most embodiments, the host organism is cukaryotic (e.g. green algae, red algae, brmvn algae). ln 

preferred embodiments, the host cell is a microalga (e.g., Chlamydomonas reinhardtii, Dunaliella 

salina, Haematococcus pluvalis, Scenedesmus dimorphus, D. viridis, or D. tertiolecta). Examples 

of organisms contemplated herein include, but arc not limited to, rhodophyta, chlorophyta, 

hetcrokontophyta, tribophyta, glaucophyta, chlorarachniophytes, cuglenoids, haptophyta, 

cryptomonads, dinoflagellata, and phytoplankton. 

[001631 Some of the host organisms which may be used to practice the present invention are 

halophilic (e.g., Dunaliella salina, D. viridis, or D. tertiolecta). For example, D. salina 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, etc.). 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, 

0.9, 1.0, 1.1, 1.2,1.3, 1.4, 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, 31., 

3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 4.0, 4.1, 4.2, 4.3 molar or higher concentrations of sodium 

chloride. One of skill in the art will recognize that other salts (sodium salts, calcium salts, 

potassium salts, etc.) may also be present in the liqnid environments. 

[00164] Where a halophilic organism is utilized for the present invention, it 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, zingibcrene synthase, 

squalcnc synthase). Transformed halophilic organisms may then be grown in high-saline 
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environments (e.g., salt lakes, salt ponds, high-saline media, etc.) to produce the products (e.g., 

isoprenoids) of interest. Isolation of the products may involve removing a transformed organism 

from a high-saline environment prior to extracting the prodnct from the organism. In instances 

where the product is secreted into the surrounding environment, it may be necessary to desalinate 

the liquid environment prior to any further processing of the product. 

[00165) 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 oflight). In 

some instances, the host organism may be genetically modified in such a way that photosynthetic 

capability is diminished and/or destroyed (see examples below). In growth conditions where a host 

organism is not capable of photosynthesis (e.g., because of the absence oflight 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 is grown, may be supplemented with any required nutrient, including an organic carbon 

source, nitrogen source, phosphorous source, vitamins, metals, lipids, nucleic acids, micronutrients, 

or an organism-specific requirement. Organic carbon somces includ any source of carbon which 

the host organism is able to metabolize including, 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 

orga11ism to another in order to provide the appropriate nutrient mix. 

[00166) 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 C02 . As such, the methods herein contemplate business methods for 

selling carbon credits to ethanol plants or other facilities or regions generating C02 while making 

fuels by growing one or more of the modified organisms described herein near the ethanol 

production plant. 

[001671 Further, the organisms may be grown in outdoor open water, such as ponds, the 

ocean, sea, rivers, waterbeds, marsh water, shallow pools, lakes, reservoirs, etc. When grown in 

water, the organisms can be contained in a halo like object comprising oflego-like particles. The 

halo object encircles the algae and allows it to retain nutrients from the water beneath while 

keeping it in open sunlight. 

[00168] 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 float on water. 

For example, a container can be filled 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 ifthere is any damage to the container. 

[00169] In some instances a plurality of containers can be contained within a 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. 

[00170] In some embodiments, the product (e.g. fuel product, fragrance product, insecticide 

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 (e.g. fuel product, fragrance 

product, insecticide 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 inhibited. In other embodiments, the level 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 inhibit expression of the product. In yet another embodiment, production of the 

produ.ct may be inducible~ for example, b)r light or an exogenous agent For example, an 

expression vector for effecting production of a product in the host organism may comprise an 

inducible regulatory control sequence that is activated or inactivated by an exogenous agent. 

[00172] 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 fuel product, and whether it 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 to a photosynthetic organism without the candidate expression vector. 

[001731 Other Methods 

[00174] 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 fuel product. The method of producing a fuel product provided by the present invention 
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provides a possibly more environmentally 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. 

[00175] Carbon credits may be an allowance, 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 a 

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 bodies such as the United Nations or the 

European Union). 

[00176] Tbe carbon credit may be substantially received directly from a regulatory agency or 

administrative entity. In other instances, 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 in association with a given process, product using the genetically modified non-vascular, 

photosynthetic organism adapted to produce a fuel product. 

[00177] For example, a first entity may be identified that provides a consumable product that 

is 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 en·vironmental 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 generating, 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 to the first party. 

[00179] 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. 

[001801 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. 

[00181] While preferred embodiments of the present invention have been shovm and 

described herein, it will be obvious to those skilled in the art that such embodiments are provided 

by way of example only. Numerous variations, changes, and substitutions will now occur to those 

skilled in the art without departing from the invention. It should be understood that various 

alternatives to the embodiments of the invention described herein may be employed in practicing 

the invention. It is intended that the following claims define the scope of the invention and that 

methods and structures within the scope of these claims and their equivalents be covered thereby. 

The follo,ving examples merely illustrate the invention disclosed herein; but do not limit it 

[001821 

[00183] 

EXAMPLES 

Example I. Production of FPP synthases and sesquiterpene synthases in C reinhardtii 

In this example a nucleic acids encoding FPP synthase from G. gallus and bisabolene 

synthase from P. abies were introduced into C reinhardtii. Transforming DNA is sboV'!Il 

graphically in FIG. 3. For these examples, the transforming DNA was contained in a vector with 

E coli clements (e.g., origin of replication, antibiotic resistance marker). In this instance the gene 

encoding FPP synthase (SEQ ID NO. 82, Table 5; SEQ ID NO. 135, 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 psbA gene from C reinhardtii, and the segment 

labeled "Selection Marker" is the kanamycin resistance encoding gene from bacteria, which is 

regulated by the 5' UTR and promoter sequence for the atpA gene from C reinhardtii and the 3 • 

UTR sequence for the rbcL gene from C reinhardtii. The bisabolene synthase gene (SEQ ID NO. 

115, Table 5; SEQ ID NO. 168, Table 6) is the segment labeled "transgenc" in FIG. 3 and is 

regulated by the 5' UTR and promoter sequence for the psbA 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 atpA gene from C. reinhardtii and the 3' UTR sequence for the rbcL 

gene from C. reinhardtii. The FPP synthase transgene cassette is targeted to the psbA loci of C. 

reinhardtii via the segments labeled "Homology A" and "Homology B," which are identical to 

sequences of DNA flanking the psbA loci on the 5' and 3' sides, respectively. The bisabolcne 

syntha.se 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 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. 

[00184] For these experiments, all transformations were carried out on C. reinhardtii strain 

137c (mt+). Cells were grown to late log phase (approximately 7 days) in the presence of0.5 mM 

5-fluorodcoxyuridine 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 

Lux on a rotary shaker set at l 00 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 ct al., supra, 1998). All 

conferred by the gene encoded by the segment in FIG. 3 labeled "Selection Marker." 

(Chlamydomonas Stock Center, Duke University). 

[00185] PCR was used to identify transformed strains. For PCR analysis, 106 algae cells 

(from agar plate or liquid culture) were suspended in 10 mM EDTA and heated to 95'C for JO 

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 lysatc 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) anneals 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 psbA 5'UTR (SEQ ID NO. 
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55) and the other primer anneals within the bisabolene synthase coding segment (SEQ ID NO. 73). 

Desired clones are those that yield a PCR product of expected size in hoth reactions. 

[00187] To determine the degree to which the endogenous psbA gene locus is displaced 

(hcteroplasmic 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 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. 58). 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 is 

5X the concentration of the constant pair. The number of cycles used was> 30 to increase 

sensitivity. The most desired clones arc 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. Results from this PCR are shown in FIG. 4, panels 

A, B, and C. 

100188] Results from this PCR on 96 clones were determined and the results are shown in 

FIG. 4. Figures 4A and 4B show PCR results using the pairs specific for the FPP synthase and 

squalene synthase genes~ respecti-.rely. A~s can be seen, multiple transformed clones are positive for 

insertion 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 either homoplasmic or heteroplasmic to a 

degree in favor of incorporation of the trans gene (e.g. numbers 1-3). Unnumbered clones 

demonstrate the presence of wild-type locus and, thus, were not selected for further analysis. 

100189] To determine ifthe 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 in 10 ml oflysis buffer (100 mM Tris-HCl, 

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 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 Tris-HCL. 
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pH=8.0, 300 mM NaCl, 2% Twccn-20). Resin was mixed 4: I with loading bnffcr (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-P AGE, followed by 

transfer to PVDF membrane. The membrane was blocked with TBST + 0.5% 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. 

4D) 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 synthase. 

[00190] Cultivation of C. reinhardtii transformants for expression ofFPP synthase and 

bisabolene 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 

deusity of lx 10 7 cells per ml for at least 48 hr prior to harvest. 

[00191] 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 ofreaction buffer (25 mM HEPES, pH=7.2, 100 mM 

KC!, 10 mM MnC12, 10% glycerol, and 5 llll\1 OTT). Cells were lysed by sonication ( 1 Ox30scc at 

35% power). 0.33 mg/mL ofFPP were added to the lysate and the mixture was transferred to a 

glass vial. The reaction \Vas overlaid \Vitl1 heptan.e 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 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 wild-type strain. 

[00192] 

[00193! 

Example 2. Production oftriterpene molecules in C. reinhardtii 

In this example a nucleic acids encoding FPP synthase from G. gal/us and squalene 

synthase S. aureus were introduced into C. reinhardtii. Transforming DNA is shown graphically 

in FIG. 3. In this instance the segment labeled "Transgene 1" is the gene encoding FPP synthase 

(SEQ ID NO. 82, Table 5; SEQ ID NO. 135, Table 6), the segment labeled "Transgene 2" is the 

gene encoding squalene synthase (SEQ ID NO. 85, Table 5; SEQ ID NO. 138, Table 6), the 

segments labeled "5' UTR" arc the 5' UTR and promoter sequence for the rbcL gene from C. 

reinhardtii, the segments labeled "3' UTR" contain the 3' UTR for the psbA gene from C. 

reinhardtii, and the segment labeled "Selection Marker" is the kanamycin resistance encoding gene 

from bacteria, which is regulated by the 5' UTR and promoter sequence for the atpA gene from C. 
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reinhardtii and the 3' UTR sequence for the rbcL gene from C. reinhardtii. The transgenc cassette 

is targeted to the 3HB locus of C. reinhardtii via the segments labeled "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 

137c (mt+). Cells were grown to late log phase (approximately 7 days) in the presence of0.5 mM 

5-fluorodcoxynridine 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 

Lux on a rotary shaker set at l 00 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 kanamycin selection (l 50 µg/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 analysis, 106 algae cells 

(from agar plate or liquid culture) were suspended in 10 mM EDTA and heated to 95 °C for l 0 

minutes, then cooled to near 23 'C. A PCR cocktail consisting of reaction buffer, MgC12, dNTPs, 

PCP .. primer pair(s) (Table 4), DN~A~ polymerase~ and \Vatcr 1.Vas prepared. ~AJgae I:ysate in EDTA 

was added to provide template for reaction. Magnesium concentration is varied to compensate for 

amount and concentration of algae lysate in EDT A added. Annealing temperature gradients were 

employed to determine optimal annealing temperature for specific primer pairs. 

[00196] To identify strains that contain the FPP synthase gene, a primer pair was used in 

which one primer anneals to a site within the psbC 5'UTR (SEQ ID NO. 64) and the other primer 

anneals within the FPP synthase coding segment (SEQ ID 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 ID NO. 64) and the other primer anneals within the squalene synthase coding 

segment (SEQ ID 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 amplifies the endogenous locus targeted 

by the expression vector (SEQ ID 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 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. 

[00197] 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, multiple transformed clones arc positive for 

insertion 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 a 

degree in favor of incorporation of the trans gene (e.g. numbers 1-10). Unnumbered clones 

demonstrate the presence of wild-type locus and, thus, were not selected for further analysis. 

[00198] 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 lxl08 algae cells were collected from TAP agar medinm and suspended in 0.5 ml 

A" 1""'' i,,,++0" f'J<(\ ~" Tn"s pH-8 0 "'01 s·u~ros~ ](\(\ ~M he"° ~~"c·,~+nethano 1 ) Cells were VJ. .LJCl.L0 UU1-1-Vl \l...'V 1.Lil'Vi , -- , i _1__,.,-Q, Y ,,,_,, .lVV LU V LU.-.l.l1-\ .. d_ u111,,v LLL .L 1, 

lysed by sonication (5x30sec at 15% power). Lysate was mixed 1: I 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 antibody (diluted 1:1,000 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 1:10,000 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 (FJG. 60) show that expression of the 

FPP synthase gene in C. reinhardtii cells resulted in 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. 

[00199] Cultivation of C. reinhardtii t:ransformants for expression of endo-~-glucanase was 

carried out in liquid TAP medium at 23°C under constant illumination of 5,000 Lux on a rotary 
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shaker set at 100 rpm, unless stated otherwise. Cultures were maintained at a density of lxl07 cells 

per ml for at least 48 hr prior to harvest. 

[00200] To determine ifthe 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 l 0 ml of lysis buffer ( 1 00 mM Tris­

HCl, pH=8.0, 300 mM NaCl, 2% Tween-20). Cells were lysed by sonication (1 Ox30scc at 35% 

power). Lysate was clarified by centrifugation at 14,000xg at 4°C for l hour. The supernatant was 

removed and incubated with anti-FLAG antibody-conjugated agarose resin at 4 °C for l 0 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 blot analysis of 

multiple samples (FIGS. 6D and 6E) show that the both enzymes arc indeed produced. 

[00201] To determine whether FPP synthase and squalene synthase comprise a functional 

squalene biosynthesis pathway in vivo, the accumulation of squalene was determined. Briefly, I .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 l 0 ml of TAP medium and transferred 

to 50mL centrifuge tube. Cells 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 pellets resuspended in ice-cold methanol (MeOH) at a ratio of0.75 mg biomass:5 mL MeOH. 

li,_ sol~lent blar.u.1.c consisting of 30mL !\1eOH \Vas stored on ice in a 50rrl conical vial to control for 

leaching. Cell pellets 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 transfened 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 complete dryness, and then resuspended in l 00 uL heptane. Analysis was perforn1ed 

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

strain. 

[00202] Example 3. Production of monotemene 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 

5; 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. reinhardtii, and the segment 

labeled "Selection Marker" is the kanamycin resistance encoding gene from bacteria, which is 
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regulated by the 5' UTR and promoter sequence for the atpA gene from C. reinhardtii and the 3' 

UTR sequence for the rbcL gene from C. reinhardtii. The transgene cassette is targeted to the psbA 

loci of C. reinhardtii via the segments labeled "Homology A" and "Homology B," which arc 

identical to sequences of DNA flanking the psbA 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 ct 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, all transformations were carried out on C. reinhardtii strain 

137c (mt+). Cells were grown to late log phase (approximately 7 days) in the presence of0.5 mM 

5-fluorodeoxyuridine in TAP medium (Gorman and Levine, Proc. Natl. A cad. Sci., USA 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 supernatant was decanted and cells resuspended in 4 ml TAP medium for 

subsequent chloroplast transformation by particle bombardment (Cohen et al., supra, 1998). All 

transfonnations were carried out under kanamycin selection (I 00 >tg/ml) in which resistance was 

conferred by the gene encoded by the segment in FIG, 3 labeled "Selection Marker." 

(Chlamydomonas Stock Center, Duke University). 

[00205] PCR was used to identify transformed strains. For PCR analysis, 106 algae cells 

(from agar plate or liquid culture) were suspended in 10 mM EDTA and heated to 95 'C for l 0 

minutes~ then cooled. to near 23 "C. /1,., PCR cocktail consisting of reaction buffer, MgC12, d1'-JTPs, 

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 EDT A added. Annealing temperature gradients were 

employed to determine optimal annealing temperature for specific primer pairs. 

l 00206] To identify strains that contain the limonene 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 

anneals within the limoncne 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. 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 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. 

58). 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 
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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 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 l x 10 7 cells per ml for at least 48 hr prior 

to harvest. 

[00208] To determine if the limonene synthase gene led to expression of the limonene 

synthase in transformed algae cells, both soluble proteins 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 l 0 ml of lysis buffer 

(100 mM Tris-HCl, 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 l hour. 

The supernatant was removed and incubated with anti-FLAG antibody-conjugated agarosc resin at 

4 'C for 10 hours. Resin was separated from the lysate by gravity filtration and washed 3x with 

v.rash buffer ((100 mJ\1 Tris-HCl, pH=8.0 1 300 rnJv! NaCl, 2~1a T\veen-20). F~esults fro1n V./estem 

blot analysis of multiple samples (FIG. 8) show that limonene synthase is indeed produced. 

[00209] To determine whether limonene synthase produced in the algae chloroplast is a 

functional enzyme, limonene production from GPP was examined. 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 MnCl2, 10% glycerol, and 5 ITu\il 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 quenched and extracted by vortexing the 

mixture. 0.1 mL of heptane was removed and the sample was analyzed by GC-MS. Results are 

shown in FIG. 9. 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 in 0.5 mL of reaction buffer (25 mM HEPES, pH=7.2, 100 

mM KCl, 10 mM MnC12, 10% glycerol, and 5 mM DTT). Cells were lyscd by sonication 
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(10x30sec at 35% power). 0.33 mg/mL of GPP was added to the lysate and the mixture was 

transferred to a glass vial. The reaction was overlaid with heptane and incubated at 23 'C for J 2 

hours. The reaction was quenched and extracted by vortexing the mixture. 0.1 mL of heptane was 

removed and the sample 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. 

[00211) Example 4. Production ofGPP svnthases in C. reinhardtii 

[00212] 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 instance 

the segment labeled "Transgene" is the gene encoding GPP synthase (SEQ ID NO. 89, Table 5; 

SEQ ID NO. 142, 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. reinhardtii, and the segment 

labeled "Selection Marker" is the kanamycin resistance encoding gene from bacteria, which is 

regulated by the 5' UTR and promoter sequence for the atpA gene from C. reinhardtii and the 3' 

UTR sequence for the rbcL gene from C. reinhardtii. The transgene cassette is targeted to the psbA 

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 5' and 3' sides, respectively. All 

DNA manipulations carried out in the construction of this transfo1ming 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. 

[00213] For these experim.ents, all transformations v1ere carried out on C. reinharcltii strain 

137c (mt+). Cells were grown to late log phase (approximately 7 days) in the presence of0.5 mM 

5-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 

Lux on a rotary shaker set at I 00 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 kanamyein selection (100 µg/ml) in which resistance was 

conferred by the gene encoded by the segment in FIG. 3 labeled "Selection Marker." 

(Chlamydomonas Stock Center, Duke University). 

[002141 PCR was used to identify transformed strains. For PCR analysis, 106 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 consisting of reaction buffer, MgC12, 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 
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amount and concentration of algae lysatc 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 to a site within the psbA 5'UTR (SEQ ID NO. 55) and the other primer 

anneals within the GPP synthase coding segment (SEQ ID NO. 61). 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. 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 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 

N0.58). 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 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 endogeuous locus products relative to the control reaction. Results from this PCR are 

shovm in FIG. 10 (f11. 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 lxl08 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), 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 (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. 10C) show that expression of the GPP synthase 

gene in C. reinhardtii cells resulted in production of the protein. Fig. lOC. 
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[00217] Cultivation of C. reinhardtii transformants for expression of GPP synthase was 

carried out in liquid TAP medium at 23°C under constant illumination of5,000 Lux on a rotary 

shaker set at 100 rpm, unless stated otherwise. Cultures were maintained at a density of lxl07 cells 

per ml for at least 48 hr prior to harvest. 

[00218] To determine whether GPP synthase produced in the algae chloroplast is a functional 

enzyme, limonene production from !PP and DMAPP 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 reaction buffer (25 mM HEPES, pH=7.2, l 00 mM KCl, I 0 mM 

MnC12, 10% glycerol, and 5 mM DTT). Cells are lysed by sonication (l0x30sec at 35% power). 

One ug oflimonene synthase (prepared from E.coli) is added to the lysate along with 0.33 mglmL 

!PP and 0.33 mglmL DMAPP and the mixture is 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 GC-MS. 

[00219] 

[00220] 

Example 5. Production of FPP synthases and sesquiterpene synthases in C. reinhardtii 

In this example a nucleic acids encoding FPP synthase from G. gallus and zingiberene 

synthase from 0. basilicum were introduced into C. reinhardtii. Transforming DNA is shown 

graphically in FIG, 3. In this instance the segment labeled "Transgene I" 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 "'Transgcnc 211 is the ger1e encoding zingiberene synthase 

(SEQ ID NO. 101, Table 5; SEQ ID NO. 154, 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 kanarnycin resistance encoding 

gene from bacteria, which is regulated by the 5' UTR and promoter sequence for the atpA gene 

from C. reinhardtii and the 3' UTR sequence for the rbcL 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 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. 

[00221] For these experiments, all transformations were carried out on C. reinhardtii strain 

137c (mt+). Cells were grown to late log phase (approximately 7 days) in the presence of0.5 mM 

5-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 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 kanamycin selection (l 00 µg/ml) 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 transfonncd strains. For PCR analysis, 106 algae cells 

(from agar plate or liquid culture) were suspended in 10 mM EDTA and heated to 9YC for I 0 

minutes, then cooled to near 23 "C. A PCR cocktail consisting of reaction buffer, MgC12. 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 EDT A added. Annealing 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 psbD 5'UTR (SEQ lD NO. 62) and the other primer anneals within the FPP synthase 

coding segment (SEQ ID NO. 66). To identify strains that contain the zingibercnc synthase gene, a 

primer pair was used in which one primer anneals to a site within the psbD 5'UTR (SEQ ID NO. 

62) and the other primer anneals within the zingiberene synthase coding segment (SEQ ID NO. 

67). Desired clones are those that yield a PCR product of expected size in both reactions. To 

determine the degree to vvhich the er1dogenous 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 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 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 zingibcrenc synthase enzymes, a Western blot was pe1formed. 

Approximately lxl 08 algae cells were collected from TAP agar medium and suspended in 0.05 ml 
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oflysis buffer (Bugbustcr; Novagcn). 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 

beated to 95°C for 1 min, cooled to 23 °C, and insoluble proteins were removed by centrifugation. 

Soluble proteins were separated by SDS-P AGE, 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 l 0 hours, 

washed three times with TBST, incubated with horseradish-linked anti-mouse antibody (diluted 

l :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 illumination of 

5,000 Lux on a rotary shaker set at JOO rpm, unless stated otherwise. Cultures were maintained at a 

density oflx 107 cells per ml for at least 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 15 min. The 

supernatant is decanted and the cells resuspended in 0.5 mL of reaction buffer (25 mM HEPES, 

pH=7.2, 100 m.\1I(Cl,10 IT'JvI }.1nC12, lO~<i glycerol, and 5 m1\1 DTT). Cells are lysed by 

sonication (10x30sec at 35% power). 0.33 mg/mL ofFPP arc 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] 

[00227] 

Example 6. Production ofFPP svnthases and sesquitemcne svnthases in C reinhardtii 

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 1" 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 2" is the gene encoding 

sesquiterpene synthase (SEQ ID NO. l 06, 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 atpA gene from C. reinhardtii and the 3' UTR sequence for the rbcL gene from C. 

reinhardtii. The transgcne 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 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. Enzymo/. 297, 192-208, 1998. 

[00228] For these experiments, all transformations were carried out on C. reinhardtii strain 

137c (mt+). Cells were grown to late log phase (approximately 7 days) in the presence of0.5 mM 

5-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 

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 canied out under kanamycin selection ( 100 µg/ml) in which resistance was 

conferred by the gene encoded by the segment in FIG. 3 labeled "Selection Marker." 

(Chlamydomonas Stock Center, Duke University). 

[00229] PCR was used to identify transformed strains. For PCR analysis, 106 algae cells 

(from agar plate or liquid culture) were suspended in 10 mM EDT~A~ 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 

amount and concentration of algae lysatc 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 a site within the psbD S'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 sesquiterpenc synthase gene, a primer pair was used in which one primer anneals to a site 

within the psbD 5'UTR (SEQ ID NO. 62) and the other primer anneals within the sesquiterpene 

synthase coding segment (SEQ ID 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 (hetcroplasmic 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 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 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. 

[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 lx108 algae cells were collected from TAP agar medium and suspended 

in 0.05 ml oflysis buffer (Bugbuster; Novagcn). 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 (diluted l :2,500 in TBST + 5% dried, nonfat milk) at 4°C for 

10 hours, washed three times vvi.th TBST, in_cubated V.'ith horseradish-lir1ked 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. 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 ofFPP synthase and 

scsquiterpcnc 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 Ix 107 cells per ml for at least 48 hr prior to harvest. 

1002331 To determine whether FPP synthase and sesquiterpcne 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 mL of reaction buffer (25 mM HEPES, 

pH=7.2, 100 mM KC!, 10 mM MnC!2, 10% glycerol, and 5 mM DTT). Cells are lysed by 

sonication (!Ox30scc at 35% power). 0.33 mg/mL ofFPP are added to the lysatc and the mixture 
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transfen-ed 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). 

[00234] Example 7. Production of ditemene molecules in C. reinhardtii 

[00235] ln this example, strains of C. reinhardtii were engineered to express PPP synthase 

from G. gallus and squalene synthase from S. aureus (as described above). Cultivation of C. 

reinhardtii transformants for expression of PPP synthase and squalene synthase was can-ied 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 ml ofHSM medium and transfen-ed to 50mL centrifuge 

tube. Cells 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 maintained at 23"C and cell 

pellets resuspended in MeOH:KOH (1:l0) at a ratio of 0. 75 mg biomass:5mL MeOH. A solvent 

blank consisting of30mL MeOH:KOH (1:10) was stored in a 50mL conical vial to control for 

leaching. Cell pellets 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: an.d 4 mL of each samples was transferred to amber glass vials and overlaid 

with 8 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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[00237] Example 8. Production of enzvmcs comprising a monoterpenc 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 E. coli BL-2 l cells. Jn this iustance the gene 

encoding GPP synthase (SEQ ID NO. 89, Table 5; SEQ ID NO. 142, Table 6) and the gene 

encoding limonene synthase (SEQ ID NO. 74, Table 5; SEQ ID NO. 127, Table 6) were each 

ligated into the plasmid pET-2la using the NdeI and XhoI sites. The resulting plasmid was 

transformed into E. 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. Enzymo/. 

297, 192-208, 1998. 

[00239] Expression of the synthases was induced when cell density reached OD=0.6. Cells 

were grown at 30'C for 5 hours and then harvested. To eosure that the presence of the GPP 

synthase and limonene synthase genes led to expression of the enzymes, a W cstcrn blot was 

performed essentially as described above. Results (FIG. 14; lane l: MW ladder; lane 2: GPP 

synthase; and lane 3: limonene synthase) show expression of the GPP synthase and limonene 

synthase proteins in E. coli cells. 

[00240] To determine whether the enzymes were functional, limonene production from lPP 

and DMAPP was examined. Briefly, 500 ml of E. coli cell culture was harvested by centrifugation 

at 11,(\(\()vg at 4°c fior I' min ThP '-'ll1">Prnatunt '~la'' decanter! unrl thP. ('P.11.., 't'P'-'Uop0nded 1"11 l ()ml of \..I- 'ivvvn _ . _, .u.u . ...__uv C>\..1-_FVLU ""'"L'-' V; C} .._.._ ,.,,_ ..,.,_,_,.,,_ H•'-' "'""-'--'-'·' -'-'-'" '' ..,,.._ .._.., .._.._.._.._...., 

lysis buffer (100 mM Tris-HCl, pH=8.0, 300 mM NaCl, 2% Twecn-20). Cells were lysed by 

sonication (3x30scc at 35% power). Lysate was clarified by centrifugation at 14,000xg at 4"C for 

l hour. The supernatant was removed and incubated with anti-FLAG antibody-conjugated agarose 

resin at 4 °C for l 0 hours. Resin was separated from the lysate by !,,>ravity filtration and washed 3x 

with wash buffer (100 mM Tris-HCl, pH=8.0, 300 mM NaCl, 2% Tween-20). Enzymes were 

eluted from the resin with elution buffer (100 mM Tris-HCl, pH=8.0, 300 rnM NaCl, 250 µg/mL 

FLAG peptide). 

[00241] Reactions were carried out in reaction buffer (25 mM HEPES, pH=7.2, 100 mM KCl, 

l 0 mM MnC12, I 0% glycerol, and 5 mM DTT), with or without the addition of limonenc synthase, 

and TPP 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). Results are 

shown in FJG. 15. A large peak resulted in the reaction containing the limonene 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 is introduced into 

C reinhardtii. Transfonning DNA is shown graphically in FIG. 16A. The segment labeled 

"Trans gene" is xylanase 2 encoding gene, the segment labeled "Promoter I 5' UTR" is the C 

reinhardtii HSP70 I rbcS2 5' UTR with introns, the segment labeled "Selectable Marker" is a 

blcomycin 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 is the 3 'UTR from C 

reinhardtii rbcS2. The bleomycin resistance gene, A2 and xylanasc 2 coding regions are 

physically linked in-frame, resulting in a chimeric single ORF. 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 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. 

[00244] For these experiments, all transformations arc carried out on cell-wall-deficient C 

re;nhardtii 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 106 cells/ml). Tween-

20 was added into cell cultures to a concentration of0.05% before harvest to prevent cells from 

sticking to centrifugation tubes. Spin cells down gently (between 2000 and 5000g) for 5 min. The 

supernatant was removed and cells resuspended in T AP+40 mM sucrose media. 1 to 2 ug of 

transforming DNA was mixed with ~ I x l 08 cells on ice and transferred to electroporation 

cuvettes. Electroporation was performed with the capacitance set at 25 uF, the voltage at 800 V to 

deliver V /cm of 2000 and a time constant for I 0-l 4 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 transformations were carried out under bleomycin 

selection ( 100 >tg/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 f,>rowing in the presence ofbleomycin were screened by dot blot. Briefly, 

colonies were lysed by BugBnster Protein Extraction Reagent (Novagen) and MAT-tagged 
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proteins were separated using Co2+ magnetic beads (Invitrogen), according to manufacturer's 

instructions. After exposure to the proteins, the beads were washed three times by 150 ul of lX 

Tris Buffered Saline with 0.05% Tween-20 (TBST) at room temperature. Proteins were released 

from beads by 150 ul 10 uM EDTA, 25 rru\11 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 subratc (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. 

[00246] Patches of algae cells growing on TAP agar plates were lysed by resuspending cells in 

50 ul of IX 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-d1y 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) 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 (,A_.Jpha Innotech). F._esults from 5 colonies (and \Vild-typc control) are sho\vn in FJG 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 migrate 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 BugBustcr Protein Extraction 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 isolated from a C. 

reinhardtii strain producing exogenous xylanasc from a transformed chloroplast. 

100249] Similar protocols for plasmid construction, transformation, colony selection Western 

blot, and enzyme analysis were perfom1ed 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 anhydrasc secretion signal. 
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Table 3. Select enzymes expressed from the nucleus in C. reinhardtii 

' I 
Enzvme Source 

CBHI T. viridc i 

CBHII T. Reesei 

CBHl A. aculeatus 

Endoglucanasc I T. Reesei 
I 
I 
' ' ' Endoglucanase III T. Reesei ' i 

Endoglucanase V T. reesei 

Endoglucanasc A A. niger 
beta-D-glucoside 
glucohvdrolasc T. reesei 

beta-glucosidase T. reesei 
I 

Beta glucosidase A. niger i 
I 

Xvlanase 2 T. reesei 

I 
' 

Xvlanase 1 T. reesei ' I 

FPP synthase Chicken 

Squal ene desaturase S. aureus 

[00250] Example 10. Nuclear transformation of C. reinhardtii with a nucleic acids encoding a 

resistance marker and a gene of interest. 

[00251 J In this example, a nucleic acid encoding endoglucanase from T. reesei is introduced 

into C. reinhardtii. Transforming DNA is shown graphically in FIG, 16B. The segment labeled 

"Trans gene" is the endoglucanase encoding gene, the segment labeled "Promoter I 5' UTR" is the 

C. reinhardtii HSP70 I rbcS2 5' UTR, the segment labeled "Selectable Marker" is a hygromycin 

resistance gene (should we include statement regarding non-functional paromomycin resistance 

gene?maybe not I think), and the segment labeled 3' UTR is the 3 'UTR from C. reinhardtii rbcS2. 

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 si1o"Ilal. 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., Molecular Cloning: A Laboratory Manual 

(Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Meth. Enzymol. 297, 192-208, 1998. 

[00252] 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 µg/ml) in which resistance was conferred by the gene encoded 

by the segment in FIG. 16B labeled "Selection Marker." Transformed strains are maintained in 

the presence of hygromycin. 

[00253] Colonies growing in the presence ofhygromycin 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 1 X 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 released from beads by 150 ul 10 uM EDTA, 25 mM Tris-HCl pH 7.0, 

400 mM NaCl and the 150 ul eluates were dot blotted onto nitrocellulose 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. I x 108 cells from log phase liquid cultures were harvested at 3000xg at for 5 min. The 

supernatant was decanted and the cells resuspended in 1 ml of protein binding buffer ( l 00 mM 

Tris-HCl, pH=7.5, 400 mM NaCl, 20 mM Imidazole). Cells were lysed by vortexing in the 

presence of 500 ul zirconium beads at the highest speed (1 mm, BioSpec Products, Inc.). Lysate 

\Vas clarified by centrifugation at 2400 g at 4°C for 1 min. The supernatant was removed and 

incubated with Ni2+ agarose resin (Invitrogen) at 4'C for I hour. Resin was separated from the 

lysate by centrifugation at 2400 g and washed 3x with protein binding buffer (l 00 mM Tris-HCJ, 

pH=7.5, 400 mM NaCl, 20 mM lmidazole). Proteins were eluted by incubation of the resin with 

100 ul elntion buffer (25 mM Tris-HCl, pH=7.5, 400 mM NaCl, 20 mM EDTA). Results from 3 

colonies (and wild-type control) from samples bound to the resin (lanes 1-4) and samples after 

elution (lanes 5-8) arc 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 transfom1ation of C. reinhardtii with a nucleic acids encoding a 

resistance marker and a gene of interest. 

[00256] In this example, a nucleic acid encoding CBHl from A. aculeatus is introduced into 

C. reinhardtii. Transforming DNA is shown graphically in FIG. 16B. The segment labeled 

"Trans gene" is the exoglucanase encoding gene, the segment labeled "Promoter I 5' UTR" is the C. 

reinhardtii HSP70 I rbcS2 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 rbcS2. The 

hygromycin resistance gene and CBHJ coding regions were expressed separately with hygromycin 

marker driven by a beta-2 tubulin promoter. CBHJ 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 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. 

[00257] For these experiments, all transformations are carried out on cell-wall strain C. 

reinhardtii strain CCJ 960 (mt+), essentially as described above. All transformations were carried 

out under hygromycin selection (20 µg/ml) in which resistance was conferred by the gene encoded 

by the segment in FIG. 16B labeled "Selection Marker." Transformed strains are maintained in 

the presence of hygromycin. 

100258] Colonies growing in the presence ofhygromycin were screened by pull-down assay 

followed by Western blot analysis. Four ml ofhquid cultures was harvested at 3000xg at for 5 min. 

The supernatant was decanted and the cells resuspended in I ml of protein binding buffer (I 00 mM 

Tris-HCl, 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 wild-type 

control) from samples bound to the resin (lanes 1-5) and samples after elution (lanes 7-11) are 

sho\vn in FIG 20. Positi·ve colonies (7, 8, 9) shov-,1 a band (in_dicated by arroi.v) that is missing in 

wild type control. The results indicate that CBHl is being produced from the strains. 

[00259] Example 12. Nuclear transformation ofC. reinhardtii with a nucleic acids encoding a 

resistance marker and a secreted gene of interest. 

[00260] In this example, a nucleic acid encoding Xylanase 2 from T reesei is introduced into 

C. reinhardtii. Transforming DNA is shown graphically in FIG. 16A. The set,'1llcnt labeled 

"Transgcne" is xylanasc 2 encoding gene, the segment labeled "Promoter I 5' UTR" is the C. 

reinhardtii HSP70 I rbcS2 5' 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 is 

the 3 'UTR from C. reinhardtii rbcS2. The bleomycin 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 Chlamydomonas carbonic anhydrasc gene were placed 

between the A2 sequence and the 5 'end of the xylanase encoding sequence. A Metal Affinity Tag 

(MAT) and FLAG epitopc tag were added to the 3' end of the ORF, using standard techniques. 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. EnZ)11nol. 297, 192-208, 1998. 

[00261] For these expe1iments, all transformations were carried out on cell-wall-deficient C. 

reinhardtii strain CC3395 (an arginine auxotrophic mutant mt-). Cells were growu and transformed 

via electroporation. Cells arc grown to mid-log phase (approximately 2-6 x 106 cells/ml). Tween-

20 was added into cell cultures to a concentration of0.05% before harvest to prevent cells from 

sticking to centrifugation tubes. Spin cells down gently (between 2000 and 5000g) for 5 min. The 

supernatant was removed and cells resuspended in T AP+40 mM sucrose media. 1 to 2 ug of 

transforming DNA was mixed with - I x 108 cells on ice and transferred to a electroporation 

cuvettes. Elcctroporation was performed with the capacitance set at 25 uF, the voltage at 800 V to 

deliver V /cm of 2000 and a time constant for I 0-14 ms. Following electroporation, the cuvette is 

returned to to room temperature for 5-20 min. Cells were transferred to l 0 ml of TAP+40 mM 

sucrose+ 50 ug/ml arginine and allowed to recover at room temperature for I 2-16 hours with 

continuous shaking. Cells were then harvested by centrifugation at between 2000g and 5000g and 

resuspendeded in 0.5 ml TAP+40 mM sucrose medium. 0.25 ml of cells were plated on TAP+ 

I 00 ug/ml bleomycin + 50 ug/ml arginine. All transformations were carried out under bleomycin 

selection ( J 00 µg/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 D1'-~i ... ~. 

[00262] Colonies growing in the presence ofbleomycin were screened by dot blot. Briefly, 

colonies were lysed by BugBuster Protein Extraction Reagent (Novagen) and MAT-tagged 

proteins were separated using Co2+ magnetic beads (lnvitrogen), according to manufacturers 

instructions. After exposure to the proteins, the beads were washed three times by 150 ul of IX 

T1is Buffered Saline with 0.05% Tween-20 (TBST) at room temperature. Proteins were released 

from beads by 150 ul IO mM 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 I :3000 in Starting Block buffer. After 

probing, membranes were washed four times with TBST, then developed with Supersignal West 

Dura chemiluminescent subrate (Thenno Scientific) and imaged using a CCD camera (Alpha 

lnnotech). Colonies showing positive results in the dot blot analysis arc then screened by western 

blotting. Algae cells were cultured at a volume of 50ml, and carefully centrifuged to avoid cell 

lysis. Cobalt-derivatized magnetic beads (Invitrogcn) 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 rnM EDTA, 25 mM Tris-HCI pH 7.0, 400 mM NaCl, and 50ul of 4X SDS sample 

buffer with reducing agent (BioRad) was added to the eluates. Samples were then boiled and run 

on a 10% Bis-tris polyacrylamide gel (BioRad) and transferred to PVDF 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 antibody-horseradish peroxidase conjugate (Sigma) diluted I :3000 in Starting Block 

buffer. After probing, membranes were washed four times with TEST, then developed v,~th 

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

camera (Alpha lnnotech). 

Table 4. PCR Primers 

SEQ JD Use Sequence 

NO. 

55 psbA 5' UTR forward primer GTGCTAGGTAACTAACGTTTGATTTTT 

56 Limonene synthase reverse TGGGTTCATATCTGGACGTT 

primer (155) 

57 psbA 5' UTR forward primer GGAAGGGGACGTAGGTACATAAA 
I (wild-type) 

58 ]JsbA 3' reverse prirn.er TTAGAACGTGTTTTGTTCCCAAT 

(wild-type) 

59 Control forward primer CCGAACTGAGGTTGGGTTTA 

60 Control reverse primer GGGGGAGCGAATAGGATTAG 

61 I GPP synthase reverse primer GCAACTTCAGCTGTTTGACCT 

(281) 
! 
i 

62 psbD 5' UTR forward primer AAATTTAACGTAACGATGAGTTG 

63 psbA 3' reverse primer TTAGAACGTGTTTTGTTCCCAAT 

(wild-type) 

64 psbC 5' UTR f01ward primer TGGTACAAGAGGATTTTTGTTGTT I 

65 psbD 5' UTR forward primer AAATTT AACGTAACGATGAGTTG 

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 Sesquiterpenc synthase CGACGGAATAAAGGTGTACGA 

reverse primer (298) 

71 psbC 5' UTR forward primer TGGTACAAGAGGATTTTTGTTGTT 

72 Squalene synthase reverse TCAGCAATTGCAGCGTAATA 
i 

primer ( 166) I 
I 

73 Bisabolene synthase reverse I GACGTTCTTGACGTTTTGTTTG 

primer (307) 
I 
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Table 5. Nucleic acids encoding exemplary isoprenoid producing enzymes. 

SEQ Codon-biased, Synthesized Gene Sequence Enzyme ! 

IDNO (synthase) 
' 

encoded 

74 ATGGTACCAAGACGTTCACJGTAACTATAATCCTAGCCGTTGGGACGT Li111onene 

AAATTTCATTCAATCTTTATTATCTGATTATAAAGAAGATAAACACG (M. spi cat a) 

TTATTAGAGCTTCTGAA TTAGTAACACTTGTTAAGATGGAA TT AGAA 

AAAGAAACAGATCAAATCCGTCAATIAGAATTAATTGACGATTTAC 

AACGTATGGGTTTATCTGATCATTTCCAAAACGAATTTAAAGAAATC 

TTATCAAGTATTIACTTAGATCATCATIATTACAAAAATCCATTTCCA 

AAAGAAGAGCGTGATTTATACTCAACTAGCTTAGCTTTTCGTTTATT 

ACGTGAACACGGTTTTCAAGTAGCACAAGAAGTTITTGA TICATTCA 

AAAATGAAGAGGGTGAATTIAAGGAGAGCTTATCTGACGATACTCG 

TGGCTTATTACAATTATATGAAGCATCATTCTTATTAACAGAGGGTG 

AAACAACCTTAGAAAGTGCACGCGAA TTTGCT ACAAAA TTTTTAGA 

AGAAAAAGTT AACGAAGGTGGCGTTGATGGTGACTTATTAACAAGA 

ATTGCTTACTCATTAGATATTCCCTTACATTGGCGCATTAAACGTCCT 

AA TGCCCCAGTTIGGATTGAA TGGTATCGTAAACGTCCAGATA TGAA 

CCCAGTGGTTTTAGAA TT AGCAA TTTTAGACTI AAACATTGT ACAAG 

CTCAA TTTCAAGAGGAA TTAAAAGAGTCTTTTCGCTGGTGGCGTAAT 

ACTGGTTITGTTGAGAAA TTACCATTTGCACGTGATCGTTTAGTTGA 

ATGTTACTTITGGAACACTGGTATTATTGAACCACGTCAACACGCAT 

CAGCTCGTATTATGATGGGTAAAGTAAATGCATTAATTACAGTAATT 

GA TGACATCTATGATGTTTATGGAACACTTGAAGAA TTAGAACAATT 

CACTGATTT AA TICGCAGATGGGACATAAACTCAATAGATCAATTAC 

CAGATTATATGCAATTATGTTTTCTTGCATTAAACAATTTCGTTGATG 

ACACTTCATACGATGTTATGAAAGAAAAGGGTGTIAA TGTTATTCCT I 
TACTTACGTCAATCTTGGGTAGACCTTGCAGACAAATATATGGTAGA I 
AGCACGTTGGTTCTACGGTGGCCATAAACCATCATTAGAAGAATACT 

TAGAAAA TTCTTGGCAA TCTATCTCAGOTCCA TGTATGTTAACTCA T 

ATATTCTTTCGTGTAACAGATAGCTITACTAAAGAAACTGTTGATTC 

TCTTTACAAATATCATGATTTAGTTAGATGGTCATCATTCGTGCTTCG 

TCTTGCTGACGACTTAGGTACAAGCGTTGAAGAAGTATCTCGTGGTG 

ATGTGCCAAAATCTTTACAATGCTACATGAGTGATTATAACGCTAGT 

GAGGCTGAAGCACGTAAACACGTAAAATGGTTAATTGCAGAAGTAT 

GGAAAAAGATGAATGCAGAACGTGTTTCTAAAGATAGTCCTTTTGGT 

AAAGATTTTATAGGTTGTGCTGTTGATTTAGGTCGTATGGCTCAATT 

AATGTATCACAATGGAGATGGTCATGGTACTCAACACCCTATTATTC 

ATCAACAAATGACACGTACTTTATTTGAACCATTCGCTGGTACCGGT 

GAAAACTTA TACTTTCAAGGCTCAGGTGGCGGTGGAAGTGA TTACA 
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AAGATGATGATGATAAAGGAACCGGTTAA I 
75 ATGGTACCAAGACGTACTGGTGGCTATCAACCTACACTTTGGGATTT Cineole (S. 

TTCAACAATTCAATTATTTGATAGTGAATATAAAGAAGAAAAACATC officmalis) 

TTATGCGTGCTGCTGGTATGATTGCTCAAGTGAACATGTTACTTCAA 

GAAGAAGTAGACAGCATCCAACGTCTTGAATTAATTGATGACTTAC 

GTCGTTTAGGTA TATCTTGCCACTTTGA TCGTGAAATTGTAGAGA TTT 

TAAACAGTAAATACTACACCAACAATGAAATTGATGAATCAGATTT 

ATACAGTACAGCACTTAGATTCAAACTTTTACGTCAATATGATTTTA 

GCGTTAGCCAAGAAGTTTTTGATTGTTTTAAAAATGACAAAGGTACA 

GATTTCAAACCATCATTAGTTGACGAT ACACGTGGCTTATTACAA TT 

ATATGAAGCATCATTTTTATCAGCTCAGGGTGAAGAAACTTTACATT 

T AGCACGTGATTTTGCTACTAAA TTCTTACAT AAAAGAGTTTTAGTA 

GATAAAGATATCAATTTATTATCTAGTATCGAGCGTGCTTTAGAATT 

ACCAACACACTCKrCGTGTACAAA TGCCT AACGCTAGA TCATTCATCG 

ACGCATATAAAAGAAGACCAGACATGAACCCTACAGTATTAGAGTT 

AGCAAAACTTGACTTTAACATGGTTCAAGCACAGTTCCAACAAGAA 

TTAAAAGAAGCCAGTCGCTGGTGGAACTCTACAGGATTAGTACATG 

AATTACCATTTGTACGTGATCGTATTGTGGAATGTTATTATTGGACT 

ACTGGTGTAGTAGAACGTCGTGAACACGGTTACGAACGTATTATGTT 

AACAAAAA TTAACGCTTT AGTTACAACAA TCGATGATGTTTTTGACA 

TTTATGGTACTTTAGAAGAATTACAACTTTTTACAACTGCTATTCAA 

AGATGGGACATTGAGTCTATGAAACAACTTCCACCCTATATGCAAA T 

CTGCTACTTAGCTTTATTCAACTTCGTAAATGAGATGGCTTACGATA 

CATTACGTGATAAAGGTTTTAATAGTACTCCATATTTACGCAAAGCC 

TGGGTAGACTTAGTAGAAAGCTACTTAATTGAAGCTAAATGGTATTA 

TATGGGTCACAAACCAAGTTTAGAAGAGTACATGAAAAACTCATGG 

ATTTCTATCGGAGGTATTCCAATTTTATCACATTTATTCTTTCGTTTA 

ACAGACAGTATCGAAGAAGAAGACGCTGAATCAATGCATAAATATC 

ACGATATAGTACGTGCCTCTTGT ACTA TTTTACGTTTAGCTGA TGATA 

TGGGTACATCATTAGATGAAGTTGAACGTGGCGATGTTCCTAAATCT 

GTACAATGCTATATGAATGAGAAAAACGCCTCTGAAGAAGAAGCAC 

GTGAACATGTTCGTAGTTTAATTGATCAGACATGGAAGATGATGAAT 

AAAGAAA TGATGACTTCA TCA TTTTCAAAA TACTTCGTACAAGTGTC 

TGCAAATCTTGCTCGTATGGCACAATGGATATATCAACATGAAAGTG 

ATGGTTTCGGTA TGCAACACTCTTTAGTT AACAAAATGCTTCGTGGT 

TTACTTTTTGACCGTTATGAAGGTACCGGTGAAAACTTATACTTTCA 

AGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGATGA TGA TAAA 

GGAACCGGTTAA 

76 ATGGT ACCACGTCGCATGGGTGATTTTCA TTCAAACTTA TGGGATGA Pincnc (A. 

TGATGT AA TT CAA TCTTTACCCACAGCTT ACGAAGAAAAATCTTA TC grandis) 
i 
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TTGAACGTGCfGAGAAGTTAA TTGGAGAAGTTGAAAATATGTTCAA 

CAGTATGAGTTTAGAAGATGGTGAACTTATGAGTCCATTAAATGATT 

TAATTCAACGCCTTTGGATTGTTGATTCTTTAGGTAGATTAGGTATCC 

ATCGTCACTTTAAAGATGAGATTAAAAGTGCTTTAGATTATGTTTAC 

AGTTACTGGGGTGAAAACGGAATAGGTTGTGGTCGTGAAAGTGCTG 

T AACTGATTTAAACAGTACAGCTTTAGGCTTTCGTACACTTCGTTTAC 

AC:GGTTATC:C:AGTTTC:ATCTGA TGT ATTTAAAGCATTTAAAGGTC:AA 

AA TGGTCAATTCAGTTGTTC:AGAAAA TATC:CAAAC:AGATGAAGAAA 

TTCGTGGTGTTCTTAACTTATTTAGAGCCAGTTTAATAGCCTTCCCTG 

GTGAGAAAA T AATGGACGAAGCTGAAATCTTCTCTACAAAA TACTT 

AAAGGAAGCATT ACAAAAGATC:C:CAGTTAGTTC:ATTA TCACGTGAA 

ATC:GGTGATGTACTTGAATATGGATGGC:ATACATACTTACCACGTTT 

AGAAGCACGTAACTATATTCATGTTTTCGGACAAGATACAGAGAAT 

ACAAAAAGTTATGTAAAATCAAAGAAACTTTTAGAATTAGCTAAAT 

TAGAATTTAACATTTTTCAGAGCTTACAAAAACGTGAATTAGAAAGC 

C:TTGTTCGTTGGTGGAAAGAATC:TGGATTTCCTGAAA TGACATTCTG 

TAGACACAGAC:ACGTGGAATATTAC:ACACTTGCATCATGTATTGCAT 

TCGAACCTCAGCATAGTGGTTTTCGTTTAGGTTTTGCTAAAACATGT 

CACCTTATAACAGTTTTAGATGACA TGTATGACACTTTCGGCACCGT 

AGACGAATTAGAGTTATTTACAGCAACTATGAAACGTTGGGACCCA 

AGTTCAA TTGACTGCCTTCCAGAA TACATGAAAGGAGTTTACATTGC 
I TGTGTATGAT ACAGTT AA TGAAA TGGCTCGTGAAGCTGAGGAAGCT 

CAAGGTCGCGATACACTTACA TACGCTCGTGAGGCCTGGGAGGCTT 

ATATAGATTCTTATATGCAAGAAGCTCGCTGGATTGCTACTGGATAC 

TTACCTTCTTTCGATGAATATTATGAAAATGGTAAGGTTTCATGTGG 

TCACCGTA TATCTGCTTTACAACC:AATTCTTACTA TGGATATTCCATT 

TCCAGATCAC:A TTTTAAAGGAAGTTGAC:TTTCCTTCTAAACTTAATG 

ACTTAGCTTGTGCTATCTTACGCCTTCGCGGTGATACTCGTTGTTACA 

AAGCAGACCGTGCACGTGGTGAAGAGGCTAGTTCT ATTTCTTGTf AT 

ATGAAAGATAATCCAGGTGTTTCTGAAGAAGATGCCTTAGATCATAT 

TAACGCAA TGATCAGTGATGTTATT AAGGGCTT AAACTGGGAATTAC 

TTAAACCC:GACATTAACGTACCTATTTC:TGCTAA.GAAACATGCTTTC 

GACATTGCTCGTGCTTTTCACTACGGTT ATAAA T ATCGTGATGGCTA 

TTCAGTTGCTAATGTTGAAACAAAA TCTTTAGTTACACGTACTTTACT I 
TGAATCAGTTCCATTAGGTACCGGTGAAAACTTATACTTTCAAGGCT 

CAGGTGGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAAC 

CGGTTAA 

77 ATGGTACCACGTAGAGTTGGTAATTATCATTCTAATCTTTGGGATGA Camphene 

TGATTTTATACAAAGTTTAATTTCTACACCTTACGGTGCTCCTGACTA (A. grandis) 

CCGTGAACGCGCTGATCGTCTTATTGGTGAAGTAAAAGATATTATGT 
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TTAATTTCAAATCTTTAGAGGATGGTGGTAATGACTTATTACAACGT 

TTACTTTTAGTTGATGACGTAGAACGTTTACJGCA TTGATCGTCA TTTC 

AAAAAGGAAATTAAGACTGCATTAGATTATGTAAATAGTTATTGGA 

ATGAAAAAGGAATTGGTTGTGGTCGTGAGTCTGTAGTTACAGACTTA 

AATTCAACTGCTTTAGGCCTTCGTACCTTAAGATTACATGGTTATACT 

GTTAGCTCTGACGTTTTAAATGTTTTTAAAGATAAAAATGGTCAATT 

TTCATCTACAGCTAA TATTCAAATTGAAGGTGAAA TTCGTGGTGTTT 

TAAA TCTTTTTCGTGCCTCTCTTGT AGCTTTTCCAGGTGAGAAAGTGA 

TGGATGAGGCTGAAACTTTTTCAACAAAATATCTTCGTGAAGCATTA 

CAGAAAATTCCTC,CCAGTTCAATTTTATCATTAGAAATACGTGATGT 

ATTAGAATATGGATGGCATACTAATTTACCACGTTTAGAAGCACGTA 

ATTACATGGATGTTTTCGGTCAGCACACCAAGAACAAAAA TGCAGC 

CGAAAAA TTACTTGAA TTAGCAAAATTAGAGTTCAATATCTTTCACA 

GCTTACAAGAACGTGAATTAAAGCACGTTTCAAGATGGTGGAAAGA 

CTCTGGTAGTCCAGAGATGACTTTCTGTCGCCACCGCCATGTGGAAT 

ATTATGCTTTAGCTTCTTGTATTGCTTTCGAACCCCAGCACAGTGGTT 

TCCGTTTAGGTTTT ACTAAAATGAGTCATTTAA TCACAGTGTTAGA T 

I GATATGTATGATGTATTCGGTACAGTTGATGAATTAGAGTTATTTAC 

CGCCACTATTAAACGTTGGGACCCTTCTGCTATGGAATGTTTACCAG 

AGT ACATGAAAGGTGTTTACATGATGGTTTATCA TACAGTTAACGAA 

ATGGCTCGTGTGGCAGAAAAGGCTCAAGGTAGAGACACATTAAACT 

A TGCTCGTCAAGCCTGGGAAGCA TGTTTTGACTCTT A TA TGCAAGAA 

GCAAAATGGATTGCAACAGGTTACTTACCTACA TTCGAGGAATATTT 

ACJAAA.P...TGGTAAA.GTGACJTTCAGCACA TCGTCCTTGTGCATT ACAr-\C: 

CTATTTTAACTCTTGATATTCCATTTCCCGATCATATTCTTAAAGAAG 

TGGA TTTCCCAAGCAAACTTAA TGACTTAA TTTGT A TT A TCTTACGTC 

TTAGAGGAGACACACGTTGCTATAAAGCAGACCGTGC:CCGTGGTGA 

AGAAGCATCATCAATATCTTGTTATATGAAAGATAACCCAGGTTTAA 

CTGAAGAAGATGCTTTAAACCACA TTAACTTTATGATTCGTGACGCA 

ATCCGCGAATTAAACTGGGAGTTACTTAAACCAGATAATAGTGTTCC 

AATTACTTCAAAGAAACATGCTTTTGATATTTCACGTGTGTGGCACC 

ACGGA TACCGTTA TCGTGATGGTT ACAGCTTTGCAAACGTGGAAACT 

AAAAGTCTTGTAATGCGTACTGTAATAGAACCAGTACCATTAGGTAC 

CGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGGTGGAAGTGA TT 

ACAAAGATGATGATGATAAAGGAACCGGTTAA 

78 ATGGTACCAC:GTCGTTCAGGAGATTATCAACCAAGTTTATGGGACTT Sabinene (S. 

TAATTACATTCAA TCTTT AAACACACCTTACAAAGAACAACGTCA TT off1cinalis) 

TTAATCGTCAAGCTGAGTTAATTATGCAAGTTCGTATGTTATTAAAG 

GTAAAAATGGAAGCAATTCAACAATTAGAGTTAATAGATGATTTAC 

AGTACTTAGGATTATCATATTTCTTTCAAGACGAAATTAAACAAATC 
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TTAAGCTCTATTCACAATGAACCTCGTTATTTTCATAATAATGACCTT 

TATTTCACTGCTTTAGGTTTTAGAATTTTACGTCAACATGGTTTT AAT 

GTTTCAGAAGACGTATTTGACTGCTTTAAAA TCGAAAAA TGTTCTGA 

CTTTAATGCTAACTTAGCTCAGGACACAAAGGGTATGTTACAATTAT 

ATGAAGCTAGTTTCTTATTAAGAGAAGGAGAAGATACACTTGAATT 

AGCTCGTCGTTTT AGT ACACGTTCTTTACGTGAAAAA TTTGA TGAAG 

GTGGTGACGAGA TAGA TGAAGA TTTAAGTAGTTGGA TTCGTCATTCT 

TTAGATTTACCATTACACTGGCGTGTTCAAGGTTTAGAAGCTCGTTG 

GTTTTTAGATGCCTATGCTCGTCGTCCAGATATGAACCCTCTT ATTTT 

CAAATTAGCTAAATTAAATTTTAACATTGTTCAAGCTACATACCAAG 

AAGAA TT AAAAGACA TCTCTCGTTGGTGGAACAGT AGTTGTTTAGCA 

GAGAAA TTACCCTTCGTTCGCGA TCGTATTGTAGAA TGTTTCTTCTG 

GGCTATTGCTGCTTTCGAACCACACCAATACTCATATCAACGTAAAA 

TGGCCGCTGTAATTATTACATTTATTACTATTATTGATGATGTTTACG 

ATGTATATGGTACTATTGAAGAATTAGAGTTATTAACAGATATGATT 

CGTAGATGGGATAATAAGAGTATTAGTCAACTTCCTTACTATATGCA 

AGTTTGTTATTTAGCTCTTTATAACTTCGTAAGTGAACGCGCATACG 

ACATCTTAAAAGATCAACACTTTAACAGTATTCCATACCTTCAAAGA 

AGTTGGGTTTCATTAGTTGAGGGATACTT AAAAGAAGCA TA TTGGTA 
' 

CTATAACGGTTACAAACCAAGTCTTGAAGAATATCTTAATAATGCAA 

AAATTAGTATTAGTGCACCCACCATTATTTCACAATTATACTTTACTT 

T AGCAAA TAGTA TCGACGAAACTGCCA TTGAAAGTTT AT ACCAA TAT 

CACAACATTTTATACTTATCAGGTACTATCTTACGTTTAGCTGATGAT 

TT AGCi-AACTTCACAACATGAA TT ACiAACGTGGTGATCi-TTCCCA.AACTC 

TATTCAATGTTATATGAATGATACAAATGCATCAGAAAGAGAAGCT 

GT AGAACA TGTT AAA TTTCTTA TTCGTGAAGCCTGGAAAGAAA TGAA 

TACAGTTACTACCGCATCAGATTGTCCTTTTACAGACGATCTTGTTGC 

CGCCGCAGCTAATTTAGCTCGTGCTGCTCAATTCATTTACTTAGATG 
I 

GTGATGGTCATGGTGTACAACATAGCGAAATTCATCAGCAAATGGG I 
I 

CGGTCTTCTTTTTCAACCATACGTTGGTACCGGTGAAAACTTA TACTT I 
TCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGATGA TGAT 

I 
AAAGGAACCGGTTAA 

79 ATGGTACCACGCAGAATTGGTGATTACCATAGTAACATTTGGGATGA I Myrcene (A. 

TGATTTTATCCAGTCACTTTCTACCCCTT ATGGTGAACCATCTTACCA I grandis) 

AGAAAGAGCTGAACGTCTTATTGTAGAAGTGAAAAAGA TTTTCAAC 

AGTATGTACTTAGATGACGGTCGTTTAATGAGTTCTTTTAATGACTT 

AA TGCAACGTTTATGGA TTGT AGACTCAGTAGAACGTTTAGGTATTG 

CCCGTCACTTCAAAAA TGAAATT ACA TCTGCCCTTGACT A TGTTTTTC 

GTTATTGGGAAGAA.AACGGTATAGGTTGTGGTCGTGA TTCTATTGTA 

ACTGACTTA.AATAGCACAGCTTTAGGTTTTCGTACACTTCGTTTACA 
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CGGTTATACAGTTTCTCCAGAGGTTTTAAAAGCATTTCAAGATCAAA I 
ATGGTCAATTCGTTTGTTCACCAGGACAAACAGAAGGTGAAA TTCGT , 

TCAGTTTTAAA TTTA TA TCGTGCAAGTTTAA TTGCCTTTCCAGGCGAA 

AAAGTTATGGAAGAAGCAGAAA TCTTCTCT ACTC:GCTATTT AAAAGA 

AGCTCTTCAAAAGATTCC:AGTTAGCGCATTATCACAAGAAATCAAAT 

TTGTTATGGAATATGGATC:rt:iC:ATACAAATTTACCTAGATTAGAAGCA 

CGTAACTATATTGATACTTTAGAAAAGGATACATCAGCTTGGTTAAA 

CAAAAATGCAGGTAAAAAGTTATTAGAATTAGCTAAATTAGAATTT 

AACATCTTTAACTCATTACAACAAAAAGAATTACAATACTTACTTCG 

CTGGTGGAAAGAATCTGACTTACCTAAATTAACCTTTGCACGTCATA 

GACACGTTGAATTTT ACACA TT AGCTTCTTGT A TTGCT A TTGA TCCCA 

AACATTCAGCATTCCGTTTAGGATTC:GCTAAAATGTGTCACTTAGTT 

ACAGTTCTTGACGATATTTATGATACTTTCGGTACTATTGATGAACTT 

GAGTTATTTACTTCTGCAATTAAACGTTGGAATAGTTCTGAAATTGA 

ACACTTACCAGAA TATA TGAAA TGCGTGTATATGGTTGTTTTTGAAA 

CTGTTAATGAATTAACTCGTGAAGCTGAGAAAACACAAGGACGTAA 

CACTTTAAACTATGTTC:GTAAAGCATGGGAAGCATATTTTGATTCTT 

ATATGGAGGAAGCAAAGTGGATCTCAAACGGAT ATTTACCAA TGTT 

TGAAGAATACCACGAAAATGGTAAAGTGTCATCTGC:ATAC:CGTGTA 

GCAACATTACAACCAATTTTAACTTTAAACGCTTGGTTACCCGACTA 

CA TTCTTAAAGGAA TTGA TTTCCCAAGTCGTTTTAACGA TTTAGCTA 

GTTCA TTCTTACGTTT ACGTGGCGATACTCGCTGTT ACAAAGCTGAC 

CGTGATCGTGGTGAAGAAGCTAGCTGCATTTCTTGTTACA TGAAAGA 

TAATCC~ACTGTTCTACCGAAGAAGA TGCACTT AA TCACATT AACCJCTA 

TGGTAAATGACATCATTAAP.GAATTAAACTGCKiAATTATTACGCAGT 

AA TGAT AA TA TTCCT A TGTT AGC:T AAAAAGCACGCTTTTGATA TT AC 

TCGTGCACTTCACCACTTATACATTTATCGCGATGGTTTCAGTGTTGC 

TAATAAAGAAACTAAAAAGTTAGTTATGGAGACATTACTTGAATCA 

ATGTTATTTGGTACCGGTGAAAACTTA TACTTTCAAGGCTCAGGTGG 

CGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAA 

80 ATGGTACCACAATCTGCTGAAAAGAACGACTCTTTATCAAGTTCTAC Abietadiene 

ATTAGTTAAGAGAGAATTTCCACCCGGTTTCTGGAAAGACGACTTAA (A. grandis) 

TCGACAGTTTAACTTCAAGTCACAAAGTAGCTGCTAGCGATGAAAA 

ACGTATCGAAACCTTAATTTCAGAAATTAAGAA TATGTTTCGTTGTA 

TGGGTTATGGTGAGACAAATCCATCAGCTTATGATACTGCTTGGGTA 

GCTC:GCATCCCAGCAGTTGATGGATCAGATAATCCTCACTTTCCAGA 

GACTGTGGAA TGGATCTTACAAAATCAATT AAAAGATGGTTCTTGGG 

GTGAAGGTTTTTACTTCCTTGCTTATGATCGC:ATTTTAGCCACTTTAG 

CTTGTATTATCACACTT ACACTTTCKiCGTACTGGAGAAACACAAGTA 

CAGAAAGGTATCGAATTTTTCCGCACTCAAGCAGGTAAAATGGAAG 
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ATGAAGCAGATTCACACCGTCCAAGTGGTTTTGAGATTGTATTTCCT 

GCTATGTTAAAAGAGGCTAAGATTTTAGGCTTAGATTTACCTTATGA 

TCTTCCTTTTCTT AAACAAATTATTGAAAAGAGAGAAGCT AAGTTAA 

AACGTATTCCTACAGATGTTTTATATGCTTTACCAACTACTTTACTTT 

ATTCATTAGAAGGTTTACAAGAAATAGTAGACTGGCAAAAAATCAT 

GAAATTACAAAGTAAAGA TGGTAGTTTCTTATCTTCTCCTGCCTCAA 

CAGCAGCAGTATTTATGAGAACAGGTAACAAAAAGTGTTTAGATTT 

CTT AAA TTTCGTGCTTAAAAAGTTCGGTAA TCA TGTTCCATGCCACT 

ATCCTTTAGACCTTTTTGAGCGTCTTTGGGCAGTTGATACTGTTGAAA 

GATTAGGT ATTGACCGTCA TTTTAAAGAAGAAATAAAAGAGGCTTT 

AGACTATGTGTATTCACACTGGGACGAACGTGGTATTGGTTGGGCTC 

GTGAAAACCCCGTTCCAGATATTGACGATACAGCAATGGGTCTTCGT 

ATTTTACGTCTTCATGGTT ACAA TGTTAGCAGCGATGTTCTTAAAAC 

ATTTCGTGA TGAAAA TGGTGAGTTCTTTTGCTTTTTAGGACAAACAC 

AAAGAGGTGTGACTGATATGTTAAATGTTAATCGTTGTAGCCATGTA 

TCTTTCCCTGGTGAAACTATAATGGAAGAGGCAAAATTA TGTACTGA 

ACGTTACTTACGCAACGCATTAGAAAA TGTAGACGCTTTTGATAAGT 

GGGCATTTAAGAAAAACATTCGTGGTGAGGTAGAATATGCTCTTAA 

A TA TCCTTGGCA TAAA TCAA TGCCACGTTTAGAAGCACGTTCATATA 

TTGAAA.ATTACGGTCCAGATGATGTTTGGTTAGGTAAAACTGTTTAT 

ATGATGCCTTACATTTCAAATGAAAAGTACTTAGAGTTAGCTAAACT 

TGATTTTAACAAAGTTCAGTCAATCCACCAGACAGAACTTCAAGACT 

TACGCCGTTGGTGGAAAAGTTCTGGTTTTACAGATTTAAACTTTACA 

AGAGAACCJTGTT ACTGAAA TTTACTTTTCACCTGCA TCTTTTATC:TTC 

GAACCAGAATTTAGTAAA TGTCGTGAGGTTTATACAAAAACTTCTAA 

TTTT ACTGTAA TTTT AGACGATTT AT A TGACGCTCA TGGCTCTTT AGA 

TGACTTAAAACTTTTTACAGAGAGTGTTAAACGTTGGGATTTATCTT 

TAGTTGACCAAA TGCCCCAGCAGATGAAAA TCTGTTTTGT AGGTTTC 

TATAATACATTCAACGATATTGCTAAAGAAGGTAGAGAACGTCAAG 

GTCGTGATGTTTTAGGTTATA TTCAAAACGTATGGAAAGTACAACTT 

GAAGCATATACTAAAGAAGCAGAATGGTCAGAAGCAAAATATGTTC 

CTAGTTTTAACGAATACATTGAAAATGCTTCAGTTTCAATTGCCTTA 

GGTACAGTAGTACTTATCAGTGCTTTATTTACCGGAGAAGTTTTAAC 

AGATGAAGTTTTATCTAAAA TTGACCGTGAAAGTAGATTCTTACAGT 

TAATGGGCTTAACTGGACGTTTAGTAAATGATACTAAAACATATCAA 

GCTGAGCGTGGTCAAGGTGAAGTTGCTAGTGCAATTCAATGTTATAT 

GAAAGACCACCCTAAAATTAGTGAAGAAGAAGCATTACAACATGTA 

TATTCTGTAATGGAAAATGCATTAGAAGAATTAAATCGTGAGTTCGT 

TAACAACAAAA TTCCAGACATCTATAAACGTCTTGTTTTCGAAACTG 

CACGTATAATGCAATTATTTTACATGCAAGGTGATGGTTTAACATTA 

AGTCACGATATGGAAATTAAAGAGCACGTAAAGAATTGTTTATTCC 
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AGCCAGTAGCTGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGT 

GGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTT 

AA 

81 ATGGTACCATCTTCATCAACAGGCACTTCAAAAGTAGT AAGCGAAA ' Taxadiene 

CA TCTTCAACTATTGTAGACGAT ATTCCACGTCTTTCAGCAAATT A TC (T. 

