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A SYSTEM FOR TRANSTORMATION OF THE CHLOROPLAST
GENGOME OF SCENEDESMUS SP. AND BUNALIELLA 8P,
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j6B63] This application claims the benefit of United States Provisional Application Number 61/242,735, filed

September 15, 2009, the entire contents of which are incorporated by reference for all purposes.
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to be incorporated by reference,

BACKGROUND
[6883] Algac are umicellular organisms, producing oxygen by photosynthesis. One groep, the niicroalgae, are usefid
for biotechnology apphications for many reasons, ncladiog thelr high growth rate and tolerance to vasying
environmental conditions. The use of microalgae in a variety of industrial processes for commercially important
products is known and/or has been suggested. For example, microzlgae have uscs in the production of sufritional
supplements, pharmaceuticals, natral dyes, a food source for fish and crustaceans, biclogical control of agricultural
pests, production of oxygen and removal of nitrogen, phosphoris and toxic substances in sewage treatment, and
poliution coptrols, such as biodegradation of plastics or uptake of carbon dicxide.
[6684] Microalgae, Hke other organisis, contain Hpids and fatty acids as mermbrane components, storage products,
metabolites and sources of encrgy. Some elgal strains, diatoms, and cyanobacteria have been found to contain
proportionally high levels of Lipids {over 30%). Microalgal strains with high oil or Hpid content are of great interest in
the search for a sustainable feedstock for the production of biofuels,
[80835] Some wild-type algae are suitable for use in various industrial applications. However, it is recognized that by
modification of algae to improve particutar characteristics useful for the aforementioned applications, the relevant
processes are more likely to be commercially viable. To this end, algal strains can be developed which have improved
characteristics over wild-type strains. Such developments have been made by traditional techniques of screening and
muxation and selection, Further, recombinant DINA technologies have been widely suggested for algae. Such approaches
may increase the cconomic validity of production of commercially valuable products,
B896] One area in which algae have received increasing attention is the production of fuel products, Fued products,
such as oil, petrochemicals, and other substances useful for the production of petrochemicals are incressingly in
demand. Much of today’s fuel products are generated from fossit fuels, which are not considered renewable energy
soarces, as they are the resolt of orgauic material being covered by successive layers of sediment over the course of
miflions of years. There is also a growing desire to lessen dependence on imported crade o, Public awareness
regarding pollution and environmental bazards has also increased. As @ result, there bas been a growing interest and
need for alternative methods to prodoce fuel products. Thus, there exists a pressing need for alternative methods to

develop fuel products that are renewable, sustainabie, and less harmful to the environment. One potential source of
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aliernative production of fuel and fuel precursors is genetically modified organisns, such as bacteria and plants,
including algae. To date, algae have yet to be suceessfully developed as a commercially viable platform for biofuel
production, due mainly to the high cost of harvesting and processing of algae for recovery of the biofuel. Thus, a need
exists to develop bost organisms such as algae (for example, Scenedesmus sp. , Chlamydomonas sp., and Dunaliella sp.}
and bacteria for which such costs are reduced. One way of genetically modifying an organism is to transform the
organism with a nucleic acid that encodes for a protein, wherein sxpression of the protein results, for example, in the

tncreased production of a product, or in the production of a product that the organism does not usually make,

SUMMARY
[00071 1. Anisolated Scenedesmus sp. comprising a chloroplast genome that has been transformed with an exogenous
nuclectide sequence, wherein the exogenous nucleotide sequence comprises 2 nucleic acid sequence encoding at least
one protein. 2. The isolated Scenedesmus sp. of claim 1, wherein the protein is involved in the isoprenoid biosynthesis
pathway. 5. The isolated Scenedesmus sp. of claim 2, wherein the protein a synthase. 4. The isolated Scenedesmus sp. of
claim 3, wherein the synthase 18 a farnesyl-diphosphate (FPP) synthase. 5. The 1solated Seenedasmus sp. of claim 4,
wherein the FPP synthase is from G. gaflus. 6. The isolated Scenedesmus sp. of claim 3, wherein the synthase ix 4
fusicoccadione synthase. 7. The isolated Scenedesins ¢p. of claim 6, wherein the fusicoscadiene synthase is from P,
amyydali. 8. The isolated Scenedesmus sp. of claim 3, wherein the syothase is a bisabolene synthase. 9. The isolated
Scenedesmus sp. of claim 8, wherein the bisabolene synthase is from 4. grandis. 10, The isolated Scenedesuus sp. of
claim 1, wherein the exogenous nucleotide sequence is at ieast 0.5 Kb, at least 1.0 kb, at least 2 kb, at least 3kb, at Jeast 3
kb, at least 8 kb, at teast 11 kb, or ai least 19 kb, 11, The isolaied Scenedesmus sp. of claim 1, wherein the nucleic acid
sequence encodes for two proteins, three proteins, or four proteins. 12, The isclated Scenedesmus sp. of claim 1,
wherein the exogenous nucleotide further comprises a second nucleic acid sequence encoding a selectable marker, 13,
The isolated Scenedesmus sp. of claim 12, wherein the marker is chloramphenicot acetvitransferase (CAT),
erythromycin estetase, or cytosine deaminase. 14, The isolated Scenedesmus sp. of claim 1, wherein the Scenedesmus
sp.is 5. dimorphus, 15. The isolated Scenedesmus sp. of claim 1, wherein the Scenedesmus sp. is S. obliguus. 15, The

isolated Scenedesmus sp. of claim 1, wherein the nucieic acid sequence encodes for 2 hiomass-gegrading o

a8

The isolated Scenedesmus sp. of claim 16, wherein the biomass-degrading enzyme is 2 galactanase, a xylanase, a
protease, a carbohydrase, a fipase, a reductase, an oxidase, a transglutaminase, or 2 phytase. 18, The isolated

Scenedesmus sp. of claim 16, wherein the biomass degrading enzyme is an endoxylanase, as exe-f-glucanase, an endo-
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e. 19. The isolated Scemedesmus sp. of claim 1, wherein the

nucleic acid sequence encodes for an esterase. 20, The isolated Scenedesmus sp. of claim 19, wherein the esterase s an
erythromycin esterase. 21, The isolated Scenedesmus sp. of claim 1, wherein the nucleic acid seguence encodes fora
deaminase, 22. The isolated Scenedesmus sp. of claim 1, wherein the nucleic acid sequence encodes for a betaine
aldehyde dehydrogenase. 23, The isolated Scernedesmus sp. of any of claims 1 to 22, wherein the nucleic acid sequence
is codon optimized for expression in the chioroplast genome of the Scenedesmus sp. 24. An wsolated Scenedesmus sp.
comprising a chloroplast genome transformed with an exogenous nucleotide sequence wherein the transformed
Scenedesmus sp. bas an isoprenoid content that is different than an untransformed Scenedesmus gp. that is the same
species as the isolated Scenedesmus sp.. and wherein the exogenous nucleotide sequence comprises a mucleic acid

encoding for an enzyme nvolved in isoprenocid biosynthesis. 25, The isolated Seenedesmus sp. of claim 24, wherein the
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pucleic acid does not encode for an ent-kaurene synthase. 26. The isolated Scenedesmus sp. of claim 24, wherein the
nucleic acid is codon eptimized for expression in the chloroplest genome of the Scenedesmus sp.

[06688] 27. An isolated Scenedesmus sp. comprising a chioroplast genome transformed with an exogenous nucleotide
seguence wherein the transformed Scenedesmus sp. has an increased accumulation of fatty acid based Hipids and/or &
change in the types of Hpids, as compared to an uniransformed Scenedesms sp. that is the same species as the isolated
Scenedesmus sp., and wherein the exogenous nucteotide comprises a nucleic acid sequence encoding for an enzyme
myolved in fatty acid synthiesis, 28. The isolated Scenedesmus sp. of claim 27, wherein the nucleic acid is codon
optirmzed for expression in the chloroplast genome of the Scenedesmus sp

[6609] 29. A method of transforming a chloroplast genome of & Scenedesmius sp. with 2 vector, wherein the vector
comprises: 1) a first nucleotide sequence of a Scenedesmus sp. chloroplast genome; i) 2 second nucleotide sequence of
a Scenedesmus sp. chioroplast genome; 1) o third nuclectide sequence comprising an exogenous muclectide sequence,
wherein the exogenous nucleotide sequence comprises a nucleic acid encoding a protein of inferest, wherein the third
nuclectide sequence is located between the first and second mucleotide sequences, and wherein the vector 18 osed to
transform the chloroplast genome of the Scenedesmus sp.; and iv) 2 promoter configured for expression of the protein of
interest. 30, The method of claim 29, wherein the third nucleotide sequence further comprises a second nucleic acid
sequence encoding a second protein of interest. 31, The method of claim 29, wherein the promater is a psbD) or a tufA
promoter. 32. The metbod of claim 29, wherein the Scenedesmus sp. is 8. dimorphus. 33, The method of claim 29,
whercin the Scenedesnus sp. 18 5. obliquus. 34, The method of claim 29, wherein the first nncleotide sequence is at least
500 bp, at least 1000 bp, or at least 1,500 bp in Jength, and the first sucleotide sequence is homologous to # first portion
of the geoome of the Scenedesmus sp., and the seeond nacleotide sequence is at least 500 by, at least 1060 bp, or at jeast
1,500 bp in Jength, and the second nucleatide sequence is homologous to a second portion of the genome of the
Scenedesmus sp.. 35, The method of claim 29, wherein the third nucleotide sequence s at least 0.3 kb, at least 1.0 kb, at
teast 2 kb, at Jeast 3kb, at least 5 kb, at loast § kb, at least 11 kb, or at least 19 kb in size. 36, The method of claim 29,
wherein the nucleic acid is codon optimized for expression in the chloroplast genome of the Scenedesmus sp. 37. A
transformed chioroplast genome of a Scenedesmus sp., ransformed by the method of claim 29,

{6018] 38, A method of wansforming a chloroplast genome of a Scenedesmus sp. with at least one sxogenous
mucleotide sequence, comprising: i) obtatning the exogenous nucleotide sequence, wherein the exogenous nuclentide
sequence comprises a nucleic acid sequence encoding a protein; iy binding the exogenous sucleotide sequence onto 2
particle; and iii) shooting the exogenous aucleotide sequence into the Scenedesmus sp. by particle bombardment,
wherein the chloroplast genome is transformed with the exogenous nucleotide sequence. 39. The method of claim 38,
wherein the exogenous nucleotide sequence is at least 0.5 kb, at least 1.0 kb, at least 2 kb, at least 3kb, at least 5 kb, at
feast 8 kb, at least 11 kb, or at least 19 kb in size, 40. The method of claim 38, wherein the nucleic agid is codon
optimized for expression in the chioroplast genome of the Scenedesmus sp. 41, The method of claim 38, wherein the
particle is a gold particle or a tungsten particle. 42, The method of claim 41, wherein the gold particle is about 55¢ nm
1o about 1000 nm in diameter. 43. The method of claim 38, wherein the particle bombardment is carried out by 2
biolistic device. 44. The method of claim 43, wherein the biolistic device has a helium pressure of about 300 psi to
about 500 psi. 45. The method of claim 43, wherein the biolistic device has 2 helium pressure of at least 300psi, at least
350psi, at least 400psi, at least 425psi, at least 450psi, at least 500pst, or at least 500psi . 46. The method of claim 38,

wherein the exogenous pucleotide sequence bound to the particle is shot at a distance of about 2 to sbout 4 cm fFom the
g
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Scenedesmus sp. 47. The method of claim 43, wherein the bichistic device is a Helicos Gene Gun or an Accell Gene
Gun. 48. The method of claim 38, wherein the nucleic acid encodes for a protein involved in isoprenoid biosynthesis.
49, The method of claim 38, wherein the aucleic acid encodes for a protein involved in fatty acid biosynthesis. 3¢, The
method of claim 38, wherein the Scenedesmus sp. is § dimorphus. 51. The method of claim 38, wherein the
Scenedesmus sp. is 8. obligaus. 52. A transformed chioroplast genome of & Scenedesmus sp., transformed by the method
of claim 38.

[6813] 53. A method for obtaining a region of a chloroplast genome of a green algae, wherein the region is useful in
the transformation of the green algas, comprising: 1) obiaining genomic DNA of the green algas; 2) obtaining a
degenerate forward primer, wherein the forward primer is directed towards a psbB gene of the green algae; 3) obtaining
a degenerate reverse primer, wherein the reverse primer is directed towards a psbH gene of the green algae; and 4)
using the primers of step 2) and step 3} to amplify the region of the chioroplast gemome of the green algae, wherein the
nuclectide sequence of the amplified region is obtained. 54. The method of claim 53, wherein the amplified region is
amplified by PCR. 5. The method of elaim 53, wherein the sequenced region is cloned into @ vector. 56. The method of
claim 53, wherein the degenerate forward is primer 4099 (SEQ ID NG 129) or forward primer 4100 (SEQ 1D NO:

130}, and wherein the degenerate reverse primer is primer 4101 (SEQ ID NO: 131) or reverse primer 4102 (SEQ ID
NO: 132). 57, The method of claim 53, wherein the forward primer is primer 4099 (SEQ ID NO: 129) and the reverse
primex is primer 4102 (SEQ ID NO: 132). 58. The method of claim 33, wherein at leasi a portion of the sequence of the
amplified region is known. 39. The method of claim 53, wherein the amplified region of the chioroplast genome is from
C. reinhardtii, C. vulgaris, S. obliguas, or P. purpurea. 60. The method of claim 53, wherein the sequence of the
amplified region is wuknown. 61, The method of claim 53, wherein the amplified region of the chioroplast genome is:
from D, tertiolecta and comprises the nucleic acid sequence of SEQ ID WO: 133; from a Dunaliella of unknown species
comprising the nucleic acid sequence of SEQ ID NO: 134; from N. abudans and comprising the mucleic acid sequence
of SEQ ID NO: 135; from C. vulgaris and comprising the nucleic acid sequence of SEQ ID NO: 136; or from T. succia
and comprising the nucleic acid sequence of SEQ T NO: 137, 62. The method of claim 53, wherein the amplified
region of the chioroplast genome comprises 2 nucleotide sequence encoding 2 gepe cluster psbB-psbT-psbN-psbH. 63,
The method of claim 53, wherein the amplified region of chloroplast genome comprises a nucleotide sequence encoding
a gene cluster pebB-psbT. 64, The metbad of claim 63, wherein a nucleic acid encoding a gene is inserted between the
nucleotide sequence encoding psbB and psbT. 65. The method of claim 53, wherein the amplified region of chloroplast
genome comprises a nucleotide sequence encoding a gene cluster psbT-psbN. 66. The method of claim 65, wherein 2
nucleic acid encoding a gene is inserted between the nucleotide sequence encoding psbT and psbN. 67. The mothod of
claim 33, wherein the amplified region of chloreplast genome comprises a nucleotide sequence encoding a gene cluster
psbM-psbH. 68, The method of claim 67, wherein a nucleic acid encoding a gene is inserted between the nucleotide
sequence encoding psbN and psbH. 69, The method of claim 53, wherein the amplified region of chloroplast genome
comprises a nucieotide sequence encoding a gene cluster psbH-psbK. 70. The method of claim 69, wherein a nucleic
acid encoding 2 gene is inserted between the nucleotide sequence enceding psbH and psbK. 71.The method of claim 33,
wherein the amplified region of the chloroplast genome comprises a nucleotide sequence encoding a region 3° of psbK.
72. The method of claim 53, wherein the sequence is 2 mucleic acid sequence. 73. The method of claim 53, wherein the

seguence 18 an amino acid sequence.



[0012] 74. A region of a chloroplast genome of a green algae, obtained by the method of: 1) obtaining genomic DNA
of the green algae; 2) obtaining a degenerate forward primer, wherein the forward primer is directed towards a psbB
gene of the green algae; 3) obtaining a degenerate reverse primer, wherein the reverse primer is directed towards a
psbH gene of the green algae; and 4) using the primers of step 2) and step 3) to amplify the region of the chloroplast
genome of the green algae, wherein the amplified region is sequenced and comprises a nueleotide sequence, and
wherein the nucleotide sequence is modified to comprise a nucleic acid sequence encoding for at least one protein.
{00131 75, A vector useful in the transformation of the chloroplast genome of Scenedesmus obliquus, comprising a 5.2
kb region from the Scenedesmus obliquus chloroplast genome (Scenedesmus chloroplast sequence NCBI reference
sequence: NC_008101, 057,611-062850bp), wherein the region comprises the nucleic acid sequence of SEQ ID NO:
125, or comprising a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%
homologous to at least a 500 bp sequence of the nucleic acid sequence of SEQ ID NO: 125.
[0014] 76. An isolated nucleotide sequence comprising the nucleic acid of SEQ ID NO: 125, or comprising a nucleic
acid sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% homologous to at least a 500
bp sequence of the nucleic acid sequence of SEQ ID NO: 125, wherein the isolated nucleotide sequence can be used to
transform a chloroplast genome a Scenedesmus sp. 77. The isolated nucleotide sequence of claim 76, wherein the
nucleic acid sequence of SEQ ID NO: 125 is modified to comprise a second nucleic acid encoding a protein.
[0015] 78. A host cell comprising a nucleic acid sequence of SEQ ID NO: 125, or comprising a nucleic acid sequence
that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% homologous to at least a 500 bp sequence of
the nucleic acid sequence of SEQ ID NO: 125, 79. The host cell of claim 78, wherein the host cell is a host cell from a
Scenedesmus sp. 80. The host cell of claim 78, wherein the nucleic acid sequence of SEQ ID NO:; 125 is modified to
comprise a second nucleic acid sequence encoding a protein.
[0015a] In one aspect, there is provided a process of transforming a chloroplast genome of a
Scenedesmus sp. with at least one exogenous nucleotide sequence, comprising:

a) obtaining the exogenous nucleotide sequence, wherein the exogenous
nucleotide sequence comprises a nucleic acid sequence encoding a protein;

b) binding the exogenous nucleotide sequence onto a particle; and

c) shooting the exogenous nucleotide sequence into the Scenedesmus sp. by
particle bombardment using a biolistic device that has a helium pressure of 300 psi to 500 psi,
wherein the chloroplast genome is transformed with the exogenous nucleotide sequence.
[0015b] In another aspect, there is provided a transformed chloroplast genome obtained by the
process as defined above.
[0015¢] In another aspect, there is provided a Scenedesmus sp. comprising the transformed

chloroplast genome as defined above.
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[0015d] In another aspect, there is provided the use of the Scenedesmus sp. as defined above in
selecting for expression of the protein comprising, (a) obtaining the Scenedesmus sp. and (b)
determining if expression of the protein results in either a positive or negative selection of the

Scenedesmits sp.

BRIEF DESCRIPTION OF THE DRAWINGS
[6016] These and other features, aspects, and advantages of the present disclosure will become better understood with
regard to the following description, appended claims and accompanying figures where:
[0017] Figure 1 shows a graphical representation of the mutated psbA fragment and 3°UTR vector used to engineer
DCMUF into S. dimorphus.
[0018] Figure 2 shows amplification and digestion of DNA from psbA 264A DCMU' transformants (3 and 4) and S.
dimorphus wildtype (WT). U = uncut DNA and C = cut DNA (digested with Xbal).
{6019] Fisure 3 shows a pshA $264 transformant that is DCMU” and atrazine’.
[0020] Figure 4 shows a graphical representation of p04-38.
[0021] Figure 5 shows a graphical representation of p04-21.
[0022] Figure 6 shows PCR amplification of DNA from S. dimorphus CAM' transformants.
{0023] Figure 7 shows a graphical representation of vector p04-31 used to transform S. dimorphus.
[0024] Figure 8 shows a multiscreen of BD11 clones.
[6025] Figure 9 shows a Western of SE0070 expressing BD11 (subclones of parent 2 and 4).
[6626] Figure 10 shows endoxylanase activity in clarified lysates from S. dimorphus transformants containing the
endoxylanase gene (parent 2 and 4).

[0027] Figure 11 shows a graphical representation of p04-28.
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[6828] Figure 12 shows verification of homoplasmicity in several lines of 8. dimorphus

engineered with FPP-synthase.

[6628] Figure 13 shows an anti-flag Western with farnesy! disphosphate (FPP) synthase protein expression in 7
transformants.

[0636] Figure 144 shows an overlay of the Total Jon Chromatogram (TIC) for wild type negative control
(untransformed Scenedesmus dimorphus), the engineered sirain (8. dimorphus transformed with FPP synthase (avian),
aud a positive controf of FPP. The y axis is sbundance. The X axis is time,

[8633] Figure 148 shows the TIC of the FPP positive control. The retention time of FPP is 11.441 minutes. The y
axis is abundance, The X axis is time.

[0032] Figure 14 shows the mass spectrum of the FPP positive control at 11,441 mimges, The v axis is abandance.
The  axis is py/z {mass to charge ratio).

[6833] Tigure 14D shows the TIC of the engineered strain (8. dimorphus transformed with FPP synthase {avian)
incubated with PP and DMAPP. The retention time of thie product (FFP) is 11.441 minutes. The v axis is abundance,
The x axis is {ime.

[8034] Figure 14E shows the mass spectrum of the engineered strain (8, dimorphus transformed with FPP synthase
(aviau} at 11,441 minutes. The y axis is abundance. The x axis is mvz (mass to charge ratio).

[0635] Figure 14F shows the TIC of the uniransformed wild type S. dimorphus strain incubated with IPP and
DMAPP, The y axis is abundance, The x axis is time,

0836} Figure 14G shows the mass spectram of the votransformed wild type 8. dimorphus strain at 11,441 rofnutes,
The v axis is abundance. The x axis is m/z (mass to charge ratio),

[0837] Figure 154 shows an overlay of the Toial fon Chromatogram (TIC) for wild type negative control
(notransformed Scenedesmus dimorphus) incubated with IPP :m;i DMAPP, the engincered strain (3. dimorphus
transformed with 1809 (FPP synthase)} incubated with IPP and DMAPPR, and a positive conirol of FPP. All three
enzymatic reactions were incubated with amorphadiene synthase to form amorpha-4,1 1-diens in 2 coupled enzyme
assay. The y axis is abundance. The x axis is fime,

16638} Figure 18B shows the TIC of the FPP positive control incubated with amorphadiene synthase. The retention
tims of amorphadiene is 9.917 minutes. The v axis is abundance. The x axis is time.

i0039] Figure 15C shows the mass spectrum of the amorphadiene positive control at 9,917 minutes. The y axis is
abundance. The ¥ axis is m/z (mass to charge ratio).

[6648] Figure 155 shows the TIC of the engincered strain (S. dimorphus transformed with 1509 (FPP synthase),
incubated with 1PP and DMAPP and amorphadienc synthase. The retention time of the product of the reaction
{amorphadiene) is 9.917 minuies. The y axis is abundance. The x axis is time,

16841} Figure 15E shows the mass spectrum of the product produced by the engineered strain (8. dimorphus
trapsformed with 1509 (FPP synthase)) when incubated with IPP, DMAPP, and amorphadiene synthase. The retention
time of the product (amorphadienc} is 8.917 minutes. The y axis is abundance, The x axis is m/z (mass te charge ratio).
{6842] Figure 15F shows the TIC of the uniransformed wild type 8. dimorphus strain incubated with [PP and

DMAPP and amorphadiene synthase. The v axis is abundance. The x axis is time.
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[0643] Figure 15 shows the mass specirum {at 9.917 minutes) of the enzymatic reaction with untransformed wild
type 8. dimorphus sirain incubated with IPP, DMAPP, and amorphadiene synthase, The y axis is abundance. The x axis
is m/z (mass 1o charge retio}.

{66441 Figure 16 shows a graphical representation of p04-1986,

[6648] Figures 174 and 178 show a comparison of SIM monitored GC/MS chromatogram of 8. dimarphus
transformed with 18-85 {17A) and wild-type S. dimorphus (17B). Chromatograms were monitored with ions m/z=229,
138, and 122 {(diagnostic for fiusicoccadiene). The retention tme of the peal in (17A) (7.617 min) matches that of
purtfied fusicoceadiene,

[0645] Tigures 184 and 188 show a mass specirs at the retention time of the fusicoceadiene peak (157,617 min) for S.
dimorphus-1888 (A) and wild type S. dimorphus (B). The mass spectrum of & dimorphus-1S88 matches well with the
known spectrum of fusicoccadiene, The mass spectrom of wild-type shows only background ions. Figure 18C shows
the mass spectrum of purified fusicoccadiene,

168477 Figure 19 shows a graphical representation of p04-118,

[8648] Figure 2§ shows an anti-flag Western blot of 8. dimorphus engineered with a gene encoding phytase {FD6}.
[0649] Figure 21 shows a grapbical representation of phi4-162.

[066568] Figure 22 shows that the EreB geas (SEQ TD WO: 25) is amplified from DNA derived from several potential
teansformants but not frorn DNA derived from wild type S. dimorphues. Confrols: W = no DNA; + = plasmid DNA; and
D and O are S dimorphus DINA.

{86511 TFigure 23 shows & graphical representation of p04-161,

[6632] Figure 24 shows codA plates,

{80531 TFigure 25 shows a graphical representation of p04-267.

[3034] Figure 26 shows an anti-flag Western blot of 5. dimorphus engineered with FRP synthase (Is69) and
bisabolene synthase {Ts] 1} genes showing expression of both proteins.

[055] Figure 27 shows a graphical representation of p04-116,

{6856} Figure 28 shows that endoxylanase is produced as a single peptide (not a fusion with CAT) in engincered 5.
dimorphus cells.

[8057] Figure 29 shows endoxylanase activity in engineered 8. dfimorphus (operon 11,2 1,2 2,2 35 +is 8

LTS

dimorphus engineered with psbD driving xvlanase and “wt” is wild type.

{6838] Figure 30A and Figure 308 show that endoxylanase and CAT are transcribed as a single transcript, Figure
30A shows the prirer design and Figure 30 B is an agarose gel showing amplification of cDNA from 4 of the 5
transformants corresponding to the endexylanase-CAT transcript.

{6039 Figure 31 shows a graphical representation of transforming DNA with different RBS sequences. in hoth cases,
the psbld promoter and the psbA3"UTR from S. dimorphus are ased to regulate CAT-RBS-BD11 expression. BD11
encodes the endoxylanse gene from 7. reesal, These cassettes were subcloned into vector p04-166 between Tegion
Homology A and homology region B,

{0866]  Kipure 324 shows xylanase activity of p04-231 from TAP plates. Figure 328 shows xylanase activity of p04-
232 from TAP plates. Endoxylanase activity was detected in cells engineered with RBS| linking CAT and
endoxylanase (p04-231) but not with RBS2 (p04-232).

j6861} Figure 33 shows a graphical representation of p04-142.



WO 2011/034863 PCT/US2010/048828

{0063}  Figure 34 shows verification of homoplasniicity in clone 32, an engineered 8. dimorphus tine containing a
CAT cassetie in the region between psbT and psbiN.

[6063] Figure 35 shows a graphical representation of the transforming DNA (A) and loopout product (B) that resules
from recombination at the identical B2 {psbD) promoter segments.

[0664] Figure 36 shows failure to amplify a CAT fragment in a multiplex PCR of 8. dimorphus.

[06665] Figure 37 shows a graphical representation of p04-291 and p4-294. BAD and BAD4 are the betaine
aldehyde dehydrogenase genes from spinach and sugar beet, respectively.

{86667 Figure 38 shows an anti-HA western blot showing expression of betaine aldehyde debydrogenase from
spinach {291 clones 1, 2, 3, BAD ) or from sugar beet (294 4-1, 5-1, 6-1, 7-1, BAD4) in §. dimorphus.

{667 Figure 39 shows & graphical representation of p45‘é and pd3-6.

[3068] Figure 48 shows an agarose gel of EreB8 amplification from D. werivlecia transformants in lanes 4, 5, 6.
[0669] Tigure 41 shows a graphical representation of p45-12.

{66707 Tigure 42 shows an agaroge get of Erel3 amplification from D. terticlecta transformant 12-3,

36711 Figure 43 sﬁows that Xylanase protein (BD11) is detected m I3 fertiolecta wansformant 12-3 via an anti-flag
Western blot.

[8672]  Figure 44 shows that Xylanase activity is detected in D, terfivlecta transformant 12-3, Pasitive control is &
dimorphus engtocered with endoxylanase.

[8873] Figure 45 shows vector gutless pUUC (2,436 bp).

[B074] TFigure 46 shows vector p04-35 (4,304 bp).

166751 Figure 47 shows vector pSS-007 {6,132 bp).

(86787 TFigure 48 shows vector pSS-013 (7,970 bp),

[88771 Figure 49 shows vector pSS-023 {10.322 kls).

[6878] Figure 36 shows Gene Vector 1 (3,774 bp).

[8679] Figure 51 shows Gene Vector 2 {10,198 kh).

[8888] Figure 52 shows Gene Vector 3 (7,111 bp).

[6681] Figure 53 shows vector pR3414 (4,784 bp).

{082} Figure 54 shows vector pBeloBACI1 (7,507 bp).

{6083} Figuare 55 shows vector pLWO01 (10.045 kb).

[6084] Figure 56 shows vector pLW0O82 (13.737 kb}.

|6088] Figure 57 shows vector pBeloBAC-TRF {10.524 kb).

{6086] Fipure 58 shows vector pLW 100 (18.847 kb).

108871  Figure 39 shows vector p04-198,

|6888] Figure 68 shows vecior pSS-035 (6,491 bp).

{00891 Figure 61 shows vector pSS-023 CC83 CCY4 (15.083 kb).

{6890} Fipgure 62 shows vector pS8-023 CC83 CCY7 (15.077 kb).

[0091]  Figere 63 shows vector pLW 100 CC90 CC91 CCY2 (26.319 kb,

[6892]  Figare 64 shows vector pLW 100 four gene assembly (34.509 kb).

|6993] Figare 68 shows pSS8-023 restriction digest mapping with Ndel, Paci, Psil, Scal, SnaBl, and Spel.

[6894] Figsre 66 shows pLWDB01 restriction digest mapping with EcoRV, Notl, Pmil, Pyvid, and SnaBl
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{0493] Figures 67A~E show pLWU9Z restriction digest mapping with Pac! (¢}, Psil {e). Scal (), and Xhof (d), and
uncut {&).

{6996] Figwre 68 shows pLW 100 restriction digest mapping with £coR Y, Ndel, Notl, Pacl, Pstl, Scal and Xhof.
[0097] Figure 69 shows pS5-035 restriction digest mapping with EcoRZ LcoRV, Kpni, Notl, Pyulf, and Secal.
{00698] Figure 76 shows plasmid DNA comprising four two-gene contigs digested with Ndel.

[608%]  Figure 71 shows plasmid DNA comprising two three-gene contigs digested with Ndel.

[00306] Iigure 72 shows plasmid DNA comprising four four-gene contigs digested with Ndel,

{80101} Figure 73 shows PCR amplification of the conserved psbB-pshT-pshH-psbN gene cluster from S. dimarphus.
{00162] Figure 74 shows PCR amplification of the conserved pshB-pshT-pshH-pshN gene cluster from a strain of
genus Dunaliells; ap vnknown species.

00183} Figure 75 shows PCR amplification of the conserved psbB-pshT-psbH-psbN gene cluster from N. abudans.
[066304} Figure 76 shows vector p04-128.

[061853] Figure 77 shows vector p04-129,

{86106} Figure 78 shows vector p04-130,

[B6287} Figure 79 shows vector p04-131.

[60108] Figure 88 shows vector pOd-142.

{80109] Figure 81 shows vector phd-143,
(88310} Figwre 82 shaws vector pli4-144.

[86311] Figure 83 shows vector p4-143,

{66112} Figure 84 shows a homoplasmicity PCR screen for clones from S. dimorphus that have a resistance cassetis
between either psbT and psbN (p04-142} or between psbN and psbH (p04-143).

{88313} Figure 85 shows a homoplasmicity PCR screen for clones from S dimorphus that have a resistance cassette
between either psbH and psbK (p04-144) or 37 of psb& (p04-145).

[08314} Figure 86 is 2 nucleotide alignment of the pshB gene from four different algae species.

06315} Figure 87 is a nuclectide alignmient of the psiH region from four different algae species.

80116} Figure 88 is an alignment of the genome region from the psdB gene to the psbH gene of four different algae
species.

{00117} Figure 89 is vector pU4-i51.

683 18] Figure 90A-D shows restriction enzyme mapping resulis.

[64139] Figure 91 shows vector pLW 1066,

168126} Figure 924 and B depict 4 clones that screen PCR positive for both BI211 and IS99,

{08121} Figure 93A-C depict 4 clones that screen PCR positive for CCOG, CCS1, and CCOZ.

100122} Figure 944 and B depict 2 clones that screen PCR positive for 1861, IS62, 1857 and 18116,

DETAILED DESCRIPTION
109123} The following detailed description Is provided to aid those skilled in the art in practicing the present disclosure.
Even so, this detailed description should not be construed to unduly Hmit the present disclosure as modifications and
variations in the embodiments discussed herein can be made by those of ordinary skill in the art without departing from

the spirit or seope of the present disclosure.
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{06124} As used in this specification and the appended claims, the singular forms “2”, “an” and “the” inchide phural
reference unless the context clearly dictates otherwise,

[86125] Endogenous

[B8126] An endogenous pucleic acid, nucleotide, polypeptide, or protein as described herein is defined in relationship
to the host organism, An endogenous nucleic acid, nucleotide, polypeptide, or protein is one that nawrally sccurs in the
host prganisim,

10631271 Exogenous

[86128) An exogenous nocleic gcid, nucleotide, polypeplide, or protein as described herein is defined in relationship o
the host organism. An exogenous nucleic acid, nucleotide, polypeptide, or profein is one that does not naturally occur in
the host organism or is a differsnt location in the bost organism.

{86128} Examples of genes, nucleic acids, proteins, and polypeptides that car be used in the embodiments digclosed
herein inciude, but are not Hmited to:

{66138} SEQID NO: 1 is a PCR primer.

08133} SEQIDNO: 2 is & PCR primer.
[66132] SEQ I NG 3 is & PCR primer.
[66133] SEQID NQ: 4 is & PCR primer.
{86134} SEQ ID NO: 5 is a PCR primer.

(00135} SEQ IDNO

[80136} SEQ ID NO:

{06337} SEQGIDNG

[06138] SEQ ID NO:
[66139] SEQ ID NO:
100148} SEQ ID NO:
[68141] SEQ ID NO:
186142] SEQ ID NO:
186143] SEQ ID NO:

;6 1s a PCR primer.
7 18 & PCR primez,
. % 1s & PCR primer.
9 is a PCR primer.
i0 is a PCR primer.
i1 is a PCR primer,
12 is a PCR primer,
13 15 2 PCR primer.

i4 is a PCR primer.

[68144] SE0 IDNOG:
{0145} SEQ ID NO:
186346} SEQ IDNO:
1663147} SEQ IDNO:
64148 SEQ IDNG:
168348 SEQ IDNO:
TEV protease site.
[041586] SEQ IDNO:
in O reinhardtii.
168151} SEQ (D NO:
[08152] SEQ D NG
in O reinhardtii.
169153) SEQ IDNO:

15 is 2 PCR primer (#4682).
16 is & PR primer (#4982).
i7 is a PCR primer,
1§ is a PCR primer.
19 is a PCR primer.,

20 is a nucleotide sequence of an artificial FLAG epitope tag linked to a MAAT epitope tag by a

21 is & gene encoding an endoxylanase from 7' reesai codon optisnized for chloroplast expression

22 is & nucleotide sequence of an antificial TEV protease site linked to a FLAG epitope tag.

23 is a gene encoding an FPY synthase from G. galius codon optimized for chloroplast expression

24 is a nucleotide sequence of an artificial sireplavidin epitope tag.
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[86154} SEQ ID NOG: 25 15 a gene encoding a fusicoccadiene synthase from F. amygdali codon optimized according to
the most frequent cedons in the (. reinhardyil chloroplast.

(606155} SEQID NO: 26 is a gene encoding a phytase from £ voli codon optimized for chioroplast expression in C.
reiphardfil.

[66156} SEQ ID NO: 27 is a nucleotide sequence of an artificial FLAG epitope tag linked to 2 MAT epitope tag by 2
TEV protease site, B

{60357} SEQ ID NO: 28 is a modified chloramphenicol acetyltransferase gene from E. coli with the nucleotide at
position 64 changed from an A to a G, the nuclectides at positions 436, 437, and 438 were changed from TCA to AGC,
and the nucleotide at position 516 was changed froma Cica T,

[68158] SEQ ID NO: 29 is 2 modified erythromycin esterase gene fom E. coli with the nucleotide at posttion 153
changed from a Cto a T, the nucleotide at position 198 changed from a T to a C, the nucleotide at position 198 changed
from a A to a C, the nuclectide at position 603 changed from 2 T to a A, the pucleotide af position 1194 changed from a
Ctoa 'L, and the nuclestide at position 1203 changed foma Tto an A,

[86159} SEQ ID NO: 30 is a fragment of genomic DNA from 8. dimorpius that encodes a region contzining 2 portion
of the 3’ end of the psb4 gene and some untransiated region, with nucleotide 1913 of the fragment muotated froma T to
a (G for the S2644 mutation, and sucleotides 1928 to 1930 mufated fom CGT to AGA o generate a sifent Xbal
restriction site.

[60168] SEQID NO: 31 is 2 gene encoding a cytosine dearamase from E. coli codon optimized for expression in the
chloroplast of C. reinhardtil.

(601611 SEQIDNO: 32 is a gene encoding a betaing aldehyds dehydrogenase from S, oleracen codon optimized
according to the IRNA usage of the chioroplast of O reinhardiii,

[80162] SEQ IDNQO: 33 is 2 nucleonide sequence of an artificial 3xHA tag linked to a 63HIS tag by 2 TEV protease
site.

166163} SEQ IR NO: 34 is a gene encoding a betaine aldehyde dehydrogenase from B. vulgaris codon optimized for
expression in the chloroplast of C. reinhardtii.

[Bei64] SEQ IDNO: 35 s a gene encoding an E-alpha-bisabolene synthase from 4. grandis codon optimized for
cupression in the chioroplast of C. reinfigrdtii.

100165 SEQ ID NO: 36 s 2 modified nuclectide sequence that is the reverse complement of SEQ ID'NQO: 37 with
extra pucleotides on the 3° and 3’ends; nucleotides 1-43 are extya on the 37 end and nucleotides 532-541 are cxtra on the
5" end.

{6111 664 SBQH) NO: 37 is a mucleotide sequence of the endogenous promoter from the psbA gene of 8. dimorphus that
was cloned into an integration vector.

168167] SEQ ID NO: 38 15 3 modified nuclectide sequence that is the reverse complement of SEQ 1D NQ: 39 with
extrz nucleotides on the 37 end and a nucleotide insertion; nuclectides 535-716 are extra 57 sequence and nucleotides
176-18% are the insertion,

{68168] SEQ ID NO: 39 is a nucleotide sequence of the endogenous promoter for the psbB gene of 8. dimorphus that
was cloned into integration veciors,

{68168] SEQ ID NO: 40 is a sequence of the endogenous promoter for the psbD gene of §. dimorphus that was cloned

intp integration vectors.
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{86176} SEQ ID NO: 41 is a modified nucleotide sequence that is the reverse complement of $EQ 1D NO: 42 with
extra sequence on the 3'; nucleotides 537-464 are extra sequences on the 5° end, nuclectide 308 is changed from a C o

7

2 'F, sucleotide 310 is changed froma Cto 2 T, and mucleotide 259 is changed froman Ato a G,

(00171} SEQ ID NO: 42 fs a nucleotide sequence of the endogenous promoter for the s gene of S, dimorphus that
was clongd into integration vectors.