ATGGTGATTTATGGCATCACAACGTAATTCAGACTTTAGAAACACCA brevifolia) 

TTTAGAGAAAGTTCAACTTATCAAGAGCGTGCAGATGA./1. TTAGTAGT 

GAAAATCAAAGATATGTTCAATGCATTAGGTGACGGTGACATCTCA 

CCTTCAGCTT A TGA. TACTGCATGGGTAGCTCGTGTTGCTACCATTTCT 

TCTGATGGTAGCGAAAAACCACGTTTTCCTCAAGCTCTT AATTGCKiT 

TTTTAACAATCAATTACAAGATGGATCATGGGGTATTGAATCACATT 

TTAGTTTATGCGATCGTTTACTTAATACTACAAATTCAGTTATTGCTT 

TATCAGTATGGAAAACTGGTCACTCACAGGTTCAACAAGGTGCCGA 

ATTT A TTGCTGAAAA TTTACGTCTTTTAA.A TGAAGA.AGACGAA TTAA 

GTCCTGATTTTCAAA TTA TCTTCCCAGCTTT A TTACAGAAAGCCAAG 

GCTTTAGGAATCAATTTA.CCCTATGATTTACCATTCA.TCAAATATCTT 

AGTACAACACGCGAAGCTCGTTTAACAGA.TGTGTCAGCTGCTGCTGA 

CAACATACCAGCCAA TATGCTT AATGCACTTGAAGGTTTAGAAGAA 

GTGA TTGA TTGGAA T AAAA TCA TGCGTTTTCAATCT AAAGATGGTTC 

ATTTTT ATCTTCTCCAGCTAGTACAGCCTGTGTTTTAA TGAA TACAGG 

TGATCiAAAAATGTTTCACATTCTTAAATAACTTATTAGATAAATTCG 

GCGGTTGTGTTCCA. TOTA TGT AT AGCATTGATTTATTAGAACGTTTA T 

CTTTAGTGGACAACATTGAACACTTAGGTATTGGTCGTCACTTT AAA 

CAAGAAATCA.AAGGTGCATTAGATTATGTATATCGTCATTGGTCTGA 

ACGCGGT A TCGGTTGGGGTAGAGACTCTTTAGTTCCAGATTTAAACA 

CCACA.GCTTTAGGTTTACGCACATTAAGAATGCACGGTTATAAC:GTG 

TC:TAGTGATGTACTT AA CAA TTTC:AAAGACGAAAA TGGTCGTTTCTT 

TAGTAGTGCTGGTCAAACAC:ACGTAGAGTTACGTTCTGTTGTAAATC 

TT1TTC:GC:GCC:TCAGATTTAGCCTTTCCAGACGAAC:GTGCAA TGGAT 

GATGCTCGTAAATTCGCAGAACCATATTTACGTGAAGCA.TTAGC:TAC 

AAAAATATCAACAAATACAAAGTTATTCAAAGAAATTGAATATGTT 

GTTGAATACCCTTGGCACATGTCAATTCCACGTTTAGA.A.GCTCGTAG 

TTATATTGACAGTTATGA.TGATAATTATGTA.TGGCAACGTA.AGACTT 

TA TA TCGT A TGCCA TC:A TT AA.GT AA TTCAAAA TGTTTAGAACTTGCT 

AAATTAGATTTCAATATTGTTCAA.TCTTTACACCAAGAAGAACTTAA 

ACTTTTA.ACTCGTTGGTGGAAAGAATCTGGTATGGCAGACA TAAA TT 

TC:ACCCGC:CATCGTGTAGCTGAAGTTTACTTTTCTAGTGCTACATTTG 

AGCCAGAATATAGTGCTACTCGTATTGCATTCACA.AAAATTGGTTGC 

TTACAAGTACTTTTCGA.TGATATGGCTGACATTTTCGCCACTTTAGAT 

GAGTTAAAAAGTTTTACTGAAGGTGTTA.AACGCTGGGACACA.TCATT 
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ATTACATGAAATTCCCGAATGTATGCAAACTTGTTTTAAAGTATGGT 

TTAAACTTATGGAAGAAGTAAACAACGACGTAGTAAAAGTTCAAGG 

AAGAGATATG'fTAGCACATATTCGTAAACCCTGGGAATTATACTTTA 

ATTGTTATGTTCAAGAACGTGAATGGTTAGAAGCTGGTTATATTCCT 

ACATTCGAAGAATATCTTAAAACTTATGCTATTAGTGTAGGCCTTGG 

TCCTTGT ACCTTACAACCTA TTCTTTT AA TGGGTGAGTTAGTT AAA GA 

TGATGTAGT AGAAAAAGTTCATTACCCTTCT AACATGTTCGAA TTAG 

TTTCTTTAAGCTGGCGTTTAACTAATGATACCAAAACATATCAAGCA 

GAAAAAGTACGCGGTCAACAAGCTAGTGGCATTGCCTGTTATATGA 

AAGACAATCCAGGTGCTACTGAAGAAGATGCTATTAAACACATTTG 

TCGTGTTGTTGATCGTGCA TT AAAAGAAGCAAGTTTCGAA TA TTTCA 

AGCCTTCAAATGACATTCCTATGGGTTGTAAATCTTTTATCTTTAACT 
I 

TACGTTTATGTGTACAAATTTTCTATAAATTCATTGATGGTTATGGTA 

TCGCAAACGAAGAAATTAAGGACTACATTCGTAAGGTTTATATTGAT 

CCAATTCAAGTTGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGG 

TGGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGT 

TAA 

82 ATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCAACC FPP (G. 

AGCA TTAAGAAA TTT A TCTCCAGTGGTAGTTGAGCGCGAACGTCiAG gallus) 

GAA TTTGTAGGA TTCTTTCCACAAA TTGTTCGTGACTTAACTGAAGA 

' TGGTATTGGTCATCCAGAAGTAGGTGACGCTGTAGCTCGTCTTAAAG 

AAGTATTACAATACAACGCACCTGGTGGTAAATGCAATAGAGGTTT 

AACAGTTGTTGCAGCTTACCGTGAACTTTCTGGACCAGGTCAAAAAG 

ACGCTGAAAGTCTTCGTTGTGCTTT AGCAGTAGGA TGGTGTATTGAA 

TTATTCCAAGCCTTTTTCTTAGTTGCTGACGA T ATAA TGGACCAGTCA 

TTAACTAGACGTGGTCAATTATGTTGGTACAAGAAAGAAGGTGTTG 

GTTTAGATGCAATAAATGATTCTTTTCTTTTAGAAAGCTCTGTGTATC 

GCGTTCTTAAAAAGTATTGCCGTCAACGTCCATATTATGTACATTTA 

TTAGAGCTTTTTCTTCAAACAGCTT ACCAAACAGAA TT AGGACAAAT 

GTTAGATTTAATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATTT 

CTCAGAAGAACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTCT 

ATTCATTCTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATA 

GATTCTAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGA 

TCJGGTGAA TACTTCCAAA TTCAAGA TGA TTATTT AGA TTGTTTTGGC 

GA TCCTGCTTTAACAGGT AAAGTAGGTACTGATATTCAAGATAACAA 

ATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACACCAGAAC 

AACGTCAACTTTTAGAAGATAATTACGGTCGTAAAGAACCAGAAAA 

AGTTGCT AAAGTT AAAGAA TTATATGAGGCTGTAGGTATGAGAGCC 

GCCTTTCAACAATACGAAGAAAGTAGTTACCGTCGTCTTCAAGAGTT 

AA TTGAGAAACATTCT AATCGTTTACCAAAAGAAA TTTTCTTAGGTT 
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TAGCTCAGAAAATATACAAACGTCAAAAAGGTACCGGTGAAAACTT i 
ATACTTTCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGAT 

GATGATAAAGGAACCGGTTAA 

83 ATGGTACCATCATTAACTGAAGAAAAACCAATTC:GCCC:AATCGCAA An1or-

ACTTTCCTCCAAGCATTTGGGGAGATCAATTCTTAATTTACGAAAAA phadiene 

CAAGTAGAACAAGGTGTTGAACAGA TTGTTAACGACCTTAAGAAAG (A. annua) 

AAGTGCGCC:AAC:TTTTAAAAGAGGCTTTAGATATTCCAATGAAAC:AC: 

GC:AAACCTTTT AAAACTTA TTGAC:GAAATTCAAC:GTCTTGGTATTCC 

ATATCACTTTGAACGTGAAATTGATCATGCATTACAATGTATCTATG 

AAACTTATGGTGATAATTGGAATGGTGATC:GTTC:TTCATTATGGTTC 

CGTTTAATGCGTAAACAAGGTTATTATGTTACATGTGACGTGTTTAA 

CAATTAC:AAAGATAAAAATGGTGCATTTAAACAATCTTTAGCTAATG 

ATGTTGAAGGTTTATTAGAATTATATGAAGCTACTTCAATGCGTGTT 

CCAGGTGAAA TT A TTCTTGAAGATGCATTAGGTTTTACACGTTCTCG 

TTTA TCTATTATGACAAAAGACGCATTTAGTACAAA TCCTGCTTT ATT 

TACTGAAA TTCAGCGTGCCCTT AAACAGCCTTTATGGAAACGTTTAC 

CAAGAATTGAAGCTGCTCAA TA TATTCCATTTTATCAACAACAAGAT 

TCTCACAATAAGACATTACTTAAATTAGCCAAATTAGAATTTAATCT 

TTTACAATCATTACATAAAGAAGAATTAAGTCATGTGTGTAAATGGT 

GGAAAGCATTTGATATTAAGAAGAATGCTCCATGTTTACGTGATAGA 

ATTGTAGAGTGTTACTTTTGGGGCCTTGGTAGTGGTTACGAGCCACA 

ATATTCACGTGCTCGTGTATTCTTTACAAAAGCTGTTGCAGTTATTAC 

TTTAATTGACGA TACCTATGATGCATACGGAACCTATGAGGAGCTT A 

AAA TTTTCACTGAAGCTGT AGAACGTTGGTCTAT AACTTGTTT AGAT 

ACTTTACCAGAATATATGAAACCCATCTACAAATTATTCATGGACAC 

AT ACACTGAAA TGGAAGAA TTTTTAGCAAAAGAAGGTCGCACAGAC 

CTTTTTAACTGTGGTAAAGAA TTTGTTAAAGAGTTTGTTC:GT AAC:TTA 

ATGGTAGAAGCTAAGTGGGCTAATGAAGGTCACATTC:CTACTACAG 

AAGAGCACGATCCAGTAGTAATAATTACAGGTGGAGCAAACTTACT 

TACCACAACTTGTT ACTT AGGTA TGTCTGACA TTTTTACAAAAGAA T 

CAGTAGAGTGGGCAGTATCTGCACCACCATTATTCCGTTATTCTGGC 

ATACTTGGTCGTCGTC!TAATGATTT AATGACTC:A TAAAGCTGAACA 

AGAGCGTAAACACTCATCAAGTAGTTTAGAAAGCTATATGAAGGAA 

TAT AACGTT AACGAACiACiT A TGCTCAAACACTTA TTTACAAACiAGGT 

TGAAGACGTTTGGAAGGACATT AACCCiTCiAA TACTTAACAACTAAA 

AACATTCCACGTCCTCTTTTAA TGGCTGTAA TAT ACTTATGTCAA TTC 

TTAGAAGTACAATACGCTGGAAAAGATAACTTTACACGTATGGGTG 

ATGAATATAAACACTTAATAAAGAGTTTATTAGTTTATCCTATGTCA 

ATAGGTACCCK}TGAAAACTTATACTTTCAAGGC:TCAGGTGGCGGTG 

GAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAA 
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84 ATGGTACCAGCAGGTGTATCAGCTGTGTCAAAAGTTTCTTCATTAGT Bisabolene 

ATGTGACTTAAGTAGTACTAGCGGCTTAATTCGTAGAACTGCAAATC (A. grand is) 

CTCACCCTAATGTATGGGGTTATGACTTAGTTCATTCTTTAAAATCTC 

CATATATTGATAGTAGCTATCGTGAACGTGCTGAAGTGCTTGTAAGT 

GAAATAAAAGCTATGTTAAATCCAGCAATTACTGGAGATGGTGAAT 

CAATGATTACACCTTCAGCTTATGACACTGCTTGGGTTGCACGTGTA 

CCAGCAATTGATGGTAGCGCACGTCCACAATTTCCACAAACAGTAG 

ATTGGATTTTAAAGAATCAATTAAAAGATGGTTCTTGGGGTATTCAA 

TCACACTTTTTACTTTCAGACCGTTTATTAGCTACTCTTAGCTGTGTT 

TTAGTTTTACTTAAATGGAATGTTGGTGATTTACAGGTTGAGCAAGG 

TATTGAGTTT ATTAAGTCAAACCTTGAATTAGT AAAAGA TGAAACTG 

ATCAAGATTCTTTAGTGACTGATTTTGAGATTA TTTTCCCTAGCTTAC 

TTCGTGAGGCCCAAAGTTT ACGTTTAGGTCTTCCAT ACGA TTT ACCTT 

ACATCCACTTATTACAAACAAAACGTCAGGAACGTTTAGCAAAATT 

AAGCCGTGAAGAAATATATGCAGTTCCAAGTCCACTTTTATATTCTT 

TAGAGGGTATTCAAGATA TTGTTGAGTGGGAACGTATTATGGAAGT 

ACAATCTCAGGATGGA TCATTTTT AAGTTCTCCAGCATCAACCGCA T 

GTGTTTTTATGCATACAGGTGACGCTAAGTGTTTAGAATTTCTTAAC 

AGTGTAATGATTAAGTTTGGTAATTTTGTACCATGCCTTTATCCTGTA 

GATTTATTAGAACGTTTACTTATAGTAGATAATATAGTTCGTCTTGGT 

ATTTACCGTCACTTCGAAAAAGAAATTAAAGAAGCATTAGATTATGT 

ATATCGCCATTGGAATGAACGTGGTATTGGTTGGGGTCGTTTAAATC 

CAA TTGCTGACTTAGAAACAACTGCTTTAGGTTTTCGTTTATTACGTT 

TACACCGTTATAATGTATCTCCAGCAATCTTTGATAATTTCAAAGAT 

GCCAATGGCAAA TTCATTTGTAGCACTGGTCAGTTTAAT AAGGATGT 

GGCTTCAA TGTT AAACTTA TACCGTGCA TCACAA TTAGCATTCCCAG 

GCGAAAACATTTTAGATGAAGCTAAATCTTTTGCCACCAAATACTTA 

CGTGAAGCCCTTGAAAAATCTGAAACTTCATCAGCTTGGAACAA TA 

AACAGAA TTTAAGTCAAGAAA TCAAGTATGCA TTAAAAACTTCATG 

GCACGCTTCTGTACCACGTGTTGAAGCAAAACGTTATTGTCAAGTTT 

ATCGTCCTGATTACGCTCGTATTGCTAAGTGTGTATACAAATTACCA 

TACGTT AACAACGAAAAA TTCTTAGAA TTAGGTAAATTAGATTTTAA 

CATCATTCAA TCAATTCATCAAGAAGAAATGAAAAATGTGACAAGT 

TGGTTTCGTGATTCTGGCTTACCATTATTTACTTTCGCTCGCGAACGT 

CCTTTAGAATTTTACTTCTTAGTTGCTGCTGGTACTTATGAACCTCAA 

TATGCT AAATGTCGTTTCTTATTCACAAAAGT AGCTTGTCTTCAAAC 

AGTATTAGACGATATGTACGATACTTACGGTACTTTAGACGAATTAA 

AACTTTTTACCGAGGCTGTGCGTCGTTGGGATTTATCTTTTACAGAA 

AATTTACCTGACTATATGAAATTATGTTATCAAATCTATTATGACAT 

CGTTCATGAAGTGGCTTGGGAAGCTGAAAAAGAACAAGGTAGAGAA 

TTAGTGTCATTCTTCCGTAAAGGCTGGGAAGACT ACTT A TTAGGTTA 
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I CTATGAAGAAGCAGAATGGTTAGCAGCAGAATACGTTCCAACATTA 
I GATGAATACATTAAAAACGGTATTACATCAATCGGCCAACGTATCTT 

ATTACTTTCAGGTGTGTT AA TT ATGGATGGCCAACTTTTATCACAAG 

AAGCATTAGAAAAAGTTGATTACCCTGGTCGTCGTGTTTTAACTGAG 

TTAAACTCACTTATTAGCCGTTTAGCTGACGACACTAAAACTTATAA 

AGCAGAAAAAGCTCGTGGAGAATTAGCCTCATCAATTGAA TGCTAC 

ATGAAAGATCATCCTGAA TGTACAGAAGAAGAAGCCTT AGACCACA 

TTTATTCTATTCTTGAACCAGCCGTAAAAGAATTAACTCGTGAATTT 

CTTAAACCAGACGACGTTCCATTTGCTTGTAAAAAGATGTT ATTCGA 

AGAAACTCGTGTTACAA TGGTGATCTTTAAAGATGGTGATGGTTTTG 

GTGTATCTAAGTTAGAAGTTAAAGATCACATCAAAGAATGCTTAATT 

GAACCATTACCATTAGGTACCGGTGAAAACTTATACTTTCAAGGCTC 

AGGTGGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACC 

GGTTAA 

85 ATGGTACCAACTATGATGAATATGAATTTTAAGTACTGTCACAAGAT Dia po-

TATGAAGAAACA TTCAAAATCATTCAGTTATGCTTTTGACTTATT AC phytoene (S. 

CAGAAGACCAACGTAAAGCTGTTTGGGCAATTTACGCCGTGTGCCG aureus) 

CAAAATTGATGATTCTATTGATGTATATGGTGATATTCAATTCTTAA 

ATCAGATTAAAGAAGACATACAAAGTATTGAAAAATATCCATACGA 

ACATCATCATTTTCAA TCTGACAGACGTATTATGATGGCCTTACAGC 

ATGTTGCTCAGCATAAAAACATIGCATTTCAATCATTCTACAATTTA 

ATTGACACAGTATATAAAGATCAACACTTTACAA TGTTTGAAACAGA 

I TGCTGAACTTTTTGGTTATTGTTACGGTGTAGCTGGTACTGTGGGTG ' 
I 

AAGTTTTAACTCCTATATTATCTGATC:ACGAAACACATCAAACTTAT 

GACGTTGCCCGTCGTTTAGGAGAGTCATTACAGTTAATCAATATTCT 

TAGAGATGTAGGTGAAGACTTTGAC:AAC:GAACGTATTTACTICTCTA 

AACAACGTTTAAAACAATACGAAGTAGATATTGCAGAAGTGTACCA 

AAATGGTGTAAACAATCACTATATTGATTTATGGGAATATTACGCTG 

CAA TTGCTGAAAAGGATTTTCAAGA TGTTA TGGACCAAA TTAAAGTT 

TTCTCTATTGAAGCTCAGCC:AA TTA TTGAGTT AGCTGCACGTA TTTA T 

AT CG AAA TTTI AGATGAAGTACGTCAAGCTAACTACACA TT A CA TGA 

ACGTGTTITTGTAGATAAACGTAAAAAC:RiCTAAACTTTTTCACGAAA 

ATAAAGGTACCGGTGAAAACTTATAC:TTTC:AAGGCTCAGGTGGCGG 

TGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAA 

86 ATGGTACCAAAAA TTGCTGTTATTGGTGCTGGTGTTACCGGATTAGC Diapo-

TGCTGCTGCTCGTATTGCTAGCCAAGGTCATGAAGTTACAATCTTC:G phytoene 

AAAAAAACAATAATGTAGGTGGTCGTATGAATCAATTAAAAAAAGA desaturasc 

TGGTTTIACATTCGATA TGGGACCTACAATTGTTATGATGC:CAGA TG (S. aureus) 

TATATAAAGATGTATTTACTGCTTGCGGTAAAAACTATGAAGATIAT 

ATAGAGTTACGTCAACTTCGTTAC:ATTTATGACGTATATTTCGATC:A 
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CGATGATCGTATTACTGTTCCAACTGATTTAGCTGAATTACAACAAA 

TGTTAGAA TCAA TTGAACCTGGTAGTACACACGGA TTTA TGTCATTT 

TTAACAGATGTGTACAAGAAATATGAAATCGCTCGCAGATATTTCTT 

AGAACGTACTTACCGTAAACCATCAGACTTCTACAATATGACCTCTT 

TAGTACAAGGTGCTAAACTTAAAACTTTAAATCACGCTGATCAACTT 

ATCGAACACTACATTGATAACGAAAAGATTCAAAAACTTTTAGCATT 

CCAAACTCTTTATATCGGCATTGATCCAAAGCGTGGTCCTAGTTTAT 

ATAGTATTATTCCTATGATTGAAATGATGTTCGGTGTACATTTTATCA 

AAGGTGGTATGTATGGTATGGCTCAAGGATTAGCTCAACTTAACAA 

AGATTTAGGTGTT AA TATTGAATT AAA TGCTGAAA TTGAACAAA TCA 

TTATCGATCCTAAATTCAAACGCGCAGATGCAATTAAAGTTAATGGT 

GACATTCGCAAA TTTGA TAAGA TTTTATGTACTGCTGACTTTCCTTCA 

GTTGCCGAATCACTTATGCCAGATTTCGCACCTATCAAAAAGTACCC 

TCCACAT AAAATTGCAGATTTAGATTATTCTTGTTCAGC:TTTTCTTA T 

I GTATATTGGTATTGACATCGACGTAACTGACCAAGTTCGTTTACATA I I 
ACGTAA TTTTTAGCGACGATTTTCGTGGAAA TA TTGAAGAAATTTTC 

GAAGGTCGCTTAAGTTACGACCC:ATCAATCTATGTTTATGTACCAGC 

TGTAGCCGATAAATCTTTAGCTCCTGAAGGTAAAACAGGCATTTATG 

TGTTAA TGCCTACTCCTGAACTT AAAACAGGA TCAGGT ATTGACTGG 

TCAGATGAGGCTTTAACTCAACAAA TTAAAGAAA TCATTTA TCGT AA 
i 

ATTAGC:AACAATTGAAGTATTTGAAGACATTAAATCACACATTGTAT 
I 

I 
CAGAAACAATTTTTACTCCTAATGACTTTGAACAAACCTATCACGCT I 

AAA TTTGGTTCTGCTTTCGGTTT AA TGCCCACCTTAGCACAA TCTAA T 

TATTACAGACCTCAA.AATGTGTCACGTC:i:ATTATAAA..CJACTT A TA TIT 

CGCAGGTGCATCAACACATCCAGGTGCTGGAGTTCCAATTGTATTAA 

CAAGTGCCAAGATAACAGTAGACGAAATGATTAAAGATATTGAGCG 

TGGTGTGGGT ACCGGTGAAAACTTATACTTTC:AAGGCTCAGGTGGCG 

GTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAA 

87 ATGGTACCAGCA TTTGACTTC:GATGGTTACA TGCTTCGTAAAGCTAA GPPS-LS1J 

ATCTGT AAA T AAAGCTCTTGAAGCTGCAGT AC AAA TGAAAGAACCA (M. spicata) 

TTAAAAATTCATGAAAGTATGCGTTATTCTTTATTAGCTGGTGGTAA 

ACGTGTACGTCCAATGTTATGTATTGCAGCTTGTGAATTAGTTGGTG 

GTGACGAAAGTACTGCTATGCCTGCTGCTTGCGCTGTAGAAATGATT 

CATACTATGAGTTTAATGCATGATGATTTACCATGTATGGATAATGA 

CGATTTACGTCGTGGTAAACCAACAAACCACATGGCATTTGGTGAA 

AGTGTAGCAGTATTAGCAGGTGA TGCA TT A TT ATCTTTTGCTTTTGA 

ACATGTAGCAGCAGCAACAAAAGGTGCTCCTCCAGAACGTATTGTT 

AGAGTTTTAGGTGAACTTGCAGTTTCTATTCKJTTCAGAAGGTTTAGT 

TGCTGGACAAGTAGTTGACGTTTGTTCTGAAGGTATGGCTGAGGTTG 

GTTTAGATCATTTAGAA TTTATTCATCACCACAAAACTGCTGCTTTA T 
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TACAAGGTTCTGTAGTATTAGGTGCAATATTAGGTGGTGGAAAAGA 

AGAAGAGGTAGCAAAACTTCGTAAA TTCGCTAACTGCATTGGTTTAC 

TTTTCCAAGTAGTAGATGATATTCTTGATGTAACAAAATCATCTAAA 

GAATTAGGTAAAACAGCAGGTAAAGATTTAGTTGCTGATAAAACTA 

CTTA TCCAAAA TTAATCGGTGTTGAGAAAAGT AAAGAGTTCGCAGA 

CCGTTTAAATCGTGAAGCTCAAGAACAACTTCTTCA TTTTCA TCCAC 

ATAGAGCAGCACCTTTAATCC,CTTTAGCAAACTATA TTGCTTA TCGT 

GAT AA TGGTACCGGTGAAAA TTTATATTTTCAAGGTTCAGGTGGCGG 

AGGTTCTGATTATAAAGATGATGATGATAAAGGAACCGGTTAA 

' 88 ATGGTACCAAGTCAACCTTACTGGGCAGCAATTGAGGCAGATATTG GPPS-SSU 

AACGTTACTTAAAAAAATCAATTACAATTCGTCCACCAGAAACTGTA (M. spicata) 

TTTCruTCCAATGCACCACTTAACTTTTGCTGCACCAGCTACAGCTGC 

TAGTACTTTA TGTTTAGCAGCATGTGAACTTGTAGGTGGTGATCGTA 

GTCAAGCTATGGCTGCAGCAGCAGCAATCCATCTTGTTCATGCAGCT 

GCTTATGTACATGAACATTT ACCA TT AACTGATGGTAGTCGTCCAGT 

AAGTAAACCAGCTATCCAACATAAATATGGTCCAAATGTAGAATTA 

CTTACAGGTGACGGTATTGTACCATTTGGTTTTGAATTATTAGCAGG 

TTCTGTTGATCCAGCACGTACAGATGATCCAGACCGTA TTTTACGTG 

TAATAATTGAAATAAGTCGTGCTGGTGGTCCAGAAGGTATGATTAGT 

GGTTTACA TCGTGAAGAAGAGA TTGTAGATGGTAATACTTCTCTTGA 

TTTTATTGAA TACGTTTGCAAAAAAAAA TATGGTGAAATGCACGCAT 

GTGGTGCTGCATGCGGTGCAATTTTAGGTGGTGCAGCTGAAGAAGA 

AATTCAAAAACTTCGTAACTTCGGATTATATCAAGGAACTTTACGTG 

GTATGATGGAGATGAAAAACTCACACCAACTTATTGACGAAAATAT 

CATTGGCAAACTT AAAGAA TTAGCTTTAGAAGAA TTAGGTGGATTTC 

ATGGTAAAAATGCTGAATTAATGTCTAGTTTAGTAGCAGAACCATCA 

TTA TATGCTGCTGGTACCCruTGAAAA TTTATACTTTCAAC.CiTTCTGG 

TGGTGGTGGCAGTGATTATAAAGACGATGATGACAAAGGAACCGGT 

i TAA 

89 ATGGTACCACTTTTATCTAACAAATTAAGAGAGATGGTTTTAGCAGA GPPS (A. 

AGTTCCTAAA TTAGCATCTGCTGCTGAA TA TTTCTTTAAACGTGGTGT thalania) 

TCAGGGTAAACAA TTCCGTTCAACAA TTTTA TTA TT AA TGGCAACAG 

CTCTTGACGTTCGTGTTCCAGAAGCA TTAA TTGGTGAA TCTACTGA T 

ATTGTAACATCTGAATTACGTGTACGTCAACGTGGCATTGCTGAAAT 

TACAGAAATGATTCATGTAGCATCACTTCTTCACGATGACGTTCTTG 

ACGATGCTGATACTCGTCGTGGTGTTGGTAGTCTTAATGTTGTAATG 

GGAAACAAAA TGTCAGTTTTAGCAGGTGACTTCTTACTTTCTCGTGC 

TTGTGGTGCTCTTGCAGCTCTTAAAAACACAGAAGTTGTAGCATTAT 

TAGCTACAGCAGTAGAACACTTAGTTACTGGTGAGACAATGGAAAT 

AACTTCATCAACTGAACAACGTTATTCTATGGATTACTACATGCAGA 
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AAACTTATTACAAAACTGCTTCATTAATTTCAAATTCATGTAAAGCA 

GTTGCTGTATTAACAGGTCAAACAGCTGAAGTTGCAGTATTAGCTTT 

TGAATATGGTCGTAATTTAGGTTTAGCTTTCCAGTTAATTGACGACA 

TTTT AGA TTTCACAGGCACA TCTGCTAGTTTAGGAAAAGGTTCTTT A 

TCAGATATACGTCATGGTGTTATTACTGCTCCTATCTTATTTGCAATG 

GAAGAATTTCCTCAATTAAGAGAAGTAGTAGATCAAGTAGAAAAAG 

ATC:CAAGAAA TGT AGACATAGCTTTAGAATA TTTAGGT AAAAGTAA 

AGGTATTCAAC:GTGC:TC:GTGAATTAGC:AATGGAACACGC:AAATTTA 

GCTC:JCTGCAGCTATTGGTTC:TTTACCTGAAACAGAT AACGAAGATGT 

T AAACGTTCACGTCGTGCTTTAA TTGATTT AACACACAGAGTAATTA 

CACGT AACAAAGGT ACCGGTGAGAA ITT AT ACTTTCAAGGT AGTGGT 

GGAGGAGGTAGTGACTATAAAGATGATGACGATAAAGGAACCGGTT 

AA 

90 ATGGTACCAGTAGTTTCTGAACGTTTAAGACATTC:TGTAACAACTGG GPPS(C. 

TATTCC:AGCATTAAAAACAGC:AGCTGAATATTTCTTTCGTCGTGGTA reinhardtii) 

TCGAAGGAAAACGTTTAAGACCTACATTAGCATTATTAATGAGTAGT 

GCTTTATCACCAGCTGCTCCATCACCAGAGTATTTACAAGTTGATAC 

AAGACCTGCTGCAGAACACCCTCATGAAATGCGTCGTCGTCAACAA 

CGTTT AGCTGAAA TTGCAGAA TTAATCCA TGT AGCTTCA TTACTTCA 

CGATGATGTTATTGATGACGCAC:AAACACGTCGTGGTGTTTTAAGTT 

TAAATACATCTGTTGGTAATAAAACAGCTATCTTAGCAGGTGATTTC 

TT ATTAGCTCGTGCA TCTGTAACATTAGCTAGTTT AAGAAACTCTGA 

AA TTGTAGAATTAA TGTCACAGGTTTTAGAACACTTAGTA TCTGGTG 

AAA TTATGCAAATGACTGCTACTTCAGAACAACTTTTAGATTT AGAA 

CATTATTTAGCAAAAACATATTGTAAAACiGCTTCATTAATGGCTAA 

TAGTTCTCGTTCTGTTGCAGTTCTTGCAGCiTGCAGCTCCTGAAGTTTG 

TGATATGGCATGGTCATACGGTCGTCATTTAGGT A TTGCTTTCCAAG 

T AGTTGACGATTTATT AGATTTAACAGGTTCA TCTTCTGTTTTAGGT A 

AACCTGCTTTAAACGATATGCGTTCTGGTTTAGCAACAGCACCAGTA 

TTATTCC:JCTGCACAAGAAGAACCTGCA TTACAGGCTCTT AT A TTACG 

TCGTTTTAAACACGACGGTGACGTAACAAAAGCAA TGTCATT AATTG 

AACGTACACAAGGCTTACGTCGTGCTGAAGAACTTGCAGCAC:AACA 

CGCAAAAGCTGCTGCTGATA TGA TTCGTTGCTTACCTACAGCTCAA T 

CAGACCATGCAGAAATTGCTCGTGAAGCATTAATTCAAATTACACAT 

CGTGTTTTi'v~CACGTAAAAAAGGTACCGGTGAAAACTTATACTTTCA 

AGGTTCTGGTGGTGGTGGA TCAGATTAT AAAGATGATGA TGACAAA 

I GGAACCGGTTAA 

91 ATGGTACCAGATTTTCCACAACAATT AGAAGCATGTGTTAAACAAGC FPP (E. 

AAATCAAGCATTATCACGTTTCATCGCACCACTTCCATTCCAAAATA coli) 

CTCCTGTTGTTGAAACAATGCAATATGGTGCATTATTAGGAGGTAAA 
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AGATTAAGACCATTTCTTGTATATGCAACAGGTCACATGTTTGGAGT 

ATCTACTAACACATTAGATGCTCCAGCTGCTGCAGTTGAATGTATTC 

ATGCA TA TAGTTT AA TTCATGATGATTTACCTGCAA TGGATGATGAT 

GACTTAAGAAGAGGTTTACCTACATGTCATGTTAAATTTGGTGAAGC 

T AA TGCT ATTTTAGCTGGCGATGCACTTCAAACTCTTGCATTCAGTA T 

TTTATCAGATGCTGATATC.CCAGAAGTTTCAGATCGTGATCGTATTT 

CTATGATATCTGAATTAGCTTCTGCTAGTGGTATTGCTGGTATGTGC 

GGTGGCCAAGCTCTTGATTTAGACGCAGAAGGAAAACACGTTCCTTT 

AGATGCTTTAGAGCGTATACATCGTCACAAAACAGGAGCTTT AA TT A 

GAGCTGCTGTTCGTCTTGGTGCTTTATCAGCTGGAGACAAAGGTCGT 

CGTGCTTTACCAGTTTTAGACAAA TACGCTGAAAGT A TTGGTTT AGC 

TTTTCAAGTTCAGGA TGA TA TCTTAGATGTTGTAGGTGATACTGCT A 

CTTTAGGTAAACGTCAAGGTGCTGATCAACAGTTAGGCAAATCTACA 

T ACCCAGCACTTTTAGGTTTAGAACAAGCTCGT AAAAAAGCAAGAG 

ACTTAATTGACGATGCTCGTCAAAGTCTTAAACAATTAGCAGAACAA 

TCACTTGATACAAGTGCTTTAGAAC.CATTAGCAGATTACATTATTCA 

ACGTAATAAAGGTACCGGTGAAAATTTATATTTTCAAGGTTCTGGTG 

GTGGAGGTTCAGACTATAAAGATGACGATGATAAAGGAACCGGTTA 

A 

92 ATGGTACCAAGTGTTAGTTGTTGTTGTAGAAA TTTAGGAAAAACTAT FPP (A. 

CAAAAAAGCTATTCCAAGTCACCACTTACA TTTACGTTCTTT AGGTG tbalania) 

GT AGTTTA T ATAGAAGACGTATTCAATCATCTTCAA TGGAAACAGAC 

TTAAAATCTACATTCTTAAATGTTTATTCAGTTCTTAAATCAGATTTA 

TTACACGACCCATCA TTTGAA TTT ACAAATGAAAGTCGTTTATGGGT 

AGATAGAATGCTTGATTATAATGTTCGTGGCGGTAAACTTAATCGTG 

GTCTTTCTGTAGTAGACTCTTTCAAATTACTTAAACAAGGTAATGAT 

TTAACTGAACAAGAAGTTTTCTTA TCTTGTGCATTAGGTTGGTGT A TT 

GAGTGGTTACAGGCTTACTTTTTAGTTCTTGATGATATTATGGATAAT 

TCAGTTACACGTCGTGGTCAACCTTGTTGGTTTCGTGTACCACAAGT 

TGGTA TGGT AGCTA TT AATGA TGGCATTCTTCTTCGT AA CC A TA TTCA 

TCGTATTCTTAAAAAACACTTCCGTGATAAACCATATTATGTAGATT 

T AGTTGACCTTTTCAA TGAAGTAGAGTTACAAACTGCATGTGGACAA 

ATGATTGATTTAATCACAACATTTGAAGGTGAAAAAGACTTAGCTAA 

ATATAGTTTATCAATTCACCGTCGTA TTGTTCA.'\T ACAAAACTGCAT 

ATTACTCA TTCTATTTACCAGTTGCATGTGCTCTTTTAA TGGCTGGCG 

AAAATTTAGAAAACCACATTGATGTTAAAAATGTATTAGTAGATATG 

GGTATTTACTTTCAAGTTCAGGATGATTATTTAGACTGTTTTGCTGA T 

CCTGAAACATTAGGTAAAA TTGGCACTGATATTGAGGACTTT AAATG 

TTCTTGGTTAGTTGT AAAAGCATT AGAACGTTGTAGTGAAGAACAAA 

CAAAAATTCTTTACGAAAACTA TGGCAAACCTGATCCATCTAATGTT 
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j GCTAAAGTAAAAGATTTATACAAAGAATTAGATTTAGAAGGCGTTTT 
' ' I CATGGAATATGAATCTAAATCATACGAGAAATTAACTGGTGCTATCG 

i AAGGTCACCAATCT AAAGCAATTCAAGCTGTTCTTAAA TCTTTCTTA 

GCAAAAATCTATAAACGTCAAAAAGGTACCGGTGAAAACTTATACT 

TTCAAGGTAGTGGTGGCGGTGGTAGTGATTATAAAGATGATGATGA 

TAAAGGAACCGGTTAA 

93 ATGGTACCAGCTGATCTTAAATCAACATTCTTAGATGTTTATTCAGT FPP (A. 

ATT AAAAAGTGA TTTATTACAAGATCCATCTTTTGAA TTTACACACG thalania) 

AAAGTCGTCAATGGTTAGAACGTATGTTAGATTAT AA TGTTCGTGGA 

GGCAAATTAAACAGAGGTTI AAGTGTAGT AGACAGTTACAAACTTTT 

AAAACAAGGTCAAGACTTAACAGAAAAAGAAACATTTTTATCTTGT 

GCTTTAGGTTGGTGTATTGAATGGTTACAAGCATACTTCTTAGTTTTA 

GACGATATTA TGGAT AA TTCTGT AACTAGACGTGGTCAACCA TGTTG 

GTTTCGTAAACCAAAAGTAGGTATGATTGCTATTAATGATGGAATAC 

TTCTTCGTAAC:CACATTCATCGTATTCTTAAAAAAC:ACTTTC:GTGAA 

ATGC:C:TTATTATGTAGACCTTGTAGACTTATITAACGAAGTAGAATT 

TCAAACAGC:TTGTGGTCAAATGA TTGACTT AATTACAAC:ATTTGATG 

GTGAAAAAGAC:C:TTTC:AAAA TATTCACTTCAGA TTCAC:C:GTCGTATT 

GTTGAGTAC:AAAACAGCATACTAC:TC:TTTCTATTTACCTGTAGCATG 

TGCTTTACTTATGGCAGGTGAAAA TTTAGAAAA TCACACAGATGTTA 

AAACTGTATTAGTTGATATGGGTATCTATTTCCAAGTTC:AAGATGAT 

TATTTAGATTGCTTC:GCTGA TCCAGAAACATI AGGTAAAA TTGGTAC 

AGATATTGAAGACTTTAAATGTAGTTGGTTAGTAGT AAAAGCA TT AG 

AACGTTGTAGTGAAGAACAAAC:AAAAATTCTTTACG.11.AAATTATGG 

AAAAGCTGAAC:CTTCAAATGTAGCTAAAGTTAAAGCATTATACAAA 

GAATTAGATTTAGAGGGTGCATTTATGGAATATGAAAAAGAATCAT 

ACGAGAAACTTACAAAACTTATTGAAGCACATCAATCAAAAGCTAT 

TCAAGCAGTTCTTAAATCTTTCTTAGCTA"v\ATTTATAAACGTCAAA 

AAGGTACCGGTGAAAACTTATACTTTCAAGGCTCTGGAGGTGGTGGT 

TCAGACTATAAAGATGATGATGATAAAGGAAC:CGGTTAA 

94 ATGGTACCAAGTGGCGAACCTACTCC:AAAAAAAATGAAAGCAACAT FPP (C:. 

ACGTTCACGACCGTGAAAACTTTACAAAAGTATACGAAACTCTTCGT reinhardtii) 

GAC:GAATTACTTAACGATGA TTGTCTT AGTCCAGCTGGTTCACCTCA 

GOC:TCAAGCTGCTCA.AGAGTGGTTIAAAGAAGTT AA TGATTATAATG 

TTCCTGGTGGAAAACTTAACCGTGGTATGGCTGTA TATGACGTTTTA 

GCTTCAGTT AAAGGTCCAGATGGTTT AAGTGAAGACGAAGTATTTAA 

AGCTAACGCTCTTGGTTGGTGTATTGAGTGGTTACAAGCATTTTTCTT 

AGTTGCTGATGATATAATGGATGGTTCAATTACAC:GTCGTGGCCAAC: 

CTTGTTGGTAC:."v\ACAACCTAAAGTTGGTATGATTGCTTGTAATGAT 

I TACATCTTATTAGAATGCTGTATTTACTCAATTCTTAAAAGACATTTT 
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AGAGGTCACGCTGCATACGCTCAACTTATGGACCTTTTCCATGAAAC 

TACATTCCAGACTTCACACGGTCAATTATTAGATTTAACAACAGCAC 

CTATCGGTTCTGTAGACTTATCAAAATATACAGAAGATAATI'ACCTT 

CGTATTGTAACATATAAAACTGCATACTATTCTTTTTATTTACCTGTA 

GCATGTGGTATGGTATTAGCTGGCATTACAGATCCAGCTGCTTTTGA 

TCTTGCAAAAAA TATTTGTGTTGAAA TGGGTCAATATTTCCAGA TTC 

AAGACGA TTA TTTAGATTGCTATGGTGACCCTGAGGTTATTGGTAAA 

ATCGGTACAGACATAGAAGACAACAAATGTAGTTCJGTTAGTTTGCA 

CAGCTCTTAAAATCGCAACAGAAGAACAAAAAGAGGTTATAAAAGC 

TAATTATGGTCACAAAGAGGCTGAATCAGTAGCAGCAATTAAAGCA 

TTATACGTTGAATTAGGTATTGAACAACGTTTTAAAGACTATGAAGC 

I TGCA TCA TACGCAAAA TTAGAAGGTACAA TTAGTGAACAAACTTTAT 

TACCTAAAGCAGTATTTACTTCTTTATTAGCTAAAATCTATAAAAGA 

AAAAAAGGTACCGGTGAGAACTTATACTTTCAAGGTAGTGGAGGTG 

GTCJGTTCAGACTATAAAGATGATGATGATAAAGGAACCGGTTAA 

95 ATGGTACCACAAACTGAACATGTTATCTTATTAAACGCTCAAGGTGT !PP 

TCCTACAGGTACATTAGAAAAATATGCTGCACACACTGCTGATACTC ison1erase 

GTTTACACTTAGCTTTCTCATCTTGGTT ATTCAATGCT AAACKJTCAAC (E. coli) 

TTTT AGTT ACAAGACGTGCA TT AAGTAAAAAAGCA TGGCCTGGTGTT 

TGGACTAACTCAGTTTGTGGTCATCCACAA TT AGGTGAAAGT AATGA 

AGATGCAGTTATACGTCGTTGCAGATATGAATTAGGTGTTGAAATAA 

CTCCACCAGAA TCAATTT ATCCAGATTTCCGTTA TCGTGCAACTGA T 

CCTAGTGGTA TCGTTGAAAACGAAGTATGTCCTGTTTTTGCTGCACG 

TACAACAAGTGCATTACAAATTAATGATGATGAAGTAATGGATTATC 

AA TGGTGTGACTT AGCTGATGTTTTACATGGTA TTGATGCAACACCA 

TGGGCATTTTCACCATGGATGGTAATGCAAGCAACAAATCGTGAAG 

CACGTAAAAGATTAAGTGCTTTTACACAGTT AAAAGGTACCGGTGA 

AAACTTATACTTTCAAGGTAGTGGAGGTGGTGGTTCTGACTATAAAG 

ATGACGATGATAAAGGAACCGGTTAA 

' 96 ATGGTACCACTTCGTAGTTTA TTAAGAGGTTTAACACACA TTCCTCG IPP 

TGTTAA TAGTGCTCAGCAACCTTCTTGCGCTCACGCTCGTCTTCAATT 1somcrasc i 
' 

TAAACTTCGTTCTATGCAA TTATTAGCAGAAAACCGTACAGATCACA (H. piuvalis) ' 
TGCGTGGTGCTTCTACATGGGCAGGTGGTCAGTCTCAAGATGAATTA 

ATGCTTAAAGATGAATGTATCTTAGTAGATGCTGATGATAACATTAC 

TGGTCACGCTTCTAAATTAGAATGTCACAAATTTCTTCCACA TCAAC 

CAGCTGGATTATTACACCGTGCTTTTTCTGTATTTCTTTTCGACGATC 

AAGGTCGTTTACTTTTACAACAACGTGCTCGTAGTAAAATTACATTT 

I 

CCATCTGTATGGGCTAATACATGTTGTAGTCATCCATTACATGGTCA 

AACACCAGATGAAGTAGATCAACAATCACAAGTAGCAGACGGAACT 

GTACCAGGTGCAAAAGCTGCTGCAATCAGAAAATTAGAACATGAAT 
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TAGGT A TTCCAGCTCACCAA TTACCAGCA TCAGCTTTTCGTTTCTT AA 

CACGTCTTCACTATTGTGCAGCTGACGTTCAACCTGCAGCAACACAA 

TCTGCATTATGGGGTGAACACGAAATGGATTACATTTTATTCATTAG 

AGCTAATGTTACACTTGCTCCTAATCCTGACGAAGTAGATGAGGTAC 

GTTATGTAACTCAAGAAGAATTAAGACAAATGATGCAACCAGATAA 

TGGTTTACAATGGTCACCATGGTTCCGTATTATTGCAGCAAGATTTTT 

AGAACGTTGGTGGGCTGA TTT AGATGCTGCATTAAA TACAGAT AAA 

CATGAAGACTGGGGAACAGTTCATCACATTAACGAAGCTGGTACCG 

GTGAAAACTTATACTTTCAAGGATCAGGAGGCGGTGGAAGTGATTA 

TAAAGATGATGATGATAAAGGAACCGGTTAA 

97 ATGGTACCAAGAAGATCAGGCAATTATAACCCAACAGCATGGGACT Lin1onene 

TCAATTATATCCAATCATTAGACAATCAATACAAAAAAGAACGTTAC (L. 

TCTACTCGTCACGCTGAATTAACAGTTCAAGTTAAAAAATTATTAGA angust.i£0lia) 

AGAAGAAATGGAAGCTGTTCAAAAACTTGAACTTATAGAGGATCTT 

AAAAACTTAGGCATTTCTTACCCATTTAAAGATAATATTCAACAAAT 

CTTAAA TCAAA TTTACAATGAACACAAA TGTTGTCACAACTCAGAAG 

TTGAAGAAAAAGACCTTTATTTCACTGCTTTACGTTTTAGATTATTAC 

GTCAACAAGGTTTTGAAGTAAGTCAAGAAGTATTTGATCACTTTAAA 

AACGAAAAAGGTACAGA TTTTAAACCTAA TTTAGCAGATGA TACT A 

AACKrATTATTACAATTATATGAAGCATCATTCTTATTACGTGAAGCA 

GAAGACACATTAGAACTTGCTCGTCAATTCTCTACTAAACTTTTACA 

AAAAAAAGTTGATGAAAACGGTGACGATAAAATTGAAGATAACTTA 

TTACTTTGGA TT AGACGTAGTTTAGAA TTACCA TT ACA TTGGCGTGT 

ACAAAGATTAGAAGCTCGTGGCTTTTTAGATGCTTACGTTCGTAGAC 

CTGATATGAATCCTATTGTATTTGAATTAGCAAAATTAGACTTTAAC 

ATTACTCAAGCAACACAACAAGAAGAACTTAAAGATTTATCAAGAT 

GGTGGAA TAGTACTGGCTTAGC:TGAAAAACTTCCTTTTGCTC:GTGAT 

CGTGT AGTTGAATCATATTTCTGGGCTATGGGTACTTTTGAACCACA 

TCAATACGGATACCAACGTGAATTAGTTGCTAAAATCATTGCACTTG 

CTACAGTTGTAGACGATGTTTACGATGTATATGGTACTTTAGAGGAA 

TT AGAACTTTTTACTGATGCTATTCGTCGTTGGGACCGTGAATCTATT 

GACCAATTACCATATTACATGCAATTATGTTTTCTTACTGTAAACAA 

CTTTGTTTTTGAGTTAGCTCACGACGTATTAAAAGATAAATCATTCA 

A TTGTTT ACCTCA TTT ACAAAGATCA TGGTT AGA TTT AGCTGAAGC:A 

TACCTTGTAGAACiCAAAA TCiCiT ATC:ATAGTC:CiTTATAC:ACCTTC:TTT 

AGAAGAATATCTT AA TATTGCTCGTGTTTCAGTAAC:ATGTCCAACTA 

TTGTTTC:TCAAA TGTATTTTGCATTAC:CAA TTCCAA TCGAAAAACCTCi 

TAATTGACiATC:ATGTACAAATATCAC:GATATCTTATACTTATCAGCiT 

ATCiTT A TTAC:CiTTTAC:CACiATCiACTTAGGAACACiC:ATCA TTC:GAACT 

TAAAC:GTGGTGATGTACAAAAAGCAGTTCAATGTTATATGAAAGAA 
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CGTAATGTTCCTGAAAA TGAAGCTCGTGAACATGTTAAATTCTTAAT 

TCGTGAGGCTTCTAAACAAATTAATACAGCAATGGCAACAGACTGT 

CCATTT ACAGAAGATTTTGCAGTTGCAGCAGCAAACTTAGGTCGTGT 

AGCAAATTTTGTATATGTTGATGGTGATGGTTTTGGAGTACAACACA 

GTAAAATCTATGAGCAAATTGGTACACTTATGTTTGAACCATATCCA 

GGT ACCGGTGAAAACTTAT ACTTTCAAGGTAGTGGTGGTGGAGGTTC 

TGATTACAAAGACGATGATGATAAAGGAACCGGTTAA 

98 ATGGTACCAAGAAGAAGTGGAAACTATAAACCTACAATGTGGGATT Mono-

TTCAATTTATTCAAAGTGTAAATAATCTTTACGCTGGTGATAAATAC terpene (S. 

ATGGAACGTTTCGATGAAGTAAAAAAAGAAA TGAAAAAAAACTTAA lyco-

TGATGA TGGTTGAGGGTTTAATAGAGGAA TTAGATGTTAAA TT AG A persictun) 

ATTAATAGATAA.TTTAGAAAGATTAGGTGTTAGTTATCATTTCAAAA 

ATGAAATAATGCAAATCCTTAAATCTGTACACCAGCAAATCACTTGT 

CGTGATAATTCATTATACTCTACTGCATTAAAATTTCGTTTATTACGT 

CAACACGGATTCCACATTAGTCAAGACATCTTTAACGATTTTAAAGA 

TATGAATGGCAATGTTAAACAAAGTATCTGTAACGATACTAAAGGTT 

TATTAGAACTTT ATGAAGCATCTTTCTT ATCTACTGAATGTGAAACA 

ACACTTAAAAACTTCACTGAAGCACACTTAAAAAATTATGTTTATAT 

TAACCACTCATGTGGAGATCAATACAATAACATAATGATGGAATTA 

GTTGTTCACGCTTTAGAA TTACCACGTCACTGGATGATGCCTCGTTT 

AGAGACACGTTGGTATATATCAATTTATGAACGTATGCCTAATGCTA 

ATCCACTTTI"ACTTGAACTTGCTAAATTAGACTTCAATATTGTTCAAG 

I CTACACACCAACAAGACTTAAAATCATTATCACGTTGGTGGAAAAA 

CATGTGTTTAGCTGAAAAATTATCATTTTCTCGTAACCGTTTAGTAG 

AAAA TCTTTTCTGGGCAGTTGGAACTAA TTTTGAACCACAACACAGT 

TA TTTCCGTCGTTTAA TCACTAAAATCATTGTTTTTGTTGGTATT A TT 

GATGATATTTATGATGTTTACGGCAAACTTGATGAGTTAGAA TT ATT 

CACTTTAGCTGTACAACGTTGGGATACAAAAGCAATGGAAGACTTA 

CCATATTACATGCAAGTTTGTTATTTAGCTTTAATTAATACAACAAA 

TGATGTTGCTTATGAAGTTCTTCGTAAACATAACATTAATGTATTAC 

CATACTTAACTAAATCTTGGACAGACTTATGTAAATCATATTTACAA 

GAAGCTCGTTGGTACTACAA TGGTTACAAACCTTCA TTAGAGGAATA 

TATGGATAATGGTTGGATTAGTATAGCAGTTCCTATGGTATTAGCAC 

A TGCACTTTTCTT AGTT ACAGATC:CAATTACAAAAGAAGCA TT AGAA 

TC:ATTAACAAAC:TATC:C:TGATATTATTCGTTGCTC:AGCTAC:AATATTC 

CGTTTAAA TGATGATCTTGGT AC:AAGTTCAGATGAATTAAAAC:GTGG 

AGATGTACC:AAAA TCAATTCAATGCTA TATGAACGAAAAAGGCGTT 

TCAGAGGAAGAAGC:TC:GTGAAC:ATATTC:GTTTC:TTAATC:AAAGAAA 

CATGGAAATTC:ATGAACAC:TGCAC:ACC:ATAAAGAGAAAAGTTT A TT 

TTGTGAGACATTTGTAGAAATTGC:AAAAAA TA TTGCAAC:AACAGCTC 
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A TTGT ATGT ACTT AAAAGGTGATTCTCACGGTATTCAAAACACTGAT 

GTTAAAAACTCAATAAGTAATATACTTTTCCATCCAATTATTATCGG 

TACCGGTGAAAACCTTTACTTTCAAGG'ITCAGGTGGTGGCGGTTCAG 

ACTATAAAGATGACGATGATAAAGGAACCGGTTAA I 

99 ATGGTACCAAGACGTAGTGGAAATTATGAGCCATCTGCATGGGACT Terpinolene 

TCAATTACTTACAATCTCTTAATAATTATCACCATAAAGAAGAACGT (0. 

· TACTTACGTCGTCAAGCTGA TTT AA TTGAAAAAGT AAAAA TGA TTCT basihcum) 

TAAAGAAGAGAAAATGGAAGCATTACAGCAATTAGAACTTATAGAC 

GATCTTCGTAATTTAGGTCTTTCATATTGTTTTGATGATCAAATTAAT 

CATATTCTTACAACAATTTACAACCAACATTCTTGTTTCCATTATCAC 

GAAGCTGCAACAAGTGAAGAAGCTAACTTATATTTCACAGCTTTAG 

GTTTCCGTTTACTTCGTGAACACGGA TTCAAAGTATCACAAGAAGTA 

TTTGACCGTTTCAAAAA TGAAAAAGGT ACAGA TTTTCGTCCAGATTT 

AGTAGATGATACTCAAGGTTTATTACAACTTTATGAAGCATCTTTCC 

TTCTTCGTGAAGGTGAAGACACTTTAGAATTTGCACGTCAATTTGCT 

ACTAAATTTCTTCAAAAAAAAGTTGAGGAGAAAATGATAGAAGAGG 

AAAA TCTTTT ATCTTGGACTTTACATTCACTTGAATT ACCATTACATT 

GGCGTATACAACGTTTAGAAGCTAAATGGTTTTTAGATGCTTATGCT 

AGTCGTCCTGA TA TGAATCCAATAA TCTTTGAA TT AGCAAAA TT A GA 

ATTTAACATTGCTCAGGCACTTCAACAAGAAGAACTTAAAGATTTAT 

CAA GA TGGTGGAACGAT ACTGGTATTGCTGAAAAA TTACCTTTCGCT 

CGTGATAGAATCGTTGAATCTCATTATTGGGCAATTGGTACTTTAGA 

ACCTTATCAATACCGTTATCAGCGTTCATTAATTGCAAAAATCATTG 

CTTTAACTACAGTTGTTGATGATGTATATGATGTTTACGGTACATTA 

i GACGAATTACAGTT ATTTACTGATGCAA TTCGTCGTTGGGACA TTGA 
' 

AAGTATAAATCAATTACCTTCTTATATGCAATTATGTTATTTAGCTAT 

TTATAATTTCGTATCAGAATTAGCTTATGATATTTTCAGAGATAAAG 

GTTTTAA TTCTTTACCA TA TTT ACACAAAAGTTGGCTTGACTTAGTTG 

AGGCTTACTTTCAAGAAGCAAAATGGTATCATTCTGGCTACACACCA 

! TCATTAGAACAA TACTTAAA TA TCGCTCAAA TTTCTGT AGCAAGTCC 

! AGCTA TA TTAAGTCAAA TTT ACTTTACT ATGGCTGGTTCAATTGATA 

AACCAGTAATCGAATCAATGTACAAATATAGACACATTTTAAACTTA 

TCTGGTATATTACTTAGATTACCAGATGACTTAGGTACTGCTAGTGA 

i TGAA TT AGGTCGTGGTGA TTTAGCAAAAGCAA TGCAA TGTT ACA TGA 
I 

AAGAGCGTAACGTTTCTGAAGAAGAAGCTCGTGATCATGTACGTTTC 

TTAAATCGTGAGGTTTCAAAACAAATGAATCCTGCTCGTGCTGCTGA 

TGATTGTCCATTCACTGATGA TTTTGT AGTACiCTGCTGCT AA TTTACiG 

I AAGAGTTGCAGA TTTCATCiTATGTTGAAGGCGATGGTTTAGGTTTAC 

AA TACCCAGCTATCCACCAACACATGGCAGAACTTTTATTTCACCCT 

i TACGCAGGTACCGGTGAAAACTTA TACTTTCAAGGTTCAGGTGGTGG 
' 
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AGGTTCTGACTATAAAGATGATGATGATAAAGGAACCGGTTAA 

100 ATGGTACCAAGAAGATCAGGAAATTATCAACCTAGTGCATGGGATT Myrcene (0. 

TTAACTATATCCAATCTCTTAATAACAACCATTCTAAAGAAGAACGT basilicun1) 

CACTTAGAGCGTAAAGCAAAACTTATTGAAGAAGTAAAAATGTTAT 

TAGAGCAAGAAATGGCTGCTGTACAACAATTAGAGCTTATTGAAGA 

CCTTAAAAACTTAGGTTTATCTTACTTATTCCAAGATGAAATCAAAA 

TAATCCTTAATTCTATTTACAATCATCATAAATGTTTTCATAATAATC 

ACGAACAATGTATTCACGTTAATAGTGACTTATACTTTGTTGCATTA 

GGCTTCCGTTTATTTCGTCAACATGGTTTCAAAGTTTCTCAAGAGGTT 

TTTGACTGTTTTAAAAACGAAGAAGGATCAGACTTTAGTGCTAACTT 

AGCAGATGATACTAAAGGTTTACTTCAATTATACGAGGCTTCATATT 

TAGTTACAGAAGATGAAGACACATTAGAAA TGGCACGTCAA TTTTC 

AACTAAAATCTTACAAAAAAAAGTAGAAGAGAAAATGATTGAGAA 

AGAGAACTTATTAAGTTGGACTTTACA TAGTTTAGAA TTACCACTTC 

ACTGGCGTATTCAACGTTT AGAAGCAAAA TGGTTCC:TTGATGC:TTAT 

GC:TAGTC:GTC:C:AGATATGAATC:C:AATTATTTTTGAATTAGCTAAATT 

AGAGTTT AAC:ATTGCTC:AAGC:ATTACAAC:AAGAAGAATT AAAAGA T 

TTAAGTAGATGGTGGAATGATAC:AGGCATTGCTGAAAAATTACCTTT 

TGC:TC:GTGA TAGAAT AGTAGAGAGTCA TT ACTGGGC:AATTGGTAC:TT 

TAGAACC:TTATC:AATATAGATATCAACGTTC:ATTAATTGC:TAAAATT 

ATTGC:TTTAACAACAGTTGTTGATGACGTTTACGACGTATA TGGAAC 

TTTAGATGAA TTACAGTTATTTACAGAC:GCTATTC:GTCGTTGGGA TA 

TTGAATC:TATTAATC:AATTAC:C:AAGTTATATGCAATTATGCTATTTAG 

CTATTTATAAC:TTTGTTTCTGAATTAGCATACGATATTTTTCGTGAC:A 

AAGGATTCAATTC:TTTAC:C:TTACCTTC:ATAAATCATGGTTAGATTTAG 

TAGAAGC:ATAC:TTTGTTGAAGCTAAA TGGTTTCATGATGGTTA TACT 

C:C:AAC:TC:TTGAAGAATATTTAAATAACTC:AAAAATTACTATTATATG 

TC:C:TGCTATTGTTAGTGAAATC:TAC:TTC:GCATTCGC:TAATTCAATTGA 

TAAAACAGAAGTTGAATC:AATCTAC:AAATATCAC:GATATTTTATATT 

TATC:AGGAA TGCTTGC:AC:GTTTAC:C:AGAC:GAC:TT AGGTACTTCA TC:A 

TTTGAAA TGAAAAGAGGTGA TGTTGC:TAAAGCTA TTC:AA TGTTAC:AT 

GAAAGAACA TAA TGC:TTC:AGAGGA.AGAAGC:TCGTGAAC:ACATTCGT 

TTCTTAATGCGTGAAGC:ATGGAAAC:AC:ATGAATAC:TGC:TGCAGC:TGC 

TGATGAC:TGTC:C:ATTTGAA TCTGA TTT AGTAGT AGGTGC:TGC:A TC:A T 

TAGGTAGAGTTGC:AAAC:TTTGTATATGTTGAAGGTGAC:GGTTTTGGT 

GTAC:AACATTCAAAAA TAC:A TCAAC:AAATGGCTGAA TT ACTTTTTTA 

TCCATATCAAGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGAG 

GTGGTGGTAGTGACTATAAAGAC:GATGAC:GATAAAGGAACCGGTTA 

A 

101 I ATGGTACC:AAGAAGAAGTC:JCTAATTATCAAGCAAGTATTTGGGATG ' Zingiberenc I 

- J 11-



WO 2009/036067 PCT/US2008/075858 

I ATAATTTCATTCAAAGTCTTGCATCTCCTTATGCAGGAGAAAAATAT (0. 