[86172} SEQ ID NO: 43 is a modified nucleotide sequence that is the reverse of SEQ 1D NO: 44 with extra sequences
on the 8 end; noclectides 550-557 are extya sequences on the 5° end.

[66173} SEQID NO: 44 is a nuclectide sequence for the endogenous promoter of the rpod of 8. dimorphus.

{80174} SEQ ID NO: 45 1s a nucleotide sequence for the endogenous promote of the cemd gene in S dimorphus that
was cloned into integration vectors,

[06173] SEQIDNO: 46 is a modified noclectide sequence that is the reverse complement of SEQ 1D NO: 47 with an
insertion at nucleotides 233-266.

{00176} SEQ IDNG: 47 is a nucleclide sequence for the endogenous promoter of the fisH gene in 5. dimorphus that
was cloned into integration vectors,

[66177} SEQ ID NG: 48 is a modified nucleotide sequence of SEQ 1D NO: 49 that has extra sequences on the §" end;
nucleotides 1-19 are extra sequences, nuclectide 404 has been changed from an A toa T,

861781 SEQ ID NO: 49 is 2 nuclectide seqnence for fhe endogenons promoter of the rhell gene in 5. dimorphus that
was cloned into wtegration vectors.

(868178} SEQ IDNG: 50 is a modified nucleotide sequence of SEQ ID NO: 51 that has 24 nucleotides truncated on the
3 end; the pucleptide af position 2 is changed frem a G to a €, position $ is changed from an A to a 3, at positions 199
and 200 two T's are moserted, and at position 472 it is changed froman A toa (3.

[Be1807 SEQ ID NG: 51 is the nucleotide sequence of the endogenous promoter for the chlB gene from S dimorphus
that was cloned into integration vectors.

168381} SEQ IDNO: 52 is a modified rwcleotide sequence of SEQ 1D NO: 53 where nucleotides 1-3 are extra
sequence, the nuclectids at position 442 is a (7 insertion, and the R at position 482 is a result of poor sequencing.
(86182} SEQ ID NO: 53 is a nucleotide sequence for the endogenous promoter of the peid gene in 5. dimorphus that
was cloned into integration vectors.

86183} SEQ ID NO: 54 is a modified nucleotide sequence that is the reverse complement of SEG 1D NG: 55 where
nucteotides 3, §, 18, 21,49, 57, and 82 are msertions, nucleotides 484-503 are exira on the 57 end, nucleotide 26 is
changed from a C to a T, and nucleotide 30 is changed from an Ato a C.

{6184} SEQ I NO: 55 is the nucleotide sequence of the endogenous promoter for the petB gene from 8. dimorphus
that was ¢loned inmo integration vectors.

166385) SEQ ID NO: 56 s the modified nucleotide sequence of SEG ID NQ: 57 that has 3 nucleotides truncated on the
5" end.

683865 SEQ IDNO: 57 is the nucleotide sequence of the endogenous terminator region for the rbel gene from §.
dimorphus that was cloned into integration vectors.

66187} SEQ ID NQO: 58 is the nucleotide sequence of the endogenous terminator region for the psh4 gene from S.

dimorphus that was cloned into integration veetors,
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{86188} SEQ ID NO: 59 is the nuclectide sequence of the endogenous terminator region for the psa? gene from S,
dimorphus that was cloned into integration vectors.

{34189} SEQID NO: 60 is a nucleic acid linker sequence (RBSI).

[06396] SEQ ID NO: 61 s a nucleic acid linker sequence (RBS23.

[06191} SEQ ID NG 62 is the nucleotide sequence of the endogenous promoter region for the psbD gepe from D,
terticlecta that was cloned into integration vectors.

{80192} SEQ ID NO: 63 is the nuckeotide sequence of the endogenous promoter region for the 74 gene from I
terticlecta that was cloned mto integration vectors.

86193} SEQ ID NO: 64 is the nucleotide sequence of the endogenons terminator region for the rbel. gene from D,
tertivlecta that was cloned into integration vectors,

[86194] SEQ ID NO: 63 is the nuclectide sequence of the endogenous terminalor region for the psbd gene from a

Drmatiello isolate of unknown species that was cloned nto integration vectors,

[86195) SEQID NO:
86196} SEQ 1D NO:
[881%7} SLEQID NO:
38198} SEQ ID NO:
[0a199l SEQID NO:
(86266} SEQ ID NO:
{06261} SEQID NG
062623 SEQID NO:
[86263} SEQ ID NO:
186264} SEQ ID NO:
[86265] SEQ ID NO:
80206} SEQIDNO:
(80287 SEQ ID NO:
[80208] SEQID NO:
186209} SEQ IDNO:
1862181 SEQ 1D NO:
1906211} SEQ ID NG
[#6212] SEQID NO:
{49213} SEQ ID NO:
[66214] SEQ 1D NO:
[66235] SEQ IDNO:
08236} SEQ IDNO:
[68217] SEQ ID NO:
108218] SEQ ID NO:
[08218] SEQ ID NO:
[08228] SEQ ID NO:
[68221] SEQ ID NO:

66 13 PCR primer 1.
67 is PCR primer 2,
68 is PCR primer 3.
69 is PCR primer 4.
70 is PCR primer 5.
71 ts PCR primer 6.
72 is PCR primer 7.
73 s PCR primer §.
74 5 PCR primer 9.
75 is PCR primer 10,
76 is PCR primer 11,
77 is PCR primer 12,
78 13 PCR primer 13.
79 is PCR primer 14.
86 is PCR primer 15.
81 is PCR primer 16.
32 is PCR primer 17.
83 is PCR primer 18.
84 1s PCR primer 19.
85 is PCR primer 20.
88 1s PCR primer 21.
87 is PCR primer 22,
84 is PCR primer 23,
89 is PCR primer 24,
96 is PCR primer 25.
91 s PCR primer 26,
92 is PCR primer 27,
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{06222} SEQ ID NO:
SEQ 1D NO:
SEQ 1D NO-
SEQ 1D NO:
SEQ ID NG
SEQ 1) NO:
SEQ D NO:
SEQ 1D NO:
SEQ ID NG:
[06231} SEQ ID NO:
[00232] SEQ ID NO:
{66233} SEQ ID NO:
{59234} SEQ ID NO;
[86238) SEQ ID NO:
[00236] SEQ ID NO:
(66237} SEQ ID NO:
[06238] SEQ ID NO:
SEQ IDNO:
SEQ IDNO:
106241} SEQ ID NO:
160242} SEQ ID NO:
(66243} SEQ IDNO:
(60244} SEQ ID NO:
IB0245] SEQ 1D NO:
[68246] SEQ ID NO:
[86247} SEQ ID NO:
[06248] SEQ ID NO:
190249} SEQ 1D NG
[66258] SEQ 1D NO:
[09251] SEQ ID NO:
160252} SEQ IDNO:
100283] SBQ ID NO:
(06254 SEQ IDNO:
180285} SEQ IDNO:
[60286] SEQ 1D NO:
[06257) SEQ ID NO:
108258} SBQ ID NO:
166259 SEQ D NO:
[69268] SEQ 1D NO:

[00223]
[00224]
[06225)
[06226]
(66227}
[66228}
100229}
(60236

[06239]
106240}

PCT/US2016/048828
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93 is PCR primer 28,
94 15 PCR primer 29,
95 is PCR primer 3.
96 ts PCR primer3 1.
7 is PCR primer 32.
98 1s PCR primer 33,
99 i3 PCR primer 34,
106 s PCR primer 35,
101 18 PCR primer 36,
102 18 PCR primer 37,
103 comprises a nucleic acid sequence encoding for URA3Z,
104 comprises a nucleie acid sequence encoding for ADE2,
103 comprises a nucieic acid seguence encoding for URA3-ADE2.
106 1s a nucleic acid linker sequence with engineered restriction sites.
107 comprises  nucleic acid sequence encoding for TRP1-ARST-CEN4 (from pYAC4).
108 comprises a nucleiv acid sequence encoding for LEU2.
i09 coraprises a mucieic acid sequence encoding for CC-93,
[16 comprises a nucieic acid sequence encoding for CC-94,
111 comprises the contig sequence (CC3-CC94) that was inserted inio pSS-023.
112 comprises the coniig seouence (CCH3-CCI7) that was wnserted into pSS-023.
113 comprises a nucleic acid sequence encoding for CC-97.
114 comprises the contig sequence (CCG-CCH1-CCI2) that was inserted into pLW 06,
115 corprises a nucieic actd sequence encoding for CC-90,
116 comprises a muckeic acid seguence encoding for CC-91.
117 comprises a nucleic acid sequence sncoding for CC-92.
118 comprises a nucieic acid sequence encoding for HIS3.
119 comprises a nucleic acid sequence encoding for LY S2.
120 comprises the contlg sequence (1857-18116-1862-1861) that was tnserted into pLW]00.
121 comprises a nucleic acid sequence encoding for 1857,
122 comprises a mucieic acid sequence encoding for 1S116.
123 comprises a nueleic acid sequence encoding for 1862,
124 comprises a nucleic acid sequence encoding for 1861,
125 is a 5,240 base pair sequence from Scenedesnus obliguus.
126 is the A3 honology region.
127 iy the B3 homeology region.
128 comprises a sequence enceding for roicL-CAT-psbE,
129 is a degeneraie PCR primer,
130 s 2 degenerate PCR primer,

131 is a degenerate PCR primer.
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88261} SEQID NO: 132 is a degenerate PCR primer.

[66262] SEQ 1D NO: 133 is genomsic sequence of the region encoding the psbB. psh?, psdN, und pshf genes from 1.
tertiolecta.

{00263} SEQ ID NO: 134 is genomic sequence of the region encoding the psbB, pshT, psdN, and pshff genes from a
Dunaliella of unknown species.

[80264} SEQ ID NO: 135 is a partial genomic sequence of the region encoding the psbB, psbT, psbN, and psbH genes
from N. abudans, the stretch of N's represents a gap in the sequence.

{06265} SEQ ID NO: [361s genomic sequence of the region encoding the psbB, pshT, psbN, and psbH genes from an
isolate of C. vuigaris.

[p0266) SEQ ID NG: 137 is genomic sequence of the region encoding the psbB, pshT, psbN, and pshIf genes from T,
suecicd.

(06267} SEQ ID NO: 138 15 PCR primer (F4682).

(80268} SEQ IDNQ: 139 15 PCR primer (#4982).

[$0269 SEQ IDNQO: 140 is PCR primer 4684.

{86276} SEQ I NG 141 is PCR primer 4685,

662711 SEQ IDNO: 142 15 PCR primer 4686

186272} SEQ ID NG: 143 18 PCR primer 4687,

(86273} SEQ ID NO: 144 18 PCR primer 4688,

[90274] SEQ ID NO: 145 is PCR primer 4689,

166275} SEQ ID NO: 146 comprise a nucicotide sequence encoding BRI,

{86276} SEQ IDNG: 147 comprise a nucieotide sequence encoding 1899,

80771 SEQ ID NO: 148 comprise 2 nucleotide sequence encoding CAT,

382781 SEQ ID NO: 149 to SEQ 1D NO: 176 are PCR primers,

186278} The present disclosure relates to methods of fransforring various species of algae, for example, algae from the
genus Scenedesmus and from the genus Dunadlella, vectors and nucleie acid constructs useful in conducting such
trapsformations, and recombinant Scenedesmus and Dunalielle organisrus produced using the vectors and methods
disclosed heremn. In one embodiment, the Scenedesmus sp. wilized is Scenedesmus dimorphus. Scenedesiius sp. are
members of the Chlorophyceans 2 diverse assemblage of green algae. Scenedesmus is 2 genus consisting of unicells or
flat coenobial colonies of 2, 4, § or 16 linearly arranged cells. Cells contain a single plastid with pyrenocid and
uninucleate. Scenedesmus sp. are common inhabitants of the plankton of freshwaters and brackish waters and
oecasionally form dense pepulations. ln one embodiment, the organism utilized is from the genus Dunalielia. In
another embodiment, the Dunaliella sp. 1s D, tertiolecta.

j00288] One embodiment, the disclosure provides vectors useful in the transformation of Scenedesmus sp., for
example, Scenedesrmus dimorphus or Scenedesmus obliguus. In apother, embodiment, the disclosure provides vectors
usefisl in the wansformation of Dunafiella sp., for example, Dunalialic tertiolects. An expression cassetie can be
comstructed it an appropriate vector. In some instances, the cassetie is designed to express one or more protein-coding
sequences in a host cell, Such vectors can be constructed using standard techniques known in the art. In a typical
expreseion cassette, the promoter or regulatory element is positioned on the 5' or upstream side of a coding sequence

whose expression is desired. In other cassettes, & coding seguence may be flanked by sequences which allow for
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expression wpon sertion into a target genome {e.g., nuctear or plastid). For example, a nucleic acid encoding #n
enzyme invelved in the synthesis of a compound of interest, for example an isoprencid, such that expression of the
enzyme is controlied by a paturally ocenrring regulatory element. Any regulafory efement which provides expression
under appropriate conditions such that the mRNA or protein product is expressed to a level sufficient to produce useful
amount of the desired compound can be vsed.

{64281} One or more additional protein coding sequenices can be operatively fused dowastream or 3' of a promoter.
Coding sequences for single proteins can be used, as well as coding sequences for fasions of twe or more proteins.
Coding sequences may also contain additional elements that would allow the expressed protems to be targeted to the
cell surface and either be anchored on the cefl surface or be secreted to the environment. A selectable marker 13 also
emploved i the design of the vector for efficient selection of algae transformed by the vector, Both a selectable marker
and another sequence whick one destres to introdsee may be introduced fused to and downsiream of a single promoter,
Alternatively, two protem coding sequences can be introduced, cach under the control of a promoter.

[66282) Oue approach to construction of a genetically mantpulated strain of Scenedesmie or Dunalielln involves
transformation with a nucleie acid which encodes a gene of interest, typically an envyme capable of vonverting &
precursor into a fuel product or precurser of a fuel prodect (e.g., an isoprenoid or fatty acid). 2 biomass degrading
enzyme, or an enzyme for the unprovement of a characteristic of a feedstuff. Int some embodiments, a transformation
may introdoce mucleic acids into any plastid of the bost alga cell (e.g., chiloroptast). In other embodiments,
transformation may wtroduce nucleic acids inte the noclear genome of the host cell. In still other erabodiments, a
rransformation introdaces nucleic acids into both the puclear genome and 2 plastid. Tn seme instances, the nocleic acids
encoding protemns of fnterest (e.g., ransporters or enzymes) are codon-biased for the intended site of nsertion {e.g.,
nuclear codon-biased for msertion in the puclens, chloroplast codun-biased for insertion in the chloroplast).

[06283] To construct the vector, the upstream DNA sequences of a gene expressed under control of & suitable promoter
may be restriction mapped and arcas hmportant for the expression of the protein characterized. The exact location of the
start codon of the gene is determined and, making use of this information and the restriction map, a vector may be
designed for expression of an endogenous or exogenous protein by removing the region responsible for encoding the
gene's protein but leaving the upsiream region found to contain the genetic material responsible for control of the gene's
expression. A synthetic oligonucleotide is tvpically inserted in the location where the protein sequence once was, such
that any additional gene could be cloned in using resiriction endonuciease sifes in the synthetic oligonucleotide {i.e., a
roulticloning site}. An wirelated pene (or coding sequence) inserted at this site would then be under the control of an
extant start codon and upstream regulatory region that will dvive expression of the foreign (Le., not normally there)
protein encoded by this gene. Once the gene for the foreign protein is put into a cloning vector, it can be infroduced into
the host organism using any of several methods, some of which might be particular to the host organism. Variations on
these methods are amply described in the general literature.

{00284f The term “exogenous” is used herein in 2 comparative sense to indicate that 2 nycleotide sequence (or

pot

7

roeptide) being refarred fo is from a sousce other than a reference source and is different from the sequence of the
reference, or is linked fo 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
polynuclectide encoding an enzyme is exogenous with respect to a nucleotide sequence of a chloroplast, where the

polyntcleotide is not nommally found in the chloroplast {e.g., a mutated polynuclectide encoding a chioroplast sequence
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or a nuclear sequence). As another example, a pelynucleotide encoding an enzyme is exogenous with respect to 2 host
organism where the polynucleotide comprises operatively linked sequences {e.g,, promoters, homologous recombination
sites, selectable markers, and/or termination sequences), that are not normally found in the reference organism.

{64285} Polynucieotides encoding enzymes and other proteins useful in the present disclosure may be isolated and/or
synthesized by any means known in the art, including, but not limited to cloning, sub-cloning, and PCR. A vector
herein may encode polypeptide(s) having a role in the mevalonate pathway, such as, for example, thiclase, HMG-CoA
synthase, HMG-CoA reductase, mevalonate kinase, phosphemevalonate kinase, and mevalonate-S-pyrophosphate
decarboxylase. In other embodiments, the polypeptides are enzymes in the non-mevalonate pathway, such as DOXP
synthase, DOXP reductase, 4-diphosphocytidyl-2-Comethyl-D-erythritol synthase, 4-diphophocytidyl-2-C-methyl-D-
ervthritol kinase, 2-C-methyl-Derythritol 24,-cyelodiphosphate synthase, HMB-PP synthase, HMB-PP reductase, or
DOXF reductoiscmerase.

[66286} One embodiment is directed to a vector comprising a sucleic acid encoding an enzyme capable of modulating a
fusicoccadiene biosynthetic pathway. Such a vector may further comprise a promoter for expression of the nueleic acid
in algae, Mucleic acid(s) included in such vectors may comain 3 codon biased form of a gene, optimized for expression
in a host orgamism of choice. In one embodiment, the fusicoccadiene produced is fusicocea-2,10{14)-diens. Ancther
aspect of the present disclosure is directed to & vector comprising a nucleic acid encoding an enzyme that produces a
fusicoccadiene when the vector is integrated into a genome of an organism, such as photosynthetic algae, wherein the
organisim doss pot produce fasicoccadicne without the vector and wherein the fusicoccadiene is metabolically inactive:
tn the orgamism,

[#6287} Further provided herein is a method of producing a fuel product, comprising: a) trapsforming a Scenedesmus sp
ar Dunaliella sp., whetein the transformation results in the production or increased praduction of 4 fusicaccadiene; b}
collecting the fusicoccadiene from the crganism; and ¢) using the fusicoccadiene to produce 2 fuel product,

[86288] The present disclosure also contemplates bost cells making polypeptides that contxibute to the secretion of fatty
acids, tipids or oils, by transforming bost cells {e.g., algal cells) and/or organisms comprising host cells with nucleic
acids encoding one or more different transporters. In some embodiments, the host cells or organisms are also
transformed with one or more enzymes that contribute to the production of fatty acids, Hpids or oils are anabolic
enzymes. bome exampies of anabolic enzymes that contribute to the synthesis of faity acids include, but are wot hmited
to, acetyl-CoA carboxylase, ketoreductass, thicesterase, malonyhiransferase, dehydratase, acyl-CoA ligase,
ketoacylsynthase. eacybreductase and 2 desaturase.  In some embodiments, the enzymes are catabolic or biodegrading
enzymes. [nsome embodiments, a single enzyme is produced.

[66288f Some host cells may be transformed with multiple genes encoding one or more enzymes. For example, a
single transformed cell may contain exogenous nucleic acids encoding enzymes that make up an entive synthesis
pathway. One example of  pathway might include genes encoding an acety! CoA carboxylase, 4 malonyliransferase, a
ketoacylsynthase, and a thioesterase. Cells ransformed with entire pathways and/or enzymes extracted from those

cells, can symthesize complete fatty acids or intermediates of the fatty acid synthesis pathway. Constructs may contain
multiple copies of the same gene, multiple genes encoding the same enzyme from different organisms, and/or multiple
genes wifh one or more mutations in the coding sequence(s).

{66298 In some instances, the host cell will naturally produce the fatty acid, lipid, triglyceride or oil of mterest. Thus,

transformation of the host cell with 2 polynaclectide encoding a transport protein will allow for secretion or increased
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secretion of the molecule of interest from the cell. In other instances, the host cell is transformed with 2 polynucleotide
encoding one or more enzymes necessary for the production of the molecule of interest. The enzymes produced by the
modified cells resuit in the production of fatty acids, lipids, wriglycerides or oils that may be collected from the cells
and/or the surrounding environment {e.g., bioreactor, growth medium). In some embodiments, the collection of the
fatty acids, lipids, trighycerides or oils is performed after the product is secreted from the cell via a cell membrane
transporter.

[86251} Synthesis of fatty acids, Hpids or oils can also be sccomplished by engineering a cell t express an accessory
molecule or modulation melecule. In cerlain embodiments, the accessory molecale 1 an enzyme that produces a

substrate wtifized by a fatly acid synthesizing enzyme. In some ermbodiments the accessory or modulation moleculs

contributes to the growth or nowrishiuent of the biomass,
[ga2 ‘32}

[86293} Also provided is a composition containing a piura]ity af vectors cach of which encodes a different biomass
degrading enzyroe and a promoter for expression of s2id biomass degrading enzymes in 2 chioroplast. Such
compositions may confain roultiple copies of a particular vector encoding a particular enzyme. In some instances, th
vecters will contain nucleic acids encoding cellnlolytic, hemiceliulolyiic and/or ligninalytic enzymes. More specifically,
the plurality of vectors may contain vectors capable of expressing exo-f3-ghacanase, ende-i-glucanase, B-glncosidase,
endoxylanase and/or lignase. Some of the vectors of this embodiment are capable of insertion into 2 chioroplast
genome and such insertion can kead to disruption of the photosynthetic capability of the ransformed chioroplast.
insertion of other vectors into 2 chioroplast genome does not disrupt photogynthetic capability of the fransformed
chloroplast. Some vectors provide for expression of biomass degrading enzymes which are sequestered in
wransformed chioroplast.

189294] Another vector encodes a plurality of distinet biomass degrading enzymes and a promoter for expression of the
biomass degrading enzymes in 8 non- vascelar photosynthetic organisin. The biomass degrading enzymes may be one
or more of cellutolivtic, hemicellulolytic or ligninolytic enzymes. In some veciors, the plurality of distinet biomass
degrading enzymes is two or more of exo-B-glucanase, endo- B-glucanase, f-ghicosidase, lignase and endoxylanase. In
some embodiments, the phurality of enzymes is operatively linked. ln other embodiments, the plurality of enzymes is
expressed as 2 functional protein complex. Insertion of some vectors into a host cell genome does not disrupt

photosyrthetic capability of the organism. Vectors encoding a plurality of distinet enzymes, may lead to produoction of
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enzymes which are sequestered in a chloroplast of a tramsformed organism. The present disclosure also provides an

algal cell and in particular a Scenedemus sp. ov Dunaiizie sp. ransformed with a vector encoding a plurality of distinct
enzymes. For some embodiments, the organism may be grown in the absence of light and/or in the presence of an

Organic carbon source.

[862958} Yet another aspect provides a genetically modified chloroplast of a Scenedemus sp. oy Dun s producing
one or more biomass degrading enzymes. Such enzymes may be cellulolytic, henscellulobytic or ligninolytic enzymes,
and more specifically, may be an exo-B-glucanase, an endo-f-glucanase,  S-glocosidase, an endoxylanase, 2 lignage
and/or combinations thereof. The one or more enzymes are be sequestered in the chioroplast in some embodiments.

The present disclosure also provides photosynthetic organisms containing the genetically modified chloroplasts of the

present disclosure.
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{86287} Still another method of the present disclosure allows for preparing a biofuel. One siep of this method includes
freating a biomass with ope or more biorsass degrading enzymes derived from a photesynthetic, ponvascular organism
for a sufficient amoust of time to degrade at least 2 portion of said biomass, The biofuel produced may be ethanol, The
enzymes of this method may contain at least traces of said photosynthetic nonvascular organism from which they are
derived. Additionally, the enzymes useful for some embodiments of this method inchade cellulolytic, hemiceltulolytic
and ligninolytic enzymes. Specific enzymes useful for some aspects of this method inciude exo-f-ghucanase, endo-3-
ghacanase, fi-glucosidzse, endoxylanase, and/or lignase. Multiple types of biomass including agricultural waste, paper
roill waste, corn stover, wheat stover, soy stover, switchgrass, duckweed, poplar trees, woodchips, sawdust, wet distiller
grain, dray distiller grain, buman waste, newspaper, recycled paper products, or human garbage may be treated with this
method of the disclosure. Biomass may also be derived from a high-cellulose content orzanism, such as switchgrass or
duckweed. The enzyme(s) used in this method may be liberated fom the organism and this liberation may involve
chemical or mechanical disruption of the cells of the orgamism. In an alternate embodiment, the enzyme(s) are secreted
from the organism and then collected from a culture medinm. The freatment of the biomass may involve a fermentation
process, which may utilize a microorganism other than the organism which produced the enzyme(s). in some instances
the non-vascular phetosynthetic organism may be added fo & saccharification tank. This embodiment may also

comprise the step of collecting the biofuel. Collection may be performed by distillation. In some instances, the biofuel

is mixed with ancther fuel.
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@ the next

{60304} Aﬂotiwr aspect pm\fides host organisms or cells disclosed herein {e.g. Scenedesmus sp. or I

B

have been genetically modified or modified {e.g. by methods disclosed herein) for use as a feedstock. The compositions
of genetic:aliy modified algae disclosed here can be used directly as u feedstock or can be added 1o a feedstack to
enerate a modified or improved feedstock. For example a composition can comprise 4 feedstock and a genetically
modified aigae‘ Genetic modification of an algae can comprise engineering an algae {0 express oue or more enzyme
In some aspects the enzyme can be a biomass degrading enzyme and in some aspects the enzyme can be & biosynthetic
enzyme. Genetivally modified algae can also express both types of enzyvines (e.g. & biomass degrading enzyme and 2
biosynthetic enzyme). The enzyme expressed can be one that is naturally expressed in the algae or pot naturally
expressed in the algae. In some aspects the enzyme produced is not naturally expressed in the algae. For example an
enzyme {(e.g. a biomass degrading enzyme) can be aB exogenous enzyme. In another example 8 composition can
comprise a feedstock and a genetically modified algae wherein the algae is modified to increase the expression of a
naturally ocowrring enzyme (e.g. a biomass-degrading enzyine). In some aspects an enzyme can be secreted from a
genetically modified algae or added to the fecdstock as an independent ingredient,
{80305 Biomass degrading cazymes can improve the nutnient value of an existing feedstock by breaking down
complex components of the feedstock {e.g. indigestible components) inte componenis that can be absorbed and used by
the animal. A biomass-degrading enzyme can be expressed and retained in the algae or secreted or expelled {ie.
produced ex vive) from the aigae. Genstically modified algae that provide the biomass degrading enzymes can alse be
utilized by the ammal for the inherent nutrient vakue of the algae. For exarnple a composition can comprise a feedstock,
a genetically modified algac, and a biomass-degrading enzyme that is ex vive 1o the genetically modified algae. In
another example a genetically modified aigac is modified to inerease expression of a naturally occurring biomass-
degrading enzyme.
{B4386] The expression of certain exogenous biosynthetic cozymes in an algae can allow the biosynthesis of nutricnt
rich lipids, faity acids and carbohydrates. Geoetically modified algae that express such nutrient rich cornponents can be
added 10 an existing feedstock to suppiement the nutritional value of the feedstock. Tn some aspeots such genetically
modified zlgae can cornprise as much as 100% of the feedstock.  Algae can be genctically modified to produce ox
increase production of one or more fatty acids, lipids or hydrocarbons, In one example a genetically nodified algae
coraprise an exogencus micleic acid encoding an cazyme in an isoprenoid biosynthesis pathway. In some aspects a
genetically modified algae can have a higher content, or an altered content, or a different content of, for example, fatty
acids, Hpids or hydrocarbons (e.g. isoprenoids) than an ummodified algae of the same species. For example, the
modified algae can produce more of a desired isoprenoid, and/or produce an isoprenoid that the algae does not normally
produce, and/or produce isoprenoids that are normally produced but at different amounts than are produced in an
unmodified algae.
188387} Therefore in One aspect a composition can comprise a feedstock and a genetically modified algae wherein the
algae bas a higher lipid, fatty acid, or isoprenoid content relative to an unmodified algae of the same species. The

biosynthetic enzymes can also be one found in 3 mevalonate pathway. For example the enzyme can be famesy}
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pyrophosphate synthase, geranyl geranyl phosphate synthase, squalene synthase, thioesterase, or fatty acyl-CoA
desaturase.
[66388] An improved feedstock can be comprised entirely or partially of a genetically modified algae. In some aspecis
a genetically modified algae can be added to a composition to generate an improved feedstock. The composition may
not be considerad a feedstodk suitable for consumption by animals untit after the addition of a genetically modified
algae. In some aspects & genetically modified algae can be added to an existing feedstock to generate an inyproved
feedstock, In some aspects 2 genetically modified algae can be added o an existing feedstock at 4 ratio of at Jeast 1:20
(weight of algae/wt of feedstock). In some aspscts an improved feedstock cun comprises up to 16, 20, 36, 40, 50, 60,
70, RO, 90, 95, or 100 percent of a genetically modified algae. In some aspects a viable genetically maodified aigae can
e added 10 a feedstock {(o.g. as a seed culture) at 3 concentration of less than 5% {w/w) of the feedstork wherein the
genetically modified aigae molaplies to become op to 10, 20, 30. 40, 50, 60, 70, 89, 90 or 95% percent of the feedstock
(wiw). A feedstock or improved feedsiock can alse comprise additional nutrients, ingredients or supplemeats (e.g.
vitamins). An improved feedstock comprising @ genetically modified algae can also comprise any normal ingredient of
an animal feed meluding but not timited any vegetable, fruit, seed, root, flower, teaf, stem, stalk or plant product of any
plant. An improved feedstock comprising a genetically modified algae can also comprise any auwimal parts or products
{e.g. meat, vove, milk, eycrement, skin). As improved feedstock comprisiag a genetically modified NVPG can also
comprise apy product or bi-product of a manufacturing process (e.g. sawdust or brewers waste). Additional non
limiting exaroples of ingrodients of a feedstock or an tmproved feedstock as disclosed herein ticlhude alfalfs, barley,
Biood meal, grass, legumes, stlage, beet, bone meal, brewer grain, brewer’s yeast, broom grass, carrot, cattle manure,
clover, coffee, corn, corn glutien meal, distiller grains, poultry fat, grape, hominy feed, hop leaves, spent hops,
rolasses, oats, algae, pesnuts, potato, poultry titter, poultry maswre, rape meal, rye, saffiower, sorghurm, soybean, soy,
supfiower meal, timothy hay, or triticale. Therefore in one aspect 2 compusition can comprise a feedstock and 2
genetically medified NVPO wherein the feedstock comprises one or more of alfalfa, barley, blood meal, beet, bone
meal, brewer grain, brower’s yeast, broom grass, carrot, cattle manure, clover, coffee, com, corn glutten meal, distiller
grains, poultry fat, grape, hominy feed, hop Jeaves, spent hops, molasses, oats, algae, peanuis, potato, poultry Jittes,
poultry manure, rape mezl, rye, safflower, sorghum, soybean, soy, sunflower meal, timothy hay, or @riticale,
166309} In sore aspect a genetically modified algae can be used for 2 purpose {¢.g. in producing a recombinant product
or biofiel) and the remaining portion thereof can be used for an improved feedstock. Therefore an improved feedstock
can comprise a portion of a genetically modified algac. For example a composition of an animal feed ingredient can
comprise of whole and/or defatted algae {e.g. after removal of fatty acids, hipids or hydrocarbons, e.g. after hexane
extraction) or a mixture of whole and defatted algae, which provides both the feed enzynie snd the inherent mutritive
value of the algae. In another example a genetically modified algae can be washed, dehydrated, centrifuged, filtered,
defatted, lysed, dried, processed (e.g. extracted), or milled. The renwmining portion thereof can be used as a feedstock, as
an improved feedstock or a8 a supplement to tmprove a feedstock. For example a composition can comprise a feedstock
and a portion of 2 genetically modified algae wherein the genctically modified algae is at least partially depleted of a
tipid, fatty acid, isoprenoid, carotenoid, carbohydrate, or selected protein. The genetically modified algae can also be
genetically modified to produce a biomass-degrading enzyme as disclosed herein
{60318} Methods of generating, modifying, supplementing or improving a feedstock composition are also disciosed

herein, The methods can comprise combining a genetically modified algae or 2 portion thereof with & feedstock to
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generate the improved feedstock. In one example the method comprises removing a lipid, fatty acid, isoprencid, or
carbohydrate from a genetically modified algae. The remaining genetically modified algae, or a portion thereof, can be
combined with a feedstock to generate the improved feedstock composition. In one example of the method the
modified algae does not express an exogenous phytase. The genetically modified algae or a portion thereof can
comprise a nucleic acid {e.g. an exogenous nucleic acid). The nucleic acid can be a vector, In one example of the
method, the nucleic acid encodes a biomass degrading enzyme. The blomass-degrading enzyme can be a galactanase,
xylanase, protease, carboliydrase, lipass, reductase, oxidase, rausglutarminase, or phytase, The biomass-degrading
enzyme cant be a carboliydrase wherein the carbohydrase is an g-amylase, 8-amylase, endo-B-glucanase, endoxylanase,
f-manuanase, a-galactosidase, or pullalanase. The biomass-degrading enzyme can be a protease wherein the protease is
a subtilisin, bromelain, or fungal acid-stable protease. The biomass-degrading enzyme can be a phiviase. In another
example of the methed the gepetically modified NVPO further comprises an exogenous mucleic acid encoding an
enzyme in an isoprenoid viosynthesis pathway. The enzyme iu the isoprenoid bicsynthesis pathway can be farnesyt
pyrophosphate synthage, geranyl geranyl phosphate synthase, squalene synthase, thioesterase, or fatty acyl-CoA
desaturase, The enzyme in the isoprenoid biosynthesis patbway can be in a mevalonate pathway. In yet ancther
example of the method, the method can further comprise removing a lipid, fatty acid, or i.saprencid, from the genetically
modified NVPO prior to combining with a feedstock to geserate the improved feedstock.

(66311} Candidate genes for directing the expression of proteies {e.g. cazrymes) w genetically modified algae for use in
animal feeds can be obtained from a varisty of organisms including sukar s, prokaryotes, or viruses. In some
instances, an expressed enzyme is one member of a metabolic pathway ( g. ant isoprenoid brosynthesis pathway),
Several enzymes may be ntroduced o the algae to prodece ncreased levels of destred metabolites, or several
snzymes may be introduced to produce 2 algae containing multiple nsefol feed enzyrae activities (e.g. simultancous
production of xylanase, endo-$-glucanase, and plrytase activities),

[68312] Feed enzymes can be expressed in host organisms (e.g. Scenedesmus sp. and purified to 2 vseful level. The
purified enzymes can be added to andrual feed in 2 manuer simitar to corrent practice. Feed enzyres can abso be
expressed i host organistos {2.g. algae), and the resulting host organisms can be added as a feed mgredient, adding both
nuiritive vatve and desived enzyree activity to the animal feed product. T this application, the genetically modified host
organisms can be added o a feedstock alive, whole and ven-viable or as a lysate wherein the host organisms are lysed
by aay suitable means (e.g. physical, chemical or thermal),

[66313} Many animal feeds can contain plant seeds, including soybeans, maize, wheat, and barley among others. Plant
seeds can contain high levels of myo-inositel polyphosphate (phytic acid). This phytic acid is indigestible t¢ non-
ruminant animals, and so feeds with high fevels of phytic acid may have low levels of bisavailable phosghoreus. The
phytic acid cap also chelate many important suiritive ninerals, such as calcium and magnesium. Incorperation of a
phytase into the feed, which can act in the animals upper g, can release both the chelated mineral nuirients and
significant levels of bioavailable phosphorous. The net result is that less free phosphorous needs to be added o the
animal feed product. In addition, phosphorous levels in the excreta can be reduced, which can reduce downstream
phosphorous poliution.

{86314} Genetically medified algae that express phytases or similar enzymes can be added to a feedstock to improve
the nutrient or digestible properties of the feed. Phytases contemplated for use herein can be from any organism (2.2

bacteriaf or fungal derived). Non fimmting examples of types of phytases comtemplated for use herein include 3-phytase
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{alternative name 1- phytase; a myo-inositol hexaphosphate 3-phosphohydrolase, EC 3.1.3.8), 4- phytase (akternative
nanie 6-phytase, name based on 1 L-numbering system and not T D- numbering, EC 3.1.3.26), and S-phytase (EC
3.1.3.72). Additional non fimiting examples of phytases include microbial phytases, such as fongal, yeast or bacteriat
phytases such as disclosed in EP 684313, US 6139902, EP 420358, WO 97/35017, WO 98/28408, WO 98/28409, 1P 1
1000164, WOUB/13480, AU 724094, WO 97/33976, US 6110719, WO 20606/038062, WO 2006/038128, WO
2004/085638, WO 2606/037328, WO 2606/037327, WO 2006/043178, US 5830732 and under UniProt designations
P34753, P34752, P34755, 003093, 031097, P42094, 066037 and P34754 (UnilProt, (2008) http:/fwww.aniprot.org)).

Polypeptides having an amino acid sequence of at least 75% ideutity to an amino acid sequence {comprising the active
site) of any one of the phytases disclosed above are also contemplated for use herein. In one example a somposition can
comprise a feedstock and a genetically modified algae. The genetically modified algac can be genetically modified to
produce 2 blomass-degrading enzyme such as a phytase. In one aspect the phytase is 4 phytase of bacterial or fungal
origin, In one aspect the blomass-degrading enzyme Is an enzyme other than & phytase.

{00314} Many plant pants (e.g. seeds, fruits, stems, roots, feaves and flowers) from plants such as, for example,
soybeans, wheat, and barley contain polysaccharides that are mdigestible by some animals (e.g. non-rominant animals),
Non limiting examples of sach carhohydrates include sylans, raffinose, stachyose, and glocans. The presence of
indigestible carbohydrates in animal feed can reduce nutriont availability. Tndigestible carbohydrates in poultry feed can
result in sticky feces, which can inerease disease levels. The presence of one or more carbohydrate degrading cozymes
(e.g. w~amylase) in the animal feed can help break down polysaccharides, increase nutrient availability, increase the bio-
available energy content of the animal feed, and redace health risks. Noun limiting examples of carbohydrate degrading
erzymes contemplated for use herein includs amylases (e.g. wamylase and framylase), B-mannanase, maliase, lactase,
B-glucanase, endo-fi-glucanase, glocose isomerase, endoxylanase, a-galactosidase, glucose oxidase, pulialanase,
invertzse and any carbohydrate digesting enzyme of bacterial, fungal, plant or apimal origin. Tn one example 2
composition can comprise a feedstock and a genetically modified algae. The genetically modified algae can be
genetically modified to produce a biomass-degrading enzyme such as a carbohydrase. In one aspect the carbohydrase
can be an w-amylase, B-amylase, endo-P-ghucanase, endoxylanase, B-mannanase, a-galactosidase, or pullutanase.
[60316] Maay feedstocks contain plant parts (¢.g. seeds) with anti-nutritive proteins (e.g. protease inhibitors, amylase
intubitors and others) that reduce the availability of nutrients in an animal feed. Addition of & broad spectrum protease
{e.g. bromelain, subtilisin, or a fungal acid-stable protease} can break down these anti-nutritive proteins and increase the
availability of nutrienss in the apimal’s feed. Non Hmiting examples of proteases comemplated for use herein include
endopeptidases and exopeptidases. Nom limiting examples of proteases contemplated for use herein inchide serime
proteases {e.g. subtilisin, chymotrypsins, glutamy! peptidases, dipeptidyl-peptidases, carboxypeptidases, dipeptidases,
and amimopeptidases), cyteine proteases (e.g. papain, caipain-2, and papain-like peptidases and bromelain), aspartic
peptidases {e.g. pepsins and pepsin A), ghitamic proteases, threonine proteases, fingal acid profeases and acid stable
proteases sach as those disclosed in (US 6855548). Tn one example 2 compuosition can comprise & feedstock and a
genetically modified algae. The genetically modified algae can be genstically modified fo produce 2 biomass-degrading
enzyme such as a protease. In one aspect the protease can be a subtilising bromelain or fungal acid-stable protease,
[603171 Nos Hmiting examples of lipases contemplated for use herein mclude pancreatic lipase, lysosomal lipase,
tyscsomal acid lipase, acid cholesteryl ester hydrolase, hepatic lipase, Hpoprotein lipase, gastric lipase, endothelial

lipase, pancreatic lipasc related protein 2, pancreatic lipase related protein 1, lingual Hpase and phospholipases {e.g.
p X ' N 1 Ly E p p 2 (D2
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phospholipase AL(EC 3.1.1.32), phospholipase A2, phospholipase B {(lysophospholipase), phospholipase C and
phospholipase D).

{00318} Ap improved feedstock can be gencrated by combining a feedstock with a algse that is genetically altered to
produce an enzyme (e.g. a carboliydrase, protease or Hpase). In some aspects the snzyme is produced ex vivo to the
organiam. In some aspects the enzyme is secreted. Enzymes produced eX vivo to the organisms can break down
components of a feedstock prior to ingestion by an animal. Therefore an improved feedstock can be generated by
combining a feedsiock with an algae that is genetically altered to produce an enryme (e.g. a carbobydrase, protease or
lipase) and subjecting the mixture 10 a holding pericd. A bolding period can allow the genetically altered algae to
multiply and 1o secrefe more enzyme into the feedstock, A bolding pericd can be from several hiours up fo several days.
In some aspects 2 holding period is forup 10 1, 2,3,4, 5,6, 7,8, 9 or 10 days. In some aspects 4 holding period is for
up to several days fo several weeks. In some aspects # bolding period 18 indefinite, Au indefinite holding period allows
mtermittent removal and use of the improved feedstock and intermittent addition of the base feedstock

[883191 Host Cells or Host Oreanisms

06328} Biomass useful in the methods and systems described herein can be obtained from host cells or host organisms,
{00321} A host cell can contain a polynucieotide encoding 2 polypeptide of the present disclosure, In some
embodiments, a host cell 1¢ part of a malticeibular organism. In other embodiments, a host cell is cultured as a
usicellviar organism.

{86322} Host organisms can inchude any suitable host, for exarple, a microorganism. Microorganisyns which are
useful for the methods descabed hersin include, for exampie, photosynthetic bacteria (e.g., cyanobacteria), non-
photosynthetic bacteria (e.g., £. colf), yeasi {e.g., Succharomvees cerevisine), and algae (. g., raicroalgas such as
Chlamydomaonas reinhardtii).

{68323} Exarmples of host organisms that can be transformed with a polynucleotide of interest (for example, a
pelymiclectide that encedes a protein involved in the isoprenoid biosynthesis pathway) include vascolar and non-
vascufar organisms. The organism can be prokarvetic or eukaryotic. The organism can be unicefiular or multicelfular,
A host organism IS an organisim comprising 2 host cell. In other embodiments, the host organism is photosynthetic. A
photosynthetic orgamism is one that naturally photosvnthesizes (e.g., an alge) or that is genetically engineered or
otherwise modified to be photosynthetic. [n some instances, a photosynthetic organism may be transformed with a
construct or vector of the disclosure which renders all or past of the photosynthetic apparatus inoperable,

(86324} By way of exampie, 2 non-vascular photosynthetic microalga species (for example, C. reinhardii,
Nannachlorapsis oceania, N. salina, D. salina, H. pluvalis, S. dimarphus, D. viridis, Chlorella sp., and D. fertiolecta)
can be genetically engineered to producs 2 polypeptide of interest, for example a fusicoceadiene synthase or an FPP
synthase, Production of a fusicoccadiene synthase or an FPP synthase in these micvoalgae can be achieved by
engineering the microalgae to express the fusicoccadiene synthase or FPP synthase in the aigal chioroplast or nuclens.
109325} In other embodiments the host organism is a vascular plant. Nen-limiting examples of such plats include
various menocots and dicots, including high ol seed plants such as high oil seed Brassica (e.g., Brassica nigra,
Brassica napus, Brassica hiria, Brassica rapa, Brassica campesiris, Brassica carinata, and Brassica juncea), soybean
{Glveine muax), castor bean (Ricinus communis), cotton, saffiower { Carthamus tinctorius), sonflower (Helionthus

annuusy, flax (Linum usitatissimum), comn {Zea mavs), coconut {Cocos nucifera), palm {Elaeis guineensis), oil mit trees
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such as olive {Ulea ewropaea), sesame, and peanut (Arachis hypogaea}, as well as 4rabidopsis, tobacco, whesat, barley,
oats, arnaranth, potato, rice, tomato, and legumes (2.g., peas, beans, lentils, alfalfa, ete. ).
[B8326} The host cell can be prokaryotic. Examples of some prokaryotic organisms of the present disclosure include,
but are not limited to, cyanchacteria {e.5., Synechococcus, Synechocystis. dthraspira, Gleocapsa, Oscillatoria, and,
FPseudoanabaena). Suitable prokaryotic cells include, but are not imited to, any of a variety of laboratory strains of
Escherichia coli, Lactobacillus sp., Salmonelia sp., and Shigela sp. (for example, as described in Carrier et al. (1992} L
Immunol 148:1176-1181; U.S. Pat. No. 6,447,784, and Sizemore et al, (1995) Science 270:299-302). Examples of
Satmonella sirains whick can be emploved in the present disclosure melude, bot are not limited to, Sabmonella typhi and
S. typhimurium. Suitabie Shigeila straing mneltode, bot are not Hinited to, Shigella flexneni, Shigelia sonnei, and Shigettu
disenteriae. Typically, the Iaboratory strain is one that is non-pathogenic, Non-lmiting examples of other spitable
bacteria include, but are not fimited to, Pseudomonas pudita, Pseudomonas aeruginesa, Pseudomonas mevalonii,
Rhodobacter sphaeroides, Rhodobacter capsulatus, Rhodospiriftum rubrum, and Rbodococcus sp.
{86327} In some embodiments, the host orgauism is eukaryotic {e.g. green aipae, red algae, brown algae). In some
smbodiments, the algae is a green algae, {or example, a2 Chlorophycean. The algae can be unicellular or multicellotar,
Suitable eukaryotic host cells include, but are not Himited to, yeast cells, insect cells, plant cells, fungal cells, and algal
clis. Suitable eukaryotic host cells include, but are not limited to, Pichia pastoris, Pichia finlandica, Pichia trehalophila,
Pichia koclamae, Pichia membranacfaciens, Pichia opuntiae, Pichia theonotolerans, Pichia salictaria, Pichia goercmum,
Pichia pijpert, Pichia stiptis, Pichia methanolica, Pichia sp., Baccharomyces cerevisiae, Saccharomyces sp., Hansenula
polymorpkha, Kluyveromyces sp., Kluyveromyces lactis, Candida albicans, Aspergitius nidulans, Aspergifius niger,

Aspergithus oryzae, Trichuderma reesei, Chrysosporiwn lockuowense, Fusarium sp., Fusarivm gramineum, Fusarium

venenatun, Neurospora crassa, and Chlamydomonas reinbardtit, In other embodiments, the hosi cell is a microalga
{e.g., Chlamydomonas reinhardlil, Dunaliella salina, Huematococens phivialis, Napnochloropsis oceania, N. salina,
Scenedesiwms dimorphus, Chlorvella spp., D. viridis, or D. terfiolecta).

{86328} In some insiances the organism is a rhodophyie, chloroplyte, heterokontophyte, iribophyte, glancophyte,
chlorarachniophyte, cuglenoid, haptophyte, eryptomonad, dinoflagelium, or phyteplankion,

196328} Ip some instances 2 host organism is vascular and photosynthetic. Examples of vascular plants include, but are
not Hmited to, angicsperms, gymnosperms, thyniopbyies, or other tracheophytes,

#8336} In some instances 2 host organism. is non-vascular and photosynthetic, As used herein, the ferm “non-vascular
photosynthetic organism,” refers to any macroscopic or nuicroscopic organism, including, but not limited to, algae,
cyanobacieria and photosynthetic bacteria, which does not have 2 vascular system such as that found in vascular plants.
Examples of non-vascular photosynthetic organisms include bryophtyes, such as marchantiophytes or
anthocerctophytes. In some instances the organism is a cyanobacteria, In some instances, the organism is algae (e.g.,
macroalgae or microalgae). The algae can be unicellufar or multicellular algae. For example, the microalgae
Chlamydomonas reimkardtii may be transformed with a vector, or a linearized portion thereof, encoding one or more
proteins of interest {e.g., a profein involved in the isoprenoid biosynthesis pathway),

108331} Methods for algal wansformation are described in U.S. Provisional Patent Application No. 60/142,091. The
methods of the present disclosare can be carried out using aigae, for example, the microaiga, O reinhardsii. The use of

microalgae to express a polypeptide or protein complex according to a method of the disclosure provides the advantage
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that large populations of the microalgae can be grown. inclading commercially (Cyanotech Corp.; Kailua-Kona HI),
thus allowing for production and, if desived, isolation of large amounts of a desived product,

{64332} The vectors of the present disclosure may be capable of stable or transient transformation of multiple
photosynthetic organisms, including, but not Hmited to, photosynthetic bacteria (inchuding cyancbacteria), cyanophyta,
prochlorophyta, thodophyta, chicrophyta, heterokontophyta, tribophyta, glaucophyta, chlorarachniophytes,
englenophyta, englenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyia, dinoflagetlata,
pyrmmesiophyta, bacillaricphyta, xanthophyta, eustigmatophyta, raphidophyts, phacophyta, and phytoplaniton, Other
vectors of the present disclosure are capable of stable or transient transformation of, for example, C. reinhardrii, N.
oceania, N. salina, ). saling, H. pluvalis, §. dimorphus, D, vividis, or D. tertiolecta.

{06333} Examples of appropriste hosts, include but are not Hmited to: bacterial eells, such as B, coli, Streptomyces,
Salmonelia typhimurivm, fungal cells, sach as yeast; insect cells, such as Dresophila 82 and Spodoptera $£9; animal
cells, such as CHO, COS or Bowes melanoma; adenoviruses; and plant cells. The selection of an appropriate host is
deemmed o be within the scope of those skilied in the art.

{86334} Polymucleotides selected and isofated as described berein are troduced into a suitable bost cefl, A suitable
host cell is any cell which is capable of promoting recombination and/or reductive reassortmeni. The selected
poltymucleotides can be, for exaraple, in a vector which includes appropriate control sequences. The host cell can be, for
example, a higher eukaryotic cell, such as 2 mammalian cell, or a lower eukasyotic cell, such as a veast cell, or the host
cell oan be a prokaryotic ceil, such as 2 bacterial cell. Introduction of a construct (vector} info the host cell can be
effected by, for example, calcium phospbate fransfoction, DEAE-Dextran mediated transfoction, or electroporation.
[86335} Recombiuant polypeptides, wcluding protein cornplexes, can be expressed in plants, allowing for the
production of crops of such plants and, therefore, the ability to conveniently produce large amounds of 2 desired product.
Accordingly, the methods of the diselosure can be practiced using any plany, incloding, for example, microalga and
macroatgae, {such as ynarine algae and seaweeds), as well as plants that grow in soil.

[38336} In one embodiment, the host cell is a plant. The term “plant” is used broadly herein to refer to a eukaryotic
organism containing plastids, such as chloroplasts, and includes any such organism af any stage of development, or o
part of a plant, including 2 plant cutting, 2 plant cell, a plant cell culture, 2 plant organ, a plant seed, and a plantist. A
plant cell is the structural and physiclogical unit of the plant, comprising a protoplast and a cell wall. A plant cefl can be
in the form of an isolated single celi or a cultured celi, or can be part of bigher organized unit, for exampie, a plant
tissue, plant orgas, or plant. Thus, a plant cell can be a protoplast, a gamete producing cell, or a cell or collection of
celle 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 g structural or functional unit,
Particularly useful parts of a plant include harvestable parts and paris useful for propagation of progeny plants. A
harvestable part of a plant can be any usefsl part of & plant, for example, flowers. pollen, seedlings, tubers, leaves,
stems, fruit, seeds, and roots. A part of a plant useful for propagation includes, for example, seeds, fruits, cuttings,
seedlings, tubers, and rootstocks.

106337} A method of the disclosure can generate a plant containing genomic DNA (for example, a nuclear and/or
plastid genomic DNA) that is genetically modified to contain a stably integrated polynucleotide (for example, as

described in Hager and Bock, dppl. Microbiol. Biotechnol. 54:382-310, 2000). Accordingly, the present disclosure
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further provides a transgenic plant, e.g. (. reinkardtii, which comprises one or more chloroplasts containing a
polynucleotide encoding one or more exogenous or endogenous polypeptides, including potypeptides that can aliow for
secretion of fuel products and/or fuel product precarsors (e.g., isoprenoids, fatty acids, lipids, triglycerides). A
photosynthetic orgamism of the present disclosure comprises at least one host cell that is modified to generate, for
example, a fuel product or 2 fuel product precurser,

[0¢338] Some of the host organisms useful in the disclosed embodiments are, for example, are extremophiles, such as
hyperthermophiles, psychrophiles, psychrotrophs, halophiles, barophiles and acidophiles. Some of the host organisims
which may be used to practice the present disclosure are balophilic (e.g., Dunaliella saling, D). viridis, ot D. fertiolecia).
For example, D. salina can grow in ocean water and salt Jakes (for example, salimty from 30-300 parts per thousand)
and high salinity media (e.g., artificial seawater medium, seawsater nufrient agar, brackish water medivm, and seawafer
medium). In some embodiments of the disclosere, 3 host cell expressmg a protein of the present disclosure can be
grown in a hquid environment which s, for example, 0.1,0.2,0.3,0.4,05,0.6,0.7,0.8,09,1.06, 1.1, 1.2,1.3, 1.4, 1.5,
16,1.7,18,1.9,20,2.1,2.2,2.3,24,25,2.6,2.7,28,29,3.0,31.,32.33.34,3.5,3.6,37,3.8,3.9,4.0,4.1, 4.2,
4.3 molar or higher concentrations of sodium chloride. Oue of skill in {he art will recogmize that other salts (sodium
salis, caleium salts, potassium salts, or other salts) may also be present in the liquid environments.

[6833%] Where a balophilic organism is wtitized for the present disclosure, it may be transformed with any of the
veotors described herein. For example, D, safing may be transformed with 2 vector which is capable of insertion into
the chloroplast or nuclear genome and which contains sucleic acids which encode a protein (e.g., an FPP synthase ara
fasicocvadiene synthass). Transformed halophilic organisms may then be grown in high-saline eavironments {e.g., salt
fakes, salt ponds, and bigh-saline media) to produce the products {e.g., lipids) of interest, Tsolation of the products may
invelve removing a transformed orgamism from a high-saline eavironment prior to exiracting the product frorn the
orgaaism. In postances where the product is seereted into the surrounding environment, it roay be pecessary 10
desalinate the Hguid enviropment prior to any further processing of the product,

[88348] The present disclosare further provides compositions comprising a genetically modified host cefl. A
composition comprises a genetically madified host cell; and will in some embodiments comprise one or more further
components, which components are selected based in part on the intended use of the genetically modified host cell,
Suitable components include, but are not imited to, salfs; buffers; stabilizera; protease-inhibifing agents; cell
membrane- and/or cell wall-preserving compounds, e.g., glveercl and dimethyisulfoxide; and mutritional media
appropriate to the cell.

{66341} For the production of a protein, for examyle, an isoprenoid or isoprenoid precursor compound, 2 bost cell can
be, for example, one that produces, or has been genetically modified to produce, one or more enzymes in a prenyl
transferase pathway and/or a mevalonate pathway and/or an isoprenoid biosynthetic pathway, In some embodiments,
the host cell is one that produces a substrate of a prenyl transferase, {soprenoid synthase or mevalonate pathway
snzyme.

166342§ In some embodiments, a genetically modified host cell is a host cell that comprises an endogenous mevalonate
pathway and/or isoprenoid biosynthetic pathway and/or prenyl transferase pathway. In other embodiments, & genetically
modified host cell is a host cell that does not normally produce mevalonate or IPP via a mevalonate pathway, or FPP,
GPP or GGPP via a2 prenyl transferase pathway, but has been genetically modified with one or more polynucleotides

comprising nucleotide sequsnces encoding one or more mevalonate pathway, soprenoid synthase pathway or prenyl
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transferase pathway enzymes (for example, as described in ULS, Patent Publication No. 2004/005678; U.S. Patent
Publication No. 2003/0148479; and Martin et al. (2003) Nat, Biotech. 21(7).796-802).

{88343} Cuitoring of Cells or Organisms

{00344} Ap orgamism may be grown under conditions which permit photosynthesis, bowever, this is not a requirement
{e.g., a host organism may be growsn in the absence of ght). In some instances, the host organism may be genetically
modified m such a way that its photosynthetic capability is diminished or destroyed. In growth conditions where a host
orgamsm is not capable of photosynthesis (e.g., because of the absence of lght and/or genetic modification), typically,
the organism will be provided with the necessary nutrients to support growth in the absence of pholosynthesis. For
example, a culture mediun i (or on) which an organism is growa, may be supplemented with any reguired mutrient,
including an organic carbon source, nifrogen source, phosphorons source, vitamins, metals, lipids, nucleic acids,
nperonuirients, and/or an orgamism-specific requirement. Organie carbon sources mclude any source of carbon which
the host organism is able to metabolize including, bot not limited fo, acetate, simple carbobydrates {e.g., ghicose,
sucrose, and lactose), complex carbohydrates (e.g., starch and glycogen), proteins, and Hpids. One of skill in the art will
recognize that not all orgamsms witl be able to sufficiently metsholize a particulur notrient and that nutrient mixtures
may need to be modified from one organism to another in order to provide the appropriate nutrient mix.

{36345} Optimal growth of organisms ocowrs vsuzlly at a temperature of about 20°C 1o about 25 °C, although some
organisms can still grow at a temperature of up to abowt 35°C. Active growth is typically performed in Lguid culture, I
the organisims are grows in a hquid medivm and are shaken or mixed, the density of the cells can be anywhere from
about | to 5 x 10%elis/m] at the stationary phase, For exanaple, the density of the cells at the stationary phase for
Chlamydomonas sp. can be about 1 to 5 x 107cells/ml; the density of the cells at the stationary phase for
Nannochloropsis sp. can be about 1 to 5 x 16%celis/ml; the density of the cells at the stationary phase for Scepedesmus
sp. can be about | to 5 x 107cellv/ml; and the density of the cells at the stationary phase for Chloretla sp. can be about 1
to 5 x 10%elis/mi. Exemplary celt densitics at the stationary phase are as follows: Chlamydomonas sp. can be about 1 x
107cetis/mal; Nannochloropsis sp. can be about 1 x 10%cells/ml; Scenedesmus sp. can be about 1 x 167cells/mi; and
Chlorelia sp. can be about 1 x 10%ells/ml. An exemplary growth rate may vield, for example, a two to four fold increase
in cells per day, depending on the growth conditions, In addition, doubling times for organisms can be, for example, §
hours to 30 hours. The argasism can also be grown on solid media, for example, media containing about 1.5% agar, in
piates or in slants.

1863461 One source of epergy is fluorescent light that can be placed, for example, at a distance of about | inch o about
two feet from the organism. Examples of types of fluorescent lights includes, for example, cool white and daylight.
Bubbling with air or CO; iraproves the growth rate of the organism. Bubbling with €O, can be, for example, at 1% ¢
5% CO,. If the lights are tumed on and off at regular intervals (for example, 12:12 or 1410 hours of Hght:dark) the cells
of some organisms will become synchronized,

{06347; Long term storage of organisms can be achieved by streaking them onto plates, sealing the plates with, for
example, Parafilm™, and placing them in dim Hght at about 10°C to about 18 °C. Alternatively, organisms may be
growi as streaks or stabs into agar tubes, capped, and stored at about 13°C o about 18°C, Both methods aliow for the
storage of the erganisms for several months.

[64348} For longer storage, the organisms can be grown in liguid culture to mid o iate log phase and then

sapplemented with a pepetrating cryoprotective agent fike DMSO or MeOH, and stored at less than -130°C. An



WO 2011/034863 PCT/US2610/048828
36

exemplary range of BMSO concentrations that can be used is 5 to 8%. An exemplary range of MeOH concentrations
that can be used 13 310 9% .

{04349} Organiams can be grown on a defined minimal medivm (for example, high salt medinm (HSM), modified
artificial sea water medinn (MASM), or F/2 medium) with light as the sole energy source. In other instances, the
organism can be grown m a medium {for example, tris acetate phosphate {TAP) medium), and supplemented with an
orgamic carbon source.

{88336} Organisms, such as algae, can grow paturally in fresh water or marine waler. Colture media for freshwater
algae can be, for example, synthetic media, enriched media, soil water media, and solidified media, such as Hgar.
Various cultore media have been developed and used for the isolation and culdvation of fresh water algae and are
deseribed in Watanabe, MJW, (2005), Freshwater Culture Media, In R.A. Andersen (Bd), Algal Culturing Techniques
(pp. 13-20). Elsevier Academic Press, Culture media for marine algae can be, for example, artificial scawater media or
natural seawater media, Guidelines for the preparation of media are deseribed 1o Harrison, P.J. and Berges, LA, (2005).
Marine Culture Media. In R.A. Andersen (Bd.), Algal Colturing Technigues {pp. 21-33), Elsevier Academic Press.
{86351} Organisms may be grown in cutdoor open water, such as ponds, the ocesn, seas, rivers, waterbeds, marshes,
shaltow pools, lakes, aqueducts, and reservoirs. When prown in water, the organism can be comfained in a halo-like
object cormprised of lego-like particles. The halo-Jike object encireles the organism and allows it to retain outdents from
the water beneath while keeping 1t 1n open sunkight.

{04352} In some instances, organisms can be grows i containers whereis each container comprises one or two

orgamsts, ot a plurality of organisms. The containers can be configured o float on water, For example, a container can

be filled by 2 combination of air and water to make the container and the organism(s) 1n it buoyant, An organisto that is
adapted to grow in fresh water can thaes be grown in salt water (i.e., the ocean) and vice versa. This mechanissm aliows
for automatic death of the organism if there is any damage to the container,

{68353} Cuolturing technigues for algae are well know to one of skill in the art and are deseribed, for example, in
Freshwater Cubiure Media. In R A, Andersen {Ed.), Algal Culiuring Technigues. Elsevier Academic Press.

{80354} Because photosynthetic organisms, for exarople, algae, reguire sunlight, CG, and water for growth, they can be
cultivated in, for example, open ponds and lakes, However, these open systems are more vulnerable to contamination
than a closed system. One challenge with using an open system is that the organism of interest may not grow as quickly
as a potential tnvader, This becomes a problem when another organism invades the Hquid environment b which the
orgamsm of interest is growing, and the wnvading organisim has a faster growth rate and takes over the system.

{06355} In addition, in open systems there is less control over water temperature, CO; concentration, and lighting
conditions. The growing season of the organism is largely dependent on location and. aside from tropical areas, is
timited to the warmer months of the vear. In addition, in an open system, the number of different organisms that can be
growa is limited to those that are able to survive in the chosen location. An open system, however, is cheaper to set up
and/or maintain than a closed system.

1649356] Another spproach to growing an organism is 1o use a semi-closed system, such as covering the pond or poo}
with a structure, for example, a “greenhouse~-type” structure, While this can result in a smaller system, it addresses
many of the problems associated with an open system. The advantages of a semi-closed system are that it can aftow for
a greater number of different organisms to be grown, it can allow for an organism o be dominant over an invading

organism by allowing the organism of interest to ot compete the invading organism for nutrients required for its
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growth, and ¥t can extend the growing season for the organism, For exampie, if the system is heated, the organism can
grow year round,

186357} A variation of the pond system is an artificial pond, for example, 2 raceway pond. In these ponds, the
organism, water, and nutrients circulate around a “racetrack.” Paddlewheels provide constant motion to the liguid in the
racetrack, allowing for the organism to be cireutated back to the surface of the Hauid at a chosen frequency.
Paddiewheels also provide a source of agitation and oxygenate the system. These raceway pouds can be enclosed, for
example, in a building or a greenhouse, or can be located outdeors.

{00358} Raceway ponds are asually kept shallow because the organisin needs to be exposed to sunhight, and sonlight
can only penetrate the pond water {0 2 limited depth. The depth of a raceway pond can be, for example, about 4 fo
about 12 inches, In addition, the volume of Hquid that can be contained i a raceway pond can be, for example, aboot
286 liters to about 604,000 hiters,

[66338] The raceway ponds can be operated in 2 continuous manger, with, for example, CO; and natriends being
constantly fed o the ponds, while water contaiming the organism is removed at the othier end,

{06360} 11 the raceway pond is placed cutdoors, there are several different ways to address the mvasion of ag snwanted
organism. For example, the pH or salinity of the Hqguid in which the desired organdsm 15 in can be such that the
invading organism either slows dowm Us growth or dies.

136361} Also, chemicals can be added to the Houid, such as bleach, or a pesticide can be added 1o the tiguid, such as
alyphosate. In addition, theworganism of interest can be genetically modified such that it is better suited to survive in the
Hguid environment. Agy one or more of the above strategies can be used to address the invasion of an unwanded
orgarsm,

86362} Abernatively, organdsms, such as aigae, can be grown in closed strictures such as photobioreactors, where the
environent is under sirvicter contral than in open systems or semi-closed sysiems, A photchioreacior is a bioreactor
which incorporates some type of light source to provide photosic energy input into the reactor. The term
photabioreactor can refer to a system closed to the environment and having no direct exchange of gases and
contarinants with the environmeat. A photobioreactor can be described as an enclosed, illuminated culture vessel
designed for comtrolled biomass production of phototrophic liquid cell suspension cultures. Examples of
photobioreactors include, for exaraple, glass containers, plastic tubes, tanks, plastic siceves, and bags. Examples of light
sources that can be used to provide the energy required to sustain photosynthesis include, for exarmple, fluorcscent
buths, LEDs, and nataral sunfight. Because these systems are closed everything that the organism needs to grow {(for
example, carbon dioxide, mutrients, water, and lght} maust be introduced into the bioreactor.

1683631 Photobioreactors, despite the costs to set up and maintain them, have several advantages over open systems,
they can, for example, prevent or minimize contamination, permit axeme orgamsm coltivation of monocultures (2
cufture consisting of only one species of organism), offer better control over the culture conditions (for example, pH,
light, carbon dioxide, and tenperature), prevent water evaporation, lower carbon dioxide losses due to out gassing, and
permit bigher cell concentrations.

109364} On the other hand, certain reguiremnents of photebioreactors, such as cooling, mixing, control of oxygen
accumulation and biofouling, make these systems more expensive to build and operate than open systems or semi-

closed systems.
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{86365} Photobioreactors can be set up to be continually harvested {as is with the majority of the larger volume
cultivation systems), or harvested one bateh at 2 time (for example, as with polyethlyene bag cultivation). A batch
photobioreacior is set up with, for example, nutrients, an organism (for example, aigae), and water, end the orgamism is
allowed to grow unti! the bateh is harvested. A continaous photobioreactor can be harvested, for example, either
continually, daily, or at fixed time intervals, _
{B9366] High density photebioreactors are described in, for example, Lee, et al., Biotech. Bicengineering 44:1161-
1167, 1994, Other types of bioreactors, such as those for sewage and waste water treatments, are described in,
Sawayama, et ak, Appl, Micro, Biotech,, 41:729-731, 1994, Additional examples of photobioreaciors are described in,
.5, Appl. Pabl. No, 20605/0260553, U.S. Pat. No. 5,958,761, and U.S. Pat. No, 6,083,740, Also, organisms, such as
algae may be mass-cultared for the rermoval of heavy metals (for example, as deseribed in Wilkinson, Biotech. Letters,
11:861-864, 1989), hydrogen {for example, as described in U.S. Patent Application Publication No. 2603/0162273), and
pharmaceutical compounds from a wates, soil, or other source or samnple. Urganisms can also be cultared in
conventional fermentation bioreactors, which include, but are not Himited to, bateh, fed-batch, cell recycle, and
continuous fermentors, Additional methods of culturiug orgarisms and variations of the methods described herein are
known to one of skilf in the art.

86367} Orgardsms can also be grown near ethano] production plants or other facilities or regions (8.g., citiss and
highways) generating CO,, As such, the raethbods berein contemplate busivess methods for selling carbon credits o
ethranol plants or other facilities or regions geperating CO; while makdng fuels or fuel products by growing one or more
of the organisms described hereta near the ethanol production plant, facility, or region.

86368} The organisin of interest, grown wn any of the systems described berein, can be, for example, continually
harvested, or harvested one batch at 2 time.

{80363} (O, can be delivered to axy of the systems described herein, for example, by bubbling in CO; from under the
surface of the liquid containing the organison. Also, sparges can be used 1o inject CO; into the Hauid. Spargers are, for
example, porous disc or tube assemblies that are also referred to as Bubblers, Carbonators, Aerators, Porous Stones and
Diffusers,

16483781 Nutrients that can be used i the systems described berein include, for example, nitrogen (in the form of NO3
or NH, "), phosphorys, and trace metals (Fe, Mg, X, Ca, Co, Cu, Mn, Mo, Zsn, V, and B}, The nutrients can come, for
example, 0 a sofid form or in 2 Hquid form. I the nutrients ate in 2 solid form they can be mixed with, for example,
fresh or salt water prior to being delivered to the liguid containing the organisim, or prior to being delivered to a
photobioreactor.

168378} Organisms can be grown in cultures, for example large scale cultures, where large scale cultures refers to
growih of cultures in volurpes of greater than about 6 liters, or greater than about 10 liters, or greater than about 20
fiters. Large scale growth can also be growth of cultures in volumes of 50 liters or more, 100 liters or more, or 200
titers or more. Large scale growth can be growth of cultures in, for example, ponds, containers, vessels, or other areas,
where the pond, container, vessel, or area that contains the culture is for example, at lease 5 square meters, at least 10
square tneters, af least 200 square meters, at least 500 square meters, at least 1,500 square meters, at Jeast 2,500 square
meters, in ares, Or greater.

168372} Chlamydomonas sp., Nannochloropsis sp., Scenedesmus sp., and Chiorella sp. are exemplary algae that can be

cuttured as described herein and can grow onder @ wide array of conditions,
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[36373} One organism that can be cultured as described herein is a commonly used laboratory species C. reinhardtii.
Cells of this species are haploid, and can grow on & simple medinm of inorganic saits, using photosynthesis to provide
energy. This organism can also grow in total darkness if acetate is provided as 2 carbon source. C. reinhardtii can be
readily grown at room temperattwe under standard fluorescent lights. In addition, the celis can be synchronized by
placing them on a light-dark cycle. Other methods of culturing C. reinhardtii cefls are known to one of skill in the ast.
{86374} Polvnucleotides and Polvpeptides

{66375} Also provided are isolated polynucleotides encoding a protein, for example, an FPP synthase, described herein,
As used herein “isolated polynuclestide™ means a polynucieotide that is free of one or both of (he nuclectide segquences
which flank the polynocleotide in the naturaily-occurring genome of the organism from which the polynucieotide is
derived. The term includes, for example, a polyancleotide or fragment thereof that 18 fucorporated into a vector or
expression cassette; into au autonomously replicating plasmud or virus; into the genomic DNA of a prokaryote or
eukaryote; or that exists as a separate molecule independent of other polynocleotides. It also includes a recombinant
polynuclectide that is part of a hybrid polynuacleotide, for example, one encoding 2 polypeptide seguence.

136376} The novel proteins of the present disclosure can be made by any method known in the art. The protein may be
synthesized using either solid-phase peptide synthesis or by classical solotion peptide synthesis also known as bquid-
phase pepride synthesis. Using Val-Pro-Pro, Enalapril and Lisinopril as starfing teraplates, several series of peptide
analogs such as X-Pro-Pro, X-Ala-Pro, and X-Lys-Pro, wherein X represents any aroino acid residue, may be
synthesized vsing solid-phase or lgud-phase peptide synthesis. Methods for carrying ont lguid phase synthesis of
libraries of peptides and oligonucleotides coupled 1o 4 soluble oligoreric sappart have alse been described. Baver,
Frast and Mutier, Manfred, Nature 237:512-313 (1972) ; Bayer, Emst, ef al., J. Am. Chemu Soc. 96:7333-7336 (1974},
Bonora, Gian Mana, of al., Nucleic Acids Res. 18:3155-3139 (19903, Liquid phase synthetic methods have the
advantage over solid phase synthetic methods in that guid phese synthesis methods do oot require & structare present
on a fisst reactant which is suitable for attaching the reactant to the solid phase. Alsc, liguid phase synthesis methods do
not reguire avoiding chemical conditions which may cleave the bond between the solid phase and the first reactant {or
totermediate product), Io addition, reactions in 8 honogeneous solution may give better yields and more complete
reactions than those obtained in heterogeneous solid phase/liguid phase systems such as those present 1o solid phase
synthesis.

{88377] In oligomer-supported lquid phase synthesis the growing product is attached to a large soluble polymeric
group. The product from each step of the synthesis can then be separated from unreacted reactants based on the large
difference in size between the relatively large polymer-attached product and the unreacted reactants. This permits
reactions to take place in homogeneouns sofutions, and eliminates tedious purification steps associated with traditional
figuid phase synthesis. Cligomer-supported liquid phase synthesis has also been adapted to automatic Hauid phase
synthesis of peptides. Bayer, Ernst, et al., Peptides: Chemistry, Structure, Biology, 426-432.

{69378} For solid-phase peptide synthesis, the procedure entails the sequential assembly of the appropriate amino acids
into a peptide of a desired sequence while the end of the growing peptide is linked to an insoluble support. Usually, the
carboxy] terminus of the peptide is linked to a polymer from which it can be liberated upon treatment with a cleavage
reagent. In a common method, an amino acid 1s bound to a resin particle, aud the peptide generated in a stepwise
manner by successive additions of protected amino acids to produce a chain of amino acids. Modifications of the

techpique deseribed by Memnfield are commonly ased. See, e.g., Merrifield, I, Am. Chem. Soc. 96: 2989-93 {1964}, In
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an automated solid-phase method, peptides are synthesized by loading the carboxy-terminal amisc acid onto an organic
tinker {e.g., PAM, 4-oxymethylphenylacetamidomethyl), which is covalently attached to an insoluble polystyrene resin
cross-linked with divinyl benzene. The terminal amine may be protected by blocking with t-butyloxycarbonyl.
Hydroxyl- and carboxyl- groups are conpnonly protected by blocking with O-benzy!l groups, Synthesis is accomphished
in an automated peptide synthesizer, such as that available from Applied Biosystems (Foster City, California).
Following synthesis, the prodﬁct may be removed from the resin. The blocking groups are removed by using
hydrofluoric acid or triffuoromethyl sulfonic acid according to established methods. A routine synthesis may produc
0.5 mmole of peptide resin, Following cleavage and purification, a yield of approximately 60 to 70% is typically
prodoced. Purification of the product peptides is accomplished by, for example, crystallizing the peptide ffom an
organic solvent such as methyl-butyl ether, then dissclving m distiled water, and using dialysis (1 the molecular weight
of the subject peptide is greater than about 300 daltons) or reverse high pressure Houid chromatography (e.g., using a
C*® colurmm with 0.1% triflucroacetic acid and acetonitrile as solvents) if the molecalar weight of the peptide is less than
30¢ daktons, Purified peptide may be lyophilized and stored in a dry state until use. Asnalysis of the resolting peptides
may be accomplished using the common methods of analytical high pressure hquid clromatography (HPLC) and
electrospray mass spectrometry (E5-MBS).

063791 In other cases, a protein, for example, @ protein fnvolved in the isoprencid biosyothesis pathway or i fatty acid
synthesis, is produced by recombinant rethods. For production of any of the proteins deseribed herein, host cells
transformed with an expression vector containing the polynuckeotide encoding such a protein can be used. The host cell
can be a higher sukaryotic cell, such as a mamroalian cell, or a lower sukaryotic cell such as 2 veast or algal cell, or the
host van be a prokaryotic cell sach as 2 bacterial cell. Intreduction of the expression vector inio the host cell can be
accomplished by a variety of mothods including calcivrn phosphate transfection, DEAE-dextran mediated transfection,
polybrene, protoplast fusion, Uposomes, direct microinjection into the nuclet, scrape loading, biolistic transformation
and slectroperation. Large scale production of proteins from recombinant organisms is a well established process
practiced on a commercial scale and well within the capabilitics of one skilled in the art.

{68386} It should be recogrized that the present disclosure is not iimited to transgenic cells, organisms, and plastids
containing a protein or proteins as disclosed heseia, but also encompasses such cells, organisms, and plastids
transformed with additiona] nucleotide sequences encoding enzymes invalved in fatty acid svnthesis. Thus, somes
embodiments involve the introduction of one or more sequences encoding proteins invelved in fatty acid synthesis in
addition to a protein disclosed herein. For example, several enzymes in a fatty acid production pathway may be hinked,
sither 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. These additional sequences may be contained in a single vector either
aperatively linked 0 2 single promoter or linked to multiple promoters, e.g. one promoter for each sequence.
Alternatively, the additional coding sequences may be contained in a plurality of additional vectors. When a plurality of
vectors are used, they can be introduced fato the host ceil or organism simultancously or sequentially.

160381} Additional embodiments provide a plastid, and in particular a chloroplast, wansformed with a polynucleotide
encoding a protein of the present disclosure. The protein may be iroduced into the genome of the plastid using any of
the methods described herein or otherwise known in the art. The plastid may be contained in the organism in which it
naturafly occurs. Alternatively, the plastid may be an isolated plastid, that is, a plastid that has been removed from the

cell in which it normally oceurs. Methods for the isolation of plastids are known in the art and can be found, for
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example, in Maliga et al., Merhods in Plant Motecular Riology, Cold Spring Harbor Laboratory Press, 1995; Gupts and
Singh, J. Biosci., 21:819 (1996); and Camara et al., Plant Physiol., 73:94 (1983}, The isolated plastid transformed with
a protein of the present disclosure can be jntroduced into 2 host cell. The host cell can be one that naturaily contains the
plastid or one in which the plastid is not naturally found.