GCAGAAAAAGCAGAAAAACTTAAAACAGAAGTTAAAACTATGATTG basilicum) 

. ATCAAACAAGAGATGAACTTAAACAA TTAGAACTTATTGAT AACTT 

! ACAACGTTTAGGTATATGTCATCACTTTCAAGACCTTACAAAAAAAA 

I TTTTACAAAAAATTTATGGAGAAGAACGTAACGGAGATCACCAACA 

TTACAAAGAAAAAGGCTTACATTTTACAGCATTACGTTTCCGTATTT 

TACGTCAGGACGGTTATCATGTTCCACAAGATGTATTTTCATCATTT 

ATGAATAAAGCTGGTGACTTTGAAGAATCTTTAAGTAAAGACACAA 

AAGGTTTAGTTAGTTTATATGAGGCTTCTTACTTATCAATGGAAGGT 

GAAACTATTTTAGATA TGGCAAAAGACTTTTCA TCTCACCATTT ACA 

TAAAATGGTTGAAGATGCTACTGACAAACGTGTAGCTAATCAAATT 

ATCCATTCTCTTGAAATGCCACTTCACAGACGTGTTCAAAAACTTGA 

AGCAATTTGGTTT ATTCAATTCTACGAA TGCGGCTCTGATGCTAA TC 

CAACTTTAGTAGAA TTAGCAAAATTAGA TTTCAACA TGGTTCAGGCA 

ACATACCAAGAAGAATTAAAACGTTTATCACGTTGGTATGAAGAAA 

CAGGCTTACAAGAGAAACTTTCATTCGCTCGTCACCGTCTTGCTGAA 

GCATTCTTATGGTCTATGGGTATTATTCCAGAAGGACACTTTGGTTA 

TGGTCGTATGCACTTAATGAAAATTGGTGCTTACATTACATTACTTG 

ATGATATTTATGATGTTTATGGTACTTTAGAAGAACTTCAAGTATTA 

ACAG~ATTATTGAACGTTGGGATATTAACTTATTAGATCAATTACC 

TGAATACATGCAAATCTTCTTTTTATACATGTTTAATTCTACAAATGA 

ACTTGCTTATGAAATTTTACGTGATCAAGGTATCAATGTAATATCAA 

ACTT~AAGGATTATGGGTAGAGTTATCTCAGTGTTACTTTAAAGAA 

GCTACTTGGTTCCATAACGGTTACAC~ACCAACAACTCJA.A.GAATATCT 

TAATGTTGCTTGTATTTCTGCTAGTGGTCCTGTTATTTTATTTTCAGG 

TTACTTTACTACTACTAATCCTATTAATAAACACGAATTACAATCTTT 

AGAACGTCACGCACATTCATTATCTATGATATTACGTTTAGCTGATG 

ATTTAGGTACATCAAGTGATGAAATGAAACGTGGAGATGTACCAAA 

AGCTATTCAATGTTTTATGAATGACACTGGTTGTTGTGAAGAAGAAG 

CACGTCAACACGT AAAAAGATT AA TAGATGCTGAA TGGAAAAAAAT 

GAACAAAGACATCTTAATGGAGAAACCATTTAAAAATTTTTGTCCAA 

CTGCTATGAATTTAGGTCGTATTTCTATGAGTTTTTATGAACACGGA 

GATGGTTATGGAGGTCCTCACTCTGATACAAAAAAAAAAATGGTAT 

CTTTA TTTGTACAACCAA TGAA TA TT ACTA TTGGTACCGGTGAAAAC 

CTTTATTTTCAAGGTTCTGGTGGTGGCGGTTCAGATTA T AAAGA TGA 

TGACGACAAAGGAACCGGTTAA 

102 ATGGTACCAAGACGTTCAGCTAACTA TCAACCTAGT ATTTGGAAC:C:A Myrcene (Q. 

CGATTAC:ATTGAATC:AC:TTC:GTATC:GAATATGTTGGTGAAAC:ATGTA ilex) 

CAC:GTC:AAA TTAAC:GTTTT AAAAGAACAAGTTCGTATGA TGTTAC:AC: 

AAAGTTGTTAATCC:ATTAGAAC:AATTAGAATTAATTGAAATTTTACA 
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ACGTTTAGGTTTAAGTTACCA TTTCGAAGAAGAAA T AAAACGTATTT 

TAGATGGTGTTTACAATAACGATCATGGTGGTGATACATGGAAAGC 

AGAAAACCTTT ATGCAACAGCTCTT AAATTCCGTCTTTTACGTCAGC 

ACGGTTATTCTGTTTCTCAAGAAGTTTTCAACTCTTTTAAAGATGAGC 

GTGGCAGTTTCAAAGCA TGTTT A TGTGAAGATACT AAAGGTATGTTA 

TCACTTTATGAAGCA TCTTTCTTTCTTA TTGAAGGTGAAAACA TTTT A 

GAGGAAGCTAGAGACTTTAGTACAAAACATCTTGAAGAA TATGT AA 

AACAAAA TAAAGAGAAAAACTT AGCTACTTTAGTTAA TCACTCA TT A 

GAA TTTCCATT ACATTGGCGT ATGCCTCGTTTAGAAGCTCGTTGGTTC 

ATCAATATCTATCGTCATAATCAAGATGTAAATCCAATCCTTTTAGA 

ATTTGCTGAACTTGACTTCAATATTGTACAAGCTGCTCACCAAGCAG 

ATTT AAAACAAGTA TCAACATGGTGGAAATCAACTGGTTTAGTAGA 

AAA TCTTTCATTCGCTCGTGATCGTCCTGTAGAAAACTTCTTTTGGAC 

' AGTTGGTCTTATTTTCCAACCACAA TTCGGTTATTGTCGTAGAATGTT I 
' ' 

TACTAAAGTATTCGCATTAATTACTACAATTGATGACGTATATGATG 

TATA TGGTACTTTAGATGAA TTAGAACTTTTCACAGACGTTGTTGAA. 

AGATGGGATATTAATGCAATGGATCAATTACCTGATTATATGAAAAT 

TTGCTTTTTAACATTACACAATAGTGTTAACGAAATGGCATTAGACA 

CTATGAAAGAACAACGTTTTCACATCATTAAATACCTTAAAAAAGCA 

TGGGTTGATCTTTGTCGTTA TT ACTTAGTTGAAGCT AAA TGGTATAGT 

I AATAAATATAGACCTTCTTTACAAGAATACATTGAAAATGCATGGAT 

TTCAATTGGTGCTCCAACTATTTTAGTTCATGCATATTTCTTCGTTAC 

AAATCCAATTACAAAAGAAGCATTAGACTGTTTAGAAGAATATCCA 

AACATTATTCGTTGGAGTAGTATTATTGCACGTTTAGCTCJ-ATGATTT 

AGGTACTTCAACAGACGAATTAAAACGTGGTGACGTACCAAAAGCA 

ATTCAATGTTATATGAATGAAACAGGTGCTTCAGAAGAAGGTGCTC 

GTGAGTACATTAAA TACTTAA TTTCTGCTACTTGGAAAAAAA TGAAC 

AAAGATAGAGCAGCATCAAGTCCATTTTCACATATCTTCATTGAAAT 

TGCTCTTAA TTTAGCACGTATGGCACAA TGTTTATATCAACACGGTG 

ACGGCCACGGTTTAGGTAACCGTGAAACAAAAGATCGTATACTTTC 
I 

ATTACTTATTCAACCAA TTCCATT AAACAAAGATGGTACCGGTGAGA I 
ACTTATACTTTCAAGGCTCAGGTGGTGGTGGTTCTGATTACAAAGAT 

GATGATGATAAAGGAACCGGTTAA 

103 ATGGTACCAAGAAGAATTGGAGACTATCACTCAAACTTATGGAATG Myrcene (P. 

ATGACTTCATTCAATCATTAACAACACCATACGGTGCTCCATCATAT abies) 

ATTGAACGTGCTGATAGATTAATATCTGAAGTAAAAGAAATGTTTAA 

TAGAATGTGTA TGGAAGATGGTGAGTT AA TCiTCTCCA TT AAA TGA TC 

TTATTCAAAGATTATGGACTGTTGATAGTGTTGAACGTTTAGGTATA 

GATCGTCACTTCAAAAATGAAATAAAAGC"fAGTTTAGATTATGTATA 

CTCATACTGGAACGAAAAAGGTATCGGTTGTGGTCGTCAATCAGTA 
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GTTACAGATTTAAACTCTACTGCTCTTGGATTAAGAA TTTT ACGTCA 

ACATGGTTACACAGTTTCAAGTGAAGTTTTAAAAGTTTTTGAAGAAG 

AAAACGGTCAA TTTGCTTGTTCACCTTCACAGACTGAGGGCGAAA TT 

I CGTTCATTCTTAAACTTATATCGTGCTTCATTAATTGCTTTTCCTGGT 

GAAAAAGTAATGGAAGAAGCTCAAATCTTTTCTAGTCGTTACTTAAA 

AGAAGCAGTTCAGAAAATTCCAGTTTCAGGTTTATCTCGTGAAA TAG 

GCGATGTTTTAGAATATGGTTGGCACACAAACTTACCTCGTTGGGAA 

GCTCGTAACTATATGGACGTATTCGGTCAAGACACAAATACATCATT 

CAACAAAAACAAAATGCAATATATGAATACAGAGAAAATTCTTCAA 

TTAGTAAAATTAGAGTTTAATATCTTTCATTCATTACAACAACGTGA 

ATTACAATGTTTATTACGTTGGTGGAAAGAAAGTGGTCTTCCACAAT 

T AACATTTGCACGTCACCGTCACGTTGAATTTTACACTTTAGCTTCTT 

GT A TTGCA TGTGAACCAAAACACAGTGCATTTCGTTTAGGTTTTGCA 

AAAA TGTGTCACTTAGTAACAGTTTTAGATGATGTATA TGACACATT 

TGGCAAAATGGATGAA TTAGAACTTTTT ACTGCAGCTGTTAAACGTT 

GGGACTTATCAGAAACTGAGCGTTTACCTGAGTATATGAAAGGTTTA 

TATGTTGTAGTTTTCGAGACTGTTAA TGAATTAGCACAAGAAGCAGA 

GAAAACTCAAGGACGTAAT ACA TT AAA TTACGTTCGTAAAGCATGG 

GAAGCATACTTCGA TAGTTATATGAAAGAAGCAGAATGGATCTCAA 

I CAGGCTATTTACCAACATTCGAAGAGTATTGTGAAAACGGTAAAGT I 

ATCAAGTGCATATAGAGTTGCTGCACTTCAACCTATTTTAACATTAG 

A TGT ACAACTTCCAGA TGACA TCTT AAAAGGT A TTGA TTTTCCATCT 

CGTTTCAA TGATTTAGCATCTTCATTTCTTCGTTTACGTGGAGA TACT 

AGATGTTACGA(JC.iCTGATCGTGCTCGTGGTGAACJAAGCAAG-TTGTA 

TTTCTTGTT ACATGAAAGACAA TCCAGGTTCAACTGAAGAAGA TGCA 

TTAAATCACATTAATGCTATGATAAATGATATTATTCGTGAATTAAA 

CTGGGAATTTCTTAAACCAGACTCAAA TATCCCAATGCCAGCTCGTA 

AACATGCTTTCGATATTACAAGAGCTTTACATCACTTATATATTTATC 

GTGACGGTTTTTCTGTTGCTAACAAAGAGACTAAAAATCTTGTTGAG 

AAAACTTTATTAGAA TCAA TGTT ATTCGGTACCGGTGAGAACCTTT A 

TTTTCAAGGTTCAGGTGGTGGTGGTTCAGATTATAAAGACGATGATG 

ATAAAGGAACCGGTTAA 

104 ATGGTACCAAGAAGATCAGCTAATTATCAACCTAGTCGTTGGGATCA Myrcene, 

TCATCACCTTTT AAGTGTAGAAAACAAA TTCGCTAAAGATAAACGTG : ocirnene (,A.. 

TAAGAGAACGTGACTTACTTAAAGAAAAAGTTCGTAAAATGTTAAA thalania) 

TGACGAACAGAAAACTT ACTTAGATCAA TT AGAA TTTATTGACGATC 

TTCAAAAA TT AGGTGTTAGTTATCACTTCGAAGCAGAAA TAGAT AAT 

ATACTTACAAGTTCATACAAAAAAGATCGTACAAATATACAAGAAA 

GTGATTTACACGCAACTCiCATTAGAGTTTCGTCTTTTTCGTCAACAC 

GGTTTTAACGTTTCAGAAGATGTATTTGATGTATTTATGGAAAATTG 
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TGGTAAATTCGACCGTGATGACATTTATGGTTTAATTTCATTATATG 

AAGCTAGTTATCTTTCTACTAAACTTGACAAAAATCTTCAAATCTTT 

ATCCGTCCATTTGCTACTCAACAATTACGTGATTTTGTAGATACTCAC 

AGTAATGAAGATTTCGGTTCATGTGATATGGTAGAAATAGTTGTTCA 

AGCATTAGACATGCCATACTATTGGCAAATGCGTCGTTTATCTACAC 

GTTGGTATATTGATGTTTATGGTAAAAGACAAAATTACAAAAACTTA 

GT AGTTGTTGAA TTTGCAAAAA TTGATTTCAA TATTGTTC:AAGC:TATT 

CACCAGGAAGAAC:TT AAAAA TGT A TC:ATCTTGGTGGATGGAAAC:TG 

GTTT AGGTAAACAAC:TTTA TTTTGC:TC:GTGATCGT ATTGTAGAGAAC: 

T ATTTTTGGACAA TTGGTC:AAA TTC:AAGAACC:TCAAT A TGGAT A TGT 

T AGAC:AAACAATGACT AAAATC:AA TGCTTTA TTAAC:AAC:AA TTGA TG 

' ATATTTATGATATATAC:GGTACATTAGAAGAATTACAGTTATTCACA 
I 

GTTGCATTTGAGAA TTGGGAC:ATAAA TC:GTTTAGAC:GAA TTAC:C:AGA 

ATATATGC:GTTTATGTTTCTTAGTTATCTATAACGAAGTAAATAGTAT 

AGC:ATGTGAAA TTC:TTAGAAC:AAAAAA TATTAAC:GTTATTC:C:TTTC:T 

TAAAAAAA TC:TTGGACTGATGT AAGT AAAGC:ATAC:TTAGTTGAAGCT 

AAATGGTATAAATC:AGGC:C:ATAAAC:C:AAATTTAGAAGAGTATATGC 

I AAAA TGCACGTA TTTCTATTTC:TTCACCAAC:AATCTTTGTTCAC:TTTT 

ATTGTGTATTTTC:AGACC:AATTATCTATTCAAGTTTTAGAAACTTTAT 

C:ACAAC:ACCAACAAAA TGTTGT AAGATGTAGTTCTTCTGTTTTC:CGT 

TTAGC:T AA TGAC:TTAGTAACTTC:TCCAGATGAATTAGCTAGAGGTGA 

TGTTTGTAAA TC:AA TTC:AA TGTTA TA TGTCAGAAAC:TGGTGCAAGTG 

AAGATAAAGC:TAGATC:AC:AC:GTTCGTC:AAATGATTAATGATTTATGG 

GACGAAATCJAA TTACGAGAAAATGGCACATTCAA(TTAGT ATCTTAC 

ATC:ATGATTTTATGGAGACAGTAATCAATTTAGCTAGAATGTCTCAA 

TGTATGTACCAATATGGTGACGGAC:ACGGTTCTC:CAGAAAAAGCTA 

AAATTGTAGATCGTGT AA TGAGTTTACTTTTCAACC:CTATTC:CTTTAG 

ATGGTACCGGTGAGAATTTATATTTTCAAGGCTCTGGAGGTGGTGGT 

I TCAGATTATAAAGATGATGACGACAAAGGAACCGGTTAA 

105 ATGGTACCAAGAAGAAGTGCAAACTATCAACCTTCATTATGGCAAC Myrcenc, 

ATGAATACTTATTATCATTAGGCAACACTTATGTTAAAGAAGATAAT ocirnene (A. 

GTTGAAAGAGTAACTCTTTTAAAACAAGAAGTTTCTAAAATGTTAAA tbalania) 

CGAAACAGAAGGTTTACTTGAACAACTTGAATTAA TTGACACTTTAC 

I AAA GA TT AGGTGTTTCTT A TC:ATTTTGAAC:AGGAGATT AAAAAi\ACA 
I 

TTAACTAATGTTCATGTTAAAAACGTACGTGCTC:ATAAAAATC:GTAT 

TGATCGTAACCGTTGGGGCGA TTTATA TGCAACTGCATTAGAATTTC 

GTTTATTACGTCAACATGGTTTTTCTA TTGCTCAAGACGTTTTTGATG 

GT AA TATTGGTGTTGACTT AGACGACAAAGACATTAAAGGTA TTTT A 
i 

AGTTTATAC:GAAGC:TAGTTACTTATCAACAC:GTATTGATACAAAACT I 
I 

TAAAGAATCAATCTATTACACAACAAAACGTTTAAGAAAATTCGTA I 
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GAGGTAAACAAAAACGAAACTAAAAGTTACACTCTTCGTCGTATGG 

TTATTCACGCACTTGAGATGCCTTATCACCGTCGTGTTGGTCGTCTTG 

AAGCTCGTTGGTATATCGAGGTATATGGAGAAAGACACGACATGAA 

TCCTATTTTATTAGAATTAGCTAAATTAGATTTTAACTTTGTTCAGGC 

TATCCACCAAGACGAATTAAAATCATTATCTAGTTGGTGGTCTAAAA 

CAGGATTAACAAAACATTTAGACTTTGTTCGTGA TCGTA TTACAGAG 

I 
GGTTACTTCAGTAGTGTAGGTGTTATGTATGAACCAGAATTTGCATA 

TCATCGTCAAATGCTTACAAAAGTATTTATGCTTATTACAACTATTG 

ATGACA TCTATGACATTTACGGTACACTTGAAGAATTACAA TT A TIC 

I ACAACTATCGTTGAAAAATGGGATGTTAATCGTTTAGAAGAACTTCC 
I 
I TAACTATATGAAATTATGCTTCTTATGTTTAGTTAACGAAATAAATC 

AAATTGGATATTTTGTATTAAGAGATAAAGGTTTTAATGTAATTCCT 

TATCTTAAAGAGTCTTGGGCTGACATGTGTACTACATTTCTTAAAGA 

AGCTAAATGGTACAAATCAGGTTATAAACCAAATTTTGAAGAGTAT 

ATGCAAAATGGCTGGATTTCATCATCAGTTCCAACTATTCTTTTACA 

CTT A TTTTGTTTATTAAGTGACCAAACTTTAGACATTCTTGGTTCTTA 

I T AA TCACAGTGTTGTTCGTAGTTCAGCAACAA TTTTACGTCTTGCAA 

ATGATTTAGCTACTTCTTCAGAAGAA TTAGCAAGAGGAGATACAA T 

GAAATCAGTTCAATGTCACATGCATGAAACTGGTGCTTCAGAAGCTG 

AA TCAAGAGCTT ACATTCAAGGT A TTATTGGCGTAGCTTGCKiATGAC 

CTT AA TATGGAGAAAAAA TCATGTCGTTTACACCAGGGA TTCTTAGA 

AGCAGCAGCAAATTTAGGACGTGTAGCACAATGCGTATATCAATAT 

GGAGACGGTCACGGTTGTCCAGATAAAGCAAAAACAGTAAATCATG 

' TTCGTAGTTTATTAGTTCACCCATTACCA TTAAACGGT ACCC:JGTCi-AA 

AACCTTTATTTTCAAGGTAGTGGTGGAGGTGGTTCTGATTATAAAGA 

CGACGATGACAAAGGAACCGGTTAA 

106 ATGGTACCAGCTTCTCCACCTGCTCA TCGTTCATCTAAAGCAGCAGA Sesqui~ 

CGAAGAGTTACCAAAAGCATCTTCTACA TTCCATCCATCTCTTTGGG terpcnc (Z. 

GTTCATTTTTCTTAACATATCAGCCACCTACAGCTCCACAACGTGCA mays; B73) 

AATATGAAAGAACGTGCTGAAGTTCTTCGTGAACGTGTTCGTAAAGT 

ATTAAAAGGTTCAACAACAGATCAA TT ACCTGAAACAGTT AACTTA 

ATTCTTACATTACAAAGACTTGGTTTAGGTTATT ACT ATGAAAA TGA 

AATTGACAAATTACTTCATCAAATTTACTCTAATTCAGATTATAACG 

TAAAAGACTTAAACTTAGTTTCTCAACGTTTTTACTTACTTCGTAAAA 

ACGGTTATGACGTACCTTCTGATGTTTTCTTATCTTTTAAAACTGAAG 

AAGGTGGTTTCGCTTGTGCTGCAGCTGACACACGTTCACTTTTAAGT 

TTATACAATGCTGCTTACCTTCGTAAACATGGTGAAGAAGTATTAGA 

TGAAGCAATTTCATCAACACGTTTAAGATTACAAGACTTATTAGGTC 

GTTTA TTACCTGAA TCACCATTCGCT AAAGAAGTATCAAGTTCACTT 

CGTACACCTTTA TTCCGTCGTGTAGGTATTTTAGAAGCTCGT AA CT AT 
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ATTCCAATCTATGAAACTGAAGCTACAAGAAATGAAGCTGTATTAG 

AGCTTGCTAAACTTAACTTCAATTTACAACAGCTTGATTTCTGTGAA 

GAATTAAAACATTGTAGTGCATGGTGGAATGAGATGATTGCTAAAA 

GT AAA TTAACTTTTGTACGTGACCGTATAGTTGAAGAA TACTTTTGG 

ATGAATGGTGCATGTTATGATCCACCATATTCATTAAGTCGTATTAT 

TCTTACAAAAATCACTGGTTTAATTACTATTATTGATGATATGTTCGA 

TACTCATGGTACAACAGAGGATTGCA TGAAA TTCGCAGAAGCA TIT 

' GGTCGTTGGGA TGAATCAGCAA TTCATCTTCTTCCAGAA TACATGAA 

AGATTTTTACATTTTAATGTTAGAAACTTTCCAGTCATTTGAAGATGC 

ACTTGGTCCAGAAAAATCATACCGTGTATTATACTTAAAACAAGCAA 

TGGAACGTTT AGT AGAGTT ATA TTCTAAAGAAA TCAAA TGGCGTGAT 

GACGATTATGTTCCAACAA TGTCAGAACATTTACAAGTT AGTGCTGA 

AACAATTGCTACAATTGCTTTAACTTGCTCTGCTTATGCTGGTATGG 

GTGATATGTCTATTCGTAAAGAAACATTTGAATGGGCATTATCTTTC 

CCTCAATTCATTAGAACTTTTGGTTCATTTGTACGTTTA TCAAA TGA T 

GTTGTATCAACAAAACGTGAACAAACTAAAGA TCA TTCACCTTCAAC 

AGTTCACTGTTATATGAAAGAACACGGTACAACTATGGACGATGCTT 

GTGAAAAAA TCAAAGAA TT AA TTGAGGACTCATGGAAAGACA TGTT 

AGAACAATCTTTAGCTCTTAAAGGCTTACCTAAAGTAGTACCTCAAT 

TAGTTTTTGATTTCTCTCGTACTACAGATAACATGTA TCGTGACCGTG 

ATGCTTTAACATCATCAGAAGCATTAAAAGAAATGATACAGTTATTA 

TTCGT AGAACCT A TACCTGAAGGT ACCGGTGAGAA TCTTT A TTTTCA 

AGGATCAGGTGGTGGAGGCTCAGATTACAAAGATGACGACGATAAA 
I CJCJAACC(i{J-TTAA 

107 ATGGTACCAGAGGCTTTAGGAAA TTTTGATT ATGAGAGTT A TACT AA Sesqui-

TTTTACAAAA TTACCATCATCACAA TGGGGTGATCAA TTCCTT AAA T terpene (A. 

TTTCTATAC£AGATTCTGACTTCGATGTATTAGAAAGAGAAATAGAA thalania) 

GTATTAAAACCAAAAGTAAGAGAGAACATTTTTGTTTCATCAAGTAC 

TGATAAAGATGCAATGAAAAAAACAATTTTAAGTATTCATTTCTTAG 

AT AGTTTAGGTTT A TCTT A TCACTTCGAAAAAGAAA T AGAGGAGAGT 

TTAAAACATGCTTTCGAGAAAATTGAAGACCTTATTGCTGATGAAAA 

TAAACTTCA T ACAA TAAGTACAA TTTTCCGTGTA TTCCGTACA TACG 

GCTA TT A TA TGTCTTCTGATGTATTCAAAA TTTTCAAAGGAGACGAT 

GGT AAA TTCAAAGAAAGTTT AA TTGAAGACGTT AAAGGT A TGCTTTC I 
TTTTTATGAAGCTGTTCATTTTGGAACAACTACTGATCACATTTTAGA 

CGAAGCTCTTAGTTTTACATTAAACCACTTA(lAGTCACTTGCAACAG 

GCCGTCGTGCATCACCACCACATATTAGTAAATTAATCCAAAATGCT 

TT ACATATTCCTCAACATCGTAACATCCACiGCA TTAGTAGCTCGTGA 

ATACATTAGTTTTTACGAACACGAAGAAGATCACGATGAAACATTAT 

TAAAATTAGCTAAATTAAACTTTAAATTCTTACAACTTCACTATTTTC 
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AAGAATTAAAAACAATTACAATGTGGTGGACTAAATTAGATCATAC 

ATCTAA TTTACCACCAAA TTTTCGTGAACGTACAGTTGAAACATGGT 

TTGCAGCTTTAATGATGTA TTTCGAACCACAA TTTAGTTTAGGTCGT 

ATTATGAGTGCAAAATTATATTTAGTAATTACTTTCTTAGATGACGC 

ATGTGATACATACGGATCAATATCTGAAGTAGAGTCATTAGCTGATT 

GTTTAGAACGTTGGGACCCAGATTATATGGAAAATTTACAAGGTCAC 

ATGAAAACAGCATTCAAATTCGTTATGTATTTATTCAAAGAATACGA 

AGAAATTTTACGTTCACAAGGCCGTTCATTCGTATTAGAGAAAA TGA 

TTGAGGAGTTTAAAATTATCGCACGTAAAAACTTAGAACTTGTAAAA 

TGGGCTCGTGGTGGTCACGTTCCTTCTTTTGACGAATA TA TAGAGAG 

TGGTGGTGCTGAGA TTGGf ACTT A TGCTACAA TCGCTTGTTCAA TT A 

TGGGTCTTGGTGAAATTGGT AAAAAAGAAGCA TTTGAGTGGTTAA TC 

TCTCGTCCTAAACTTGTTCGTA TTTTAGGTGCTAAAACACGTTT AATG 

GATGATATCGCAGACTTTGAAGAAGACATGGAAAAAGGCTAT ACAG 

CTAATGCACTTAACTATTATATGAATGAACACGGAGTAACTAAAGA 

AGAAGCTAGTCGTGAACTTGAGAAAATGAATGGTGATATGAACAAA 

ATTGTAAACGAAGAATGTCTTAAAATTACAACTATGCCACGTCGTAT 

CTTAATGCAAAGTGTTAACTACGCTCGTAGTTTAGATGTATTATACA 

CAGCTGATGATGTATATAACCACCGTGAAGGCAAACTTAAAGAATA 

TATGAGATTACTTTTAGTAGATCCAATTTTACTTGGTACCGGTGAAA 

ATCTTTATTTTCAAGGTTCAGGTGGTGGTGGTTCTGATTATAAAGAT 

GATGACGATAAAGGAACCGGTTAA 

108 ATGGTACCAGAGAGTCAAACAACATTCAAATACGAATCATTAGCAT I Sesqui~ 
TTACAAAACTTAGTCACTGTCAATGGACAGACTATTTTCTTAGTGTT terpene (A. 

CCAATTGATGAAAGTGAATTAGATGTTATTACTCGTGAAATTGATAT 1.halania) 

TCTTAAACCAGAAGTT A TGGAGTT ATTAAGTAGTCAAGGAGATGAT 

GAAACAAGTAAAAGAAAAGTTCTTCTTATTCAGTTATTACTTTCTTT 

AGGTTT AGCATTCCACTTTGAAAA TGAGATTAAAAACA TACTTGAAC 

ACGCATTTCGTAAAATAGATGATATAACTGGTGACGAAAA./\GACTT 

A TCAACAA TT AGT A TTATGTTCCGTGTTTTCCGT ACTTATGGACACA 

ATCTTCCAAGTAGTGTTTTT AAACGTTTCACAGGTGA TGATGGT AAA i 

TTTCAGCAAAGTTT AACAGAAGACGCAAAAGGTATTTT AAGTTTA TA 

TGAAGCTGCACATTTAGGT ACTACTACAGATTACATTTT AGATGAAG 

CTCTT AAA TTCACA TCT AGTCACTT AAAAAGTTT ACTTGCTGGTGGT 

ACATGTCGTCCTCACATCTTACGTTTAATCCGTAATACATTATACTTA 

CCACAACGTTGGAACATGGAAGCTGTTATCGCTCGTGAATACATATC 

ATTTTACGAGCAGGAAGAAGATCACGATAAAATGCTTTTACGTCTTG 

CAAAACTTAACTTTAAACTTCTTCAATTACACTACATTAAAGAGCTT 

AAAAGTTTCATTAAA TGGTGGATGGAACTTGGTTTAACTTCTAAA TG 

GCCTTCTCAATTTCGTGAACGTATTGTTGAAGCATGGTTAGCTGGAT 
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TAATGATGTATTTTGAACCACAGTTCTCAGGTGGTCGTGTTATTGCT 

GCAAAATTCAACTATTTACTTACAATATTAGACGACGCATGTGACCA 

CTA TTTTTCTATTCACGAATTAACACGTTTAGTTGCATGTGTAGAACG 

TTGGTCACCAGATGGTATTGACACATTAGAAGA TA TTTCACGTTCTG 

TATTCAAATTAA TGTTAGATGTTTTCGACGA TATTGGTAAAGGTGTA 

CGTTCAGAAGGTTCTAGTTACCACTTAAAAGAAATGTTAGAGGAATT 

AAACACTTTAGTTC:GTGCTAA TTT AGATTTAGTT AAATGGGCTCGTG 

GAATACAAACAGCTGGTAAAGAGGCTTATGAATGGGTTCGTTCACG 

TCCACGTTTAATCAAATCTTTAGCAGCTAAAGGTAGACTTATGGATG 

AT ATTACAGACTTTGACTCAGA TA TGAGTAA TGGATTCGCAGCT AA T 

C:.CTA TT AACT ACTA TA TGAAACAA TTTGTTGTTAC:AAAAGAAGAAGC 

TATTCTTGAATGTCAACGTATGATTGTAGACATTAACAAAACTATTA 

ATGAAGAGTTA TTAAAAACTACTTCAGTTCCAGGTCGTGTATT AAAA 

CAAGCTCTTAACTTTGGCCGTTTATTAGAATTATTATATACAAAATCT 

GAC:GATATTTACAATTGTTCTGAAGGCAAACTTAAAGAATACATTGT 

AAC:TCTTTTAATTGATCCTATAAGACTTGGTACCGGTGAAAACTTAT 

ACTTTCAAGGTTCAGGCGGTGGTGGTAGTGATTACAAAGATGATGAT 

GACAAAGGAACCGGTTAA 

109 ATGGTACCAGAGAGTCAAACAAAA TTCGACT A CG AA TCA TT AGCTTT Sesqui-

TACAAAATTATCACATTCACAATGGACTGATTACTTTTTATCAGTAC terpene (A 

CTATAGACGACTCTGAACTTGACGCAATTACTCGTGAAATCGACATT thalania) 

ATCAAACCTGAAGTTCGTAAAfI'ACTTTCAAGTAAAGGTGATGA TGA 

AACTTCTAAACGTAAAGTATTACTTATCCAAAGTTTATTATCATTAG 

GTTTAGCATTTCATTTTGAAAACGAAATTAAAGATATTTTAGAAGAT 

GCATTTAGACGTATTGATGACATTACAGGTGATGAAAACGACTTAA 

GTACTATTAGTATTATGTTCCGTGTATTCCGTACATACGGTCACAATT 

TACCAAGTAGTGTTTTT AAACGTTTCACTGGTGA TGACGGTAAATTT 

GAACGTTCTTTAACTGAAGATGCTAAAGGAATTTTATCATTATATGA 

AGCTGCACATTTAGGAACAACTACTGATTATA TTCTTGATGAAGC:A T 

TAGAA TIT ACTTCATCACACTTAAA.l\TCTTTACTTGTTGGTGGT A TGT 

GTCGTCCACATATTTTACGTCTTATTAGAAATACTTTATATCTTCCAC 

AACGTTGGAATATGGAAGCAGTAA TTGCAAGAGAATACATTAGTTT 

TTATGAACAAGAAGAAGATCACGA TAAAA TGTTACTTCGTTTAC.CTA 

AATTAAATTTCAAATTACTTCAATTACACTACATTAAAGAGTTAAAA 

ACATTCATTAAATGGTGGATGGAATTAGGACTTACATCAAAATGGCC 

TTCTCAATTTCGTGAACGTATTGTTGAAGCATGGTTAGCTGGTCTTAT 

GATGTATTTTGAACCACAGTTTTCTGGAGGTCGTGTAATAGCTGCTA 

AATTCAATTACTTATTAACAATTTTAGATGATGCATGTGATCACTATT 

TCTCAA TTCCAGAA TT AACTCGTTTAGTTGA TTGCGTAGAAAGATGG 

AATCATGATGGTATACATACTTTACiAAGACATCTCACGTATCATCTI 
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TAAACTTGCATTAGATGTATTTGATGATATTGGTCGTGGTGTTCGTTC 

TAAAGGTTGTTCTTATTACTTAAAAGAAATGTTAGAAGAGTTAAAAA 

TCTTAGTTCGTGCAAACTTAGATTTAGTTAAATGGGCTCGTGGTAAT 

CAA TTACCTAGTTTTGAAGAACACGTTGAGGTAGGTGGTATTGCTCT 

TACAACATACGCAACTTTAA TGTACTCTTTTGTTGGCA TGGGTGAAG 

CAGTAGGTAAAGAAGCATACGAATGGGTACGTTCTCGTCCACGTTTA 

ATCAAAAGTTTAGCAGCAAAAGGTC:GTCTTATGGACGATATTACTGA 

TTTCGAAGTAAAAATTATCAACTTATTTTTCGACCTTCTTTTATTTGT 

ATTCGGTAC:C:GGTGAAAACTTATATTTCCAGGGTAGTGGTGGAGGA 

GGTTC:AGAC:TACAAAGATGACGATGACAAAGGAACCGGTTAA 

110 ATGGTACCAGCAGCTTTCACAGCAAATGCAGTTGACATGCGTCCACC Curcumene 

AGTTATTACAA TTC:ACC:C:ACGTTCAAAAGATATTTTCTCTCAA TTTTC (P. cablin) 

TTTAGATGATAAATTACAAAAACAATACGCTCAAGGAATCGAAGCT 

CTT AAAGAAGAAGCTCGTTCTATGCTTATGGCTGCAAAA TCTGCTAA 

AGTAATGATC:TTAATTGATACACTTGAACGTTTAGGATTAGGTTATC 

ACTTTGAAAAAGAAATTGAAGAGAAATTAGAAGCTATTTACAAAAA 

AGAGGA TGGTGACGATTATGATCTTTTTACAACTGCTTTAAGATTCC ' I 
GTTTACTTAGACAACACCAACGTCGTGTACCATGTTCTGTTTTTGAC 

AAATTTATGAATAAAGAGGGTAAATTCGAAGAAGAACC:ATTAATTT 

CAGATGTTGAAGGTCTTCTTTCATTATATGACGC:TGCTTATTTACAGA 

TTCACGGTGAACACATTTTACAAGAGGCTTT AATTTTCACTACACA T 

CATTTAACTCGTATTGAACCACAA TTAGATGATCACTCTCCTTT AAA 

ATTAAAATTAAACCGTGCTTTAGAATTTCCTTTTTACAGAGAAATCC 

C:TATAATCTATGCACATTTTTACATTTCAGTATATGAACGTGACGATT 

CTCGTGATGAAGTATTATTAAAAATGGCTAAATTATCTTATAATTTC 

TTACAAAACTTATACAAAAAAGAATTAAGTCAACTTTCTCGTTCiGTCi 

GAACAAATTAGAAC:TTATTCCTAATTTACCTTATATTCGTGATTCTGT 

AGCTGGAGC:TTATTTATGGGCTGTTGCTTTATATTTCGAACCTCAATA 

TTCAGACGTTCGT ATGGCAA TTGCT AAACTTATCCAAA TTGCAGCAG 

CTGTAGATGATAC:TTACGATAATTATGCTACTATACGTGAAGCTCAA 

TTATTAACAGAAGCATTAGAACGTTTAAATGTACACGAAATTGACAC 

ATTACCAGATTATATGAAAATTGTTTATCGTTTTGTAATGTCATGGA 

GTGAAGATTTCGAACGTGATGCTACAATTAAAGAACAGATGTTAGC 

TACACCTTATTTCAAAGCTGAAATGAAAAAACTTGGTCGTGCTTA TA 

ATCAAGAACTTAAA TGGGTTATGGAACGTCAA TTACCTAGTTTCGAA 

GAATACATGAAAAACTCTGAAA TCACTTCTGGTGTTT ACA TT A TGTT 

TACTGTAATTAGTCCTTACTTAAATAGTGCAACACAAAAAAACATTCi 
I 

ACTGGTTATTATCACAACCTCGTTTAGCATCTTCAACTGCAATTGTTA 

TGCGTTGTTGTAA TGA TTTAGGCTCTAATCAACGTGAATCT AAAGGA 

GGAGAAGTTATGACATCTTTAGATTGCTATATGAAACAACACGGTGC 
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I TAGTAAACAAGAAACAATTTCTAAATTCAAACTTATTATCGAAGATG 
! 

AATGGAAAAACTTAAATGAAGAATGGGCTGCAACAACATGTCTTCC 

AAAAGTTATGGTACiAAATTTTTCGTAACTATGCACGTATTGCAGGCT 

TTTGCTACAAAAATAACGGTGATGCTTATACATCTCCAAAAATTGTA 

CAACAATGTTTTGACGCTTTATTTGTAAATCCATTAAGAATTGGTAC 

CGGTGAGAA TTTATACTTTCAAGGCTCAGGTGGAGGTGGTAGTGATT 

ATAAAGATGATGATGATAAAGGAACCGGTTAA 

111 ATGGTACCAGAA TTTAGAGTTCATTTACAGGCTGAT AA TGAACAGA Farncscnc 

AAATATTCCAGAACCAAATGAAACCTGAACCTGAAGCATCATATCTT (M, 

ATTAATCAACGTAGATCAGCTAATTACAAACCTAATATTTGGAAAAA domestica) 

TGACTTTTTAGATCAAAGTTTAATTAGTAAATACGACGGTGATGAAT 

ATCGTAAATTAAGTGAGAAATTAATCGAGGAAGTAAAAATTTATAT 

ATCTGCTGAGACAA TGGACTTAGTAGCTAAATT AGAACTTATTGATT 

I CTGTTCGT AAA TT AGGTTTAGCTAA TCTTTTTGAAAAAGAAA TT AAA 

GAAGCATTAGATTCTATCGCAGCTATTGAGTCAGATAATTTAGGTAC 

TCGTGATGACTTATATGGTACTGCTTTACACTTTAAAATTTTACGTCA 

ACA TGGTTAT AAAGTTTCTCAAGAT A TTTTTGGTCGTTTCATGGA TG 

AAAAAGGTACA TTAGAAAA TCATCACTTCGCTCACTT AAAAGGTAT 

I 
GTT AGAA TTA TTTGAAGCA TCT AA TTTAGGTTTTGAAGGTGAAGA TA 

TTTT AGATGAAGCAAAAGCATCACTTACA TTAGCTCTTCGTGA TAGT 

GGTCATATTTGTTATCCAGATTCTAACTTAAGTCGTGATGTAGTACA 

CTCATTAGAATTACCTAGTCACCGTCGTGTTCAATGGTTTGATGTT A 

AATGCiCAAATTAATGCTTATGAAAAAGATATTTGTAGAGTTAATGCA 

I ACTCTTTTAGAATTAGCAAAATTAAATTTTAACGTAGTACAAGCACA 

ACTTCAAAAAAACTTACGTGAAGCATCTCGTTGGTGGGCTAACTTAG 

GTTTCGCTGATAACTTAAAA TTCGCTCGTGATCGTTTAGTTGAA TGTT 

TTTCTTGCGCAGTAGGCGTAGCATTTGAACCTGAACACTCTTCTTTTC 

GTATCTGTTTAACAAAAGTTATTAATTTAGTTTTAATAATTGATGAC 

GTATACGACATATATGGAAGTGAAGAAGAATTAAAACACTTTACAA 

ATGCTGTTGATCGTTGGGATTCTCGTGAAACAGAACAATTACCAGAA 

TGTATGAAAATGTGCTTTCAAGTTTTATACAATACTACATGTGAAAT 

TGCTCGTGAAA TTGAAGAAGAAAA TGGATGGAATCAAGTTTTACCT 

CAATTAACTAAAGTATGGGCTGATTTTTGTAAAGCATTATTAGTAGA 

AGCTGAATGGTACAA TAAAAGTCACATCCCAACTTTAGAAGAA TAT 
! 

CTTCGTAATGGCTGTATTTCATCAAGTGTTTCTGTATTATTAGTACAT 

TCTTTCTTTAGTATTACACATGAAGGTACAAAAGAAATGGCAGATTT 

CTTACACAAAAACGAAGACTTATTATACAACATCTCATTAATTGTAC 

GTTTAAACAACGACTT AGGTACAAGTCiCACiCTGAACAAGAACGTGG 

TGATTCACCATCATCTATTGTATGTTACATGCGTGAAGTTAATGCTA 

GTGAAGAAACAGCTCGTAAAAATATAAAAGGAATGATCGACAATGC 
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TTGGAAAAAAGTTAATGGTAAATGTTTTACAACTAATCAAGTTCCTT 

TTCTTTCTTCTTTTATGAATAACGCTACTAATATGGCTCGTGTAGCTC 

ATTCATTATATAAAGACGGAGACGGTTTTGGCGATCAGGAAAAAGG 

TCCACGTACTCACATCTTATCTTTATTATTCCAACCATTAGTTAACGG 

TACCGGTGAAAACTT ATACTTTCAAGGTTCTGGTGGTC.GTGGTTCTG 

ACTACAAAGATGACGATGACAAAGGAACCGGTTAA 

112 ! ATGGTACCAAGTAGTAATGTATCAGCTATTCCTAATTCTTTTGAATT i F arnesene I 
AA TTCGTCGTTCAGCTCAA TTTCAGGCTTCTGTA TGGGGTGATTACTT (C. sativus) 

TTTATCTTATCACTCTTTACCACCTGAGAAAGGTAATA.AAGTAATGG 

AAAAACAAACTGAAGAACTTAAAGAGGAAATCAAAATGGAATTAGT I 
TTCTACTACTAAAGATGAACCAGAGAAATTACGTTTAATTGACCTTA 

TTCAACGTTTAGGTGTATGTTATCACTTTGAAAA TGAAA TT AACAAC 

ATTTTACAACAA TTACACCACATT ACTATTACTTCTGAGAAAAACGG 

TGACGATAA TCCTTA TAACA TGACTTTA TGTTTCCGTTTA TTACGTCA 

i ACAAGGTTACAA TGTA TCTAGTGAACCTTTTGATCGTTTTCGTGGCA 

AA TGGGAA TCTTCTTATGATAACAATGTAGAAGAACTTTT ATCA TTA 

TATGAAGCATCTCAATTAAGAATGCAAGGTGAAGAAGCATTAGATG I 
AAGCATTCTGTTTTGCAACTGCACAATTAGAAGCTATTGTTCAAGAT 

' 
CCTACTACAGATCCAATGGTTGCAC,CAGAAATCAGACAAGCATTAA 

AA TGGCCAA TGTACAAAAACTTACCTCGTTTAAAAGCTCGTCATCAT 
I 
' ATTGGTTTATATTCTGAGAAACCATGGCGTAATGAGTCATTACTTAA ' ' 

TTTCGCAAAAA TGGACTTCAATAAACTTCAA.AATTTACATCAAACTG 

AAATTGCATATATTTCTAAATGGTGGGACGATTACGGCTTTGCAGAA 

AAACTTTCTTTCGCACGTAATCGT A TTGTTGAAGGCTATTTCTTCGCA 

TTAGGTATCTTTTTCGAACCTCAACTTTTAACAGCACGTCTTATAATG 

ACAAAAGTAl\TCGCTATTGGTTCTATGTTAGATGACATTTATGATGT 

TTATGGTACTTTTGAAGAGTTAAAACTTTT AACATTAGCTTT AGAAC 

GTTGGGATAAATCAGAAl\CAAAACAA TT ACCT AA TT ACA TGAAAAT 

GTACTACGAAGCA TT A TT AGATGTTTTTGAAGAAA ITGAGCAAGAA 

ATGTCACAAAAAGAAACTGAAACAACACCATACTGTATTCATCACA 

TGAAAGAAGCTACTAAAGAACTTGGACGTGTATTTTTAGTTGAAGCA 

ACTTGGTGTAAAGAAGGTTATACTCCTAAAGTAGAGGAATACTTAG 

ACATTGCTTTAA TTTCTTTTGGTCATAAA TTACTT ATGGT AACTGCTT 

TATTAGGTATGGGTTCTCACATGGCTACACAACAAATTGTACAATGG 

ATTACATCTATC,CCAAATATCTTAAAAGCATCTGCAGTAATATGTCG 

TTTAATGAATGACATTGTATCTCATAAATTTGAACAAGAACGTGGTC 

, ATGTTGCTTCTGCT ATC:GAA TGCTACATGGAAC:AAAACC:ACCTTAGT 
' ' . GAATATGAAGCATTAATTGCTCTTCGTAAACAAATTGATGATTTATG 

GAAAGACATGGTAGAAAATT ACTGTGCAGTAA TCACAGAAGACGAA I 
GTACCTCGTGGTGTTTT AA TGCGTGTTTTAAA TCTTACACGTTTA TTC I 
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AATGTTATTTACAAAGACGGTGATGGATACACACAAAGTCATGGTA I 
GT ACAAAAGCTCACA TTAAAAGTCTTTTAGTTGATAGTGTACCTCTT i 

GGTACCGGTGAAAATCTTTACTTTCAAGGTTCAGGTGGAGGTGGTTC 

TGATTATAAAGATGATGATGACAAAGGAACCGGTTAA 

113 ATGGTACCAAAAGACATGAGTATTCCATTATTAGCAGCTGTATCTTC Farnesene 

TAGTACAGAAGAAACAGTACGTCCTATCGCAGATTTTCATCCAACAC (C. junos) 

TTTGGGGTAATCATTTTCTTAAATCTGCTGCTGACGTAGAAACTATT 

GATGCAGCAACACAAGAGCAACACGCTGCATTAAAACAA.GAAGTAC 

GTCGTA TGA TT ACTACAACAGCAAATAAACTTGCACAAAAACTTCAC 

A TGATTGATGCTGTACAACGTTTAGGTGTTGCTTATCATTTTGAAAA 

AG AAA TTGAAGACGAA TTAGGTAAAGTAAGTCACGATTTAGATTCA 

GATGATTTATACGTTGTATCTTTACGTTTTCGTTTATTCCGTCAACAA 

GGTGTAAAAATTAGTTGCGATGTTTTCGACAAATTCAAAGATGACGA 

AGGAAAATTCAAAGAGTCTCTTATTAACGATATTAGAGGAATGTTAT 

CATTATAC:GAAGC:AGC:TTAC:TTAGC:TATTAGAGGTGAAGATATTTTA 

GAC:GAAGC:AATTGTTTTC:AC:AAC:TAC:TC:AC:TTAAAAAGTGTTATC:TC: 

TATTAGTGATC:ATTC:AC:ATGCTAATAGTAATTTAGC:TGAACAAATAC: 

GTC:AT AGTTTAC:AAA TTCCAC:TTCGTAAAGC:TGC:TGC:AAGATTAGAA 

GC:ACGTT A TTTC:TTAGA TATTTAC:TCTC:GTGA TGA TIT AC:ATGA TGAA 

AC:ATTAC:TT AAATTC:GC:TAAAC:TTGAC:TTT AAC:A TTC:TTC:AAGCTGC 

AC:AC:C:AAAAAGAAGC:T AGTA TTA TGAC:TCGTTGGTGGAACGATTTA 

GGTTTTCCTAAAAAAGTTCCTTATGCTCGTGACCGTATTATAGAAAC 

I TTATATTTGGATGTTATTAGGAGTTTC:ATAC:GAACC:TAATTTAGC:ATT 

I TGGAAGAA TTTTTGCAAGTAAAGTAGTATGTATGATTAC:AAC:AA TTG 

ATGATACATTTGATGCTTATGGTAC:ATTTGAAGAGTTAAC:ATTATTC: 

AC:TGAAGCTGTTACAC:GTTGGGATATTGGTTTAATTGAC:AC:A TTACC 

TGAATATATGAAATTC:ATTGTAAAAGCTCTTTTAGACATTTACCGTG 

AAGC:TGAAGAAGAATTAGC:TAAAGAAGGTAGATCATACGGTATTC:C: 

ATACGC:TAAAC:AAATGATGC:AAGAGTTAATC:ATTTTATAC:TTTAC:TG 

AGGCTAAA TGGTT A TACAAAGGTT AC:GTTCC:T AC:A TTTGACGAA TAC 

AAAAGTGTAGC:TTTACGTTCT ATTGGTCTT AGAACATTAGCAGTAGC: 

TTC:A TTTGTAGATTTAGGTGACTTTATTGCTAC:AAAAGACAA TTTTG 

AATGTATTCTTAAAAATGCAAAAAGTTTAAAAGCTAC:TGAAACAATT 

I 
GGC:C:GTTT AA TGGA TGATATAGC:TC:.GTT AC:AAA TTTGAACAGAAAC: 

GTGGTC:ATAACC:C:ATCTGC:TGTTGAGTGTTAC:AAAAATCAAC:ACGGA 

GTATC:AGAAGAAGAAGCAGTT AAAGAGCTTTTA TTAGAAGTTGCAA 

ACAGTTGGAAAGATATTAACGAGGAACTTTTAAATCCAACTACAGTT 

C:CATTACC:T ATGTTACAGCGTTTATTA TATTTTGC:TC:GTTC:AGGTCAC: 

TTCATCTATGATGATGGACATGATC:GTTATACACATTC:TTTAATGAT 

GAAAAGAC:AAGTTGCACTTTTATTAAC:TGAAC:CTTTAGC:TATTGGTA 
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I CCGGTGAAAACTTATACTTTCAAGGTTCAGGTGGTGGTGGATCTGAT I I 
I 

' TATAAAGATGATGATGACAAAGGAACCGGTTAA 
1 

I 

114 ATGGTACCAGATTTAGCTGTTGAGATTGCAATGGACTTAGCTGTTGA Farnesene 

TGACGTTGAGCGTCGTGTAGGTGACTATCA TAGTAACCTTTGGGATG (P. abies) 

ATGATTTTATTCAGAGTTTATCAACACCATACGGCGCATCATCATAT 

CGTGAACGTGCTGAAAGATTAGTAGGAGAAGTTAAAGAAATGTTTA 

CTTCTATTTCTATCGAAGATGGTGAACTTACATCTGATTTATTACAAC 

GTTT ATGGATGGTAGATAATGTAGAGCGTTT AGGCATTTCACGTCAT 

TTCGAGAACGAAA T AAAAGCAGCTATTGA TTA TGTTTATTCATA TTG 

GAGTGACAAAGGTATTGTACGTGGTCGTGATTCAGCTGTTCCTGACT 

TAAATAGTATTGCTTTAGGTTTTCGTACATTACGTTTACACGGTTACA 

CAGTTAGTAGTGATGTATTT AAAGTTTTCCAAGA TCGT AAAGGTGAA 

TTTGCTTGCAGTGCAATTCCAACTGAAGGAGATATTAAAGGAGTTTT 

AAACTTACTTCGTGCAAGTTATATTGCATTCCCTGGTGAAAAAGTAA 

TGGAAAAAGCTCAAACTTTTGCAGCAACATACCTTAAAGAAGCATT 

ACAGAAAA TTCAAGT AAGTAGTTTAAGTCGTGAAATCGAA TA TGTTC 

TTGAATACGGTTGGTT AACT AACTTTCCTCGTTTAGAAGCACGT AAC 

TATATTGACGT ATTCGGTGAAGAAA TTTGTCCA T ACTTCAAAAAACC 

ATGTATTATGGTTGACAAACTTTTAGAATTAGCAAAATTAGAATTTA 

ACTTA TTTCACAGTCTTCAACAAACAGAGTT AAAACATGTTAGTCGT 

TGGTGGAAAGATAGTGGTTTCTCTCAATTAACATTTACAAGACACCG 

TCATGTTGAGTTTTATACATTAGCTAGTTGTA TAGCAATTGAACCAA 

I AACACAGTGCTTTTCGTCTTGGTTTTGCT AAAGTTTGTTA TTTAGGTA 

TAGTTTTAGATGATATTTATGACACATTTGGTAAAATGAAAGAATTA 

GAACTTTTTACTGCAGCAA TCAAACGTTGGGACCCTTCTACTACAGA 

ATGCTTACCTGAATACATGAAAGGTGTTTATATGGCTTTTTACAATT 

GTGTTAATGAATTAGCACTTCAAGCAGAGAAAACACAAGGTCGTGA 

TATGTTAAACT A TGCACGTAAAGCATGGGAAGCTCTTTTTGATGCAT 

TTTTAGAAGAAGCAAAA TGGATCTCTTCTGGCTATTT ACCAACA TIC 

GAAGAATACTTAGAAAATGGTAAAGTATCTTTTGGTTATCGTGCTGC 

I 
TACATTACAACCAATTTTAACATTAGATATTCCTTTACCTTTACATAT 

TTTACAACAGA TTGATTTTCCAAGTCGTTTT AA TGA TTTAGCTTCA TC 

TATTTTACGTTTAAGAGGTGATATCTGTGGTTACCAAGCTGAACGTA 

GTCGTGGTGAAGAAGCATCATCAATTTCATGTTATATGAAAGATAAT 

CCAGGTTCTACTGAAGAAGA TGCATTATCTCACATTAATGCAATGAT 

CTCAGACAATATTAACGAATTAAACTGGGAACTTTTAAAACCAAATT 

CAAATGTACCAA TTTCATCAAAAAAACATGCA TTTGACATTCTTCGT 

GCTTTCTA TCACTTATACAAATATCGTGATGGCTTCTCTATCGCAAA 

AATTGAAACTAAAAATCTTGTAATGCGTACAGTTTTAGAACCTGTAC 

CAATGGGTACCCKJTGAAAACTTATACTTTCAGGGTTCTGGTGGAGGT 
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GGTTCAGACTA TAAAGATGA TGA TGATAAAGGAACCGGTTAA 

115 A TGGT ACCAACAAGTGTATCAGTAGAATCAGGAACAGTATCTTGTTT Bisabolene 

ATCATCAAACAACTTAATTAGACGTACAGCTAATCCACATCCTAACA (P. abies) 

TTTGGGGATATGATTTTGTTCACTCACTTAAATCACCATATACACAC 

GACTCATCATATCGTGAACGTGCTGAGACTTTAATTTCAGAAATAAA 

AGTTATGCTTGGAGGTGGTGAATTAATGATGACTCCATCAGCTTATG 

ATACAGCATGGGTAGCTCGTGTTCCATCAATTGACGGTAGTGCTTGT 

CCACAA TTTCCACAAACTGTTGAA TGGA TTCTT AAAAACCAA TT AAA 

AGATGGTAGTTGGGGAACTGAA TCTCACTTCTTACTTAGTGACAGA T 

TATTAGCTACATTAAGTTGTGTATTAGCATTATTAAAATGGAAAGTA 

GCTGA TGTTCAAGTAGAGCAAGGTA TTGAGTTTATCAAACGTAATTT 

ACAAGCTATTAAAGACGAACGTGATCAAGACAGTTTAGTAACTGAT 

TTCGAGATTATTTTCCCATCACTTTT AAAAGAGGCTCAA TCTTTAAAC 

TTAGGCTfACCTTATGATTIACCATATATTAGATTATIACAAACAAA 

ACGTCAAGAACGTCTTGCTAACTT AAGT A TGGATAAAA TTCACGGTG 

GTACTTTATIATCATCTTTAGAGGGCATTCAAGATATAGTTGAATGG 

GAAACAA TTATGGATGTACAA TCTCAAGA TGGTTCTTTCTTATCATC 

ACCAGCTTCTACAGCATGTGTATTCATGCATACAGGAGAT A TGAAAT 

GTTTAGATTTCTTAAACAACGTA TTAACTAAATTTGGTAGTAGTGTT 

CCTTGTTTATACCCTGTAGATTTATTAGAACGTCTTTTAATTGTAGAT 

AA TGTAGAGCGTCTTGGTATTGACCGTCA TTTTGAAAAAGAAA TCAA 

AGACKiCTTTAGATTATGTTTATCGTCA TTGGAACGA TCGTGGTATTG 

GTTGGGGTCGTTTA TCACCTA TCGCAGACTTAGAAACAACAGCTTT A 

GGTTTTCGTITACTTCGTCTTCA TCGTTACAA TGTTTCTCCTGTAGTA 

TTAGACAATTTCAAAGACGCAGA TGGCGAGTTCTTCTGCAGTACAGG 

TCAA TTT AACAAAGATGTTGCAAGTATGTT ATCTTT ATACCGTGCTTC 

TCAA TTAGCTTTCCCTGAAGAA TCAATTTTAGATGAAGCT AAA TCA T 

TCTCAACAC:AA TATC:TTC:GTGAAGC:ATTAGAAAAA TC:AGAAAC:A TTT 

TC:TTC:TTGGAA TC:ATC:GTC:AGAGTTTATC:AGAAGAAA TT AAA TATGC: 

TTTAAAAACATCATGGCACGCTTC:AGTTC:CTC:GTGTTGAAGC:AAAAC: 

GTTATTGTCAGGTTTACCGTC:AAGACT A TGCTC:ATTT AGC:AAAA TC:A 

GTTTATAAAC:TTC:C:TAAAGTAAATAATGAGAAAATTC:TTGAATTAGC: 

AAAATTAGATTTTAAC:ATTATTC:AATC:TATC:C:ATC:AAAAAGAAATGA 

AAAA TGTT AC:A TC:A TGGTTTCGTGATTC:AGGC:TTACCACTTTTC:ACA T I 

TTGC:TC:GTGAAAGAC:C:TTTAGAGTTTTACTTTTTAATCGCTGGTGGA 

ACATACGAAC:CTCAATAC:GCAAAATGTAGATTC:TTATTTAC:AAAAGT 

AGCTTGTTTACAAACTGTTTI AGAC:GATA TGTAC:GA TACIT ACGGTA 

CACCATC:AGAGTTAAAATTATTTAC:TGAGGC:AGTTC:GTC:GTTGGGAT 

TTATC:ATTC:ACAGAAAAC:TTAC:C:TGATTATATGAAATTATGC:TACAA 

AATTTACTA TGATATTGTTC:ATGAAGTTGCTTGGGAAGTAGAAAAAG 
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AACAGGGACGTGAGCTTGTTTCATTTTTCCGTAAAGGTTGGGAAGAC 

TATCTTTTAGGTTATTATGAAGAAGCTGAATGGTTAGCTGCTGAATA 

CGTTCCTACTTTAGATGAA TACATTAAAAACGGTA TTACATCTATTG 

I GTCAACGTATTTTACTTTTATCAGGTGTACTTATTATGGAAGGTCAA 

CTTTTATCACAAGAAGCTCTTGAAAAAGTAGATTATCCAGGTCGTCG 

TGTTTTAACAGAATTAAACAGTTTAATTAGTCGTTTAGCAGACGATA 

CTAAAACATACAAAGCAGAAAAAGCTCGTC,GTGAACTTGCTAGTAG 

TA TTGAA TGTTATATGAAAGACCACCCTGGTTGTCAAGAAGAAGAA 

GCATTAAACCATATTTATGGCATTTTAGAACCAGCTGTTAAAGAATT 

AACTCGTGAGTTTCTTAAAGCAGATCACGTACCATTCCCTTGCAAAA 

AAA TGTTA TTTGA TGAAACAAGAGTT ACAA TGGT AA TTTTCAAAGA T 

' GGTGATGGTTTCGGTA TTTCT AAATTAGAAGTAAAAGACCACAT AAA 

AGAA TGTTTAATTGAGCCA TTACCACTTGGTACCGGTGAAAATCTTT 

ATTTTCA>\GGTAGTGGTGGTGGCGGTTCTGACTACAAAGATGACGAC 

GATAAAGGAACCGGTTAA 

116 ATGGTACCAGGTTCTGAAGT AAA T AGACCTTTAGCAGACTTTCCAGC Sesquiterpe 

AAACA TTTGCrt3AAGACCCATTAACTTCTTTCTCAAAATCTGATCTTG ne(A. 

GTACAGAAACATTTAAAGAGAAACATAGTACTTTAAAAGAAGCTGT thalania) 

TAAAGAGGCATTTATGAGTTCTAAAGCTAATCCAATCGAAAATATCA 

AATTCATAGATGCATTATGCCGTTTAGGAGTATCTTATCACTTTGAA 

AAAGATATTGTAGAACAATTAGATAAATCATTTGATTGCTTAGATTT 

TCCACAAATGGTACGTCAAGAAGGTTGCGATTTATATACAGTTGGTA 

TTATCTTTCAAGTTTTTAGACAATTTGGTTTCAAATTAAGTGCTGATG 

TTTTTGAAAAA TTCAAAGATGAAAA TGGT AAA TTCAA>\GGTCACTTA 

GTAACTGATGCTTATGGTATGTTATCATTATACGAAGCTGCACAATG 

i 
GGGTACTCACGGTGAAGACATCATTGACGAAGCTCTTGCTTTTTCTC 

GTAGTCACTTAGAAGAAATATCTAGTCGTAGTTCACCACACTTAGCA 

ATTCGTATTAAAAACGCTTTAAAACATCCATATCATAAAGGTATTTC 

ACGTATTGAAACACGTCAATACATTAGTTACTATGAAGAAGAAGAA 

TCTTGTGATCCAACATTATTAGAGTTCGCTAAAATTGACTTTAACTTA 

TT ACAAA TTTTACACCGTGAAGAGTTAGCTTGTGT AACTCGTTGGCA 

TCATGAAATGGAATTTAAAAGTAAAGTAACTTACACACGTCATCGTA 
' TT ACAGAAGCATATTTATGGAGTCTTGGAACATA TTTTGAACCACAA 

TACAGTCAAGCTCGTGTAATAACTACAATGGCATTAATCTTATTTAC 

TGCTTT AGACGACATGTACGATGCTT ACGGTACTATGGAGGAGTTAG 

AGTTATTCACAGATGCTATGGACGAA TGGTTACCAGTTGTTCCAGA T 

GAAATTCCTATTCCAGATTCAATGAAA TTCATTTACAA TGTTACAGT 

TGAATTTTACGATAAATTAGACGAAGAATTAGAA>\AAGAAGGTCGT 

TCTGGTTGTGGTTTCCA TCTTAAAAAA>\GTTTACAAA>\AACAGCT AA 

TGGATATATGCAAGAAGCAAAATGGCTTAAA>\AAGATTACATTGCT 
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ACATTTGATGAGTAT AAAGAAAA TGCTATTTTA TCTTCAGGTTA TTA 

TGCATTAATTGCAATGACATTTGTTCGTATGACTGATGTTGCTAAATT 

AGATGCTTTTGAA TGGTTAAGTAGTCACCCAAAAATTCGTGTAGCAA 

GTGAAA TCA TTTCACGTTTTACAGACGATATTTCAAGTT A TGAATTT 

GAACACAAACGTGAACACGTTGCTACAGGTATTGATTGTTATATGCA 

ACAA TTCGGAGTTAGT AAAGAACGTGCTGTTGAAGTTATGGGCAAT 

ATAGTTTCTGATGCATGGAAAGACTTAAA TCAAGAACTTATGCGTCC 

TCATGTTTTCCCATTTCCACTTCTTATGCGTGTTTTAAATCTTTCAAG 

AGTAATTGATGTATTTTATCGTTACCAAGATGCATATACTAATCCAA 

AA TTACTT AAAGAGCACA TTGTTTCTTT ACTTA TTGAAACTATTCCAA 

TTGGT ACCC,(}TGAAAACTTATACTTTCAAGGTAGTGGTGGAGGTGGT 

TCTGATTATAAAGACGACGATGACAAAGGAACCGGTTAA 

ll 7 ATGGT ACCAGAGGCAA TTAGAGTATTTGGCTTAAAACTTGGTTCAAA Sesquiterpe 

ATTATCTATTCACTCACAAACAAATGCTTTTCCTGCATTCAAATTATC ne (A. 