{36382} Also within the scope of the present disclosure are artificial plastid genomes, for exampie chloroplast genomes,
that contain nucleotide sequences encoding any one or more of the proteins of the present disclosure. Methods for the
assembly of artificial plastid genomes can be found in co-pending U.S. Patert Application serial number 12/287,236
fited October 6, 2008, published as 1.8, Publication No. 2009/0123977 on May 14, 2009, and U.S. Patent Application
sertal number 12/384,893 filed April 8, 2009, published as U.S. Poblication No. 2009/0269816 on Ociober 29, 2009,
each of which is incormporated by reference m its entirety.

[66383] Intreduction of Polynuciestide into 2 Host Orpanism or Cell

[66384} To generate a genetically modified host cell, s polynucteotide, or a polynucteotide cloned into a vector, is
introdeced stably or transiently into 2 host cell, using established techniques, including, b1 not limited to,
electroporation, calcium phosphate precipitation, DEAE-dextran mediated transfection, and liposome-mediated
transfection. For transformation, a polynuclectide of the present disclosure will generally further inchude 2 selectable
marker, ¢.g., any of several well-known sciectable matkers such as neornvein resistance, ampiciliin resistance,
teteacychine resistance, chloramphenicol resisiance, and kanamycin resistance.

[69385] A polynucleotide or recombinant mucleic acid molecule descrived herein, can be introduced into a cell (e.g.,
alga cell) using any roethod koowa in the art. A polynuclectide can be introduced inte & cell by a variety of methods,
which are well knows in the art and selected, in part, based ou the particelar host cell. For exarople, the polynucleotide
can be introduced into a cell using a ditect gene fransfer method such as electroporation or microprojectile mediated
{(biolistic) gansformation asing 3 particle gun, or the “glass bead method,” or by pollen-mediated transformation,
liposome-mediated transformation, wransformation using wounded or enzyise-degraded tmmature ernbryos, or wounded
or enzyme-degraded ombryogenic callus (for example, as described in Potrykus, Ann. Rev. Planz. Physiol, Plant Mol
Riof, 42:205-225, 1991}

863861 As discussed zbove, microprojectile mediated transformation can be used to introduce a polynucleotide into a
cell {for example, as described in Kiein et al., Norure 327:70-73, 1987). This method utilizes microprojectiies sach. as
gold or mangsten, which are coated with the desired polynucisotide by precipitation with caleium chloride, spermidine or
polyethylene glycol. The microprojectile particles are accelerated at high speed into a cell using 2 device such as the
BIGLISTIC PD-1000 particle gun (BioRad; Hercules Calif)}; a Helios Gene Gun (Cat. #165-2431 and #165-2432;
BioRad, U.S.A); or an Accell Gene Gun (Agragen, U.S.4.). Methods for the transformation using biclistic methods are
well known in the art (for exarmple, as described in Christou, Trends in Plamt Science 1:423-431, 1996} Microprojectile
mediated transformation has been used, for example, to generate a variety of transgenic piant species, including cotton,
tobaceo, com, hybrid poplar and papaya. Important cereal crops such as wheat, oat, barley, sorghum and rice alse have
been transformed using microprojectile mediated delivery (for example, as described in Duan et al., Nature Biotech.
14:494-498, 1996; and Shimamoto, Curr. Opin. Biorech. 5:158-162, 1994). The transformation of most dicotyledonous
plants is possible with the metheds described above. Transformation of monocotyledonous plants also can be
transformed nsing, for example, biokistic methiods as described above, protoplast transformation, electroporation of

partially permeabilized cells, mtroduction of DNA using glass fibers, and the glass bead agiiation method,
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{88387} The basic technigues used for transformation and expression in photosynthetic microorganisms are similar to
those commonty used for E. coli, Saccharomyces cerevisine and other species. Trapsformation methods customized for
a photosynthetic microorganisims, e.g., the chloroplast of a sirain of algae, are known in the art. These methods have
been described in a mumber of texts for standard molecular biological manipulation (see Packer & Glaser, 1988,
"Cyanobacteria”, Meth. Enzymol., Vol. 167; Weissbach & Weissbach, 1988, "Methods for plant molecudar biology,”
Academic Press, New York, Sambrook, Fritsch & Maniatis, 1989, "Molecular Cloning: A laborstory manual,” Znd
adition Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NUY.; and Clark M 8§, 1997, Plant Molecular
Biology, Springer, NY.). These methods inchude, for example, bioliste devices {see, for example, Sunford, Trends In
Biotech. (1988} 6: 299-302, U1.8. Pat. No. 4,945,650, electroporaticn (Fromm et al., Proc. Nat'h Acad. Sci. {USA)
{1985) B2: 5824-3828); use of a laser beam, clectroporation, microtjection or any other method capable of introducing
DNA into a host celi.

{88388} Plastid transformation is a routine and well known method for introducing a polynucleotide into 2 plant cell.
chioroplast {see U.S, Pat, Nos, 5,451,513, 5,545,817, and 5,545,818, WO 95! 16783; McBride et al., Proc. Narl 4cad.
Sci., USA 91:7301-7305, 1994). In some embodiments, chloroplast trausformation nvolves miroducing regions of
chioroplast DNA flanking a desired nucleotide sequence, allowing for bomologous recombination of the exogenous
DNA into the target chloroplast genome. In some instances one 1o 1.5 kb flanking nucleotide sequences of chioroplast
genomic DINA may be used. Using this method, poind mutations in the chloroplast 165 fRNA and rpsi2 genes, which
confer resistance to spectinomycin and streptomyein, can be utilized as selectable markers for transformation (Svab et
al., Proc. No#l. Acad. Sci, VISA 87:8526-8538, 1990}, and can result in stable homoplasric transformants, at a
frequency of approximately one per 100 bombardments of target leaves,

{83891 A further refinement in chloroplast transformation/expression techuology that facilitates control over the
timing and Hssue pattern of expression of introduced DNA coding sequences in plant plastid genornes has been
described in PCT nfermational Publication WO 95/16783 and U.S. Patent 5,576,198, This method involves the
introduction inte plant ceils of constructs for nuclear transformation that provide for the expression of a viral single
subunit RNA polymerase and targeting of this potymerase into the plastids via fusion to a plastid transit peptide.
Transformation of plastids with DNA constructs comprising a viral single subunit ENA polymerase-specific promoter
specific to the RINA polymerase expressed from the nuciear expression consiructs operably linked to DNA coding
sequences of interest permits control of the plastid expression constructs in a tissue and/or developmental specific
manner fn plants coraprising both the nuclear polymerase constract and the plastid expression constructs. Expression of
the nuclear RNA polyroerase coding sequence can be placed under the conirol of cither a constitutive promoter, ora
tissue-or developmental stage-specific promoter, thersby extending this control to the plastid expression construct
responsive to the plastid-targeted, nuclear-encoded viral RNA polymerase.

189398} When nuclear transformation is utilized, the protein can be modified for plastid targeting by employing plant
cel nuclear transformation constructs wherein DNA coding sequences of interest are fused 1o any of the available
transit peptide sequences capable of facilitating transport of the encoded enzymes into plant plastids, and driving
expression by employing an appropriate promoter. Targeting of the protfein can be achieved by fusing DNA encoding
plastid, e.g., chloroplast, leucoplast, amyloplast, ete., transit peptide seguences to the 5' end of BNAs encoding the
enzymes. The sequences that encode a transit peptide region can be obtained, for example, from plant nuclear-encoded

plastid proteins, such as the small subunit (SSU) of ribulose bisphosphate carboxylase, EPSP synthase, plant fatty acid
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biosynthesis related genes including fatty acyl-ACP thioesterases, acyl carrier protein (ACP), stearoyl-ACP desaturase,
f-ketoacyl-ACP synthase and acyl-ACP thivesterase, or LHCPI genes, etc. Plastid transit peptide sequences can also
be obtained from nueleic acid sequences encoding carotenoid biosynthetic enzymes, such as GGPP synthase, phytoene
synthase, and phytoene desaturase. Uther transit peptide sequences are disclosed i Von Heijne et al, {1991} Plant Mol
Bicl. Rep. 9: 104; Clark et al. (1989} J. Biol. Chem. 264: 17544; della-Cioppa et al. (1987) Plant Physiol. 84: 963;
Romer et al. (1993) Biocham. Biophys. Res. Commun. 198: 1414; and Shak et al. (1986) Science 233: 478. Another
transit peptide sequence is that of the imact ACCase from Chiamydomonas (genbank BEDOY6563. amino acids 1-33).
The encoding sequence for a fransit peptide effective in transport o plastids can tuclude all or a portion of the encoding
sequence for a particular transit peptide, and may also contain portions of the mature protein enceding sequence
assoctated with a particular fransit peptide. Mumerous examples of transit peptides that can be used 10 deliver target
proteins into plastids exist, and the particular transit peptide encoding sequences useful in the present disclosure are not
critical as long as delivery into a plastid is obtained. Proteolytic processing within the plastid then produces the mature
enzyme. This technique has proven successfol with enzymes inveolved in polyhydroxyalkanoate biosynthesis (Nawrath
et al. (1994) Proc. Natl. Acad. Sci. US4 91: 12760}, and neomycin phosphotransferase 11 (NPT-I) and CP4 EPSPS
(Padgette et al. (1993} Crop Sci. 351 1451}, for example.

[66391] Of interest are ransit peptide sequences derived from enzymes koown to be imported into the leucoplasts of
seeds. Examples of enzymes containing usefal transit peptides inchide those refated 1o lipid biosyuthesis (e.g., subunits
of the plastid-targeted dicot acetyl-CoA carboxylase, biotin carboxylase, biotin catboxy] carrier protein, o-carbosy-
transforase, sud plastid-targeted monocot multifiunctional acetyl-CoA carboxylase (Mw, 220,000) plastidic subgnits of
the faity actd synthase conplex (e.g., acyl carrier protein (ACP), maloayl-ACP synthase, KAST XASI, and KASI);
steroyl-ACP desaturase; fhioesterases (specific for short, medivm, and long chain acyl ACP); plastid-targeted acyt
sransferases (e.g., glycerol-3-phosphate and acyl transferase); enzymes involved in the biosynthests of aspartate family
amino acids; phytoene syathase; gibberetlic acid biosynthesis {e.g., en/-kaurene synthases 1 and 2); and carotenoid
biosynthesis (.g., Iycopene synthase).

100392} In some emmbodiments, an alga is transformed with 2 nucleic acid which encodes a protein of interest, for
example, a preny] transferase, an isoprencid synthase, or an enzyme capable of converting a precursor inte a fuel
product or a precursor of 2 fuel product {e.g., an isoprenoid or fatty acid).

[106393] In one embodiment, a transformation may mfroduce a nueleic acid into 2 plastid of the host alga {e.g.,
chloropiast). In another embodiments a transformatios may imfroduce a nucleic acid into the nuclear genome of the host
alga. In still another embodiment, a transformation may ntroduce nucleic acids inte both the nuclear genonie and into 2
plastid.

{08394} Transformed cells can be plated on selective media following introduction of exogenocus nucleic acids. This
method may also comprise several steps for screening. A screen of primary transformants can be conducted fo
determine which clones have proper insertion of the exogenous nucleic acids. Clones which show the proper
integration may be propagated and re-sereened to ensure genetic stability. Such methodology ensures that the
transformants contain the genes of interest. In many instances, such screening is performed by polymerase chain
reaction (PCRY; 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 varied to achieve optimal screening results. For example, magnesipin concentration may
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need to be adjusted upwards when PCR is performed on disrupted alga ceils to whick (which chelates magnesium} is
added to chelate toxic metals. Following the screening for clones with the proper integration of exogenous mucleic
acids, clones can be screened for the presence of the encoded protein{s) and/or products. Protein expression screening
can be performed by Western blot analysis and/or enzyne activity assays. Transporter and/or product screening may be
performed by any method known in the art, for example ATF turnover assay, substrate transport assay, HPLC or gas
chromatography.

{60395} The expression of the protein or enzyme can be accomplished by inserting a polynuclectide sequence (gene)
encoding the protein or enzyme into the chloroplast or muclear genome of a microalgae. The modified strain of
microalgas can be made homoplasmmc to ensare that the polynucleotide will be stably maintained in the chloroplast
genome of all descendents. A microalga is homoplasmuic for a gene when the inserted gene is present in alf copies of the
chiloroplast genome, {or example. 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 “homoplasny™ refers to the state where all copies of 2
particular focus of interest are substantially identical. Plastid expression, in which genes are inserted by homologous
recontbination nto all of the several thousand copies of the cireulur plastid genome present in sach plant cell, takes
advantage of the enormous copy number advantage over nuclear-expressed genes 0 permit expression levels that can
readily exceed 10% or mote of the total soluble plast protein. The process of determining the plasnic state of an
organism of the present disclosure mvolves screening transformants for the presence of exogenous nucleic acids and the
absence of wild-type sucleic acids at a given locus of mterest.

{86396} Vectors

06397} Construct, vector and plasinid are used interchangeably throughout the disclosure. Wucleic acids encoding the
proteins described herein, can be contained in vectars, iochuding cloping and expression veciors. A cloning veclor is a
self-replicating DN& molecule that serves to transfer a IINA segment info a bost cell. Three common types of cloning
vectors are bacterial plasmids, phages, and other viruses, An expression vector is a cloning vector designed so that 2
coding sequence fnserted at a particular site will be transcribed and translated into a protein. Both cloning and
expression veciors can contain nucieotide sequences that altow the vectors to replicate v one or more suitable bost cells.
1n cloning vectors, this sequence is generally one that enables the vector to repHeate independently of the bost celi
chromosomes, and also inchudes either origins of replication or autonomously replicating sequences.

46398} In some emboediments, a polynucieotide of the present disclosure is cloned or inserted into an expression vector
using cloning technigues know 1o one of skill in the art. The sucleotide sequences may be inserted into a vector by &
variety of methods. in the most common method the segqiiences are inserted info an apgropriate restriction endonucicase
stte{s} using procedures commonly known to those skilled in the art and detailed in, for example, Sambrook et at,,
Molecular Cloning, A Laboratory Manual, 2nd Ed., Cold Spring Harbor Press, (1989) and Ausubel et al., Short
Protocols in Motecular Biology, 2nd Ed., John Wiley & Sons {1992},

{60399 Suitable expression vectors inchude, but are not limited to, baculovirus vectors, bacteriophage vectors,
plasmids, phagemids, cosmids, fosmids, bacterial artificial chromoesomes, viral veetors (e.g. viral vectors based on
vaceinia virus, polioviras, adenovirus, adeno-associated virus, V40, and berpes simplex virns), Pl-based artificial
chromosomes, veast plasmids, yeast artificial chromosomes, and any other vectors specific for specific hosts of interest

{such as £. coli and yeast). Thus, for example, a polynucieotide encoding an FPP synthase, can be inserted into any one
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of a variety of expression vectors that are capable of expressing the enzyme. Such veciors can include, for example,
chromosomal, nonchromosomal and synthetic DNA sequences,

{66406} Suitable expression vectors melude chromosomal, non-chrommosomal and synthetic DNA sequences, for
example, SV 40 derivatives; bacterial plasmids: phage DNA; baculovirus; veast plasmids; vectors derived from
combinations of plasimids and phage DNA; and viral DNA such as vaccinia, adenovirus, fowl] pox virus, and
psendorabies. In addition, any other vactor that is replicable and viable in the host may be used. For example, vectors
such as Ble2A, Arg7/2A, and SEnuc357 can be used for the expression of a protein,

{36481} Nomerous suitable expression vectors are known fo those of skill in the art, The followtag vectors are provided
by way of example; for bucterial host cells: pQE veciors ((Hagen). pBluescript plasmids, pNH vectors, lambda-ZAP
vectors (Stratagene), pTro99a, pKK223-3, pDR540, and pRITIT (Pharmacia); for eukarvotic bost cells: pXT1, pSG5
(Stratagene), pSVKS, pBPV, pMSG, pET21a~d(+) vectors { Novagen), and pSYLEV4D (Pharmaciz). However, any
other plasmid or other vector may be used so long as it ts compatible with the host cell.

{36482} The expression vector, or 2 linearized portion thereof, can encode one or more exogencus or endogenous
nuclectide sequences. Exarples of exogenous nucleotide sequences that can be transformed mto a bost include genes
from bacteria, fungi, plants, photosynthetic bacteria or other algae. Examples of other types of nuclectide sequences
that can be transformed into a bost, nclude, but are not lmited to, transpotter genes, isoprenoid producing genes, genes
which encode for proteins wineh produce isoprencids with two phosphates (e.g., GPP synthase and/or FPP syunthase),
genes which encode for proteins which produce fatty acids, lipids, or glycerides, for example, ACCases, endegenous
proroters, and 57 UTRs from the psbA, atpA, or rbel. genes. In some insfances, an exogenocus sequence is flanked by
two homologous sequences,

{36403} Homclogous sequences are, for exaruple, those that have at least 50%, at leasi 60%, at least 70%, at least 80%,
at least 90%, at Jeast 5%, at least 98%, ar at Jeast at feast 99% sequeonce identity to a reference amino acid sequence,
for example, the amine acid sequence found paturally i the host cell. The first and second sequences enable
recombination of the excgenous or endogenous sequence info the genome of the host organism. The first and second
homologous sequences can be at least 100, at feast 200, at Jeast 300, at least 400, at ieast 500, o at teast 1000, or at Jeast
500 nucleotides in length.

{60484} The polynucleotide sequence may comprise pucieotide sequonces that arc codon biased for expression in the
organism being transformed. The skilled artisan is well aware of the “codon-bias™ exhibited by a specific bost cell in
usage of nucleotide codons 1o specify a given amino acid, Without being bound by theory, by using a bost 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 spproaches the frequency of
preferred codon usage of the host cell. In some organisms, codon bias differs between the puclear genome and
organelie genomes, thus, coden optimization or biasing may be performed for the target genome (6.g., nuclear codon
biased or chloroplast codon biased). In some embodiments, codon biasing occurs before mutagenesis {0 generate a
polvpeptide. In other embodiments, codon biasing cccurs after mutagenesis 1o generate a polynucleotide. In vet other
embodiments, codon biasing occurs before mutagenesis as well as after mutagenesis. Codon bias is described in detait
herein.

{68463} In some embodiments, a vector comprises a polynucleotide operably linked o one or more control elements,

such as a promoter and/or a transcription tenminator. & nucleic acid sequence i operably linked when it is placed into 2
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functional relationship with another mucleic acid sequence. For example, DNA for a preseguence or secretory leader is
operatively hinked to DNA for 2 polypeptide if it is expressed as a preprotein which participates in the secretion of the
polypeptide; a promoter is operably linked to 2 coding sequence if it affects the transcription of the sequence; or a
ribosome binding site is operably linked to a coding sequence if'it is positioned so as to facilitate translation. Generally,
operably Hoked sequences are contiguous and, in the case of 2 secretory Jeader, contiguous and in reading phase.
Linking is achieved by ligation at resiriction enzyme sites. If suitable restriction sites are not availabie, then synthetic
oligonucieotide sdapters or Hinkers can be used as is known to those skilled in the art. Sambrook et al., Molecudar
Cloning, A Laboratory Manudal, 2 Ed., Cold Spring Harbor Press, {1989} and Ausubel et al., Shor! Protocols in
Malecular Biology, 2" Bd., Jolm Wiley & Scns (1992).

80406} A vector in some embodiments provides for amphification of the copy number of a polynucleotide, A vector
can be, for example, an expression vector that provides for expression of an ACCase, a prenyl transferase, an isoprenoid
sviithage, or 2 mevalonate synthesis enzyme in a host celi, e.g., 2 prokaryotic host cell or a eukaryotic host cell,

86467} A poiynocieotide or polynucieciides can be contained in @ vector or vectors. For example, where & second (or
more) nucleie acid molecule is desired, the second vucleie acid molecule can be contained i a vector, which can, but
nead not be, the same vector as that containing the first nucleie acid molecule. For example, an algal host cell modified
to express two endogenous or eX0genous genes may be transformed with a single vector containing both sequences, or
two vestors, sach comprising one gene 1o be expressed. The vector can be any vecior useful for introducing a
polymuclectide into a genome and can inclode 2 nucleotide sequesce of gesomic DNA {e.g., nuclear ot plastid) that is
sufficient to sndergo bomologous recembination with genoraic DNA, for exampie, a nucleotide sequence comprising
about 400 to about 1308 or more substantiaily contiguous nuckeotides of genomic PNA.

[66408] A regulatory or condrol element, as the term s used herein, broadly refers to a nucleotide sequence that
regnlates the transeription or travslation of a polynuclectide or the localization of a polypeptide to which #f is
operatively inked. Examples include, but are not limited to, an RBS, a prorooter, enhancer, transcription terminator, an
initiation (start) codon, a sphicing signal for intron excision and maintenance of a correct reading frame, 2 STOP codon,
an apiber or achre codon, and an IRES. A regulatory element can include a promoter and transeriptional and
trapslational stop signals. Elements may be provided with linkers for the purpose of Introducing specific restriction
sites facilitating ligation of the contrel sequences with the coding region of a nucleotide sequence encoding a
polypeptide. Additionally, a sequence comprising a cell compartmentalization signal (i.e., a sequence that targets a
polypeptide 1o the cytosol, nucleus, chioroplast membrane or cell membrane) can be atiached to the polynucieotide
encoding a protein of interest. Such signals are well knowa 1 the art and have been widely reported (see, e.g., U.S. Pat,
No. 5,776,689).

(04091 Promoters are untranstated sequences located generally 100 to 1000 base pairs (op) upstream from the start
codon of a structural gene that regulate the transeription and transfation of nucieic acid sequences under their control.
169418 Promoters useful for the present disclosure may come from any source (e.g., viral, bacterial, fungal, protist, and
ammal}, The promoters conternplated herein can be specific to photosymhetic organisms, nop-vascular photosynthetic
organisms, and vascular photosynthetic organisms (e.g., aigae, flowering plants). In some instanees, the nucleic acids
above are inserted into a vector that comprises 2 promoter of a photosynthetic organism, ¢.g., algae. The promoter can
be a constitutive promoter or an inducible promoter. A promoter typically includes necessary nucieic acid sequences

near the start site of trauscription, (€.g.. @8 TATA element). Common promoters used m expression vectors inchude, but
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are not Himited to, LTR or 8V40 promoter, the E. coli lac or trp promoters, and the phage lambda PL promoter. Other
promoters known to conirol the expression of genes in prokaryotic or eukaryotic cells can be used and are knows to
those skifled in fhe art. Expression vectors may also contain a ribosome binding site for franslation initiation, and a
transeription terminator. The vector may also contain sequences useful for the amplification of gene expression,
{6411} A “constimive” promoter is a promoter that is active under most environmertal and developmental conditions.
Az “inducible” promoter is a promoter that is active ynder controllable environmental or developmental conditions,
Examples of inducible promotersiregulatory elements inchude, for example, a nirate-inducible promoter {for example,
as described in Bock et al, Plant Mol Biol 17:9 (1991)}, or a light-inducible promoter, (for example, as described in
Feinbanm et al, Mol Gen. Genet. 226:449 {1991); and Lam and Chua, Seience 248:471 (1990)), or a heat responsive
promoter {for example, as described in Muller et al,, Gene 111: 165-73 {1992)),

[36432} Tu many embodiments, a polynucleotide of the present disclosure tncludes a nuclectide sequence encoding a
protein or enzyme of the present disclosure, where the mucleotide sequence encoding the polypeptide is operably linked
to an inducible promoter, Inducible promoters are well known in the art, Seitable inducible promoters include, but are
not limited to, the pL of bacteriophage A; Placo; Pirp; Plac (Pup-tac hybnd promoter); an isopropyl-beta-D-
thiogalactopyranoside (IPTG)-inducible promoter, e.g., 4 lacZ promoter, @ tetracycline-inducible promoter; an arabinose
inducible promoter, ¢.2., Prap (for example, ag described o Guzrman etal, (1995) 1 Racteriol, 177:4121-4 130)a
xylose-inducible promuter, e.g., Pxyl (for example, as deserived 1o Kim ot al. (1996} Gene 181:71-76); 2 GALI
promoter; a ryptophan promoter; a lac promoter; an alcohol-inducible promoter, e.g., 8 methanol-indusible promoter,
an ethanol-inducible promoter; a raffinose-mducible promoter; and a heat-inducible promoter, e.g., heat inducibie
lamibda P promoter and 2 promoter conirolled by 2 beat-seusitive repressor {e.g., ClB57-repressed lambda-based
expression vectors; for example, as described in Hoffroann et al. (1999) FEMS Microbio] Lett, 177(23:327-34),

00413} In many embudircents, a polynucieotide of the present disclosure uclndes a nucleotide sequence encoding a
protein or enzyme of the present disclosure, where the nucleotide sequence encoding the polypeptide is operably finked
to a constitutive pronwter. Suitable constinstive promoters for use in prokaryotic cells are known in the art and include,
but are pot limited to, a sigma70 promoter, and a consensus sigma70 promoter,

{88414 Suitable promoters for use in prokaryetic bost cells inchude, but are not limited to, a bacteriophage T7 RNA
polymerase promoter: 2 irp promoter; a lac operon promoter; a hybrid promoter, ¢.g., a lac/tac hybrid proraoter, a tacfirc
hivbrid promoter, a trp/lac promoter, a T7/tac promoter; a tre promoter; a tac promoter; an araBAD promoter; in vivo
regulated promoters, such as an ssa5 promoter or & related promoter (for example, as desenibed in U.S. Patent
Publication No. 20640131637}, a pagC promoter {for example, as described in Pulkkinen and Miller, J. Bacteriol,,
1991: 173(1): 86-93; and Alpuche-Aranda ot al., PNAS, 1992; 89(21): 16979-83}, a nixB promoter (for example, as
described in Harborne et al. (1992) Mol. Micro, £:2805-2813; Dunstan et al. (1999} Infect. Immun. 67:5133-5141;
MeKelvie et al. (2004) Vaccine 22:3243-3255; and Chatfield et al. {1992) Biotechnol. 13:888-892); a sigma70
promoter, e.g., a consensus sigma’( promoter {for example, GenBank Accession Nos, AX798980, AXT98961, and
AXT98183); a stationary phase promoter, .., & dps promoter, an spv prometer; a promoter derived ffom the
pathogenicity island 5P1-2 (for example, as described in WO96/17951); an actA promoter {(for example, as described in
Shetron-Rama et al. (2002} Infect. Imnmn. 70:1087-1096); an rpsM promoter {for exaniple, as described in Valdivia
and Falkow (1096). Mol. Microbiol. 22:367-378}: 2 tet promoter {for example, as described in Hillen, W. and

Wissmann, A. (1989) In Saenger, W. and Heinemann, U. (eds), Topics in Molecular and Structural Biclogy, Protein-
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Nugcleie Acid Interaction. Macmillan, London, UK, Vol. 16, pp. 143-162); and an SP6 pronmoter {for example, as
described in Melton et al. {1984) Nucl. Acids Res. 12:7035-7036).

{30415} In yeast, a number of vectors containing constitutive or inducible promoters may be used. For a review of such
vectors see, Current Protocols in Molecular Biology, Vol. 2, 1988, Ed. Ausubel, et al., Greene Publish. Assoc. & Wiley
Interseience, Ch. 13; Grant, et al., 1987, Expression and Secretion Veetors for Yeast, in Methods in Enzymology, Eds,
Wu & Grossman, 31987, Acad. Press, N.Y ., Vel 153, pp. 516-344; Glover, 1988, DNA Cloning, Veol, II, IRL Press,
Wash., D.C., Ch. 3; Bitter, 1987, Heterologous Gene Expression in Yeast, Methods in Enzymology, Eds. Berger &
immel, Acad. Press, NY., Vol, 152, pp. 673-684; and The Molecular Biology of the Yeast Saccharomyces, 19582, Eds.
Strathern et al., Cold Spring Harbor Press, Vols. T and 1L A constitutive yeast promoter such as ADH or LEU2 or an
inducible promoter such as GAL may be used (for example, as described in Cloning in Yeast, Ch. 3, R. Rothstein In:
DNA Cloning Vol 11, A Practical Approach, Ed. DM Glover, 1988, IRL Press, Wask,, D.C.). Alternativety, vectors
raay be used which promote integration of foreign DNA sequences into the yeast chromosome.

[8¢416] Non-limiting examples of suitable evkaryotic promoters inchide CMV immediate early, HSV thymidine
kinase, early and late SV40, LTRs from retrovirus, and mouse metallothionein-l. Selection of the appropriate vector and
promaoter is well within the level of ordinary skill in the art. The expression vector tray also contain a ribosome binding
site for translation initiation and a fransoription. teomisator. The expression vector may alsc inctude appropriate
sequences for amplifying expression,

{30437} A vector utilized in the practice of the disclosure also can contais one or more additional muclectide sequences
that confer desirable characteristics on the vector, including, for example, sequences such as cloning sites that facilitate
roanipudation of the vector, regulatory clements that divect replication of the vector or transcripuon of pucleotide
sequences contain thereln, and sequences that encode a seleciable marker. As such, the vector cant contatn, for example,
one or mors cloning sites such as a multiple cloning site, which car, but need nof, be positioned such that a exogenous
or endogencus polynucieotide can be inserted into the vector and operatively linked to a desired element.

[08438] The vector also can contain a prokaryote origin of replication {ori), for example, an E. coli ori or a cosmid o,
thus allowing passage of the vector into 2 prokaryote bost cell, as well as into a plant chloreplast. Various bacterial and
viral origins of replication are well known to those skilled io the art and include, but are not Bmited to the pBR322
plasmid origin, the 2u plasmid origin, and the SV40, polyoma, adenoviras, VSV, and BPV viral origins.

168438] A regulatory or conirol element, as the term is used herein, broadly refers to a nucleotide sequence that
regudates the frapsceription or translation of a polynucieotide or the localization of a polypeptide 1o which it is
operatively linked. Examples include, but are not fimited fo, an RBS, 2 promoter, enhancer, transcription terminator, an
initiation (start) codon, a splicing signal for infron excision and maintenance of a correct reading frame, & STOP codon,
an amber or ochre codon, an IRES. Additionally, an clement can be a cell compartmentalization signal (i.e., & sequence
that targets a polypeptide to the cytosol, nucleus, chioroplast membrane or cell membrane). In some aspects of the
present disclosure, a cell compartmentalization signal (e.g., 2 cell membrane targeting sequence) may be ligated t0 a
gene and/or transcript, such that translation of the gene occurs in the chioroplast. In other aspects, a cell
compartmentalization sigaal may be ligated to a gene such that, following translation of the gene, the protein is
transperted to the cell membrane. Cell compartmentalization signals are well known in the art and have been widely
reported (see, e.g., U.B. Pat. No. 5,776,689).
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68428} A vector, or a linearized portion thereof, may include a nucleotide sequence encoding a reporter polypeptide or
other selectable marker. The term “reporter”™ or “selectable marker” refers to a polynucleotide {or encoded polypeptide}
that confers a detectable phenotype. A reporter generally encodes a detectable polypeptide, for example, a green
fluorescent protein or an enzyme such ag fuciferase, which, when contacted with an appropriate agent (2 particular
wavelength of light or luciferin, respectively) generates a signal that can be detected by eye or using appropriate
instrumentation (for example, as described in Giacomin, Planf Sci. 116:59-72, 1996; Scikautha, J Bacreriof, 178:121,
1996; Gerdes, FERS Let. 389:44-47, 1996; and Jefforson, EMRQO J. 6:3901-3907, 1997, fi-ghicuronidase). A selectable
marker generally is a molecule that, when present or expressed in @ cell, provides & selective advantage {or
disadvantage) to the cell containing the marker, for example, the ability to grow in the presence of an agent that
atherwise would kil the cefl.

{06423} A seleciable marker can provide 2 means (o obtatn, for exammple, prokaryotic cells, eukaryotic cells, and/or
plaut cells that express the marker and, therefore, can be useful as a component of a vector of the disclosure. The
sefection gene or marker can encode for a protein necessary for the survival or growth of the host cell transformed with
the vector. One class of selectable markers are native or modified genes which restore a binlogical or physiological
function to a hoest cell {e.g., restores photosynthetic capabifity or restores a metabolic pathway). Other examples of
selectable markers inclode, but are not Hmited to, those that confer antimetabolite resistance, for exarple, dihydrofolate
reductase, which confers resistanice to methotrexate (for example, as described in Reiss, Plaar Physiol, (Life Sci. Adv.)
13:143-149, 1994); neomycin phosphotransforase, which confers resistance to the aminoglycosides neomycin,

kenamycin and paromyein (for exaneple, as described in Herrera-Estrelfa, EAMBO J. 2:987-993, 1983), hygro, which

confers resistance fo hygromyein {for example, as described in Marsh, Gene 32:481 485, 1984), bpB, which aliows
cells to utilize indole in place of tryptophan; bisD, which alows cells to wilize histinot in place of histidine (for
example, as deseribed o Hartman, Proc. Natl. dead. Sei,, USA §5:8047, 1988); mannuse-6-phosphate isomerase which
allows cells to uiilize mannose {for example, as described in PCT Publication Application No, WO 94/20627); omithine
decarboxylase, which confers resistance 1o the omithine decarboxylase inhibitor, 2-(diftuoromethyl)-DL-ornithine
{DFMO; for example, as described in McConlogue, 1987, In: Current Communications in Molecular Biology, Cold
Spring Harbor Laboratory ed.); and deanunase from Aspergilius ferrens, which confers resistance o Blasticidin S {for
example, as described i Tamura, Sivsci. Biotechnol. Biochem. 59:2336-2338, 1995). Additional selectable markers
include those that confer herbicide resistance, for example, phosphinothricin acetyltransferase gene, which confers
resistance to phosphinathricin (for example, as described in White et al., Nucl, deids Res. 18:1062, 1990; and Spencer et
al., Theor. Appl. Gener. 79:625-631, 1990), a mutant EPSPV-synthase, which confors glyphosate resistance (for
example, as described in Hinchee et al., BioTechnology 91:915-922, 1998), & mutant acetolactate synthase, which
confers imidazolione or sulfonylurea resiztance (for example, as described in Lee et al, EMBO J. 7:1241-1748, 1988), 2
mutent psbA, which confers resistance o atrazine (for exanple, as described in Smeda et al., Plam Physiol, 103:911-
917, 1993}, or a nmntant protoporphyrinogen oxidase {for example, as deseribed in 1.8, Pat. No. 5,767,373), or other
markers conferring resistance to an herbicide such as glufosinate. Selectable markers include polynucieotides that
confer dibydrofolate reductase {DHFR) or neomycin resistance for eukaryotic cells; tetramycin or ampicillin resistance
for prokaryotes such as £. coli; and bleomyein, gentamyein, glyphosate, hygromyein, kanamycin, methotrexate,
phicomycin, phosphinotricin, spectinomyein, direptomycin, streptomycin, sulfonamide and sulfonyhures resistance in

plants {for example, as described in Maliga et al., Methods in Plant Molecular Biology, Cold Spring Harbor Laboratory
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Press, 1995, page 39). Additional selectable markers include a mutation in dichloropheny! dimethylurea (DCMU) that
results iu resistance to DCMU. Selectable markers also include chloramphenicol acetyltransferase {CAT) and
etracyctine. The selection marker can have its own promoter or its expression can be driven by a promoter driving the
expression of a polypeptide of interest.
{66422} Reporter genes greatly enhance the ability to monitor gene expression in a number of biological organisms,
Reporter genes have been successfully used in chloroplasts of higher plants, and high levels of recombinant protein
expresgion have been reported. In addition, reporter genes have been used in the chloroplast of C. reinkardiii. In
chioroplasts of higher plants, 8-glucuronidase (uidA, {or exaniple, as described i Staub and Maliga, EMBO J, 12:601-
606, 1993}, neomycin phosphotransferase (upll, for example, as described in Carrer st al., Mol Gen. Genet. 241:49-36,
1993), adenosyl-3-adenyliransf-erase (andA, for example, as described in Svab and Maliga. Proc. Na#l, dead. Sci., USA
90:913-917, 1993}, and the Aeguorea victoria GFP (for example, as described in Sidorov et al., Planr J. 19:209-216,
1999} have been used as reporter genes (for example, as described in Heifetz, Biochemie 82:655-666, 2000). Each of
these genes has attributes that make them usefid reporters of chiforoplast gene expression, such as ease of analysis,
sensttivity, or the ability to examine expression in situ. Based upon these studies, other exogencus proteins have been
expressed in the chioroplasts of higher plants such as Bacilfus thuringiensis Cry toxins, conferring resistance to insect
herbivores (for example, as described in Kota et al., Proc. Narl, Acad. Sci., USA 96:1540-1845, 1999), or human
somatotropin (for example, as described o Stawb et al,, Nat. Bictechnol, 18:333-338, 2600}, a potential
biopharmaceutical. Several reporter genes have been expressed in the chiloroplast of the eukaryotic preen alga,
reinhardii, inchiding aadA {for example, as described in Goldschmidt-Clermont, Nucl. Acids Res. 19:4083-4689 1991;
and Zerges and Rochaix, Mol Celi Biol. 14:5268-3277, 1994, widA {for example, as described in Sakamoto ef al.,
Proc. Natl. Acad. Sei., USA 90:477-501, 1993; and Ishikera ot al,, J Biosci, Bioeng. 87:307-314 1999), Renilla
Tuoiferase {(for example, as described in Minko et al., Mol Gen. Genet. 262:421-425, 1999) and the amino glycoside
phosphotransferase from deinefobacter baumanii, aphA6 {for example, as described in Bateman and Purton, Mol Gen.
Genet 263:404-410, 2000). In one embodiment the protein described herein is modified by the addition of an N-terminal
steep tag epitope to 2dd in the detection of protein expression.
{98423} In some instances, the vectors of the present disclosure will contain elements such as an E, coli or 8. cerevisiae
origin of replication. Such features, combined with appropriae selectable markers, allows for the vector to he
“shuttled” between the target host cell and a bacterial and/or yeast cell. The ability to passage a shutile vector of the
disclosure in a secondary host may allow for more conventent manipulation of the features of the vector. For example, 2
reaction mixtare containiag the vector and inserted polynucleotide(s) 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 fnterest, If desired, the vector can be further manipulated, for example, by performing site divected
mutagencsis of the inserted polynucieotide, then again amplifying and selecting vectors having a mutated
polynucieotide of interest. A shuttle vector then can be introduced into plant cell chloroplasts, wherein a polypeptide of
interest can be expressed and, if desired, 1solated according to 8 method of the disclosure.
168424} Knowledge of the chiloroplast or nuclear genome of the host organism, for example, C. reinkardiii, is useful o
the construction of vectors for use in the disclosed embodiments. Chloroplast vectors and methods for selecting regious
of a chioropiast genome for use as a vector are well known (see, for example, Bock, J. Mol. Biol. 312:425-438, 2001;

Staub and Maliga, Plant Cell 4:39-45, 1992; and Kavanagh ef al., Genetics 152:1111-1122, 1999, each of which is
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incorporated herein by reference). The entire chloroplast genome of C. reinfardtii is available to the public on the world
wide web, at the URL "biclogy.duke.edu/chlamy _genome/- chloro.html” (sec "view complete genome as text file” Hnk
and "maps of the chioroplast genome” link; 1. Maul, 1. W. Lilly, and D. B. Stemn, unpublished results; revised Jan. 28,
2062; to be pubiished as GenBaunk Ace. No. AF396929; and Maul, J. E., et al. (2002) The Plant Cell, Vol. 14 (2659-
2679)). Generally, the nucleotide sequence of the cliloroplast genomic DNA that is selected for use is not & portion of 2
gene, inchiding a regulatory sequence or coding sequence, For example, the selected sequence is not & gene that if
disrupted, doe o the homologous recombination event, woald produce a deleterious effect with respect to the
chloroplast. For example, a deleterious effect on the replication of the chloroplast genome or to a plast cell containing
the chioroplast. Tn this respect, the website containing the C. reinbardtii chloroplast genome sequence also provides
maps showing coding and non-coding regions of the chloreplast genome, thus facilitating selection of a sequence usefud
for constructing a vector {also described m Maul, 1. E., et al. (2002 The Plant Cefl, Vol. 14 {2659-2679)). For examgple,
the chloroplast vector, p322, s @ clone extending from the Eco (Eco RI) site st about position £43.1 kb to the Xho

{Xho 1) site at about position 148.5 kb (see, world wide web, at the URL

"hiclogy duke.edu/chlamy_gepome/chloro.itmt”, and clicking on "maps of the chioroplast genome" Hink, and "140-159
kb" link; also accessible directly on world wide web at URL "biology.duke.edu/chlam- y/chloro/chiorold0 himl"),
68425} To addition, the entire nuclear genome of C. reinhardiii is described u Mexchant, 8, S, et al., Science (2007},
318(5848):245-250, thus facilitating ove of skill in the art to select 3 sequence or sequences usefal for constructing a
vector.