TCGTTTTCCATTAACATCTTTCCCTGGTAAACATGCTCACTTAGATCC: thalania) 

ATT AAAAGCAAC:AAC:TCA TCC:A TTAGCTTTTGATGGTGAAGAAAA TA 

ACCGTGAGTTT AAAAAC:TT AGGTCC:AAGTGAGTGGGGCC:ATCAATTT 

I 
CTTTC:TGC:TCA TGTAGATTTATCTGAAATGGATGCATTAGAACGTGA 

AA TTGAAGCTCTT AAAC:CAAAAGTACGTGA TA TGTTAATATC:AAGTG 

AAAGTTC:AAAAAAAAAAATCTTATTTCTTTATC:TTTTAGTATC:ATTA 

I GGA TT AGC:TTATCACTTTGAAGATGAAATTAAAGAAAGTTTAGAGG 
I 

A TGGA TTACAGAAAA TTGAGGAAATGATGGCTTCAGAAGATGATC:T 

TCGTTTTAAAGGC:GATAATGGTAAATTC:AAAGAATGTTTAGCAAAA 

GATGCTAAAGGTATTTTATCTCTTTATGAGGCTGC:TCACATGGGTAC 

AACAACTGATTATATTCTTGATGAGGCTTTATCATTTACTTTAACATA 

TATGGAATCATTAGCAGCTTCAGGAACATGTAAAA TCAACTTATCAC 
I 

GTCGTATTAGAAAAGC:ATTAGATCAACCTCAACACAAAAATATGGA 

AA T AA TTGTAGCAA TGAAA T ACA TTCAA TTTTATGAAGAAGAGGAA 

GATTGCGATAAAACTTTACTTAAATTTGCTAAACTTAACTTTAAATT 

CTTACAATTACACTATTTACAAGAACTTAAAATCTTATCTAAATGGT 

ATAAAGACCAAGACTTTAAATCAAAATTACCTCCATATTTCCGTGAC 

CGTCTTGTAGAA TGTCATTTTGCATCA TT AACATGTTTTGAGCCT AAA 

TA TGCTCGTGCACGTATTTTCTTA TCT AAAA TCTTCACTGTTCAAATT 

TTCATTGACGATACTTGTGACCGITACGCATCATTAGGTGAAGTTGA 

GTCATTAGCTGACACTATCGAACGTTGGGACCCTGATGATCATGCTA 

TGGACGGATTACCTGATTATCTTAAATCAGTAGTTAAATTTGTATTC 

AATACATTTCAAGAATTTGAACGTAAATGTAAACGTTCACTTCGTAT 

TAACTTAC:AAGTAGCAAAATGGGTT AAAGCTGGTCACTT ACCA TCTT 

TTGATGAGTATCTTGATGTAGCTGGTTTAGAATTAGCTATTTCATTCA 

CTTTCGCTGGTATCTTAA TGGGCATGGAAAA TGTTTGTAAACCTGAA 
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GCATACGAATGGTTAAAATCTCGTGACAAACTTGTTCGTGGTGTAAT 

CACAAAAGTTCGTTTACTTAATGATATTTTTGGCTATGAAGATGATA 

TGCGTCGTGGTTATGTAACAAATTCAATAAACTGCTACAAAAAACA 

ATATGGAGT AACAGAGGAAGAAGCTATTCGTAAA TTACATCAAATC 

GTTGCTGATGGAGAGAAAATGATGAATGAAGAGTTCTTAAAACCTA 

TTAATGTACCATATCAGGTTCCTAAAGTAGTT A TTTTAGACACTTTAC 

GTGCAGCTAATGTTTCATACGAAAAAGATGACGAATTTACACGTCCA 

GGCGAACACCTTAAAAACTGCATTACATCTATTTACTTCGATTTAGG 

TACCGGTGAAAACTTATACTTTCAAGGTAGTGGTCNCGGTGGTAGTG 

ATTACAAAGATGATGATGATAAAGGAACCGGTTAA 

118 ATGGTACCAACTACAACATTATCATCTAACCTTAACTCACAATTCAT GPP 

GCAGGTTTACGAGACTCTTAAATCAGAACTTATTCATGACCCATTAT Chimera 

TTGAGTTCGATGACGATTCAAGACAATGGGTAGAACGTATGATTGAT 

TATACTGTACCAGGTGGTAAAATGGTTCGTGGTTATAGTGTAGTAGA 

TAGTTATCAATTACTTAAAGGTGAAGAACTTAC:AGAAGAAGAGGCA 

TTTTTAGCTTGTGCACTTGGTTGGTGTACAGAA TGGTTTCAAGCATTC 

ATTCTTTTACA TGATGATATGATGGATGGTAGTCACACAAGACGTGG 

TCAACCATGTTGGTTTCGTTTACCTGAGGTTGGTGCTGTTGCTATTAA 

TGATGGTGTTTTACTTCGTAATCACGTTCACCGTATTCTTAAAAAAC 

ATTTTCAAGGTAAAGCATATTATGTTCATTTAGTTGATTTATTCAATG 

AAACTGAA TTTCAAACAATTAGTGGACAAA TGATCGACTTAA TTACA 

ACATTAGTTGGTGAAAAAGACTTATCTAAATATTCATTAAGTATTCA 

TCGTCGTA TCGTTCAAT ACAAAACAGCAT ACTACTCATTTT ACTTAC 

CAGTTGCTTGTGCTTTACTT ATGTTTGGTGAGGATCTTGAT AAA CA TG 

TAGAAGTT AAAAATGTTCTTGTTGAAA TGGGT ACATATTTTCAAGTT 

CAAGA TGA TTATTTAGATTGTTTTGGTGCTCCAGAAGTTATTGGCAA 

AA TTGGTAC:TGATATTGAAGACTTTAAATGTTCATGGTTAGTAGTTA 

AAGCATTAGAA TT AGCAAA TGAAGAACAGAAAAAAACTTTACACGA 

AAATTATGGAAAAAAAGATCCAGCATCAGTTGCTAAAGTTAAAGAA 

GTATACCACACACTT AA TTTACAAGCTGTTTTCGAAGATTA TGAAGC: 

AACATCATACAAAAAACTTATTACTTCTATTGAAAATCACCCATCTA 

AAGCTGTTCAAGCTGTTTTAAAATCTTTCTTAGGCAAAATATACAAA 

CGTCAAAAAGGTACCGGTGAAAACTTATACTTTCAAGGTTCTGGTGG 

I 
CGGTGGAAGTGATTAC:AAAGATGATGACGATAAAGGAAC:CGGTTAA 

119 A TGGTACCAAGTCAACCTTACTGGGCTGCAATTGAAGCAGACATTG GPPS-

AAAGATATTTAAAAAAATCAATTACAATTCGTCCACCAGAAACTGT LSU+SSU 

ATTTGGTCCTATGCACCATTTAACATTTGCTGCTCCTGCTACTGCAGC fusion 

TAGTACATTATGcCTTGCTGCTTGTGAATTAGTTGGCGGTGATCGTA 

GTCAAGCTATGGCAGCTGCTGCTGCTA TCCATTTAGTTCATGCAGCT 

GCTTACGTTCACGAACATCTTCCTTT AA CA GA TGGATCACGTCCTGT 
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AAGT AAACCTGCTATTCAACATAAA TA TGGTCCAAACGTTGAACTTT 

TAACAGGTGATGGTATCGTTCCTTTCGGTTTTGAGTTATTAGCAGGTT 

CAGTAGATCCAGCACGT ACTGATGACCCTGA TCGTATTTTACGTGTA 

ATTATTGAAATTTCTCGTGCTGGTGGACCAGAAGGCATGATTTCTGG 

TTTACACCGTGAGGAAGAAA TCGTAGATGGT AACACATCATTAGAC I 
TTTATAGAATATGTATGCAAAAAAAAATACGGTGAAATGCACGCAT I 
GTGGTGCAGCTTGCGGAGCTA TTTTAGGTGGAGCTGCTGAAGAAGA 

AATTCAAAAACTTCGTAACTTTGGTCTTTATCAAGGCACATTACGTG 

GTATGATGGAAA TGAAAAATAGTCATCAGTTAA TTGACGAAAATAT 

CATTGGAAAACTT AAAGAACTTGCTCTTGAAGAA TTAGGTGGA TTCC 

ACGGT AAAAACGCTGAA TTAA TGAGTTCTTT AGTTc.<::TGAACCTAGT 

TTATATGCAGCTTCATCAAATAACTTAGGTATCGAAC.GTCGTTTTGA 

CTTTGACGGTTACATGCTTCGTAAAGCAAAATCTGTAAATAAAGCAT 

TAGAAGCTGCTGTTCAAATGAAAGAACCACTTAAAATTCACGAATC 

AATGCGTTATTCATTATTAGCTGGTGGTAAACGTGTTCGTCCAATGT 

TATGTATTGCAGCTTGTGAACTTGTTGGTGGTGACGAATCTACAGCA 

ATGCCTGCAGCATGTGCTGTTGAAATGATTCACACAATGTCTTTAAT 

GCATGATGACCTTCCATGTATGGATAACGATGACTTACGTCGTGGTA 

AACCTACAAACCACATGGCTTTTGGTGAGTCTGTAGCTGTTCTTGCT 

GGTGATGCATTACTTAGTTTTGCTTTTGAACATGTTGCTGCTGCAACA 

AAAGGCGCACCACCTGAACGTATCGTACGTGTATTAGGTGAATTAG 

CTGTTAGTATTGGTTCAGAAGGACTTGTAGCAGGTCAAGTTGTAGAC 

GTTTGTTCTGAAGGCA TGGCTGAAGTAGGATTAGATCATCTTGAA TT 

TA .. TI'CACCA TCAT AAAACTGCT(iCATTA TT ACAAGGTTCAGTTGTTTT 

AGGTGCAA TA TTAGGAGGCGGTAAAGAAGAAGAAGT AGCTAAACTT 

CGTAAA TTTGCT AACTGT A TTGGTTT ACTTTTCCAAGTTGTTGATGA T 

ATTTTAGATGTTACTAAAAGTAGTAAAGAGTTAGGTAAAACTGCAG 

I GTAAAGACTTAGTAGCTGATAAAACTACATATCCTAAACTTATAGGC 

GTTGAAAAATCAAAAGAA TTTGCTGACCGTTT AAATCGTGAAGCAC 

AAGAACAATTATTACATTTTCATCCTCACCGTGCTGCTCCATTAATC 

GCTTTAGCT AACTACATCGCTTACCGTGATAA TGGTACCGGTGAAAA 
I 

CTT ATACTTCCAGGGTAGTGGTGGTGGCGGATCAGA TTAT AAA GA TG 

ACGATGATAAAGGAACCGGTTAA 

120 A TGGT ACCAGT AACAGCAGCACGTGCAACACCAAAATT AAGT AA TA Gerany1-

GAAAATTACGTGTTGCTGTAATTGGAGGCGGTCCAGCAGGAGGTGC geranyl 

AGCTGCTGAAACA TTAGCACAAGGAGGTATTGAAACAA TTCTT A TC reductase 

GAACGTAAAA TGGATAA TTUTAAACCATGTGGTUUTGCTA TTCCATT (A. thaiania) 

ATGTATGGTAGGAGAGTTCAATTTACCTTTAGACATTATTGACCGTC 

GTGTAACAAAAA TGAAAA TGATCTCTCCTTCA.AACATTGCAGTTGAT 

ATCGGTCGTACACTTAAAGAACACGAA TATA TTGGTATGGTTCGTCG 
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TGAGGTACTTGATGCTTA TCTTCGTGAACGTGCAGAAAAATCAC,OTG 

CTACTGTTATTAACGGTTTATTCTTAAAAATGGATCACCCAGAAAAT 

TGGGATTCACCATATACACTTCACTACACAGAGTATGATGGAAAAA 

CAGGTGCTACAGGAACTAAAAAAACTATGGAAGTAGATGCTGTTAT 

TGGTGCTGATGGTGCTAATTCTCGTGTTGCAAAAAGTATTGACGCAG 

GTGATTATGATTATGCTATTGCATTTCAAGAACGTATTCGTATACCT 

GATGAGAAAA TGACTTATTATGAGGACTTAGCTGAGA TGTATGTAG 

GTGA TGATGTATCACCAGACTTCTACGGTTGGGTATTCCCAAAATGT 

GATCATGTAGCTGTTGGTACAGGTACTGTAACACATAAAGGTGATAT 

CAAAAAATTCCAGTTAGCTACACGTAATCGTGCTAAAGATAAAATTC 

TTGGTGGCAAAA T AATCCGTGTAGAGGCTCATCCTA TTCCAGAGCA T 

CCTAGACCACGTCGTTTATCAAAACGTGTTGCATTAGTAGGCGACGC 

AGCAGGTT ACGTT ACTAAATGTTCAGGAGAAGGAA TTTACTTCGCAG 

CTAAATCTGGTCGTATGTGTGCTGAAGCTATCGTTGAAGGTTCACAA 

AATGGCAAAAAAATGATAGATGAAGGCGATTTAAGAAAATACTTAG 

AAAAATGGGATAAAACTTACTTACCAACTTATCGTGTTTTAGATGTA 

CTTCAAAAAGTTTTCTATCGTTCTAACCCAGCTCGTGAGGCTTTTGTT 

GAAATGTGTAACGATGAGTATGTACAGAAAATGACATTTGATTCTTA 

CCTTTATAAACGTGTAGCTCCTGGTAGTCCATTAGAAGATATCAAAT 

TAGCTGTAAATACTATTGGTTCACTTGTTCGTGCTAACGCATTACGTC I 
GTGAAATTGAGAAA TT A TCAGT AGGTACCGGTGAGAATCTTTACTTT I 

CAAGGATCAGGTGGTGGTGGTTCTGATTATAAAGA TGACGATGAT A 
I 

AAGGAACCGGTTAA 

121 ATGGTACCAGTAGCTGTTATTGGTGGTGGTCCAAGTGGCGCTTGTGC (J-eranyl-

AGCAGAAACTTTAGCAAAAGGTGGTGTAGAAACTTTCTTACTTGAGC geranyl 

GTAAATTAGATAATTGTAAACCTTGTGGAGGTGCAATTCCATTATGT reduc1ase 

ATGGTTGAAGAATTTGATTTACCAA TGGAAATAATTGACCGTCGTGT (C. 

TACI'AAAATGAAAATGATATCACCTTCAAACCGTGAAGTTGATGTTG reinhardtii) 

GAAAAACTTTATCAGAAACTGAA TGGATCGGT ATGTGTCGTCGTGA 

AGTATTTGACGATTACTTAAGAAACCGTGCACAGAAATTAGGTGCTA 

ATATTGTTAACGGTTTATTCATGCGTTCAGAACAACAATCTGCAGAG 

GGTCCATTCACAATTCACTATAATTCTTATGAAGACGGTAGTAAAAT 

GGGAAAACCTGCTACTTTAGAAGTTGATATGATAATTGGTGCAGATG 

GAGCAAATTCTCGTATTGCAAAAGAGATAGATGCAGGTGAATACGA 

CTACGCTA TAGCTTTTCAAGAACGT ATTCGTATTCCTGATGATAAAA 

TGAAATATTACGAAAACCTTGCTGAAATGTATGTAGGTGATGACGTA 

TCTCCTGATTTCTATGGTTGGGTTTTTCCTAAA TATGATCACGTTGCT 

GTTGGTACAGGTACTGTTGTAAACAAAACAGCTATTAAACAATATCA 

ACAGGCAACACGTGACAGATCAAAAGTTAAAACAGAAGGTGGCAA 

AATTATACGTGTTGAAGCACACCCAATTCCAGAACATCCACGTCCAC 
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GTCGTIGTAAAGGTCGTGTIGCA TI AGTAGGCGACGCAGCTGGTTAT 

GTTACAAAA TGTTCTGGCGAGGGCATTTACTTTGCTGCT AAA TCTGG 

TAGAATGGCTGCTGAAGCTATTGTAGAAGGTTCTGCTAACGGTACAA 

AAA TGTGTGGTGAGGA TGCAA TTCGTGTTTATTI AGATAAA TGGGAT 

CGTAAATATTGGACAACATACAAAGTATTAGACATTTTACAAAAAG 

TATTTIATCGTAGTAATCCAGCACGTGAAGCATTTGTTGAATTATGT 

GAAGATAGTTATGTACAGAAAATGACATTTGATTCATACTTATATAA 

AACTGTTGTTCCAGGAAACCCATTAGACGACGTAAAA TTACTTGTIC 

GTACAGTATCTTCTATTTTACGTTCAAATGCTTTACGTTCTGTTAATT 

CTAAATCTGTAAATGTTTCTTTCGGCTCTAAAGCAAATGAGGAACGT 

GTT A TGGCTGCAGGT ACCGGTGAAAA TCTTT A TTTTCAAGGTTCAGG 

AGGTGGTGGTTCAGATTATAAAGATGATGATGACAAAGGAACCGGT 

TAA 

122 ATGGTACCAGCAATGGCAGTACCATTAGATGTAGTAATTACATATCC Chl01-o-

TICTTCAGGTGCTGCTGCTTATCCAGTACTTGTT ATGTAT AACGGTTT phyllido 

CCAAGCTAAAGCTCCATGGTA TCGTGGTATTGTAGATCATGTTTCTA hydro lase 

GTTGGGGTTACACAGTTGTTCAATATACAAATGGTGGCTTATTTCCT (C. 

ATTGTTGTAGATCGTGTTGAGTTAACTTATTTAGAGCCATTATTAACT reinhardtii) 

TGGTIAGAAACACAAAGTGCTGATGCTAAATCTCCTTTATACGGTCG 

TGCAGATGTTTCTCGTTTAGGTACAA TGGGTCATTCACGTGGTGGTA 

AATTAGCAGCTTTACAATTTGCTGGACGTACAGATGTAAGTGGTTGT 

GTATTATTTGACCCTGTAGATGGAAGTCCAATGACACCAGAATCTGC 

TGATT A TCCTTCAGCTACAAAAGCATTAGCAGCAGCTGGTCGTTCTG 

CTGGCTT AGTAGGTGCAGCTATTACAGGTTCATGTAA TCCAGTAGGT 
I 

CAAAATTACCCAAAATTCTGGGGTGCTTTAGCTCCTGGTTCTTGGCA I 

AA TGGTATTATCACAAGCTGGTCACATGCAA TTTGCTCGTACTGGT A 

ATCCATTCTTAGATTGGTCATTAGACCGTITATGTGGTCGTGGTACA 

ATGATGAGTTCAGA TGTT ATTACATATAGTGCAGCATTTACTGTTGC 

TTGGTTTGAAGGTATTTTTCGTCCTGCTCAAAGTCAAA TGGGTATTTC 

TAATTTCAAAACTTGGGCTAATACTCAAGTTGCAGCTCGTAGTATCA 

CTTTTGATA TIAAACCTA TGCAATCTCCTCAGGGTACCGGTGAAAAC 

CTTTACTTTCAAGGTAGTGGTGGTGGAGGAAGTGATTATAAAGA TGA I 
TGATGACAAAGGAACCGGTT AA 

123 ATGGTACCAGCACCACCAAAACCAGTTCGTATAACTTGTCCAACAGT Chloro-

AGCTGGCACTTATCCTGTIGTTTIATTCTTICACGGTTTTTATCTTCGT phyllido 

AACTATTTCTATTCAGATGTTTTAAATCATATTGCTAGTCATGGTTAC hydro lase 

ATCTTAGTTGCACCACAATIATGTAAACTTTTACCTCCAGGTGGCCA (A. thalania) 

AGT AGAAGTTGATGACGCTGGTTCAGTTATTAACTGGGCTTCAGAGA 

ATCTTAAAGCACACCTTCCAACTTCTGTTAATGCTAATGGTAAATAT 

ACATCTTTAGTTGGACATTCACGTGGTGGCAAAACAGCTTTCGCAGT 
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TGCATTAGGTCACGCAGCTACATTAGATCCATCAATTACATTTTCAG 

CATTAATTGGTATTGATCCAGTAGCAGGAACTAACAAATACATTCGT 

ACAGATCCACACATCTTAACTTATAAACCTGAATCATTTGAATTAGA 

TA TTCCTGT AGCTGTTGTAGC,CACTGGTCTTGGTCCAAAA TGGAA TA 

ACGTAATGCCTCCATGCGCACCTACAGATTTAAACCACGAAGAATTT 

TACAAAGAATGT AAAGCTACT AAAGCTCACTTTGTTGCTGCTGATTA 

TGGTCACATGGACATGTT AGACGACGATCTTCCAGGTTTTGTAGGCT 

TCATGGCTGGTTGTATGTGTAAAAATGGTCAACGTAAAAAATCAGA I 
AATGCGTTCTTTTGTAGGTGGTATAGTTGTAGCATTCTTAAAA TATTC 

TTTATGC,GGTGAAAAAGCTGAAATAAGATTAATTGTTAAAGATCCTA 

GTGTATCTCCTGCTAAATTAGACCCATCACCAGAATTAGAAGAAGCA 

TCAGGTATTTTTGTTGGTACCGGTGAAAATCTTTA TTTTCAAGGTTCA 

GGTGGAGGTGGTTCTGATTATAAAGATGATGATGACAAAGGAACCG 

GTTAA 

124 ATGGTACCAGCTACACCAGTTGAAGAAGGTGATTATCCAGTTGTAAT Chloro-

GTTATTACATGGCTACCTTTTATATAATTCATTTTATTCACAATTAAT phyllido 

GTTACATGTATCATCTCACGGTTTCATCTTAATTGCTCCACAATTATA hydro lase 

CTCAATTGCTGGTCCTGATACTATGGATGAAATTAAAAGTACTGCTG (A. thalania) 

AGA TT A TGGACTGGTT ATCAGTTGGTTT AAA TCACTTTTTACCAGCTC 

AAGTTACACCTAATTTATCT AAATTTGCA TTATCTGGTCAT AGTCGTG 

GTGGTAAAACTGCTTTTGCTGT AGCATT AAAAAAATTTGGTT A TTCT 

I TCAAACTTAAAAA TTAGTACTTT AA TTGGTATTGATCCAGT AGACGG 

I I AACAGGTAAAGGTAAACAAACTCCACCTCCTGTTTTAGCATATTTAC 

CTAATAGTTTTGACTTAGACAAAACACCAATTTTAGTAA TTGGTTCA 

I C,GTTTAGGTGAAACTGCACGTAA TCCTTTATTTCCTCCATGTGCTCCT 

CCAGGTGTTAACCACCGTGAGHTTTCCGTGAATGTCAAGGTCCAGC 

ATGGCACTTTGTTGCTAAAGA TT A TGGTCA TTTAGACATGCTTGATG 

ATGATACAAAAGGTATTCGTGGCAAATCTAGTTACTGTTTATGCAAA 

' AATGGTGAAGAACGTCGTCCAATGCGTCGTTTCGTTGGTGGTTTAGT 

TGTTAGTTTTCTTAAAGCATATCTTGAAGGTGATGATCGTGAATTAG 

TAAAAA TCAAAGATGGTTGTCATGAAGATGTACCTGTTGAAATTCAA 

GAATTTGAAGTAATTATGGGTACCGGTGAAAATCTTTACTTTCAAGG 

TTCAGGCGGTGGAGGTTCAGATTATAAAGATGATGATGACAAAGGA 

ACCGGTTAA 

125 ATGGTACCAAGTCACAAAAAAAAAAACGTAATCTTCTTCGTAACTG Phosphatase 

ATGGTATGGGTCCTGCTTCTCTTTCAATGGCTCGTTCATTTAATCAAC (S. 

ACGTTAATGATTTACCAATTGATGATATTTTAACATTAGATGAACAT cerevisiae) 

TIT ATTGGAAGTTCAAGAAC:AC:GTTCATC:AGATTCAC:TTGTAACTGA 

C:TCAGC:TGC:TGGAGCTACAGC:TTTTGCTTGTGC:AC:TTAAATCATACA 

ATGGTGCTATAGGTGTAGATC:CACAC:C:A TC:GTC:CATGTGGAACTGTT 
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TTAGAAGCTGCTAAATTAGCAGGTTATTTAACAGGATTAGTAGTTAC 

TACACGTATT ACTGATGCTACACCAGCT AGTTTCTCAAGTCACGTAG 

ATTATCGTTGGCAAGAAGATTTAATTGCAACACACCAATTAGGTGAA 

TA TCCTTTAGGACGTGTTGTTGATCTTCTTATGGGTGGTGGTCGTTCT 

CACTTTTATCCTCAAGGTGAAAAAGCTAGTCCATACGGTCACCACGG 

TGCACGTAAAGA TGGTCGTGATTTAA TCGA TGAAGCTCAAAGTAAT 

GGCTGGCAGTA TGTAGGAGATCGTAAAAA TTTTGA TTCTTTACTTAA 

ATCACATGGTGAAAA TGTTACTTTACCATTTTTAGGTTT ATTTGCTGA 

CAACGATATCCCATTTGAAATTGATCGTGATGAAAAAGAATATCCTA 

GTTTAAAAGAACAAGTAAAAGTAGCATTAGGTGCTTTAGAAAAAGC 

AAGTAACGAAGATAAAGATAGTAATGGTTTCTTTTTAATGGTAGAA 

GGTTCTCGTATTGATCATGCTGGCCATCAAAACGATCCTGCATCTCA 

AGTACGTGAAGTATTAGCATTTGA TGAGGCTTTTCAA TA TGTATTAG 

AATTTGCAGAAAACAGTGATACAGAAACAGTATTAGTAAGTACATC 

AGATCATGAAACAGGTGGTTTAGTTACTTCAAGACAAGTAACAGCA 

TCATACCCACAATATGTATGGTATCCTCAAGTATTAGCTAACGCTAC 

ACATAGTGGAGAGTTTCTTAAACGTAAATTAGTTGATTTCGTTCATG 

AACACAAAGGCGCATCATCAAAAATAGAAAACTTCATAAAACACGA 

AATTCTTGAAAAAGATTTAGGTATTTATGATTATACAGATTCTGACT 

TAGAAACACTTATTCATTT AGA TGA TAACGCTAA TGCAATTCAAGAT 

AAACTTAATGATATGGTAAGTTTTAGAGCTCAAATTGGTTGGACAAC 

ACATGGTCA1TCAGCAGTTGATGTAAACATATATGCTTACGCAAACA 

AAAAAGCTACATGGTCTTATGTTCTTAATAACTTACAAGGTAATCAC 

GAAAACAC;.\GAAGTTGGTCAA TTCTTACTAGAATTTCTT A CJ AA TT AAA 

CTTAAATGAAGTTACTGATTTAATCCGTGATACAAAACATACTTCTG 

ATTTTGACGCAACAGAAATAGCAAGTGAGGTTCAACACTATGATGA 

ATATTACCACGAATTAACAAATGGTACCGGTGAAAATCTTTATTTTC 

AAGGTTCTGGTGGAGGTGGCAGTGATTATAAAGATGATGATGACAA 

AGGAACCGGTTAA 

126 ATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCAACC FPPAI 18W 

AC,CATT AAGAAATTTATCTCCAGTGGTAGTTGAGCGCGAACGTGAG (G. gallus) 

GAATTTGTAGGATTCTTTCCACAAATTGTTCGTGACTTAACTGAAGA 

TGGTATTGGTCATCCAGAAGTAGGTGACGCTGTAGCTCGTCTTAAAG 

AAGTATTACAATACAACGCACCTGGTGGTAAATGCAATAGAGGTTT 

AACAGTTGTTGCAGCTTACCGTGAACTTTCTGGACCAGGTCAAAAAG 

ACGCTGAAAGTCTTCGTTGTGCTTTAGCAGTAGGA TGGTGTA TTGAA 

TT ATTCCAAGCCTTTTTCTTAGTTTGGGACGATATAA TGGACCAGTC 

ATT AACTAGACGTGGTCAA TT ATGTTGGTACAAGAAAGAAGGTGTT 

GGTTTAGATGCAATAAATGATTCTTTTCTTTTAGAAAGCTCTGTGTAT 

CGCGTTCTTAAAAAGTATTGCCGTCAACGTCCATATTATGTACATTT 
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ATTAGAGCTTTTTCTTCAAACAGCTTACCAAACAGAATTAGGACAAA 

TGTTAGATTTAATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATT 

TCTCAGAAGAACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTC 

TATTCATTCTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATA 

GA TTCT AAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGA 

TGGGTGAA TACTTCCAAATTCAAGATGATTATTTAGATTGTTTTGGC 

GATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATAACAA 

ATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACACCAGAAC 

AACGTCAACTTTTAGAAGAT AATTACGGTCGT AAAGAACCAGAAAA 

AGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAGGTATGAGAGCC 

GCCTTTCAACAA TACGAAGAAAGTAGTT ACCGTCGTCTTCAAGAGTT 
i 
' AATTGAGAAACATTCT AA TCGTTTACCAAAAGAAA TTTTCTTAGGTT 

I TAGCTCAGAAAA TATACAAACGTCAAAAAGGTACCGGTGAAAACTT 

ATACTTTCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGAT 

GATGATAAAGGAACCGGTTAA 
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Table 6. Nucleic acids encoding exemplary isoprenoid producing enzymes (with restriction enzyme sites 

' Enzyme ' 
SEQ Codon-biased, Synthesized Gene Sequence encoded 

IDNO ,v/ Cloning Sites (synthetic) 

127 CATATGGTACCAAGACGTTCAGGTAACTATAATCCTAGCCGTTGGGA Limonene 

CGTAAATTTCATTCAATCTTTATTATCTGATTATAAAGAAGATAAAC (M. spicata) 

A CG TT ATTAGAGCTTCTGAA TTAGTAACACTTGTT AAGATGGAATTA 

GAAAAAGAAACAGATCAAATCCGTCAA TT AGAA TT AA TTGACGATT 

TACAACGTATGGGTTTATCTGATCATTTCCAAAACGAATTTAAAGAA 

ATCTTATCAAGTATTTACTTAGATCATCATTATTACAAAAATCCATTT 

CCAAAAGAAGAGCGTGATTTATACTCAACTAGCTTAGCTTTTCGTTT 

ATTACGTGAACACGGTTTTCAAGTAGCACAAGAAGTTTTTGA TTCA T I 
TCAAAAATGAAGAGGGTGAATTTAAGGAGAGCTTATCTGACGATAC i 

' 
TCGTGGCTTATTACAATTATATGAAGCATCATTCTTATTAACAGAGG I 
GTGAAACAACCTTAGAAAGTGCACGCGAATTTGCTACAAAATTTTTA 

GAAGAAAAAGTT AACGAAGGTGGCGTTGA TGGTGACTTA TT AA CAA 

GAATTGCTTACTCATTAGA TA TTCCCTTACA TTGGCGCATT AAACGT 

CCTAATGCCCCAGTTTGGATTGAATGGTATCGTAAACGTCCAGATAT 

GAACCCAGTGGTTTT AGAA TTAGCAA TTTTAGACTTAAACA TTGTAC 

AAGCTCAATTTCAAGAGGAATTAAAAGAGTCTTTTCGCTGGTGGCGT 

AA TACTGGTTTTGTTGAGAAATTACCATTTGCACGTGA TCGTTTAGTT 

GAATGTT ACTTTTGGAACACTGGTATTATTGAACCACGTCAACACGC 

ATCAGCTCGTATTATGATGGGTAAAGTAAATGCATTAATTACAGTAA 

TTGATGACATCTA TGATGTTTATGGAACACTTGAAGAATTAGAACAA I 
TTCACTGATTTAATTCGCAGATGGGACATAAACTCAATAGATCAATT 

ACCAGATTATA TGCAATTATGTTTTCTTGCATTAAACAATTTCGTTGA 

TGACACTTCAT ACGA TGTT ATGAAAGAAAAGGGTGTT AA TGTT A ITC 

CTTACTTACGTCAATCTTGGGTAGACCTTGCAGACAAATATATGGTA 

GAAGCACGTTGGTTCTACGGTGGCCATAAACCATCATTAGAAGAAT 

ACTTAGAAAA TTCTTCKiCAA TCTATCTCAGGTCCATGTATGTT AACT 

CATATATTCTTTCGTGTAACAGATAGCTTTACTAAAGAAACTGTTGA 

TTCTCTTTACAAATATCATGATTTAGTTAGATGGTCATCATTCGTGCT 

TCGTCTTGCTGACGACTTAGGTACAAGCGTTGAAGAAGTATCTCGTG 
i 

GTGATGTGCCAAAATCTTTACAATGCTACATGAGTGATTATAACGCT 

AGTGAGGCTGAAGCACGTAAACACGTAAAATGGTTAATTGCAGAAG 

TATGGAAAAAGATGAATGCAGAACGTGTTTCTAAAGATAGTCCTTTT 

GGTAAAGATTTTATAGGTTGTGCTGTTGATTTAGGTCGTATGGCTCA 

ATTAATGTATCACAATGGAGATGGTCATGGTACTCAACACCCTATTA 

TTCATCAACAAATGACACGTACTTTATTTGAACCATTCGCTGGTACC 

GGTGAAAACTT ATACTTTCAAGGCTCAGGTGGCGGTGGAAGTGATT 
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ACAAAGATGATGATGATAAAGGAACCGGTTAATCTAGACTCGAG 

128 CATATGGTACCAAGACGTACTGGTGGCTATCAACCTACACTTTGGGA Cineole (S. 

TTTTTCAACAATTCAATTATTTGATAGTGAATATAAAGAAGAAAAAC officinalis) 

ATCTTATGCGTGCTGCTGGTATGATTGCTCAAGTGAACATGTTACTT 

CAAGAAGAAGTAGACAGCA TCCAACGTCTTGAA TTAA TTGATGACT 

TACGTCGTTTAGGTATATCTTGCCACTTTGATCGTGAAA TTGTAGAG 

ATTTTAAACAGT AAA TACTACACCAACAATGAAATTGATGAA TCAG 

ATTTATACAGTACAGCACTTAGATTCAAACTTTTACGTCAATATGAT 

TTTAGCGTTAGCCAAGAAGTTTTTGATTGTTTT AAAAA TGACAAAGG 

TACAGATTTCAAACCATCATTAGTTGACGATACACGTGGCTTATTAC 

AATTATATGAAGCATCATTTTTATCAGCTCAGGGTGAAGAAACTTTA 

CA TTTAGCACGTGA TTTTGCTACTAAA TTCTTACA TAAAAGAGTTTT 

AGTAGATAAAGATATCAATTTATTATCTAGTATCGAGCGTGCTTTAG 

AATTACCAACACACTGGCGTGTACAAATGCCTAACGCTAGATCATTC 

ATCGACGCATATAAAAGAAGACCAGACATGAACCCTACAGTATTAG 

AGTTAGCAAAACTTGACTTTAACATGGTTCAAGCACAGTTCCAACAA 

GAATTAAAAGAAGCCAGTCGCTGGTGGAACTCTACAGGATTAGTAC 

ATGAATTACCATTTGTACGTGATCGTATTGTGGAATGTTATTATTGG 

ACTACTGGTGTAGTAGAACGTCGTGAACACGGTTACGAACGTATTAT 

GTTAACAAAAA TTAACGCTTT AGTTACAACAATCGATGATGTTTTTG 

ACATTTATGGTACTTTAGAAGAATTACAACTTTTTACAACTGCTATTC 

AAAGATGGGACATTGAGTCTATGAAACAACTTCCACCCTATATGCA 

AATCTGCTACTTAGCTTTATTCAACTTCGTAAATGAGATGGCTTACG 

ATACATTACGTGATAAAGGTTTTAATAGTACTCCATATTTACGCAAA 

GCCTGGGTAGACTTAGTAGAAAGCTACTTAATTGAAGCTAAATGGT 

ATTATATGGGTCACAAACCAAGTTTAGAAGAGTACATGAAAAACTC 

ATGGATTTCTATCGGAGGTATTCCAATTTTATCACATTTATTCTTTCG 

TTTAACAGACAGTATCGAAGAAGAAGACGCTGAATCAATGCATAAA 

TATCACGATATAGTACGTGCCTCTTGTACTATTTTACGTTTAGCTGAT 

GATATGGGTACATCATTAGATGAAGTTGAACGTGGCGATGTTCCTAA I 
I 

ATCTGTACAATGCTATATGAATGAGAAAAACGCCTCTGAAGAAGAA 

GCACGTGAACATGTTCGTAGTTTAATTGATCAGACATGGAAGATGAT 

GAAT AAAGAAA TGATGACTTCATCATTTTCAAAA TACTTCGT ACAAG 

TGTCTGCAAATCTTGCTCGTATGGCACAATGGATATATCAACATGAA 

AGTGATGGTTTCGGTA TGCAACACTCTTTAGTTAACAAAA TGCTTCG 

TGGTTTACTTTTTGACCGTTATGAAGGTACCGGTGAAAACTTATACT 

TTCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGATGA TGA 

TAAAGGAACCGGTTAATCTAGACTCGAG 

129 i CATATGGTACCACGTCGCATGGGTGATTTTCA TTCAAACTTATGGGA Pinene (A. 

TGATGATGTAA TTCAA TCTTTACCCACAGCTTACGAAGAAAAATCTT grandis) 
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ATCTTGAACGTGCTGAGAAGTTAA TTGGAGAAGTTGAAAATATGTTC 

AACAGTATGAGTTTAGAAGATGGTGAACTTATGAGTCCATTAAATG 

ATTTAATI'CAACGCCTTTGGATTGTTGATTCTTTAGGTAGATTAGGTA 

TCCATCGTCACTTTAAAGATGAGATTAAAAGTGCTTTAGATTATGTT 

TACAGTTACTC,GGGTGAAAACGGAA T AGGTTGTGGTCGTGAAAGTG 

CTGTAACTGATTTAAACAGTACAGCTTTAGGCTTTCGTACACTTCGTT 

TACACGGTTATCCAGTTTCATCTGATGTATTTAAAGCATTTAAAGGT 

CAAAATGGTCAATTCAGTTGTTCAGAAAATATCCAAACAGATGAAG 

AAATTCGTGGTGTTCTTAACTTATTTAGAGCCAGTTTAATAGCCTTCC 

CTGGTGAGAAAATMTGGACGAAGCTGAAATCTTCTCTACAAAATA 

CTT AAAGGAAGCA TTACAAAAGATCCCAGTT AGTTCA TT A TCACGTG 

AAATCGGTGATGTACTTGAATATGGATGGCATACATACTTACCACGT 

TTAGAAGCACGTAACTATATTCATGTTTTCGGACAAGATACAGAGAA 

TACAt>.AAAGTTATGTAAAATCAAAGAAACTTTTAGAATTAGCTAAA 

TT AGAA TIT AACATTTTTCAGAGCTTACAAAAACGTGAA TTAGAAAG 

CCTTGTTCGTTGGTGGAAAGAA TCTGGA TTTCCTGAAA TGACATTCT 

GTAGACACAGACACGTGGAATATTACACACTTGCATCATGTATTGCA 

TTCGAACCTCAGCATAGTGGTTTTCGTTTAGGTTTTGCTAAAACATGT 

CACCTTAT AACAGTTTTAGATGACATGTATGACACTTTCGGCACCGT 

AGACGAATTAGAGTTATTTACAGCAACTATGAAACGTTGGGACCCA 

AGTTCAATTGACTGCCTTCCAGAA TACA TGAAAGGAGTTTACATTGC 

TGTGTATGATACAGTTAATGAAATGGCTCGTGAAGCTGAGGAAGCT 

CAAGGTCGCGATACACTTACATACGCTCGTGAGGCCTGGGAGGCTT 

ATATAGATTCTTATATCJCAAC.JAAGCTCGCTGGATTCiC~TACTGGATAC 

TTACCTTCTTTCGATGAATATTATGA_A,A_<\.TGGTAAGGTTTCATGTGG 

TCACCGTATATCTGCTTTACAACCAATTCTTACTATGGATATTCCATT 

TCCAGATCACA TTTTAAAGGAAGTTGACTTTCCTTCT AAACTT AA, TG 

ACTTAGCTTGTGCTATCTTACGCCTTCGCGGTGATACTCGTTGTTACA 

AACiCAGACCGTGCACGTGGTGAAGAGGCTAGTTCTATTTCTTGTT AT 

ATGAAAGATAATCCAGGTGTTTCTGAAGAAGATGCCTTAGATCATAT 

TAACGCAATGATCAGTGATGTTATTAAGGGCTTAAACTGGGAATTAC 

TT AAACCCGACATT AACGT ACCT A TTTCTGCTAAGAAACATGCTTTC 

GACA TTGCTCGTGCTTTTCACT ACGGTTATAAA TATCGTGATGGCTA 

TTCAGTTGCTAATGTTGAAACAAAATCTTTAGTTACACGTACTTTACT 

TGAATCAGTTCCATTAGGTACCGGTGAAAACTT A TACTTTCAAGGCT 

CAGGTGGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAAC 

CGGTTAATCTAGACTCGAG 

l30 CATATGGTACCACGTAGAGTTGGTAA TTATCATTCT AA TCTTTGGGA Camphene 

' TGATGATTTTATACAAAGTTT AA TTTCTACACCTTACGGTGCTCCTGA 

I CTACCGTGAACGCGCTGATCGTCTTA TTGGTGAAGT AAAAGA TA TTA 

(A grandis) 
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TGTTTAATTTCAAATCTTTAGAGGATGGTGGTAATGACTTATTACAA 

CGTTTACTTTTAGTTGATGACGTAGAACGTTTAGGCATTGATCGTCA 

TTTCAAAAAGGAAATTAAGACTGCATTAGATTATGTAAATAGTTATT 

GGAATGAAAAAGGAATTGGTTGTGGTCGTGAGTCTGTAGTTACAGA 

CTTAAATTCAACTGCTTTAGGCCTTCGTACCTTAAGATTACATGGTTA 

TACTGTTAGCTCTGACGTTTTAAATGTTTTTAAAGATAAAAATCKiTC 

AATTTTCATCTACAC£TAATATTCAAATTGAAGGTGAAATTCGTGGT 

GTTTTAAA TCTTTTTCGTGCCTCTCTTGTAGCTTTTCCAGGTGAGAAA 

GTGATGGATGAGGCTGAAACTTTTTCAACAAAA TATCTTCGTGAAGC 

ATTACAGAAAA TTCCTGCCAGTTCAA TTTTATCA TT AG AAA TACGTG 

ATGTATTAGAATATGGATGGCATACTAATTTACCACGTTTAGAAGCA 

CGTAA TTACATGGATGTTTTCGGTCAGCACACCAAGAACAAl\AATG 

CAGCCGAA!\AATTACTTGAATTAGCAAAATTAGAGTTCAATATCTTT 

CACAGCTTACAAGAACGTGAA TTAAAGCACGTTTCAAGATGGTGGA 

AAGACTCTGGTAGTCCAGAGATGACTTTCTGTCGCCACCGCCATGTG 

GAAT ATTATGCTTTAGCTTCTTGTATTGCTTTCGAACCCCAC£ACAGT 

GGTTTCCGTTTAGGTTTTACTAAAATGAGTCATTTAA TCACAGTGTTA 

GATGATATGTATGATGTATTCGGTACAGTTGATGAATTAGAGTTATT 

TACCGCCACTA TTAAACGTTGGGACCCTTCTGCTATGGAA TGTTTAC 

CAGAGTACATGAAAGGTGTTTACATGATGGTTTATCATACAGTTAAC 

GAAA TGGCTCGTGTGC£AGAAAAGGCTCAAGGTAGAGACACATTAA 

ACTA TGCTCGTCAAGCCTGGGAAGCA TGTTTTGACTCTT A TA TGCAA 

GAAGCAAAA TGGATTGCAACAGGTTACTTACCTACATTCGAGGAAT 

ATTTAGAAAA TGGTAAACiTCi'AG·TTCi\CTCACA TCGTCCTTGTGCATT A 

CAACCTATTTTAACTCTTGAT ATTCCATTTCCCGATCATA TTCTT AAA 

GAAGTGGA TTTCCCAAGCAAACTTAA TGACTT AA TTTGT A TT A TCTT 

ACGTCTTAGAGGAGACACACGTTGCTATAAAGCAGACCGTC£CCGT 

GGTGAAGAAGCATCATCAATATCTTGTTATATGAAAGATAACCCAG 

GTTTAACTGAAGAAGA TGCTTT AAACCACA TTAACTTTA TGATTCGT 

GACGCAATCCGCGAATTAAACTGGGAGTTACTTAAACCAGATAATA 

GTGTTCCAATTACTTCAAAGAAACA TGCTTTTGATATTTCACGTGTGT 

GC£ACCACGGATACCGTTATCGTGATGGTTACAGCTTTGCAAACGTG 

GAAACTAAAAGTCTTGTAATGCGTACTGTAATAGAACCAGTACCATT 

AGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGGTGGA 

AGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAATCTAGAC 

TCGAG 

131 CATATGGTACCACGTCGTTCAGGAGATTATCAACCAAGTTTATGGGA Sabincne ( S. 

CTTTAATTACATTCAATCTTTAAACACACCTTACAAAGAACAACGTC oilicinalis) 

ATTTTAATCGTCAAGCTGAGTTAATTATGCAAGTTCGTATGTTATTA 

AAGGTAA!\AA TCKiAAGCAA TTCAACAA TT AGAGTT AA T AGATGATT 
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TACAGTACTTAGGATTATCATATTTCTTTCAAGACGAAATTAAACAA 

ATCTTAAGCTCTATTCACAATGAACCTCGTTATTTTCATAATAATGAC 

CTTTATTTCACTGCTTTAGGTTTTAGAATTTTACGTCAACATGGTTTT 

AA TGTTTCAGAAGACGTA TTTGACTGCTTT AAAATCGAAAAA TGTTC 

TGACTTTAATGCTAACTTAGCTCAGGACACAAAGGGTATGTTACAAT 

T ATATGAAGCTAGTTTCTT ATT AAGAGAAGGAGAAGATACACTTGA 

ATTAGCTCGTCGTTTTAGTACACGTTCTTTACGTGAAAAATTTGATG 

AAGGTGGTGACGAGATAGATGAAGATTTAAGTAGTTGGATTCGTCA 

TTCTTTAGA TTT ACCATTACACTGGCGTGTTCAAGGTTTAGAAGCTC 

GTTGGTTTTTAGATGCCTATGCTCGTCGTCCAGATATGAACCCTCTTA 

TTTTCAAATTAGCTAAATTAAATTTTAACATTGTTCAAGCTACATACC 

AAGAAGAATTAAAAGACATCTCTCGTTGGTGGAACAGTAGTTGTTTA 

GCAGAGAAA TT ACCCTTCGTTCGCGATCGTATTGT AGAATGTTTCTT 
i 

CTGGGCTATTGCTGCTTTCGAACCACACCAATACTCA TATCAACGTA 

AAATGGCCGCTGTAATTATTACATTTATTACTATTATTGATGATGTTT 

ACGATGTATATGGTACTATTGAAGAATTAGAGTTATTAACAGATATG 

ATTCGTAGATGGGATAATAAGAGTATTAGTCAACTTCCTTACTATAT 

I GCAAGTTTGTTATTTAGCTCTTTATAACTTCGTAAGTGAACGCGCAT 

ACGACATCTTAAAAGATCAACACTTTAACAGTATTCCATACCTTCAA 

AGAAGTTGGGTTTCA TTAGTTGAGGGA TACTT AAAAGAAGCATATTG 

GTACTATAACGGTTACAAACCAAGTCTTGAAGAATATCTTAATAATG 

CAAAAA TT AGT A TT AGTGCACCCACCA TT A TTTCACAA TT A TACTTT 

ACTTTAGCAAATAGTATCGACGAAACTGCCATTGAAAGTTTATACCA 

I ATATCACAACATTTTATACTTATCACiCiTAC~TATCTfACGTTTACi:CTGA 

TGATTTAGGAACTTCACAACATGAA TTAGAACGTGGTGA TGTTCCCA 

AAGCTATTCAATGTTATATGAATGATACAAATGCATCAGAAAGAGA 

AGCTGTAGAACATGTTAAATTTCTTA TTCGTGAAGCCTGGAAAGAAA 

TGAATACAGTTACTACCGCATCAGATTGTCCTTTTACAGACGATCTT 

GTTGC:CGCCGCAGCTAATTTAGC1"CGTGC1GCTCAATTCATTTACTTA 

GATGGTGATGGTCATGGTGTACAACATAGCGAAATTCATCAGCAAA 

TGGGCGGTCTTCTTTTTCAACCATACGTTGGTACCGGTGAAAACTTA 

TACTTTCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGA TG 

ATGATAAAGGAACCGGTTAATCTAGACTCGAG 

132 CATATGGTACCACGCAGAATTGGTGATTACCATAGTAACATTTGGGA Myrcene (A, 

TGATGATTTTATCCAGTCACTTTCTACCCCTTATGGTGAACCATCTTA I grandis) 

CCAAGAAAGAGCTGAACGTCTT ATTGT AGAAGTGAAAAAGATTTTC 

AACAGTATGTACTTAGATGACGGTCGTTTAATGAGTTCTTTTAATGA 

CTTAATGCAACGTTTATGGA TTGTAGACTCAGTAGAACGTTTAGGTA 

TTGCCCGTCACTTCAAAAA TGAAA TTACATCTGCCCTTGACTATGTTT 

TT CG TT A TTGGGAAGAAAACGGTATAGGTTGTGGTCGTGATTCTATT 
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GT AACTGACTT AAATAGCACAGCTTTAGGTTTTCGTACACTTCGTTT 

ACACGGTTATACAGTTTCTCCAGAGGTTTTAAAAGCATTTCAAGATC 

AAAA TGGTCAATTCGTTTGTTCACCAGGACAAACAGAA(KiTGAAAT 

TCGTTCAGTTTTAAATTTATATCGTGCAAGTTTAATTGCCTTTCCAGG 

CGAAAAAGTTATGGAAGAAGCAGAAATCTTCTCTACTCGCTATTTAA 

AAGAAGCTCTTCAAAAGATTCCAGTTAGCGCA TTATCACAAGAAA T 

CAAATTTGTTATGGAATATGGATGGCATACAAATTTACCTAGATTAG 

AAGCACGTAACTATATTGATACTTTAGAAAAGGATACATCAGCTTGG 

TTAAACAAAAATGCAGGTAAAAAGTTATTAGAATTAGCTAAATTAG 

AATTTAACATCTTTAACTCATTACAACAAAAAGAATTACAATACTTA 

CTTCGCTGGTGGAAAGAA TCTGACTT ACCT AAA TT AACCTTTGCACG 

TCA TAGACACGTTGAATTTTACACATT AGCTTCTTGTATTGCTA TTGA 

TCCCAAACA TTCAGCATTCCGTTTAGGATTCGCTAAAA TGTGTCACT 

TAGTTACAGTTCTTGACGA TA TTT A TGATACTTTCGGT ACTA TTGATG ' 
AACTTGAGTTATTTACTTCTGCAATTAAACGTTGGAATAGTTCTGAA 

ATTGAACACTTACCAGAATATATGAAATGCGTGTATATGGTTGTTTT 

TGAAACTGTT AA TGAATTAACTCGTGAAGCTGAGAAAACACAAGGA 

CGTAACACTTTAAACTATGTTCGTAAAGCATGGGAAGCATATTTTGA 

TTCTTATATGGAGGAAGCAAAGTGGATCTCAAACGGATATTTACCAA 

TGTTTGAAGAATACCACGAAAATGGTAAAGTGTCATCTGCATACCGT 

GTAGCAACA TTACAACCAA TTTTAACTTT AAACGCTTGGTTACCCGA 

CT ACA TTCTT AAAGGAA TTGA TTTCCCAAGTCGTTTT AACGATTTAG 

CTAGTTCATTCTTACGTTTACGTGGCGATACTCGCTGTT ACAAAGCT 

GACCGTGA TCGTGGTGA.ACJAAGCT AGCTCrCATTTCTTGTTACATGAA. 

AGA TAATCCAGGTTCTACCGAAGAAGATGCACTT AA TCACATTAAC 

GCT A TGGT AAA TGACA TCATT AAAGAA TT AAACTGGGAA TT A TTACG 

CAGTAATGATAATATTCCTATGTTAGCTAAAAAGCACGCTTTTGATA 

TTACTCGTGCACTTCACCACTTA TACATTTATCGCGATGGTTTCAGTG 

TTGCTAA T AAAGAAACTAAAAAGTT AGTTATGGAGACATTACTTGA 

ATCAATGTTATTTGGTACCGGTGAAAACTTATACTTTCAAGGCTCAG 

GTGGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGG 

TTAATCTAGACTCGAG 

133 CAT ATGGTACCACAA TCTGCTGAAAAGAACGACTCTTTATCAAGTTC Abietadienc 

T ACA TT AGTTAAGAGAGAA TTTCCACCCGGTTTCTGGAAAGACGACT I (A. grandis) 

TAATCGACAGTTTAACTTCAAGTCACAAAGTAGCTGCTAGCGATGAA 

AAACGTATCGAAACCTTAATTTCAGAAATTAAGAATATGTTTCGTTG 

TATGGGTTATGGTGAGACAAATCCATCAGCTTATGATACTGCTTGGG 

TAGCTCGCATCCCAGCAGTTGATGGATCAGATAATCCTCACTTTCCA 

GAGACTGTGGAA TGGATCTTACAAAA TCAATT AAAAGATGGTTCTTG 

GGGTGAAGGTTTTT ACTTCCTTGCTT A TGATCGCA TTTTAGCCACTTT 
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AGCTTGTATTATCACACTTACACTTTGGCGTACTGGAGAAACACAAG 

TACAGAAAGGTA TCGAATTTTTCCGCACTCAAGCAGGT AAAA TGGA 

AGATGAAGCAGATTCACACCGTCCAAGTGGTTTTGAGATTGTATTTC 

CTGCTATGTTAAAAGAGGCTAAGATTTTAGGCTTAGATTTACCTTAT 

GA TCTTCCTTTTCTTAAACAAA TTA TTGAAAAGAGAGAAGCTAAGTT 

AAAACGTATTCCTACAGATGTTTTATATGCTTTACCAACTACTTTACT 

TT ATTCATTAGAAGGTTTACAAGAAA TAGTAGACTGGCAAAAAATC: 

ATGAAA TTACAAAGT AAAGATGGTAGTTTCTTATCTTCTCC:TCJCC:TC 

AACAGCAGCAGTATTTATGAGAACAGGTAACAAAAAGTGTTTAGAT 

TTCTT AAA TTTCGTGC:TTAAAAAGTTC:GGTAA TCATGTTCCATGCCAC 

TA TCC:TTTAGACCTTTTTGAGCGTCTTTGGGCAGTTGA T ACTGTTGAA 

AGATTAGGTA TTGACCGTCATTTT AAAGAAGAAATAAAAGAGGCTT 

TAGAC:TA TGTGTATTC:ACACTGGGAC:GAACGTGGTATTGGTTGGGC:T 

CGTGAAAACCCCGTTCCAGATATTGACGATACAGCAATGGGTCTTCG 

TATTTTACGTCTTCATGGTTACAATGTTAGCAGCGATGTTCTTAAAAC 

ATTTCGTGATGAAAATGGTGAGTTCTTTTGCTTTTTAGGACAAACAC: 

AAAGAGGTGTGACTGATATGTTAAATGTTAATCGTTGTAGCCATGTA 

TC:TTTCCC:TGGTGAAACTAT AA TGGAAGAGGC:AAAATTATGTAC:TGA 

ACGTTACTTACGCAACGCATTAGAAAA TGT AGACGCTTTTGATAAGT 

GGGCA TTTAAGAAAAACA TTCGTGGTGAGGTAGAA TA TGCTCTTAA 

ATATCCTTGGCATAAATCAATGCCACGTTTAGAAGCACGTTCATATA 

TTGAAAA TT ACGGTCC:AGA TGATGTTTGGTTAGGTAAAACTGTTTA T 

ATCiATGCC:TTAC:ATTTC:AAATCiAAAAGTACTTAGAGTTAGCTAAACT 

TGATTTTAACAAAGTTCAGTC.A.ATCCACCAGACAGAACTTCAAGACT 

TACGC:CGTTGGTGGAAAAGTTCTGGTTTTACAGA TTTAAACTTT ACA 

AGAGAACGTGTTACTGAAATTTACTTTTCACCTGCATCTTTTATCTTC 

CiAACCAGAATTTAGTAAATGTCGTGACiGTTTATACAAAAACTTCTAA 

TTTTACTGTAATTTTAGACGATTTATATGACGCTCATCiGCTCTTTACiA 

TCiACTTAAAACTTTTTACAGAGAGTGTTAAACGTTGGGATTTATCTT 

TAGTTGACCAAATGCCCCAGCAGATGAAAA TCTGTTTTGTAGGTTTC 

TATAATACATTCAACGATATTGCTAAAGAAGGTAGAGAACGTC:AAG 

GTCGTGATGTTTTAGGTT ATATTCAAAACGTATGGAAAGTACAACTT 

GAAGCATATACT AAAGAAGCAGAA TGGTCAGAAGC:AAAATATGTTC 

CTAGTTTTAACGAATAC:ATTGAAAATGCTTCAGTTTCAATTGCCTTA 

GGTACAGTAGTACTTATCAGTGCTTT A TTTACCGGAGAAGTTTT AAC 

AGATGAAGTTTTATCTAAAATTGACCGTGAAAGTAGATTCTTACAGT 

TAATGGGC:TTAACTGGACGTTTAGTAAATGATACTAAAACATATCAA 

GC:TGAGCGTGGTC:AAGGTGAAGTTGCTAGTGCAATTCAATGTTATAT 

GAAAGACCAC:C:CTAAAATTAGTGAAGAAGAAGCATTACAACATGTA 

TAITC:TGTAATGGAAAATGCATTAGAAGAATTAAATCGTGAGTTCGT 

T AACAACAAAA TTCCAGACA TCT AT AAACGTCTTGTTTTCGAAACTG 
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CACGTATAATGCAATTATTTTACATGCAAGGTGATGGTTTAACATTA 

AGTCACGATATGGAAATTAAAGAGCACGTAAAGAATTGTTTATTCC 

AGCCAGTAGCTGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGT 

GGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTT 

AATCTAGACTCGAG 

134 CATATGGTACCATCTTCATCAACAGGCACTTCAAAAGTAGTAAGCGA Taxadiene 

AACATCTTCAACTATTGTAGACGATATTCCACGTCTTTCAGCAAATT (T. 