[66426] For expression of the polypeptide io a host, an expression cassetie or vector may be employed. The expression
veotor will provide a transcriptional and transtational imtiation region, whick may be inducible or constitutive, where
the coding region is operably Hnked under the transcriptional costrol of the transcriptional initiation region, and 2
transeriptional and translational termination region. These control regions may be aative to the gene, o may be derived
from an exogencus source. Expression vectors generally have comvenient restriction sites located near the promoter
sequence to provide for the insertion of nucleic acid sequences sucoding exogenous or endogenous proteins, A
selectable marker operative in the expression host may be present,

{80427 The nucieotide sequences may be inserted into a vector by a vadety of methods, Tn the most common method
the seguences are inserted into an appropriate restriction endonuclease site(s) vsing procedures commoaly krows 1o
those skilled in the art and detailed in, for example, Sanbrook st al., Molecuiar Cloning, 4 Laboratory Manual, 2° Bd.,
Cold Soring Harbor Press, (1989) and Ausubel et al., Short Protocols in Molecular Biology, 2™ Ed., John Wiley & Sons
(19923

100428] The description herein provides that host cells may be transformed with veciors. One of skill in the art will
recognize that such fransformation includes transformation with cireular or Hnearized vectors, or linearized portions of a

vector. Thus, a host cell comprising a vector may contain the entire vector in the cell {in cither circular or linear form),

or may contain a linearized portion of a vector of the present disclosure. In some instances 0.5 to 1.5 kb flanking
nucteotide sequences of chioroplast genomic DNA may be used. In some instances 0.5 to 1.5 kb flanking nucleotide
sequences of nuclear genomic DNA may be used, or 2.0 to 5.0 kb may be used.

1604281 Compounds

(60438 The modified or wansformed host organism disclosed herein is useful in the production of a desired compound,

composition, or product, The present disclosure provides methods of producing, for example, an isoprenoid or
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isoprencid precursor compound in a host cell. One such method involves, culturing a modified host cell in a suitable
cuttyre medium under conditions that promote synthesis of a produet, for example, an isoprencid compound or
isoprenoid precursor compound, where the isoprenoid compound is generated By the expression of an enzyme of the
present disclosure, wherein the enzyme uses a subsirate present in the host cell. In sonie embodiments, a methed further
comprises solating the isoprencid compound from the cell and/or from the culture medium.

66431} Is some embodiments, the product {e.g. fuel molecule) is collected by harvesting the licuid medium, As some
fue! molecules (e.g., monoterpenes) are immiscible m water, they would float to the surface of the liquid mediom and
could be extracted easily, for example by skimming. In other instances, the fuel molecules can be @xtrasted from the
figaid medivm. In still other imstances, the fuel molecules are volatile. In such instances, imparmeable basriers can
cover or otherwise surround the growth environment and can be extracted from the air within the barrier. For some fuel
mokecules, the product may be extracted from both the environment (e.g., Hquid environment and/or air) and from the
mtact host cells, Typically, the organism woold be harvested at an appropriate point and the prodect may then be
exiracted from the organism. The collection of cells may be by any means known in the art, including, bot not Hmited
to concentrating vells, mechanical or chemical disruption of ceils, and purification of produci(s) from cell cultures
and/or cell Jysates. Cells and/or organisms can be grova and then the prodoct(s) collected by apy means kmown fo one
of skill 1n the art. One method of extracting the produst is by harvesting the host cell or a group of host cells and then
drying the cell(s). The product{(s) fom the dried bost cell{(s) are then harvested by crushing the cells o expose the
product. In some instances, the product may be produced without killing the wrganisms. Producing and/or expressing
the product yay uot render the orgasism unviable.

1064321 To some embodiments, a genetically modified host celt s cultured i« suitable medium (e.g., Luria-Bertoni
brath, optionally supplemented with ove or mare additional agents, such as an ducer (e.g., where the isoprevoid
synthase is under the control of an inducible promoter); and the culture medivm is overlaid with an organic solvent, e.g,
dodecane, forniing an organic layer. The compound produced by the genetically modified host partitions into the
organic fayer, from which it can then be purified. In some embodiments, where, for example, 2 preay! transferase,
isoprenoid synthase or mevalonate synthesis-encoding nucleotide sequence is operably Haked to an inducible promoter,
an inducer is added to the culture mediuny and, after a suitable time, the compound is isolated from the organic layer
overlaid on the culture mediim.

[06433] 1n some embodiments, the compound or product, for example, an isoprencid compound will be separated from
other products which may be present in the organic Jayer. Separation of the cornpound from other products that may be
present in the orgasic layer is readily achieved using, e.g., standard chromatographic technigues.

168434} Methods of culturing the host cells, separating prodacts, and isolating the desired produet or products are
known to one of skili in the art and are discussed further herein,

[68435] In some emboediments, the compounnd, for example, an isoprenoid or isoprenoid compound is produced i a
genetically modified host cell at & level that is at least about 2-fold, at least about 3-fold, at least about 10-fold, at least
about 25-foid, at least about 50-fold, at least about 100-fold, at least about 50G-fold, at least about 1000-fold, at Jeast
about 2000-fold, at least about 3006-fold, at feast about 4000-fold, at least about 5000-fold, or at least about 10,000~
fold, or mere, higher than the tevel of the isoprencid or isoprencid precurser compound produced in an unmodified host

cell that produces the isoprenoid or isoprenoid precursor compound via the same biosynthetic pathway.
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[86436} In some embodiments, the compound, for example, an isoprenocid compound is pure, e.g., at least about 4%
pure, at Jeast about 50% pure, at least about 60% pure, at least about 70% pure, at least about 80% pure, at least about
90% pure, at least about 953% pure, at least about 98%, or more than 98% pure. "Pure” in the context of an isoprenoid
conpoumnd refers 1o an isoprenoid compound that is free from other isoprenoid compounds, portions of compounds,
contarninants, and unwanted byproducts, for example.

{86437} Examples of products contemplated herein inchude hydrocarbon products and hydrocarbon derivative products,
A hydrocarbon product is one that consists of only hydrogen molecules and carbon molecules. A hydrocarbon
derivative product is a hydrocarbon product with one or more heteroatoms, wherein (he hetercatom is any stom that 18
not hydrogen or carbon. Examples of heteroatoms include, hut are not hmited to, nitrogen, oxygen, sulfur, and
phosphorys. Some products can be hydrocarbon-rich. wheretn, for example, at least 50%, at least 60%, at feast 70%, at
least R0%, at least 90%, or at least 83% of the product by weight is made up of carbon and hydrogen,

[6843%] In one embodiment, the vector comprises one or more pucleic acid sequences involved in isoprenoid syuthesis.

§ o

The terms “isoprenoid,” “soprencid compound,
P 1

",

terpene,” "terpene compound,” "erpenoid,” and “terpenoid
compornd” are used interchangeably herein. lsoprencid compounds inctude, but are not Emited to, moncterpenss,
sesquiterpenes, diterpenes, triterpenes, and polyterpenes.

(86433 Cne exemplary group of hydrocarbon produsts are iseprenoids. Isoprenoids {including terpenoids) are derived
fror soprene subuwits, bt are modified, for example, by the addition of heteroatoms such as oxygen, by sarbon
skeleton rearrangement, and by alkylation. Isoprenoids geserally have a mumber of carbon atoms which is evenly
divisible by five, but this is not a requirement as “Irregular” tarpenoids are known 1 one of skilf in the art. Carotenoids.
such as carotenes and xanthophylls, are examples of isoprenoids thai are useful producis. A steraid is an exanple of a
erpenoid. Examples of ssoprenoids inchade, but are not Hmited to, bemiterpenes (5), monsierpenes (C16),
sesquiterpenes (C15), diterpenes (C20), triterpenes (C30), tetraterpenes (C40), polyterpenes (C,, wherein “n” is equal 10
or greater than 45), and thetr devivatives, Other examples of isoprencids include, but are not limited to, Imonene, 1,8-
cineole, a-pinene, camphene, (-+)-sabinene, myreene, abictadiene, taxadiens, farnesy! pyrophosphate, fusicoccadiene,
amorphadiene, (E}-a-bisabolene, zingiberene, or diapophyioens, and their derivatives.

{0448} Products, for example fuel products, comprising bydrocarbons, may be precursors or products conveationally
derived from crude oil, or petrolenm, such as, but not Hmited to, liquid petroloum gas, naptha (ligroin), gasoline,
kerosene, diesel, fubricating off, heavy gas, coke, asphalt, tar, and waxes,

{80441} Uscful products inchade, but are not limited to, terpenes and terpenoids as described above. An exemplary
group of terpenes are diterpenes (C20). Diterpenes are hydrocarbons that can be modified {e.g. oxidized, methyl groups
removed, or cyclized}; the carbon skeleton of a diterpene can be rearranged, to form, for example, terpenoids, such as
fusicoccadiene, Fusicoccadiene may also be formed, for example, directly from the isoprene precursors, without being
bound by the availability of diterpene or GGDP. Genetic modification of organisms, such as algae, by the methods
described herein, can lead 1o the production of fusicoccadiene, for example. and other types of terpenes, such as
limonene, for example. Genetic modification can also lead o the production of modified terpenes, such as methyl
squalene or hydroxylated and/or conjugated terpenes such as pachitaxel.

100442} Other useful products can be, for exarnpie, a product comprising a hydrocarbon obtained from an organism
expressing 2 diferpene synthase, Such exemplary products include ent-kaurene, cashene, and fusicoccadiens, and may

also include fuel additives,
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84443} In some smbodiments, a product (such as 2 fuel product) contemplated herein comprises one or more carbons
derived from an morganic carbon source. In some embodiments, at least 1%, at least 20%, at least 30%, at least 40%,
at least 50%, at Teast 60%, at Jeast 70%, at least #0%, at least 90%, at {east $5%, or af least 99% of the carbons of a
product as described herein are derived from an inorganic carbon scurce. Examples of inorganic carbon zources inchude,
but are pot fimited to, carbon dioxide, carbonate, bicarbonate, and carbonic acid. The product can be, for examnple, an
organic molecule with carbons from an merganic carbon source that were fixed during photosynthesis.

{00444] The products produced by the present disclosure may be naturally, or non-naturally (e.g., as a result of
transformation) produced by the bost cell(s) aud/or organismu(s} ransformed. For example, products not naturally
produced by algae may inclade non-native terpenes/terpenoids such as fusicoscadiene or imonene. A prodoct uaturally
produced in algae may be a terpene such as & carotencid (for example, beia-carotene). The host cell may be genetically
modified, for example, by transformation of the cell with a sequence envoding a protein, wherein expression of the
protein results i the secretion of a naturally or 8 non-naturally produced product {e.g. limonene) or products. The
product may be a molecule not found in nature.

06445} Examples of products inchude petrochemical products, precursors of petrochemical products, fuel products,
petreleun products, precursors of petroleum prodocts, and all other substances that may be useful n the petrochemical
mdastry. The product may be used for generating substances, or materials, useful in the petrochemical industry. The
products may be used in 2 combusior such as a botler, kiln, dryer or furnace. Other examples of combustors are nternal
combustion engines such as vehicle engives ot generators, incloding gasoline engines, diesel engines, jet engines, and
other types of engines. Tn one embodiment, & method hereln comprises combusting a refined or “upgraded”
coraposition. For example, combusting a refined composition can coraprise inserting the refined composition to 2
corabustion engine, such as an awtomobile engine or a jet engine. Products described herein may also be used to produce
plastics, resins, fivers, clastomers, pharmacenticals, neutraceuticals, hibricants, and gels, for example,

[804461 Usefl products can also include isoprenoid precursors. Isoprencid precursors are generated by one of two
pathway's; the mevalonate pathway or the methylerythritol phosphate (MEP) pathway. Both pathways generate
dimethylallylt pyrophosphate (DMAPP) and isopentyl pyrophosphate (IPP), the common C5 precursor for isoprenoids,
The DMAFPP and 1PP are condensed to form geranyl-diphosghate (GPP), or other precursors, such as famesyl-
diphosphate (PP} or geranylgeranyl-diphosphate (GGPP), from which higher isoprenoids are formed.

188447} Usefirl products can also include small alkanes {for example, 1 to approx‘imateiy 4 carbons) such as methane,
ethane, propane, or butane, which may be used for beating (such as in cocking) or making plastics. Products may also
include molecules with a carbon backbone of approximately 5 to approximately 9 carbon atoms, such as naptha or
ligroin, or their pracursors. Other products may include molecules with 2 carbon background of abowt 5 to about 12
carbon atoms, of cycloalkanes used as gasoline or motor fuel. Molecules and aromatics of approximateky 10 to
approximately 18 carbons, such as kerosene, or its precursors, may alsc be useful as products. Other products inclade
jubricating oil, heavy gas oil, or fuel oil, or their precursors, and can contain alkanes, cvcioalkanes, or aromatics of
approximately 12 to approximately 70 carbons. Products also include other residuals that can be derived from or found
in crude oil, such as coke, asphalt, tar, and waxes, generally containing multiple 1ings with about 70 or more carbons,
and their precursors.

1448} Examples of produets, which can include the isoprenoids of the present disclosure, are fuel products, fragrance

producte, and insecticide products. In some instances, a product may be used directly. In other instances, the product
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may be used as a “feedstock” to produce another product. For example, where the product is an isoprencid, the
isoprencid may be hydrogenated and “cracked” to produce a shorter chain hydrocarbon (e.g., farnesene is hydrogenated
to produce farnesene which is then cracked to produce propane, butane, octane, or other fuel products).

[66449} Modified organisms can be grown, in some embodiments in the presence of CU,, to produce 2 desired
polypeptide. In some embodiments, the products produced by the modified organism are isolated or colfected. Collected
products, such as terpenes and terpenoids, may then be further modified, for example, by refining and/or cracking to
prodece fuel molecules or compoenents.

{80436} The various produets may be further refined to a final product for an end vser by 2 number of processes,
Refiming can, for example, ocour by fractional distillation. For example, a mixture of products, such a5 a mix of
different hydrocarbons with various chain lengths may be separated into various components by Sactional distillation.
{80481} Refining may also include any one or more of the following steps, cracking, unifving, or sltering the product.
Large products, such as large bydrocarbons (e.g. = C10), may be broken down into smaljer fragments by cracking,
Cracking may be performed by heat or high pressure, such as by steam, visbreaking, or coking, Producis may also be
refined by visbreaking, for example by thermally cracking large hydrocarbon molecules in the product by heating the
product in a fursace, Refining may also inchide coking, wherein a heavy, almost pure carbon residue is produced.
Cracking may also be performed by catalytic means to euhance the rate of the cracking reaction by using catalysts such
as, bat not mited to, zeolite, aluminom hydrosilicate, baugite, or silica-alumina, Catalysis may be by flaid catalytic
cracking, wherehy a bot catalyst, such as zeolite, is used to catalyze cracking reactions. Catalysis may also be
performed by bydrocracking, where lower teroperatorss are genorally used in comparisen to fluid catalytic cracking.
Hydrocracking can cccur 1o the presence of elevated partia] pressure of bydrogen gas. Products may be refined by
catalytic cracking to generate diesel, gaschse, and/or kerosene.

[38452] The products may also be refined by combining them in a unification step, for example by using catalysts, such
as platinum or 2 platimum-thentum mix. The unification process can produce hydrogen gas, a by-product, which may be
nsed in cracking.

196453} The products may also be refined by altering, rearranging, or restrycturing hydrocarbons into smalle
molecules. Thers are 2 number of chemical reactions that occur in catalytic reforming processes which are known to
one of ordinary skill in the arts. Catalytic reforming can be performed in the presence of a catalyst and a high partia
pressure of hydrogen, One comimon process is alkylation, For example, propylene and butylene are mixed with a
catatyst such a8 hydrofiuoric acid or sulfuric acid, and the resulting products are high octane hydrocarbons, which can
be used to reduce knocking in gasoline blends.

[68454] The products may also be blended or combined into mixtures 1o obtain an end product. For example, the
products may be blended to form gasoline of various grades, gasoline with or without additives, lubriceting 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 products described berein may be combined or blended with fuel
products preduced by other means,

168455} Seme products produced from the host cells of the disclosure, especially after refining, will be ideutical o
existing peirochemicals, 1.e. contain the same chemical swacture. For instance, crude oil contains the isoprenoid
pristane, which is thought to be a breakdown product of phytol, which ts a component of chlorophyll. Seme of the

products may not be the same as existing petrochernicals, However, afthoongh a molecule may not exist in conventional
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petrochemicals or refining, it may still be usefnl in these industrics. For example, 2 hydrocarbon could be produced that
is in the boiling point range of gascline, and that could be used as gasoline or an additive, even though the hydrocarbon
does not normally ocour in gascline.

80458} A product herein can be deseribed by its Carbon Isotope Distribution (CID). At the molecular level, 2 CID is
the statistical likelihood of a single carbon atom within & molecule to be one of the natrally occurring carbon isotopes
(for example, ", C, or (). At the bulk level of a product, a CID may be the relative abundance of naturally
occurring carbon isctopes (for example, 7C, PC, or “C) in a compound containing at least one carbon atom. It is noted
that the CID of a fossil fuel may differ based o its source. For example, with CED{fos), the CID of carbon in a fossil
fuel, such as petroleom, natural gas, and coal is distinguishable from the CID{atm}, the CID of carbon in current
atmospheric carbon dioxide. Additionally, the CID(photo-atm) refers to the CID of a carbon-based compound made by
photosyntbests in recent bistory where the source of inorganic carbon was carbon dioxide m the atmosphere. Also,
CiD{photo-fos) refers {o the CID of a carbon based compound made by photosynthesis in recent history where the
souree of substantially all of the inorgamic carbon was carbon dioxide produced by the baming of fossi foels (for
example, coal, natural gas, and/or petroleum). The exact distribution is also a characteniséic of 1} the type of
photosynthetic organism that produced the molecule, and 2) the source of inorganic carbon. These isotope distributions
can be wsed o define the compositon of photosynthetically-derived foet producis. Carboun isotopes are unevenly
distributed among and withio different compounds and the sotopic distribution can reveal information about the
physical, chemical, and meiabolic processes mvoived in carbon transfoonation. The overall 2bundance of PC relative to
20 in & photosynthetic organism is offen less than the overall abundance of PC relative to 2C i atmospberic carbon
dioxide, indicating thai carbon isotope discrimation cecurs in the incorgoration of carbon dioxide into photosynthetic
biomass.

8845871 A produet, either before or afier refining, can be identical fo an existing petrochernical. Some of the foel
products may oot be the same as existing petrochemicals. In one embodiment, a fuel product s similar to an existing
petrochemical, except for the carbon isotope distribution. For example, it is belioved that no fossi fuel petrochemicals
have a 87°C distribution of less than -32%, whereas fuel products as described berein can bave a 87°C distribution of less
than ~32%, less than -35%, less than -40%, less than -45%, less than -50%, less than -33%, or less than ~60%. Tn another
embodiment, a fuel product or compaosition is similar but not the same as an existing fossil fuel petrochemical and has a
$7C distribution of less than -32%, less than -33%, less than -40%, less than -45%, less than -30%, less than -55%, or
less than -65%.

188458} A fucl product can be a composition comprising, for example, bydrogen and carbon molecules, wherein the
hydrogen and carbon molecules are at teast about 80% of the atomic weight of the composition, and wherein the 87°C
distribution of the composition is less than about -32%. For some fuel products described herein, the hydrogen and
carbon molecules are at least 90% of the atomic weight of the composition. For example, a biodiesel or fatty actd
methyl ester {which has less than 90% hydrogen and carbon molecules by weight) may not be part of the composition.
1n sl other compositions, the hyvdrogen and carbon molecules are at least 93 or at least 99% of the atomic weight of the
composition, In yet other compositions, the hydrogen and carbon molecules are 100% of the atomic weight of the
composition. In some embodiments, the composition is a liquid. In other embodiments, the composition is a fuel

additive or a fuel product.
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[86439} Also described hevein is 2 fuel product comprising a composition comprising: hydrogen and carbon molecules,
wherein the bydrogen and carbon molecules are at Jeast 86% of the atomic weight of the composition, and wherein the
370 distribution of the composition is Tess than -32%; and a fuel component. In some embodiments, the §°C
distribution of the composition is less than about -35%, less than about -40%, less than about -43%¢, less than about -
50%, less than about -55%, or less than about -60%. In some embodiments, the fuel component of the composition is a
blending fuel, for example, a fossil fuel, gasoline, diesel, sthanol, jet fuel, or any combination thereof. In still other
embodiments, the blending fuel has a §7°C distribution of greater than -32%. For some fuel products described herein,
the fuel component is 3 foel additive which may be MTBE, an anti-oxidant, an antistatic agent, a corrosion mhibitor, or
any combination thereof. A fuel prodoct as desertbed herein may be a produet generated by blending a fuel product as
described and 2 fuel component. In some embodiments, the fael product bas a 3C distribution of greater than -32%. In
other embodiments, the fuel product has a §C distribution of less than -32%. For example, an oil composition
extracted from an orgamsin can be blended with 2 fuel component prior fo refining (for example, cracking) n order to
generate a fuel product as described herem. A foel component, can be a fossil fuel, or 2 mixing blend for generating
fuel product. For example, a mixture for fuel blending may be & hydrocarbon mixture that is suitable for blending with
another hydrocarbon mixture to generate a fuel product. For example, 2 mixtere of fight alkanes may not have a certain
actane namber to be suitable for a type of fuel, howsver, it can be blended with a bigh ociane mixtare to generate 2 fuel
product. Ta another example, a composition with a §8°C distdbution of Tess than -32% is biended with a hydrocarhon
mixture for fincl bleading to create 3 foel product. Tn serae embodirnents, the composition or fuel component alone arg
not suitable as a fuel product, however, when combined, they are useftl as a fuel product, In other esnbodiments, eitber
the composition or the fue] component ot both individually are suitable as 2 fuel product, In yet anciker embodimen,
the fuel coraponent is an existing petroleum product, such as gasoline or jet fuel. In other embodiments, the fuel
coraponent is derived from a renewable resource, such as bloethanol, odiesel, and blogascline.

[80468] Oif compositions, derived from biomass obtained from a host cell, can be used for producing high-octane
hydrocarbon products. Thus, one embodiment describes 2 method  of forming a fuel product, comprising: obtaining an
upgraded oi] composition, cracking the oil compaesition, and blending the resulting one or more light hvdrocarbons,
having 4 to 12 carbons and an Octane number of 80 or higher, with a hydrocarbon having an Octane number of 88 ot
less. The hydrocarbons having an Octane number of B0 or less are, for exampie, fossil fuels derived from refining crude
oil.

{88461} The biomass feedstock obtained from a host organism can be modified or tagged such that the Jight
hydrocarbon products can oe identified or traced back to their original feedstock. For example, carbon isotopes can be
introduced into a biomass hiydrocarbon in the course of its biosynthesis. The tagged hydrocarbon feedstock can be
subjected to the refining processes described herein o produce a light lydrocarbon produet tagged with a carbon
isotope. The isotopes allow for the identification of the tagged products, cither alone or in combination with other
untagged products, such that the tagged products can be traced back to their original biomass feedstocks.

[60462F Table 1, Examples of Enzvines Involved in the Isaprencid Pathway

168463} The enzymes utilized may be encoded by nucleotide sequences derived from any organism, inchiding bacteria,
plants, fungi and animals. In some instances, the enzymes are isoprencid producing enzymes. As used herein, an
“isoprenoid produeing enzyme” is a naturally or non-naturally occurring enzyme which produces or increases

roduction of an 1soprencid. In some instances, an isoprenoid producing enzvme produces tsoprenoids with two
£ CnZYMme § B
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phosphate groups (¢.g.. GPP synthase, FFP synthase, DMAPP synthase). In other instances. isoprencid producing
enzymes produce isoprenoids 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.

Svnihase Seuree NCBI protein 1D
Limaenene M. spicata ZONH A '
Cineole S. efficinalis AACZE018
Pinene A. grandis AAKE3ISE4
Camphene A grandis AABTGTGT
Sabinene S. officinalis AALC26018
Myreene 4. grandis AABTIOR4
Abictadiene A. grandis Q38718
Taxadiene 1 brevifolia AAKEI566
FPP G, gallus POBR3S
Amorphadiene A. annua AAFG1439
Bisabolene A. erandis QORIN8E
Diapophytoene 5. aureus

Diapophvicene desaturase S. aurens

GPPS-LSU M. spicata AAFURT93
GPPS-SEU M. spicata AAFDRTY2
GPPS A. thaliana CAC16849
GPPS C. reinfardiii EDPOS51S
FPP E. coli NP 414955
Fpp A. thaliana NP 199588
FPP A thaliana NP 163452
FpPP C. reinbardiii EDPO3i%4
PP isomerase E. coli NP 417365
IPP isomerase H. phavialis ABBED114
Limonene L. angustifolia ABB73044
Monoterpens S, vcopersicum AAXEG64
Terpinolene Q. basilicum AAVE3T92
Myrecne Q. basilicum AAVSE3T91
Zingiberene O. basilioum AAVEI78R
Myrcene Q. ilex CAC41812
Myrcene P, abies AAR4T7696
Myrcene, ocimense A. thaliona NP 179998
Myrcene, geimene A. thaliana NP 567511
Sesquitermene Z. mays;, B3 AASE857]
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Sesquiterpene A. thaliana NP 19827¢
Sesguterpens A. thaliona NP 153064
Sesquiterpene A. thaliana NP 193066
Curcumene P.cablin AASB631Y
Farnesene M. domestica AAX19772
Farneseue C. sativis AAUGS951
Farncsene C. junas AAKSE4279
Farnesene P abies AAS4TEHT
Bisabolene P ubies AAR476RY
Sesguiterpene 4. thaliana NP 197784
Scsquiterpenc A. thaliana NP 175313
GPP Chimera
GPPS-LSU+SSU Rusion
CGeranylgeranvi reductase A thaliana NP 177587
Geranylgeranyl reductase C. reinhardtii EDPOUDRS
Chiorophylidohydrolase C. reinhardtii EDPG1I3H4
Chiorophythdohydrolage A thaliany NP 5640194
Chlorophyilidobydrolase A. thaliona NP 199199
Phosphatase S, cerevisiae AABG4930
FPP AL1I8W G. gallus

[884641 Codon Optimization

{00465} As discussed above, one or more codons of an encoding polynucieotide can be “biased” or “optimized” to
refiect the codon usage of the host organism, For example, ose or more codons of an encoding polynaclectide can be
“blased” or “optimized” to refiect chioropiast coden usage {Takble 2} or nuclear codon usage (Table 3). Most amino
acids are encoded by two or more different (degenerate) codons, and it is well recognized that various organisms utihze
certain codons in preference to others. “Biased” or codon “optiraized” can be used mterchangeably throughout the
specification. Codon bias can be variously skewed in different plasts, including, for exaruple, io alga as compared 10
tobacco. Generally, the codon bias selected reflects codon usage of the plant (or organelie therejin} which is being
trapsformed with the nucleie acids of the present disclosure.

08466} A polymucleotide that is biased for 2 particular codon usage can be synthesized de novo, or can be genetically
modified using routine recombinant DNA techuiques, for exarple, by a site divected routagenesis method, to change
one or more codons such that they are biased for chloroplast codon usage.

{68467} Such preferential codon usage, which is utiiized in ehloroplasts, is referred o herein as "chioroplast codon
usage.” Tahle 2 (below) shows the chicroplast codon usage for C. reinbardsii (see 1.8, FPatent Application Publication
No.: 2004/0014174, published January 22, 2004).

[60468] Table 2

Chieropiast Cedon Usage in Chlamvdomenas reinhardti
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UUU 34.1%( 348%%) UCU 19.4( 198) UAU 23,7 242) UGU 8.5( 87)
UUC 14.2( 145) UCC 4.9 50) UAC 10.4( 106) UGC 2.6(27)
UUA 72.8( 742) UCA 20.4( 208) UAA 2.7( 28) UGA 0.1( 1)
UUG 5.6(57) UCG 5.2( 33) UAG 8.7( ) UGG 13.7( 140)
CUU 14.8( 151) COU 14.9( 152) CAU 1L1( 113) CGU 25.5( 260)
CUC 1.0( 19) CCC 5.4( 55) CAC 8.4( 86) CGC 5.1 52)
CUA 6.8( 69) CCA 19.3(197) CAA 34.8( 355) CGA 3.8(39)
CUG 7.2( 73) CCG 3.0(31) CAG 5.4{ 35) CGG 0.5(5)
AU 44.6(455) ACU 23.3( 237) AAU 44.0( 449) AGU 16.9( 172)
AUC 9.7( 99) ACE 7.8( 80) AAC 19.7( 201) AGC 6.7( 68)
AUA 8.2( 84) ACA 29.3(299) AAA 61.5(627) AGA 3.0(51)
AUG 23.3( 238) ACG 4.2(43) AAG 11.0( 112) AGG 1.5 15)
GUU 27.5( 280} GCU 30.6( 312) GAU 23.8(243) GGU 40.0( 408)
GUC 4.6( 47) GCC 1LI( L13) GAC 11.6(118) GGC 8.7( 89)
GUA 26.4( 269) GCA 19.9( 203) GAA 40.3( 411) GGA 9.6 98)
GUG 7.1 7 GOG 4.3( 44) GAG 6.9( 70) GGG 4.3(44)

{09469 * -Frequency of codon usage per 1,000 codons. ** - Nomber of times shserved i 36 chloroplast coding
sequences (10,193 codons).

[(t8478}] The chioroplast codon bias can, but need not, be selected based on a particular organism in which a synthetic
polynucleotide is to be expressed. The manipulation can be a change to a codon, for example, by & method such as site
directed mutagenesis, by @ method such as PCR ssing a primer that 1s mistaiched for the sucleotide(s) o be changed
such that the amplification product is biased to reflect chloroplast codon usage, or can be the de novo synthesis of
polynucleotide sequence such that the change (biss) is infroduced as 3 consequence of the synthesis procedare.

{68471} In addition to utilizing cbloroplast codon bias as & means to provide efficiont translation of a polypeptide, it
will be recogmized that an alternative means for obtaiming officient translation of a polypeptide in a chioroplast s to
re-engineet the chloroplast genome (e.g., 2 C. refnhardsii chloroplast genome) for the expression of tRNAs not
otherwise expressed jo the chloroplast genome. Such an engiocered algae expressing one or more exogenous IRNA
moleeules provides the advantage that it wonid obviate a requirement o ruodify every polynucleotide of interest that is
to be mtroduced o and expressed from 2 chioropiast genome; instead, algae such as O re/nfiardiii that comprise a
geuetically modified chloroplast genome can be provided and vtitized for efficient transiation of a polypeptide
according to any method of the disclosure. Correlations between tRNA abundance and codon usage in highly expressed
genes is well known (for exampie, as described in Franklin et al,, Plant J. 30:733-744, 2002; Dong et al., J. Motl. Biol,
260:649-663, 1996; Durct, Trends Genet. 16:287-289, 2000; Goldman ct. al., . Mol. Biol. 245:467-473, 1995; and
Komar et. al., Biol. Chem. 379:1295-1300, 1998). In E. coli, for example, re-engineering of strains to cxpress
underutilized tRNAs resulted in enhanced cxpression of genes which utilize these codons (see Novy et al., in Novations

12:1-3, 2001). Utilizing endogenous tRNA genes, site directed nmtagenesis can be used to make a synthetic tRNA
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gene, which can be introduced into chloroplasts to complement rare or unused {RNA genes n a chioroplast genome,
such as 4 C. reinhardtii chloroplast genome.

{08472 Generally, the chioroplast codon bias selected for purposes of the present disclosure, including, for example, in
prepaning a synthetic polynucleotide as disclosed herein refiects chloroplast codon usage of a plant chioropiast, and
inciudes a codon bias that, with respect to the third position of a codon, is skewed towards AT, for example, where the
tisrd position has greater than about 66% AT bias, or greater than about 70% AT bias. In one embodiment, the
chloroplast codon usage is biased to reflect 2lga chloroplast codon esage, for example, C. refnhardrii, which has about
74.6% AT bias in the third codon position. Preferred codon usage in the chloroplasts of algae has been described in US
2004/0014174.

(884731 Table 3 exernplifies codous that are preferentialiy used in algal nuclear genes. The nuclear codon bias can, bat
need not, be selected based on a particular organism s which a syuthetic polymucleotide is to be expressed, The
manipylation can be a change to @ codon, for example, by a method such as site directed mutagenesis, by a method such
as PCR using a primer that is mismatched for the nucleotide(s) 16 be changed such that the amplification product is
biased to reflect nuclear codon usage, or can be the de novo syathesis of polynuclestide seguence such that the change
(bias) 1s mtroduced as a consequence of the synthesis procedure,

60474} To addition {0 utilizing suclear codon bias as a means to provide efficient translation of a polypeptide, it will be
recogmized that an alternative means for obtaining efficient translation of a polypepide in a nucleus is to re-engincer the
muckear genome {e.g., a C. reinhardsii maclear genome) for the expression of tRINAs not otherwise expressed in the
nuclear gencime. Such an engineered algae expressing one or more exogenous (RINA molecules provides the advaniage
that it would cbviate a regpirement to modify every polynucieotide of tnterest that is to be mtroduced into and expressed
from a puciear genome; instead, algae such as C. reivhardtii that coreprise a genetically modified nuclear genome can
be provided and utilized for efficient translation of a polypeptide according to any method of the disclosure,
Correlations between {RNA abundance and codon usage in highly expressed genes is well known {for exampie, as
described in Franklin et al., Plant 1. 30:733-744, 2002; Dong et al., J. Mol Biol. 26{:649-663, 1996; Duret, Trends
Genet, 16:287-289, 2000; Goldman ot AL, J. Mol. Biol. 245:467-473, 1995, and Komar et. AL, Biol. Chem.
379:1295-1300, 1998). Tn E. coli, for example, re-engineering of strains to express underutilized tRNAs resulted in
enhanced expression of genes which wtifize these codons {see Novy et al., in Novatiens 12:1-3, 2001). Ultilizing
endogenous tRNA genes, site directed mutagenesis can be used to make a synthetic tRNA gene, which can be
introduced ko the nocleus to complement rare or wmsed tRNA genes in a nuclear genome, such as a C. reinhardi
nuclear genome.

{60475} Generally, the nuclear codon bias selected for purposes of the present disclosure, including, for example, in
preparing a synthetic polynucleotide as disclosed herein, can refiect nuclear codon usage of an algal nucleus and
includes a codon bias that resuits in the coding sequence containing greater than 6G% G/C content.

8476} Table 3

1684775 fields; [iriplet] { frequency: per theusand] ({number]) Coding GC 66.30% 1% letter GC 64.80% 27 letter GC
47.90% 3™ letter GC 86.21%

Nuelesr Codon Usage in Chlamydomonas reinbaydtii

JUUSG(2110) UCU 4.7 (1992) UAL 2.6 (16853 UGU |4 {601)

UC27.1411411) UCC 16.1 (6782) UAC 22.8 (8579 UG 13.1 (5498)
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JUA 0.6 (247) UCA 3.2 {1348} UAA 1.0 (441} UGA D5 (227)
UUG 4.0 (1673) UCG 16.1 (6763) UAG 0.4 (183} UGG 13,2 (555%)
CUU 4.4 (1869) CCU B.1 {3416} CAll 2.2 {919 CGU 4.9 (2071
CUC 13.0 (5480} CCC 28.5 (12409 CAC 17.2(7252) CGC 34.9 (14676}
CUA 2.6 (1086} CCA S5.1(2124) CAA 4.2 (1780) CGA 2.0 (841
CUG 65.2 (27420) CCG 20,7 (8684) CAG 36.3 (15283} CGG 112 (471 )
AUL 8.0 (3360} ACU 5.2 (2171) AAU 28 (115 AGU 2.6 (1089
AUC 26.6 (112003 ACC27.7(11663) AAC 28.5 (11977} AGC 22.8 {9590}
AUA 1.1 (443) ACA 4.1 (071Y) AAA2A4(1028) AGA 0.7 (287)

OAUG 25,7 (106796}

ACG 15.9 (6684)

AAG 4338212

AGG 2.7 (1150y

GUL 5.1 (2158}

GCU 16.7 (70303

GAU 6.7 (28053

GGU 9.5 (39843

GUC 15.4 (6496) GOC 54.6 (22960} GAC 41.7 (17519) GG 62.0 (26064)
GUA 2.0 (837) GCA 10.6 (4467) GAA 2.8 (1172) GGA 5.0 (2084)
GUG 46.5 (19558) GOG 44,4 (18688 GAG 33.5 (22486) GGG 9.7 (4087)

[00478] Table

168478 Table 4 lists the codon selected at sach position for backtransiating the protein to a DNA sequence for
synthesis. The selected codon is the sequence recognized by the tRNA encoded in the chicroplast genome when present;
the stop codon {TAA) is the codon most freguently present in the chloroplast encoded genes. If an undesired restriction.
site is created, the next best choice according to the regular Chlamydomonas chloroplast usage table that elinunates the
restriction site is selected,

16648681 Table d

Arino acid Codon uilized
F TTC
L TTA
{ ATC
v GTA
S TCA
¥ CCA
T ACA
A GCA
5 TAC
H CAC
¢ CAA
N AAC
K AAA
D GAC
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E CGAA
C TGC
R CGT
G GGC
W 1 TGO
M ATCG
STOP TAA

{06481} Percent Seguence Identity
[08482} One example of an algorithm that is suitable for determining percent sequence identity or sequence similarity
between nucleic acid or polypeptide seguences is the BLAST algorithm, which is deseribed, e.g., in Altschol ef o, J
Mol Biol. 215:403-410 (1990). Software for performing BLAST analysis 18 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 word length (W) of 11, an
expectation {B) of 18, a cotoff of 108, M=5, N=4, and a comparison of both strands. For anmno acid sequences, the
BLASTP program vses as defaults a word lenpgth (W) of 3, an expectation (E) of 10, and the BLOSUMG2 scoting
matrix {as described, for example, in Hendkoff & Henikoff (1989) Proc. Natl Acad Sci. US4, 89:10915). In addition w
cajculating perecot seguence Weatity, the BLAST algorithm also can perform a statistical analysis of the simdlarity
between two sequences (for example, as described in Karlia & Altsehwl, Proc. Nat'l Acad Sci. US4, 90:3873-5787
(19933). Oue measure of similagicy provided by the BLAST algorithm ts the smallest sum probability (PN, wiich
provides ap indication of the probability by which a match between fwo rucleotide or amino acid soquences would
aceur by chasce, For example, a nucleic acid is considerad similar to a reference sequence if the sroaliest surn
probability in a comparison of the test pucleic acid 1o the reference pucleic acid is Tess than about 0.1, less than about
0.01, or tess than abowt §.001.
[66483] Fattv Acids and Glveerol Lipids
[80484] The present dischosure describes host cells capable of making polypeptides that contribute to the accumulation
and/or secretion of fatiy acids, glycerel lipids, or oils, by transforming host cells {¢.g., alga cells such as C. reinhardiii,
D. saling, H. pluvalis, and cyanobacterial cells) with mucleic acids encoding one or more different enzymes. Examples
of such enzymes inchide acetyl-CoA carboxylase, ketoreductase, thioesterase, malonyitransferase, dehydratase, acyl~
CoA ligase, ketoacylisynthase, enoylreductase, and desaturase.  The enzymes can be, for example, catabolic or
biodegrading enzymes.
[60485] [n some instances, the host cell will naturally produce the fatty acid, giycerol lipid, triglyceride, or oil of
interest. Therefore, transformation of the host cell with a polymucleotide encoding an enzyme, for example an ACCasc,
will allow for the increased activity of the enzyme and/or increased accumulation and/or secretion of a molecule of
interest (e.g., 4 lipid) in the cell.
{08486} A change in the accunmiation and/or secretion of a desired product, for example, fatty acids, glycerol Hpids, or
oils, by a transformed host cell can inchude, for example, 2 change in the total il content over that normaliy present in

the cell, or a change in the type of oif that is normally present m the cefl.
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(66487} A change in the accumulation and/or secretion of a desired product, for example, fatty acids, glycerof fipids, or
0ils, by a transformed host cell can include, for example, & change in the total lipid content over that normally present in
the cefl, or a change in the type of lipids that are nommally present in the cell.