ATCATGGTGA TTT ATGGCATCACAACGTAA TTCAGACTTTAGAAACA brevifolia) 

CCA TTTAGAGAAAGTTCAACTT ATCAAGAGCGTGCAGATGAA TTAGT 

AGTGAAAATCAAAGATATGTTCAATGCATTAGGTGACGGTGACATC 

TCACCTTCAGCTTATGATACTGCATGGGTAGCTCGTGTTGCTACCATT 

TCTTCTGATGGTAGCGAAAAACCACGTTTTCCTCAAGCTCTTAATTG 

GGTTTTTAACAATCAATTACAAGATGGATCATGGGGTATTGAATCAC 

ATTTTAGTTTATGCGATCGTTTACTTAATACTACAAATTCAGTTATTG 

CTTTATCAGTATGGAAAACTC,OTCACTCACAGGTTCAACAAGGTGCC 

GAATTTATTGCTGAAAATTTACGTCTTTTAAATGAAGAAGACGAATT 

AAGTCCTGATTTTCAAATTATCTTCCCAGCTTTATTACAGAAAGCCA 

AGGCTTTAGGAATCAATTTACCCTATGATTTACCATTCATCAAATAT 

CTTAGTACAACACGCGAAGCTCGTTTAACAGATGTGTCAGCTGCTGC 

TGACAACATACCAGCCAATATGCTTAATGCACTTGAAGGTTTAGAAG 

AAGTGATTGATTGGAA T AAAATCATGCGTTTTCAA TCTAAAGA TGGT 

TCATTTTTATCTTCTCCAGCTAGTACAGCCTGTGTTTTAATGAATACA 

GGTGATGAAAAATGTTTCACATTCTTAAATAACTTATTAGATAAATT 

CGGCGGTTGTGTTCCATGTATGTATAGCATTGATTTATTAGAACGTTT 

ATCTTTAGTGGACAACATTGAACACTTAGGTATTGGTCGTCACTTTA 

AACAAGAAATCAAAGGTGCATTAGATTATGTATATCGTCATTGGTCT 

GAACGCGGTATCGGTTC,OGGTAGAGACTCTTTAGTTCCAGATTT AAA 

CACCACAGCTTTAGGTTTACGCACATTAAGAATGCACGGTTATAACG 

TGTCTAGTGATGTACTTAACAATTTCAl\.AGACGAAAATGGTCGTTTC 

TTTAGTAGTGCTGGTCAAACACACGTAGAGTT ACGTTCTGTTGT AAA 

TCTTTTTCGCGCCTCAGA TTTAGCCTTTCCAGACGAACGTGCAA TC,O 

ATGATGCTCGTAAATTCGCAGAACCATATTTACGTGAAGCATTAGCT 

ACAAAAATATCAACAAATACAAAGTTATTCAAAGAAATTGAATATG 

TTGTTGAA T ACCCTTGGCACA TGTCAA TTC:CAC:GTTT AGAAGC:TC:GT 

AGTTATATTGAC:AGTTATGATGATAATTATGTATGGC:AAC:GTAAGAC: 

TTTATATCGTATGCC:ATCATTAAGTAATTCAAAATGTTTAGAAC:TTG 

CTAAATTAGATTTCAATATTGTTCAATCTTTACACC:AAGAAGAACTT 

AAACTTTTAAC:TC:GTTGGTGGAAAGAATC:TGGTATGGC:AGAC:ATAA 

ATTTC:AC:CC:GC:CATCGTGTAGCTGAAGTTTAC:TTTTC:TAGTGC:TAC:AT 

TTGAGCC:AGAA TA TAGTGCTAC:TCGTATTGC:A TTCAC:AAAAATTGGT 
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TGCTTACAAGTACTTTTCGATGATATGGCTGACATTTTCGCCACTTTA 

GATGAGTTAAAAAGTTTTACTGAAGGTGTTAAACGCTGGGACACAT 

CATTATTACATGAAATTCCCGAATGTATGCAAACTTGTTTTAAAGTA 

TGGTTTAAACTTATGGAAGAAGTAAACAACGACGTAGTAAAAGTTC 

AAGGAAGAGATATGTTAGCACATATTCGTAAACCCTGGGAATTATA 

CTTTAATTGTTATGTTCAAGAACGTGAATGGTTAGAAGCTGGTTATA 

TTCCTACATTCGAAGAATATCTTAAAACTTATGCTATTAGTGTAGGC 

CTTGGTCCTTGTACCTTACAACCTA TTCTTTTAA TGGGTGAGTTAGTT 

AAAGATGATGTAGTAGAAAAAGTTCATTACCCTTCTAACATGTTCGA 

ATTAGTTTCTTTAAGCTGGCGTTTAACTAATGATACCAAAACATATC 

AAGCAGAAAAAGTACGCGGTCAACAAGCTAGTGGCATTGCCTGTTA 

TATGAAAGACAATCCAGGTGCTACTGAAGAAGATGCTATTAAACAC 

ATTTGTCGTGTTGTTGATCGTGCA TT AAAAGAAGCAAGTTTCGAAT A 

TTTCAAGCCTTCAAATGACA TTCCTATGGGTTGTAAA TCTTTT A TCTT 

T AACTTACGTTT A TGTGTACAAATTTTCTA T AAA TTCATTGATGGTTA 

TGGTATCGCAAACGAAGAAATTAAGGACTACATTCGTAAGGTTTAT I 
ATTGATCCAATTCAAGTTGGTACCGGTGAAAACTTATACTTTCAAGCi 

CTCAGGTCiGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGCiA 

ACCGCiTTAATCTAGACTCCiAG 

135 CATATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCA FPP (Ci. 

ACCAGCATTAACiAAATTTATCTCCAGTCiGTAGTTGAGCGCGAACGTCi galJus) 

AGCiAATTTGTAGGATTCTTTCCACAAA TTGTTCGTGACTTAACTGAA 

GATGCiTATTCiGTCATCCAGAAGTAGGTGACGCTGTAGCTCGTCTTAA 

AGAAGTATT ACAAT ACAACCiCACCTCiGTGGTAAATGCAA TAGAGGT 

TT AACAGTTGTTGCAGCTTACCCiTGAACTTTCTGGACCAGCiTCAAAA 

AGACGCTCiAAAGTCTTCGTTGTGCTTTAGCAGTAGGATGGTGTATTG 

AA TTATTCCAAGCCTTTTTCTTAGTTGCTGACGATATAA TGGACCAG 

TCATTAACTAGACGTCiGTCAATTATGTTGGTACAAGAAAGAAGGTGT 1 

TGGTTT AGATGCAA TAAATGA TTCTTTTCTTTTAGAAACiCTCTGTGTA 

TCGCGTTCTTAAAAAGTATTGCCGTCAACGTCCATATTATGTACATTT 

ATTAGAGCTTTTTCTTCAAACAGCTTACCAAACAGAA TTAGGACAAA 

TGTTAGATTTAATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATT 

TCTCAGAAGAACGTTACAAAC.CTATTGTT AA GT AT AAAACTGCTTTC 

TATTCATTCTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATA 

GATTCTAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGA 

TGCiCiTGAATACTTCCAAATTCAAGATGATTATTTAGATTGTTTTGGC 

GATCCTGCTTTAACAGGTAAAGTAGGTACTGA TATTCAAGA TAACAA 

ATGTTCATGGTT AGTTGTGCAA TGCTTACAAAGAGT AACACCAGAAC 

AACGTCAACTTTTAGAAGATAATTACGGTCGTAAAGAACCAGAAAA 

AGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAGGTATGAGAGCC 
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GCCTTTCAACAA TACGAAGAAAGTAGTTACCGTCGTCTTCAAGAGTT 

AA TTGAGAAACATTCT AATCGTTTACCAAAAGAAATTTTCTT AGGTT 

TAGCTCAGAAAATATACAAACGTCAAAAAGGTACCGGTGAAA;,CTT 

ATACTTTCAAGGCTCAGGTGGCGGTGGAAGTGA TT ACAAAGATGAT 

GATGATAAAGGAACCGGTTAATCTAGACTCGAG 

1.36 CATATGGTACCATCATTAACTGAAGAAAAACCAATTCGCCCAATCGC A1nor~ 

AAACTTTCCTCCAAGCATTTGGGGAGATCAA TTCTTAA TTT A CG AAA phadienc 

AACAAGTAGAACAAGGTGTTGAACAGA TTGTTAACGACCTTAAGAA (A. annual 

AGAAGTGCGCCAACTTTTAAAAGAGGCTTTAGATATTCCAATGAAA 

CACCJCAAACCTTTTAAAACTTA TTGACGAAA TTCAACGTCTTGGTAT 

I 

TCCATATCACTTTGAACGTGAAATTGATCATGCATTACAATGTATCT 

ATGAAACTTATGGTGATAATTGGAATGGTGATCGTTCTTCATTATGG 

TTCCGTTTAATGCGTAAACAAGGTTATTATGTTACATGTGACGTGTTT 

AACAATTACAAAGATAAAAATGGTGCATTTAAACAATCTTTAGCTA 

ATGATGTTGAAGGTTTATTAGAATTATATGAAGCTACTTCAATGCGT 

GTTCCAGGTGAAA TT A TTCTTGAAGATGCATTAGGTTTTACACGTTC 

TCGTTTATCTA TTATGACAAAAGACGCATTTAGTACAAATCCTGCTT 

TA TTTACTGAAATTCAGCGTGCCCTTAAACAGCCTTTA TGGAAACGT 

TT ACCAAGAA TTGAAGCTGCTCAA TAT A TTCCA TTTT A TCAACAACA 

AGATTCTCACAATAAGACATTACTTAAATTAGCCAAATTAGAATTTA 

ATCTTTTACAATCATTACATAAAGAAGAATTAAGTCATGTGTGTAAA 

TGGTGGAAAGCATTTGATATTAAGAAGAATGCTCCATGTTTACGTGA 
i 

I TAGAATTGTAGAGTGTTACTTTTGGGGCCTTGGTAGTGGTTACGAGC I 

I CACAATATTCACGTGCTCGTGTATTCTTTACAAAAGCTGTTGCAGTT 

ATTACTTTAATTGACGATACCTATGATGCATACGGAACCTATGAGGA 

GCTTAAAATTTTCACTGAAGCTGTAGAACGTTGGTCT ATAACTTGTT 

TAGATACTTTACCAGAATATATGAAACCCATCTACAAATTATTCATG 

GACACATACACTGAAA TGGAAGAA TTTTTAGCAAAAGAAGGTCGCA 

CAGACCTTTTTAACTGTGGT AAAGAA TTTGTTAAAGAGTTTGTTCGT 

AACTTAATGGTAGAAGCTAAGTGGGCTAATGAAGGTCACATTCCTA 

CTACAGAAGAGCACGATCCAGTAGTAATAATTACAGGTGGAGCAAA 

CTTACTTACCACAACTTGTTACTTAGGTATGTCTGACATTTTTACAAA 

AGAATCAGTAGAGTGGGCAGTATCTGCACCACCATTATTCCGTTATT 

CTGGCA TACTTGGTCGTCGTCTT AA TGATTT AA TGACTCA T AAAGCT 

GAACAAGAGCGTAAACACTCATCAAGTAGTTTAGAAAGCTATATGA 

AGGAATATAACGTTAACGAAGAGTATGCTCAAACACTTATTTACAA 

AGAGGTTGAAGACGTTTGGAAGGACATTAACCGTGAATACTTAACA 

ACTAAAAACATTCCACGTCCTCTTTTAATGCJCTGTAATATACTTATGT 

CAATTCTTAGAAGTACAATACGCTGGAAAAGATAACTTTACACGTAT 

GGGTGATGAATATAAACACTTAATAAAGAGTTTATTAGTTTATCCTA 
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I TGTCAA TAGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGC 

. GGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAAT 
' ' CTAGACTCGAG 

137 CATATGGTACCAGCAGGTGTA TCAGCTGTGTCAAAAGTTTCTTCATT Bisabo1cne 

AGTATGTGACTTAAGTAGTACTAGCGGCTTAATTCGTAGAACTGCAA (A. grandis) 

ATCCTCACCCTAATGTATGGGGTTATGACTTAGTTCATTCTTTAAAAT 

CTCCATATATTGATAGTAGCTATCGTGAACGTGCTGAAGTGCTTGTA 

AGTGAAATAAAAGCTATGTTAAATCCAGCAATTACTGGAGATGGTG 

AATCAATGATTACACCTTCAGCTTATGACACTGCTTGGGTTGCACGT 

GTACCAGCAATTGATGGTAGCGCACGTCCACAATTTCCACAAACAGT 

AGATTGGATTTTAAAGAATCAATTAAAAGATGGTTCTTGGGGTATTC 

AATCACACTTTTTACTTTCAGACCGTTTA TTAGCT ACTCTTAGCTGTG 

TTTTAGTTTTACTT AAA TGGAA TGTTGGTGA TTTACAGGTTGAGCAA 

GGTATTGAGTTTATTAAGTCAAACCTTGAATTAGTAAAAGATGAAAC 

TGATCAAGATTCTTTAGTGACTGATTTTGAGATTATTTTCCCTAGCTT 

ACTTCGTGAGGCCCAAAGTTTACGTTTAGGTCTTCCATACGATTTAC 

CTTACATCCACTTATTACAAACAAAACGTCAGGAACGTTTAGCAAAA 

TTAAGCCGTGAAGAAATATATGCAGTTCCAAGTCCACTTTTATATTC 

TTT AGAGGGT ATTCAAGA TA TTGTTGAGTGGGAACGTA TTA TGGAAG 

TA CAA TCTCAGGA TGGATCATTTTTAAGTTCTCCAGCATCAACCGCA 

TGTGTTTTTATGCATACAGGTGACGCTAAGTGTTTAGAATTTCTTAAC 

AGTGTAATGATTAAGTTTGGTAATTTTGTACCATGCCTTTATCCTGTA 

GATTTATTAGAACGTTTACTTATAGTAGATAATATAGTTCGTCTTGGT 

ATTTACCGTCACTTCGAAAAAGAAATTAAAGAAGCATTAGATTATGT 

AT A TCGCCATTGGAATGAACGTGGT ATTGGTTGGGGTCGTTTAAA TC 

CAATTGCTGACTTAGAAACAACTGCTTTAGGTTTTCGTTTATTACGTT 

TACACCGTTAT AA TGTATCTCCAGCAATCTTTGATAATTTCAAAGA T 

GCCAA TGGCAAATTCATTTGTAGCACTGGTCAGTTT AA TAAGGATGT 

GGCTTCAATGTTAAACTTATACCGTGCATCACAATTAGCATTCCCAG 

GCGAAAACATTTT AGATGAAGCT AAA TCTTTTGCCACCAAA T ACTT A 

CGTGAAGCCCTTGAAAAA TCTGAAACTTCA TCAGCTTGGAACAAT A 

AACAGAATTTAAGTCAAGAAATCAAGTATGCATTAAAAACTTCATG 

GCACGCTTCTGTACCACGTGTTGAAGCAAAACGTTA TTGTCAAGTTT 

ATCGTCCTGATTACGCTCGTATTGCTAAGTGTGTATACAAATTACCA 

TACGTTAACAACGAAAAATTCTTAGAATTAGGTAAATTAGATTTTAA 

CATCATTCAATCAATTCATCAAGAAGAAATGAAAAATGTGACAAGT 

TGGTTTCGTGATTCTGGCTTACCATTATTTACTTTCGCTCGCGAACGT 

CCTTTAGAA TTTTACTTCTTAGTTGCTGCTGGT ACTTATGAACCTCAA 

TATGCT AAA TGTCGTTTCTT ATTCACAAAAGTAGCTTGTCTTCAAAC 

AGTATTAGACGATATGTACGATACTTACGGTACTTTAGACGAATTAA 
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AACTTTTTACCGAGGCTGTGCGTCGTTGGGATTTATCTTTTACAGAA 

AATTTACCTGACTATATGAAATTATGTTATCAAATCTATTATGACAT 

CGTTCATGAAGTGGCTTGGGAAGCTGAAAAAGAACAAGGTAGAGAA 

TTAGTGTCATTCTTCCGTAAAGGCTGGGAAGACT ACTTA TTAGGTTA 

CTATGAAGAAGCAGAATGGTTAGCAGCAGAATACGTTCCAACATTA 

GATGAATACATTAAAAACGGTATTACATCAATCGGCCAACGTATCTT 

ATTACTTTCAGGTGTGTTAATTATGGATGGCCAACTTTTATCACAAG 

AAGCATTAGAAAAAGTTGATTACCCTGGTCGTCGTGTTTTAACTGAG 

TTAAACTCACTTATTAGCCGTTTAGCTGACGACACTAAAACTTATAA 

AGCAGAAAAAGCTCGTGGAGAATTAGCCTCATCAATTGAATGCTAC 

ATGAAAGATCATCCTGAATGTACAGAAGAAGAAGCCTTAGACCACA 

TTTA TTCTATTCTTGAACCAGCCGT AAAAGAA TTAACTCGTGAA TTT 

CTTAAACCAGACGACGTTCCATTTGCTTGTAAAAAGATGTTA TT CG A 

AGAAACTCGTGTTACAATGGTGATCTTTAAAGATGGTGATGGTTTTG 

GTGTATCT AAGTTAGAAGTTAAAGA TCACATCAAAGAA TGCTTAATT 

GAACCATTACCATTAGGTACCGGTGAAAACTTATACTTTCAAGGCTC 

AGGTGGCGGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACC 

GGTTAATCTAGACTCGAG 

138 CATATGGTACCAACTATGATGAATATGAATTTTAAGTACTGTCACAA DiapoM 

GATTATGAAGAAACATTCAAAA TCA TTCAGTT A TGCTTTTGACTTAT phytoene ( S. 

TACCAGAAGACCAACGTAAAGCTGTTTGGGCAATTTACGCCGTGTGC aureus) 

CGCA.i\AATTGATGATTCTATTGATGTATATGGTGATATTCAATTCTT 

AAATCAGATTAAAGAAGACATACAAAGTATTGAAAAATATCCATAC 

GAACATCATCATTTTCAATCTGACAGACGTATTATGATGGCCTTACA 

GCATGTTGCTCAGCATAAAAACATTGCATTTCAATCATTCTACAATT 

TAATTGACACAGTATATAAAGA TCAACACTTT ACAA TGTTTGAAACA 

GATGCTGAACTTTTTGGTTATTGTTACGGTGTAGCTGGTACTGTGGG 

TGAAGTTTTAACTCCTATATTATCTGATCACGAAACACATCAAACTT 

ATGACGTTGC:CCGTCGTTTAGGAGAGTC:ATI'ACAGTTAATCAATATT 

C:TT AGAGA TGT AGGTGAAGAC:TTTGACAACGAAC:GTATTTAC:TTC:TC: 

TAAACAAC:GTTTAAAA.C:AATAC:GAAGTAGATATTGC:AGAAGTGTAC: 

C:AAAATGGTGTAAACAATCACTATATTGATTTATGGGAATATTAC:GC: 

TGCAA TTGCTGAAAAGGATTTTCAAGATGTTATGGAC:C:AAA TT AAAG 

TTTTC:TC:T A TTGAAGC:TCAGCC:AATTA TTGAGTT AGCTGCACGT A TI'T 

ATATCGAAA TTTTAGATGAAGTACGTC:AAGCT AACT ACACATTACAT 

GAAC:GTGTTTTTGTAGATAAACGTAAAAAGCiCTAAAC:TTTTTC:AC:GA 

AAA T AAAGGT ACCGGTGAAAACTTATACTTTCAAGGC:TC:AGGTGGC 

GGTGGAAGTGATTAC:AAAGATGATGATGATAAAGGAAC:C:GGTTAAT 

CTAGAC:TC:GAG 

139 I C:ATATGGTACC:AAAAATTGC:TGTTATTGGTGCTGGTGTTACC:C,(fATT Dia po-
i 
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140 

i AGCTGCTGCTGCTCGTA TTCJCTAGCCAAGGTCATGAAGTTACAATCT phytoene 

TCGAAAAAAACAATAATGTAGGTGGTCGTATGAATCAATTAAAAAA desaturase 

AGATGGTTTTACATTCGATATGGGACCTACAATTGTTATGATGCCAG , (S. aureus) 

ATGTATATAAAGATGTATTTACTGCTTGCGGTAAAAACTATGAAGAT 

TATATAGAGTTACGTCAACTTCGTT ACA TTT A TGACGTATATTTCGAT 

CACGATGA TCGTATTACTGTTCCAACTGATTTAGCTGAATTACAACA 

AATGTTAGAATCAATTGAACCTGGTAGTACACACGGATTTATGTCAT 

TTTTAACAGATGTGTACAAGAAATATGAAATCGCTCGCAGATATTTC 

TTAGAACGTACTTACCGTAAACCATCAGACTTCTACAATATGACCTC 

TTTAGTACAAGGTGCTAAACTTAAAACTTTAAATCACGCTGATCAAC 

TTATCGAACACTACATTGATAACGAAAAGATTCAAAAACTTTTAGCA 

TTCCAAACTCTTTATATCGGCATTGATCCAAAGCGTGGTCCTAGTTT 

ATATAGTATTATTCCTATGATTGAAATGATGTTCGGTGTACATTTTAT 

CAAAGGTGGTATGTATGGTATGGCTCAAGGATTAGCTCAACTTAACA 

AAGATTTAGGTGTTAATATTGAATTAAATGCTGAAATTGAACAAATC 

ATTATCGA TCCT AAATTCAAACGCGCAGA TGCAATT AAAGTTAA TGG 

TGACATTCGCAAA TTTGATAAGATTTTA TGT ACTGCTGACTTTCCTTC 

AGTTGCCGAATCACTTATGCCAGATTTCGCACCTATCAAAAAGTACC 

CTCCACATAAAA TTCJCAGA TTTAGATTATTCTTGTTCAGCTTTTCTTA 

TGTA TA TTGGTATTGACATCGACGTAACTGACCAAGTTCGTTTACAT 

AACGTAATTTTTAGCGACGATTTTCGTGGAAATATTGAAGAAATTTT 

CGAAGGTCCiCTT AAGTT ACGACCCA TCAA TCTA TGTTTA TGTACCAG 

CTGTAGCCGA TAAATCTTTAGCTCCTGAAGGTAAAACAGGCATTTAT 

GTGTTAATGCCTACTCCTCJAACTTAAA.A.CACJCJAT·CAGGTATTGi\.CTG 

GTCAGATGAGGCTTT AACTCAACAAATTAAAGAAA TCATTTA TCGTA 

AA TT AGCAACAA TTGAAGTATTTGAAGACA TTAAA TCACACA TTGT A 

TCAGAAACAA TTTTTACTCCTAA TGACTTTGAACAAACCTATCACGC 

TAAATTTGGTTCTGCTTTCGGTTTAA TGCCCACCTTAGCACAA TCTAA 

TTATTACAGACCTCAAAATGTGTCACGTGATTATAAAGACTTATATT 

TCGCAGGTGCATCAACACATCCAGGTGCTGGAGTTCCAATTGTATTA 

I ACAAGTGCCAAGATAACAGTAGACGAAATGATTAAAGATATTGAGC 

GTGGTGTGGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGC 

GGTGGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAAT 

CTAGACTCGAG 

i CATATGGTACCAGCATTTGACTTCGATGGTTACATGCTTCGTAAAGC 

I TAAA TCTGTAAAT AAAGCTCTTGAAGCTGCAGTACAAA TGAAAGAA 

CCATTAAAAATTCATGAAAGTATGCGTTATTCTTTATTAGCTGGTGG 

TAAACGTGTACGTCCAATGTTATGTATTGCAGCTTGTGAATTAGTTG 

GTGGTGACGAAAGTACTGCTATGCCTGCTGCTTGCGCTGTAGAAATG 

ATTCATACTATGAGTTTAATGCATGATGATTTACCATGTATGGATAA 
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TGACGA TTTACGTCGTGGT AAACCAACAAACCACATGGCA TTTGGTG 

AAAGTGTAGCAGTATTAGCAGGTGATGCATTATTATCTTTTGCTTTT 

GAACATGTAGCAGCAGCAACAAAAGGTGCTCCTCCAGAACGTATTG 

TTAGAGTTTTAGGTGAACTTGCAGTTTCTATTGGTTCAGAAGGTTTA 

GTTGCTGGACAAGTAGTTGACGTTTGTTCTGAAGGTATGGCTGAGGT 

TGGTTTAGATCATTTAGAATTTATTCATCACCACAAAACTGCTGCTTT 

ATTACAAGGTTCTGTAGTATTAGGTGCAATATTAGGTGGTGGAAAAG 

AAGAAGAGGTAGCAAAACTTCGTAAA TTCGCT AACTGCATTGGTTTA 

CTTTTCCAAGTAGT AGATGA TA TTCTTGATGT AACAAAA TCA TCTAA 

AGAA TTAGGTAAAACAGCAGGTAAAGA TTTAGTTGCTGATAAAACT 

ACTTATCCAAAATTAATCGGTGTTGAGAAAAGTAAAGAGTTCGCAG 

ACCGTTTAAA TCGTGAAGCTCAAGAACAACTTCTTCATTTTCATCCA 

I CATAGAGCAGCACCTTTAATCGCTTTAGCAAACTATATTGCTTATCG 

TGATAATGGTACCGGTGAAAATTTATATTTTCAAGGTTCAGGTGGCG 

GAGGTTCTGATTATAAAGATGATGA TGATAAAGGAACCGGTTAATC 

TAGACTCGAG 

141 CATATGGTACCAAGTCAACCTTACTGGGCAGCAA TTGAGGCAGATA GPPS-SSU 

TTGAACGTTACTT AAAAAAATCAA TT A CAA TTCGTCCACCAGAAACT (M. spicata) 

GTATTTGGTCCAATGCACCACTTAACTTTTGCTGCACCAGCTACAGC 

TGCTAGTACTTTATGTTTAGCAGCATGTGAACTTGTAGGTGGTGATC 

GTAGTCAAGCTATGGCTGCAGCAGCAGCAATCCATCTTGTTCATGCA 

GCTGCTTATGTACATGAACATTTACCATTAACTGATGGTAGTCGTCC 

AGTAAGTAAACCAGCTATCCAACATAAATATGGTCCAAATGTAGAA 

TTACTTACAGGTGACGGTATTGTACCATTTGGTTTTGAATTATTAGCA 

GGTTCTGTTGATCCAGCACGTACAGATGATCCAGACCGTATTTTACG 

TGTAATAATTGAAATAAGTCGTGCTGGTGGTCCAGAAGGTATGATTA 

GTGGTTTACATCGTGAAGAAGAGATTGTAGA TGGTAATACTTCTCTT 

GATTTTATTGAATACGTTTGCAAAAAAAAATATGGTGAAATGCACGC 

ATGTGGTGCTGCATGCGGTGCAATTTTAGGTGGTGCAGCTGAAGAA 

GAAA TTCAAAAACTTCGTAACTTCGGA TTAT A TCAAGGAACTTT ACG 

TGGTATGATGGAGATGAAAAACTCACACCAACTTATTGACGAAAAT 

ATCATTGGCAAACTTAAAGAATTAGCTTTAGAAGAATTAGGTGGATT 

TCATGGTAAAAATGCTGAATTAATGTCTAGTTTAGTAGCAGAACCAT 

CA TT ATATGCTGCTGGTACCGGTGAAAA TTT AT ACTTTCAAGGTTCT 

GGTGGTGGTGGCAGTGATTATAAAGACGATGATGACAAAGGAACCG 

GTTAATCTAGACTCGAG 

142 CATATGGTACCACTTTTATCTAACAAATTAAGAGAGATGGTTTTAGC GPPS (A. 

AGAAGTTCCTAAATTAGCATCTGCTGCTGAATA TTTCTTTAAACGTG tha!ania) 

GTGTTCAGGGTAAACAA TTCCGTTCAACAATTTTATTATT AA TGGCA 

ACAGCTCTTGACGTTCGTGTTCCAGAAGCA TTAA TTGGTGAATCTAC 

-148-



WO 2009/036067 PCT/US2008/075858 

TGATATTGTAACATCTGAATTACGTGTACGTCAACGTGGCATTGCTG 

AAATTACAGAAATGATTCATGTAGCATCACTTCTTCACGATGACGTT 

CTTGACGATGCTGATACTCGTCGTGGTGTTGGTAGTCTTAA TGTTGT 

AA TGGGAAACAAAA TGTCAGTTTTAGCAGGTGACTTCTT ACTTTCTC 

GTGCTTGTGGTGCTCTTGCAGCTCTTAAAAACACAGAAGTTGTAGCA 

TTATTAGCTACAGCAGTAGAACACTTAGTTACTGGTGAGACAATGGA 

AATAACTTCATCAACTGAACAACGTTATTCTATGGATTACTACATGC 

AGAAAACTTATTACAAAACTGCTTCATTAATTTCAAATTCATGTAAA 

GCAGTTGCTGTATTAACAGGTCAAACAGCTGAAGTTGCAGTATTAGC 

TTTTGAATATGGTCGTAATTTAGGTTTAGCTTTCCAGTTAATTGACGA 

CATTTTAGATTTCACAGGCACA TCTGCTAGTTT AGGAAAAGGTTCTT 

TATCAGATATACGTCATGGTGTTATTACTGCTCCTATCTTATTTGCAA 

TGGAAGAA TTTCCTCAA TT AAGAGAAGT AGTAGA TCAAGTAGAAAA 

AGA TCCAAGAAATGTAGACATAGCTTTAGAATATTTAGGTAAAAGT 

AAAGGTATTCAACGTGCTCGTGAA TTAGCAA TGGAACACGCAAA TT 

TAGCTGCTGCAGCTA TTGGTTCTTTACCTGAAACAGA TAACGAAGA T 

GTT AAACGTTCACGTCGTGCTTTAATTGA TTT AACACACAGAGTAA T 

TACACGT AACAAAGGTACCGGTGAGAATTTA TACTTTCAAGGTAGTG 

GTGGAGGAGGTAGTGACTATAAAGATGATGACGATAAAGGAACCGG 

TTAATCTAGACTCGAG 

143 CATATGGTACCAGTAGTTTCTGAACGTTT AAGACA TTCTGTAACAAC GPPS (C. 

TGGTATTCCAGCATTAAAAACAGCAGCTGAATATTTCTTTCGTCGTG reinhardtii) 
' I 

I GTATCGAAGGAAAACGTTTAAGACCTACATTAGCATTATTAATGAGT I 
AGTGCTTTATCACCAGCTGCTCCATCACCAGAGTATTTACAAGTTGA 

TACAAGACCTGCTGCAGAACACCCTCATGAAATGCGTCGTCGTCAAC 

AACGTTTAGCTGAAA TTGCAGAA TTAATCCATGTAGCTTCATTACTT 

CACGATGATGTTATTGATGACGCACAAACACGTCGTGGTGTTTTAAG 

TTTAAA TACATCTGTTGGTAA T AAAACAGCT ATCTTAGCAGGTGATT 

TCTTA TTAGCTCGTGCA TCTGTAACATTAGCTAGTTT AAGAAACTCT 

GAAATTGT AGAA TTAA TGTCACAGGTTTTAGAACACTTAGT A TCTGG 

TGAAATTATGCAAATGACTGCTACTTCAGAACAACTTTTAGATTTAG 

AACATTATTTAGCAAAAACATATTGTAAAACTGCTTCATTAATGGCT 

AA TAGTTCTCGTTCTGTTGCAGTTCTTGCAGGTClCAGCTCCTGAAGTT 

TGTGA TA TGGC:A TGGTCA T ACGGTC:GTCATTTAGGTA TTGCTTTCC:A 

AGTAGTTGACGATTTA TTAGATTT AACAGGTTCATC:TTC:TGTTTTAGG 

TAAACC:TGCTTTAAACGATATGCGTTC:TGGTTTAGCAACAGCAC:CAG 

TA TT A TTCGCTGCACAAGAAGAACCTGCATTACAGGCTCTTAT ATTA 

CGTCGTTTTAAACACGAC:GGTGACGTAACAAAAGCAATGTCATTAAT 

I 

TGAACGTACACAAGGCTTACGTCGTGCTGAAGAACTTGCAGCACAA 

C:ACGCAAAAGCTGCTGCTGATATGATTCGTTGCTTACCTACAGCTCA 
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144 

145 

ATCAGACCATGCAGAAATTGCTCGTGAAGCATTAATTCAAATTACAC 

ATCGTGTTTT AACACGTAAAAAAGGTACCGGTGAAAACTTATACTTT 

CAAGGTTCTGGTGGTGGTGGATCAGATTATAAAGATGATGATGACA 

AAGGAACCGGTTAATCTAGACTCGAG 

CATATGGTACCAGA TTTTCCACAACAA TTAGAAGCATGTGTT AAA CA 

AGCAAATCAAGCATTATCACGTTTCATCGCACCACTTCCATTCCAAA 

ATACTCCTGTTGTTGAAACAATGCAATATGGTGCATTATTAGGAGGT 

AAAAGATTAAGACCATTTCTTGTATATGCAACAGGTCACATGTTTGG 

AGTATCTACTAACACATTAGATGCTCCAGCTGCTGCAGTTGAATGTA 

TTCATGCATATAGTTTAATTCATGATGATTTACCTGCAATGGATGAT 

GATGACTTAAGAAGAGGTTTACCTACATGTCATGTTAAA TTTGGTGA 

AGCTAA TGCTA TTTTAGCTGGCGA TGCACTTCAAACTCTTGCATTCA 

GTA TTTTATCAGA TGCTGATA TGCCAGAAGTTTCAGA TCGTGA TCGT 

ATTTCTATGATATCTGAATTAGCTTCTGCTAGTGGTATTGCTGGTATG 

TGCGGTGGCCAAGCTCTTGATTTAGACGCAGAAGGAAAACACGTTC 

CTTTAGATGCTTTAGAGCGTATACATCGTCACAAAACAGGAGGTTTA 

ATTAGAGCTGCTGTTCGTCTTGGTGCTTTATCAGCTGGAGACAAAGG 

TCGTCGTGCTTTACCAGTTTTAGACAAA TACGCTGAAAGTATTGGTT 

T AGCTTTTCAAGTTCAGGATGA TA TCTTAGA TGTTGTAGGTGATACT 

GCTACTTTAGGTAAACGTCAAGGTGCTGATCAACAGTTAGGCAAATC 

TACATACCCAGCACTTTTAGGTTTAGAACAAGCTCGTAAAAAAGCA 

AGAGACTTAA TTGACGA TGCTCGTCAAAGTCTT AAACAATTAGCAG 

AACAATCACTTGATACAAGTGCTTTAGAAGCATTAGCAGATTACATT 

ATTCAACGTAATAAAGGTACCGGTGAAAATTTATATTTTCAAGGTTC 

TGGTGGTGGAGGTTCAGACT ATAAAGATGACGATGATAAAGGAACC 

GGTTAA TCT AGACTCGAG 

CA TA TGGT ACCAAGTGTT AGTTGTTGTTGTAGAAA TTT AGGAAAAAC 

TATCAAAAAAGCTATTCCA.AGTCACCA.CTTACATTTA.CGTTCTTTAG 

GTGGTAGTTT AT A TAGAAGACGTA.TTCAA TCA. TCTTCAA TGGAAACA 

GACTTAAAA.TCTA.CA.TTCTTAAATGTTTATTCAGTICTTAAATCAGAT 

TTATTACA.CGA.CCCA. TCA.TTTGAA TTTACA.AA TGA.A.A.GTCGTTTA TG 

GGTAGATAGAATGCTTGA.TTA.TAATGTTCGTGGCGGTAAACTTAA.TC 

GTGGTCTTTCTGTAGTAGA.CTCTTTCAAA TT ACTTAAACAAGGTAA T 

GATTTAACTGA.ACAAGAAGTTTTCTTA TCTTGTGCA. TT A.GGTTGGTG 

TATTGA.GTC,{;TTACAGGCTTACTTTTTA.GTTCTTGATGATATTATGGA 

TAATTCAGTTACACGTCGTGGTCAACCTTGTTGGTTTCGTGTA.CCAC 

AAGTTGGTATGGTAGCTATTAATGATGGCA.TTCTTCTICGTA.ACCAT 

ATTCATCGTATTCTTAAAA.AACA.CTTCCGTGA.TAAACCATA.TTATGT 

A.GATTTAGTTGACCTTTICAATGAAGT AGAGTTACAAACTGCATGTG 1 

GACAAATGATTGATTTAATCACAACATTTGAAGGTGAAAAAGACTT 
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AGCTAAATATAGTTTATCAATTCACCGTCGTATTGTTCAATACAAAA 

CTGCATATTACTCATTCTATTTACCAGTTGCATGTGCTCTTTTAATGG 

CTGGCGAAAATTTAGAAAACCACATTGA TGTT AAAAA TGTATTAGTA 

GATA TC>GGT ATTTACTTTCAAGTTCAGGATGATTATTTAGACTGTITT 

GCTGATCCTGAAACATTAGGT AAAATTGGCACTGA TATTGAGGACTT 

TAAATGTTCTTGGTTAGTTGTAAAAGCATTAGAACGTTGTAGTGAAG 

AACAAACAAAAATTCTTTACGAAAACTATGGCAAACCTGATCCA TCT 

AATGTTGCTAAAGTAAAAGATITATACAAAGAATTAGATTTAGAAG 

GCGTTTTCATGGAATATGAATCTAAATCATACGAGAAATTAACTGGT 

GCTATCGAAGGTCACCAATCTAAAGCAATTCAAGCTGTTC~TAAATC 

TTTCTTAGCAAAAATCTATAAACGTCAAAAAGGTACCGGTGAAAAC 

TTATACTTTCAAGGTAGTGGTGGCGGTGGTAGTGATTATAAAGATGA 

TGA TGA TAAAGGAACCGGTTAATCTAGACTCGAG 

146 CATATGGTACCAGCTGATCTTAAA TCAACA TTCTT AGATGTTTATTC FPP (A. 

AGTATTAAAAAGTGATTTATTACAAGATCCATCTTTTGAATTTACAC thalania) 

ACGAAAGTCGTCAATGGTTAGAACGTATGTTAGATTATAATGTTCGT 

GGAGGCAAATTAAACAGAGGTTTAAGTGTAGTAGACAGTTACAAAC 

TTTTAAAACAAGGTCAAGACTTAACAGAAAAAGAAACA TTTTTATCT 

TGTGCTTTAGGTTGGTGT A TTGAA TGGTT ACAAGCA TACTTCTT AGTT 

TTAGACGATATTATGGATAATTCTGTAACTAGACGTGGTCAACCATG 

TTGGTTTCGT AAACCAAAAGTAGGTA TGATTGCTATTAATGATGGAA 

T ACTTCTTCGTAACCACATTCATCGTATTCTTAAAAAACACTTTCGTG 

AAATGCCTTATTATGTAGACCTTGTAGACTTATTTAACGAAGTAGAA 

TTTCAAACAGCTTGTGGTCAAATGA TTGACTTAATTACAACA TTTGA 

TGGTGAAAAAGACCTTTCAAAATA TTCACTTCAGA TTCACCGTCGTA 

TTGTTGAGTACAAAACAGCATACTACTCTTTCTATTTACCTGTAGCAT 

GTGCTTT ACTTATGGCAGGTGAAAATTTAGAAAA TCACACAGA TGTT 

AAAACTGTATTAGTTGATATGGGTATCTATTTCCAAGTTCAAGATGA 

TTATTTAGATTGCTTCGCTGATCCAGAAACATTAGGTAAAATTGGTA 

CAGATATTGAAGACTTTAAATGTAGTTGGTTAGTAGTAAAAGCATTA 

GAACGTTGTAGTGAAGAACAAACAAAAATTCTTTACGAAAATTATG 

GAAAAGCTGAACCTTCAAATGTAGCTAAAGTTAAAGCATTATACAA 

AGAATTAGATTTAGAGGGTGCATTTATGGAATATGAAAAAGAATCA 
' 

TACGAGAAACTTACAAAACTTATTGAAGCACATCAATCAAAAGCTA 

TTCAAGCAGTTCTTAAA TCTTTCTTAGCT AAAA TTT ATAAACGTCAA 

AAAGGTACCGGTGAAAACTTATACTTTCAAGGCTCTGGAGGTGGTG 

GTTCAGACTATAAAGATGATGATGATAAAGGAACCGGTTAATCTAG 

ACTCGAG 

147 CATATGGTACCAAGTGGCGAACCTACTCCAAAAAAAATGAAAGCAA FPP (C. 

CATACGTTCACGACCGTGAAAACTTTACAAAAGTATACGAAACTCTT reinhardtii) 
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CGTGACGAA TT ACTT AACGATGATTGTCTTAGTCCAGCTGGTTCACC 

TCAGGCTCAAGCTGCTCAAGAGTGGTTTAAAGAAGTTAATGATTATA 

ATGTTCCTGGTGGAAAACTTAACCGTGGTATGGCTGTATATGACGTT 

TTAGCTTCAGTTAAAGGTCCAGATGGTTT AAGTGAAGACGAAGTATT 

TAAAGCTAACGCTCTTGGTTGGTGTATTGAGTGGTT ACAAGCATTTT 

TCTTAGTTGCTGATGATATAA TGGA TGGTTCAA TTACACGTCGTGGC 

CAACCTTGTTGGTACAAACAACCTAAAGTTGGTATGATTGCTTGTAA 

TGATTACATCTTATTAGAATGCTGTATTTACTCAATTCTTAAAAGAC 

A TTTTAGAGGTCACGCTGCATACGCTCAACTTA TGGACCTTTTCCAT 

GAAACTACATTCCAGACTTCACACGGTCAATTATTAGATTTAACAAC 

AGCACCTATCGGTTCTGTAGACTTATCAAAATATACAGAAGATAATT 

ACCTTCGTATTGTAACATATAAAACTGCATACTATTCTTTTTATTTAC I 
CTGTAGCATGTGGTATGGTATTAGCTGGCATTACAGATCCAGCTGCT 

TTTGATCTTGCAAAAAATATTTGTGTTGAAATGGGTCAATATTTCCA 

GA TTCAAGACGATTATTT AGATTGCTATGGTGACCCTGAGGTTA TTG 

GT AAAATCGGTACAGACATAGAAGACAACAAA TGTAGTTGG1TAGT 

TTGCACAGCTCTTAAAATCGCAACAGAAGAACAAAAAGAGGTTATA 

AAAGCTAATTATGGTCACAAAGAGGCTGAATCAGT AGCAGCAA TT A 

AAGCATTATACGTTGAATTAGGTATTGAACAACGTTTTAAAGACTAT 

GAAGCTGCATCATACGCAAAATTAGAAGGTACAATTAGTGAACAAA 

I CTTTATTACCTAAAGCAGTATTTACTTCTTTATTAGCTAAAATCTATA 
I 

AAAGAAAAAAAGGT ACCGGTGAGAACTT AT ACTTTCAAGGT AGTGG I 

AGGTGGTGGTTCAGACTATAAAGATGATGATGATAAAGGAACCGGT 

TAATCTAGACTCCLA.Ci 

148 CATATGGTACCACAAACTGAACATGTTATCTTATTAAACGCTCAAGG !PP 

TGTTCCTACAGGTACATTAGAAAAATATGCTGCACACACTGCTGATA 1son1erase 

CTCGTTTACACTTAGCTTTCTCA TCTTGGTTATTCAA TGCTAAAGGTC (E.coli) 

AACTTTTAGTTACAAGACGTGCATTAAGTAAAAAAGCATGGCCTGGT 

GTTTGGACTAACTCAGTTTGTGGTCATCCACAA TTAGGTGAAAGTAA 

TGAAGATGCAGTTATACGTCGTTGCAGATATGAATTAGGTGTTGAAA 

TAACTCCACCAGAA TCAA TTTATCCAGATTTCCGTTATCGTGCAACT 

GATCCTAGTGGTATCGTTGAAAACGAAGTATGTCCTGTTTTTGCTGC 

ACGTACAACAAGTGCATTACAAATTAATGATGATGAAGTAATGGAT 

TATCAATGGTGTGACTTAGCTGATGTTTTACATGGTATTGATGCAAC 

ACCATGGGCATTTTCACCATGGATGGTAATGCAAGCAACAAATCGT 

GAAGCACGTAAAAGATTAAGTGCTTTTACACAGTTAAAACKJTACCG 

GTGAAAACTTATACTTTCAAGGTAGTGGAGGTGGTGGTTCTGACTAT 

AAAGATGACGATGATAAAGGAACCGGTTAATCTAGACTCGAG 
I 

149 CATATGGTACCACTTCGTAGTTTATTAAGAGGTTTAACACACATTCC I !PP 

I 

TCGTGTT AA TAGTGCTCAGCAACCTTCTTGCGCTCACGCTCGTCTTCA isomerase 
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ATTTAAACTTCGTTCTATGCAATTATTAGCAGAAAACCGTACAGATC (H. pluvalis) 

ACATGCGTGGTGCTTCTACATGGGCAGGTGGTCAGTCTCAAGATGAA 

TTAATGCTTAAAGATGAATGTATCTTAGTAGATGCTGATGATAACAT 

TACTGGTCACGCTTCTAAA TT AGAA TGTCACAAATTTCTTCCACATC 

AACCAGCTGGA TTATTACACCGTGCTTTTTCTGTA TTTCTTTTCGACG 

ATCAAGGTCGTTTACTTTTACAACAACGTGCTCGTAGT AAAA TT A CA 

TTTCCATCTGTATGGGCTAATACATGTTGTAGTCATCCATTACATGGT 

CAAACACCAGATGAAGTAGATCAACAATCACAAGTAGCAGACGGAA 

CTGTACCAGGTGCAAAAGCTGCTGCAATCAGAAAATTAGAACATGA 

A TTAGGTA TTCCAGCTCACCAA TTACCAGCATCAGCTTTTCGTTTCTT 

AACACGTCTTCACTA TTGTGCAGCTGACGTTCAACCTGCAGCAACAC 

AATCTGCATTATGGGGTGAACACGAAATGGATTACATTTTATTCATT 

AGAGCTAATGTTACACTTGCTCCTAATCCTGACGAAGTAGATGAGGT 

ACGTTATGTAACTCAAGAAGAATTAAGACAAATGATGCAACCAGAT 

I 
AATGGTTTACAATGGTCACCATGGTTCCGTATTATTGCAGCAAGATT 

TTTAGAACGTTGGTGGGCTGATTTAGATGCTGCATTAAATACAGATA 

AACATGAAGACTGGGGAACAGTTCATCACATTAACGAAGCTGGTAC 

CGGTGAAAACTT ATACTTTCAAGGATCAGGAGGCGGTGGAAGTGA T 

TATAAAGATGATGATGATAAAGGAACCGGTTAATCTAGACTCGAG 

150 CATATGGTACCAAGAAGATCAGGCAATTATAACCCAACAGCATGGG Lin1onene 

ACTTCAATTATATCCAATCATTAGACAATCAATACAAAAAAGAACGT (L 

TACTCTACTCGTCACGCTGAATT AACAGTTCAAGTT AAAAAA TT A TT angustifolia) 

AGAAGAAGAAATGGAAGCTGTTCAAAAACTTGAACTTATAGAGGAT 

CTTAAAAACTTAGGCATTTCTTACCCATTTAAAGATAATATTCAACA 

AATCTTAAATCAAATTTACAATGAACACAAATGTTGTCACAACTCAG 

AAGTTGAAGAAAAAGACCTTTATTTCACTGCTTTACGTTTTAGATTA 

TTACGTCAACAAGGTTTTGAAGTAAGTCAAGAAGTATTTGATCACTT 

TAAAAACGAAAAAGGTACAGA TTTTAAACCT AA TTTAGCAGATGAT 

ACTAAAGGATTATTACAATTATATGAAGCATCATTCTTATTACGTGA 

AGCAGAAGACACATTAGAACTTGCTCGTCAATTCTCTACTAAACTTT i 

TACAAAAAAAAGTTGATGAAAACGGTGACGAT AAAATTGAAGATAA 

CTTATTACTTTGGATTAGACGTAGTTTAGAATTACCATTACATTGGC 

GTGTACAAAGATTAGAAGCTCGTGGCTTTTTAGATGCTTACGTTCGT 

AGACCTGATATGAATCCTATTGTATTTGAATTAGCAAAATTAGACTT 

TAACA TT ACTCAAGCAACACAACAAGAAGAACTTAAAGATTTATCA 

AGATGGTGGAA TAGTACTGGCTTAGCTGAAAAACTTCCTTTTGCTCG 

TGATCGTGTAGTTGAA TCATATTTCTGGGCTA TGGGT ACTTTTGAAC 

CACATCAATACGGATACCAACGTGAATTAGTTGCTAAAATCATTGCA 

CTTGCTACAGTTGTAGACGATGTTTACGATGTATATGGTACTTTAGA 

GGAATTAGAACTTTTTACTGATCJCTATTCGTCGTTGGGACCGTGAAT 
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CTATTGACCAATTACCATATTACATGCAATTATGTTTTCTTACTGTAA 

ACAACTTTGTTTTTGAGTTAGCTCACGACGTATTAAAAGATAAATCA 

TTCAA TTGTTTACCTCATTTACAAAGATCATGGTTAGATTTAGCTGA 

AGCATACCTTGTAGAAGCAAAATGGTATCATAGTCGTTATACACCTT 

CTTTAGAAGAA TA TCTT AA TATTGCTCGTGTTTCAGT AACATGTCCA 

ACTATTGTTTCTCAAATGTATTTTGCATTACCAATTCCAATCGAAAA 

ACCTGTAATTGAGATCATGTACAAATATCACGATATCTTATACTTAT 

CAGGTA TGTTA TTACGTTTACCAGATGACTTAGGAACAGCATCA TTC 

GAACTTAAACGTGGTGATGTACAAAAAGCAGTTCAATGTTATATGA 

AAGAACGTAATGTTCCTGAAAATGAAGCTCGTGAACATGTTAAATTC 

TTAATTCGTGAGGCTTCTAAACAAATTAATACAGCAATGGCAACAG 

I 
ACTGTCCA TTTACAGAAGATTTTGCAGTTGCAGCAGCAAACTTAGGT 

I 
CGTGTAGCAAATTTTGTATATGTTGATGGTGATGGTTTTGGAGTACA 

ACACAGTAAAATCTATGAGCAAATTGGTACACTTATGTTTGAACCAT 

ATCCAGGTACCGGTGi\AAACTTATACTTTCAAGGTAGTGGTGGTGGA 

GGTTCTGATTACAAAGACGATGATGATAAAGGAACCGGTTAATCTA 

GACTCGAG 

151 CATATGGTACCAAGAAGAAGTGGAAACTATAAACCTACAATGTGGG Mono-

ATTTTCAATTTATTCAAAGTGTAAATAATCTTTACGCTGGTGATAAA tcrpenc (S. 

TACATGGAACGTTTCGATGAAGTAAAAAAAGAAATGAAAAAAAACT 1ycopersicu 

TAATGATGATGGTTGAGGGTTTAATAGAGGAATTAGATGTTAAATTA m) 

GAATTAATAGATAATTTAGAAAGATTAGGTGTTAGTTATCATTTCAA 

AAATGAAATAATGCAAATCCTTAAATCTGTACACCAGCAAATCACTT 

GTCGTGATAATTCATTATACTCTACTGCATTAAAATTTCGTTTATTAC 

GTCAACACGGA TTCCACATTAGTCAAGACATCTTTAACGATTTT AAA 

GATATGAATGGCAATGTTAAACAAAGTATCTGTAACGATACTAAAG 

GTTTATTAGAACTTTATGAAGCATCTTICTTATCTACTGAATGTGAAA 

CAACACTTAAAAACTTCACTGAAGCACACTTAAAAAATTATGTTTAT 

ATTAACCACTCATGTGGAGATCAATACAATAACATAATGATGGAATT 

AGTTGTTCACGCTTTAGAATTACCACGTCACTGGATGATGCCTCGTT 

TAGAGACACGTTGGTATATATCAATTTATGAACGTATGCCTAATGCT 

AATCCACTTTTACTIGAACTTGCTAAATTAGACTTCAATATIGTICAA 

GCTACACACCAACAAGACTIAAAATCA TTA TCACGTIGGTGGAAAA 

ACATGTGTTTAGCTGAAAAATTATCATTTTCTCGTAACCGTTTAGTA 

GAAAATCTTTTCTGGGCAGTTGGAACTAATTTTGAACCACAACACAG 

TTATTTCCGTCGTTT AA TCACT AAAATCATTGTTTTTGTTGGTATT AT 

TGATGATATTTATGATGTTTACGGCAAACTTGATGAGTTAGAATTAT 

TCACTTTAGCTGTACAACGTTGGGATACAAAAGCAATGGAAGACTT 

ACCATATIACATGCAAGTTTGTTATTIAGCTTTAATTAATACAACAA 

ATGATGTTGCTTATGAAGTTCTTCGTAAACATAACATTAATGTATTA 
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CCATACTTAACTAAATCTTGGACAGACTTATGTAAATCATATTTACA 

AGAAGCTCGTTGGTACTACAA TGGTTACAAACCTTCATTAGAGGAA T 

ATATGGATAATGGTTGGATTAGTATAGCAGTTCCTATGGTATTAGCA 

CATGCACTTTTCTTAGTTACAGATCCAA TTACAAAAGAAGCATTAGA 

ATCATTAACAAACTATCCTGATATTATTCGTTGCTCAGCTACAATATT 

CCGTTTAAA TGATGATCTTGGT ACAAGTTCAGATGAA TT AAAACGTG 

GAGATGTACCAAAATCAATTCAATGCI'ATATGAACGAAAAAGGCGT 

TTCAGAGGAAGAAGCTCGTGAACATATTCGTTTCTTAATCAAAGAAA 

CATGGAAATTCATGAACACTGCACACCATAAAGAGAAAAGTTTATT 

TTGTGAGACATTTGTAGAAA TTGCAAAAAATATTGCAACAACAGCTC 

ATTGT A TGTACTT AAAAGGTGATTCTCACGGT A TTCAAAACACTGA T 

I GTTAAAAACTCAATAAGTAATATACTTTTCCATCCAATTATTATCGG ' 
TACCGGTGAAAACCTTTACTTTCAAGGTTCAGGTGGTGGCGGTTCAG 

ACTATAAAGATGACGATGATAAAGGAACCGGTTAATCTAGACTCGA 

G I 
152 CATATGGTACCAAGACGTAGTGGAAATTATGAGCCATCTGCATGGG Ter-

ACTTCAATTACTTACAATCTCTTAATAATTATCACCATAAAGAAGAA pinolenc (0. 

CGTT ACTTACGTCGTCAAGCTGATTTAATTGAAAAAGT AAAA<\.TGAT basilicun1) 

TCTTAAAGAAGAGAAAATGGAAC,CATTACAGCAATTAGAACTTATA 

GACGATCTTCGTAA TTTAGGTCTTTCAT A TTGTTTTGATGATCAAA TT 

AATCATATTCTTACAACAATTTACAACCAACATTCTTGTTTCCATTAT 

CACGAAGCTGCAACAAGTGAAGAAGCT AACTT ATATTTCACAGCTTT 

I AGGTTTCCGTTTACTTCGTGAACACGGATTCAAAGTATCACAAGAAG 
I 

TATTTGACCGTTTCAAAAATGAAAAAGGTACAGATTTTCGTCCAGAT 

TTAGTAGATGATACTCAAGGTTTATTACAACTTTATGAAGCATCTTT 

CCTTCTTCGTGAAGGTGAAGACACTTTAGAATTTGCACGTCAATTTG 

CTACTAAATTTCTTCAAAAAAAAGTTGAGGAGAAAATGATAGAAGA 

GGAAAATCTTTTATCTTGGACTTTACATTCACTTGAATTACCATTACA 

TTGGCGT A TACAACGTTTAGAAGCT AAATGGTTTTTAGATGCTTATG 

CTAGTCGTCCTGATATGAATCCAATAATCTTTGAATTAGCAAAATTA 

GAATTT AACATTGCTCAGGCACTTCAACAAGAAGAACTT AAA GA TTT 

ATCAAGATGGTGGAACGATACTGGTATTGCTGAAAAATTACCTTTCG 

CTCGTGATAGAATCGTTGAA TCTCA TTATTGGGCAATTGGTACTTTA 

I GAACCTTATCAATACCGTTATCAGCGTTCATTAATTGCAAAAATCAT 

TGCTTTAACTACAGTTGTTGATGATGTATATGATGTTTACGGTACATT 

AGACGAA TT ACAGTTATTTACTGA TGCAATTCGTCGTTGGGACATTG 

AAAGTATAAATCAATTACCTTCTTATATGCAATTATGTTATTTAGCTA 

TTTATAATTTCGTATCAGAATTAGCTTATGATATTTTCAGAGATAAA 

GGTTTT AA TTCTTTACCATATTTACACAAAAGTTGGCTTGACTTAGTT 

GAGGCTTACTTTCAAGAAGCAAAATGGTATCATTCTGGCTACACACC 

-155-



WO 2009/036067 PCT/US2008/075858 

ATCATTAGAACAATACTTAAATATCGCTCAAATTTCTGTAGCAAGTC ' 
CAGCTA TATTAAGTCAAA TTTACTTTACTATGGCTGGTTCAA TTGAT 

AAACCAGTAATCGAATCAATGTACAAATATAGACACATTTTAAACTT 

ATCTGGTATATTACTTAGATTACCAGATGACTTAGGTACTGCTAGTG 

ATGAATTAGGTCGTGGTGATTTAGCAAAAGCAATGCAATGTTACATG 

AAAGAGCGT AACGTTTCTGAAGAAGAAGCTCGTGATCA TGTACGTTT I 
CTTAAA TCGTGAGGTTTCAAAACAAATGAA TCCTGCTCGTGCTGCTG 

ATGATTGTCCATTCACTGATGATTTTGTAGTAGCTGCTGCTAA TTTAG 

GAAGAGTTGCAGATTTCATGT ATGTTGAAGGCGATGGTTTAGGTTf A 

CAA TACCCAGCTATCCACCAACACATGGCAGAACTTTTATTICACCC 

TT ACGCAGGT ACCGGTGAAAACTT AT ACTTICAAGGTTCAGGTGGTG 

GAGGTTCTGACTATAAAGATGATGATGATAAAGGAACCGGTTAATC 

TAGACTCGAG 

153 CATATGGTACCAAGAAGATCAGGAAATTATCAACCTAGTGCATGGG Myrcene (0. 

ATTTTAACTATATCCAATCTCTTAATAACAACCATICTAAAGAAGAA basilicu.n1) 

CGTCACTTAGAGCGTAAAGCAAAACTTATTGAAGAAGT AAAAATGT 

TATTAGAGCAAGAAATGGCTGCTGTACAACAATTAGAGCTTATTGA 

AGACCTTAAAAACTTAGGTTTATCTTACTTATTCCAAGATGAAATCA 

AAA T AA TCCTT AA TTCT A TTT ACAA TCATCA T AAATGTTTICA TAA TA 

ATCACGAACAATGTATTCACGTTAATAGTGACTTATACTTTGTTGCA 

TTAGGCTTCCGTTTATTTCGTCAACATGGTTICAAAGTTTCTCAAGA.G 

GTTTTIGACTGTTTTAAAAACGA.AGAAGGATCAGACTTTAGTGCTA.A 

CTTAGCAGA TGATACTAAAGGTTTACTTCAATT ATA.CGAGGCTTCAT 

ATTTAGTTA.CA.GAAGATGAAGACACATTAGAAATGGCACGTCAATT 

TTCAACTAAAATCTTA.CAAAAAA.AAGTAGAAGAGAAAATGA.TTGAG 

AAAGAGAA.CTTATTAAGTTGGA.CTTTACATAGTTI AGAATTACCACT 

TCACTGGCGTATTCAACGTTTAGA.AGCAAAA TGGTTCCTIGATGCTT 

A.TGCTAGTCGTCCAGA.TATGAATCCAATTATTTTTGAATTAGCTAAA 

TTAGAGTTTAACA TTGCTCAAGCATTACAACAAGA.AGAA. TTAAAAG 

A. TTTAAGTAGA. TGGTGGAA. TGATACAGGCATTGCTGAA.A.AA. TT A.CC1 

TTTGCTCGTGATAGAATAGTAGAGA.GTCATTA.CTGGGCAATTGGTAC 

TTTAGAACCTTA.TCAATATAGA.TA.TCAACGTTCATTAATTGCTA.AAA 

TT A. TTGCTTTAACAA.CAGTTGTTGATGACGTIT ACGACGTATATGGA 

A.CTTTAGA.TGAATTA.CAGTTATTTACAGACGCTA.TICGTCGTTGGGA 

TATTGAATCTA.TTAATCAATTACCAAGTTATATGCA.ATTATGCTA.TTT 

AGCTATTTATAACTTTGTITCTGAATIAGCATACGATATTTTTCGTGA. 

CAA.AGGATICAATTCTTTA.CCTTACCTTCATAAATCATGGTTAGATTT 

A.GTA.GA.A.GCATACTTTGTTGAAGCTAAA TGGTTTC:ATGATGGTTAT A 

CTCCAAC:TC:TTGAAGAATA.TTTAAATAAC:TC:A.AAAATTACTATTATA 

TGTCCTGCTATTGTTAGTGAAATCTAC:TTC:GC:ATTCGC:TAATTC:AATT 
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GATAAAACAGAAGTTGAATCAATCTACAAATATCACGATATTTTATA 

TTTATCAGGAA TGCTTGCACGTTT ACCAGACGACTTAGGTACTTCAT 

CATTTGAAATGAAAAGAGGTGATGTTGCTAAAGCTATTCAATGTTAC 

ATGAAAGAACATAATGCTTCAGAGGAAGAAGCTCGTGAACACATTC 

GTTTCTTAATGCGTGAAGCATGGAAACACATGAATACTGCTGCAGCT 

GCTGATGACTGTCCATTTGAA TCTGATTT AGTAGTAGGTGCTGCATC 

ATTAGGTAGAGTTGCAAACTTTGTATATGTTGAAGGTGACGGTTTTG 

GTGTACAACATTCAAAAATACA TCAACAAATGGCTGAA TTACTTTTT 

TATCCATATCAAGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGG 

AGGTGGTGGTAGTGACTATAAAGACGATGACGATAAAGGAACCGGT 

TAATCTAGACTCGAG 

154 CAT ATGGTACCAAGAAGAAGTGCT AA TTATCAAGCAAGTATTTGGG Zingibcrcnc 

ATGATAA TTTCATTCAAAGTCTTGCA TCTCCTTA TGCAGGAGAAAAA (0. 

TATGCAGAAAAAGCAGAAAAACTTAAAACAGAAGTTAAAACTATGA basilicum) 

TTGATCAAACAAGAGA TGAACTT AAA CAA TTAGAACTTA TTGATAA 

CTT ACAACGTTTAGGTATATGTCATCACTTTCAAGACCTTACAAAAA 

AAA TTTTACAAAAAA TTT ATGGAGAAGAACGT AACGGAGATCACCA 

ACATTACAAAGAAAAAGGCTTACATTTTACAGCATTACGTTTCCGTA 

TTTTACGTCAGGACGGTT A TCA TGTTCCACAAGA TGT ATTTTCATCA T 

TTATGAATAAACiCTGGTGACTTTGAAGAATCTTTAAGTAAAGACACA 

AAAGGTTTAGTTAGTTTATATGAGGCTTCTTACTTATCAATCKJAAGG 

TUAAACTATTTTAUATATGGCAAAAGACTTTTCATCTCACCATTTAC 

ATAAAATGGTTGAAGATGCTACTGACAAACGTGTAGCTAATCAAAT 
I 

TATCCATTCTCTTGAAATGCCACTTCACAGACGTGTTCAAAAACTTG 

AAGCAATTTGGTTTA TTCAATTCTACGAA TGCGGCTCTGA TGCT AA T 

CCAACTTTAGTAGAA TT AGCAAAA TTAGATTTCAACA TGGTTCAGGC: 

AACATACCAAGAAGAATTAAAAC:GTTT ATCACGTTGGTATGAAGAA 

I 
ACACKiCTTACAAGAGAAAC:TTTCATTCGCTCGTCACCGTCTTGCTGA 

AGCATTCTT ATGGTCTA TGGGTATTATTCCAGAAGGACACTTTGGTT 

A TGGTC:GTA TGC:AC:TT AATGAAAA TTGGTGC:TT AC:A TT AC:A TT ACTT 

GATGATATTTATGATGTTTATGGTAC:TTTAGAAGAAC:TTC:AAGTATT 

AAC:AGAAATTATTGAAC:GTTGGGATATTAAC:TTATTAGATC:AATTAC: 
' CTGAATAC:ATGC:AAATC:TTC:TTTTTATAC:ATGTTTAATTC:TAC:AAATG 

AAC:TTGC:TT A TGAAA TTTTAC:GTGA TC:AAGGTA TC:AA TGT AAT A TC:A 
i 

AAC:TTAAAAGGATTATGGGT AGAGTTATC:TC:AGTGTTACTTTAAAGA 

AGC:TAC:TTGGTTC:C:ATAAC:GGTTACACAC:CAAC:AAC:TGAAGAATATC: 

TTAATGTTGC:TTGTATTTC:TGCTAGTGGTC:CTGTTATTTTATTTTCAG 

GTTACTTTAC:TAC:TAC:TAATC:C:TATTAATAAAC:AC:GAATTAC:AATC:TT 

TAGAACGTC:AC:GC:AC:ATTCATTATC:TATGATATTACGTTTAGC:TGAT 

GATTTACKiTAC:A TC:AAGTGATGAAATGAAACGTGGAGA TGTAC:C:AA 
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I 
AAGCTA TTCAA TGTTTTATGAA TGACACTGGTTGTTGTGAAGAAGAA 

GCACGTCAACACGTAAAAAGATTAATAGATGCTGAATGGAAAAAAA 

TGAACAAAGACA TCTT AA TGGAGAAACCATTTAAAAA TTTTTGTCCA 

ACTGCTATGAATTTAGGTCGTATTTCTATGAGTTTTTATGAACACGG 

AGATGGTTATGGAGGTCCTCACTCTGATACAAAAAAAAAAATGGTA 

TCTTTATTTGTACAACCAA TGAA TA TT ACTA TTGGTACCGGTGAAAA 

CCTTTATTTTCAAGGTTCTGGTGGTGGCGGTTCAGATTA TAAAGA TG 

ATGACGACAAAGGAACCGGTTAATCTAGACTCGAG 

155 CA TATGGT ACCAAGACGTTCAGCT AACTA TCAACCTAGTATTTGGAA Myrcenc (Q. 

CCACGATTACATTGAATCACTTCGTATCGAATATGTTGGTGAAACAT ilex) 

GTACACGTCAAATTAACGTTTTAAAAGAACAAGTTCGTATGATGTTA 

CACAAAGTTGTTAATCCATTAGAACAATTAGAATTAATTGAAATTTT 

ACAACGTTTAGGTTTAAGTTACCATTTCGAAGAAGAAATAAAACGT 

ATTTTAGATGGTGTTTACAATAACGATCATGGTC,(JTGATACATGGAA 

AGCAGAAAACCTTTATGCAACAGCTCTTAAA TTCCGTCTTTT A CG TC 

AGCACGGTTATTCTGTTTCTCAAGAAGTTTTCAACTCTTTTAAAGATG 

AGCGTGGCAGTTTCAAAGCATGTTTATGTGAAGATACTAAAGGTATG 

TTATCACTTTA TGAAGCATCTTTCTTTCTTA TTGAAGGTGAAAACA TT 

TT AGAGGAAGCT AGAGACTTT AGT ACAAAACA TCTTGAAGAA TA TG 

TAAAACAAAAT AAAGAGAAAAACTT AGCTACTTTAGTTAATCACTC 

ATTAGAATTTCCATTACATTGGCGTATGCCTCGTTTAGAAGCTCGTT 

GGTTCATCAATATCTATCGTCATAA TCAAGATGT AAATCCAA TCCTT 

I 

TT AGAA TTTGCTGAACTTGACTTCAA TATTGTACAAGCTGCTCACCA 

AGCAGATTT AAAACAAGTA TCAACATGGTGGAAATCAACTGGTTTA 

' GTAGAAAA TCTTTCATTCGCTCGTGATCGTCCTGTAGAAAACTTCTTT 

TGGACAGTTGGTCTTATTTTCCAACCACAATTCGGTTATTGTCGTAG 

AATGTTTACTAAAGTATTCGCATTAATTACTACAATTGATGACGTAT 

ATGATGTATATGGTACTTTAGATGAATTAGAACTTTTCACAGACGTT 

GTTGAAAGATGGGATATTAATGCAATGGATCAATTACCTGATTATAT 

GAAAATTTGCTTTTTAACATTACACAATAGTGTTAACGAAATGGCAT 

TAGACACTATGAAAGAACAACGTTTTCACATCATTAAATACCTTAAA 

AAAGCA TGGGTTGATCTTTGTCGTTATTACTTAGTTGAAGCTAAA TG 

' i GTATAGTAATAAATATAGACCTTCTTTACAAGAATACATTGAAAATG 

CA TGGATTTCAA TTGGTGCTCCAACT A TTTTAGTTCA TGCA TA TTTCT 

TCGTTACAAATCCAATTACAAAAGAAGCATTAGACTGTTTAGAAGA 

ATATCCAAACATTATTCGTTGGAGTAGTATTATTGCACGTTTAGCTG 

ATGATTTAGGTACTTCAACAGACGAATTAAAACGTGGTGACGTACC 

AAAAGCAATTCAATGTTATATGAATGAAACAGGTGCTTCAGAAGAA 

GGTGCTCGTGAGT ACATTAAAT ACTTAA TTTCTGCT ACTTGGAAAAA 

AATGAACAAAGATAGAGCAGCATCAAGTCCATTTTCACATATCTTCA 
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TTGAAA TTGCTCTTAA TTTAGCACGT ATGGCACAATGTTTAT A TCAA 

CACGGTGACGGCCACGGTTTAGGTAACCGTGAAACAAAAGATCGTA 

TACTTTCATTACTTATTCAACCAATTCCATTAAACAAAGATGGTACC 

GGTGAGAACTTATACTTTCAAGGCTCAGGTGGTGGTGGTTCTGATTA 

CAAAGATGATGATGATAAAGGAACCGGTTAATCTAGACTCGAG 

156 CATATGGT ACCAAGAAGAA TTGGAGACTATCACTCAAACTTATGGA Myrcene (P. 

ATGATGACTTCATTCAATCATTAACAACACCATACGGTGCTCCATCA abies) 

TATATTGAACGTGCTGATAGATTAATATCTGAAGTAAAAGAAATGTT I 

TAATAGAATGTGTATGGAAGATGGTGAGTTAATGTCTCCATTAAATG 

ATCTTATTCAAAGATT ATGGACTGTTGA TAGTGTTGAACGTTTAGG'f 

ATAGATCGTCACTTCAAAAATGAAATAAAAGCTAGTTTAGATTATGT 

ATACTCATACTGGAACGAAAAAGGTATCGGTTGTGGTCGTCAATCA 

GTAGTT ACAGATTTAAACTCTACTGCTCTTGGA TTAAGAA TTTTACG 

TCAACATGGTT ACACAGTTTCAAGTGAAGTTTT AAAAGTTTTTGAAG 

AAGAAAACGGTCAATTTGCTTGTTCACCTTCACAGACTGAGGGCGA 

AA TTCGTTCATTCTTAAACTT ATA TCGTGCTTCATTAA TTGCTTTTCC 

TGGTGAAAAAGT AATGGAAGAAGCTCAAATCTTTTCTAGTCGTTACT 

TAAAAGAAGCAGTTCAGAAAA TTCCAGTTTCAGGTTTATCTCGTGAA 

ATAGGCGATGTTTTAGAATATGGTTGGCACACAAACTTACCTCGTTG 

GGAAGCTCGTAACTATATGGACGTATTCGGTCAAGACACAAATACA 

TCATTCAACAAAAACAAAATGCAATATATGAATACAGAGAAAATTC: 

TTCAATTAGTAAAl\.TTAGAGTTTAATATCTTTCATTCATTACAACAA 

CGTGAA TT A CAA TGTTTA TTACGTTGGTGGAAAGAAAGTGGTCTTCC 

ACAATTAACATTTGCACGTCACCGTCACGTTGAA TTTTACACTTTAG 

CTTCTTGTATTGCATGTGAACCAAAACACAGTGCATTTCGTTTAGGT 

TTTGCAAAAATGTGTCACTTAGTAACAGTTTTAGATGATGTAT A TGA 

CACATTTGGCAAAA TGGATGAATT AGAACTTTTTACTGCAGCTGTTA 

AACGTTGGGACTT ATCAGAAACTGAGCGTTTACCTGAGTA T ATGAAA 

GGTTTATATGTTGTAGTTTTCGAGACTGTTAATGAA TTAGCACAAGA 

AGCAGAGAAAACTCAAGGACGTAATACATTAAATTACGTTCGTAAA 

GCATGGGAAGCATACTTCGATAGTTATATGAAAGAAGCAGAATGGA 

TCTCAACAGGCTATTTACCAACATTCGAAGAGTATTGTGAAAACGGT 

AAAGTATCAAGTGCATATAGAGTTGCTGCACTTCAACCTATTTTAAC 

A TTAGA TGT ACAACTTCCAGA TGACA TCTTAAAAGGTA TTGA TTTTC 

CATCTCGTTTCAATGATTT AGCA TCTTCATTTCTTCGTTTACGTGGAG 

ATACTAGATGTTACGAGGCTGATCGTGCTCGTGGTGAAGAAGCAAG 

TTGTATTTCTTGTTACA TGAAAGACAA TCCAGCiTTCAACTGAAGAAG 

ATCiCATTAAATCACATTAATGCTATGATAAATGATATTATTCGTCiAA 

TT AAACTCiGCiAATTTCTTAAACCAGACTCAAATATCCCAA TGCCAGC 

TCGT AAACATGCTTTCGATATTACAAGAGCTTTAC:ATCACTT ATA TA 
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TTTATCGTGACGGTTTTTCTGTTGCTAACAAAGAGACTAAAAATCTT 

GTTGAGAAAACTTTATTAGAATCAATGTTATTCGGTACCGGTGAGAA 

CCTTTATTTTCAAGGTTCAGGTGGTGGTGGTTCAGATTATAAAGACG 

ATGATGATAAAGGAACCGGTTAATCTAGACTCGAG 

157 CATATGGTACCAAGAAGATCAGCT AA TTATCAACCTAGTCGTTGGGA ' Myrcene, 

TCATCATCACCTTTTAAGTGTAGAAAACAAATTCGCTAAAGATAAAC ocimene (A. 

GTGTAAGAGAACGTGACTTACTTAAAGAAAAAGTTCGTAAAATGTT lhalania) 

AAA TGACGAACAGAAAACTTACTT AGATCAATTAGAATTTATTGAC 

GATCTTCAAAAATTAGGTGTTAGTTATCACTTCGAAGCAGAAATAGA 

TAATATACTTACAAGTTCATACAAAAAAGATCGTACAAATATACAA 

GAAAGTGA TTTACACGCAACTGCATTAGAGTTTCGTCTTTTTCGTCA 

ACACGGTTTT AACGTTTCAGAAGATGTATTTGATGTATTTATGGAAA 

ATTGTGGTAAA TTCGACCGTGATGACATTTATGGTTTAA TTTCA TTAT 

ATGAAGCTAGTTATCTTTCTACTAAACTTGACAAAAATCTTCAAATC 

TTTATCCGTCCATTTGCTACTCAACAATTACGTGATTTTGTAGATACT 

CACAGTAATGAAGATTTCGGTTCATGTGATATGGTAGAAATAGTTGT 

TCAAGCATTAGACATGCCATACTATTGGCAAATGCGTCGTTTATCTA 

CACGTTGGTATATTGATGTTTATGGTAAAAGACAAAATTACAAAAAC 

TT AGT AGTTGTTGAA ITTGCAAAAA TTGATTTCAA TA TTGTTCAAGCT 

ATTCACCAGGAAGAACTTAAAAATGTATCATCTTGGTGGATGGAAA 

CTGGTTTAGGTAAACAACTTTATTTTGCTCGTGATCGT A TTGT AGAG 

AACTATTTTTGGACAA.TTGGTCAAATTCAAGAACCTCAATATGGATA 

TGTTAGACAAACAATGACTAAAATCAATGCITTATTAAC_.\ACAATTG 

ATGATATTTATGATATATACGGTACATTAG_.\AGAATTACAGTTATTC 

ACAGTTGCATITGAGAAITGCruACATAAATCGTTTAGACGAATTACC 

AGAATATATGCGTTTATGTTTCTTAGTTATCTATAACGAAGTAAATA 

GTATAGCATGTGAAATTCTTAGAACAAAAAATATTAACGTTATTCCT 

TTCTTAAAAAAATCTTGGACTGATGTAAGTAAAGCATACTTAGTTGA 

AGCTAAATGGTATAAATCAGGCCATAAACCAAATTTAGAAGAGTAT 

ATGCAAAA TGCACGT A TTTCT A TITCTTCACCAACAA TCTTTGTTCAC 

TTTTATTGTGTATTTTCAGACCAA TTATCTA TTCAAGTTTTAGAAACT 

TTATCACAACACCAACAAAATGTTGTAAGA TGT AGTTCTTCTGTTTT 

CCGTTTAGCTAATGACTTAGTAACTTCTCCAGATGAATTAGCTAGAG 

GTGATGTTTGTAAATCAATTCAATGTTATATGTCAGAAACTGGTGCA 

AGTGAAGATAAAGCTAGATCACACGTTCGTCAAATGATTAATGATTT I 
ATGGGACGAAATGAATTACGAGAAAATGGCACATTCAAGTAGTATC 

TTACATCATGATTTTATGGAGACAGTAATCAATTTAGCTAGAATGTC 

TCAATGTATGTACCAATATGGTGACGGACACGGTTCTCCAGAAAAA 

GCTAAAATTGTAGATCGTGTAATGAGTTTACTTTTCAACCCTATTCCT 

TTAGATGGTACCGGTGAGAA TTTA T ATTTTCAAGGCTCTGGAGGTGG 
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TGGTTCAGATTATAAAGATGATGACGACAAAGGAACCGGTTAATCT 

I AGACTCGAG 

158 CATATGGTACCAAGAAGAAGTGCAAACTATCAACCTTCATTATGGC Myrcene, 

AACATGAATACTTATTATC:ATTAGGCAAC:ACTTATGTTAAAGAAGAT ocimene (A. 

AA TGTTGAAAGAGTAACTCTTTTAAAACAAGAAGTTTC:TAAAATGTT thalania) 

AAACGAAACAGAAGGTTTACTTGAACAACTTGAATTAATTGACACTT 

TAC:AAAGATTAGGTGTTTCTTATCATTTTGAACAGGAGATTAAAAAA 

ACATTAACT AA TGTTC:ATGTTAAAAAC:GTACGTGC:TCATAAAAA TCG 

TA TTGA TCGTAACCGTTGGGGC:GA TTTA TA TGCAACTGCATTAGAA T 

TTCGTTTATTAC:GTCAACATGGTTTTTCT A TTGC:TCAAGACGTTTTTG 

ATGGTAA TA TTGGTGTTGACTTAGACGACAAAGACATTAAAGGTATT 

TTAAGTTT A TACGAAGC:TAGTTACTTATCAACAC:GTATTGATACAAA 

ACTT AAAGAA TCAA TCTA TTACACAACAAAACGTTTAAGAAAA TTC 

GTAGAGGT AAACAAAAACGAAACTAAAAGTT ACACTC:TTCGTCGTA 

TGGTTA TTC:AC:GCACTTGAGATGCCTTATCACCGTCGTGTTGGTCGTC 

TTGAAGC:TC:GTTGGTATATCGAGGTATATGGAGAAAGACACGACAT 

GAATCCTATTTTATTAGAATTAGCTAAATTAGATTTTAACTTTGTTCA 

GGCTATCCACC:AAGACGAA TTAAAATC:ATTATCTAGTTGGTGGTCT A 

AAACAGGA TTAACAAAACATTTAGACTTTGTTCGTGATCGTATTACA 

GAGGGTTACTTCAGTAGTGTAGGTGTTATGTATGAACC:AGAATTTGC: 

ATATCATC:GTC:AAATGCTTACAAAAGTATTTATGCTTATTACAACTA 

TTGATGACATCTATGACA TTTACGGTACACTTGAAGAA TT ACAA TT A 

TTCACAACTATCGTTGAAAAATGGGATGTTAATC:GTTTAGAAGAACT 

TCCT AACTATA TGAAA TTA TGCTTCTTA TGTTTAGTTAACGAAA TAA 

ATCAAATTGGATATTTTGTATTAAGAGATAAAGGTTTTAATGTAATT 

CCTTA TCTT AAAGAGTCTTGGGCTGACATGTGTACT ACATTTC:TTAA 

AGAAGCT AAA TGGTAC:AAA TCAGGTTATAAACCAAA TTTTGAAGAG 

TATATGCAAAATGGCTGGATTTCATC:ATCAGTTCCAACTATTCTTTTA 

CACTTATTTTGTTTATTAAGTGACCAAACTTTAGACATTCTTGGTTCT 

TAT AA TCACAGTGTTGTTC:GT AGTTCAGCAACAA TTTT ACGTCTTGC 

AAATGATTTAGCTAC:TTCTTCAGAAGAATTAGCAAGAGGAGATACA 

ATGAAATC:AGTTCAATGTCAC:ATGCATGAAACTGGTGCTTCAGAAGC 

TGAATCAAGAGCTTACA TTCAAGGTATTATTGGCGTAGCTTGGGATG 

ACCTT AA TA TC,GAGAAAAAA TCATGTCGTTTACACCAGGGATTCTT A 

GAAGCAGCAGCAAATTTAGGACGTGTAGCACAATGCGTATATCAAT 

ATGGAGAC:GGTC:AC:GGTTGTC:C:AGATAAAGCAAAAACAGTAAATCA 

TGTTCGTAGTTTATTAGTTCACC:CATTACCATTAAACGGTACCGGTG 

AAAACCTTTATTTTCAAGGTAGTGGTGGAGGTGGTTCTGATTAT AAA 

GACGACGATGACAAAGGAACCGGTTAATCTAGACTC:GAG 

159 I CAT A TGGTACCAGCTTCTCCACCTGCTCA TCGTTCA TCT AAAGCAGC Sesqui-
I 
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AGACGAAGAGTTACCAAAAGCATCTTCTACA TTCCA TCCA TCTCTTT terpene (Z. 

GGGGTTCATTTTTCTTAACATATCAGCCACCTACAGCTCCACAACGT mays; B73) 

GCAAA TATGAAAGAACGTGCTGAAGTTCTTCGTGAACGTGTTCGTAA 

AGTATTAAAAGGTTCAACAACAGATCAATTACCTGAAACAGTTAAC 

TTAATTCTTACATTACAAAGACTTGGTTTAGGTTATTACTATGAAAA 

TGAAATTGACAAATTACTTCATCAAATTTACTCTAATTCAGATTATA 

ACGTAAAAGACTTAAACTTAGTTTCTCAACGTTTTTACTTACTTCGTA 

AAAACGGTTATGACGTACCTTCTGATGTTTTCTTA TCTTTTAAAACTG 

AAGAAGGTGGTTTCGCTTGTGCTGCAGCTGACACACGTTCACTTTTA 

AGTTTATACAATGCTGCTTACCTTCGTAAACATGGTGAAGAAGTATT 

AGATGAAGCAATTTCATCAACACGTTTAAGATTACAAGACTTATTAG 

GTCGTTTATTACCTGAATCACCATTCGCTAAAGAAGTATCAAGTTCA 

CTTCGTACACCTTTATTCCGTCGTGTAGGTATTTTAGAAGCTCGTAAC 

TATATTCCAATCTATGAAACTGAAGCTACAAGAAATGAAGCTGTATT 

AGAGCTTGCTAAACTTAACTTCAATTTACAACAGCTTGATTTCTGTG 

AAGAA TTAAAACA TTGTAGTGCATGGTGGAA TGAGATGATTGCT AA 

AAGT AAA TT AACTTTTGTACGTGACCGTATAGTTGAAGAATACTTTT 

GGATGAATGGTGCATGTTATGATCCACCATATTCATTAAGTCGTATT i 

ATTCTTACAAAAATCACTGGTTTAATTACTATTATTGATGATATGTTC 

GATACTCATGGTACAACAGAGGATTGCATGAAATTCGCAGAAGCAT 

TTGGTCGTTGGGATGAATCAGCAA TTCATCTTCTTCCAGAA TACA TG 

AAAGA TTTTT ACA TTTT AA TGTT AGAAACTTTCCAGTCA TTTGAAGA 

TGCACTTGGTCCAGAAAAATCATACCGTGTATTATACTTAAAACAAG I 
CAA TGGAACGTTTA(JT-4).GAGTTATA TTCT,A.AAGAAATCAAA TCrGCCJT I 

GATGACGATTATGTTCCAACAATGTCAGAACATTTACAAGTTAGTGC 

TGAAACAA TTGCTACAA TTGCTTT AACTTGCTCTGCTTA TGCTGGTA T 

GGGTGATATGTCTATTCGTAAAGAAACATTTGAATCR,GCATTATCTT 

TCCCTCAATTCATTAGAACTTTTGGTTCA TTTCJT ACGTTTA TCAAATG 

ATGTTGTATCAACAAAACGTGAACAAACTAAAGATCATTCACCTTCA 

ACAGTTCACTGTTATATGAAAGAACACGGTACAACTATCKiACGATG 

CTTGTGAAAAAATCAAAGAATTAATTGAGGACTCATGGAAAGACAT 

GTTAGAACAATCTTTAGCTCTTAAAGGCTTACCTAAAGTAGTACCTC I 
AATTAGTTTTTGATTTCTCTCGTACTACAGATAACATGTATCGTGACC 

I 

GTGATGCTTTAACATCATCAGAAGCATTAAAAGAAA TGA TACAGTT 

ATTATTCGTAGAACCTATACCTGAAGGTACCGGTGAGAA TCTTTA TT 

TTCAAGGATCAGGTGGTGGAGGCTCAGATTACAAAGATGACGACGA 

TAAAGGAACCGGTTAATCTAGACTCGAG 

160 I CATATGGTACCAGAGGCTTTAGGAAA TTTTGATTA TGAGAGTTATAC Sesqul-

TAATTTTACAAAATTACCATCATCACAATGGGGTGATCAATTCCTTA lcrpene (A. 

AATTTTCTATAGCAGATTCTGACTTCGATGTATTAGAAAGAGAAATA thalania) 
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GAAGTATTAAAACCAAAAGTAAGAGAGAACATTTTTGTTTCATCAA 

GTACTGATAAAGATGCAATGAAAAAAACAATTTTAAGTATTCATTTC 

TTAGATAGTTTAGGTTTATCTTATCACTTCGAAAAAGAAAT AGAGGA 

GAGTTT AAAACATGCTTTCGAGAAAATTGAAGACCTTATTGCTGATG 

AAAATAAACTTCATACAATAAGTACAATTTTCCGTGTATTCCGTACA 

TACGGCTATTATATGTCTTCTGATGTATTCAAAATTTTCAAAGGAGA 

CGATGGTAAATTC:AAAGAAAGTTTAATTGAAGACGTTAAAGGTATG 

CTTTCTTTTTATGAAGCTGTTC:ATTTTGGAACAACTACTGATCACATT 

TTAGACGAAGCTCTTAGTTTTACATTAAAC:CACTTAGAGTCACTTGC 

AACAGGCCGTCGTGCATCACCACC:ACATATTAGTAAATTAATCC:AAA 

ATGCTTTAC:ATATTCCTCAACATCGTAACATCCAGGC:ATTAGTAGCT 

CGTGAA TACA TTAGTTTTTACGAACACGAAGAAGA TCACGATGAAA 

CATTATTAAAATTAGCTAAATTAAACTTTAAATTCTTACAACTTCACT 

ATTTTCAAGAATTAAAAACAATTACAATGTGGTGGAC:TAAATTAGAT 

CATACATCTAATTTAC:CAC:CAAATTTTCGTGAACGTACAGTTGAAAC 

ATGGTTTGCAGCTTTAATGATGTATTTCGAACCACAATTTAGTTTAG 

GTCGTATTATGAGTGCAAAATTATATTTAGTAATTACTTTCTTAGATG 

ACGCATGTGATACATACGGATCAA TATCTGAAGTAGAGTCA TT AGCT I 

GATTGTTT AGAACGTTGGGACCCAGA TTA TATGGAAAATTTACAAGG 

TCAC:ATGAAAAC:AGCATTCAAATTCGTTATGTATTTATTC:AAAGAAT 

ACGAAGAAATTTTAC:GTTCACAAGGCCGTTCA TTCGTATTAGAGAAA 

A TGATTGAGGAGTTTAAAA TT ATCGCACGTAAAAAC:TTAGAACTTGT 

AAAATGGGCTCGTGGTGGTCACGTTCCTTCTTTTGACGAATATATAG I 

I 
AGAGTGC;T(J(iTGCTG-AGATTGGTACTTATGCTACAA. TCCTCTTCJ-TTCA ' 

ATTATGGGTCTTGGTGAAA TTGGTAAAAAAGAAGC:ATTTGAGTGGTT 

AA TCTCTCGTCCT AAACTTGTTC:GTA TTTT AGGTGCTAAAACACGTTT 
I 

AATGGATGATATCGCAGACTTTGAAGAAGACATGGAAAAAGGCTAT 

ACAGCTAATGCACTTAACTATTATATGAATGAACACGGAGTAACTA 

AAGAAGAAGC:TAGTCGTGAACTTGAGAAAATGAATGGTGATATGAA 

CAAAATTGTAAAC:GAAGAATGTCTTAAAATTACAACTATGCCACGTC 

GTATCTTAATGCAAAGTGTTAACTAC:GC:TCGTAGTTTAGATGTATTA 

TACACAGCTGATGATGTATATAACCACC:GTGAAGGCAAACTTAAAG 

AATATATGAGATTACTTTTAGTAGATCCAATTTTAC:TTGGTAC:CGGT 

GAAAi\TC:TTTATTTTCAAGGTTCAGGTGGTGGTGGTTCTGATTAT AA 

AGATGATGAC:GATAAAGGAACCGGTTAATCTAGACTCGAG . 

161 C:ATATGGTACCAGAGAGTCAAACAACATTCAAATACGAATCATTAG Sesqui~ 

CATTTAC:AAAACTTAGTCACTGTCAATGGACAGACTATTTTC:TTAGT te~oene (A 

GTTCCAA TTGATGAAAGTGAA TTAGATGTTATTACTCGTGAAA TTGA thalania) 

TATTCTTAAACC:AGAAGTTATGGAGTTATTAAGTAGTCAAGGAGATG 

ATGAAACAAGTAAAAGAAAAGTTC:TTCTTATTCAGTTATT ACTTTCT 
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TTAGGTTTAGCATTCCACTTTGAAAATGAGATTAAAAACATACTTGA 

ACACGCATTTCGTAAAA TAGATGATATAACTGGTGACGAAAAAGAC 

TTATCAACAATTAGTATTATGTTCCGTGTTTTCCGTACTTATGGACAC 

AATCTTCCAAGTAGTGTTTTT AAACGTTTCACAGGTGA TGATGGTAA 

ATTTCAGCAAAGTTTAACAGAAGACGCAAAAGGTATTTTAAGTTTAT 

ATGAAGCTGCACATTTAGGTACTACTACAGATTACATTTTAGATGAA 

GCTCTTAAATTCACATCTAGTCACTTAAAAAGTTTAC1TGCTGGTGG 

TACATGTCGTCCTCACATCTTACGTTTAATCCGTAATACATTATACTT 

ACCACAACGTTGGAACATGGAAGCTGTTATCGCTCGTGAATACATAT 

CATTTTACGAGCAGGAAGAAGATCACGATAAAATGCTTTTACGTCTT 

GCAAAACTT AACTTTAAACTTCTTCAA TT A CA CT ACA TT AAAGAGCT 

TAAAAGTTTCATTAAATGGTGGATGGAACTTGGTTTAACTTCTAAAT 

GGCCTTCTCAA TTTCGTGAACGTA TTGTTGAAGCATGGTTAGCTGGA 

TTAA TGATGTATTTTGAACCACAGTTCTCAGGTGGTCGTGTTATTGCT 

GCAAAATTCAACTATTTACTTACAATATTAGACGACGCATGTGACCA 

CTA TTTTTCTA TTCACGAA TTAACACGTTTAGTTGCA TGTGTAGAACG 

TTGGTCACCAGATGGTATTGACACATTAGAAGATATTTCACGTTCTG 

TATTCAAATTAATGTTAGATGTTTTCGACGATATTGGTAAAGGTGTA 

CGTTCAGAAGGTTCTAGTTACCACTTAAAAGAAATGTTAGAGGAATT 

AAACACTTTAGTTCGTGCT AA TTTAGATTTAGTTAAATGGGCTCGTG 

GAATACAAACAGCTGGTAAAGAGGCTTATGAATGGGTTCGTTCACG 

TCCACGTTTAATCAAATCTTTAGCAGCTAAAGGTAGACTTATGGATG 

ATATTACAGACTTTGACTCAGATATGAGTAATGGATTCGCAGCTAAT 

G-CTATTAACTACTATATGAAA..CP.ATTT(JTTGTTACA .. AA • .i'-.. CTP...P .. GAJ\(iC 

TATTCTTGAATGTCAACGTATGATTGTAGACATTAACAAAACTATTA 

ATGAAGAGTTATTAAAAACTACTTCAGTTCCAGGTCGTGT ATT AAAA 

CAAGCTCTTAACTTTGGCCGTTTATTAGAATTATTATATACAAAATCT 

GACGATATTTACAATTGTTCTGAAGGCAAACTTAAAGAATACATTGT 

AACTCTTTTAATTGATCCTATAAGACTTGGTACCGGTGAAAACTTAT 

ACTTTCAACJGTTCAGGCGGTGGTGGTAGTGATTACAAAGATGATGAT 

GACAAAGGAACCGGTTAATCTAGACTCGAG 

162 CATATGGTACCAGAGAGTCAAACAAAATTCGACTACGAA.TCATTAG Sesqui-

CTTTTACAAAATTATCACATTCACAATGGACTGATTACTTTTTATCAG terpene (A. 

TACCTATAGACGACTCTGAACTTGACGCAATTACTCGTGAAATCGAC thalania) 

ATTATCAAACCTGAAGTTCGTAAATTACTTTCAAGTAAAGGTGATGA 

TGAAACTTCTAAACGTAAAGTATTACTTATCCAAAGTTTATTATCAT 

TAGGTTTAGCATTTCATTTTGAAAACGAAATTAAAGATATTTTAGAA 

GA TGCATTT AGACGTA TTGATGACATTACAGGTGATGAAAACGACTT 

AAGTACTATTAGT A TTATGTTCCGTGTATTCCGTACATACGGTCACA 

ATTTACCAAGTAGTGTTTTTAAACGTTTCACTGGTGATGACGGTAAA 
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TTTGAACGTTCTTTAACTGAAGATGCTAAAGGAATTTTATCATTATA 

TGAAGCTGCACATTTAGGAACAACTACTGATTATATTCTTGATGAAG 

CATTAGAATTTACTTCATCACACTTAAAATCTTTACTTGTTGGTGGTA 

TGTGTCGTCCACATATTTTACGTCTTATTAGAAATACTTTATATCTTC 

CACAACGTTGGAATATGGAAGCAGTAATTGCAAGAGAATACATTAG 

TTTTTATGAACAAGAAGAAGATCACGATAAAATGTTACTTCGTTTAG 

CTAAATTAAATTTCAAATTACTTCAATTACACTACATTAAAGAGTTA 

AAAACATTCATTAAATGGTGGATGGAATTAGGACTTACATCAAAAT 

GGCCTTCTCAA TTTCGTGAACGTA TTGTTGAAGCATGGTTAGCTGGT 

CTTATGATGTATTTTGAACCACAGTTTTCTGGAGGTCGTGTAATAGC 

TGCT AAATTCAA TT ACTT A TT AACAATTTTAGA TGA TGCA TGTGA TC 

ACTA TTTCTCAATTCCAGAATTAACTCGTTT AGTTGATTGCGTAGAA 

AGATGGAATCATGATGGTATACATACTTTAGAAGACATCTCACGT AT 

CATCTTTAAACTTGCATTAGATGTATTTGATGATATTGGTCGTGGTGT 

TCGTTCTAAAGGTTGTTCTTATTACTTAAAAGAAATGTTAGAAGAGT 

TAAAAATCTTAGTTCGTGCAAACTTAGATTTAGTTAAATGGGCTCGT 

CKlT AA TC AA TTACCTAGTTTTGAAGAACACGTTGAGGTAGGTGGTAT 

TGCTCTTACAACATACGCAACTTTAATGTACTCTTTTGTTGGCATGGG 

TGAAGCAGTAGGTAAAGAAGCATACGAATGGGTACGTTCTCGTCCA 

CGTTTAATCAAAAGTTTAGCAGCAAAAGGTCGTCTTATGGACGATAT 

TACTGATTTCGAAGT AAAAA TTATCAACTTA TTTTTCGACCTTCTTTT 

ATTTGTATTCGGTACCGGTGAAAACTTATATTTCCAGGGTAGTGGTG 

GAGGAGGTTCAGACTACAAAGATGACGATGACAAAGGAACCGGTTA 

ATCTA(iACTCGAG 

163 CATATGGTACCAGCAGCTTTCACAGCAAATGCAGTTGACATGCGTCC Curcumcnc 

ACCAGTT ATT ACAA TTCACCCACGTTCAAAAGATA TTTTCTCTCAA TT (P. cablin) 

TTCTTTAGATGATAAATTACAAAAACAATACGCTCAAGGAATCGAA 

GCTCTTAAAGAAGAAGCTCGTTCTATGCTTA TGGCTGCAAAA TCTGC 

TAAAGTAATGATCTTAATTGATACACTTGAACGTTTAGGATTAGGTT 

A TCACTTTGAAAAAGAAA TTGAAGAGAAATTAGAAGCTA ITTA CAA 

AAAAGAGGATGGTGACGATTATGATCTTTTTACAACTGCTTTAAGAT 

TCCGTTTACTTAGACAACACCAACGTCGTGTACCATGTTCTGTTTTTG 

ACAAATTTATGAATAAAGACJ(}GTAAATTCGAAGAAGAACCATTAAT 

TTCAGATGTTGAAGGTCTTCTTTCATTATATGACGCTGCTTATTTACA 

GATTCACGGTGAACACATTTTACAAGAGGCTTT AATTTTCACTACAC 

ATCATTTAACTCGTATTGAACCACAATTAGATGATCACTCTCCTTTA 

AAATTAAAATTAAACCGTGCTTTAGAATTTCCTTTTTACAGAGAAAT 

CCCTATAATCTATGCACATTTTTACATTTCAGTATATGAACGTGACG 

ATTCTCGTGATGAAGTATTATTAAAAATGGCTAAATTATCTTATAAT 

TTCTTACAAAACTTATACAAAAAAGAA TT AAGTCAACTTTCTCGTTG 
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I 
GTGGAACAAATTAGAACTTATTCCTAATTTACCTTATATTCGTGATTC 

TGTAGCTGGAGCTTATTTATGGGCTGTTGCTTTATATTTCGAACCTCA 

ATATTCAGACGTTCGTATGGCAATTGCTAAACTTATCCAAATTGCAG 

CAGCTGTAGATGATACTTACGATAATTATGCTACTATACGTGAAGCT 

CAATTATTAACAGAAGCATTAGAACGTTTAAATGTACACGAAATTG 

ACACATTACCAGATTATATGAAAATTGTTTATCGTTTTGTAATGTCAT 

GGAGTGAAGATTTCGAACGTGATGCTACAATTAAAGAACAGATGTT 

AGCTACACCTTATTTCAAAGCTGAAATGAAAAAACTTGGTCGTGCTT 

ATAATCAAGAACTTAAATGGGTTATGGAACGTCAATTACCTAGTTTC 

GAAGAATACATGAAAAACTCTGAAATCACTTCTGGTGTTTACATTAT 

GTTTACTGTAATTAGTCCTTACTTAAATAGTGCAACACAAAAAAACA 

TTGACTGGTTATTATCACAACCTCGTTTAGCATCTTCAACTGCAA TTG 

TTATGCGTTGTTGTAATGATTTAGGCTCTAATCAACGTGAATCTAAA ' ' 
GGAGGAGAAGTTATGACATCTTTAGATTGCTATATGAAACAACACG 

I 
GTGCTAGTAAACAAGAAACAATTTCTAAATTCAAACTTATIATCGAA 

GATGAATGGAAAAACTTAAATGAAGAATGGGCTGCAACAACATGTC 

TTCCAAAAGTTATGGTAGAAA TTTTTCGTAACTA TGCACGTATTGCA 

GGCTTTTGCTACAAAAA TAACGGTGATGCTTATACATCTCCAAAAAT I 
TGTACAACAATGTTTTGACGCTTTATTTGT AAA TCCATTAAGAA TTG 

GTACCGGTGAGAA TTTAT ACTTTCAAGGCTCAGGTGGAGGTGGTAGT 

GATTATAAAGATGATGATGATAAAGGAACCGGTTAATCTAGACTCG 

AG 

164 CATATGGTACCAGAATTTAGAGTTCATTTACAGGCTGATAATGAACA Fan1esene 

GAAAATATTCCAGAACCAAATGAAACCTGAACCTGAAGCATCATAT (M. 

CTTATTAATCAACGTAGATCAGCTAATTACAAACCTAATATTTGGAA do1nestica) 

AAA TGACTTTTTAGATCAAAGTTT AA TTAGTAAA TACGACGGTGATG 

AATATCGTAAATTAAGTGAGAAATTAATCGAGGAAGTAAAAATTTA 

TATATCTGCTGAGACAATGGACTTAGTAGCTAAATTAGAACTTATTG 

ATTCTGTTCGTAAATTAGGTTTAGCTAATCTTITTGAAAAAGAAATT 

AAAGAAGCATTAGATTCTATCGCAGCTATTGAGTCAGATAATTTAGG 

TACTCGTGATGACTTATATCruTACTGCTTT ACACTTT AAAA TTTTACG 

TCAACATGGTTATAAAGTTTCTCAAGA T ATTTTTGGTCGTTTCATGGA 

TGAAAAAGGTACATTAGAAAA TCATCACTTCGCTCACTTAAAAGGT 

ATGTTAGAATTATTTGAAGCATCTAATTTAGGTTTTGAAGGTGAAGA 

TATTTTAGATGAAGCAAAAGCATCACTTACATTAGCTCTTCGTGATA 

GTGGTCATATTTGTTATCCAGATTCTAACTTAAGTCGTGATGTAGTA 

CACTCATTAGAATTACCTAGTCACCGTCGTGTTCAATGGTTTGATGTT 

AAATGGCAAATTAATGCTTATGAAAAAGATATTTGTAGAGTTAATGC 

AACTCTTTTAGAATTAGCAAAATTAAATTTTAACGTAGTACAAGCAC 

AACTTCAAAAAAACTTACGTGAAGCATCTCGTTC,GTGGGCTAACTTA 
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GGTTTCGCTGATAACTTAAAATTCGCTCGTGATCGTTTAGTTGAATG 

TTTTTCTTGCGCAGTAGGCGTAGCATTTGAACCTGAACACTCTTCTTT 

TCGTATCTGTTTAACAAAAGTTATTAATTTAGTTTTAATAATTGATGA 

CGTATACGACATATATGGAAGTGAAGAAGAATTAAAACACTTTACA 

AA TGCTGTTGA TCGTTGGGATTCTCGTGAAACAGAACAATTACCAGA 

ATGTATGAAAATGTGCTTTCAAGTTTTATACAATACTACATGTGAAA 

TTGCTCGTGAAA TTGAAGAAGAAAA TGGA TGGAA TCAAGTTTTACCT 

CAATTAACTAAAGTATGGGCTGATTTTTGTAAAGCATTATTAGTAGA ' 

AGCTGAATGGTACAATAAAAGTCACATCCCAACTTTAGAAGAATAT 

CTTCGTAA TGGCTGTATTTCATCAAGTGTTTCTGTA TT A TTAGTACAT i 
TCTTTCTTT AGT A TT ACACATGAAGGT ACAAAAGAAA TGGCAGATTT 

CTTACACAAAAACGAAGACTTATTATACAACATCTCATTAATTGTAC 

GTTTAAACAACGACTTAGGTACAAGTGCAGCTGAACAAGAACGTGG 

TGATTCACCATCATCTATTGTATGTTACATGCGTGAAGTTAATGCTA 

GTGAAGAAACAGCTCGTAAAAATATAAAAGGAATGATCGACAATGC 

TTGGAAAAAAGTTAATGGTAAATGTTTTACAACTAATCAAGTTCCTT 

TTCTTTCTTCTTTTATGAATAACGCTACTAATATGGCTCGTGTAGCTC 

ATTCA TT A TAT AAAGACGGAGACGGTTTTGGCGATCAGGAAAAAGG 

TCCACGTACTCACATCTTATCTTTATTATTCCAACCATTAGTTAACGG 

TACCGGTGAAAACTTATACTTTCAAGGTTCTGGTGGTGGTGGTTCTG 

ACTACAAAGATGACGATGACAAAGGAACCGGTTAATCTAGACTCGA 

G 

I 165 CATATGGTACCAAGTAGTAATGTATCAGCTATTCCTAATTCTTTTGA I Farnesene 

A TT AA TTCGTCGTTCAGCTCAA TTTCAGGCTTCTGTATGGGGTGATTA (C. sativus) 

CTTTTTATCTTA TCACTCTTT ACCACCTGAGAAAGGTAA TAAAGT AA I 
TGGAAAAACAAACTGAAGAACTT AAAGAGGAAA TCAAAATGGAATT 

AGTTTCTACTACT AAAGATGAACCAGAGAAA TTACGTTTAATTGACC 

TTATTCAACGTTTAGGTGTATGTTATCACTTTGAAAATGAAATTAAC 

AACATTTTACAACAATTACACCACATTACTATTACTTCTGAGAAAAA ' 
CGGTGACGATAATCCTTATAACATGACTTTATGTTTCCGTTTATTACG 

TCAACAAGGTTACAATGTATCTAGTGAACCTTTTGATCGTTTTCGTG 

GCAAATGGGAATCTTCTTATGATAACAATGTAGAAGAACTTTTATCA 
I 

TTATATGAAGCATCTCAATTAAGAATGCAAGGTGAAGAAGCATTAG 

' i ATGAAGCA TTCTGTTTTGCAACTGCACAA TT AGAAGCTATTGTTCAA 

GATCCTACTACAGATCCAATGGTTGCAGCAGAAATCAGACAAGCAT 

TAAAATGGCCAATGTACAAAAACTTACCTCGTTTAAAAGCTCGTCAT 
' ' CATATTGGTTTATATTCTGAGAAACCATGGCGTAATGAGTCATTACT 

TAATTTCGCAAAAATGGACTTCAATAAACTTCAAAATTTACATCAAA 

CTGAAATTGCATATATTTCTAAATGGTGGGACGATTACGGCTTTGCA 

AAAAA TTT TTTC G c c A' 'TAAT GC CCr TA '' TATTT TT. CG TTGTTGAACrCrC cc, 

-l 67-



WO 2009/036067 PCT/US2008/075858 

GCATTAGGTATCTTTTTCGAACCTCAACTTTTAACAGCACGTCTTATA 

A TGACAAAAGTAA TCGCTATTGGTTCTA TGTTAGATGACATTTATGA 

TGTTTATGGTACTTTTGAAGAGTTAAAACTTTTAACATTAGCTTTAGA 

ACGTTGGGATAAATCAGAAACAAAACAATTACCTAATTACATGAAA 

ATGTACTACGAAGCATTATTAGATGTTTTTGAAGAAATTGAGCAAGA 

AATGTCACAAAAAGAAACTGAAACAACACCATACTGTATTCATCAC 

ATGAAAGAAGCTACTAAAGAACTTGGACGTGT ATTTTTAGTTGAAGC 

AACTTGGTGTAAAGAAGGTTATACTCCTAAAGTAGAGGAATACTTA 

GACATTGCTTTAATTTCTTTTGGTCATAAATTACTTATGGTAACTGCT 

TTATTAGGTATGGGTTCTCACATGGCTACACAACAAATTGTACAATG 

GATTACATCTATGCCAAATATCTTAAAAGCATCTGCAGTAATATGTC 

GTTTAA TGAA TGACATTGTA TCTCA T AAATTTGAACAAGAACGTGGT 

CATGTTGCTTCTGCTATCGAA TGCT ACATGGAACAAAACCACCTTAG 

TGAATATGAAGCATTAATTGCTCTTCGTAAACAAATTGATGATTTAT 

GGAAAGACATGGTAGAAAATTACTGTGCAGTAATCACAGAAGACGA 

AGTACCTCGTGGTGTTTTAATGCGTGTTTTAAATCTTACACGTTTATT 

CAATGTTATTTACAAAGACGGTGATGGATACACACAAAGTCATGGT 

AGTACAAAAGCTCACA TT AAAAGTCTTTTAGTTGATAGTGTACCTCT 

TGGTACCGGTGAAAATCTTTACTTTCAAGGTTCAGGTGGAGGTGGTT 

CTGATTA TAAAGATGA TGATGACAAAGGAACCGGTTAATCTAGACT 

CGAG 

166 CATATGGTACCAAAAGACATGAGTATTCCATTATTAGCAGCTGTATC Farnesene 

TTCTAGTACAGAAGAAACAGTACGTCCT A TCGCAGATTTTCATCCAA (C. junos) 

CACTTTGGGGT AA TCATTTTCTT AAA TCTGCTGCTGACGTAGAAACT 

ATTGATGCAGCAACACAAGAGCAACACGCTGCATTAAAACAAGAAG 

TACGTCGTATGATTACTACAACAGCAAATAAACTTGCACAAAAACTT 

CACATGATTGATGCTGTACAACGTTTAGGTGTTGCTTATCATTTTGA 

AAAAGAAA TTGAAGACGAA TT AGGT AAA GT AAGTCACGATTTAGAT 
i 

TCAGATGATTTATACGTTGTA TCTTTACGTTTTCGTTTATTCCGTCAA 

CAAGGTGTAAAAA TT AGTTGCGA TGTTTTCGACAAA TTCAAAGA TGA 

CGAAGGAAAA TTCAAAGAGTCTCTTA TT AACGATA TTAGAGGAATG 

TTATCATTATACGAAGCAGCTTACTTAGCTATTAGAGGTGAAGATAT 

TTTAGACGAAGCAATTGTTTTCACAACTACTCACTTAAAAAGTGTTA 

TCTCTATTAGTGATCATTCACATGCTAATAGTAATTTAGCTGAACAA 

ATACGTCATAGTTTACAAATTCCACTTCGTAAAGCTGCTGCAAGATT 

AGAAGCACGTTATTTCTTAGATATTTACTCTCGTGATGATTTACATG 

ATGAAACA TT ACTTAAA TfCGCTAAACTTGACTTTAACA TTCTTCAA 

GCTGCACACCAAAAAGAAGCTAGTATTATGACTCGTTGCiTGGAACG 

ATTTAGGTTTTCCTAAAAAAGTTCCTTATGCTCGTGACCGTATTATAG 

AAACTTATATTTGGATGTTATTAGGAGTTTCATACGAACCTAATTTA 
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C,CATTTCRiAAGAATTTTTGCAAGTAAAGTAGTATGTATGATTACAAC 

AATTGATGATACATTTGATGCTTATGGTACATTTGAAGAGTTAACAT 

T ATTCACTGAAGCTGTTACACGTTGGGAT ATTGGTTTAATTGACACA 

TTACCTGAATATATGAAATTCATTGTAAAAGCTCTTTTAGACATTTA 

I 
CCGTGAAGCTGAAGAAGAATTAGCTAAAGAAGGTAGATCATACGGT 

ATTCCATACC,CTAAACAAATGATGCAAGAGTTAATCATTTTATACTT 

TACTGAGGCTAAATGGTTATACAAAGGTTACGTTCCTACATTTGACG 

AATACAAAAGTGTAGCTTTACGTTCTATTGGTCTTAGAACATTAGCA 

GTAGCTTCATTTGTAGATTTAGGTGACTTTATTGCTACAAAAGACAA 

TTTTGAATGTATTCTTAAAAATGCAAAAAGTTTAAAAGCTACTGAAA 

CAA TTGGCCGTTTAA TGGATGAT ATAGCTGGTT ACAAA TTTGAACAG 

AAACGTGGTCAT AACCCATCTGCTGTTGAGTGTT ACAAAAATCAACA 

CGGAGTATCAGAAGAAGAAGCAGTTAAAGAGCTTTTATTAGAAGTT 

GCAAACAGTTGGAAAGATATTAACGAGGAACTTTT AAATCCAACTA 

CAGTTCCATTACCTATGTTACAGCGTTTATTATATTTTGCTCGTTCAG 

GTCACTTCATCTATGATGATGGACATGATCGTTATACACATTCTTTA 

' 
ATGATGAAAAGACAAGTTGCACTTTTATTAACTGAACCTTTAGCT AT 

TGGTACCGGTGA/\AACTTATACTTTCAAGGTTCAGGTGGTGGTGGAT 

CTGATTATAAAGATGATGATGACAAACRiAACCGGTTAATCTAGACT 

CGAG 

167 CATA TGGT ACCAGATTTAGCTGTTGAGATTGCAA TGGACTTAGCTGT Farnescne 

TGA TGACGTTGAGCGTCGTGTAGGTGACTATCATAGTAACCTTTGGG (P. abies) 

ATGATGATTTTATTCAGAGTTTATCAACACCATACGGCGCATCATCA 

TA TCGTGAACGTGCTGAAAGA TTAGTAGGAGAAGTTAAAGAAA TGT 

TIACTICTATTTCTATCGAAGATGGTGAACTTACATCTGATTTATTAC 

AACGTTTATGGATGGTAGATAATGTAGAGCGTTTAGGCATTTCACGT 

CATTTCGAGAACGAAATAAAAGCAGCTATTGATTATGTTTATTCATA 

TTGGAGTGACAAAGGTA TTGTACGTGGTCGTGATTCAGCTGTTCCTG 

ACTTAAA T AGTATTGCTTT AGGTTTTCGTACATTACGTTTACACGGTT 

ACACAGTT AGT AGTGATGTATTTAAAGTTTICCAAGA TCGT AAAGGT 

GAATTTGCTTGCAGTGCAA TTCCAACTGAAGGAGA TATTAAAGGAG 

TTTTAAACTIACTTCGTGCAAGTTATATTGCATTCCCTGGTGAAAAA 

GTAATGGAAAAAGCTCAAACTTTTGCAGCAACATACCTTAAAGAAG 

CATTACAGAAAATTCAAGTAAGTAGTTTAAGTCGTGAAATCGAATAT 

GTTCTTGAA TACGGTTGGTTAACT AACTTTCCTCGTTTAGAAGCACG 

TAACTATATTGACGTATTCGGTGAAGAAATTTGTCCATACTTCAAAA 

AACCATGTATTATGGTTGACAAACTTTTAGAATTAGCAAAATTAGAA 

TTTAACTTATITCACAGTCTTCAACAAACAGAGTTAAAACATGTTAG 

TCGTTGGTGGAAAGATAGTGGTTTCTCTCAATTAACATTTACAAGAC 

ACCGTCATGTTGAGTTTTATACATTAGCTAGTTGTATAGCAATTGAA 
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CCAAAACACAGTGCTTTTCGTCTTGGTTTTGCTAAAGTTTGTTATTTA 

GGTATAGTTTTAGATGATATTTATGACACATTTGGTAAAATGAAAGA 

ATTAGAACTTTTTACTGCAGCAATCAAACGTTGGGACCCTTCTACTA 

CAGAATGCTTACCTGAATACATGAAAGGTGTTTATATGGCTTTTTAC 

AATTGTGTTAATGAATTAGCACTTCAAGCAGAGAAAACACAAGGTC 

GTGATATGTTAAACTATGCACGTAAAGCATGGGAAGCTCTTTTTGAT 

GCATTTTT AGAAGAAGCAAAATGGA TCTCTTCTGGCTA TTTACCAAC 

ATTCGAAGAATACTTAGAAAATGGTAAAGTATCTTTTGGTTATCGTG 
' CTGCTACATTACAACCAATTTTAACATTAGATATTCCTTTACCTTTAC 

ATATTTTACAACAGATTGATTTTCCAAGTCGTTTTAATGATTTAGCTT 

CA TCTA TTTTACGTTT AAGAGGTGATATCTGTGGTTACCAAGCTGAA 

CGTAGTCGTGGTGAAGAAGCATCATCAATTTCATGTTATATGAAAGA 

TAATCCAGGTTCTACTGAAGAAGATGCATTATCTCACATTAATGCAA 

TGATCTCAGACAA TATTAACGAATT AAACTGGGAACTTTT AAAACCA 

AA TTCAAATGTACCAA TTTCATCAAAAAAACA TGCATTTGACATTCT 

TCGTGCTTTCTATCACTTATACAAATATCGTGATGGCTTCTCTATCGC 

AAAAATTGAAACTAAAAATCTTGTAATGCGTACAGTTTTAGAACCTG 

TACCAA TGGGTACCGGTGAAAACTTATACTTTCAGGGTTCTGGTGGA 

CKJTGGTTCAGACTATAAAGATGATGATGATAAAGGAACCGGTTAAT 

CTAGACTCGAG 

168 CATATGGTACCAACAAGTGTATCAGTAGAATCAGGAACAGTATCTT Bisabolene 

GTTTATCATCA/\ACAACTTAATTAGACGTACAGCTAATCCACATCCT (P. abies) 

AACATTTGGGGATATGATTTTGTTCACTCACTTAAATCACCATATAC 

ACACGACTCATCATATCGTGAACGTGCTGAGACTTTAATTTCAGAAA 

TAAAAGTTATGCTTGGAGGTGGTGAATTAATGATGACTCCATCAGCT 

TATGA TACAGCATGGGTAGCTCGTGTTCCA TCAA TTGACGGTAGTGC 

TTGTCCACAATTTCCACAAACTGTTGAATGGATTCTTAAAAACCAAT 

TAAAAGATGGTAGTTGGGGAACTGAATCTCACTTCTTACTTAGTGAC 

AGATTATTAGCTACATTAAGTTGTGTATTAGCATTATTAAAATGGAA 

AGTAGCTGA TGTTCAAGTAGAGCAAGGTA TTGAGTTT ATCAAACGTA 

ATTTACAAGCTATTAAAGACGAACGTGATCAAGACAGTTTAGTAACT 

GATTTCGAGATTATTTTCCCATCACTTTTAAAAGAGGCTCAATCTTTA 

AACTTAGGCTTACCTTATGATTTACCATATATTAGATTATTACAAAC 

AAAACGTCAAGAACGTCTTGCTAACTTAAGTATGGATAAAATTCAC 

GGTGGTACTTTATTATCATCTTTAGAGGGCATTCAAGATATAGTTGA 

ATGGGAAACAATTATGGATGTACAATCTCAAGATGGTTCTTTCTTAT 

CATCACCAGCTTCTACAGCATGTGTA TTCATGCATACAGGAGATATG 

AAATGTTTAGATTTCTTAAACAACGTATTAACTAAATTTGGTAGTAG 

TGTTCCTTGTTTATACCCTGTAGATTTATTAGAACGTCTTTTAATTGT 

AGATAA TGTAGAGCGTCTTGGTATTGACCGTCA TITTGAAAAAGAAA 
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TCAAAGAGGCTTTAGATTATGTTTA TCGTCATTGGAACGATCGTGGT 

ATTGGTTGGC.GTCGTTTATCACCTATCGCAGACTTAGAAACAACAGC 

TTTAGGTTTTCGTTTACTTCGTCTTCATCGTT ACAA TGTTTCTCCTGTA 
' GTATTAGACAATTTCAAAGACGCAGATGGCGAGTTCTTCTGCAGTAC 

AGGTCAATTTAACAAAGATGTTGCAAGTATGTTATCTTTATACCGTG 

CTTCTCAATTAGCTTTCCCTGAAGAATCAATTTTAGATGAAGCTAAA 

TCA TTCTCAACACAA TATCTTCGTGAAGCATTAGAAAAATCAGAAAC 

ATTTTCTTCTTGGAATCATCGTCAGAGTTTATCAGAAGAAATTAAAT 

ATGCTTT AAAAACA TCATGGCACGCTTCAGTTCCTCGTGTTGAAGCA 

AAACGTTATTGTCAGGTTTACCGTCAAGACTATGCTCATTTAGCAAA 

ATCAGTTTATAAACTTCCTAAAGTAAATAATGAGAAAATTCTTGAAT 

TAGCAAAATTAGATTTTAACATTATTCAATCTATCCATCAAAAAGAA 

ATGAAAAA TGTT ACATCATC.GTTTCGTGATTCAGGCTT ACCACTTTT 

CACATTTGCTCGTGAAAGACCTTTAGAGTTTTACTTTTTAA TCGCTGG 

TGGAACATACGAACCTCAATACGCAAAATGTAGATTCTTATTTACAA I 
AAGTAGCTTGTTTACAAACTGTTTTAGACGATATGTACGATACTTAC 

GGTACACCATCAGAGTTAAAATTATTTACTGAGGCAGTTCGTCGTTG 

GGATTTATCATTCACAGAAAACTTACCTGATTATATGAAATTATGCT 

ACAAAATTTACTATGATATTGTTCATGAAGTTGCTTGGGAAGTAGAA 

AAAGAACAGG(;ACGTGAGCTTGTTTCATTTTTCCGTAAAGGTTGGGA 

AG ACTA TCTTTTAGGTTA TTA TGAAGAAGCTGAA TGGTTAGCTGCTG 

AATACGTTCCTACTTTAGATGAATACATTAAAAACGGTATTACATCT 

ATTGGTCAACGTATTTTACTTTTATCAGGTGTACTTATTATGGAAGGT 

CAACTTTTA TCACAAGAAGCTCTTGAAAAAGTAGATTA TCCAGGTCG 

I TCGTGTTTTAACAGAATTAAACAGTTTAATTAGTCGTTTAGCAGACG 

ATACTAAAACATACAAAGCAGAAAAAGCTCGTGGTGAACTTGCTAG 

TAGTATTGAATGTTATATGAAAGACCACCCTGGTTGTCAAGAAGAA 

GAAGCATTAAACCATATTTATGGCATTTTAGAACCAGCTGTTAAAGA 

ATTAACTCGTOAGTTTCTTAAAGCAGATCACGTACCATTCCCTTGCA 

AAAAAATGTTATTTGATGAAACAAGAGTTACAATGGTAATTTTCAAA 

GATGGTGATGGTTTCGGTATTTCTAAATTAGAAGTAAAAGACCACAT 

AAAAGAATGTTTAATTGAGCCATTACCACTTGGTACCGGTGAAAATC 

TTTATTTTCAAGGTAGTGGTGGTGGCGGTTCTGACTACAAAGATGAC 

I 
GACGA TAAAGGAACCGGTTAA TCTAGACTCGAG 

169 CAT ATGGTACCAGGTTCTGAAGTAAATAGACCTTTAGCAGACTTTCC Sesqui-

AGCAAACATTTGGGAAGACCCATTAACTTCTTTCTCAAAATCTGATC lerpene (A. 

TTGGTACAGAAACATTTAAAGAGAAACATAGTACTTTA.AAAGAAGC thalania) 

TGTTAAAGAGGCATTTATGAGTTCTAAAGCT AA TCCAA TCGAAAAT A 

TCAAATTCATAGATGCATTATGCCGTTTAGGAGTATCTTATCACTTTG 

AAAAAGATATTGTAGAACAATTAGATAAATCATTTGATTGCTTAGAT 
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TTTCCACAAATGGTACGTCAAGAAGGTTGCGATTTATATACAGTTGG 

TA TTA TCTTTCAAGTTTTTAGACAATTTGGTTTCAAATT AAGTGCTGA 

TGTTTTTGAAAAA TTCAAAGA TGAAAATGGTAAATTCAAAGGTCACT 

TAGTAACTGATGCTTATGGTATGTTATCATTATACGAAGCTGCACAA 

TGGGGTACTCACGGTGAAGACATCATTGACGAAGCTCTTGCTTTTTC 

TCGTAGTCACTTAGAAGAAATATCTAGTCGTAGTTCACCACACTTAG 

CAATTCGTATTAAAAACGCTTTAAAACATCCATATCATAAAGGTATT 

TCACGTATTGAAACACGTCAA TACATTAGTTACT A TGAAGAAGAAG 

AATCTTGTGATCCAACATTATTAGAGTTCGCTAAAATTGACTTTAAC 

TTATTACAAATTTTACACCGTGAAGAGTTAGCTTGTGTAACTCGTTG 

GCA TCA TGAAA TGGAA TTTAAAAGTAAAGT AACTT ACACACGTCA T 

CGTATTACAGAAGCATATTTATGGAGTCTTGGAACATATTTTGAACC 

ACAATACAGTCAAGCTCGTGTAATAACTACAATGGCATTAATCTTAT 

TTACTGCTTTAGACGACATGTACGATGCTTACGGTACTATGGAGGAG 

TTAGAGTTATTCACAGATGCT ATGGACGAA TGGTTACCAGTTGTTCC 

AGATGAAATTCCTATTCCAGATTCAATGAAATTCATTTACAATGTTA 

CAGTTGAA TTTTACGATAAA TTAGACGAAGAATTAGAAAAAGAAGG 

TCGTTCTGGTTGTGGTTTCCATCTTAAAAAAAGTTTACAAAAAACAG 

CTAATGGATATATGCAAGAAGCAAAATGGCTTAAAAAAGATTACAT 

TGCTACATTTGATGAGTATAAAGAAAATGCTATTTTATCTTCAGGTT 

ATTATGCATTAATTGCAATGACATTTGTTCGTATGACTGATGTTGCTA 

AA TT AGATGCTTTTGAA TGGTTAAGTAGTCACCCAAAAA TTCGTGTA 

GCAAGTGAAATCA TTTCACGTTTT ACAGACGATA TTTCAAGTTATGA 

ATTTGAACACAAACGTCJAACACGTTGCTACACTGTATTGATTCTTT_t\TA 

TGCAACAATTCGGAGTTAGTAAAGAACGTGCTGTTGAAGTTATGGG 

CAA T ATAGTTTCTGA TGCATGGAAAGACTTAAA TCAAGAACTTATGC 

GTCCTCATGTTTTCCCATTTCCACTTCTTATGCGTGTTTTAAATCTTTC 

AAGAGTAATTGATGTATTTTATCGTTACCAAGATGCATATACTAATC 

CAAAATTACTTAAAGAGCACATTGTTTCTTTACTTATTGAAACTATTC 

CAATTGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGAGGT 

GGTTCTGATTATAAAGACGACGATGACAAAGGAACCGGTTAATCTA 

GACTCGAG 

170 CATATGGTACCAGAGGCAA TTAGAGTATTTGGCTTAAAACTTGGTTC Sesqui~ 

AAAA TTATCT A TTCACTCACAAACAAA TGCTTTTCCTGCA TTCAAA T terpene (A. 

TATCTCGTTTTCCATT AACATCTTTCCCTGGT A.AA.CATGCTCACTTAG thalania) 

A TCCATTAAAAGCAACAACTCATCCA TT AGCTTTTGA TGGTGAAGAA 

AATAACCGTGAGTTTAAAAACTTA.GGTCCAAGTGAGTGGGGCCATC 

AATTTCTTTCTGCTCATGTAGATTTATCTGAAATGGATGCATTAGAA ! 

I 
CGTGAAATTGAAGCTCTTAAACCAAAAGTACGTGATA.TGTTAATA.TC 

I AAGTGAAAGTTCAAAAA.AAAAAATCTTATTTCTTTATCTTTTAGTAT 
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CATTAGGATTAGCTTATCACTTTGAAGATGAAATTAAAGAAAGTTTA 

GAGGATGGATTACAGAAAATTGAGGAAATGATGGCTTCAGAAGATG 

ATCTTCGTTfT AAAGGCGAT AA TGGTAAA TTCAAAGAATGTTf AGCA 

AAAGATC,CTAAAGGTATTTTATCTCTTTATGAGGCTGCTCACATGGG 

TACAACAACTGATTATATTCTTGATGAGGCTTT A TCATTTACTTTAAC 

ATATATGGAATCATTAGCAGCTTCAGGAACATGTAAAATCAACTTAT 

CACGTCGTATTAGAAAAGCATTAGATCAACCTCAACACAAAAATAT 

GGAAA TAATTGTAGCAATGAAA TACA TTCAA TTTTA TGAAGAAGAG 

GAAGATTGCGATAAAACTTTACTTAAATTTGCTAAACTTAACTTTAA 

ATTCTTACAATTACACTATTTACAAGAACTTAAAATCTTATCTAAAT 

GGTATAAAGACCAAGACTTTAAATCAAAATTACCTCCATATTTCCGT 

GACCGTCTTGT AGAA TGTCATTTTGCATCATTAACATGTTTTGAGCCT 

AAATATGCTCGTGCACGTATTTTCTTATCTAAAATCTTCACTGTTCAA 

ATTTTCATTGACGATACTTGTGACCGTTACGCATCA TTAGGTGAAGT 

TGAGTCATTAGCTGACACTATCGAACGTTGGGACCCTGATGATCATG 

CTATGGACGGATTACCTGATTATCTTAAATCAGTAGTTAAATTTGTA 

TT CAA TACATTTCAAGAATTTGAACGT AAATGTAAACGTTCACTTCG 

TATTAACTTACAAGTAGCAAAATGGGTTAAAGCTGGTCACTTACCAT 

CTTTTGATGAGTA TCTTGATGTAGCTGGTTT AGAA TTAGCTATTTCA T 

TCACTTTCGCTGGTATCTT AA TGGGCATGGAAAATGTTTGT AAACCT 

GAAGCATACGAATGGTTAAAATCTCGTGACAAACTTGTTCGTGGTGT 

AA TCACAAAAGTTCGTTT ACTTAA TGA TA TTTTTGGCT A TGAAGA TG 

ATATGCGTCGTGGTTATGTAACAAATTCAATAAACTGCTACAAAAAA 

CAA TATGGAGTAACAGAGGAAGAAGCTATTCGTAAATTACATCAAA 

TCGTTGCTGATGGAGAGAAAATGATGAATGAAGAGTTCTTAAAACC 

TATTAATGTACCATATCAGGTTCCTAAAGTAGTTATTTTAGACACTTT 

ACGTGCAGCTAATGTITCATACGAAAAAGATGACGAATTTACACGTC 

CAGGCGAACACCTTAAAAACTGCATTACATCTATTTACTTCGATTTA 

GGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGCGGTGGTA 

GTGATIACAAAGATGATGATGATAAAGGAACCC><:iTTAATCTAGACT 

CGAG 

171 CATATGGTACCAACTACAACATTATCATCTAACCTTAACTCACAATT GPP 

CATGCAGGTTTACGAGACTCTTAAA TCAGAACTTA TTCATGACCCAT Chi111era 

TATTTGAGTTCGATGACGATTCAAGACAATGGGTAGAACGTATGATT 

GATTATACTGTACCAGGTGGTAAAATGGTTCGTC><:JTTATAGTGTAGT 

AGATAGTTATCAA TI ACTT AAAGGTGAAGAACTTACAGAAGAAGAG 

GCATTTTTAGCTTGTGCACTTGGTTGGTGTACAGAATGGTTTCAAGC 

ATTCATTCTTTIACATGATGATATGATGGATGGTAGTCACACAAGAC 

GTGGTCAACCATGTTGGTTTCGTTTACCTGAGGTTGGTGCTGTTGCTA 

TTAA TGATGGTGTTTTACTTCGT AA TCACGTTCACCGTA TICTTAAAA 
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AACATTTTCAAGGTAAAGCATATTATGTTCATTTAGTTGATTTATTCA 

ATGAAACTGAATTTCAAACAATTAGTGGACAAATGATCGACTTAATT 

ACAACATTAGTTGGTGAAAAAGACTTATCTAAA TATTCAJT AAGTA T 

TCATCGTCGTATCGTTCAATACAAAACAGCATACTACTCATTTTACTT 

ACCAGTTGCTTGTGCTTT ACTTATGTTTGGTGAGGATCTTGATAAAC 

ATGTAGAAGTTAAAAATGTTCTTGTTGAAATGGGTACATATTTTCAA 

GTTCAAGATGATTATTTAGATTGTTTTGGTGCTCCAGAAGTTATTGG 

CAAAATTGGTACTGATATTGAAGACTTTAAATGTTCATGGTTAGTAG 

TT AAAGCATTAGAATTAGCAAA TGAAGAACAGAAAAAAACTTTACA 

CGAAAA TTATGGAAAAAAAGATCCAGCATCAGTTGCTAAAGTTAAA 

GAAGTATACCACACACTTAATTTACAAC.CTGTTTTCGAAGATTATGA 

I AGCAACATCATACAAAAAACTTATTACTTCTATTGAAAATCACCCAT 

CTAAAGCTGTTCAAGCTGTTTTAAAATCTTTCTTAGGCAAAA T ATAC 

AAACGTCAAAAAGGTACCGGTGAAAACTTA TACTTTCAAGGTTCTG 

GTGGCGGTGGAAGTGATTACAAAGATGATGACGATAAAGGAACCGG 

TTAATCTAGACTCGAG 

172 CATATGGTACCAAGTCAACCTTACTGGGCTGCAATTGAAC.CAGACAT GPPS-

TGAAAGATATTTAAAAAAATCAATTACAATTCGTCCACCAGAAACT LSU+SSU 

GTATTTGGTCCTATGCACCATTTAACATTTGCTGCTCCTGCTACTGCA fusion 

C.CTAGTACATT ATGCCTTGCTGCTTGTGAA TTAGTTGGCGGTGATCG 

TAGTCAAGCTATGGCAGCTGCTGCTGCTATCCATTTAGTTCATGCAG 

I CTGCTTACGTTCACGAACATCTTCCTTTAACAGATGGA TCACGTCCT 

GTAAGTAAACCTGCTATTCAACATAAATATGGTCCAAACGTTGAACT I 
TTTAACAGGTGATGGTATCGTTCCTTTCGGTTTTGAGTTATTAGCAGG 

TTCAGTAGATCCAGCACGTACTGATGACCCTGATCGTATTTTACGTG 

TAA TTATTGAAATTTCTCGTGCTGGTGGACCAGAAGGCATGATTTCT 

I 
GGTTTACACCGTGAC,CJAAGAAA TCGTAGA TGGT AACACATCATTAG 

ACTTTATAGAATATGTATC.CAAAAAAAAATACGGTGAAATGCACGC I 

ATGTGGTGCAGCTTGCGGAGCTATTTTAGGTGGAGCTGCTGAAGAA 

GAAA TTCAAAAACTTCGT AACTTTGGTCTTTA TCAAGGCACA TT ACG 

TGGTATGATGGAAATGAAAAATAGTCATCAGTTAATTGACGAAAAT 

ATCATTGGAAAACTTAAAGAACTTC.CTCTTGAAGAATTAGGTGGATT 

CCACGGTAAAAACGCTGAATTAATGAGTTCTTTAGTTC.CTGAACCTA 

GTTTA T ATGCAGCTTCA TCAAATAACTT AGGTA TCGAAGGTCGTTTT I 
GACTTTGACGGTTACATGCTTCGTAAAGCAAAATCTGTAAATAAAGC 

ATTAGAAGCTGCTGTTCAAATGAAAGAACCACTTAAAATTCACGAA 

TCAA TGCGTTATTCATTATTAGCTGGTGGTAAACGTGTTCGTCCAA T 

GTTATGTATTGCAGCTTGTGAACTTGTTGGTGGTGACGAATCTACAG I 
CAATGCCTGCAGCATGTGCTGTTGAAATGATTCACACAATGTCTTTA . 

ATGCATGATGACCTTCCATGTATGGATAACGATGACTTACGTCGTGG I 
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TAAACCTACAAACCACATGGCTTTTGGTGAGTCTGTAGCTGTTCTTG 

CTGGTGATGCATTACTTAGTTTTGCTTTTGAACATGTTGCTGCTGCAA 

CAAAAGGCGCACCACCTGAACGTATCGTACGTGTATTAGGTGAATT 

AGCTGTTAGTATTGGTTCAGAAGGACTTGTAGCAGGTCAAGTTGTAG 

ACGTTTGTTCTGAAGGCATGGCTGAAGTAGGATTAGATCATCTTGAA 

TTTATTCACCATCATAAAACTGCTGCA TTA TTACAAGGTTCAGTTGTT 

TTAGGTGCAATATTAGGAGGCGGTAAAGAAGAAGAAGTAGCTAAAC 

TTCGTAAATTTGCT AACTGTATTGGTTTACTTTTCCAAGTTGTTGATG 

ATATTTTAGATGTTACTAAAAGTAGTAAAGAGTTAGGTAAAACTGCA 

GGTAAAGACTTAGTAGCTGATAAAACTACATATCCTAAACTTATAGG 

CGTTGAAAAATCAAAAGAATTTGCTGACCGTTTAAATCGTGAAGCA 

CAAGAACAATTATTACA TTTTCA TCCTCACCGTGCTGCTCCATTAATC I 

GCTTTAGCTAACTACATCGCTTACCGTGATAATGGTACCGGTGAAAA 

CTTATACTTCCAGGGTAGTGGTGGTGGCGGATCAGATTATAAAGATG 

ACGATGATAAAGGAACCGGTTAATCTAGACTCGAG 

173 CATATGGTACCAGTAACAGCAGCACGTGCAACACCAAAATTAAGTA Geranyl-

ATAGAAAATTACGTGTTGCTGTAATTGGAGGCGGTCCAGCAGGAGG geranyl 

TGCAGCTGCTGAAACATTAGCACAAGGAGGTATTGAAACAATTCTT reductase 

A TCGAACGT AAA.A TGGA T AA TTGTAAAC:CATGTGGTGGTGCTA TTCC (A. lhalania) 

ATTATGTATGGTAGGAGAGTTCAATTTAC:CTTTAGACATTATTGACC 

i GTC:GTGTAACAAAA.\ TGAAAA TGA TCTCTCCTTCAAACATTGCAGTT 

GATATC:GGTCGTACACTTAAAGAACACGAATATATTGGTATGGTTCG 

TC:GTGAGGTACTTGATGCTTATC:TTCGTGAACGTGCAGAAAAATCAG 

GTGCTACTGTTATTAACGGTTTA TTCTT AAAAATGGATCACCCAGAA 

AATTGGGATTCACCATATACACTTCACTACACAGAGTATGATGGAAA 

AACAGGTGCTACAGGAACTAAAA.AAACTATGGAAGTAGATGCTGTT 

ATTGGTGC:TGATGGTGCTAATTCTCGTGTTGCAAAAAGTATTGACGC 
I 

I AGGTGATTATGATTATGCTATTGCATTTCAAGAACGTATTCGTATAC 
I 

CTGATGAGAAAATGACTTATTATGAGGACTTAGCTGAGATGTATGTA 

GGTGATGATGTATCACCAGACTTCTACGGTTGGGTATTCCCAAAATG 

TGATCATGTAGC:TGTTGGTACAGGTACTGTAACACATAAAGGTGATA 

TCAAAAAATTCC:AGTTAGCTACACGTAATCGTGCTAAAGATAAAATT 

CTTGGTGGCAAAA TAATCCGTGTAGAGGCTCA TCCTATTCCAGAGCA 

TCCT AGACCACGTCGTTTA TCAAAACGTGTTGCATTAGTAGGCGACG 

CAGCAGGTTACGTTACTAAATGTTCAGGAGAAGGAA TTTACTTCGCA 

GCTAAATC:TGGTC:GTATGTGTGCTGAAGCT ATCGTTGAAGGTTCACA 

AAATGGCAAAA.AAATGATAGATGAAGGCGATTTAAGAAAATACTTA 

GAAAAATGGGATAAAACTTACTTACCAACTTATCGTGTTTTAGATGT 

ACTTCAAAAAGTTTTCTATCGTTCTAAC:CCAGC:TCGTGAGGCTTTTGT 

TGAAATGTGTAACGATGAGTATGTACAGAAAA TGACATTTGATTCTT 
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ACCTTTATAAACGTGTAGCTCCTGGTAGTCCATTAGAAGATATCAAA I 

TTAGCTGTAAATACTATTGGTTCACTTGTTCGTGCTAACGCATTACGT 

CGTGAAATTGAGAAA TTATCAGTAGGTACCGGTGAGAATCTTTACTT 

TCAAGGATCAGGTGGTGGTGGTTCTGATTATAAAGATGACGATGA T 

AAAGGAACCGGTTAATCTAGACTCGAG 

174 CATATGGTACCAGTAGCTGTTA TTGGTGGTGGTCCAAGTGGCGCTTG Geranylgera 

TGCAGCAGAAACTTTAGCAAAAGGTGGTGTAGAAACTTTCTTACTTG ny1 

AGCGTAAATTAGATAATTGTAAACCTTGTGGAGGTGCAATTCCATTA reductasc 

TGTATGGTTGAAGAATTTGATTTACCAA TGGAAATAA TTGACCGTCG (C. 