(66488} Increased malenyl CoA production is required for increased. Increased fatty acid biosynthesis is required for
increased accurmnulation of fatty acid based lipids. An increase in fatty acid based lipids can be measured by methy] tert-
batyl ether (MTRBE) extraction.

{06489} Some host cells may be transformed with multiple genes encoding one or more enzymes. For example, 2
single {rausformed cell may contain exogenous nucleic actds encoding enzymes that make up an entire glycerolipid
syothesis pathway, One example of a pathway might include genes encoding an acetyl CoA cathoxylase, a
malonyitransferase, a ketoacylsynthase, and a thioesterase. Cells transformed with an entire pathway and/or enzymes
extracted from those cells, can synthesize, for example, complete fatty acids or intermediates of the fatty acid synthesis
pathway. Constrocts may contain, for example, multiple copies of the same gene, multiple genes encoding the same
enzyme from different organisins, and/or multiple genes with one or more mutations in the coding sequence(s).

06496} The enzyme(s) produced by the modified cells may result in the production of fatty acids, glycerol tpids,
triglycerides, or cils that may be collected from the cels and/or the surrounding environment {e.g., bioreactor or growth
medium). In some embeodiments, the collection of the fatty acids, glycerd] lipids, iriglyeerides, or oils is performed after
the product is secreted from the cell via a cell membrane transporter,

[06491] Examples of candidate Chlamydomonas genes encoding eozymes of glycerolipid metabolism that can be used
in the described embodiments are described in The Chlamydomaonas Sourcebook Second Edition, Organeitar and
Metabokic Processes, Vol 2, pp. 41-68, David B. Stem (Ed.), (2009}, Elsevier Acadernic Press,

[88492] Tor example, enzymes involved in plastid, mitochondrial, and cytosolic pathways, along with plastidic and
cytosolic wsoforms of futly acid desaturases, and trighyceride synthesis enzymes are described (and their accession

numbers provided). An exemplary chart of some of the genes described is provided below:

Acyi-ACP thicesterase FATI EDPORSYS
Long-chain acyl-CoA synthetase 1C81 ED{O94800
CDP-DAG; Tnositol phosphotransferase PISt EDIPO6395
Acyl-Coa: Diacylglycerol acyliransierase DGAL EDO26E93
Phospholipid: Diacylglycerol acyliransferase LROILCAL EDP07444

{86483} Examples of the types of fatty acids and/or glycerol Hpids that a bost cell or organism can prodoce, are
deseribed bolow,

{86494} Lipids are a broad group of naturally occuning molecules which includes fats, waxes, sterols, fat-sohuble
vitanins {such as vitamins A, D, E and K}, moooglycerides, diglycerides, phospholipids, and others. The main
bioiegical fanctions of bpids inciude susrgy storage, as structural components of cell membranes, and as important
sigraling molectdes,

86495} Lipids may be broadly defined as bydropbobic or amphipbilic small molecules; the amphiphilic nature of some
iipids aliows them to form structures such as vesicles, liposomes, o membranes in an agueous eavircament. Biological
lipids originate entirely or in part from two distinet types of biochentical sabunits or "building blocks™ ketoacy] and

isoprene groups. Lipids may be divided into cight categories: fatty acyls, glycerolipids, glyceroghospholipids,
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sphingolipids, saccharolipids and polyketides (derived from condensation of ketoacy! subunitsy; and sterol lipids and
prenol lipids (derived from condensation of 1soprene subunits). For this disclosure, saccharolipids will not be discassed.
{38496} Tats are a subgroup of lipids called friglycerides. Lipids also encompass molecules such as fatty acids and their
derivatives (inclading tri-, di-, and monoglycerides and phospholipids), as well as other sterci-containing metabolites
such as cholesterol. Hurnans and other mammals use various biosyuthetic pathways to both break down and synthesize
Hpids.

[B0498} Fatty acyls, 2 generic ferm for describing fatty acids, their conjugates and derivatives, are a diverse group of
molecules synthesized by chain-elongation of an acetyl-CoA primer with maiony!-CoA or methylmalonyl-CoA groups
in a process calied fatty acid synthesis, A fatty acid ts any of the aliphatic monocarboxyltic acids that can be lberated by
hydrolysis from uaturally cocorring fats and eils. They are made of a hydrocarbon chain that terminates with a
carboxylic acid group; this arrangement confers the molecule with & polar, hydrophific end, aud a nonpolar,
hydrophobic end that is insoluble in water, The fatty acxd strocture is one of the most fimdamentsl categories of
biological lipids, and is commonly used as 2 bullding block of more structurally complex lipids. The carbon chain,
typically between four to 24 carbons long, may be saturated or unsaturated, and may be atteched to functional groups
containing oxygen, halogsns, nitrogen and sulfbr; branched {atry acids and hydroxyl fatty acids alsc oceur, and very
long chain acids of over 30 carbons are found in waxes. Where a double bond exists, there is the possibility of eithera
cis or tyans geometric isomerisra, which significantly affects the molecnle’s molecular configuration, Cis-double bords
canse the fatty acid chain to bend, an effect that s more pronosnced the more double bonds there are i a chain. This in
turn plays an inpartant role 1o the structure and function of cell merbranes. Most natueally ocomying fatty acids are of
the cis copfiguration, although the ans formn does exist in some natoral and partially hydrogenated fats and oils.
{80493} Examples of biologivally traportant fatty acids are the eicosanoids, derived primarily from arachidonic acid and
eicosapentaencic acid, which include prostaglandins, leukotrienes, and thromboxanes. Other major Hpid classes in fle
fatty acid category are the fatfy esters and fatiy amides. Fafty esters include important biochemical intermediates such as
wax esters, fatty acid thicesier coenzyme A derivatives, fatty acid thioesier ACP derivatives and farty acid camitines.
The fatty amides include N-acyl ethanolamines.

{60506 Glveerolipids

(80561} Giycerolipids are composed mainly of mono-, di- and wi-substituted glycercls, the most well-known being the
fatty acid esters of glycerol (inacylgiyeerols), also known as trighycerides. In these compounds, the three hydroxyl
groups of glycerol are cach esterified, usually by different fatty acids. Becaunse they function as a food store, these lipids
comprise the bulk of storage fat in animal isgues. The hydrolysis of the ester bonds of triacylglyeerols and the release of
glycerol and fatty acids from adipose tissue is called fat mobilization.

160502} Additional subclasses of glycerolipids are represented by glycosylglyeerels, which are characterized by the
presence of one or more sugar residues attached to glycerol via a glycosidic linkage. An example of a structure in this
category is the digalactosyldiacylglycerols found in plant membranes.

{88563} Exemplary Chlamydemonas glycerolipids include: DGDG, digalactosyldiacyiglyeerol; DGTS, diacylglyeeryi-
N, N, N-trimethythomoserine: MGDG, monogalactosyldiacylglveerol; PidBen, phosphatidyiethanolamine; PtdGro,
phosphatidylglycerol; Pidins, phosphatidylinositol; SQDG, sulfoquinovesyldiacylglycerol; and TAG, triacylghveerol.
{60564] Glyeerophospholipids
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{09365} Ghyeerophospholipids are any derivative of glycerophosphoric acid that contains at least one O-acyl, O-atkyl,
or O-alkcenyl group attached to the ghycerol residue. The common glycerophospholipids are named as derivatives of
phosphatidic acid (phosphatidy! choline, phosphatidyl serine, and phosphatidy! ethanolamine).

(00586} Giycerophospholipids, also referred to as phospholipids, are ubiguitous in nature and are key components of
the lipid bifayer of cells, as well as being invelved in metabolism and cell sigpaling. Glycerophospholipids may be
subdivided info distinct classes, based on the nature of the polar headgroup at the s#-3 position of the ghycero! backbone
in eukaryotes and eubacteria, or the sn-7 position in the case of archasbacteria,

{06567} Examples of glycerophospliolipids found in biclogical membranes are phosphatidylcholine (also known as PC,
GPCho or lecithin), phosphatidylethanolaming (PE or GPEtn} and phosphatidylserine (P8 or GPSer). In addition to
serving as a primary component of cellular membranes and binding sites for intra- and intercellolar proteins, some
glycerophospholipids in eukaryotic cells, such as phosphatidylinositols and phosphatidic acids are either precursors of,
or are themselves, membrane-derived second messengers. Typically, one or both of these hydroxyl groups are acylated
with igng-chaiii fatty acids, but there are also alkyl-lisked and 1Z-alkenyl-inked (plasmalogen) givcerophospholipids,
as well as diskfylether variants in archacbacteria,

180568] Sphingolipids

[86589] Sphingolipids are anty of class of lipids containing the long-chain amine diol, sphingosine, or a closely related
hase (L.e, a sphingoid). A faity acid is bound in an 2amide linkage o the amino group and the terminal bydroxyl may be
linked to a number of residues such as a phosphate ester or a carbolyydrate. The predominant base in animals is
sphingosine While i plants i is phytospbingosine.

[605316] The main classes ave: (1) phosphosphigalipids (also known as sphingophospholipids), of which the mais
represeniative is sphingomyelin; and (23 glycosphingolipids, which contain at least one monosaccharide and a
sphingoid, and include the cerebrosides and ganghiosides, Sphingohipids play an important siructural vole i cell
membranes and may be invelved in the regulation of protein kinase C.

1865311] As mentioned above, sphingolipids are a complex famtily of compounds that share a common structural featuse,
a sphingoid base backbone, and are synthesized de novo from the amino acid serine and a long-chain fatty acyl CoA,
that are then converted into ceramides, phosphosphingolipids, glycosphingolipids and other compounds. The major
sphingoid base of mammals is commonly referred to as sphingosine, Ceramides (N-acyt-sphingoid bases) are a major
subeiass of sphingoid base dertvatives with an arnide-linked fatty acid. The fatty acids are typically saturated or mono-
unsaturated with chain fengths from 16 to 26 carbon atoms,

{88512] The major phosphesplingolipids of mamumals are sphingomvelins {ceramide phosphocholines), whereas
insects contain mainly ceramide phosphoethanolamines, and fangi have phytoceramide phosphoinositols and mannose-
containing headgroups. The glycosphingolipids are a diverse family of mofecales composed of one or more sugar
residues linked via a glycosidic bond to the sphingoid base. Examples of these are the simple and complex
glvcosphingolipids such as cerebrosides and gangliosides.

160513} Sterol Lipids

168534} Sterol lipids, such as cholesterol and its derivatives, are an important component of membrane lipids, along
with the gl_!éerophospheiipids and sphingomyelins. The steroids, all derived from the same fused four-ring core
structure, have different biological roles as bormones and signaling molecules, The eighteen-carbon (C18) steroids

inchude the estrogen family whereas the C19 sieroids comprise the androgens such as testosterone and androsterone.
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The €21 subclass includes the progestogens as well as the glucocorticoids and mineralocorticoids. The secosteroids,
contprising various forms of vitamin 1, are characterized by cleavage of the B ring of the core structure. Other
examples of sterols are the bile acids and their conjugates. which in mamumals are oxidized derivatives of cholesterol
and are synthesized in the liver. The plant equivalents are the phyvtosterols, such as B-sitosterol, stigmasterol, and
brassicasterol; the latter conpound is also used as a biomarker for algal growth. The predominant sterol in fungal cell
membranes is ergosterol.
{80516} Prenol lipids are synthesized from the 5-carbon precursors isopenteny] diphosphate and dimethylallyl
diphosphate that are produced mainly via the mevalonic acid (MVA) pathway. The simple isoprencids (For example,
inear alechols and diphosphates) are formed by the successive addition of C3 units, and are classified according o the
nonber of these terpene units. Structures containing greater than 40 carbons are knowr: as polyterpenes. Carotenoids are
important simple isoprencids that function as antioxidants and as precursors of vitamin A, Another biologically
imnportant class of molecules is exemplified by the guinones and hydroguinones, which contain an isoprenoid tail
attached to 3 quinonoid core of non-isoprenoid origin, Prokaryotes synthesize polyprenols (called bactoprenais) m
which the terminal isoprenoid unit attached (o oxygen remains onsaturated, whereas in animal polyprenols {dolichols)
the terminal isoprenoid is reduced,
100517} Polvketides
{B0318} Polyketides or sometirass acetogenin are any of a diverse groop of patural products syathesized via lincar poly-
B-ketonss, which are theruselves formed by repetitive head-to-tail addition of acetyl {or substituted acetyl) wnits
indirectly devived from acetate {or a sabstituted acetate) by a mechanism simijar to that for fatty-acid biosynthesis but
without the intermediate reductive steps. In many case, acetyl-CoA functions as the starter unit and roalonyi-CoA as the
extending unit, Various molecules other than acetyl-CoA may be used as starter, often with methovlmalonyl-Coa as the
extending wnit. The poly-B-ketones so formed may undergo a variety of further types of reactions, which inchude
atkylation, cyclization, glycosylation, cxidation, and reduction. The classes of product formed ~ and their corresponding
starter substances — comprise ffer aiia: coniine {of hemiock) and orsellinate (of Hchens) — acetyi-CoA; flavanoids and
stitbenes — cinnamoyl-CoA,; fetracyclines — amide of malonyl-CoA; wrashiols (of poison tvy) — pabmitoleoyi-CoA,; and
erythonotides — propionyl-CoA and methyi-malenyl-CoA as extender.
[86519] Polyketides comprise a large number of secondary metabolites and natural products from animal, plant,
bacterial, fungal and marine sources, and have great siruchural diversity, Many polyketides are cyelic molecules whose
backbones are often further modified by glycosylation, methylation, hydroxylation, oxidation, and/or other processes,
Many commonly used anti-microbial, anti-parasitic, and anti-cancer agents arce polyketides or polyketide derivatives,
such as erythromycins, tetracyclines, avermecting, and antitumor epothilonss.
{68528} The following examples are intended to provide illustrations of the application of the present disclosure. The
following examples are not intended to completely define or otherwise limit the scope of the disclosure. One of skill m
the art will appreciate that many other methods known in the art may be substituted in Heu of the ones specifically
described or referenced herein,

EXAMPLES

{08521} Example 1 Transformation and Sereening Methods
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{06522] In this example, a method for transformation of Scenedesmus sp. 1s described. Algac cells are grown to log
phase {approximately 0.5-1.0 x 107 celle/mL) in TAP mediom (Gorman and Levine, Frov. Natl Acad. Sci., USA
54:1665-1669, 1963, which is incorporated hersin by reference) at 23°C under constant iffummation of 50-100uB on g
rotary shaker set at 100 rpm. Cells are harvested at 1000 x g for 5 min, The supernatant is decanted and cells are
resuspended in TAP media at 10° celis/mL. 5 x 107 cells are spread on selective sgar medium and transformed by
particle bombardment with 550 nm or 1000nm diameter gold particles carrying the transforming DNA@ 375-500psi
with the Helios Gene Gun (Bio-Rad) from a shot distance of 2-4em. Destred algae clones are those that grow on
selective media.

{08523} PCR is used to identify ransformed algae strains. For PCR analysis, colony lysates are prepared by
suspending algae cells (from agar plate or hiquid cultore) in lysis buffer {0.5% SDIS, 100 mM NaCl, 10 mM BDTA, 7
mM Tris-HCL pH 7.5) and heating to 98°C for 10 minules, followed by cooling to near 23°C. Lysates are diluted 50-
fold in 100raM Tris-HCI pH 7.5 and 2ul 15 osed as template in a 258l reaction. Alternatively, total genomic DNA
preparations may be sabstituted for colony lysates. A PCR coclntail consisting of reaction buffer, dNTPs, PCR primer
pair(s) (indicated in cach example below), DNA polymerase, and water is prepared. Algal DNA is added to provide
template for the reaction. Annezling {femperature gradients are employed to detenmine optimal anuealing temperature for
specific primer pairs. Tn many cases, algae transformants are analyzed by PCR m two ways. First, primers are used that
are specific for the transgene being introduced mio the chiloroplast gesome. Desired algae wransformants are those that
give rise to PCR product(s} of expected size(s). Second, two sets of primer pairs are used to deterndue the degree to
which the transforming DNA was jotegrated into the chioroplast genome {(heteropiasmic vs, homoplasrnic), The first
pair of primiers amplifics a vegion spanning the site of wtegration. The second pair of primers amplifies 4 coustant, or
control region that is pot targeted by the transforrung DNA, so should produce 2 product of expected size in all cases.
This reaction confirrns that the absence of 2 PCR product from the region spanning the site of integration did not result
from celhular and/or other contaminants that inhibited the PUR reaction. Concentrations of the primer pairs are varied
so that both amphicons are amplified in the same reaction. The number of cycles used is >30 to increase sensitivity. The
most desired clones are those that yield a product for the constant region but not for the region spanping the site of
imegeation. Once identified, cloves are analyzed for changes in phenotype.

160524} One of skill in the art will appreciate that many other transformation picthods known in the art may be
substituted in lcu of the ones specifically described or referenced herein,

1895251 Example 2: Chioroplast Transformation of S, dimorphus using 3-(3.4-Dichloropbenyh-1.1-dimethviurea
{(DCMU) selection

109526} [o this exampile, DCMU resistance was established as a selection method for transformation of S. dimorphius.

Transforming DNA (SEQ ID NO: 368, 82644 fragment) is shown graphicatly m Figare 1. In this instance, 3 DNA
ragment encompassing the 3° end of the gepe encoding psba and it°s 3" UTR from S. dimerphus was anplified by
PCR. subcloned into pUCLE, and mutated via Quikchange PCR (Siratagene) to generate a 3264A mutation along with a
silent Xbai restriction site. Nucleotide 1913 of the fragment was mutated from a T ¥o & G for the S264A mutation, and
nmcleotides 1928 to 1930 were mutated from CGT to AGA to generate the silent Xbal restriction site,

108527} Transforming DNA was introduced into 8. dimerphus via particle bombardment (as described in EXAMPLE
1) with DNA carried on 1600 nm gold particies, @ 375 psi and a shooting distance of Zem., Transformants were

selected by growth on HSM media -+ 8.5uM DUMU under constant hight 100-2006E @ 23°Cfor approximately 3 weeks,
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[06528] Transformants were verified by PCR screening (as described in EXAMPLE 1) using primers (SEQ FD NO: 17
and SEQ 1D NO: 14) specific for a 2.1 kb region surrounding the bases changed for the 8264A mutation. The PCR
products were then digested with Xbal to distinguish tranaformants from spontaneous matants that may arise as a result
of plating ceils onto media containing DCMU. Figure 2 shows that DNA amplified from clones 3 and 4 is completely
digested by Xbo/ (indicating that clones 3 and 4 are bonafide transformants while DNA amplified from wildtype cells
(WT}is not. These data were confirmed by DNA sequencing of the PCR product.

§ﬂﬁ$'-’..9} Transformants were grown to sateration in TAP medis, dibned 1:100 in HSM + varfous concentrations of
DCMU and grown under constant light 50-100aE with COZ enrichment for 4 days. Figure 3 shows that transformants
with the psbA SZ64A mutation grow in up fo 10uM DCMU or 16uM Atrazine whereas wild type 5. dimporphus (wt)
fails to grow in 0.58M DCMU or 0.5uM Atrazine.

{08536} In order fo determine if DCMU selection could result in incorporation of an expression cassetie downstream of
the psbA gene, A vecior was constructed contaiming an expression cassette consisting of an endogenous promoter, a
chioramphenicol acetyltransferase (CAT) gene, and an endogenous terminator clened ~3500bp downstream of the

5264 A7Xbal mutated psbA gene fragment from § dimorphus und including the rpl20 gene. Transforming DNA s
shown graphically in Figure 4. In this instance the DNA segment labeled “CAT” is the chloramphenicol acetyl
trapsferase gene from Z. coll, the segmant fabeled “BifA” is the proracter and §° UTR sequence for the ngf4 gene from
S. dimorphus, and the segment labeled “rbel.” is the 37 UTR for the sbell gene from S, dimorphuy, The selection marker
cassette is targeted to the S, dimorphus chloroplast genome via the segmenis labeled “Homology A2” and “Homokogy
B2” which are 100€ bp fragroents homologous 1o sequences of DNA adjacent to nucleatide 065,353 and inclode an
5264 A/Xbal mutated partial psbA. coding sequence, its 3" UTR, and the 1p126 coding sequence. This vector target
mtegration of the selection marker cassette approximately 400bp 37 of the stop codon of the psbd4 gene.

[B6533} Transforming DNA was introduced into S, dimorphus via parlicle bombardment {as described in EXAMPLE
1} with DNA carried on 550 nm gold particles, @ 500 psi and a shooting distance of 4em. Transformants were selected
by growth on HSM media + TuM DOMU under constant light 100-200uE @ RT for approximately 3 weeks,

[6¢332] To defermine if the transformants were resistant to chloramphenicol (CAM), they were patched onte TAP agar
medinmg containing 25ug/mL CAM. In all cases, the DCMU transformants were also resistant to CAM indicating that
the CAT cassette was incorporated into the genome.

[$0533} One of skill in the art will appreciate that many other methods known in the art may be substituted in Hey of
the ones specifically described or referenced.

{06534} Example 3: Use of Chloramphenical Acety! Transferase as a Selection Marker in S_dimorphius

80535 In this example, 2 nucleic acid encoding chloramphenicol acetyl transferase gene (CAT) from £. coli was
introduced into S, dimorphus. Transforming DNA is shown graphically in Figure 8. In this instance the DNA segment
labeled “CAT” is the chicramphenicol acety! transferase gene {SE(Q [D NO: 28), the segment [abeled “tufA” is the
promoter and 5° UTR sequence for the psbﬂ (SEG 1D NO: 40) or 24 gene (SEQ 1D NQ: 42)rom 5. dimorphus, and
the segment labeled “rbel. 37 "is the 3V UTR for the rbol gene from 8. dimorphus (SEQ 1D NO: 57). The selection
marker cassette is targeted fo the S, dimorphus chicroplast genome via the segments labeled “Homology A™ and
“Homelogy B which are approximately 1000 bp fragments homologous to sequences of DNA adjacent to nucleotide
035,138 (Site 2; nucleotide locations according to the sequence availabie from NCBI for 8. obliguus, NC_008101) on.

the 5* and 3 sides, respectively. All DNA segments were sabeloned into pUC 18, All DINA manipuiations carried out in
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the construction of this transforming DINA were essentially as described by Sambrook et al, Molecnlar Cloning: A
Laboratory Mamual (Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Meth. Enzymol, 297, 182-208, 1998,
{86536} Transforming DNA was infroduced into S. dimorp/us via particle bombardment aceording to the method
described in EXAMPLE 1 with DNA carried on 350 nm gold particles @ 500psi and a shooting distance of dem.
Transformants were selected by growth on TAP agar medivm + 25 pg/ml chloramphenicol (TAP-CAM) under
constant light 50-100uE @ RT for approximately 2 weels. Transformants were patched opto TAP-CAM agar medium,
grown for 4 days under constant light,

(605371 Cells from the patched transformants were analyzed by PCR screening (as described in EXAMPLE 1). The
presence of the CAT selection marker was determined using primers that amphify the entire 660 bp gene (SEQ ID NO:
18 and SEQ 1D NO: 19). Figure 6 shows that a 660bp fragment {representing the CAT gene) is amplified from DNA of
several transformants (all lanes except +, - and ladders) while it is not amplified from DNA of wild type cells (-). DNA
ladder is 2 1 kb ladder.

{68538} One of skill in the art will appreciate that many other methods kaown in the art may be substituted in e of
the ones specifically described or referenced.

168548} In this example a nucleic acid encoding endoxylanase from 7. reesei was introduced into S, dimorphus.
Transforming DINA (p04-31) is shown graphically in Figare 7. In this instance the DNA segment labeled “BD11” is
the endexylanase encoding gene (3EQ ID NO: 21, BD11), the segment labeled “psbD™ is the promoter and 5° UTR for
the psbl} gene from 8. dimorphus, the segment labeled “D1 37 is the 3° UTR {or the pshd gene from 8. dimorphus, and

the segment labeled “CAT” is the ciloramphenicol acetyl transferase

HEIAL

.

oene {CAT) from £ coli, which is regulated by

w3

the promoter and 57 UTR sequence for the fufd gene from 5. dimorphus and the 3° UTR sequence for the rbel gene
from S. dimorphus. The transgene expression cassetts and selection marker are targeted to the S, dimarphus chioroplast
genome via the segments labeled “Homology A” and “Homology B” which are appreximately 1000 bp fragments
humologous to sequences of DNA adjacent to gucleotide 071,366 (Site 1; nucleotide locations sccording to the
seguence available from NCBI for 8. obliguus, NC_0081015 on the 57 and 37 sides, respectively, AL DNA segments
were subcloned into pUC 18 (gutless pUJC). All DNA manipulations carried out in the construction of this transforming
DINA were essentially as deseribed by Sambrook et al,, Moleeular Cloning: A Laboraiory Maoual (Cold Spring Harbor
Laboratory Press 1989) and Coben et al., Meth. Enzymol. 297, 192-208, 1993,

{66543} Transforming DINA was introduced into S. dimorphus via particle bombardment according fo the method
described in EXAMPLE 1 with DNA carried on 350 not gold particles@ 5G0psi and a shooting distance of 4om,
Transformants were selected by growth on TAP-CAM agar medivm under constant light 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked onto TAP-CAM agar medinm to ensure single colony isolation
and grown for 4 days under constant light.

40542} Transformants were analyzed by PCR screening (as described in EXAMPLE £). The degree to which the
transforming DNA was integrated into the chloroplast genome was determined using primers that amplify a 400 by
constant region (STQ ID NO: 1 and SEQ ID NO; 2)‘ and & 250 bp region spanning the integration site (SEQ ID NO: 3
and SEQ ID NO: 4). Integration occurs approximately 1000bp 3° of the start codon of the psb4 gene. Figure 8 shows

that subclones from two independent transformants {parent 2 and 4} are homoplasmie, i.e., only the constant region
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{4000bp product) was amplified, while in the control reactions (wt) both the constant region and the region spanning the
integration stte {250bp) were amplified.

[66543] To ensure that the presence of the endoxylanase-encoding gene led to expressﬁ'on of the endoxyianase protein. a
Western blot was performed. Briefly, approximately 1x10% to 2x 16" algae cells were collected from TAP agar medinm
and resuspended in approximately Imb BugBuster solution (Novagen) in a 1.5mbL eppendorf tube. 1.6 mm Zirconia
beads {BioSpec Products, Inc) were then added to fill the tube with minimal headspace, ~300ul. of beads. Cells were
lysed in & bead beating apparatus {Mini Beadbeater ™, BioSpee Products, Inc.) by shaking for 3-5 minutes three times.
Cell bysates were clarified by centrifugation for 135 minutes at 20,000¢ and the supernatanis were normatized for total
sohuble protein {Coomassie Plos Protein Assay Kit, Thermo Seientific). Samples were mized 1:4 with loading buffer
{XT Sample Buffer with p-mercapiostbanod, Bio-Rad), heated (o 98°C for 5 min, cocled to 23°C, and proteins were
separated by SDS-PAGE, followed by transfer to PYDF membrane. The membrane was blocked with Starting Block
T2¢ Blocking Buffer {Thermeo Scientifie} for 15 min, incubated with horseradish peroxidase-linked anti-FLAG antibody
{diluted 1:2,506 in Starting Block T20 Blocking Buffer) at 23°C for 2 hours, washed three times with TBST. Proteins
were visualized with chemiluminescent detection, Results from mugtiple clones {Figure 9, parent 2 and 4) show that
expression of the endoxylanase gene in 8. dimorphus cells resulted 1 production of the protein.

{69544} To determine if the endoxylanase produced by transformed algae cells was finctional, endoxylanase activity
was tested using an enzyme function assay. Briefly, algae cells were collected from TAP agar mediom and suspended in
BugBuster sclution (Novagen), Cells were fysed by bead beating using zirconitom beads. Celt lysates were clarified by
centrifugation and the soperpatants were normakized for total sohible protein {Coomassie Plas Protein Assay Kit,

Therme Scientific). 100 ul. of each sample was mixed with 10 pL of 16X wylanase assay buffer (1M sodinm acetate,
pH=4.8} and 50 ul of the sample mixture was added to one well in a black 36-well plate. EnzCheck Ultra Xylanase
substrate (Tavitrogen) was dissolved at a concentration of SGug/ml in 100mM sodivmm acetate pH 4.8, and 30 ul of
substrate was added to each well of the microplate. The fluorescent signal was measured in a SpectraMax M2
microplate reader (Molecular Devices), with an excitation wavelength of 360 nm and an emission wavelength of 460
nm, without a cutoff filter and with the plate chamber set to 42 degrees Celsins. The fluorescence signal was measured
for 15 mimutes, and the enzyme velocity was cajculated with Sofimax Pro v3.2 (Moleauiar Devices). Enzyme velocities
were recorded as RFU/minute. Enzyme specific activities were calculated as milliRFU per minute per ug of total
soluble protein. Figure 16 shows that endoxylanse activity is at least 4 fold higher in wransformants than in wikd type
celis and similar i velocity to a positive confrol (Chlamydomonas expressing endoxylanse algae cefis).

j00545) These data demounstrate that the chloroplast of 8. dimorphus can be transformed with foreign DNA containing
an expression cassette with a selectable marker and a separate expression cassette with a gene encoding an
endoxylanase, and the expressed profeins are functional. One of skill in the art will appreciate that many other methods
known in the art may be substituted i licu of the ones spocifically described or referenced.

{68546 Bxample 5: Production of FPP Synthase in S, dimorphus

169547} In this example a nucleie acid encodmg FPP synthase from G, gallus was mtroduced into S. dimorphus.
Transforming DNA 1s shown graphically in Figure 11. In this instance the DNA segment labeled “I3097 15 the FPP
symthase encoding gene (SEQ ID NO: 23 509), the segment labeled “psbly™ is the promoter and 5" UTR for the psbD
gene from S. dimorphus, the segment labeled “D1 3"UTR” 15 the 3° UTR for the psdA gene from S. dimorphus, and the

segment tabeled “CAT” is the chloramphenicol acetyl transferase gene {(CAT) from E. coli, which is regulated by the
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promoter and 5° UTR sequence for the 1474 gene from S, dimorphus and the 3° UTR sequence for the rbef gene from S
dimorphus. The transgene expression cassetie and selection marker are targeted to the S. dimorphus chloroplast genome
via the segments labejed “Homology A™ and “Homology B” which are approximately 1600 bp fragments homelogous
to sequences of DNA adjacent to nucleotide 071,366 (Site 1; nucleotide locations according fo the sequence available
from NCRI for S obliguus, KC_008101) on the 5 and 37 sides, respectively, Al DNA segmenis were subcloned into
pUC 18 (putless pUC). All DNA nuanipuiations carried out in the construction of this transforming DNA were
essentiafly as described by Sambrook et al,, Molecalar Cloning: A Laboratory Maneal (Cold Spring Harbor Laboratory
Press 198%) and Coben ef al., Merh. Enzvmol, 297, 192-208, 1998,
[66548) Transforming DNA was miroduced into 8. dimorphus via particle bombardment according 10 the method
described in EXAMPLE 1 with DNA carned on $50 am gold particles@ 500psi and a shooting distanee of 4cm.
Transformants were selecied by growth on TAP-CAM agar medivm vnder constant hght 30-100uE @ RT for
approximately 2 weeks. Transformants were streaked outo TAP-CAM agar medinm to ensure single colony isclation
and grown for 4 days under constant ligh.
[86349] Transformants were anatyzed by PCR screening (as deseribed in EXAMPLE 1), The degree to which the
transforming DNA was miegraied info the chloroplast genome was determined using primers that aroplify 2 400 bp
constant region (SEQ ID NO: 1 and SEQ 1D NO: 2) and & 250 bp region spanning the integration site (SEQ ID NO: 3
and SEQ IDNO: 4}, Figare 12 shows that seven dependent transfoonants are bomoeplasmic, L.e., only the constant
region (4008bp product) was amplified, whils in the control reactions (WT) both the constant vegion and the region
spanmag the integration site (230bp) were amplified.
[68536) To ensure that the presepce of the FPP synthase-encoding gene led to expression of the FPP syndhase protein, 2
Western blot was performed {as described 1o EXAMPLE 4). Resulis fom multiple clones (Figure 13) show that
expression of the FPP synthase gene in 8. dimorphus cells resulted io production of the protein,
180351} To determine if the FPP synthase produced by transformed algae cells was functional, FPP synthase activity
was tested using an enzyme function assay. Algae cells were barvested from TAP media, resuspended in assay buffer
(35mM HEPES, pH 7.4, 10mM MgCl;, SmM DTT) and tysed using zirconium beads in a bead beater. Crude tysaie was
clarified by centrifugation at 15,000 rpm for 20min. Isopenteny! diphosphaie (TPP) and dimemthylaliyl diphosphate
{(DMAPP) were added 1o clarified Iysates and the reaction allowed to proceed at 30C overnight. Reactions were then
CIP treated for 4-Ohours @ 37C i glyveine buffer, pH 10.6, SmM ZnCly. The samples were then overlayed with heptane
and analyzed via GC/MS {Figures 144 to G). Additionalty, IPP, DMAPP and E. coli purified amorpha-4, 1 1-disne
were added to clarifted lysates, the reactions altowed to proceed at 38 °C overnight, overlayed with heptane and
analyzed via GO/MS (Figures 15A to G). For both methods, the diagnostic jons at m/Z 204 and 189 were detected in
the engineered S, dimorphus, but not in the wt samples.
{08552} These data demonstrate that the chloroplast of S. dimorphus can be transformed with foreign IINA containing
an expression cassette with a selectable marker and a separate expression cassette with 2 gene encoding an FPP
synthase, and the expressed proteins are functional. One of skill in the art will appreciate that many other methods
known in the art may be substituted in lieu of the ones specifically described or referenced.

168553} Examp!

{68554} In this example a nucleic acid encoding fusicoceadiene synthase from P, amygdali was introduced info §

dimorphus. Transforming DNA s shown graphically in Figure 16, In this instance the DNA segment labeled “Is88” 1
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the fusicoccadiene synthase encoding gene (SEQ 1D NO: 23, 1388}, the segment labeled “psbD” is the promoter and 5°
UTR for the psbD gene from S dimorphus, the segment fabeled “D1 3 ™ ds the 3° UTR for the pshid gene from S
dimorphus, and the segment labeled “CAT™ is the chloramphenicol acetyl transferase gene (CAT) from E. coli, which is
regulated by the promoter and 3° UTR sequence for the 174 gene from 8. dimorphus and the 37 UTR sequence for the
rbel gene from S, dimorphus. The transgene expression cassette and selection marker are targeted to the S, dimorphus
chioroplast genome via the segments labeled “Homology A™ and “Homology B which are approximately 1006 bp
fragiments bomologous to seguences of DNA adjacent to nucleotide 071,366 {Site 1; nucleotide locations according 1o
the sequence avatlable from NCBI for 8. obliguus, NC_088101) on the 5” and 3’ sides, respectively. All segiments were
subcloned into pUCTY. All DNA mampulations carvied out in the construction of this transforming DNA were
essentially as deseribed by Sambrook et al., Molecalar Cloning: A Laboratory Manoal (Cold Spring Harbor Laboratory
Press 1989 and Coben et &, Meth. Enzymol. 207, 192-208, 1998,
[88555] Transforming DNA was infroduced into S. dimorphus via particle bombardment according to the method
deseribed in EXAMPLE 1 with DA carried on 550 nm gold particles@ 300psi and a shooting distance of 4cm.
Transformants were selected by growth on TAP-CAM agar medivm vader constant light 50-100ul @ RT for
approximately 2 weeks, Transformants were streabed onto TAP-CAM agar medivm to ensure single colony isclation
and grown for 4 days under constant light.
{36536} To determine if functional fusicoccadiene synthase is produced by transformed algal cells, cutiures (2mi) of
gene positive, homopdasmic algac were collected by centrifagation, resuspended in 250u] of methanol, and 560ul of
saturated NaCl in water and 500p1 of petroleum ether were added. The solution was vortexed for three minutes, thon
ceﬂt:’ifuged at 14,000g for five rinutes at roorn teroperature to separate the organic and agueous layers, The orgamic
ayer (100p1) was trapsferred to a vial msert in 4 standard 2mi sample viad and analyzed using GC/MS. The mass
spectitrn at 7.6 17 minutes for the sample from the engioeered S, dimorphus 1s obtained, The diagnostic fons at m/Z=,
229, 135, and 122 are present in this spectrwn, demonstrating the presence of fusicocca-2, 10 (14)-dienc and indole
{Figure 17 and Figure 18).
{06587} These data demonstrate that the chloroplast of S. dimorphus can be transformed with foreign DNA containing
ap expression cassette with a sejectable marker and a separate cupression cassette with a gene encoding a
fusicoccadiene synthass that produces a novel iiydrocarbon in vive. One of skill in the art will appreciate that many
other methods known in the art may be substituted in licu of the ones specifically described or referenced,

(66558} Example 7: Production of Phvtase in 8. dimorphus

{38558 In this example 2 nucleic acid encoding phytase from £. coli was introduced into §. dimorphus. Transforming
DINAis shown graphically in Figure 19, In this instance flie DNA segment labeled “FD8” is the phvtase encoding gene
{SEQ D NO: 26, FD6), the segment labeled “psbD” is the promoter and 57 UTR for the pshD gepe from 8. dimorphus,
the segment labefed “D1 3" 7 is the 3” UTR for the psb4 gene from 8. dimorphus, snd the segment labeled “CAT” is the
chloramphenicol acetyl transferase gene (CAT) from £ cofi, which is regulated by the promoter and 57 UTR seguence
for the 7uf4 gene from 8. dimorphus and the 3° UTR sequence for the riel gene from § dimorphus. The transgene
expression cassette and selection marker are targeted to the 5. dimorpins chloroplast genome via the segments labeled
“Homology A” and “Homology B” which are approximately 1000 bp fragments homologous to sequences of DNA
adjacent to nucleotide 071.366 (Site 1; nucleotide locations according to the seguence available from NCBI for S

obiiguns, NC_008101} on the 57 and 37 sides, respectively. All DNA segments were cloned into pUC19. All DINA
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manipuiations carried out in the construction of this transforming DNA were essentially as described by Sambrook et
al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 1989) and Cohen 2t al., Meth.
inzymol. 297, 192-208, 1998,

{66568} Transforming DNA was introduced into 5. dimorphus via particte bombardment aceording to the method
described in EXAMPLE 1 with DNA carried on 350 um gold particles @ 500psi and a shooting distance of 4cm,
Transformants were selected by growth on TAP-CAM agar mediom under constant light 50-100uE @ BT for
approximatety 2 weeks, Transformants were streaked onto TAP-CAM agar medivm o ensure single colony isolation
and grown for 4 days snder constant light.