TGTTACT AAAATGAAAA TGA TATCACCTTCAAACCGTGAAGTTGATG reinhan.hii) 

TTGGAAAAACTTTA TCAGAAACTGAATGGATCGGT ATGTGTCGTCGT 

I GAAGTATTTGACGATTACTT AAGAAACCGTGCACAGAAA TTAGGTG 

CTAATATTGTTAACGGTTTATTCATGCGTTCAGAACAACAATCTGCA 

GAGGGTCCATTCACAATTCACTATAATTCTTATGAAGACGGTAGTAA 

AA TCiGGAAAACCTGCTACTTTAGAAGTTGATATGA TAATTGGTGCAG 

ATGGAGCAAATTCTCGTATTGCAAAAGAGATAGATGCAGGTGAATA 

CGACTACGCTATAGCTTTTCAAGAACGTATTCGTATTCCTGATGATA 
i 

AAATGAAATATTACGAAAACCTTGCTGAAATGTATGTAGGTGATGA 

CGT A TCTCCTGA TTTCT A TGGTTGGGTTTTTCCT AAA TA TGA TCACGT 

TGCTGTTGGTACAGGTACTGTTGTAAACAAAACAGCTATTAAACAAT 

ATCAACAGGCAACACGTGACAGATCAAAAGTTAAAACAGAAGGTGG 

CAAAATTATACGTGTTGAAGCACACCCAATTCCAGAACATCCACGTC 

CACGTCGTTGTAAAGGTCGTGTTGCATTAGTAGGCGACGCAGCTGGT 

TATGTTACAAAATGTTCTGGCGAGGGCATTTACTTTGCTGCTAAATC 

TGGTAGAATGGCTGCTGAAGCTATTGTAGAAGGTTCTGCTAACGGTA 

CAAAAA TGTGTGGTGAGGA TGCAA TTCGTGTTTATTTAGA TAAATGG 

GATCGTAAATATTGGACAACATACAAAGTATTAGACATTTTACAAA 

AAGTATTTTATCGTAGTAATCCAGCACGTGAAGCATTTGTTGAATTA 

TGTGAAGATAGTTATGTACAGAAAATGACATTTGATTCATACTTATA 

TAAAACTGTTGTTCCAGGAAACCCA TTAGACGACGT AAAA TTACTTG 

TTCGTACAGTATCTTCTATTTTACGTTCAAATGCTTTACGTTCTGTTA 

ATTCTAAATCTGT AAA TGTTTCTTTCGGCTCT AAAGCAAATGAGGAA 

CGTGTTATGGCTGCAGGTACCGGTGAAAATCTTTATTTTCAAGGTTC 

AGGAGGTGGTGGTTCAGATTATAAAGATGATGATGACAAAGGAACC 

GGTTAATCTAGACTCGAG 

175 CATATGGTACCAGCAATGGCAGTACCATTAGATGTAGTAATTACATA Chloro-

TCCTTCTTCAGGTGCTGCTGCTTATCCAGTACTTGTTATGTATAACGG phyllidohyd 

TTTCCAAGCTAAAGCTCCATGGTATCGTGGTATTGTAGATCATGTTT rolase (C. 
i 

CTAGTTGGGGTTACACAGTTGTTCAATATACAAATGGTGGCTTATTT reinhard1ii) 

CCTATTGTTGTAGATCGTGTTGAGTTAACTTATTTAGAGCCATTATTA 
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ACTTGGTTAGAAACACAAAGTGCTGA TGCT AAA TCTCCTTTATACGG 

TCGTGCAGATGTTTCTCGTTTAGGTACAATGGGTCATTCACGTGGTG 

GT AAA TTAGCAGCTTT ACAATTTGCTGGACGTACAGATGTAAGTGGT 

TGTGTATTATTTGACCCTGTAGATGGAAGTCCAATGACACCAGAATC 

TGCTGATTATCCTTCAGCTACAAAAGCA TTAGCAGCAGCTGGTCGTT 

CTGCTGGCTTAGTAGGTGCAGCTATTACAGGTTCATGTAATCCAGTA 

GGTCAAAA TTACCCAAAA TTCTGGGGTGCTTTAGCTCCTGGTTCTTG 

GCAAATGGTATTATCACAAGCTGGTCACATGCAATTTGCTCGTACTG 

GTAATCCATTCTT AGA TTGGTCATTAGACCGTTTATGTGGTCGTGGT 

ACAATGATGAGTTCAGATGTTATTACATATAGTGCAGCATTTACTGT 

TGCTTGGTITGAAGGTATTTTTCGTCCTGCTCAAAGTCAAA TGGGTA 

TTTCT AATTTCAAAACTTGGGCTAA TACTCAAGTTGCAGCTCGTAGT 

ATCACTTTTGATATTAAACCTATGCAATCTCCTCAGGGTACCGGTGA 

AAACCTTTACTTTCAAGGTAGTGGTGGTGGAGGAAGTGATTATAAA 

GATGATGATGACAAACKiAACCGGTTAATCTAGACTCGAG 

176 CATATGGTACCAGCACCACCAAAACCAGTTCGTATAACTTGTCCAAC Chloro-

AGTAGCTGGCACTTATCCTGTTGTTTTATTCTTTCACGGTTTTTATCTT phyllido 

CGTAACTATTTCTATTCAGATGTTTTAAATCATATTGCTAGTCATGGT hydro lase 

T ACATCTTAGTTGCACCACAA TTA TGT AAACTTTT ACCTCCAGGTGG (A. thalania) 

CCAAGTAGAAGTTGATGACGCTGGTTCAGTTATTAACTGCKiCTTCAG 

AGAATCTTAAAGCACACCTTCCAACTTCTGTTAATGCTAATGGTAAA 

TATACATCrTTAGTTGGACA TTCACGTGGTGGCAAAACAGCTTrCGC 

AGTTGCATTAGGTCACGCAGCTACATTAGATCCATCAATTACATTTT 

CACiCATTAATTGGTATTGATCCAGTAGCAGGAACTAACAAATACATT 

CGTACAGATCCACACATCTT AACTTAT AAACCTGAATCATTTGAA TT 

AGATATTCCTGTAGCTGTTGTAGGCACTGGTCTTGGTCCAAAA TOGA 

ATAACGTAATGCCTCCATGCGCACCTACAGATTTAAACCACGAAGA 

ATTTTACAAAGAATGTAAAGCTACTAAAGCTCACTTTGTTGCTGCTG 

ATTATGGTCACATGGACATGTTAGACGACGATCTTCCAGGTTTTGTA 

GGCTTCA TGGCTGGTTGTATGTGT AAAAA TGGTCAACGTAAAAAA TC 

AGAAA TGCGTTCTTTTGTAGGTGGTATAGTTGTAGCATTCTTAAAA T 

ATTCTTTATGGGGTGAAAAAGCTGAAATAAGATTAATTGTTAAAGAT 

CCTAGTGTATCTCCTGCT AAA TTAGACCCATCACCAGAA TTAGAAGA 

' AGCA TCAGGT A TTTTTGTTGGT ACCGGTGAAAA TCTTT A TTTTCAAG 

GTTCAGGTGGAGGTGGTTCTGATTATAAAGATGATGATGACAAAGG 

AACCGGTTAATCTAGACTCGAG 

177 CATATGGTACCAGCTACACCAGTTGAAGAAGGTGATTATCCAGTTGT Chloro-

AATGTTATTACATGGCTACCTTTTATATAATTCATTTTATTCACAATT , phyllidohyd 

AATGTTACATGTATCATCTCACGGTTTCATCTTAATTGCTCCACAATT rolase (A. 

ATACTCAATTGCTGGTCCTGATACTATGGATGAAATTAAAAGTACTG thalania) 

-177-



WO 2009/036067 PCT/US2008/075858 

CTGAGATTATGGACTGGTTATCAGTTGGTTT AAA TCACTTTTTACCA 

GCTCAAGTTACACCTAATTTATCTAAATTTGCATTATCTGGTCATAGT 

CGTGGTGGTAAAACTGCTTTTGCTGTAGCATTAAAAAAATTTGGTTA 

TTCTTCAAACTTAAAAATTAGTACTTTAATTGGTATTGATCCAGTAG 

ACGGAACAGGTAAAGGTAAACAAACTCCACCTCCTGTTTTAGCATAT 

TTACCTAATAGTTTTGACTTAGACAAAACACCAATTTTAGTAATTGG I 
TTCAGGTTTAGGTGAAACTGCACGTAATCCTTTATTTCCTCCATGTGC 

TCCTCCAGGTGTTAACCACCGTGAGTTTTTCCGTGAATGTCAAGGTC 

CAGCATGGCACTTTGTTGCTAAAGA TTA TGGTCA TTTAGACATGCTT 

GATGATGATACAAAAGGTATTCGTGGCAAATCTAGTTACTGTTTATG 

CAAAAA TGGTGAAGAACGTCGTCCAA TGCGTCGTTTCGTTGGTGGTT 

TAGTTGTTAGTTTTCTTAAAGCATATCTTGAAGGTGATGATCGTGAA 

TTAGTAAAAATCAAAGATGGTTGTCATGAAGATGTACCTGTTGAAAT 

TCAAGAATTTGAAGTAATTATGGGTACCGGTGAAAATCTTTACTTTC 

AAGGTTCAGGCGGTGGAGGTTCAGATTATAAAGATGATGATGACAA 

AGGAACCGGTTAATCTAGACTCGAG 

178 CAT ATGGTACCAAGTCACAAAAAAAAAAACGTAA TCTTCTTCGT AA Phosphatase 

CTGATGGTATGGGTCCTGCTTCTCTTTCAATGGCTCGTTCATTTAA TC (S. 

AACACGTT AA TGA TTTACCAATTGATGA TA TTTTAACA TTAGATGAA cerevisiae) 

CATTTTATTGGAAGTTCAAGAACACGTTCATCAGATTCACTTGTAAC 

TGACTCAGCTGCTGGAGCTACAGCTTTTC,CTTGTGCACTTAAATCAT 

ACAATGGTGCTATAGGTGTAGATCCACACCATCGTCCATGTGGAACT 

GTTTTAGAAGCTGCTAAATTAGCAGGTTATTTAACAGGATTAGTAGT 

TACTACACGTATTACTGATGCTACACCAGCTAGTTTCTCAAGTCACG 

TA GA TT ATCGTTGGCAAGAAGATTT AATTGCAACACACCAA TTAGGT 

GAATATCCTTTAGGACGTGTTGTTGATCTTCTTATGGGTGGTGGTCGT 

TCTCACTTTTATCCTCAAGGTGAAAAAGCTAGTCCATACGGTCACCA 

CGGTGCACGTAAAGATGGTCGTGATTTAATCGATGAAGCTCAAAGT 

AATGGCTGGCAGTATGTAGGAGATCGTAAAAA TTTTGATTCTTTACT 

I 
TAAATCACATGGTGAAAATGTTACTTTACCATTTTTAGGTTTATTTGC 

TGACAACGATATCCCATTTGAAATTGATCGTGATGAAAAAGAATATC 

CTAGTTTAAAAGAACAAGTAAAAGTAGCATTAGGTGCTTTAGAAAA 

AGCAAGTAACGAAGATAAAGATAGTAATGGTTTCTTTTTAATGGTAG 

AAGGTTCTCGTATTGATCATGCTGGCCATCAAAACGATCCTGCATCT 

CAAGTACGTGAAGTATTAGCATTTGATGAGGCTTTTCAATATGTATT 

AGAA TTTC,CAGAAAACAGTGATACAGAAACAGT ATTA GT AAGTACA 

TCAGATCATGAAACAGGTGGTTTAGTTACTTCAAGACAAGTAACAG 

CATCATACCCACAATATGTATGGTATCCTCAAGTATTAGCTAACGCT 

ACACATAGTGGAGAGTTTCTTAAACGTAAATTAGTTGATTTCGTTCA 

TGAACACAAAGGCGCATCATCAAAAATAGAAAACTTCATAAAACAC 
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GAAATTCTTGAAAAAGATTTAGGTATTTATGATTATACAGATTCTGA I 
CTTAGAAACACTTATTCATTTAGATGATAACGCTAATGCAATTCAAG I 

ATAAACTTAATGATATGGTAAGTTTTAGAGCTCAAATTGGTTGGACA 

ACACATCruTCATTCAGCAGTTGATGTAAACATATATGCTTACGCAAA 

CAAAAAAGCTACATGGTCTTATGTTCTTAATAACTTACAAGGTAATC 

i ACGAAAACACAGAAGTTGGTCAATTCTTAGAGAATTTCTTAGAATTA 

AACTTAAATGAAGTTACTGATTTAATCCGTGATACAAAACATACTTC 

TGATTTTGACGCAACAGAAA TAGCAAGTGAGGTTCAACACTATGAT 

GAATATTACCACGAATTAACAAATGGTACCGGTGAAAATCTTTATTT 

TCAAGGTTCTGGTGGAGGTGGCAGTGATTATAAAGATGATGATGAC 

AAAGGAACCGGTTAATCTAGACTCGAG 

179 CATATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCA FPP All8W 

ACCAGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGCGAACGTG (G. gallus) 

AGGAATTTGTAGGATTCTTTCCACAAA TTGTTCGTGACTTAACTGAA 

GATGGTATTGGTCATCCAGAAGTAGGTGACGCTGTAGGfCGTCTTAA 

AGAAGTATTACAATACAACGCACCTGGTGGTAAATGCAATAGAGGT 

TT AACAGTTGTTGCAGCTTACCGTGAACTTTCTGGACCAGGTCAAAA 

AGACGCTGAAAGTCTTCGTTGTGCTTTAGCAGTAGGATGGTGTATTG 

AA TT A TTCCAAGCCTTTTTCTT AGTTTGGGACGA TAT AA TGGACCAG 

TCA TTAACTAGACGTGGTCAATTATGTTGGTACAAGAAAGAAGGTGT 

TGGTTTAGATGCAATAAATGATTCTTTTCTTTTAGAAAGCTCTGTGTA 

TCGCGTTCTT AAAAAGTATTGCCGTCAACGTCCATATTA TGTACA TTT 

ATTAGAGCTTTTTCTTCAAACAGCTTACCAAACAGAATTAGGACAAA 

TGTTAGATTTAATCACTGCTCCTGTATCTAAGGTAGATTTAAGCCATT 

TCTCAGAAGAACGTTACAAAGCTATTGTT AA GT AT AAAACTGCTTTC 

TATTCATTCTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATA 

GATTCTAAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGA 

TGGGTGAATACTTCCAAATTCAAGATGATTATTTAGATTGTTTTGGC 

GATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATAACAA 

ATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACACCAGAAC 

AACGTCAACTTTTAGAAGATAATTACGGTCGTAAAGAACCAGAAAA 

AGTTGCT AAAGTT AAAGAA TTATATGAGGCTGTAGGTATGAGAGCC 

GCCTTTCAACAATACGAAGAAAGTAGTTACCGTCGTCTTCAAGAGTT 

AA TTGAGAAACA TTCT AA TCGTTT ACCAAAAGAAA TTTTCTTAGGTT 

TAGCTCAGAAAATATACAAACGTCAAAAAGGTACCGGTGAAAACTT 

A TACTTTCAAGGCTCAGGTGGCGGTGGAAGTGATTACAAAGATGA T 

GATGATAAAGGAACCGGTTAA TCTAGACTCGAG 
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Table 7. Nucleic acids encoding exemplary isoprenoid producing enzymes used to increase phytol production 

Enzyme I 
SEQ (synthase) 

I 
IDNO. ! Codon-biased, Synthesized Gene Sequence encoded ! 

180 ATGGTACCAGCA TTTGACTTCGATGGTTACA TGCTTCGTAAAGCT GPPS-LSU (M. 

AAATCTGTAAATAAAGCTCTTGAAGCTGCAGTACAAATGAAAGA spicata) 

ACCATTAAAAATTCATGAAAGTATGCGTTATTCTTTATTAGCTGG 

TGGTAAACGTGTACGTCCAATGTTATGTATTGCAGCTTGTGAA TT 

AGTTGGTGGTGACGAAAGTACTGCTATGCCTGCTGCTTGCGCTG 

TAGAAATGATTCATACTATGAGTTTAATGCATGATGATTTACCAT 

GTATGGATAATGACGATTTACGTCGTGGTAAACCAACAAACCAC 

ATGGCATTTGGTGAAAGTGTAGCAGTATTAGCAGGTGATGCATT 

ATTATCTTTTGCTTTTGAACA TGT AGCAGCAGCAACAAAAGGTG 

CTCCTCCAGAACGT ATTGTTAGAGTTTTAGGTGAACTTGCAGTTT 

CTATTGGTTCAGAAGGTTTAGTTGCTGGACAAGTAGTTGACGTTT 

GTTCTGAAGGTATGGCTGAGGTTGGTTTAGATCA TTTAGAA TTTA 

TTCATCACCACAAAACTGCTGCTTTATTACAAGGTTCTGTAGTAT 

TAGGTGCAA.TA TTAGGTGGTGGAAAAGAAGAAGAGGT AGCAAA 

ACTTCGT AAA TTCGCT AACTGCATTGGTTTACTTTTCCAAGT AGT 

AGATGATATTCTTGATGTAACAAAATCATCTAAAGAATTAGGTA 

AAACAGCAGGT AAAGATTTAGTTGCTGAT AAAACTACTT ATCCA 

AAATTAATCGGTGTTGAGAAAAGTAAAGAGTTCGCAGACCGTTT 

AM\ TCGTGAAGCTC.A_AGAACAACTTCTTCA TTTTCA TCCACA TA 

GAGCAGCACCTTTAATCGCTTTAGCAAACTATATTGCTTA TCGTG 

A TAATGGTACCGGTGAAAA TTTATA TTTTCAAGGTTCAGGTGGC 

GGAGGTTCTGATTATAAAGATGATGATGATAAAGGAACCGGTTA 

A 

I 181 ATGGTACCAAGTCAACCTTACTGGGCAGCAATTGAGGCAGATAT GPPS-SSU (M. 

TGAACGTTACTTAAAAAAATCAATTACAATTCGTCCACCAGAAA spicata) 

CTGTATTTGGTCCAATGCACCACTT AACTTTTGCTGCACCAGCTA 

! CAGCTGCTAGTACTTTATGTTTAGCAGCATGTGAACTTGTAGGTG 

GTGATCGTAGTCAAGCTATGGCTGCAGCAGCAGCAATCCATCTT 

GTTCATGCAGCTGCTTATGTACATGAACATTTACCATTAACTGAT 

GGTAGTCGTCCAGTAAGTAAACCAGCTATCCAACATAAATATGG 

TCCAAATGTAGAATTACTTACAGGTGACGGTATTGTACCATTTG 

GTTTTGAATTATTAGCAGGTTCTGTTGATCCAGCACGTACAGATG 

ATCCAGACCGTATTTTACGTGTAATAATTGAAATAAGTCGTGCT 

GGTGGTCCAGAAGGTATGATT AGTGGTTTACA TCGTGAAGAAGA 

GATTGTAGATGGTAATACTTCTCTTGATTTTATTGAATACGTTTG 

CAAAAAAAAATATGGTGAAATGCACGCATGTGGTGCTGCATGC 
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GGTGCAATTTTAGGTGGTGCAGCTGAAGAAGAAATTCAAAAACT 

I TCGTAACTTCGGATTATATCAAGGAACTTTACGTGGTATGATGG 

AGATGAAAAACTCACACCAACTTATTGACGAAAATATCATTGGC 

AAACTTAAAGAATTAGCTTTAGAAGAATTAGGTGGATTTCATGG 

TAAAAATGCTGAATTAATGTCTAGTTTAGTAGCAGAACCATCAT 

TATATGCTGCTGGTACCGGTGAAAATTTATACTTTCAAGGTTCTG 

GTGGTGGTGGCAGTGATTATAAAGACGATGATGACAAAGGAAC 

CGGTIAA 

182 ATGGT ACCACTTTTATCTAACAAA TTAAGAGAGATGGTTTTAGC GPPS (A. 

AGAAGTTCCTAAA TT AGCATCTGCTGCTGAATA TTTCTTTAAACG thaliana) 

TGGTGTTCAGGGTAAACAATTCCGTTCAACAA TTTTATTATTAA T 

GGCAACAGCTCTTGACGTTCGTGTTCCAGAAGCATTAATTGGTG 

AATCTACTGATATTGTAACATCTGAATTACGTGTACGTCAACGT 

GGCATTGCTGAAA TTACAGAAA TGA TTCATGTAGCA TCACTTCT 

TCACGATGACGTTCTTGACGATGCTGATACTCGTCGTGGTGTTGG 

T AGTCTTAATGTTGTAATGGGAAACAAAA TGTCAGTTTTAGCAG 

GTGACTTCTTACTTTCTCGTGCTTGTGGTGCTCTTGCAGCTCTTA 

AAAACACAGAAGTTGTAGCATTATTAGCTACAGCAGTAGAACAC 

TTAGTTACTGGTGAGACAA TGGAAAT AACTTCA TCAACTGAACA 

ACGTTATTCTATGGATTACTACATGCAGAAAACTTATTACAAAA 

CTGCTTCATTAATTTCAAATTCATGTAA,AGCAGTTGCTGTATTAA 

CAGGTCAAACAGCTGAAGTTGCAGTATTAGCTTTTGAATATGGT 

CGTAATTTAGGTTTAGCTTTCCAGTTAATTGACGACATTTTAGAT 

TTCACAGGCACATCTGCTAGTTTAGGAAAAGGTTCTTTATCAGA 

TAT ACGTCA TGGTGTT ATTACTGCTCCTA TCTTA TTTGCAATGGA 

AGAATTTCCTCAATTAAGAGAAGTAGTAGATCAAGTAGAAAAA 

GATCCAAGAAATGTAGACATAGCTTTAGAATATTTAGGTAAAAG 

TAAAGGTATTCAACGTGCTCGTGAATTAGCAATC~1AACACGCAA 

ATTTAGCTGCTGCAGCTATTGGTTCTTTACCTGAAACAGAT AACG 

AAGA TGTTAAACGTTCACGTCGTGCTTTAA TTGATTTAACACAC 

AGAGTAATTACACGTAACAAAGGTACCGGTGAGAATTTATACTT 

TCAAGGTAGTGGTGGAGGAGGTAGTGACTATAAAGATGATGAC 

GATAAAGGAACCGGTTAA 

183 ATGGTACCAGTAGTTTCTGAACGTTTAAGACATTCTGTAACAAC GPPS (C. 

TGGTA TTCCAGCATT AAAAACAGCAGCTGAATA TTTCTTTCGTCG reinhardtii) 

I TGGTATCGAAGGAAAACGTTTAAGACCTACATTAGCATTATTAA 

1 

TGAGTAGTGCTTTATCACCAGCTGCTCCA TCACCAGAGTATTTAC 
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184 

I 

Codon-biased, Synthesized Gene Sequence 

AAGTTGATACAAGACCTCiCTGCAGAACACCCTCATGAAA TGCGT 

CGTCGTCAACAACGTTTAGCTGAAA TTGCAGAA TTAA TCCATGT 

AGCTTCATTACTTCACGATGATGTTATTGATGACGCACAAACAC 

GTCGTGGTGTTTTAAGTTTAAATACATCTGTTGGTAATAAAACA 

GCTATCTTAGCAGGTGATTTCTTATTAGCTCGTGCATCTGTAACA 

TTAGCTAGTTTAAGAAACTCTGAAATTGTAGAATTAATGTCACA 

GGTTTTAGAACACTTAGTATCTGGTGAAA TTATGCAAATGACTG 

CTACTTCAGAACAACTTTTAGATTTAGAACA TTA TTT AGCAAAA 

ACATATTGTAAAACTGCTTCATTAATGGCTAA TAGTTCTCGTTCT 

GTTGCAGTTCTTGCAGGTGCAGCTCCTGAAGTTTGTGATATGGC 

A TGGTCA TACGGTCGTCATTTAGGTATTGCTTTCCAAGTAGTTGA 

CGATTTA TT AGA TTTAACAGGTTCATCTTCTGTTTIAGGTAAACC 

TGCTTTAAACGATATGCGTTCTGGTTTAGCAACAGCACCAGTATT 

ATTCGCTGCACAAGAAGAACCTGCATTACAGGCTCTT A TA TT AC 

GTCGTTTTAAACACGACGGTGACGTAACAAAAGCAATGTCATTA 

ATTGAACGTACACAAGGCTTACGTCGTGCTGAAGAACTTGCAGC 

ACAACACGCAAAAGCTGCTGCTGATATGATTCGTTGCTTACCTA 

CAGCTCAATCAGACCATGCAGAAATTGCTCGTGAAGCATTAATT 

CAAATTACACATCGTGTTTTAACACGTAAAAAAGGTACCGGTGA 

AAACTTAT ACTTTCAAGGTTCTGGTGGTGGTGGA TCAGATTATA 

AAGATGATGATGACAAAGGAACCGGTTAA 

A TGGTACCAACTACAACA TTA TCA TCTAACCTTAACTCACAATTC 

ATGCAGGTTTACGAGACTCTTAAA TCAGAACTTA TICATGACCC 

A TT ATTTGAGTTCGA TGAC:GATTC:AAGAC:AA TGGGTAGAACGTA 

TGATTGATTATACTGTACC:AGGTGGTAAAATGGTTCGTGGTTAT 

AGTGTAGTAGATAGTTATCAA TTACTTAAAGGTGAAGAAC:TT AC 

AGA>\GAAGAGGCATTTTTAGCTTGTGCACTTGGTTGGTGTACAG 

1 AATGGTTTCAAC£ATTCATTC:TTITACATGATGATATGATGGATG 

GTAGTCACACAAGACGTGGTC:AAC:C:ATGTTGGTTTCGTTTACCT 

GAGGTTGGTGCTGTTGCTATTAATGATGGTGTTTTACTTCGTAAT 

I C:ACGTIC:ACC:GTATTCTTAAAAAACATTTTCAAGGT AAAGC:ATA 

I 
TTATGTTC:ATTI AGTTGATTTA TTCAA TGAAAC:TGAATTTCAAAC: 

1 AATTAGTGGACAAA TGATCGACTT AATTAC:AACA TI AGTTGGTG 

! AAAAAGACTTATCTAAATATTCATTAAGTATTCATC:GTC:GTATCG 

I TTC:AATACAAAACAGCATACTAC:TCATTTIAC:TTACCAGTTGCTT 

I GTGCTTI ACTT ATGTTTGGTGAGGA TCTTGA TAAACATGTAGAA 

I GTT AAAAATGTTCTTGTTGAAA TGGGT ACA TATTTTCAAGTTCAA 
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I 
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I 
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GATGATTATTTAGATTGTTTTGGTGCTCCAGAAGTTA TTGGCAAA 

ATTGGT ACTGATATTGAAGACTTTAAA TGTTCATGGTTAGTAGTT 

AAAGCATTAGAA TTAGCAAATGAAGAACAGAAAAAAACTTTAC 

ACGAAAA TTATGGAAAAAAAGATCCAGCATCAGTTGCTAAAGTT 

AAAGAAGTA TACCACACACTT AA TTTACAAGCTGTTTTCGAAGA 

TTATGAAGCAACATCATACAAAAAACTTATTACTTCTATTGAAA 

ATCACCCATCTAAAGCTGTTCAAGCTGTTTTAAAATCTTTCTTAG 

GCAAAATATACAAACGTCAAAAAGGTACCGGTGAAAACTTATA 

CTTTCAAGGTTCTGGTGGCCKTTGGAAGTGATTACAAAGATGATG 

ACGATAAAGGAACCGGTTAA 

185 j ATGGTACCAAGTCAACCTT ACTGGGCTGCAATTGAAGCAGACAT IS-14-15 fusion 

I TGAAAGATATTTAAAAAAATCAATTACAATTCGTCCACCAGAAA 

i CTGTATTTGGTCCTATGCACCATTTAACATTTGCTGCTCCTGCTA 

I CTGCAGCTAGTACATTATGCCTTGCTGCTTGTGAATTAGTTGGCG 

I GTGATCGTAGTCAAGCTATGGCAGCTGCTGCTGCTATCCATTTA 

1 GTTCATGCAGCTGCTTACGTTCACGAACATCTTCCTTTAACAGAT 

I 

I GGATCACGTCCTGTAAGTAAACCTGCTATTCAACATAAATATGG 
I 
I TCCAAACGTTGAACTTTTAACAGGTGATGGTATCGTTCCTTTCGG 

TTTTGAGTTATTAGCAGGTTCAGTAGATCCAGCACGTACTGATG 

I ACCCTGATCGTATTTTACGTGTAATTATTGAAATTTCTCGTGCTG 

i GTGGACCAGAAGGCATGA TTTCTGGTTTACACCGTGAGGAAGAA 
I 

I 
I ATCGTAGATGGTAACACATCATTAGACTTTATAGAATATGTATG 

I CAAAAAAAAA TACGGTGAAA TGCACGCATGTGGTGCAGCTTGC 

I GGAGCTA TTTTAGGTGGAGCTGCTGAAGAAGAAA TTC:AAAAAC:T 

I I TCGTAACTTTGGTCTTTATC:AAGGC:ACATTAC:GTGGTA TGATGGA 

I 
AATGAAAAATAGTCATC:AGTTAATTGACGAAAATATCATTGGAA 

I 
I AACTTAAAGAACTTGCTCTTGAAGAATTAGGTGGA TTCC:ACGGT 

I AAAAACGCTGAATTAATGAGTTCTTTAGTIGCTGAACCTAGTTT 

I . ATA TGCAGCTTCATCAAA T AACTTAGGTATCGAAGGTCGTTTTG 

I ACTTTGACGGTTACATGCTTCGTAAAGCAAAATCTGTAAATAAA 
I 

I 
I GCATTAGAAGCTGCTGTTCAAA TGAAAGAACCACTTAAAATTCA 

CGAA TCAA TCiCGTT ATTCATTATTACiCTGGTGGT AAACGTGTTCG 

I TCCAA TGTTATGTATTGCAGCTTCiTCiAACTTCiTTCiCiTGGTGACGA 

I 

I 

I ATCTACACiCAATGCCTCiCACiCA TGTGCTGTTCiAAATGATTCACA 
I 
i 

i I I CAATGTCTTTAATGCATGATGACCTTCCATGTATGGATAACCiAT 

I GACTTACCiTCGTGCiTAAACCTACAAACCACA TCiGCTTTTGGTGA 
I 
' 

I 

' I GTCTGTAGCTGTTCTTGCTGGTGA TGCATTACTTAGTTTTGCTTTT 
' 
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I 

GAACATGTTGCTGCTGCAACAAAAGGCGCACCACCTGAACGTAT 

CGTACGTGTATTAGGTGAATTAGCTGTTAGTATTGGTTCAGAAG 

GACTTGT AGCAGGTCAAGTTGT AGACGTTTGTTCTGAAGGCATG 

GCTGAAGTAGGATTAGATCATCTTGAATTTATTCACCATCATAA 

AACTGCTGCATTATTACAAGGTTCAGTTGTTTTAGGTGCAATATT 

AGGAGGCGGTAAAGAAGAAGAAGTAGCTAAACTTCGTAAATTT 

GCTAACTGTATTGGTTTACTTTTCCAAGTTGTTGATGATATTTTA 

i GATGTTACTAAAAGTAGTAAAGAGTIAGGTAAAACTGCAGGTA I ' 
AAGACTTAGTAGCTGATAAAACTACATATCCTAAACTTATAGGC 

GTTGAAAAATCAAAAGAATTTGCTGACCGTTTAAA TCGTGAAGC 

I ACAAGAACAA TTATTACATTTTCATCCTCACCGTGCTGCTCCA TI 

AATCGCTTTAGCTAACTACATCGCTTACCGTGATAATGGTACCG 

GTGAAAACTTATACTTCCAGGGTAGTGGTGGTGGCGGATCAGAT 

TATAAAGATGACGATGATAAAGGAACCGGTTAA 

186 ATGGTACCACACAAGTICACAGGTGTTAACGCTAAA TTCCAGCA !S-09 All 8W 

ACCAGCATT AAGAAA TTTATCTCCAGTGGTAGTTGAGCGCGAAC I (G. gallus) 

GTGAGGAA TTTGT AGGA TTCTTTCCACAAA TTGTTCGTGACTTAA 

CTGAAGATGGTATTGGTCATCCAGAAGTAGGTGACGCTGTAGCT i 
I 

CGTCTTAAAG.AAGTATTACAATACAACGCACCTGGTGGTAAATG 

CAA TAGAGGTTT AACAGTTGTTGCAGCTTACCGTGAACTTTCTG 

GACCAGGTCAAAAAGACGCTGAAAGTCTTCGTTGTGCTTTAGCA 

GTAGGATGGTGTATTGAATTATTCCAAGCCTTTTTCTTAGTTTGG 

GACGATATAATGGACCAGTCATTAACTAGACGTCKiTCAATTATG 

TTGGTACAAGAAAGAAGGTGTTGGTTTAGATGCAATAAATGATT I 

CTTTTCTTTTAGAAAGCTCTGTGTATCGCGTTCTTAAAAAGT A TI 

GCCGTCAACGTCCATATTATGTACATTTATTAGAGCTTTTTCTTC 

AAACAGCTTACCAAACAGAATIAGGACAAATGTTAGATTTAATC 

ACTGCTCCTGTATCTAAGGTAGATTTAAGCCATTTCTCAGAAGA 

ACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTCTATTCATT 

CTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATAGATTC 

TAAAGAAG_l\ACATGAAAACGCAAAAGCT A TTTTACTTGAGATG 

GGTGAATACTTCCAAATTCAAGATGATTATTTAGATTGTTTTGGC 

GATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATAA 

CAAATGTTCATGGTIAGTTGTGCAATGCTTACAAAGAGTAACAC 

CAGAACAACGTCAACTTTT AGAAGAT AA TTACGGTCGT AAAGAA 

CCAGAAAAAGTTGCTAAAGTTAAAGAATTATATGAGGCTGTAGG 

TA TGAGAGCCGCCTTTCAACAA TACGAAGAAAGTAGTTACCGTC 
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GTCTTCAAGAGTTAATTGAGAAACATTCTAATCGTTTACCAAAA 

GAAATTTTCTTAGGTTTAGCTCAGAAAATATACAAACGTCAAAA 

AGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGGTG 

GAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAA 

187 ATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCAGCA FPP (G. gallus) 

ACCAGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGCGAAC 

GTGAGGAA TTTGTAGGA TTCTTTCCACAAATTGTTCGTGACTT AA 

CTGAAGATGGTATTGGTCATCCAGAAGTAGGTGACGCTGTAGCT 

CGTCTTAAAGAAGTATTACAATACAACGCACCTGGTGGTAAATG 

CAATAGAGGTTTAACAGTTGTTGCAGCTTACCGTGAACTTTCTG 

GACCAGGTCAAAAAGACGCTGAAAGTCTTCGTTGTGCTTTAGCA 

GTAGGATGGTGTA TTGAA TTATTCCAAGCCTTTTTCTTAGTTGCT 

GACGATATAATGGACCAGTCATTAACTAGACGTGGTCAATTATG 

TTGGTACAAGAAAGAAGGTGTTGGTTTAGATGCAATAAATGATT 

CTTTTCTTTTAGAAAGCTCTGTGTA TCGCGTTCTT AAAAAGTATT 

GCCGTCAACGTCCATATTATGTACATTTATTAGAGCTTTTTCTTC 

AAACAGCTTACC:AAACAGAATTAGGACAAATGTTAGATTTAATC: 

ACTGCTCCTGTATCTAAGGT AGATTTAAGC:CATTTC:TCAGAAGA 

ACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTCTATTCATT 

C:TATTTACC:AGTTGC:AGC:AGCTATGTA T ATGGTTGGTATAGATTC 

TAAAGAAGAACA TGAAAAC:GCAAAAGC:TA TTTTACTTGAGATG 

GGTGAATACTTCCAAATTCAAGATGATTATTTAGATTGTTTTGGC 

GATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATAA 

CAAA TGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAAC:AC: 

CAGAACAACGTCAACTTTTAGAAGA T AA TTACGGTCGT AAAGAA 

CCAGAAAAAGTTGCTAAAGTTAAAGAATTATA TGAGGCTGTAGG 

TATGAGAGCCGCCTTTCAACAATACGAAGAAAGTAGTTACCGTC 

GTC:TTC:AAGAGTTAA TTGAGAAACA TTCTAATCGTTTACCAAAA 

GAAA TTTTC:TTAGGTTTAGCTCAGAAAA TAT ACAAACGTCAAAA 

AGGTAC:C:GGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGGTG 

GAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAA 

188 ATGGTAC:CAGATTTTCCACAACAATTAGAAGCATGTGTTAAAC:A FPP (E.coli) 

AGCAAATCAAGCATTATCACGTTTCATCGCACCACTTCCATTCCA 

AAATAC:TC:CTGTTGTTGAAACAATGCAATATGGTGCATTATTAG 

GAGGTAAAAGATTAAGACCATTTCTTGTATATGCAACAGGTCAC 

ATGTTTGGAGTATCTAC:TAACACATTAGATGCTCCAGCTGCTGC 

I 
AGTTGAA TGTA TTCATGCATA TAGTTTAA TTCATGATGATTTACC 
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TGCAATGGATGATGATGACTTAAGAAGAGGTTTACCTACATGTC 

ATGTTAAATTTGGTGAAGCTAATGCTATTTTAGCTGGCGATGCA 

CTTCAAACTCTTGCATTCAGTATTTTATCAGA TGCTGATA TGCCA 

GAAGTTTCAGATCGTGATCGTATTTCTATGATATCTGAATTAGCT 

TCTGCTAGTGGTATTGCTGGTATGTGCGGTGGCCAAGCTCTTGAT 

TTAGACGCAGAAGGAAAACACGTTCCTTTAGATGCTTTAGAGCG 

TATACATCGTCACAAAACAGGAGCTTTAATTAGAGCTGCTGTTC 

GTCTTGGTGCTTTATCAGCTGGAGACAAAGGTCGTCGTGCTTT AC 

CAGTTTTAGACAAA TACGCTGAAAGTATTGGTTTAGCTTTTCAA 

GTTCAGGATGATATCTTAGATGTTGTAGGTGATACTGCTACTTTA 

GGTAAACGTCAAGGTGCTGATCAACAGTTAGGCAAATCTACATA 

CCCAGCACTTTTAGGTTTAGAACAAGCTCGTAAAAAAGCAAGAG 

ACTTAATTGACGATGCTCGTCAAAGTCTTAAACAATTAGCAGAA 

CAATCACTTGATACAAGTGCTTTAGAAGCATTAGCAGATTACAT 

TATTCAACGTAATAAAGGTACCGGTGAAAA TTTATA TTTTCAAG 

GTTCTGGTGGTGGAGGTTCAGACTATAAAGATGACGATGATAAA 

GGAACCGGTTAA 

189 ATGGTACCAAGTGTTAGTTGTTGTTGTAGAAA TTTAGGAAAAAC FPP (A. 

TATCAAAAAAGCTATTCCAAGTCACCACTTACATTTACGTTCTTT thaliana) 

AGGTGGTAGTTTATATAGAAGACGTATTCAA TCA TCTTCAATGG 

AAACAGACTTAAAATCTACATTCTTAAATGTTTATTCAGTTCTTA 

AATCAGATTTATTACACGACCCATCATTTGAATTTACAAATGAA 

AGTCGTTT ATGGGTAGATAGAA TGCTTGA TTATAA TGTTCGTGG 
I 

CGGTAAACTT AA TC:GTGGTC:TTTC:TGTAGT AGAC:TC:TTTC:AAA TT I 
AC:TTAAACAAGGTAATGATTTAAC:TGAACAAGAAGTTTTC:TTAT 

C:TTGTGCATTAC.GTTGGTGTATTGAGTGGTTAC:AGGC:TTAC:TTTT 

TAGTTCTTGATGATATTATGGATAATTC:AGTTAC:ACGTCGTGGTC 

AACCTTGTTGGTTTC:GTGTAC:CAC:AAGTTGGTATGGTAGCTATTA 

ATGATGGCATTC:TTCTTCGTAAC:C:AT A TTC:A TCGTA TTCTTAAAA 

AAC:AC:TTCCGTGATAAAC:C:ATA TTA TGTAGATTTAGTTGACCTTT 

TCAATGAAGTAGAGTTACAAACTGCATGTGGACAAATGATTGAT 

TTAATCACAACATTTGAAGGTGAAAAAGAC:TTAGCTAAATATAG 

TTTATCAATTCACCGTC:GTATTGTTCAATACAAAAC:TGCATATTA 

C:TC:ATTC:TATTTACCAGTTGC:ATGTGC:TC:TTTTAATGGCTGGCGA 

AAATTTAGAAAAC:CACATTGATGTTAAAAATGTATTAGTAGATA 

TGGGTATTTAC:TTTCAAGTTC:AGGATGATTA TTTAGACTGTTTTG 

C:TGATCCTGAAAC:ATTAGGTAAAATTGGCACTGATATTGAGGAC 
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TTTAAATGTTCTTGGTTACiTTGTAAAAGCATTAGAACGTTGTAGT 

GAAGAACAAACAAAAATTCTTT ACGAAAACTA TGGCAAACCTG 

ATCCATCTAATGTTGCTAAAGTAAAAGATTTATACAt.AGAATTA 

GATTTAGAAGGCGTTTTCATGGAATATGAATCTAAATCATACGA 

GAAA TT AACTC>GTGCTATCGAAGGTCACCAA TCTAAAGCAA TTC 

AAGCTGTTCTTAAATCTTTCTTAGCAAAAATCTATAAACGTCAA 

AAAGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGCGG 

TGGTAGTGATTATAAAGATGATGATGATAAAGGAACCGGTTAA 

190 ATGGTACCAGCTGA TCTT AAA TCAACATTCTTAGATGTTTA TTCA FPP (A. 

GTATTAAAAAGTGATTTATTACAAGATCCATCTTTTGAATTTACA thaliana) 

CACGAAAGTCGTCAATGGTTAGAACGTATGTTAGATTATAATGT 

TCGTGGAGGCAAA TTAAACAGAGGTTTAAGTGTAGTAGACAGTT 

ACAAACTTTTAAAACAAGGTCAAGACTTAACAGAAAAAGAAAC 

A TTTTTATCTTGTGCTTT AGGTTGGTGTA TTGAA TGGTTACAAGC 

ATACTTCTTAGTTTTAGACGATATTATGGATAATTCTGTAACTAG 

ACGTGGTCAACCATGTTGGTTTCGTAAACCAAAAGTAGGTATGA 

TTGCTATT AA TGA TGGAATACTTCTTCGTAACCACATTCATCGTA 

TTCTT AAt.AAACACTTTCGTGAAA TGCCTTATTATGTAGACCTTG 

TAGACTTA TIT AACGAAGTAGAA TTTCAAACAGCTTGTGGTCAA 

A TGA TTGACTTAATTACAACATTTGA TGGTGAAAAAGACCTTTC 

I AAAA TATTCACTTCAGA TTCACCGTCGTATTGTTGAGTACAAAA 

CAGC:ATACTACTC:TTTCTATTTAC:CTGTAGCATGTGCTTTACTTA 

TGGCAGGTGAAAATTTAGAAAATC:ACACAGATGTTAAAACTGTA 

TTAGTTGATATGGGTATCTATTTCC:AAGTTCAAGATGATTATTTA 

GATTGCTTCGCTGATCCAGAAACATTAGGT AAAA TTGGTACAGA 

TA TTGAAGACTTTAAA TGTAGTTGGTTAGTAGTAAAAGCATTAG 

AACGTTGTAGTGAAGAACAAACAAt.AA TTCTTTACGAAAA TTA T 

GGAAAAGCTGAACCTTCAAATGTAGCTAAAGTTAAAGCATTATA 

CAAAGAATTAGATTTAGAGGGTGCATTTATGGAATATGAAt.AAG 

AATCATACGAGAAACTTACAAAACTTATTGAAGCACATCAATCA 

AAAGCTATTCAAGCAGTTCTTAAATCTTTCTTAGCTAAAATTTAT 

AAACGTCAAAAAGGTACCGGTGAAAACTTATACTTTCAAGGCTC 

TGGAGGTGGTGGTTCAGACTAT AAAGATGATGATGAT AAAGGA 

ACCGGTTAA 

191 ATGGTACCAAGTGGCGAACCTACTCCAAt.AAAAATGAAAGCAA FPP (C. 

CATACGTTCACGACCGTGAAAACTTTACAAAAGTATACGAAACT rcinhardtii) 

CTTCGTGACGAATTACTTAACGATGATTGTCTTAGTCCAGC:TGGT 
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TCACCTCAGGCTCAAGCTGCTCAAGAGTGGTTTAAAUAAGTTAA 

TGATTATAA TGTTCCTGGTGGAAAACTTAACCGTGGTATGGCTG 

TATATGACGTTTTAGCTTCAGTTAAAGGTCCAGATGGTTTAAGTG 

AAGACGAAGTATTTAAAGCT AACGCTCTTGGTTGGTGT ATTGAG 

TGGTTACAAGCATTTTTCTT AGTTGCTGA TGATATAATGGATGGT 

TCAATTACACGTCGTGGCCAACCTTGTTGGTACAAACAACCTAA 

AGTTGGTATGATTGCTTGTAATGATTACATCTTATTAGAATGCTG 

TATTTACTCAATTCTTAAAAGACATTTTAGAGGTCACGCTGCATA 

CGCTCAACTTATGGACCTTTTCCATGAAACTACA TTCCAGACTTC 

ACACGGTCAATTATTAGATTTAACAACAGCACCTATCGGTTCTG 

TAGACTTATCAAAATATACAGAAGATAATTACCTTCGTATTGTA 

ACATATAAAACTGCATACTATTCTTTTTATTTACCTGTAGCATGT 

GGTATGGTATTAGCTGGCATTACAGATCCAGCTGCTTTTGATCTT 

GCAAAAAATATTTGTGTTGAAATGGGTCAATATTTCCAGATTCA 

AGACGATTATTTAGA TTGCTATGGTGACCCTGAGGTTATTGGTA 

AAA TCGGT ACAGACAT AGAAGACAACAAATGT AGTTGGTTAGTT 

TGCACAGCTCiTAAAA TCGCAACAGAAGAACAAAAAGAGGTTA 

TAAAAGCTAATTATGGTCACAAAGAGGCTGAATCAGTAGCAGC 

AATTAAAGCATTATACGTTGAATTAGGTATTGAACAACGTTTTA 

AAGACTATGAAGCTGCATCATACGCAAAATTAGAAGGTACAATT 

AGTGAACAAACTTTATTACCTAAAGCAGTATTTACTTCTTTATTA 

GCTAAAATCTATAAAAGAAAAAAAGGTACCGGTGAGAACTTAT 

ACTTTCAAGGT AGTGGAGGTGGTGGTTCAGACTATAAAGATGAT 

GATGATAAAGGAACCGGTTAA 

192 ATGGTACCAGTAACAGCAGCACGTGCAACACCAAAATTAAGTA Ge:rany1geranyl 

ATAGAAAA TTACGTGTTGCTGTAATTGGAGGCGGTCCAGCAGGA reductase (A. 
! GGTGCAGCTGCTGAAACATTAGCACAAGGAGGTATTGAAACAA tbaliana) I 

TTCTTATCGAACGTAAAATGGATAATTGTAAACCATGTGGTGGT 

GCTATTCCATTATGTATGGTAGGAGAGTTCAATTTACCTTTAGAC 

ATTA TTGACCGTCGTGTAACAAAAA TGAAAA TGA TCTCTCCTTC 

AAACATTGCAGTTGATATCGGTCGTACACTTAAAGAACACGAAT 

ATATTGGTATGGTTCGTCGTGAGGTACTTGATGCTTATCTTCGTG 

AACGTGCAGAAAAA TCAGGTGCTACTGTTATTAACGGTTTATTC 

TTAAAAATGGATCACCCAGAAAATTGGGATTCACCATATACACT 

TCACTACACAGAGTATGATGGAAAAACAGGTGCTACAGGAACT 

AAAAAAACTATGGAAGTAGATGCTGTTATTGGTGCTGATGGTGC 

T AA TTCTCGTGTTGCAAAAAGTA TTGACGCAGGTGA TTATGA TT 
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I 

SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence encoded 

ATGCTATTGCATTTCAAGAACGTATTCGTATACCTGATGAGAAA 

ATGACTTATTATGAGGACTTAGCTGAGATGTATGTAGGTGATGA 

TGTATCACCAGACTTCTACGGTTGGGTATTCCCAAAATGTGATC 

ATGTAGCTGTTGGTACAGGTACTGTAACACATAAAGGTGATATC 

AAAAAATTCCAGTTAC£TACACGTAATCGfGCTAAAGATAAAAT 

TCTTGGTGGCAAAAT AA TCCGTGTAGACruCTCATCCT ATTCCAG 

AGCATCCTAGACCACGTCGTTTATCAAAACGTGTTGCATTAGTA 

GGCGACGCAGCAGGTTACGTTACTAAATGTTCAGGAGAAGGAA 

TTTACTTCGCAGCTAAA TCTGGTCGTA TGTGTGCTGAAGCT ATCG 

TTGAAGGTTCACAAAA TGGCAAAAAAA TGA TAGA TGAAGGCGA 

TTTAAGAAAATACTTAGAAAAATGGGATAAAACTTACTTACCAA 

CTT A TCGTGTTTTAGATCiTACTTCAAAAAGTTTTCTATCGTTCTA 

ACCCAGCTCGTGAGGCTTTTGTTGAAATGTGTAACGATGAGTAT 

GT ACAGAAAATGACA TTTGA TTCTTACCTTTAT AAACGTGTAGCT 

CCTGGTAGTCCATTAGAAGATATCAAATTAGCTGTAAATACTAT 
I TGGTTCACTTGTTCGTGCTAACGCATT ACGTCGTGAAA TTGAGA 

AA TTATCAGTAGGTACCGGTGAGAA TCTTTACTTTCAAGGATCA 

GGTGGTGGTGGTTCTGATTATAAAGATGACGATGATAAAGGAAC 

CGGTTAA 

193 ATGGT ACCAGT AGCTGTT A TTGGTGUTGGTCC:AAGTGGCC,CTTG Ci-eranyl-geranyl 

I 
TGCAGCAGAAAC:TTTAGC:AAAAGGTGGTGTAGAAACTTTCTTAC reductase (C:. 

TTGACJCGTAAATTAGATAATTGTAAACCTTGTGGAGGTGCAATT reinhardtii) 

CCATTATGTATGGTTGAAGAATTTGATTTACCAATGGAAATAAT 

TGAC:C:GTC:GTGTTAC:TAAAA TGAAAA TGA TATCACCTTC:AAACC 

GTGAAGTTGATGTTGGAAAAACTTTATC:AGAAACTGAATGGATC 

GGTATGTGTC:GTC:GTGAl\GTATTTGACGATTACTTAAGAAACC:G 

TGC:AC:AGAAATTAGGTGCTAATATTGTTAACGGTTTATTCATGC: 

GTTC:AGAACAAC:AATCTGCAGAGGGTC:CATTC:ACAATTC:ACTAT 

AA TTCTTATGAAGACGGTAGT AAAA TGGGAAAAC:CTGCTACTTT 

AGAAGTTGATATGATAATTGGTGC:AGATGGAGCAAATTCTCGTA 

TTGCAAAAGAGATAGATGC:AGGTGAATACGACTACGCTATAGCT 

TTTCAAGAACGTATTC:GTATTC:C:TGATGATAAAATGAAATATTA 

CGAAAAC:CTTGC:TGAAATGT A TGTAGGTGATGAC:GT A TCTCC:TG 

ATTTCT A TGGTTGGGTTTTTCC:T AAATATGATC:ACGTTGC:TGTTG 

GTACAGGTACTGTTGT AAAC:AAAAC:AGC:TATTAAACAA TAT CAA 

CAGGCAAC:AC:GTGAC:AGATC:AAAAGTTAAAACAGAAGGTGGCA 

AAATTATACGTGTTGAAGC:AC:ACCC:AATTCCAGAACATCCACGT 
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CCACGTCGTTGTAAAGGTCGTGTTGCATTAGTAGGCGACGCAGC 

TGGTTATGTTACAAAATGTTCTGGCGAGGGCATTTACTTTGCTGC 

TAAATCTGGTAGAATGGCTGCTGAAGCTATTGTAGAAGGTTCTG 

CTAACGGTACAAAAA TGTGTC,(iTGAGGATGCAA TTCGTGTTTAT 

TTAGATAAATGGGATCGTAAATATTGGACAACATACAAAGTATT 

A GA CA TTTTACAAAAAGTATTTTA TCGTAGT AA TCCAGCACGTG 

AAGCATTTGTTGAATTATGTGAAGATAGTTATGTACAGAAAATG 

ACATTTGATTCATACTTATAT AAAACTGTTGTTCCAGGAAACCCA 

TTAGACGACGT AAAATTACTTGTTCGTACAGTATCTTCTATTTTA 

CGTTCAAATGCTTTACGTTCTGTTAATTCTAAATCTGTAAATGTT 

TCTTTCGGCTCTAAAGCAAA TGAGGAACGTGTTA TGGCTGCAGG 

TACCGGTGAAAATCTTT ATTTTCAAGGTTCACKiAGGTGGTGGTT 

CAGATTATAAAGATGATGATGACAAAGGAACCGGTTAA 

194 ATGGTACCAGCAATGGCAGTACCATTAGATGTAGTAATTACATA Chlorophyliido-

TCCTTCTTCAGGTGCTGCTGCTTATCCAGTACTTGTTA TGTA T AA hydrolase (C. 

CGGTTTCCAAGCTAAAGCTCCATGGTATCGTGGTATTGTAGATC rcinhardtii) 

ATGTTTCT AGTTGGGGTTACACAGTTGTTCAA TAT ACAAA TGGTG 

GCTTATTTCCTATTGTTGTAGATCGTGTTGAGTTAACTTATTTAG 

AGCCATTATTAACTTGGTTAGAAACACAAAGTGCTGATGCTAAA 

TCTCCTTTATACGGTCGTGCAGATGTTTCTCGTTTAGGTACAATG 

GGTCATTCACGTGGTGGTAAATTACJCAGCTTTACAATTTGCTGG 

ACGTACAGATGTAAGTGGTTGTGTATTATTTGACCCTGTAGA TG 

GAAGTCCAATGACACCAGAATCTGCTGATTATCCTTCAGCTACA 

AAAGCATTAGCAGC:AGC:TGGTCGTTCTGCTGGC:TT AGTAGGTGC 

AGCTATTACAGGTTC:ATGTAATCCAGTAGGTCAAAATTACCCAA 

AATTCTGGGGTGC:TTTAGCTC:CTGGTTCTTGGCAAATGGTA TT AT 

CACAAGC:TGGTCAC:A TGCAATTTGCTCGTACTGGT AA TCCATTCT 

TAGATTGGTCATTAGACCGTTT A TGTGGTC:GTGGTACAA TGATG 

AGTTCAGATGTTATTACATATAGTGCAGC:ATTTACTGTTGCTTGG 

TTTGAAGGTA TTTTTCGTCCTGCTCAAAGTC:AAATGGGTA TTTC:T 

AA TTTCAAAACTTGGGCTAATACTCAAGTTGCAGCTCGTAGTA T 

CACTTTTGATA TT AA'\.C:CTATGC:AA TCTCCTCAGGGT ACCGGTGA 

AAACC:TTTAC:TTTC:AAGGTAGTGGTGGTGGAGGAAGTGATTATA 

AAGATGATGATGACAAAGGAACCGGTTAA 

195 ATGGTACCAGCACCACCAAAACCAGTTCGTATAACTTGTCCAAC Chloropbyllido-

AGTAGCTGGC:AC:TTATC:CTGTTGTTTTATTCTTTCACGGTTTTTAT hydrolase (A. 

CTTCGTAAC:TATTTCTATTCAGATGTTTTAAATCATATTCJCTAGT tbaliana) 
I • 

-190-



WO 2009/036067 PCT/US2008/075858 

Enzyme 
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CATGGTTACA TCTTAGTTGCACCACAA TTA TGTAAACTTTTACCT 

CCAGGTGGCCAAGTAGAAGTTGATGACGCTGGTTCAGTTATTAA 

CTGGGCTTCAGAGAA TCTTAAAGCACACCTTCCAACTTCTGTTA 

ATGCTAATGGTAAATATACATCTTTAGTTGGACATTCACGTGGT 

GGCAAAACAGCTTTCGCAGTTGCATTAGGTCACGCAGCTACATT 

AGATCCATCAATTACATTTTCAGCATTAATTGGTATTGATCCAGT 

AGCAGGAACTAACAAATACATTCGTACAGATCCACACATCTTAA 

CTTATAAACCTGAATCATTTGAATTAGATATTCCTGTAGCTGTTG 

TAGGCACTGGTCTTGGTCCAAAATGGAATAACGTAATGCCTCCA 

TCJCGCACCT ACAGA TTTAAACCACGAAGAATTTTACAAAGAATG 

TAAAGCTACTAAAGCTCACTTTGTTGCTGCTGATTATGGTCACAT 

GGACATGTTAGACGACGA TCTTCCAGGTTTTGTAGGCTTCA TGG 

CTGGTTGTATGTGTAAAAATGGTCAACGTAAAAAATCAGAAATG 

CGTTCTTTTGTAGGTGGTA TAGTTGT AGCA TTCTTAAAA TATTCT 

TTATGGGGTGAAAAAGCTGAAATAAGATTAATTGTTAAAGATCC 

TAGTGTA TCTCCTGCTAAA TT AGACCCA TCACCAGAATT AGAAG 

AAGCATCAGGTATTTTTGTTGGTACCGGTGAAAA TCTTT ATTTTC 

AAGGTTCAGGTGGAGGTGGTTCTGA TT A TAAAGA TGA TGATGAC 

AAAGGAACCGGTTAA 

190 ATGGTACCAGCTACACCAGTTGAAGAAGGTGATTATCCAGTTGT Chlorophy !lido-

AATGTTATTACATGGCTACCTTTTATATAATTCATTTTATTCACA hydrolasc (A. 

A TT AA TGTT ACATGTA TCA TCTCACGGTTTCA TCTT AA TTGCTCC thaliana) 

ACAATTATACTCAATTGCTGGTCCTGATACTATGGATGAAATTA 

AAAGTACTGCTGAGATTATGGAC:TGGTTATC:AGTTGGTTTAAAT 

C:AC:TTTTTAC:C:AGCTC:AAGTT AC:AC:CT AA TTTATC:T AAA TTTGC:A 

.TTATC:TGGTC:ATAGTC:GTGGTGGTAAAAC:TGC:TTTTGCTGTAGC:A 

TT AAAAAAATTTGGTTATTCTTCAAACTT AAAAA TTAGTAC:TTT A 

ATTGGTA TTGATC:C:AGTAGAC:GGAACAGGT AAAGGT AAAC:AAA 

C:TC:C:AC:C:TCC:TGTTTTAGCAT ATTT ACCT AA TAGTTTTGAC:TTAG 
I 
I AC:AAAAC:AC:CAATTTTAGT AA TTGGTTCAGGTTTAGGTGAAAC:T 

GCACGTAATC:C:TTTATTTCCTCCATGTGCTCC:TC:C:AGGTGTTAAC 

C:AC:CGTGAGTTTTTCCGTGAA TGTC:AAGGTCC:AGCATGCiCACTTT 
! 

GTTGCTAAAGATTATGGTCATTTAGACATGCTTGATGATGATAC 

AAAAGGTATTC:GTGGCAAATC:TAGTTACTGTTTATGCAAAAATG 

! GTGAAGAAC:GTC:GTC:C:AA TGCGTC:GTTTC:GTTGGTGGTTTAGTTG 
I TTAGTTTTC:TT AAAGCAT ATCTTGAAGGTGATGA TC:GTGAA TT AG 

TAAAAA TC:AAAGA TGGTTGTCATGAAGATGTAC:C:TGTTGAAA TT 
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CAAGAATTTGAAGTAA TIA TGGGTACCGGTGAAAATCTTTACTT 

TCAACruTTCAGGCGGTGGAGGTTCAGATTATAAAGATGATGATG 

ACAAAGGAACCGGTTAA 

197 ATGGTACCAGCTGCTGCTGCACCTGCTGAGACAATGAATAAATC Chloro-phyllido-

TGCAGCTGGCGCTGAAGTACCAGAGGCTTTCACATCAGTTTTTC hydrolase (T. 