88361} Transformants were analyzed by PCR screening (as described m EXAMPLE 1} and bomoplasmic clones were
identified and subculnured for further studies.

[36562} To ensure that the presence of the phytase-eucoding gene fed to expression of the phytase protein, a Western
blot was performed (as described in EXAMPLE 4). Results from multiple clones (Figure 28} show that expression of
the phiytase gene . S, dimorphus cells resulted in production of the protein.

{00563} One of skill in the an will appreciate that many other methods known in the art may be substituted in fien of
the ones specifically described or referenced.

[B6564] te

[36565] I this example, a nuciets acid encoding erythromycin esterase gene (BreB) (SEQ 1D NO: 29) from £ coli was

Exanple 8: Use of Eryvthecravein Esterase as a Selection Marker in 8. dimorphus and 8 odliguus

wtroduced ko S dimorphus, Trapsforming DINA is shows graphically in Figare 21, In this instance the DNA
segroent Iabeled “EreR ec” is the eryihwornyein estecase gene (BxeB) from E. coli, the segraent Iabeled “psbD” is the
promoter and 5° UTR sequence for the psbD geone fom S, dimorphus, and the segment labeled “ D1 3" "isthe 3 UTR
for the psbA gene from 3. dimorphus. The selection marker cassette is targeted to the S, dimorphus chloropiast genome
via the segments labeled “Homology A” and “Homology B” which are approximately 1000 by fragmenis homologous
to sequences of DNA adjacent to mucleotide 071,366 {Site 1; nuclestide Jocations according to the seguence available
from NCBI for 8 obliquus, NC_008101) on the 5" and 3° sides, respectively. All segments were cloned into pUCTY.
ANTDNA mauipulatioras carried out in the constmction of this transforming DINA were essentially as deseribed by
Sambrook. et al., Molecular Cloning: A Laboratory Manual {Cold Spring Harbor Laboratory Press 1989) and Cohen et
al., Meth. Enzumol. 297, 192-208, 1998,

[88566] Transforming DNA was introduced into 8. dimorphus via particle bombardment according to the method
described in EXAMPLE I with DINA carried on 550 nim gold particles @ 500psi and a shooting distance of 4em.
Transformants were selected by growth on TAP agar medium + 50 pg/mb erythromyein (TAP-ERMS50) under constant
light 50-100uE @ RT for approximately 2 weeks. Transformants were sireaked onto TAP-ERMS50 agar mediam to
ensure single colony isclation and grows for 4 days under constant light.

1060567} Transformants were analyzed by PCR screening (as deseribed in EXAMPLE 1), The presence of the ExeB
sefection marker was determmined using primers that amplify a 555 bp region within the gene (SEQ ID NO: 7 and SEQ
T NG 8). Figure 22 shows that the EreB gene (SEQ 1D NO: 29) was amplified from DNA from several transformants
but not from wildtype DNA from § dimorphus.

{00568} One of skill in the art will appreciate that many other methods known in the art may be substituted in lien of

the ones speciﬁcaiiy described or referenced.
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[66378} In this example, a nucleie acid encoding eytosine deaminase gene {codA) from E. coli was introduced into 5,
dimorphus. Transforming DNA is shown graphically in Figure 23. In this instance the DNA segment labeled “codA
or” is the codA encoding gene (SEQ DB NO: 31, codA), the segment tabeled “psbD” is the promoter and 5 UTR for the
psbld gene from 8. dimorphus, the segment labeled ™ D1 3" is the 3' UTR for the psbA gene from 8. dimorphus, and
the segment labeled “CAT” is the chioramphenicol acetyl transferase gene (CAT) from E. codi, which is regulated by
the promoter and 5' UTR sequence for the 14/ gene from S. dimorphius and the 3' UTR sequence for the rbel gene from
S, dimorphus. The transgene expression cassette and selection marker are targeted to the S dimorphus chioroplast
genome via the segments labeled "Homology A” and “Homology B” which are approximately 1080 bp fagments
homologous to sequences of DNA adjacent to nucleotide 071,368 (Site 1, nucleotide locations according (o the
sequence avaitable from NCBI for 8. obliguus, NC_008101) on the 37 and 3° sides, respectively, All DNA segments
were cloned it pliC 19, All DNA manipelations carried out 1o 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,, Merh. Exzvmol, 297, 192-208, 1998,

{86571} Transforming DNA was introduced into S. dimorphus via particle bombardiment aceording to the method
described s EXAMPLE 1 with DINA carrted on 550 nm gold particles @ 500psi and 2 shooting distance of dem.
Transformants were selscied by growth o TAP-CAM agar medivm wder constant ight 50-100mE @ RT for
appreximately 2 weeks. Transformants were streaked onto TAP-CAM agar medivm to ensure single colony isclation
aod grown for 4 days vnder constant light.

[B0572} Transformants were analyzed by PCR screening (as deseribed in EXAMPLE 1) and homoeplasmic clones were
identified and subcultured for further smadies.

{88573} To determine if funchional codA is produced by transformed algace cells, cells were grown in TAP meadia to log
phase, pelicied and resuspended to 10° cells/ml and plated onto TAP agar medinm containing Lmg/ml 5-
fluorccytosine (SFC). Wildtype S. dimorpfus, swrvives on TAP agar containing 1mg/ml 5FC, while transformants
containing the transgene do not (Figure 24). These data demonsirate that the chioroplast of . dimorphus can be
transformed with foreign DINA containing as expression cassette with a2 sclectable marker and a separate expression
cassette with 2 gene sncoding a cytosine deaminase producing 2 cell with a negatively selectable phenotype,

86574} This & dimorphus homoplasmic codA line can now be transformed with cither 1) a vector containing a gene of
Interest cassette without a selection marker in site 1 (fhe same site that the codA cassetie is located within the genome)
and affer a recovery period on nonselective medivm, selected for on medivm containing 5FC, or 2) a vector containing a
gene of interest cassette linked with an EreB cassette at site 1 and sclected on medium containing erythromyein. In this
instanice, ransformants can be streaked onto TAP medinm -+ 50ug/mL erythromycin for single colony isolation and
subclones can be patched onto TAP + Img/mL SEC to select for clones hemoplasmic for the EreB cassette,

[68575] One of skill in the art will appreciate that many other methods known in the art may be substituted in lieu of
the ones specifically described or referenced.

160576F Example 10; Use of codA as a Selection Marker of S obliguus

{80577} In this example, a mucleic acid encoding cyfosine deaminase gene (codA) from £. coli was infrodoced into S,
obiiguus. Transforming DNA is shown graphically in Figure 23, In this instance the DNA segment labeled “codA o™
is the codA encoding gene (SEQ ID MO: 27, codA), the segment labeled “pshD™ is the promoter and 5 UTR for the

25D gene from 8. dimorphus, the segment Jabeled “D1 37 7 1s the 3 UTR for the psbA gene from S, dimrorphus, and
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the segment fabelted “CAT” is the chloramphenicol acetyl transferase gene (CAT) from . coli, which is regulated by
the promoter and 5 UTR sequence for the ri4 gene from S, dimorpdus and the 3' UTR sequence for the el gene from
8. dimorphus. The transgene expression cassette and selection marker are targeted to the S, obliguus chloroplast
genome via the segments labefed “Homology A” and “Homology B” which are approxiniately 1000 bp fragnients
homolegous to sequences of DNA adjacent to nucleotide 071,366 (Site 1; nuclectide locations according to the
sequence available from NCBI for 8. abliguus, NC_008101) on the 57 and 3” sides, respectively. All DNA segments
were cloned inde pUCL9. All DNA manipulations carried out in the constraction of this transforming DNA were
essentially as described by Sambrook et al,, Molecular Cloning: A Laboratory Manaal (Cold Spring Harbor Laboratory
Press 1989) and Cohen et al., Merh. Enzymol, 297, 192-208, 1998,

[80378} Transforming DNA was introduced into 8. obliguus via particle bombardment according to the method
described in EXAMPLE 1 with DNA cartied ou 550 nzo gold particles @@ 500psi and a shooting distance of 4om.
Transformants were selected by growth on TAP-CAM agar medinm vader constant light $0-100uE @ RT for
approximately 2 weeks, Transformants were streaked onto TAP-CAM agar mediuvm to ensure single colony isolation
and grown for 4 days ender constant light,

[86579} Transformanis were analyzed by PCR screening {as described in EXAMPLE 1) and homoplasmic clones were
identified and subculnired for further studies.

00588 To determine if functional codA is produced by transformed algae cells, cells were plated onto TAP agar
roeditr containing tmg/mL 3-Buorocytosine (SFCY Wild type S dimorphies sorvived oo TAP agar containing 5FC,
while transfornants containing the fransgene did not (Figure 24).

{80581} These data demonstrate that the chloroplast of 5. obligrus can be transformed with foreign DNA containing an
expression casseite with a selectable marker and a separate expression cassette with a gene encoding a cytosine
deaminase producing a cell with a negatively seieciable phesotype

[80382] This 8. obliguus homoplasimic codA line can now be transformed with either 1) a vector containing 2 gene of
interest cassette without a selection marker in site 1 (the same site that the codA cassette is located within the genome)
and after a recovery period on nonselective medinm, selected for on medivm containing SFC or 2) a vector containing a
gene of interest cassetie Hinked with an ErcB cassette at site | and selected on medivm containing ervthromycin. fo this
instance, fransformants can be streaked onto TAP medinm + 50ug/ml. erythromyein for single coleny isolation and
subciones can be patched onto TAP + img/mL SFC o select for clones homoptasmic for the EreB cassette,

885831 Ooe of skill in the art will appreciate that many other methods known in the art reay be subsiituted i hieu of
the ones speeifically described or referenced.

108584} Bxample 11: Identification of Functionsl Promoters for Gene Bxpression in S dimornhus

G585} [n this example, § promoters were amplified from S. dimorphus DNA and cloned upstream of the B, coli CAT
gene, Transforming DNA {(p04-151) is shown graphically in Figure 89. [p this instance the DNA scgment labeled
“CAT is the chloramphenicol acety! transferase gene (CAT) from £. coli (SEQ 1D NO: 28, CAT), the segment labeled
“LufA” is the promoter consisting of ~500bp of the 3* UTR sequence for the chiB (SEQ ID NC: 51), pséB (SEQ ID NO:
39}, psbA (SEQ 1D NO: 37), rpo4 (SEQ 1D NO: 44), rbel (S8EQ 1D NO: 49), cemd (SEQ 1D RO: 45), AsH (SEQ ID
NO: 47), perd (SEQ ID NO: 53), perB (SEQ D NO: 55} genes from 8. dimorphus, and the segment fabeled “D1 3 7 is
the 3” UTR for the psbd gene from 8. dimorphus. The selection marker cassette is targeted 10 the 8. dimorphus

chloroplast genome via the segments labeled “Horsology A” and “Homology B” which are approximately 1600 bp
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fragments homologous to sequences of DNA adjacent 1o nucleotide 071,366 (Site 1; nuclectide locations according to
the sequence available from NCBI for §. obliguus, NC_608101) on the 57 and 3° sides, respectively. All DNA segments
were subcloned into pUCIS. Al DNA manipulations carried out in the construction of this transfornting DNA were
essentiatly as described by Sambrook et al,, Mofecular Cloning: A Laboratory Manual (Cold Spring Harbor Labosatory
Pregs 1989) and Cohen et al., Merh. Enzymof. 297, 192-208, 1998,

{06386} Transforming DNA was introduced into S. dimorphus via particle bombardment according to the method
described in EXAMPLE 1 with DNA carried on 350 nm gold particles @ 500psi and 2 shooting distance of 4em,
Transformants were selected by growth on TAP agar mediom + 25 pug/mE chloramphenicol (TAP-CAM) under
constant Hght 50-100uE @ RT for approximately 2 weeks. Each promoter ¢hiff (SEQ 1D NG: 51, pebB (SEQ 1D NO:
39), prsbd4 (SEQ 1D NO: 37), rpod {(SEQ ID NO: 44), rbel (SEQ IDNG: 49), camd (SEQ ID NO: 45), fisH (SBQ ID
NO: 47), petd (SEQ ID NO: 33), patB (SEQ 1D NO: 55) gave rise to chiforamphenicol resistant transformants indicating
that these promoter/ 3"UTR fragments were able to drive expression of the CAT gene.

[09587§ Expressionin S. dimorphus

{69588} In this example & nucleic acid encoding FPP synthase from G. gallus and a nucleic acid encoding bisabolene

Bxample 12: Multinle Gene

synthase from 4. grandis was mtroduced into 8. dimorphus, Transforming DNA is shown graphically m Figure 28, In
this instance the IINA segment labeled “Is097 is the FPP synthase encoding gene (SEQ 1D NO: 23, 1s09), the segment
labeled “psbD¥™ is the promoter and 5° UTR for the psbD gene from S. dimorphus, the segment labeled “D1 3" " isthe 3
UTR for the psb4 gene from S. dimorphus, the segment labeled “I8117 is the bisabolene synthase encoding gene (SEQ
IDNO: 35, [s011), the segment labeled “tufA” is the promoter and 5°UTR for the a4 gene from 8. dimorphus, the
segment labeled “rbel” is the 3"UTR for the rbel gene from 8. dimorphas, and the segment labeled “CAT” is the
chloramphenicol acety! ransferase gene (CAT) from E. cofi, which is regulated by the promoier and 5 UTR sequence
for the psbD gene from S, dimorphis and the 37 UTR sequence for the psaB gone (SEQ ID NO: $9fom 5. dimorphus.
The fransgene expression cassefte and selection raarker are targeted o the 8. dimorphus chloroplast genome via the
segments labeled “Homology A7 and “Homology B whick are approximaiely 1006 bp fragments homologous to
sequences of DNA adjacent o nucleotide 671,366 (Site 1; nucleotide locations according 1o the seguence available from
NCBI for 8. obliguus, NC_008101) on the 57 and 37 sides, respectively, All DNA segments were subcloped into
pUT19. All DNA manipulations carried out i the construction of this transforming DNA were essentially as described
by Sawhrook et al, Molecular Cloning: A Laboratory Maaual (Cold Spring Harbor Laboratory Press 19%9) and Cohen
et al,, Meth. Enzymol. 297, 192208, 1998,

{60589} Transforming DNA was introduced inte 8. dimorphus via particle bombardment according to the method
deseribed in EXAMPLE 1 with DNA carried on 550 nm gold particles @ 500psi and a shooting distance of dem,
Transformants were selected by growth on TAP-CAM agar medinm under constant light 30-100uE @ RT for
approximately 2 weeks. Transformants were streaked onto TAP-CAM agar mediwm to ensure single colony isolation
and grown for 4 days under constant light,

60598} Transformants were analyzed oy PCR screening (as described in EXAMPLE 1) and homoplasmic clones were
identified and subcultured for further studies.

{6593} To ensure that the presence of the FPP synthase-encoding gene and the bisabolene-encoding gene led o
expression of the FPP svnthase and bisabolene synthase proteins, 2 Western blot was perfornied (as described in

EXAMPLE 4). Proteins were visualized by a colormetric assay as per manufacturers insiructions (1-step TMB blotting,
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Pierce). Results from multiple clones (267 3-9; 267 15-6; and 367 3-4) (Figure 26) show that expression of the FFP
synthase gene {1s09) and bisabolene synthase (Isl1) in S dimorphus cells resulted in production of both proteins. WT is
uniransformed S dimorphus. These data demonstrate that the chloroplast of 8. dimorphus can be wansformed with a
veetor of foreign DNA containing an expression cassette with a selectable marker and two separate expression cassette
with a gene encoding an FPP synthase and an E-alpha-bisabolene synthase, and that both proteins ars expressed.

{60392} Example 13: Multiple Gene Expression in 8. dimorphus

(883931 In this example, a nucleic acid encoding endoxyianase from 77 reesei and chloramphenicol acety! transferase
gene (CAT) from £ coli linked together by a ribosome biuding sequence from E. coff was introduced mto 8. dimorphus.
Transforming DNA (BD11-RBS-CAT} is shown graphically in Figare 27. Tn his insiance the DNA segment labeled
“BD11” is the endoxylanase encoding gene (SEQ 1T NO: 21, BDI1), the segment labeled “CAT™ is the
clilorampbenicol acetyl transferase encoding gene (SEQ ID NO: 28, CAT), the segment labeled “RBS17 is the ribosome
binding sequence {(SEQ ID NO: 66, RBS1), the segment labeled “psbI¥” is the promoter and 37 UTR for the pshD gene
from S. dimorphus, the segment labeled “psbA” is the 3" UTR for the pobd gene from S, dimorphus, and the segment
labeled “CAT™ i3 the chloramphenicol acetyl transferase gene (CAT) fom E. coll, which is regulated by the promoter
and 5° UTR sequence for the fufd gene from S. dimorphus and the 3" UTR sequence for the #bel gene from S
dimorphus. The fransgene expression cassetie and selection marker are targeted to the 5, dimorphux chioroplast genome
via the segments labeled “Hornology A” and “Homolegy B” which are approximately 1600 bp fragments horologous
10 sequences of DNA adjacent to nucleotide 071,366 (Site 1; nucleatide locations aceording to the sequence available
from NCBI for S obliguus, NC_008101) on the 5° and 37 sides, respectively, All DNA segments were subeloned into
pUCES. AL DNA mapipulations carded out in the constraction of this transforming DINA were essentially as described
by Sambraok et al., Melecular Clommg: A Laboratory Manual (Cold Spring Harbor Laboratory Press 1989) and Coben
¢t al., Meth. Enzymol, 297, 192-208, 1998,

100594} Transforming DNA was introduced into 5. dimorphus via particle bombardment according to the method
describod in EXAMPLE 1 with DNA carried on 530 nm gold particles @ 500pst and a shooting distance of 4om.
Transformants were selected by growth on TAP agar medivm + 25 ng/mL chloramphenicol, Transformants were
streaked onto TAP-CAM agar medium to ensure single colony isolation and grown for 4 days under constant light,
[69595] Traosformants were asalyzed by PCR soreening (as described in EXAMPLE 1) and bomoplasmic clones were
identified and subeuhtured for further stadies,

[66596] To enswre that the presence of the endoxylanase-encading gene led to expression of the endoxylanase protein, a
Wesiern blot was performed (as deseribed in EXAMPLE 4). Results from multiple clones (Figuve 28) show that
expression of the endoxyvlanase gene in §. dimorphus cells resulted in production of the protein of cupected molecular
weight and not of an endoxylanse-CAT fusion protein.

[60597] To determine if the endoxylanase produced by transformed algae cells was functional, endoxylanase activity
was tested using an enzyme function assay {as deseribed in EXAMPLE 4). Figure 29 shows that endoxylanase activity
is detected in clarified Iysates of S dimorpiuss enginesred with the endoxylanase-RBS-CAT construct {operon 1 1,2 1,
2 2,2 3Yand not in fysates of wit.

{00598} To determine whether both enzymes are produced from the sane transcript, RNA was isolated from wildtype
and engineered algae cells using the Concert Plant RNA Reagent kit (fnvitrogen). RNA was DNase treated and cleaned

using the RNeasy clean up kit (Qiagen}. ¢cDNA was synthesized from each of RNA using the iScrip kit (Biorad) and ~
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everse transcriptase (-RT) countrols were included. cDNA (and -RT controls) was used as terplate in PCR with primers
that hybridize to the endoxylanase gene and the CAT gene (Figure 304) (SEQ 1D NU: 11 and 8BQ [D NO: 12,
respectively) and amplify 2 product of 1.3kb. Figure 3681 shows that a product of appropriate size was amplified from
cEINA templates from 4 of the 5 transformants indicating that in these lines, the endoxylanase and the CAT gene are
transeribed on 2 single transcript,

{00589} To further investigate variants of RBSI (e.g., RBS2) and to undersiand the strength of these RBS sequences to
recruit ribosomes, 2 nucleic acid encoding chloramphenicol acetyl transferase gene (CATY from E. coli and
endoxylanase from 7. reeser linked together by two disunet ribosome binding sequences from £ coli were introduced
mto S, dimorphus. Transforming DNA (p04-231 or p04-232) is shown graphically in Figure 31. In this instance the
DNA segment labeled “CAT" is the chloramphenicol acetyl transferase encoding gene (SEQ ID NQO: 28, CAT), the
segment labeled “BD11” is the endoxylanase encodmyg gene (SEQ IDNG; 21, BD1), the segment labeled “RBRS1” is
the ribosome binding sequence (SEQ ID NG: 60, RES1), the segment labeled “RBS2™ is the ribosome binding
sequence {SEQ ID NO: 61, RBS2) the segment labeled “psdD” is the promoter and 5° UTR for the pebl) gene from S,
dimorphus, the segment labeled “DI 37 7 is the 3 UTR for the psbA gene from $. dimorphus, The transgene expression
cassetiz and selection marker are targeted to the 8 dimorpinis chloroplast genome via (he segments lubeled “Homelogy
A” and “Homology B” which are approximately 1500 bp fragments bomologous o sequences of DNA. adjacent to
nucteotide 071,366 (Bite 1; sucleotide lucations according o the sequence available from NCBI for 8. obliguus,
WNC_008101) on the 57 and 3’ sides, respectively. All DNA segments were subeloned ato pUCI9. AHDNA
manipulations carded out in the constrastion of this transforming DNA were essentially as described by Sambrook et
al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboralory Press 1989) and Cohen ot al., Meth.
Enzymol. 297, 192-208, 1998,

(80680} Transforming DNA was introduced into S, dimorpines via particle bombardment accaording to the method
described in EXAMPLE | with DNA carried on 530 am gold particles @ 500psi and a shooting distance of 4o,
Transformants were selected by growth on TAP agar medium + 25 pg/ml chloramphenicol. Transformants were
streaked cuto TAP-CAM agar medium to ensure single colony isolation and grown for 4 days vnder coustant light.
[60601] Transformants were analyzed by PCR screcning (as described in EXAMPLE 1) and homoplasmic clones wers
identificd and subeyltored for furfher studies.

[08682] To determine if the endoxylanase produced by transformed algac cells was functionsl, codoxylanase activity
was tested using an enzyme function assay {as described in EXAMPLE 4), Figure 324 shows that RBS1 between the
twe genes produces sylanase activity, bowever RBS2 does not produce active xylanase {Figure 32B).

{60643} These data demonstrate that the chloroplast of 5. dimorphus can be transformed with a vector of foreign DNA
containing an expression cassette that consists of a gene of interest linked to a selectable marker by a nuclectide
sequence, stlowing for the expression of roultiple genes from one transeript, in this case a gene encoding an
endoxylanase and a gene encoding chloramphenical acetyl transferase. Oune of skill in the art will appreciate that many

other methods known in the art may be substituted i Heu of the ones specifically described or referenced.

[36605] In this example, a nucleic acid encoding chioramphenicol acetyl transferase gene from E. cofi was introduced
-

into S. dimorphus. Transforming DNA is shown graphically in Figure 33, In this instance the DNA segment labeled

*CAT” is the chloramphenicol acetyl transferase gene from £. coli, the segment labefed “tufA” is the promoter and 5



WO 2011/034863 PCT/US2010/048828
74

UTR sequence for the a4 gene from 8. dimorphus, and the segment labeled “tbel” is the 37 UTR for the rbcl gene
from 8. dimorphus. The selection marker cassette i3 targeted to the 8. dimorphus chioroplast genome via the segments
labeled “Homelogy A1” and “Hemology B1™ which are approximately 1000 bp fragmenis homologous to sequences of
DNA in the psbB-psbT-psbIN-psbH cluster wherein the CAT cassetie is inserted between psbT and psbN. Afll DNA
segments were subcloned into pUCLY. All DNA manipulations camied out in the construction of this transforming DNA
were essentially as described by Sambrook et al., Molecular Cloning: A Laboratery Manual (Cold Spring Harbor
Laboratory Press 1989} and Cohen et al., Meth. Enzpmol. 297, 192-208, 1998,

[B0606} Transforming DNA was miroduced into 5. dimorphus via particle bombardment aceording to the method
deseribed in EXAMPLE 1 with DNA carried ou 550 nm gold particles @ 500psi and a shooting distance of dom.
Transformants were selected by growth on TAP agar mediom + 25 pg/mE chlorampbenicol {TAP-CAM ) under
constant light 50-100uE @ RT for approximately 2 weeks. Transformants were streaked onto TAP-CAM agar medium
to emsure single colony isolation and grown for 4 days under constant fight,

108667 Cells from the ransformants were analyzed by PCR screening {as described in EXAMPLE 1). The degree to
whiich the wansforming DNA was integrated into the chloroplast genome was determined using primers that amplify a
250 bp constant region (SEQ 1D NO: 3 and SEQ ID NO: 4) and a 400 bp region spanning the integration site {SEQ 1D
NC» 15 and SEQ ID NO: 16}, The homology regions target the mmtegration site, the region of the chloroplast genome
between psbT and psbN, approximately mucleotide 859,687 (nucleotide locations according to the sequence available
from NCBI for S. obliguus, NC_008101), Figure 34 shows that sobelones from clone 52 are homoplasmic, Le., only the
constant region (250bp product) was amplified, while in the control reactions (W) both the constant region and the
region spansing the integration site (400bp} were amplified. Clone 6 is another parental clone, however subclones from
clone 6 are not completely homoplasudc as the spansing region is still amplified. These data indicate that the psbB-
psbH chuster can be utilized as an infegration site w eogineering S. dimorphus.

[68688] Cne of skifl 1o the art will appreciate that many other methods kuown in the art may be substituted in lieu of
the ones spesificatty described or reforcuced,

[68669 Ex

{66101 In this example, the transgenic ine gensrated in EXAMPLE 12, was used fo inoculate nanselective meedia. A

ample 13 Stratery to Generate Markerless Transgenic S, dimornk

satwrated cutture was diluted 1:308 in nonselestive media, allowed to grow fo saturation and dilutzd 1:4 in nonselective
media. Once saturated, the culbure was plated onto nonselective TAP medivm fo enswre single colony formation, Siagle
clones were then patched to 1) nonselective TAP medivm and 2) TAP-CAM medium. Clones that failed to grow on
TAP-CAM were further analyzed by PCR.

{60611] Figure 35 A is a graphical representation of the transforming DNA (top) and loopout product {bottom) that
results from recombination at the identical D2 (psbD) promoter segments, HR-A & HR-B represent the homology
regions, DH 37, psaB 37 and thell represent the pshA 3"UTR, psaB 3'UTR, and el 3'UTR, respeciively, D2 and tufA

i5 the psbD and wfA promoter, respectively. 1509 15 FPP synthase and 1011 is bisabolene synthase.

{68612} To confirm the absence of the CAT gene, two methods were employed. First, PCR was performed using
primers that amplify 2 2.5kb +CAT fragment and/or 2 T00bp ~CAT fragment (SEQ 1D NO: 9 and SEQ 1D NC: 10).
Figure 38 B is an agarose gel showing that in subclones of the #74 transformant only the 740bp ~CAT product was

amplified while in the plasrmd DNA conwol, the 2.5k +CAT fragment was amplified. The presence of the 70Gbp
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product in the plasmid DNA contrel is likely the result of recombination in the & coff host as it is RecH+. Primers 7117
& 7119 (SEQ ID NO: 9 and SEQ ID NO: 10} were used to amplify the products. The “markertess” transgenic 3.
dimorphus shows amplification of 700bp -CAT loopout fragment and failure to amplify the 2.5kb +HCAT fragment in
subclones of clone #74.

{00613} Second, PCR was performed using primers that amplify the 660bp CAT gene {SEQ ID NO: 18 and SEQ ID
NO: 19}, and either primers that amplify a 1.3kb constant region of the psbA gene (SEQ 1D NQO: 13 and SEQ ID NO;
14y or those that amplify a 400bp constant region of the pab4 gene (SEQ IDNO: 1 and SEQ D NO: 2). Fignre 36
shows that only the constant fragment was amplified m the #74 markerless line, while the CAT gene was amplified in
the parental line that was always kept on CAT selection. Panel & shows multiplex FCR using primers that amplify a
660bp CAT fragment and primers that amplify a 1.3kb constant region of the sndogenous psbA gene. Only the 1.3kb
constant region is amplified in the #74 markerless potential. Parel B shows multiplex PCR using primers that ampify a
660bp CAT fagment and primers that amplify a 400bp constant region of the endogenous pshA gene. Only the 400bp
constant region is amplified in the #74 markeriess potential. The PCR reactions in both panel A and panel B had 2 50-60
degree Celeius annealing gradient to nde out the possibility that the annealing of the primers was temperature sensitive,
[88614] These data demonstrate that S dimorphus clones can be obtained consisting of a genetically engineered
chloroplast and without an antibictic resistance marker.

[86615] One of skill in the art will appreciate that many other methods known 1 the art may be substituted i Bien of
the ones specifically deseribed or referenced.

188616} Exansple 16: Use of Betaing Aldehvde Dehvdrogenase to Confer Salt Tolerance and/or as 2 Negative Selection

Mechanism

{88617} In this example, a nucleic acid sequence encoding betaine aldehyde debydrogenase from spinach or sugar beet
was engingered into S dimorphus (as described in EXAMPLE 4). Transforming DNA is shows graphically in Figure
37. In this nstance the DNA segment labeled “BAD] or BADA” is the betaine aldehyde dehydrogenase encoding gene
from spinach (BAD1) or sugar beet (BAD4) (SEQ ID NO: 32, BADT or SEQ ID NO: 34, BADS), the segment labeled
“nsbI¥” is the promoter and 57 UTR for the psbl) gene from §. dimorphus, the segment labeled “rhell” is the 3" UTR for
the psb4 gene from S dimorphius, snd the segment Iabeled “CAT” is the chloramphenicol acetyl transferase gene from
E. coli, which is rogulated by the promoter and 57 UTR sequence for the fwfd gene from S dimorphus and the 3° UTR
sequence for the rbel gene from S, dimorphms. The transgene expression cassette and sclection marker are targeted o
the 8. dimorphus chloroplast genome via the segments labeled “Homology A™ and “Homology B which are
approximately 1000 bp fragments hamologous 1o sequences of DNA adiacent to nuclectide 071,366 (Site 1; nucleotide
focations according to the sequence avatlable from NCBI for S. obliguus, NC_808101) on the 5° and 37 sides,
respectively. All DNA segments are subcloned into plUC19. Al DNA manipulations carried out in the construction of
this transforming DNA were essentially as described by Sambrook et al., Molecular Cloning: A Laberatory Manual
{Cold Spring Harbor Laboratory Press 1989} and Cohen et al., Meth. Enzpmol. 297, 192-208, 1998,

{60618} Transforming DNA was introduced into 8. dimorphus via particle bombardment secording to the method
described in EXAMPLE 1 with DNA carried on 550 nm gold particles @ 500psi and a shooting distance of 4om.
Transformants were selected by growth on TAP-CAM agar medivm wnder constant Hght 50-100uE @ RT for
approximatety 2 weeks, Transformants were streaked onte TAP-CAM sgar medium to ensure single colony isolation

and grown for 4 days under constant light.
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[00619} Transformants were analyzed by PCR screening (as deseribed in EXAMPLE 1) and homoplasmic clones were
identified and subcultured for further studies.

[88626] To ensure that the presence of the betaine aldehiyde dehydrogenase encoding gene led to expression of the
protein, a Western blot was performed (as described in EXAMPLE 4). In this instance, the BAD genes were tagged
with an HA g and the primary antibody was an anti-HA HRP conjugated antibody (clone 3F10, Roche) in which z
1:10,000 dilution of a 56U/MmL stock was used as the antibody solution. Results from multple clones {Figere 38) show
that expression of the BAD gene from spinach and from sugar beet gene in S, dimorphus cells resulted in prodoction of
the protein,

886211 To determine if this protein confers salt tolerance or causes the cells 1o become sensitive to betaine atdehyde
{and therefore allows this strain to be used in negative selection experiments as proposed in examples 9 and 10), cells
expressing the BAD genes can be grown side-by-side with wildiype cells and the media supplemented with increasing
concenirations of salt and/or betaine aldehyde,

(00822} One of skill in the art will appreciate that many other methods known in the art may be substituted in hen of
the oues specifically described or referenced,

{80623} Exampie 17: Development of a Transformation Svstem for 1. terviolecta

[B0624] In this example, a method for transformation of D, ferficlecta is described. Algae cells are grown 0 log phase
(approximately 5.0 x 10° cells/ral) i G32 medium (32g/L NaCl, 0.0476mM CaCly, 0.162mM H.BO,, 0.406mM

Mg, 504, 0.0002 1 mM NaVQ;, Sg/l bicarbonate, 12.9mL/L each of F/2 A and B algae food (Agquatic Eco-systems,
Tne)y at 23°C under constant iHumination of 50-1006E on a rotary shaker set at 100 rpm. Cells are harvested at 1006 x
g for S min, The supernatant is decanted and cells are resuspended in G32 media at 16° celly/mL. 3 x 107 celis are
spread oo selective agar medivm and transformed by particle bombardment with 550 ron diameter gold particles
carrying the transforming DNA @ 350-400psi with the Helios Gene Gun. (Bio-Rad) from a shot distance of dom,
Desired algae clones are those that grow on selective media.

{08625} PCR is used to identify transformed algae strains. For PCR analysis, cofony lysates are prepared by
suspending algae cells (from agar plate or Hquid culture) in lysis buffer (0.5% SDS, 160 mM NaCl, 10 mM EDTA, 75
oM Tris-HCL, pH 7.5) and heating to 98°C for 10 minntes, followed by cooling to near 23°C. Lysates are diluted 56-
fold in 106mM Tris-HCI pH 7.5 and 2ul. is used as teroplate ix a 250l reaction. Alternatively, total genomic DNA
preparations may be substifuted for colomy Tysates. A PCR cocktail consisting of reaction buffer, dNTPs, PCR primer
pair(s) {indicated in cach example below), DNA polymerase, and water is prepared. Algac DNA is zdded to provide
template for the reaction. Annealing temperature gradients are employed fo determine optimal anmealing temperature for
specific primer paira, In many cases, algae transformants are analyzed by PCR with primers that are specific for the
transgene being introduced into the chioroplast genome. Desired algace transformants are those that give rise to PCR
product(s) of expected size(s).

{68626} One of skill in the art will appreciate that many other transformation methods known in the art may be
substituted in licy of the ones specifically described or referenced herein.

{80627] Exam

[68628} In this exanmple, a nueleic acid enceding erythromycin esterase gene (EreB) (SEQ ID N(: 29) from £, coli was

ie 18 Use of Conserved Gene Cluster for an Integration site in £, fertiolecia

introduced mto D, rerticlecta. Transforming DNA is shown graphically in Figare 39. In this instance the DNA

segment fabeled “EreB ec” 18 the erythromycin esterase gene (EreB) from E. coll, the segment labeled “psbDp” 18 fhe
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promoter and 37 UTR sequence for the pshD) or ryfid gene from a D. terticlecia (SEQ 1D NO: 62, psbD2, SEQ D NO:
63, wifA2), and the segmend [abeled “rbel 37 7 s the 3° UTR for the rbcl gene from D. fertiolecia (SEQ 1D NG 64,
2rbel 37). The selection marker cassette is fargeted to the I, fertiofecta chloroplast genome via the segments labeled
“HA™ and “HB” which are approximately 1000 bp fragments homologous to sequences of DNA in the psbB-pshT-
psbN-psbH cluster (SEQ [D NO: 133) wherein the EreB cassette is inserted between psbT and pebN at approximately
nucleotide 2383 of SEQ ID NO: 133, All DNA segments were subcloned into pUC19. Alf DNA manipulations carried
oot in the construction of this ransforming DNA were essentially as described by Sambrock et al., Molecular Clowing:
A Laboratory Manual {Cold Spring Harbor Laboratory Press 1989) and Colen et al, Meth. Enzymol. 297, 192-208,
1998,

1886291 Transformung DNA was introduced into D). tertiolecta via particle bombardment according to the method
deseribed in EXAMPLE 17 with DNA carried on 550 nm gold particles (@) 300pst and & shooting distance of 4om.
Transformants were selected by growth on G32 agar medinm + 75 pg/ml. eryttuornyvein (G32-Ermy) voader constant light
50-100uE @ RT for approximately 4 weeks. Transformants were inocslated into nonselective G32 media and growsn for
~1week under constant Hght (56-100aE).

{08838} Celis from the transformunts were analyzed by PCR screening {as described in EXAMPLE 17). The presence
of the EreD selection marker was determined vsing primers that amplify 2 555 bp region within the gene {(SEQ ID NO:
7 and SEQ ID NO: 8). Figure 48 shows that the EreB gene was amplified from DNA from transforments 4, 5, and 6 b
not from wildtype DNA from D). feriiolecia.

168831} These data demonstrate that the chloroplast of 1), rertivlecta can be transformed with foreign DNA containing
an expression cassetle with a selectable marker. One of sidll in the art will appreciate that many other methods known
in the art may be substituted In Hew of the ones specifically described or referenced.