AACCAGGTAAATTAGCAGTTGAAGCAATTCAAGTAGATGAAAA Aestivum) 

TGCAGCTCCTACTCCACCTATTCCTGTTTTAATAGTTGCTCCAAA 

AGATGCTGGTACATATCCAGTTGCTATGTTATTACACGGATTTTT 

CTTACAT AATCACTTTTATGAACACTTATTACGTCACGTTGCATC 

TCATGGCTTTATCATTGTTGCTCCACAATTTTCTATTAGTATTATT 

CCATCAGGAGATGCTGAAGACATCGCTGCTGCTGCAAAAGTAGC 

AGATTGGTTACCTGACGGATTACCAAGTGTTTTACCAAAAGGTG 

TTGAACCAGAGTTATCAAAACTTGCTTT AGCTCruACACAGTCGT 

CruTGGTCACACAGCTTTTTCTTTAGCTTTAGGTCACGCTAAAACA 

CAATTAACTTTCAGTGCATTAATTGGTTTAGATCCTGTTGCTGGA 

ACAGGTAAATCATCTCAATTACAACCAAAAATTCTTACTTATGA 

GCCAAGTTCATTTC,CiTATGGCTATGCCAGTTTTAGTTATTCruTAC 

AGGTTTAGGAGAAGAAAAAAAAAACATTTTCTTTCCTCCATGTG 

CTCCTAAAGACGTAAACCATGCAGAA TTTTA TCGTGAATGTAGA 

CCACCATGTTACTATTTTGTAACTAAAGATTATGGCCATCTTGAT 

ATGTTAGATGATGACGCTCCAAAATTTATCACATGTGTTTGTAA I 
AGACGGT AA TGGATGTAAACruAAAAA TGCGTCGTTGTGTAGCTG 

GCATCA TGGTTGCTTTCTT AAACGCTGCTTTAGGTGAAAAAGAC 

GCAGATTTAGAAGCTATTTTACGTGATCCAGCAGTTGCTCCTAC 

AACATTAGACCCAGTTGAACACCGTGTTGCTGGTACCGGTGAGA 

ATTTATACTTCCAGCruATCTGGTGGTGGTGGCAGTGATTATAAA 

GATGATGATGATAAAGGAACCGGTTAA 

198 ATGGTACCAAGTCACAAAAAAAAAAACGTAATCTTCTTCGTAAC Phosphatase (S. 

TGATC,OTATGGGTCCTGCTTCTCTTTCAATGGCTCGTTCATTTAA cerevisiae) 

TCAACACGTTAATGATTTACCAATTGATGATATTTTAACATTAGA 

I TGAACATTTTATTGGAAGTTCAAGAACACGTTCATCAGATTCAC 

TTGTAACTGACTCAGCTGCTGGAGCTACAGCTTTTGCTTGTGCAC 

TTAAATCATACAATGGTGCTATAGGTGTAGATCCACACCATCGT 

CCATGTGGAACTGTTTTAGAAGCTGCTAAATTAGCAGGTTATTT 

AACAGGATTAGTAGTTACTACACGTATTACTGATGCTACACCAG 

CTAGTTTCTCAAGTCACGTAGATTATCGTTGGCAAGAAGATTTA 

ATTGCAACACACCAATTAGGTGAATATCCTTTAGGACGTGTTGT 
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TGATCTTCTTATGGGTGGTGGTCGTTCTCACTTTTATCCTCAAGG 

TGAAAAAGCTAGTCCATACGGTCACCACGGTGCACGTAAAGATG 

GTCGTGATTTAATCGATGAAGCTCAAAGTAATGGCTGGCAGTAT 

GTAGGAGATCGTAAAAATTTTGATTCTTTACTTAAATCACATGGT 

GAAAATGTTACTTTACCATTTTTAGGTTTATTTGCTGACAACGAT 

ATCCCATTTGAAATTGATCGTGATGAAAAAGAATATCCTAGTTT 

AAAAGAACAAGTAAAAGTAGCATTAGGTGCTTTAGAAAAAGCA 

AGTAACGAAGATAAAGATAGTAATGGTTTCTTTTTAA TGGTAGA 

AGGTTCTCGTATTGATCATGCTGGCCATCAAAACGATCCTGCAT 

CTCAAGTACGTGAAGTA TTAGCATTTGATGAGGCTTTTCAAT AT 

GTATTAGAA TTTGCAGAAAACAGTGA TACAGAAACAGTATTAGT 

AAGTACATCAGATCATGAAACAGGTGGTTTAGTTAC:TTC:AAGAC 

AAGTAACAGC:ATC:ATAC:C:C:ACAATATGTATGGTATC:CTC:AAGTA 

TTAGCTAACGC:TAC:ACATAGTGGAGAGTTTC:TTAAACGTAAATT 

AGTTGATTTCGTTC:ATGAACAC:AAAGGC:GC:ATC:ATC:AAAAATAG 

AAAACTTC:ATAAAAC:ACGAAATTC:TTGAAAAAGATTTAGGTATT 

TATGATTATACAGATTC:TGAC:TTAGAAAC:ACTTATTC:ATTTAGAT 

GATAAC:GC:TAATGCAATTCAAGATAAACTTAATGATATGGTAAG 

TTTTAGAGCTCAAA TTGGTTGGACAAC:ACATGGTC:A TTCAGCAG 

TTGATGTAAACATATATGC:TTAC:GC:AAAC:AAAAAAGCTAC:ATGG 

TC:TTATGTTCTTAATAAC:TTAC:AAGGTAA TC:ACGAAAACAC:AGA 

AGTTGGTCAATTC:TTAGAGAATTTC:TTAGAATTAAACTTAAATG 

AAGTTAC:TGATTTAATC:CGTGATACAAAACATACTTC:TGATTTTG 

ACGC:AAC:AGAAATAGCAAGTGAGGTTCAAC:ACTATGATGAATA 

TTAC:C:AC:GAATTAACAAATGGTAC:C:GGTGAAAATC:TTTATTTTC 

AAGGTTC:TGGTGGAGGTGGC:AGTGATTATAAAGATGATGATGAC 

AAAGGAACC:GGTT AA 

199 ATCiGTACCACiCTTTATACGAC:A TTA TTAAC:TA TTTC:TACGGTTC:A Phosphatase (C:. 

AACTCTAAATTC:AAC:C:GTATTAC:ATGGGGTTTTAAATCAC:C:AAC: albicans) 

TTTC:ATCAAATGGAGAATTAC:TGATTTCATTTTAATCATCGTTTT 

AA TTGTTC:TTTTCTTC:GTAACTTCTCAAGCAGAGCCATTCCATCG 

TC:AA TTTTA TCTT AACGACATGACTA TC CAA CA TCCTTTTCiCAGA 

AC:ATGAACGTGTAACT AA TATTC:AAC:TTGGTTT ATA TTCAACAGT 

AATTCCTTTATC:AGTTATTATCATTGTTGCTTTAATTAGTACATGT 
' 

I 
CCACC:T AAATACAAATTATACAACACTTGGGTTTCAAGTATTGG 

TTTACTTTTATC:AGTTTT AA TCACATCTTTTGTTAC:AAACA TCGTT 

I AAAl\ACTGGTTTGGACGTTTACGTCCTGACTTC:TTAGATCGTTGC 
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SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence encoded 
I 

CAACCAGCTAACGATACACCT AAAGATAAA TTAGTTTCTA TTGA 

GGTTTGTACTACAGACAA TTTAGACCGTTTAGCTGACGGTTTTCG 

TACAACACCTTCTGGTCATTCTTCAATCTCATTTGCTGGTTTATTC 

TATTTAACATTATTTCTTTTAGGTCAATCTCAGGCAAATAATGGT 

AAAACATCTTCATGGCGTACAATGATCAGTTTTATACCTTGGTTA 

ATGGCTTGTTATATCGCTTT AAGTCGTACACAAGACTACCGTCAT 

1 CATTTCATTGACGTATTTGTTGGTAGTTGCTTAGGCTTAATTATC 

GCAATTTGGCAA TACTTCCGTTTATTCCCTTGGTTCGGTGGT AAC 

CAAGCAAATGATTCATTTAACAACCGTATTATGATTGAAGAGAT 

TAAACGTAAAGAGGAAA TTAAACAAGATGAAAA TAACTACCGT 

CGTATTTCTGATATTTCTACTAATGTAGGTACCGGTGAAAACCTT 
I 
I TACTTTCAAGGTTCAGGTGGCGGCGGTTCAGATTATAAAGATGA 

I TGACGACAAAGGAACCGGTTAA 

Table 8. Nucleic acids encoding exemplary isoprcnoid producing enzymes used to increase phytoi production 

(with restriction enzyme sites) 

Enzyme 

SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence w/Restriction Sites encoded 

200 CATATGGTACCAGCTTTATACGACATTATTAACTATTTCTACGGT GPPS-LSU (M. 

TCAAACTCT.A_AATTCAACCGTA TTACATGGGGTTTTA_A_A TCACC <;:ni<'.~t~ \ ".r:-----··-·1 

AACTTTCATCAAATGGAGAATTACTGATTTCATTTTAA TCATCGT 

TTTAATTGTTCTTTTCTTCGTAACTTCTCAAGCAGAGCCATTCCA 

TCGTCAATTTTATCTTAACGACATGACTATCCAACATCCTTTTGC 

AGAACATGAACGTGTAACTAA TATTCAACTTGGTTTATA TTCAA 

CAGTAATTCCTTTATCAGTTATTATCATTGTTGCTTTAATTAGTA 

CATGTCCACCTAAATACAAATTATACAACACTTGGGTTTCAAGT 

ATTGGTTTACTTTTATCAGTTTTAATCACATCTTTTGTTACAAAC 

ATCGTTAAAAACTGGTTTGGACGTTTACGTCCTGACTTCTTAGA T 

CGTTGCCAACCAGCTAACGATACACCTAAAGATAAATTAGTTTC 

TATTGAGGTTTGTACTACAGACAATTTAGACCGTTTAGCTGACG 

GTTTTCGTACAACACCTTCTGGTCATTCTTCAA TCTCATTTGCTG 

GTTTATTCTATTTAACATTATTTCTTTTAGGTCAATCTCAGGCAA 

ATAATGGTAAAACATCTTCATGGCGTACAATGATCAGTTTTATA 

CCTTGGTTAATGGCTTGTTATATCGCTTTAAGTCGTACACAAGAC 

TACCGTCA TCATTTCATTGACGTATTTGTTGGTAGTTGCTTAGGC 

TTAATTATCGCAATTTGGCAATACTTCCGTTTATTCCCTTGGTTC 

GGTGGTAAC:CAAGCAAATGATTCATTTAACAAC:C:GTATTATGAT 
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' 

SEQ (synthase) I 
! 

IDNO. Codon~biased, Synthesized Gene Sequence lV/Restriction Sites encoded 

TGAAGAGATTAAACGTAAAGAGGAAATIAAACAAGATGAAAAT 

AACTACCGTCGTATITCTGATATTTCTACTAATGTAGGTACCGGT 

GAAAACCTTTACTTTCAAGGTTCAGGTGGCGGCGGTTCAGATTA 

TAAAGATGATGACGACAAAGGAACCGGTIAATCTAGACTCGAG 

201 CATATGGTACCAAGTCAACCTTACTGGGCAGCAATTGAGGCAGA GPPS-SSU (M. 

TATTGAACGTTACTTAAAAAAA TCAA TT A CAA TTCGTCCACCAG spicata) 

AAACTGTATTTGGTCCAATGCACCACTTAACTTTTGCTGCACCAG 

CTACAGCTGCTAGTACTTTATGTTTAGCAGCATGTGAACTTGT AG 

GTGGTGATCGTAGTCAAGCTATGGC:TGCAGCAGCAGC:AATC:CAT 

C:TTGTTCATGCAGC:TGCTTATGTACATGAACATTTACC:ATTAACT 

GATGGTAGTCGTCCAGTAAGTAAACCAGCTATCCAAC:ATAAATA 

TGGTCCAAA TGTAGAATTAC:TTAC:AGGTGACGGT ATTGTACC:AT 

TTGGTTTTGAA TTA TTAGC:AGGTTCTGTTGATCCAGC:ACGTAC:AG 

ATGATCC:AGACC:GTATTTTAC:GTGTAATAATTGAAATAAGTC:GT 

GCTGGTGGTCC:AGAAGGTATGATTAGTGGTTTACATCGTGAAGA 

AGAGAITGTAGATGGTAATACTTC:TCTTGATTTTATTGAATACGT 

TTGCAAAAAAAAA TA TGGTGAAATGCACGCA TGTGGTGC:TGC:AT 

GCGGTGCAA TTTTAGGTGGTGCAGCTGAAGAAGAAA TTCAAAA 

ACITCGTAACTTC:GGATTATATCAAGGAACTTIAC:GTGGTATGAT 

GGAGATGAAAAACTC:AC:ACC:AAC:TTATTGAC:GAAAATATCATTG 

GCAAACTTAAAGAATTAGCTTTAGAAGAA TTAGGTGGATTTCA T 

GGTAAAAATGC:TGAATTAATGTCTAGTTTAGTAGC:AGAACCATC 

ATTATATGCTGC:TGGTACC:GGTGAAAATTTATACTTTCAAGGTTC 

TGGTGGTGGTGGCAGTGATTATAAAGACGATGATGACAAAGGA 

ACCGGTTAATCTAGACTCGAG 

202 CATATGGTACCACTTTTATCTAACAAATTAAGAGAGATGGTTTT GPPS (A. 

AGCAGAAGTTCCT AAA TTAGCATCTGCTGCTGAA TA TTTCTTTAA thaliana) 

ACGTGGTGTTCAGGGTAAACAATTCCGTTCAACAA TTITATTA TT 

AATGGCAACAGCTCTTGACGTTCGTGTTCCAGAAGCATTAATTG 

GTGAATCTACTGATATTGTAAC:ATCTGAATTACGTGTACGTCAA 

CGTGGCATTGCTGAAATTACAGAAATGATTCATGTAGCATCACT 

TCTTCACGATGACGTTCTTGACGATGCTGATAC:TCGTCGTGGTGT 

TGGTAGTCTT AA TGTTGT AATGGGAAACAAAA TGTCAGTTTT AG 

CAGGTGACTTCTTACTTTCTCGTGCTTGTGGTGCTCTTGCAGCTC 

TTAAAAACACAGAAGTTGTAGCATTATTAGCTACAGCAGTAGAA 

CACTTAGTTACTGGTGAGACAATGGAAATAACTTCATC:AACTGA 

ACAACGTTATTCTATGGATTACTACATGCAGAAAAC:TTATTACA 
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SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence w/Restriction Sites encoded 

AAACTGCTTCATTAA TTTCAAA TTCA TGTAAAGCAGTTGCTGTAT 

TAACAGGTCAAACAGCTGAAGTTGCAGTATTAGCTTTTGAATAT 

GGTCGTAATTTAGGTTTAGCTTTCCAGTTAATTGACGACATTTTA 

GATTTCACAGGCACATCTGCTAGTTTAGGAAAAGGTTCTTTATC 

AGATATACGTCATGGTGTTATTACTGCTCCTATCTTATTTGCAAT 

GGAAGAA TTTCCTCAATT AAGAGAAGTAGTAGA TCAAGTAGAA 

AAAGATCCAAGAAA TGTAGACATAGCTTTAGAA TA TTT AGGTAA 

AAGT AAAGGTATTCAACGTGCTCGTGAATTAGCAA TGGAACACG 

CAAATTTAGCTGCTGCAGCTATTGGTTCTTTACCTGAAACAGATA 

ACGAAGATGTT AAACGTTCACGTCGTGCTTTAATTGATTTAACA 

CACAGAGTAATTACACGTAACAAAGGTACCGGTGAGAATTTATA 

CTTTCAAGGTAGTGGTGGAGGAGGTAGTGACTATAAAGATGATG 

ACGATAAAGGAACCGGTTAATCTAGACTCGAG 

' 203 CA TA TGGTACCAGTAGTTTCTGAACGTTTAAGACATTCTGTAAC GPPS (C. 

AACTGGTATTCCAGCATT AAAAACAGCAGCTGAA TATTTCTTTC reinhardtii) 

GTCGTGGTATCGAAGGAAAACGTTTAAGACCTACATTAGCATTA 

TTAATGAGTAGTGCTTTATCACCAGCTGCTCCATCACCAGAGTAT 

TTACAAGTTGATACAAGACCTGCTGCAGAACACCCTCATGAAAT 

GCGTCGTCGTCAACAACGTTTAGCTGAAATTGCAGAATTAATCC 

ATGTAGCTTCATTAC:TTC:ACGATGATGTTATTGATGAC:GCACAA 

AC:AC:GTCGTGGTGTTTTAAGTTTAAAT ACA TCTGTTGGTAA TAAA 

ACAGCTATCTT AGCAGGTGA TTTCTTATTAGCTCGTGCATCTGTA 

ACATTAGCTAGTTTAAGAAACTCTGAAATTGTAGAATTAATGTC 

ACAGGTTTTAGAACAC:TTAGTATC:TGGTGAAA TTATGCAAA TGA 

CTGCT ACTTCAGAACAACTTTTAGATTTAGAACATTATTTAGCAA 

AAACATATTGTAAAACTGCTTCATTAATGGCTAATAGTTCTCGTT 

CTGTTGCAGTTCTTGCAGGTGCAGCTCCTGAAGTTTGTGATATGG 

C:ATGGTC:ATAC:GGTC:GTC:ATTTAGGTATTCiCTTTCCAAGTAGTTG 

AC:GATTTATTAGATTTAACAGGTTCATCTTCTGTTTTAGGTAAAC 

CTGCTTTAAAC:GATATGCGTTC:TGGTTTAGCAACAGCACCAGTA 
I 

TTATTCGCTGCACAAGAAGAACCTGCA TTACAGGCTCTTA TATT I 
ACGTCGTTTTAAACACGACGGTGACGTAACAAAAGCAATGTCAT 

TAATTGAACGTACACAAGGCTTACGTCGTGCTGAAGAACTTGCA 

GCACAAC:AC:GCAAAAGCTGCTGC:TGATATGATTCGTTGC:TTACC 

TAC:AGC:TC:AA TC:AGAC:CATGCAGAAATTGCTC:GTGAAGCATT AA 

TTCAAATTACACATCGTGTTTTAACACGTAAAAAAGGTAC:CGGT 

GAAAACTTATACTTTCAAGGTTC:TGGTGGTGGTGGATCAGATTA 
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IDNO. Codon-biased. Synthesized Gene Sequence w/llestriction Sites encoded 

TAAAGATGATGATGACAAAGGAACCGGTTAATCTAGACTCGAG 

204 CATATGGTACCAACTACAACATTATCATCTAACCTTAACTCACA GPP Chimera 

ATTCATGCAGGTTTACGAGACTCTTAAATCAGAACTTATTCATG 

ACCCA TTATTTGAGTTCGATGACGA TTCAAGACAA TGGGTAGAA 

CGTATGATTGATTATACTGTAC:CAGGTGGTAAAATGGTTC:GTGG 

TTATAGTGTAGTAGATAGTTATC:AATTAC:TTAAAGGTGAAGAAC 

TT ACAGAAGAAGAGGCA TTTTT AGCTTGTGCACTTGGTTGGTGT 

ACAGAATGGTTTC:AAGCATTCATTCTTTTACATGATGATATGATG 

GATGGTAGTCACACAAGACGTGGTC:AACCATGTTGGTTTCGTTT 

ACCTGAGGTTGGTGCTGTTGCTATTAATGATGGTGTTTTAC:TTCG 

TAATCACGTTCAC:CGTATTC:TTAAAAAAC:ATTTTCAAGGTAAAG 

CATATTATGTTCATTTAGTTGATTTATTCAATGAAACTGAATTTC 

AAA CAA TTAGTGGACAAA TGATCGACTTAATTACAACATTAGTT 

GGTGAAAAAGACTTATCTAAATATTC:ATTAAGTATTC:ATCGTC:G 

TATCGTTCAATACAAAACAGCATACTACTCATTTTACTTACC:AGT 

TGC:TTGTGCTTTACTTATGTTTGGTGAGGATCTTGATAAACATGT 

AGAAGTTAAAAATGTTCTTGTTGAAATGGGTACATATTTTCAAG 

TTCAAGATGATTATTTAGATTGTTTTGGTGCTCCAGAAGTTATTCi 

GC:AAAA TTGGTACTGATATTGAAGACTTTAAA TGTTCATGGTTA 

GT AGTT AAAGCATTAGAATT AGCAAATGAAGAACAGAAAAAAA 

CTTTAC:ACGAAAATTATGGAAAAAAAGATCCAGCATCAGTTGCT 

AAAGTTAAAGAAGTATAC:C:ACACACTTAATTTACAAGCTGTTTT 

CGAAGATTATGAAGCAAC:ATCA T ACAAAAAACTTATTACTTCTA 

TTGAAAA TC:ACCCA TCTAAAGC:TGTTCAAGCTGTTTT AAAATC:TT 

TCTTAGGCAAAATATACAAAC:GTCAAAAAGGTACCGGTGAAAA 

CTTATACTTTCAAGGTTCTGGTGGCGGTGGAAGTGATTAC:AAAG 

ATGATGAC:GATAAAGGAACCGGTTAATCTAGACTC:GAG 

205 CATATGGTACCAAGTC:AACC:TTACTGGGCTGCAATTGAAGCAGA IS-14-15 fusion 

CATTGAAAGATATTTAAAAAAATCAATTACAATTCGTCCACCAG I 
AAACTGTATTTGGTC:CTATGCACCATTTAACATTTGCTGCTCCTG 

CTAC:TGC:AGCTAGTACATTATGC:C:TTGCTGCTTGTGAATTAGTTG 

GCGGTGATCGTAGTCAAGCTATGGCAGCTGC:TGC:TGCTATCC:AT 

TTAGTTCATGCAGCTGCTTACGTTCACGAACATCTTCCTTT AACA 

GATGGATCACGTCCTGTAAGTAAACCTGCTATTC:AACATAAATA 

TGGTCCAAACGTTGAACTTTT AAC:AGGTGATGGT ATCGTTCCTTT 

CGGTTTTGAGTTATT AGCAGGTTCAGTAGATCCAGCACGTACTG 

I ATGACCCTGATCGTATTTTACGTGTAATTATTGAAATTTCTCGTG 
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I Enzyme 
i 

SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence w/Restriction Sites encoded 

CTGGTGGACCAGAAGGCA TGA TTTCTGGTTTACACCGTGAGGAA 

GAAATCGTAGATGGTAACACATCATTAGACTTTATAGAATATGT 

ATGCAAAAAAAAATACGGTGAAATGCACGCATGTGGTGCAGCT 

TGCGGAGCTATTTTAGGTGGAGCTGCTGAAGAAGAAA TTCAAAA 

ACTTCGTAACTTTGGTCTTTATCAAGGCACATTACGTGGTATGAT 

GGAAATGAAAAATAGTCATCAGTTAATTGACGAAAATATCATTG 

GAAAACTTAAAGAACTTGCTCTTGAAGAATTAGGTGGATTCCAC 

I GGTAAAAACGCTGAATTAATGAGTTCTTTAGTTGCTGAACCTAG 

TTTATATGCAGCTTCATCAAATAACTTAGGTATCGAAGGTCGTTT 

TGACTTTGACGGTTACATGCTTCGT AAAGCAAAATCTGTAAA TA 

AAGCATTAGAAGCTGCTGTTCAAATGAAAGAACCACTTAAAATT 

CACGAA TCAATGCGTTATTCATTA TTAGCTGGTGGT AAACGTGTT 
i 

' CGTCCAA TGTTATGTATTGCAGCTTGTGAACTTGTTGGTGGTGAC 

GAATCTACAGCAATGCCTGCAGCATGTGCTGTTGAAATGATTCA 

CACAATGTCTTTAATGCATGATGACCTTCCATGTATGGATAACG 

ATGACTTACGTCGTGGTAAACCTACAAACCACATGGCTTTTGGT 

GAGTCTGTAGCTGTTCTTGCTGGTGATGCATTACTTAGTTTTGCT 

TTTGAACATGTTGCTGCTGCAACAAAAGGCGCACCACCTGAACG 

TATCGTACGTGTATTAGGTGAATTAGCTGTTAGTATTGGTTCAGA 

AGGACTTGTAGCAGGTCAAGTTGTAGACGTTTGTTCTGAAGGCA 

TGGCTGAAGTAGGATTAGATCATCTTGAATTTATTCACCATCATA 

AAACTGCTGCATTATTACAAGGTTCAGTTGTTTTAGGTGCAATAT 

TAGGAGGCGGTAAAGAAGAAGAAGT AGCT AAACTTCGTAAATT 

TGCT AACTGTATTGGTTTACTTTTCCAAGTTGTTGATGA TATTTT 

AGATGTTACTAAAAGTAGTAAAGAGTTAGGTAAAACTGCAGGT 

AAAGACTTAGTAGCTGATAAAACTACATATCCTAAACTTATAGG 

CGTTGAAAAATCAAAAGAATTTGCTGACCGTTTAAA TCGTGAAG 

CACAAGAACAATTATTACATTTTCATCCTCACCGTGCTGCTCCAT 

TAATCGCTTTAGCTAACTACATCGCTTACCGTGATAATGGTACCG 

GTGAAAACTTATACTTCCAGGGTAGTGGTGGTGGCGGATCAGAT 

TATAAAGATGACGATGATAAAGGAACCGGTTAATCTAGACTCGA 

G 

206 CATATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCA IS-09Al18W 

GCAACCAGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGCG (G. gallus) 

I AACGTGAGGAATTTGTAGGATTCTTTCCACAAA TTGTTCGTGACT 

' TAACTGAAGATGGTATTGGTCATCCAGAAGTAGGTGACGCTGTA 
\ 

GCTCGTCTTAAAGAAGTATTACAATACAACGCACCTCKiTGGT AA I 
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SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence w/llcstriction Sites encoded 

ATGCAATAGAGGTTT AACAGTTGTTGCAGCTTACCGTGAACTTT 

CTGGACCAGGTCAAAAAGACGCTGAAAGTCTTCGTTGTGCTTTA 

GCAGTAGGATGGTGTATTGAATTATTCCAAGCCTTTTTCTTAGTT 

TGGGACGATATAATGGACCAGTCATTAACTAGACGTGGTCAATT 

ATGTTGGTACAAGAAAGAAGGTGTTGGTTTAGATGCAATAAATG 

ATTCTTTTCTTTTAGAAAGCTCTGTGTATCGCGTTCTTAAAAAGT 

ATTGCCGTCAACGTCCATATTATGTACATTTATTAGAGCTTTTTC 

TTCAAACAGCTTACCAAACAGAA TT AGGACAAA TGTTAGA TIT A 

ATCACTGCTCCTGTA TCTAAGGTAGATTT AAGCCATTTCTCAGAA 

GAACGTTACAAAGCTATTGTTAAGTATAAAACTGCTTTCTATTCA 

TTCTATTTACCAGTTGCAGCAGCTATGTATATGGTTGGTATAGAT 

TCT AAAGAAGAACATGAAAACGCAAAAGCTATTTTACTTGAGA T 

GGGTGAATACTTCCAAATTCAAGATGATTATTTAGATTGTTTTGG 
I CGATCCTGCTTTAACAGGTAAAGTAGGTACTGATATTCAAGATA I 

ACAAATGTTCATGGTTAGTTGTGCAATGCTTACAAAGAGTAACA 

CCAGAACAACGTCAACTTTTAGAAGA TAATTACGGTCGTAAAGA 

ACCAGAAAAAGTTGCTAAAGTTAAAGAA TTAT A TGAGGCTGTAG 

GTATGAGAGCCGCCTTTCAACAATACGAAGAAAGTAGTTACCGT 

CGTCTTCAAGAGTT AA TTGAGAAACATTCTAA TCGTTTACCAAA 

AGAAATTTTCTTAGGTTT AGCTCAGAAAA TA TACAAACGTCAAA 

AAGGTACCGGTGAAAACTTATACTTTCAAGGCTCAGGTGGCGGT 

C,(;AAGTGA TTACAAAGATGATGATGA T AAAGGAACCGGTTAAT 

C:TAGAC:TCGAG 

207 CATATGGTACCACACAAGTTCACAGGTGTTAACGCTAAATTCCA FPP (G. gallus) 

GCAACCAGCATTAAGAAATTTATCTCCAGTGGTAGTTGAGCGC:G 

AACGTGAGGAA TTTGTAGGATTCTTTCCACAAA TTGTTCGTGACT 

TAACTGAAGATGGTATTGGTCATCCAGAAGTAGGTGAC:GCTGTA 

GCTCGTCTTAAAGAAGTATTACAATACAACGCACCTGGTGGTAA 

ATGCAATAGAGGTTTAACAGTTGTTGCAGC:TT ACCGTGAACTTT 

CTGGACCAGGTCAAAAAGACGCTGAAAGTCTTCGTTGTGCTTTA 

GCAGTAGGATGGTGTATTGAATTATTCCAAGCCTTTTTCTTAGTT I 

GCTGACGATATAATGGACCAGTCATTAACTAGACGTGGTCAATT 

ATGTTGGTACAAGAAAGAAGGTGTTGGTTTAGATGCAA T AAA TG 

ATTCTTTTCTTTTAGAAAGCTCTGTGTATCGCGTTCTTAAAAAGT 

ATTGCCGTCAACGTCCATATTATGTACA TTTA TTAGAGCTTTTTC 

TTCAAACAGCTTACCAAACAGAATTAGGACAAATGTTAGATTTA 

ATCACTGCTCCTGTATCT AAGGTAGATTT AAGCCATTTCTCAGAA 
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Enzyme 

SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence \\'/Restriction Sites encoded 

GAAC:GTTAC:AAAGC:TATIGTTAAGTATAAAAC:TGC:TTIC:TATTC:A 
' 

TTC:TATTTAC:C:AGTTGC:AGC:AGC:TATGTATATGGTTGGTATAGAT 

TC:TAAAGAAGAAC:ATGAAAAC:GC:AAAAGC:TA TITTAC:TTGAGA T 

GGGTGAATAC:TTC:C:AAATTC:AAGATGATTATTTAGATTGTTTTGG 

C:GATC:C:TGC:TTTAAC:AGGTAAAGTAGGTAC:TGATATTC:AAGATA 

AC:AAATGTTC:ATGGTTAGTTGTGC:AATGC:TTAC:AAAGAGTAAC:A 

C:C:AGAAC:AAC:GTC:AAC:TTTTAGAAGA TAA TI AC:GGTC:GT AAA GA 

ACCAGAAAAAGTTGCT AAAGTT AAAGAA TTATATGAGGC:TGTAG 

I GTATGAGAGC:C:GC:C:TTTC:AACAATACGAAGAAAGTAGTTAC:C:GT 

C:GTC:TICAAGAGTTAATTGAGAAAC:ATTC:TAATCGTTTAC:CAAA 

AGAAATTTTC:TTAGGTTTAGCTC:AGAAAATATAC:AAAC:GTC:AAA 

i AAGGTAC:CGGTGAAAACTTATACTTTCAAGGC:TCAGGTGGCGGT 

I GGAAGTGATTACAAAGATGATGATGATAAAGGAACCGGTTAAT 

CTAGAC:TCGAG 

CATATGGTACCAGATTTTCCACAAC:AATTAGAAGCATGTGTTAA FPP (E.coli) 

ACAAGC:AAATCAAGCATTATCACGTTTCATCGCACCACTTCCAT 

TCCAAAATAC:TCCTGTTGTTGAAACAA TGCAA TATGGTGCATTA 

TTAGGAGGTAAAAGATIAAGACCATTTCTTGTATATC.CAACAGG 

TC:ACATGTTTGGAGTATCTACTAACACATTAGATGCTCCAGCTGC 

TGCAGTTGAATGTATICATGCATATAGTTTAATTCATGATGATTT 

ACCTGCAATGGATGATGATGACTTAAGAAGAGGTTTACCTACA T 

GTCATGTTAAA TTTGGTGAAGCT AATGCTATTTTAGCTGGCGA TG 

CACTTC:AAACTC:TTGCATTC:AGTATTTTATCAGATGCTGA TATGC 

CAGAAGTTTCAGATC:GTGATCGTATTTCTATGATATC:TGAATTAG 

CTTCTGCT AGTGGTATTGCTGGTATGTGCGGTGGCCAAGCTCTTG 

ATTTAGAC:GCAGAAGGAAAACACGTTCCTTTAGATGCTTTAGAG 

C:GTATACATCGTCAC:AAAACAGGAGC:TTTAATTAGAGCTGCTGT 

TCGTCTTGGTGCTTIATCAGCTGGAGACAAAGGTCGTCGTGCTTT 

ACCAGTITT AGACAAA TACGCTGAAAGTATTGGTTTAGCTTTTCA 

AGTTCAGGATGATATCTTAGATGTTGTAGGTGAT ACTGCTACTTT 

AGGTAAACGTCAAGGTGCTGATCAACAGTTAGGCAAATCTACAT 

AC:C:C:AGC:ACTTTTAGGTTTAGAAC:AAC,CTCGTAAAAAAGCAAGA 

GAC:TTAATTGACGATGCTCGTC:AAAGTCTTAAACAATIAGCAGA 

ACAATCACTTGATACAAGTGCTITAGAAGCATTAGCAGATTACA 

TTATTCAACGTAATAAAGGTACCGGTGAAAATTTATATTTTCAA I 
GGTTCTGGTGGTGGAGGTTCAGACTATAAAGA TGACGA TGA TAA 

AGGAACC:GGTTAATCTAGACTCGAG 
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I 
SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence w/Restriction Sites encoded 

CATATGGTACCAAGTGTTAGTTGTTGTTGTAGAAATTTAGGAAA PPP (A. 

AACTATCAAAAAAGCTATTCCAAGTCACCACTTACATTTACGTT thaliana) 

CTTTAGGTGGTAGTTTATATAGAAGACGTATTCAATCATCTTCAA 

TGGAAACAGACTT AAAA TCTACATTCTTAAA TGTTTATTCAGTTC 

TTAAATCAGATTTATTACACGACCCATCATTTGAATTTACAAATG 

AAAGTCGTTTATGGGTAGATAGAATGCTTGATTATAATGTTCGT 

GGCGGTAAACTTAA TCGTGGTCTTTCTGTAGTAGACTCTTTCAAA 

TTACTTAAACAAGGTAATGATTTAACTGAACAAGAAGTTTTCTT 

ATCTTGTGCA TTAGGTTGGTGTATTGAGTGGTTACAGGCTTACTT 

TTTAGTTCTTGATGATATTATGGAT AA TTCAGTT ACACGTCGTGG 

TCAACCTTGTTGGTTTCGTGTACCACAAGTTGGTATGGTAGCTAT 

TAATGATGGCATTCTTCTTCGTAACCATATTCATCGTATTCTTAA 

AAAACACTTCCGTGATAAACCATATTATGTAGATTTAGTTGACC 

TTTTCAATGAAGTAGAGTTACAAACTGCATGTGGACAAA TGA TT 

GATTTAATCACAACATTTGAAGGTGAAAAAGACTTAGCTAAA TA 

TAGTTTATCAATTCACCGTCGTATTGTTCAATACAAAACTGCATA 

TTACTCA TTCTATTT ACCAGTTGCA TGTGCTCTTTT AATGGCTGG 

CGAAAATTTAGAAAACCACATTGATGTTAAAAATGTATTAGTAG 

ATATGGGTATTTACTTTCAAGTTCAGGATGATTATTTAGACTGTT 

TTGCTGATCCTGAAACATTAGGT AAAATTGGCACTGATATTGAG 

GACTTTAAATGTTCTTGGTTAGTTGTAAAAGCATTAGAACGTTGT 

AGTGAAGAACAAACAAAAATTCTTTACGAAAACTATGGCAAAC 

CTGATCCATCTAATGTTGCTAAAGTAAAAGATTTATACAAAGAA 

TTAGATTTAGAAGGCGTTTTCATGGAATATGAATCTAAATCATA 

CGAGAAATTAACTGGTGCTATCGAAGGTCACCAATCTAAAGCAA 

TTCAAGCTGTTCTTAAATCTTTCTTAGCAAAAATCTATAAACGTC 

AAAAAGGTACCGGTGAAAACTTATACTTTCAAGGTAGTGGTGGC 

GGTGGTAGTGATTATAAAGATGATGATGATAAAGGAACCGGTTA 

ATCTAGACTCGAG 

CATATGGTACCAGCTGATCTTAAATCAACATTCTTAGATGTTTAT FPP (A. 

I TCAGTATTAAAAAGTGATTTATTACAAGATCCATCTTTTGAATTT tbaliana) 
' 

ACACACGAAAGTCGTCAA TGGTTAGAACGTATGTTAGA TT AT AA 

TGTTCGTGGAGGCAAATTAAACAGAGGTTTAAGTGTAGTAGACA 

GTTACAAACTTTTAAAACAAGGTCAAGACTT AACAGAAAAAGA 

AACATTTTTATCTTGTGCTTTAGGTTGGTGTATTGAA TGGTTACA 
I 

AGCATACTTCTTAGTTTTAGACGATATTATGGATAATTCTGTAAC 

TAGACGTGGTCAACCATGTTGGTTTCGTAAACCAAAAGTAGGTA 
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ID NO. Codon-biased, Synthesized Gene Sequence w/llestriction Sites i encoded 

TGATTGCTATTAATGATGGAATACTTCTTCGTAACCACATTCATC 

GTATTCTT AAAAAACACTTTCGTGAAA TGCCTTA TTATGTAGACC 

TTGTAGACTTATTTAACGAAGTAGAATTTCAAACAGCTTGTGGT 

CAAA TGATTGACTTAATTACAACA TTTGATGGTGAAAAAGACCT 

TTCAAAATATTCACTTCAGATTCACCGTCGTATTGTTGAGTACAA 

AACAGCATACTACTCTTTCTA TTTACCTGTAGCA TGTGCTTTACT 

TATGGCAGGTGAAAATTTAGAAAATCACACAGATGTTAAAACTG 

TATTAGTTGATATGGGTATCTATTTCCAAGTTCAAGATGATTATT 

TAGATTGCTTCGCTGATCCAGAAACATTAGGTAAAATTGGTACA 

GA TATTGAAGACTTTAAA TGTAGTTGGTTAGTAGT AAAAGCATT 

AGAACGTTGTAGTGAAGAACAAACAAAAATTCTTTACGAAAATT 

ATGGAAAAGCTGAACCTTCAAA TGTAGCT AAAGTT AAAGCA TTA 

T ACAAAGAA TT AGATTT AGAGGGTGCATTT ATGGAATATGAAAA 

AGAA TCAT ACGAGAAACTTACAAAACTTATTGAAGCACATCAAT 

CAAAAGCTATTCAAGCAGTTCTTAAATCTTTCTTAGCTAAAATTT 

ATAAACGTCAAAAAGGTACCGGTGAAAACTTATACTTTCAAGGC 

TCTGGAGGTGGTGGTTCAGACTATAAAGATGA TGATGA TAAAGG 

AACCGGTTAATCTAGACTCGAG 

CATATGGTACCAAGTGGCGAACCTACTCCAAAAAAAATGAAAG i FPP (C. 

CAACATACGTTCACGACCGTGAAAACTTTACAAAAGTATACGAA I rcinhardtii) 

ACTCTTCGTGACGAA TT ACTTAACGA TGATTGTCTT AGTCCAGCT I 

GGTTCACCTCAGGCTCAAGCTGCTCAAGAGTGGTTT AAAGAAGT 

TAATGATTATAATGTTCCTGGTGGAAAACTTAACCGTGGTATGG 

CTGTATATGACGTTTTAGCTTCAGTT AAAGGTCCAGATGGTTT AA 

GTGAAGACGAAGTA TTTAAAGCTAACGCTCTTGGTTGGTGTATT 

GAGTGGTTACAAGCATTTTTCTTAGTTGCTGATGATATAATGGAT 

GGTTCAATTACACGTCGTGGCCAACCTTGTTGGTACAAACAACC 

TAAAGTTGGTATGATTGCTTGTAATGATTACATCTTATTAGAATG 

CTGTATTTACTCAATTCTTAAAAGACATTTTAGAGGTCACGCTGC 

I 
ATACGCTCAACTTATGGACCTTTTCCATGAAACTACATTCCAGAC 

I TTCACACGGTCAA TTATTAGATTT AACAACAGCACCTATCGGTTC 

i TGTAGACTTATCAAAATATACAGAAGATAATTACCTTCGTATTG 

TAACATATAAAACTGCATACTATTCTTTTTATTTACCTGTAGCAT 

GTGGTATGGTA TTAGCTGGCA TTACAGATCCAGCTGCTTTTGATC 

TTGCAAAAAA TATTTGTGTTGAAATGGGTCAATATTTCCAGATTC 

AAGACGATTATTTAGATTGCTATGGTGACCCTGAGGTTATTGGT 

AAAATCGGTACAGACATAGAAGACAACAAATGTAGTTGGTTAG 
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Enzyme 

SEQ (synthase) 

IDNO. Codon~biased, Synthesized Gene Sequence "'/Restriction Sites encoded i 
TTTGCACAGCTCTTAAAATCGCAACAGAAGAACAAAAAGAGGTT 

ATAAAAGCTAATTATGGTCACAAAGAGGCTGAATCAGTAGCAG 

CAATTAAAGCATTATACGTTGAATTAGGTATTGAACAACGTTTT 

AAAGACTATGAAGCTGCATCATACGCAAAATTAGAAGGTACAA 

TTAGTGAACAAACTTTATTACCTAAAGCAGTATTTACTTCTTTAT 

TAGCT AAAA TCTATAAAAGAAAAAAAGGTACCGGTGAGAACTT 

ATACTTTCAAGGTAGTGGAGGTGGTGGTTCAGACTATAAAGATG 

ATGATGATAAAGGAACCGGTTAATCTAGACTCGAG 

CATATGGTACCAGTAACAGCAGCACGTGCAACACCAAAATTAA Geranylge:ranyl 

GTAATAGAAAATTACGTGTTCJCTGTAATTGGAGGCGGTCCAGCA reductase (A. 

GGAGGTGCAGCTGCTGAAACATTAGCACAAGGAGGTATTGAAA thaliana) 

CAATTCTTATCGAACGTAAAATGGATAATTGTAAACCATGTGGT 

GGTGCTATTCCATTATGTATGGTAGGAGAGTTCAATTTACCTTTA 

GACATTATTGACCGTCGTGTAACAAAAA TGAAAATGATCTCTCC 

TTCAAACA TTGCAGTTGATATCGGTCGTACACTT AAAGAACACG 

AATATATTGGTATGGTTCGTCGTGAGGTACTTGATGCTTATCTTC 

GTGAACGTGCAGAAAAATCAGGTGCTACTGTTATTAACGGTTTA 

TTCTTAAAAATGGATCACCCAGAAAATTGGGATTCACCATATAC 

ACTTCACTACACAGAGTATGATGGAAAAACAGGTGCTACAGGA 

ACTAAAAAAACT A TGGAAGTAGATGCTGTTA TTGGTGCTGATGG 

TGCTAA TTCTCGTGTTGCAAAAAGT ATTGACGCAGGTGATTATG 

ATTATGCTATTGCATTTCAAGAACGTATTCGTATACCTGATGAGA 

AAATGACTTATTATGAGGACTTAGCTGAGATGTATGTAGGTGAT 

GA TGT A TCACCAGACTTCTACGGTTGGGT ATTCCCAAAA TGTGA 

TCATGTAGCTGTTGGTACAGGTACTGTAACACA TAAAGGTGATA 

TCAAAAAA TTCCAGTTAGCTACACGTAATCGTGCTAAAGAT AAA 

ATTCTTGGTGGCAAAAT AA TCCGTGTAGAGGCTCATCCTA TTCC 

AGAGCATCCTAGACCACGTCGTTTATCAAAACGTGTTGCATTAG 

TAGGCGACGCAGCAGGTTACGTTACTAAATGTTCAGGAGAAGG 

AA TTTACTTCGCAGCTAAATCTGGTCGTA TGTGTGCTGAAGCTAT 

CGTTGAAGGTTCACAAAATGGCAAAAAAATGATAGATGAAGGC 

GATTTAAGAAAATACTTAGAAAAATGGGATAAAACTTACTTACC 

AACTTATCGTGTTTTAGATGTACTTCAAAAAGTTTTCTATCGTTC 

TAACCCAGCTCGTGAC.GCTTTTGTTGAAA TGTGTAACGATGAGT 

ATGTACAGAAAATGACATTTGATTCTTACCTTTATAAACGTGTA 

GCTCCTGGTAGTCCATTAGAAGATATCAAATTAGCTGTAAATAC 

TATTGGTTCACTTGTTCGTGCT AACGCATTACGTCGTGAAA TTGA 
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I 

SEQ I 
IDNO. Codon-biased, Synthesized Gene Sequence "'/Restriction Sites 

GAAATTATCAGTAGGTACCGGTGAGAATCTTTACTTTCAAGGAT 

CAGGTGGTGGTGGTTCTGATTATAAAGATGACGATGATAAAGGA 

ACCGGTTAATCTAGACTCGAG 

Enzyme 

(synthase) 

encoded 

CATATGGTACCAGTAGCTGTTATTGGTGGTGGTCCAAGTGGCGC Geranylgeranyl 

TTGTGCAGCAGAAACTTT AGCAAAAGGTGGTGTAGAAACTTTCT reductase (C. 

TACTTGAGCGT AAA TTAGAT AATTGTAAACCTTGTGGAGGTGCA reinbardtii) 

ATTCCATTATGTATGGTTGAAGAATTTGATTTACCAATGGAAAT 

AATTGACCGTCGTGTTACTAAAATGAAAATGATATCACCTTCAA 

ACCGTGAAGTTGA TGTTGGAAAAACTTTATCAGAAACTGAA TGG 

ATCGGTATGTGTCGTCGTGAAGTATTTGACGATTACTTAAGAAA 

CCGTGCACAGAAATTAGGTGCTAATATTGTTAACGGTTTATTCAT 

GCGTTCAGAACAACAATCTGCAGAGGGTCCATTCACAATTCACT 

ATAATTCTTATGAAGACGGTAGTAAAATGGGAAAACCTGCTACT 

TTAGAAGTTGATATGATAATTGGTGCAGATGGAGCAAATTCTCG 

TATTGCAAAAGAGATAGATGCAGGTGAATACGACTACGCTATAG 

CTI'TTCAAGAACGTATTCGTATTCCTGATGATAAAATGAAATATT 

ACGAAAACCTTGCTGAAATGTATGTAGGTGATGACGTATCTCCT 

GATTTCTATGGTTGGGTTTTTCCTAAATATGATCACGTTGCTGTT 

I 

GGTACAGGTACTGTTGTAAACAAAACAGCTATTAAACAA TAT CA I 
ACAGGCAACACGTGACAGATCAAAAGTTAAAACAGAAGGTGGC 

AAAATTATACGTGTTGAAGCACACCCAATTCCAGAACATCCACG 

TCCACGTCGTTGTAAAGGTCGTGTTGCATTAGTAGGCGACGCAG 

' 

CTGGTTATGTTACAAAA TGTTCTGGCGAGGGCA TTTACTTTGCTG I 

I 
CT AAA TCTGGTAGAATGGCTGCTGAAGCT ATTGTAGAAGGTTCT 

GCTAACGGTACAAAAATGTGTGGTGAGGATGCAATTCGTGTTTA 

TTTAGATAAATGGGATCGTAAATATTGGACAACATACAAAGTAT 

TAGACATTTTACAAAAAGTATTTTATCGTAGTAATCCAGCACGT 
i 

GAAGCATTTGTTGAATTATGTGAAGATAGTTATGTACAGAAAAT I 
GACATTTGATTCATACTTATAT AAAACTGTTGTTCCAGGAAACCC i 

ATTAGACGACGT AAAA TTACTTGTTCGTACAGTATCTTCTATTTT II 

ACGTTCAAATGCTTTACGTTCTGTTAATTCTAAATCTGTAAATGT 

TTCTTTCGGCTCTAAAGCAAATGAGGAACGTGTTATGGCTGCAG ,.II 

GT ACCGGTGAAAA TCTTTATTTTCAAGGTTCAGGAGGTGGTGGT 

TCAGATTATAAAGATGATGATGACAAAGGAACCGGTTAATCTAG 

ACTCGAG 

CATATGGTACCAGCAATGGCAGTACCATTAGATGTAGTAATTAC Chlorophyllido-

AT ATCCTTCTTCAGGTGCTGCTGCTTA TCCAGTACTTGTTATGTA hydrolase (C. 
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Enzyme 

SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence w/Restriction Sites encoded ' ' 
TAACGGTTTCCAAGCTAAAGCTCCATGGTATCGTGGTATTGTAG rcinhardtii) 

ATCATGTTTCTAGTTGC'J<:rGTTACACAGTTGTTCAATATACAAATG 

GTGGCTT ATTTCCTA TTGTTGTAGATCGTGTTGAGTT AACTTATT 

TAGAGCCATTATTAACTTGGTTAGAAACACAAAGTGCTGATGCT 

AAATCTCCTTTATACGGTCGTGCAGATGTTTCTCGTTTAGGTACA 

ATGGGTCATTCACGTGGTCKrTAAATTAGCAGCTTTACAATTTGCT 

GGACGTACAGATGTAAGTGGTTGTGTATTATTTGACCCTGTAGA 

I TGGAAGTCCAATGACACCAGAATCTGCTGATTATCCTTCAGCTA ' I 
CAAAAGCATTAGCAGCAGCTGGTCGTTCTGCTGGCTTAGTAGGT ' I 
GCAGCTATTACAGGTTCATGTAATCCAGTAGGTCAAAATTACCC 

AAAA TTCTGGGGTGCTTTAGCTCCTGGTTCTTGGCAAA TGGTA TT 

ATCACAAGCTGGTCACATGCAATTTGCTCGTACTGGTAATCCATT 

CTTAGA TTGGTCATTAGACCGTTT A TGTGGTCGTGGTACAATGA T 

GAGTTCAGATGTTATTACATATAGTGCAGCATTTACTGTTGCTTG 

GTTTGAAGGTATTTTTCGTCCTGCTCAAAGTCAAA TGGGT A TTTC 

TAATTTCAAAACTTGGGCT AATACTCAAGTTGCAGCTCGT AGT A 

TCACTTTTGATATTAAACCTATGCAA TCTCCTCAGGGTACCGGTG 

AAAACCTTTACTTTCAAGGTAGTGGTGGTC.GAGGAAGTGATTAT 

AAAGATGATGATGACA.4.AGGAACCGGTTAATCTAGACTCGAG 

CATATGGTACCAGC:ACCAC:C:AAAACCAGTTCGTATAAC:TTGTCC: Chlorophyllido-

I 
AAC:AGT AGC:TGGC:AC:TT A TC:C:TGTTGTTTTA TTCTTTC:AC:GG TTT hydrolase (A. 

TTATC:TTC:GTAAC:TATTTC:TATTC:AGATGTTTTAAATC:ATATTGC:T thaliana) 
I A GT CA TGGTT AC:ATC:TTAGTTGC:AC:C:ACAA TTATGTAAACTTTTA I 
I CCTCC:AGGTGGCCAAGTAGAAGTTGATGACGCTGGTTCAGTTAT 

TAACTGGGCTTC:AGAGAATCTTAAAGCACACCTTCCAACTTCTG 

TTAATGCTAATGGTAA.4.TATACATCTTTAGTTGGAC:ATTCACGTG 

UTGGCAAAACAGCTTTCGCAGTTGCATTAGGTCACGCAGCTACA 

TTAGATCC:ATCAATTACATTTTC:AGCATTAATTC,OTATTGATCCA 

GTAGC:AGGAACTAACAAATACATTC:GTACAGATCCACACATCTT 

AACTTATAAACCTGAATCATTTGAATTAGATATTCCTGTAGCTGT 

TGTAGGCACTCKiTCTTGGTCC:AAAATGGAA TAACGT AA TGCCTC 

CATGCGCACCTACAGA TTTAAACCACGAAGAA TTTTACAAAGA.A. 

TGTAAAGCTACTAAAGCTCACTTTGTTGCTGCTGATTATGGTCAC 

ATGGACATGTTAGACGACGATCTTCCAGGTTTTGTACKiCTTCAT 

GGCTGGTTGTA TGTGTAAAAA TGGTCAACGTAAAAAA TCAGAAA 

TGCGTTCTTTTGTAGGTGGTATAGTTGTAGCATTCTTAAAATATT 

CTTTATGGGGTGAAAAAGC:TGAAATAAGATTAATTGTTAAAGAT 
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Enzyme 

I SEQ (synthase) 

IDNO. 
I 

Codon~biased, Synthesized Gene Sequence \Y/Ilestriction Sites encoded I 
CCTAGTGTATCTCCTGCTAAATTAGACCCATCACCAGAATTAGA 

AGAAGCATCAGGTATTTTTGTTGGTACCGGTGAAAA TCTTT ATTT 

TCAAGGTTCAGGTGGAGGTGGTTCTGATTATAAAGATGATGATG 

ACAAAGGAACCGGTTAATCTAGACTCGAG 

CATATGGTACCAUCTACACCAGTTGAAGAAGGTGATTATCCAGT Chlorophyliido-

TGTAATGTTATTACATGGCTACCTTTTATATAATTCATTTTATTCA hydrolase (A. 

CAA TT AA TGTTACA TGTATCATCTCACGGTTTCATCTT AA TTGCT thaliana) 

CCACAATTATACTCAATTGCTGGTCCTGATACTATGGATGAAATT 

AAAAGTACTGCTGAGATTATGGACTGGTTATCAGTTGGTTTAAA 

TCACTTTTTACCAGCTCAAGTTACACCTAATTTATCTAAATTTGC 

ATTA TCTGGTCATAGTCGTGGTGGT AAAACTGCTTTTGCTGTAGC 

ATTAAAAAAATTTGGTTATTCTTCAAACTTAAAAATTAGTACTTT 

AATTGGTATTGATCCAGTAGACGGAACAGGTAAAGGTAAACAA 

ACTCCACCTCCTGTTTTAGCATATTTACCTAATAGTTTTGACTTA 

GACAAAACACCAATTTTAGTAATTGGTTCAGGTTTAGGTGAAAC 

TGCACGTAATCCTTTATTTCCTCCATGTGCTCCTCCAGGTGTTAA 

CCACCGTGAGTTTTTCCGTGAA TGTCAAGGTCCAGCATGGCACT 

TTGTTGCTAAAGATTATGGTCATTTAGACATGCTTGATGATGATA 

CAAAAGGTATTCGTGGCAAATCTAGTTACTGTTTATGCAAAAAT 

GGTGAAGAAC:GTCGTCCAATGCGTCGTTTCGTTGGTGGT1TAGTT 

GTTAGTTTTCTT AAAGCA TA TCTTGAAGGTGA TGA TCGTGAA TTA 

GTAAAAATCAAAGATGGTTGTCATGAAGATGTACC:TGTTGAAAT 

TCAAGAATTTGAAGTAATTATGGGTACCGGTGAAAATCTTTACT 

TTCAAGGTTCAGGCGGTGGAGGTTCAGA TTA TAAAGATGATGAT 

GACAAAGGAACCGGTTAATCTAGACTCGAG 

CATATGGTAC:CAGCTGC:TGC:TGCACC:TGCTGAGACAATGAATAA Chlorophyllido-

ATC:TGCAGCTGGCGCTGAAGTACCAGAGGCTTTCACATCAGTTT hydrolase (T. 

TTCAACCAGGTAAATTAGCAG1TGAAGCAATTCAAGTAGATGAA r\estivun1) 

AATGCAGCTCCTACTCCACC:T A TTCCTGTTTTAA T AGTTGCTCCA 

AAAGATGCTGGTACATATCCAGTTGCTATGTTATTACACGGATTT 

TTCTTACATAATCACTTTTATGAACACTTATTACGTCACGTTGCA 

TCTCA TGGCTTTATC:A TTGTTGCTCCACAA TTTTCTATTAGTA TTA 

TTCCATCAGGAGATGCTGAAGACATCGCTGCTGCTGCAAAAGTA 

GCAGATTGGTTACCTGACGGATTACCAAGTGTTTTACCAAAAGG 

TGTTGAACCAGAGTTATC:AAAACTTGCTTTAGCTGGACACAGTC 

GTGGTGGTCACACAGCTTTTTCTTTAGCTTTAGGTCACGCTAAAA 

CACAATTAACTTTCAGTGCATTAA TTGGTTTAGATCCTGTTGCTG 
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Enzyme 

SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence lv/Restriction Sites encoded 

GAAC:AGGTAAATCATCTC:AATTACAACCAAAAATTC:TTACTTAT 

GAGCCAAGTTCATTTGGTATGGCTATGCCAGTTTTAGTTATTGGT 

ACAGGTTT AGGAGAAGAAAAAAAAAACA TTTTC:TTTCCTCC:ATG 

TGCTC:C:T AAAGACGTAAACCATGCAGAA TTTTATCGTGAATGTA 

GACCACCATGTTACTATTTTGTAACTAAAGATTATGGCCATC:TTG 

A TATGTT AGATGATGACGCTC:CAAAA TTTA TC:AC:A TGTGTTTGTA 

AAGAC:GGTAATGGATGTAAAGGAAAAATGCGTCGTTGTGTAGC:T 

GGCATC:A TGGTTGCTTTCTTAAACGCTGCTTTAGGTGAAAAAGA 

I CGCAGATTTAGAAGCTATTTTACGTGA TCCAGC:AGTTGCTCCTAC 

AACATTAGACCCAGTTGAACACCGTGTTGCTGGTAC:CGGTGAGA 

ATTTATACTTCCAGGGATCTGGTGGTGGTGGCAGTGATTATAAA 

GATGATGATGATAAAGGAACCGGTTAATCTAGACTC:GAG 

CATATGGTACCAAGTCACAAAAAAAAAAACGTAATC:TTCTTCGT Phosphatase (S. 

AACTGATGGTATGGGTCCTGCTTC:TCTTTCAATGGCTCGTTCATT cerevisiae) 

TAATCAACACGTTAATGATTTACC:AATTGATGATATTTTAACATT 

AGATGAACATTTTATTGGAAGTTCAAGAACACGTTCATCAGATT 

CACTTGTAACTGACTCAGCTGCTGGAGCTACAGCTTTTGCTTGTG 

CACTTAAATCATACAATGGTGCTATAGGTGTAGATC:CACAC:CAT 

CGTCCATGTGGAACTGTTTTAGAAGCTGCTAAATT AGCAGGTTA 

TTTAAC:AGGATTAGTAGTTAC:TACACGTA TTACTGATGCTACAC:C 

AGCTAGTTTCTCAAGTCACGTAGATTATCGTTGGCAAGAAGATT 

TAATTGCAACACACCAATTAGGTGAATATCCTTTAGGACGTGTT 

GTTGATC:TTC:TTATGGGTGGTGGTCGTTC:TCACTTTTATCCTCAA 

GGTGAAAAAGCTAGTCCATACGGTC:AC:CACGGTGCACGTAAAG 

ATGGTCGTGATTTAATCGATGAAGCTCAAAGTAATGGCTGGCAG 

TATGTAGGAGATC:GTAAAAATTTTGATTCTTTACTTAAATC:AC:AT 

GGTGAAAA TGTTACTTTACCATTTTTAGGTTTATTTGCTGACAAC 

GATATCCCATTTGAAATTGATC:GTGATGAAAAAGAATATCCTAG 

TTTAAAAGAAC:AAGTAAAAGTAGCATTAGGTGCTTTAGAAAAA 

GC:AAGTAAC:GAAGATAAAGATAGTAA TGGTTTCTTTTTAA TGGT 

AGAAGGTTCTC:GTATTGA TCA TGCTGGCCATCAAAACGATC:CTG 

CATCTC:AAGTACGTGAAGTATTAGC:A TTTGATGAGGCTTTTCAA T 

ATGTATTAGAA TTTGCAGAAAACAGTGATACAGAAACAGT ATTA 

, GT AAGTACA TCAGATCA TGAAAC:AGGTGGTTTAGTTACTTCAAG 
i 

AC:AAGTAACAGC:ATC:ATACC:C:AC:AATATGTATGGTATCCTC:AAG 

TATTAGCTAACGCTACACATAGTGGAGAGTTTC:TTAAACGTAAA I I 
TTAGTTGATTTCGTTC:ATGAAC:ACAAAGGCGCATCATCAAAAAT I I 

i 
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Enzyme 

SEQ (synthase) 

IDNO. Codon-biased, Synthesized Gene Sequence w/Restriction Sites encoded 
' 

AGAAAACTTCATAAAACACGAAATTCTTGAAAAAGATTTAGGTA 

TTTATGATTATACAGATTCTGACTTAGAAACACTTATTCATTTAG 

ATGATAACGCTAATGCAATTCAAGATAAACTTAATGATATGGTA 

I AGTTTTAGAGCTCAAATTGGTTGGACAACACATGGTCATTCAGC 

AGTTGATGTAAACATATATGCTTACGCAAACAAAAAAGCTACAT 

GGTCTTATGTTCTTAATAACTTACAAGGTAATCACGAAAACACA 

GAAGTTGGTCAA TTCTTAGAGAATTTCTT AGAA TT AAACTTAAA 

TGAAGTTACTGATTTAATCCGTGATACAAAACATACTTCTGATTT 

TGACGCAACAGAAATAGCAAGTGAGGTTCAACACTATGATGAA 

TATTACCACGAATTAACAAATGGTACCGGTGAAAATCTTTATTTT 

CAAGGTTCTGGTGGAGGTGGCAGTGATTATAAAGATGATGATGA 

CAAAGGAAC:CGGTTAATC:TAGACTCGAG 

CATA TGGTAC:CAGCTTT ATACGACA TT ATTAACTATTTC:TAC:GGT Phosphatase ( C:. 

TC:AAAC:TCTAAATTC:AAC:CGTATTAC:ATGGGGTTTTAAA TC:AC:C: albicans) 

AACTTTCATCAAATGGAGAATTAC:TGATTTCATTTTAATC:ATCGT 

TTTAATTGTTC:TTTTC:TTC:GTAACTTCTCAAGCAGAGCCATTCCA 

TC:GTC:AATTTTATCTTAACGACA TGACTA TCCAACATCCTTTTGC 

AGAAC:ATGAACGTGTAACTAAT ATTC:AAC:TTGGTTTATA TTCAA 

C:AGTAATTCC:TTTATCAGTTATTATCATTGTTGCTTTAATTAGTA 

CA TGTC:CAC:CT AAATACAAA TTATAC:AACACTTGGGTTTC:AAGT 

ATTGGTTTACTTTTATC:AGTTTTAA TCACATCTTTTGTTACAAAC 

ATCGTTAAAAACTGGTTTGGACGTTTACGTCCTGACTTCTTAGAT 

C:GTTGCCAACCAGCTAACGATACACCTAAAGATAAATTAGTTTC 

TATTGAGGTTTGTACTACAGACAA TTT AGACCGTTTAGCTGAC:G 

GTTTTC:GTAC:AAC:AC:CTTCTGGTC:ATTC:TTC:AA TC:TC:A TTTGC:TG 

GTTTATTC:TATTTAAC:ATTATTTCTTTTAGGTC:AATCTC:AGGCAA 

ATAATGGTAAAACATC:TTCATGGCGTACAATGATC:AGTTTTATA 

C:C:TTGGTT AA TGGC:TTGTTATATC:GC:TTTAAGTCGTAC:AC:AAGAC: 

TAC:C:GTC:ATC:A TTTC:ATTGACGTATTTGTTGGTAGTTGC:TTAGGC 

TTAATTATC:GCAATTTGGCAATAC:TTC:C:GTTTATTC:C:CTTGGTTC: 

(iGTGGTAACCAAGCAAA TGATTC:ATTTAAC:AAC:CGTATTA TGAT 

TGAAGAGATTAAAC:GTAAAGAGGAAATTAAACAAGATGAAAAT 

AAC:TAC:C:GTC:GTATTTC:TGATATTTCTACTAATGTAGGTACCGGT 

GAAAAC:C:TTTACTTTC:AAGGTTC:AGGTGGCGGCGGTTCAGATTA 

TAAAGATGATGACGACAAAGGAAC:C:GGTTAATC:TAGACTC:GAG 
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[00263] Technical and scientific terms used herein have the meanings commonly understood 

by one of ordinary skill in the art to which the instant invention pertains, unless otherwise defined. 

Reference is made herein to various materials and methodologies !mown to those of skill in the art. 

Standard reference works setting forth the general principles ofrecombinant DNA technology 

include 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 McPherson, 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. 

[00264] Where a range of values is provided, it is understood that each intervening value, 

between the upper and lower limits of that range is 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 is encompassed. The upper and lower limits of these smaller ranges can 

independently be included or excluded in the range, and each range where either, neither or both 

limits 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 

excluding either or both of those included lim.its are also i11cluded. 
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What is claimed is: 

l. 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, 

my:rcene synthase, abietadiene synthase, taxadiene synthase, bisabolene synthase, diapophytoene 

desaturase, diapophytoene synthase, monoterpene synthase, terpinolene synthase, zingiberene 

synthase, ocimene synthase, sesquiterpene synthase, curcumene synthase, famesene synthase, P­

caryophyllene synthase, germacrene A synthase, 8-epiced:rol synthase, valencene synthase, ( + )-8-

cadinene synthase, germacrene C synthase, (E)-P-famesene synthase, casbene synthase, vetispiradiene 

synthase, 5-epi-aristolochene synthase, aristolochene synthase, a:-humulene synthase, (E,E)-a:­

famesene synthase, (- )-p-pinene synthase, y-terpiuene synthase, limonene cyclase, linalool synthase, 

levopimaradiene synthase, isopimaradiene synthase, (E)-y-bisabolene synthase, copalyl 

pyrophosphate synthase, kaurene synthase, longifolene synthase, y-humulene synthase, 8-selinene 

synthase, p-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-P-ocimene synthase, epi-cedrol synthase, a:­

zingiberene synthase, guaiadiene synthase, cascarilladiene synthase, cis-muu:roladiene synthase, 

aphidicolan-16b-ol synthase, elizabethatriene synthase, sandalol synthase, patchoulol synthase, cedrol 

synthase, copalol synthase, and manool synthase; and (c) a promoter configured for expression of said 

first or second nucleic acid in. a chloroplast of a non- vascular, photosynthetic organism, wherein the 

vector does not comprise the entire genome of a chloroplast. 

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

photosynthetic capability of said chloroplast. 

3. The vector of claim 1, further comprising a nucleic acid sequence which facilitates homologous 

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

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

chloroplast. 

6. The vector of claim 5, wherein said chloroplast is from a microalga. 

7. The vector of claim 6, wherein said mieroalga is Chlamydomonas reinhardtii, Dunaliella salina, 

Haematococcus pluvialis pluvalis, Scenedesmus dimorphus, Dunaliella viridis, or Dunaliella 

tertiolecta. 

8. The vector of claim 1, comprising any of the sequences in Table 5 or a sequence having at least 

80% identity thereto. 
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9. A host cell comprising the vector of claim I. 

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, rhodophyta, chlorophyta, hetcrokontophyta, tribophyta, glaucophyla, 

chlorarachniophyles, euglenophyta, cuglenoids, haptophyta, chrysoph;ta, cryp\ophyta, cryptomonads, 

dinophyt.a, dinoflagellata, pyTmnesiophyta, bacillariophyta, xanthophyra, eustigmatophyta, 

raphidophyta, phaeophyta, and phytoplankton. 
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12. The host cell of claim 9, wherein said host cell is Chlamydomonas reinhardtii. Dunaliella saiina, 

Haematococcus pluvialis pluvalis, Scenedesmus dimorplms, Dunaliella viridis, or Dunaliella 

tertio lecta. 

13. The host cell of claim 9, wherein chlorophyll levels are sufficient for sai.d host cell following 

transformation to be photoautotrophic. 

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

isoprenoicl at levels greater than a wild-type strain of the same organism. 
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15. A genetically modified chloroplast 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 a chloroplast ofa nonvascular, 

photosynthetic organism with the vector of claim 1, and; (b) collecting at least one isoprenoid 

produced by said transfmmed organism. 

18. The method of claim 17, further comprising growing said organism in an aqueous envimnment, 

wherein C02 is supplied to said organism. 

19. The method of claim 18, wherein said is at least partially derived from a burned fossil foe!. 

20. The method of claim 18, wherein said C02 is at least partially derived from flue gas. 

21. The method of claim 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 disrupting said organism; or ( d) chemically disrupting said organism. 

22. The method of claim I 7, wherein said organism is a microalga. 
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23. The method of claim 20, wherein said microalga is Chlamydomonas rninhardtii, Dunaliella salina, 

Haematococcus pluvialis p!uvalis, Scenedesmus dimorplms, Dunaliella viridis, or Desmarestia 

tertiolecta. 
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24. A method for preparing an isoprenoid comprising: (a) transfon11ing an organisn1 Vv'1th the vector of 

clai1n 1, \Vherein said organis111 is gro\vn in a high-saline environn1ent; and (b) co11ecting said isoprenoid. 

25. The method of claim wherein said organisn1 is a non- vascular photosynthetic organisn1. 

26. The method of claim 25, wherein said non-vascular, photosynthetic organism is Dunaliella salina, 

Dunaliella viridis, or Dunaliella tertiolecta. 

27. The method of claim wherein said transforming step ls a chloroplast transformation. 

28. Tiie method of claim wherein said collecting step comprises one or more of the following steps: (a) 

harvesting said transfor1ned organis1n; harvesting said isoprenoid fron1 a cell n1ediu1n~ (c) n1echanlcally 

disrupting said organis1n; or (d) chenYically disrupting said organis1n. 

29. 'The 1nethod of claiin 24~ wherein said hlgh-sa.iine environ1nent co111prises 0.5-4.0 1nolar sodium 

chloride. 