(69832} Example 19: Production of Endoxvianase in D, fertiolecia

68633} In this example a nucleic actd encoding endoxylanase from T reesed was iniroduced into D. rerfiolecta,
Transforming WA is shown graphically in Figure 41, In fhds instance the DNA segrent Jabeled “BD117 is the
endoxylanase encoding gene (SEQ 1D NO: 21, BD11), the segment labeled “psbI¥” is the promoter and 5° UTR for the
psbi) gene from D tertiolecra. the segment labeled “D1 377 i5 the 37 UTR for the psb4 gene from D, viridis (SEQID
NG: 65, 3 psbA 37, and the segment labeled “EreB ec” is the erythromycin esterase gene from £ cofl, which is
regulated by the promoter and 57 UTR sequence for the 4 gene from D, ferfivlecta and the 37 UTR sequence for the
rbel gene from D, tertiolecta. The transgene expression cassetie and selection marker are targeted to the D. ferficlecia
chloroplast genome via the segments labeled “HA” and “HEB” which are approximately 1600 bp fragments homologous
to sequences of DNA inthe psbB-pshT-psbN-psbH cluster wherein the transgene cassetie is inseried between psbT and
psbN. Al DNA segments were subcloned ipto pUCLY. All DINA 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, 3eth. Enzymof, 297, 192-208, 1998,

{60634} Transforming DNA was introduced infe D. terniolecia via particle bombardnient according to the method
deseribed in EXAMPLE 17 with DNA carried on 550 nin gold particles @ 4090 and a shooting distance of 4om,
Transformants were selected by growth on (32 agar medivm + 75 pg/mb erythromycin (G32-Erm) under constant light
50-100uk @ RT for approximately 4 weeks. Transformants were inoculated into G32 media + 1 00ug/mL ervthromycin

and grown for ~1week under constant Hight (50-100uE).
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[86633} Cefls from the transformants were analyzed by PCR screening (as described in EXAMPLE 17). The presence
of the EreB selection marker was deternyined using primers that amplify & 555bp region within the gene (SEQ 1D NC:
Tand SEQ 1D NO: B). Figure 42 shows that the EreB gene was amplified from DNA from transformant 12-3 but not
from wildtype DNA from D. derticlecta.

(86638} To ensure that the presence of the endoxylanasc-encoding gene led to expression of the endoxylanase protein, a
Western biot was performed (as described in EXAMPLE 4). Results from transformant 12-3 (Figare 43} show that
expression of the endoxylanase gene in D, ferviolecia cells resulted in production of the protein,

{88637} To detarmnine if the endoxylanase produced by transformed algge cells was functional, endoxylanase activity
was tested using an enzyme function assay {as described m EXAMPLE 4). Figure 44 shows that endoxyianse activity
is detected in the 12-3 transformant but not in wildiype cells.

[B9638] These data demonsirate that the chloroplast of D. tersiciecia can be transformed with foreign DNA containing
ap expression cassette with a selectable marker and a separate expression cassette with a gepe encoding an
endoxylanase, and that the proteins expressed were forctional, One of skill in the art will appreciate that many other
methods known i the art may be substituted in ey of the ones specifically described or referenced,

{66639} Exanmle 20 Overview of Genetic Engineering

886461 To engineer the chivroplast of an algae three things are required: a cassette expressing a sefeciable martker; a
delivery method to deliver the plastdd DNA. into the chiloroplast; and a vector comtaining regions of DNA homologous
to the chioroplast genome to be used in targeted homologeus recombination (a2 homologous tegration vector or

homclogous recorsbination vecior).

(06641} In strajos of algae that kave Bittle or no known chleroplast seqguence information available, the identification of
hemologous regions of DNA and the cosstruction of a vector condaining those regions, are significant and time
consuming tasks. Current methods for obtaining snkoows sequence information, such as Inverse PCR (PCR Cloning
Protocols Series: Methods 1o Molecular Bivlogy, Volumne: 192, Pub, Date: Apr-01-2002 , Page Range: 361-307,

DOL: 10.1385/1-59259-177-9:301 ) and Adaptor Ligated PCR (Nafure Protocols 2, pp. 2916 - 2917 (2007 Published
online: 8 Noveruber 2007) are time consuming in that they take nwltiple ferations in order to generate 3 DNA sequence
that is long enough to be used in 2 bomologous integration vector,

[80642] A mothod that allows for the guick identification of a large piece of chioroplast DNA sequence, sufficient in
size to build 2 homelogous integration vector, would be very useful in the eogineering of algal genomes. The methods
described herein, can be applied to all strains of an algae, for cxample, a green algae, for which there is little or no
known DNA sequence information available. The methods described herein, can also be applied to an algae, for which
there is incompiete sequepce information available.

{60643 Exam

108644} Across the chloroplast genomes sequenced to date, there are only a few clusters of genes that are consistently

e 21 Use of a Conserved Gene Cluster to Generate Seguence Information

found adiacent 1o each other. Two examples of such gene chusters are yof3-vei4 and psbF-psbL. However, these two
chusters are too small is size to yield enough DNA sequence information to be useful for homologous recombination.
[68645] Another gene cluster, psbB-psbT-psbN-psbH, is found together in the same orientation in most algae and
plants. Knowledge of the presence of this gene cluster allows one to amplify a large region of chioroplast DNA that
provides encugh DNA sequence information o construct 2 vector for homologous recombination. This vector can then

be used to modify the chloroplast genome of algal strains and plants that have not yet been genctically engineered.
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{80646} The gene cluster psbB-psbT-psbN-psbH is a region of chloroplast DNA that is highly conserved amongst algas
and plants. However, this cluster may not be conserved at the nucleic 2eid fevel or in the spacing between the genes {the
mtergenic regions ). In addition, the nucleic acid contents of the intergenic regions may vary. While at the nuclectide
tevel there may be significant diversity, at the protein level this region is guite conserved. Figure 88 is an alignment of
4 algae that have had their chlorolast genomes sequenced: C. reinhardsii (NCBI NC_0805353). C. vulgaris (NUBI
NC_001865}, 8. obliguus INCBINC_00R101), and P. pnrpurea NCBE NC_000925). This figure shows the high degree
of conservation in terms of gene placement and orientation.

{80647} Although the gene cluster, psbB-pshT-psbN-psbH, may not be conserved at the mucleic acid level, the proteins
on the terminal ends of this region, psbB and psbH, are highly conserved at the amino acid level and contain regions of
high conservation at the nucleotide level, Figure 86 is an alignment of the psbB gene from four algae that have had their
chiorolast genomes sequenced: C. reinhardtii, C. vulgaris, 5. obliguus, sud P. purpwrea, and Figure 87 is an alignment
of the psbH gene from the same algae. Both figures show regions of high nucleie acid homology. This allows for the
design of degenerate primers that will anneal o regions within the nucleic aeid seqguences encoding for the proteins
psbB and psbil, resulnng in the amplification of the whole gene cluster in one step, This double stranded product can
then be quickly sequenced directly from both ends, and enough sequence information can then be generated to construct
2 homologous recombination vector. The tine it takes o generate the sequence data is rouch Jess than with other
ruethods.

[88648} Two degenerate primers (forward primers 4099 and 4100} specific to the psbB gene (reverse privers SEQ ID
NO: 129 and SEQ 1D NRO:120) and 2 two degenerate primers {4101 and 4102} specific to the psbH gene (SEQ 1D NO:
131 and 3EQ ID NO: 137) were designed from the conserved nucleotide regions of the psbB and psbH. These primers
have been used to generate the sequence of the psbB-psbT-psbN-psbH geue cluster from different species of algae that
have little or 0o sequence information available in public databases inchuding D. ferfiolecia {(SEQ YD NO: 133), an alga
from the genus Dunaliella of uuknown species (SEQ T NO: 134), N abudons (SEQ 1D NO: 135), an isolate of O
vidgaris differing from the published genome (SEQ 1D NO: 136}, and 7. suecica (SEQ TD NG 137). Figures 74 and
75 show the degeonerate primers amplifying a large fragment from the Dunalielln isolate and N. abudans, respectively.
Figure 73 shows the amplification from S. dimorpius. In each of these figures the center lane is occupied by 2 1kb Plus
ladder (Invitrogen). Tn cach figure four different combinations of primers were used. The top left panel shows
amplification with primiers 4099 and 4101. The bottom left panel shows amplification with primers 4099 and 4102, The
top right panel shows apyplification with printers 4100 and 4101, The botiom ieft panel shows amplification with
primers 4100 and 4102, After amplification the desired fragments are gel puritied using the Qlaguick Gel Extraction Kit
{Qiagen) and sequenced. in each of Figures 73 to 78, Product 1 represents the full length psbB-phsBE gene cluster,
j08648] An integration vector built from this region has been shown to transform Dunafiella ferticlecta (see
EXAMPLE 18).

{68658} Example 22: Additional Yectors constructed for Scenedesmurs dimorphus

60651 Additional vectors were constructed for Scenedesmus dimorphus since the sequence of a closely related species
Scenedesmus ebliguus is publicly available (NCBI for S. obligrus, NC_008101). These vectors were made to test
integration sites and homoplasmicity along the entire region of psbB-psbT-psbN-psbH, as weli as the next adjacent
protein in 8. dimorphus, psbK. This set of vectors targeted integration into the intergenic region between psbT and

psbN, psbN and psbH, psbil and psbK, and the region 3° of psbX (p04-128, p04-128, p04-130, and p04-131
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respectively) (Figures 76 o 79 respectively}. p(04-128 targets integration at epproximately nucleotide 039,587, p04-129
targets infegration at approximately nucleotide 859,999, pt4-130 targets integration at approximately nucleotide
060,429, p04-131 targets integration at approximately nucleotide 060,961 (nucleotide locations according to the
seguence available from NCBI for 8. ebliguus, NC_0G8101).
86652} All vectors have an expression cassette consisting of & chloramphenicel (CAT) selectable marker, an
endogenous promoter, and an endogenous terminator cloned between the Homology A and Homology B fragments,
p04-128 bad wfA-CAT-rbel cloned between the Homology A and Homology B fragments (pi4-142) Rigure 89). p04-
129 had tufA-CAT-rbel cloned between the Homology A and Homology B fragments (p04-143) (Figure §1). pD4-130
had tefA-CAT-rhell cloned between the Homology A and Homelogy B fragments (p(4-144) (Figure 82). pD4-131 hed
tafA-CAT-rbel cloned between the Homology A and Homology B fragments (p04-145) (Figere 83). Vectors are
shown graphically in their corresponding figures. In this instance the DNA segment labeled “CAT” is the
chioramphenicol acetyl transferase gene from £, coli, the segment labeled “tufA” is the promoter and 537 UTR sequence
for the nfd gene from 8. dimorphus, and the segment labeled el is the 37 UTR for the rbel gene from S
dimorphus.
{36653} Transforming DNA was introduced into S, dimorphus via parficle bombardment according to the method
described in EXAMPLE 1 with DNA carried oun 550 nro gold particles@ 500psi and 2 shooting distance of 4em,
Cransformants were sefected by growth on TAP-CAM agar medivm vnder constant light 30-100uE @ RT for
approximately 2 weeks. Transformants were streaked outo TAP-CAM agar medivm fo ensure single colony isolation
and growan for 4 days vader constand light.
[006341 To test for infegmtion of the CAT gene in between the peb T and pshN genes (pQd-142), ciones were screened
for homoeplasmicity using primers 3160 and 3162 (that amplify 2 200bp constant band from the genome}, and primers
4682 and 4982 (that amplify a 400 bp band that spasning the integration site),
{00658] To test for infegration of the CAT gene in between the psbN and psh# genes (p04-143), clones were screened
for homeplasmicity asing primers 2922 and 2923 that amplify 2 400bp constant band from the genome, and primers
4684 and 4685, that amplify a 200 bp band that spans the integration sife.
[B6636] To test for integration of the CAT gene in between the psb A and pshbK genes {p04-144), closes were screened
for homeplasmiciy using primers 2922 and 2923 that amplify 2 400bp constant band from the genome, and primers
4686 and 4687, that amplify a 300 bp band that spans the iegration site.
[84657} To test for integration of the CAT gene 3" of the psdHK gene (p04-145), clones were sereened for
homaplasmicity using primers 3160 and 3162 that anplify a 200bp constant band from the genorne, and primers 4688
and 4689 amplify a 300 bp band that spans the mtegration site,
100638} Primers used for cach of the PCR screens are listed in Takie 5.
[B9659] Table 5

3166 (SEQ ID NO: 3) GAACTACAACTAATTATITTIC

3162 {SEQ 1D NO: 4) TGAAACCAGTCTTTGTAAAGCTCA
4682 (SEQ ID NO: 13) CCACCTCGTATGGTAAAATAATTG
4982 (SEQ ID NO: 16) GAAAGAATTATGGACAGTCCTGCT
2922 (SEQ ID NO: 1} AGAAGGAGCTTCTACAGATGC

pl4-142

pli4-143
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2923 (SEQIDNG: 2y TCATTAGTTACTTCATCTTTAATCCG
4684 (SBQ ID NO: 140) GAAGGAGGTCCAAAACTCACA
4685 (SEQ ID NO: 141) CCTGUTTCTTGAAGTGCATC

2922 {see above)

p04-144
2923 (sce above)
4686 (SEQ D NO: 142) TGAGTTGGGAAACTTTAGCTTCTT
4787 {(SEQ D NO: 143) AAAAGATTGCCAAGACCAAA
pit4-145 3160 (see shove}

3162 (see above)
4688 (SEQ IDNO: 144) AAAAAGAATGAAATTTTIATGTTCG
4689 (SEQ ID NO: 145) ATGGATGTCGTCCTCCAAAA

{00660} Figure 84 and Figure 85 shows that homoplasmic clones are recovered from integration between psbT and
psbN (p04-142) and integration 37 of psbX {(p04-143).
[60661} Example

{68662} Heterologous (exogenous) gene introduction into the chiproplast by homologous recombination is efficient

23: Creation of 3 Yeast-bacteria Shuttle Vector

when a selectable marker and the gene of interest is flanked by 5” and 37 bomolegy to a locus that can tolerate
integration. To integrate more than one gene, one can target a separate locus and use a second selectable marker.
integration of two or more genes is problematic from a time and labor standpoint. fn addition, svailability of selectable
markers becomes an ssue. To contend with these iasues, 3 yeast-based system was created wherein, in a single step,
several exogenous genes can be assembled along with an algal selectable marker, and placed into a veast-bacteria
shuttle vector, Two versions of this vector were created. One version contains & 5.2 kb region from the

Scemedesmus obliquus chloroplast (Scenedesmus chloroplast sequence NCBI reference sequence: NC_0068101,
$57.611-0628500p) (SEQ ID NO: 125). This 5.2 kb region is ghly conserved {at the amino acid level) amongst algae
species, and spans a region comprising psbB 1o rbell genes. The second version of this vector contains two 1,000 bp
“homology A3” (070,433-071.342bp) (SEQ 1D NGO 126} and “bomology B3™ (071,379-¢72,254bp} (SRQ ID NO: 127)
regions which target a locus imediately dowastrearn of the psbA gene. The two shutfle vectors (Figares 4% and 58)
comprise the above-mentioned sequences from the chloroplast genome of Scenedesmus 0bliguus, bacterial
replication/selection clernents, and yeast replication, segregration, aud selection/counter-seleciion elements.

[6D6631 There are at least foor advandages of the yeast-based systers over the existing technology: 1) each ofthe 1, 2, 3,
4, or more gene expression cassettes can be amplified with primers containing 53° and 3° bomology to adjacent casseties,
thereby alleviating the requirernent to clone flanking bomelogy iuto the gene cassette design; 2} several gene casseties
{(for example, 2, 3,4, §, 6, or 20) can be assembled together as a contig in a single step and require a single selectable
marker for chioroplast introduction; 3) this technology can be applied 1o other algal species due to the conserved natare
of the psbB-rbel, Tocus across algae species; and 4) the 5.2 kb of homology contained within the shuttle vector (Figure
58) and the 2 kb of homelogy as showsn in Figure 49, ensures that homologous recombination is aceurate and efficient
within the chioroplast.

[89564] [t shouid be noted that, for example, more thao 2, more than 3, more than 10, more than 15, more than 20, or

more than 25 gene casscties can be assembled in the shuttle vestor.
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{80663} Exam
(88666} A derivative of plasmid vector pUC19 (New England Biclabs, U.8.A.; Yanisch-Perron, C., ef al.

e 24; Plasmid Construction

{1985} Gene, 33, 103-119) lacking & multiple cloning site (herein referred 10 as gutless pUC) (Figure 45) was used to
create the backbones for three gene expression cassettes. Three different gene expression cassettes comprising the
promoter-terminator pairs: petA-chil, D2-D1, and wfA-psaB, respeetively were cloned into gutiess pUC (Figures 50,
81 and 82

[00667} To msert the genes of interest ("GO WCTY0, SEQ I NO: 115; CCOL, SEQ ID NO: 116; CC92, SEQ ID NG«
117, CC93, SEQ IDNO: 109: CCY4, SEQ ID NO: 116, CC97, SEQ 1D NQO: 113: 1857, SEQ I NO: 1215 1861, SEQ
IDNO: 1241862, SEQ ID NO: 123; 18116, SEQ ID NO: 122; BD3LE, SEQ 1D NO: 146, and IS99, SEQ D NO: 147),
each of the three vectors {Gene Vector 1 (Figure 58}, Gene Vector 2 (Figure 81). and Gene Vector 3 (Figare $2)),
along with the genes of interest, were double-digested with the restriction enzyines Nde? and Xbad, and ligated together
resuiting in 36 different vectors. Several of the 36 vectors served as PCR templates for the gene amplifications vsed in
the 2-, 3-, or 4-gene contig assemblies described below,

{66668} The genes of interest are as follows:

[80669] CC%0 gleDd - glycolate oxidase subamit, FAD-Huded NP_417453;

[8€670] CC1 glek - glvealate oxidase FAD binding sebunic YP_026191;

(80671} CC92 gleF - ghycolate oxidase iron-sulfor subunit YP_0261{60;

806721 CCO3 glyoxyiate carboligase NP_415046;

(886731 CC9 tartronate senaldehyde reductase NP_417594; and

1886741 CCO7 tarironate sermaldehyds reductase - NADH dependeni NP_415642.

{68675} These genes are described in Kebeish, R., etal, Nature Biotechnology (2007) 25(5) 593-399. All six genes are
codon-optimized for the chloroplast genome of Cllamydomonas reinhordiii,

[8676] Additional genes of interest are as follows:

[80677; BDI11 s an endoxylanase from T. reesel; and

(80678] 1599 is 2 mevalonate pyrophosphate decarboxylase from §. cerevisiae, codon optimized according to the
tRNA usage of the . reinhardtii chioropiast.

{80678} Other genes of inforest are as follows:

{66688} 1857 is 1-Deoxy-D-xylulose S-phosphate reductoisomerase (DXR);

[98681] 1S-61 is Chlamydomonas chlorophyll synthase;

{60682] 15-62 is the same protein as I5-9, the chicken FPP synthase; the difference is that the C-termuinal tag has been
removed, and replaced with an N-termiival FLAG tag; and

168683] 15-116 is 4-diphosphocytidyi-2-C- methylerythritol synthetase ({CDP-ME synthase, it is the E. coli version of
the gene).

j08684; These above four genes were all codon biased for expression in the Chlamydomonas chiforoplast genome.
{66685F Plasmid vectors pRS414 (Sikorski and Hieter, Generics. 1989 May;122(1%:19-27) (Figure 83) and
pBeloBACLL (NEB)(Figure 54) were used to construct transformation platform vectors. In all instances, pRS8414, and
(Gene Vectors 1, 2, and 3 were selectively maintained in DH10B cells (Invitrogen, U.S.AL) by growth in Luria Bertani
{LB) medium supplemented with 100pg/ml ampicillin, Similarly, the plasmid pBeloBAC11 was selectively maintained

in its host bacterium, IHI0B, by growth in LB mediom supplemented with 12.5ug/mi chloramphenicol.
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{86686} To construct the first of the two base platform vectors (Figure 4%) that can be used for the introduction of two
genes into the chioroplast of Scenedesmus obliquus, the homology region A3 (SEQ ID NO: 126) and the homology
region B3 (SEQ ID NO: 127) were amplified from Scenedesmus chioroplast DNA using primers 34 (SEQ ID NG: 9%

4 35( SEQ 1D NO: 100}, and 36 (SEQ 1D NO: 161} and 37 (SEQ ID NO: 102}, respectively, digested with Notf and
Spel, and ligated into No#l digested gutiess pUC (Figure 48). Plasmid p04-35 (Figure 46) was then linearized with Spe/
and Hgated fo a PCR product comprising the nucleotide sequence encoding the yeast genes URA3-ADE2 (SEQ ID RO,
165). The nucleotide sequence encoding the yeast genes URAJ-ADE2 was obtained by PCR using as ¢ DNA template,
plasmid pSS-007 (Figure 47), and primers 3¢ (SEQ I NG: 95) and primer 31{58C ID NO: 96}, which both contain
Spel restriction sites at their 57 termini. The resulting vector comprising the homology regions Aanking the veast genes
{(p83-013) is shown in Figure 48,

[08687} The URAS-ADED cassette altows for positive selection in yeast that are deficient for UR43 or ADE? gene
function, respectively. Sinilarly, expression of the URA3 gene can be negatively selected against in the presence of 5~
floroorotic asid (5-FOA) as URAZ converts 3-FOA to 5-finorouracil, which is toxic to the cell. In addition, the
presence or absence of a functional ADEZ gene results in white or red yeast colonies, respectively -~ thereby allowing
for another level of selection when picking colonies.

[BO68B] To create the yeast-bacterial shuttle vector for fwo-gene coutlg assembly, which fargets the A3-B3 region, pSS-
§13 (Figure 48) was digested with Nogl. Hberating the fragment contaming A3-URA3-ADE2-B3, which was then
Hgated into Nowl digested pRS414 (Figure 53), resulting in the vector pS8-023 (Figure 49). p55-023 was confirmed by
sequencing and restriction digest mapping with Ndel, Pacl, Psil, Scal, SnaBI, and Spel (Figure 65). Order of tanes from
left to right: 1kb DNA phus Jadder (Javitrogen), uscut pSS-023, Ndel, Pacl, Pstl. Scal, SnaBl, Spel, 1kb DNA phus
ladder (Invitrogen, U.S.AL). Expected bands are as follows: Nded, 2187 bp and 8135bp; Pacl, 2051 bp, 2981 bp, and
5250bp; Pat], 493 bp, 1872 bp, and 7057 bip; Seal, 1761 bp, 4050 bp, and 4511 by; SnaBI, 2587 bp and 7735 bp; and
Spel, 930 bp, 3694 bp, and 5678 bp. pSS-023 was used in all two-gene contig assernbiies that target homology A3 and
homclogy B3 regions.

{08689 To construct the base platform: vector used for the three-gene, four-gene, and the second two-gene contig
assembly (which all target the psbB-rbel. locus in Scenedesmus), primer | (SEQ 1D NO: 66) and primer 2 (SEQ ID NO:
67}, both of which contain No#/ restriction sites at their 57 termini, were used to amplify the 5.2 kb sequence (SEQ 1D
NQG: 125) spanning from the psbB gene to the rbel gene. The resultant 5.2 kb PCR product and plasmid vector pRS414
{(Figure 53) were both digested with Notl and ligated together, resulting in pLWO0L (Figure §5). pLWO0! was
confirmed by sequencing and restriction digsst roapping with EcoR ¥, Nodl, Pmil, Pvul, and SnaB7 (Figure 66). Order of
fanes from left fo right: 1kb DNA plus ladder (Invitrogen, U.8.AL), EcoRV, Notl, Prall, Pvud, SnaBI, uncut, and 1kb
DNA plus fadder (Tnvitrogen, U.S.AL), Expected bands are as follows: EooRV, 1182 bp and 8867 bp; No#, 4784 bp and
5263 bp; Pmil, 995 bp, 2644 bp, and 2695 bp; Fvud, 2868 bp and 7181 bp; and Snalf, 2526 bp and 7523bp.

{00698} To assembie contigs of two, three, and four genes in pLWO001, using negative selection, a PCR product
containing the Saccharomyces cerevisiae genes URA3-ADE2 (SEQ ID NO: 165} was amplified with primer 27 (SEQ
1D NO: 923 and primer 28 (8EQ 1D NO: 93}, which contain 57 tails homologous to the locus in the chloreplast sequence
between psbT and psbN. This PCR product, along with pLW001 (Figure 58), were simultaneously transformed into S.

cerevisice. Transformants were selected for on complete synthetic media (C8M) lacking ryptophan, uracil, and
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adenine (CSM — TRP ~ URA ~ ADE) using z standard tithium acetate transformation protocol (for example, as
described in Gletz, R.D, and Woods, R.A., Merthods Enzymol. (2602) 350:87-96),
[36691] Resultant yeast colonies were patched to C8M — TRP —~ URA ~ ADE and PCR screened for the correct
homelogous insertion of the URA3-ADE? construct. Plasmid DNA was then harvested from PCR positive yeast clones
and electroporated tto £. coli DHIOB cells (nvitrogen). Bacterial colonies were PCR screened. PCR positive clones
were then harvested for plasmid DNA {(Jiagen miniprep protocol). Twelve independent plasmid isolates from the
above-mentioned yeast colonies were sequence confirmed and restriction enzyme mapped with Pack, Psd, Scal, snd
Xhol (Rigures 67A-E). Figure 67A is uncut plasmid DNA. Figore 67B i3 the plasmid DNA digested with Scaf, the
expected fragments are 1761 bp, 5646 bp, and 6330 bp, Figure 67 is the plasmid DNA digested with Pacl; the
expected fragments are 4547 bp and 8890 bp. Figure 67 is the plasmid DNA digested with Xhol; expecied fragments
are 5830 by and 7907 bp. Figare 67E is the plasrmid DNA digested with Psil; the resuliing fragmeuts are 493 bp, 3011
bp, and 10233 bp. The resulting platform constroct was designated as pLW092 (Figure §8).
{80682} The size of the contig becomes an issue in assembling contigs of three or more genes as the colf 1 origin
present in the pLW(92 backbone {Figure 56} is unable to support faithful duplication of plasmids greater than 20kb.
To contend with this issue, a platform vector was created that is capable of larger assemblies based on the BAC cloning
vector, pBeloBACLI (Figure 54}, which contains the OriS crigin capable of matntaining very large DNA fragments, for
example, ypwards of 300kb. Briefly, pBeloBACT U was linearized using the restriction enzyme Xhol The TRPI-ARSI-
CEN4 gene sequences (SEQ ID NO: 107} was PCR-amplified from pYACS (ATCC; GenRank number UD1086; Wwke.
NN P2} with primer 3 (SEQ ID NO: 68) and primer 4 (SEQ 1D NO: 69), which both
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contain Xho/ ends. The Xhol-digested BeloBACI 1 and pYACH sequences were Haated together. Resuliant bactertal
colonies were PCR screened for the correct Egation event, restriction enzyms mapped, and sequeace confirmed. The
resultant plasmid was designated pBeloBAC-TRY (Figare §7).

[80693] pBeloBAC-TRP was further modified to incorporate the Scemedesmas psbB-rbeL locus (containing URA3-
ADE?2 between psbT and psbN, from pEWO92). Briefly, the Scenedesmus pshB-thel locus was digested away from
pLWO92 (Figure 56) using Not/ and ligated into pBeloBACTI-TRP (Figure 57 (also digested with Not73. Resultant
bacterial cjones were sequence confirmed and restriction enzyme mapped with EcoRV, Ndel, Notl, Facl, Pstf, Scal and
Xhol (Figure 68). Order of lanes from left to right: 1kb DNA plus ladder (Invitrogen, U.S.4.), empty, EcoRV, Ndel,
Neak, Pacl, Psl, Scal, Xhol, and 1kb DNA plus ladder (Invitrogen, U.S.A.). Expected bands are as follows: EcoR ¥, 228
bp, 1280 by, 1461 bp, 2261 by, 6558 bp, and 7048 bp; Ndel, 2187 bp, 2470 bp, 6183by, and 8007 bp; Not/, 8953 bp and
9894 by, Pac, 4847 bp and 14000 bp; Pstf, 493 bp, 1541 by, 3179 bp, 55539bp, and $075 bp; Scal, 1761 bp, 3835 by,
4704 bp, and 8547bp; and Xhof, 3017 by, 4942 bp, and1 0858 bp, The resultant platform construct was designated as
pLW 100 (Figure 58) and is used in all of the 3- and 4-gene contig assemblies.

108684} Ip addition to the genes of interest assembled into the 2- 3- and 4- gene contigs, a veast positive sefection
marker and a Scemedesmus positive selection marker were also inchided.  The yeast auxotrophic marker, LEU2 {SEG
1D NO: 108), along with the chlorampenicol acetyltransferase (CAT) gene (SEQ 1D NO: 148) driven by the rbel.
promoter {which confers resistance to chloramphenicol in Scenedesmus) (Figure 58) were ligated into gutless-pliC.
Homology regions flanking these two genes were also cloned, which correspond to the adjacent genes of interest in
countig assembly. Briefly, the Saccharomyces cerevisiae gene LEUZ {SEQ D NO: 108), was amplified from total

genomic DNA with primer 5 (SEQ I NO: 70), which contains a Psel restrivtion site, and primer 6 (SEQ 1D NO: 71),
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which contains a Not#/ restriction site {at the 57 terminug) and 80bp of DNA, which are homologous to adjacent genes in
2-, 3-, and 4-gene contig assembly. In addition, the thel-CAT-psbE gene (SEQ I3 NO: 128) was amplified from vector
pU4-198 (Figure 59) using primer 7 (SEQ ID NO: 72}, which contains a No#/ restriction site (at the 5 terminus) and
80bp of DNA which are homologous to adjacent genes in 2~, 3-, and 4-gene contig and primer 8 (8BQ 1D NQ: 73),
which contains a Pst/ restriction site. The LEU2 and theL-CAT-psbE fragments were digested with Pstf and Notl and
ligated to Mol digested gutiess-plUC. Resultant bacterial cloner were sequence confirmed and restriction enzyme
mapped with EcoRl, EcoRV, Kpni, Nowl, Pvell, and Scal (Figure 6§93 The order of lanes 18 as follows: kb DNA plus
ladder (Inviwogen, U.S.AL), uncot DNA, Ecoll, EcoRY, Kpnl, Noil, Pyull, Scal, and 1kb DNA plus ladder (Invitrogen,
U.8.AL) Expected bands ave as follows: EcoRJ, 3033 bp and 3458 bp: EcoRV, 6491 bp; Kprd, 6491 bp; Notl, 2436 bp
and 40535 bp; Pvull, 858 bp and 5533 bp; Seal 3023 bp and 3468 bp. This construct was designated as pS5-035 (Figure
£8) and 1s ysed in all of the gene contigs to promote proper assembly and also to provide for a positive selection elemeni
during Scenedesmus transformation.
{06696} The Saccharomyees cerevisiae stram, Y PHESE (MdTo, wra3-52, lys2-301, ade2-101, rplA63, his34200,
len2Al, cvhIR), was used 1o all contig assembly reactions,
(88657} For two-gene contig assernblies targeting the A3-B3 region, the following were combined:

1y lug of pS8-023 (Figore 49) linearized between URA3 and ADEZ with Sphl;

2) 500 ng of & gel purified fragment, obtained by digesting pSS-035 (Figare 68) with Notl, and

comprising the rbeL-CAT-psbE/LEU2 construct;

3) 560ng of PCR amplified petA-CCo4-chiL, (gene vector 1) (Figure 56), amplified with a forward

primer, primer 9 {SEQ ID NO: 74}, which is comprised of 60bp of homology to the Nod digestion

product from pSS-G35, and a reverse primer, primer 32 (SEQ ID NQ: 97), which is comprised of

50bp of homology to pS8-023 just downstream of the nucleotide sequence encoding for ADEZ; and

43 560ng of PCR amplified tafA-CC93-psaB (gene vector 3) {Figure 52), amplified with a forward

primer, primer 33 {SEQ 1D NG 98), which comprises 60bp of homology to pSS-023 just upstrearn of

the nucleotide sequence encoding for URAZ, and a reverse primer, primer 12 {SEQ IDNO: 77),

which comprises 60bp of bomology to the Noif digestion product described in step 2 above.
160698} Cells were transformed with the mixture of DNA described above, using a standard lithium acetate
trapsformation protocol. Transformants were selected for on CSM ~TRP-LEU +5-FQOA plates. After two days at
30 °C, yeast colonies were picked and patched to a CSM-TRP-LEU plate. The next day, yeast patcbes were PCR
screened for the correct gene assembly. Plasmid DNA was then barvested from PCR positive veast clones and
electroporated into £. cofi DH10B cells {TInvitrogen). Bacteriai colonies were also PCR screened. Fowr PCR positive
clones were then harvested for the preparation of plasmid DNA (Qiagen miniprep protocol), which were subsequently
restriction enzyme mapped with Ndel (Figure 78; expected band sizes, 1097 bp, 3703 bp, and 16283 bp: and 1kb DNA
phas fadder (avitrogen, U.8.A.}. One of the four clones was picked and the seguence of that clone was confirmed, The
resuiting two-gene contig assembly is shown in Figure 61. Another embodiment of this assembly is shown in Figure
62.
{08699} For two-gene coutig assemblies targeting the 5.2kb psbB-rbel region, the following were combined:

1} Ipg of pEWO92 (Figure 56) linearized between URA3 aud ADEZ with Sphl;
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2) 500 ng of a gol purified fragment, obtained by digesting p&S-035 (Figure 68) with Notl, and

comprising the rbel-CAT-psbE/LEUZ construet,

3} 500ng of PCR amplified petA-BD11-chL (gene vector 1) (Figure 50), amplified with a reverse

primer, primer 1661 (SEQ ID NO: 130), which is comprised of 60bp of homology to the Not/

digestion product from pS3-035, and a forward primer, primer 1000 (SEQ 1D NO: 149), which is

comprised of 50bp of homology to pLWO92 just upstream of the nucleotide sequence encoding for

URAZ; and

4} 500ng of PCR amptlified tufA-1899-psaB (gene veotor 3) (Figure $2), amplified with a reverse

primer, primer 1002 (SEQ JD NQ: 151}, which comprises 60bp of homology to pLW092 just

downstream of the nucleotide sequence encoding for ADEZ2, and & forward primer, primer 1003 (SEQ

D WO 152), which comprises 60bp of homology to the Nor! digestion product described in step 2

above,
{60708} Cells were transformed with the migture of DNA described above, using a standard Hthiem acetate
transformation protocol. Transformants were selected for ou CSM ~TRY ~LEU +3-FOA plates, After two days at
30 °C, yeast colonies were picked and patched to a CSM-TRP-LEU plate. The next day, yeast patches were PCR
screened for fee correct gene assexubly. Plasoiid DNA was then harvested from PCR positive yeast clones and
clectroporated futo £. coli DHIOR cells (Javitrogen), Bacterial colonies were also PCR screened. Four PCR positive
clones were then harvested for the preparation of plasmid DNA ((Hagen miniprep protocel), which were subsequently
restriction enzyme mapped. Figare 90A-D depicts mapping of the two gene contig assembly with the restriction
enzymes: Kpnd (A}, Msel (BY, Pvadi (C), and also yment DNA (D). Bxpected band sizes are as follows: Kprd: 676 by,
1791 bp, 2555bp, and 13163 bp; Msclr 2206bp and 15973by; and Pvudl: 21bp, 195bp, 1421bp, 328%yp, 3004by,
4336bp, and 5005bp (note: the 21bp and 195bp hands bave ran off the gol in Figure 98C), One of the four clones was
picked and the seguence of that clone was confirmed. The resulting two-gene contig assembly targeting the psbB-rbel
locus is shown in Figure 91,
86761} For a three-gene contig assembly, the following were combined:

1y lug of pLW 100 (Figure 58) lincarized between URASJ and ADE2 with Sph;

2} 500 ng of a gel purified fragment, obtained by digesting pS5-035 (Figure 68) with Notl, and

comprising the rbeL-CAT-psbE/LEU2 construct;

3) 500ng of PCR amplified petA-CCO0-chiL. (gene vector 1) (Figure 58), amplified with a forward

primer, primer 13 {(SEQ ID NOG: 78), which comprises 60bp of homology to the Notl digestion

product from p8S-0335, and a reverse primer, primer 14 (SEQ 1D NO: 79), which comprises 56bp of

bomology to pLW100 just upstream of the nucleotide sequence encoding for URA3Z;

43 500ng of PCR amplified tufA-CC%1-psaB (gene vector 3) (Figure $2), amptified with a forward

primer, primer 15 (SEQ ID NO: 80), which comprises 80bp of homology to the Notl digestion

product from step 2, and a reverse primer, primer 16 (SEQ 1D NQ: 81), which comprises 60bp of

homology to the PUR amplified gene vector 2 (Figure §1); and

5) 500ng of PCR amplified D2-CC92-D1 (gene vector 2) {Figure 31}, amplified with & forward

primer, primer 29 (SEQ ID NO: 94), which comprises 60bp of homology to PCR amplified gene
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vector 2, and a reverse primer, primer 17 (SEQ 1D NO: 82), which comprises 60bp of homology to
pLW 160, just downstream: of the nucleotide sequence encoding for ADE2.
[66782} Cells were transformed with the mixture of DNA described above, using a standard Yithium acetate
transformation protocel, Transformants were selected for on CSM ~TRP -LEU +5-FOA plates. After two days at
30°C, yeast colonies were picked and patched to a CSM ~TRP -LEU plate. The next day, yeast patches were PCR
sereened for the correct gene assembly. Plasmid DNA was then harvested from PCR positive yeast clones and
electroporated futo £. coli VH10B cells (Invitrogen). Bacterial colonies were also PCR soreened. Two PCR positive
clones were then harvested for plasmid DNA {Qiagen maxiprep protocol}, which were subsequently restriction enzyme
mapped with Ndef (Figure 71; expected bands, 2396 bp, 3873 bp, 5114 bp, 6929 by, and 8007 bp; and 1kb DNA plus
ladder (Invitrogen, U.S.A.)) One of the two clones was picked and the sequence of that clone was confirmed. The
resulting three-gene contig assenibly is shown in Figure 63
{86763} To facilitate proper assembly of the 4-gene contig assembly. two positive selection yeast auotrophic markers,
HIS3 (SEQ ID NO: 118) and LY S2 (SEQ 1D NO: 119), were added to the contig assembly.
106704} For four-gene contig assemblies, the following were combined:
1) 1pg of pEWL00 (Figure 38) linearized between URAZ and ADE2 with Spif,
2) 560 ng of 2 gel purified fagraent, obtained by digesting pSS-035 (Figore 68) with Notl, and
comprising the rbel-CAT-psbE/LEU2 construct;
3) 590ng of PCR amplified tafA-1S57-psaB (gene vector 3) (Figure 32), amplified with 2 forward
primer, primer 19 (SEQ 1D NO: 84, which contains 60bp of bomology to PCR amplified HIS3, and 2
reverse primer, priser 20 (SEQ ID NO; 83), which contarus 60bp of homology to pLW 06 just
vpsiream of the mucleotide sequence encoding for TURA3,
4y 500mg of PCR amplified HIS3, ampiified with a forward primer, primer 21 (SBQ D NO: 86),
which cogtains 60bp of homology to PCR amphified gene vector 3 and a reverse primer, primer 22
(SEQ 1D NO: 87}, which contains 60bp of homology to PCR anyplificd gene vector 1 (Figuve 58);
53 500ng of PCR amplified petA-T8116-chiL (gene vector 1), amplified with a forward primer, primer
13 {SEQ 1D NO: 78}, which contains 60bp of bomology to the Noil digestion product from step 2, and
areverse primer, primer 23 (SEQ 1D NO: 88), which contains 60bp of homelogy to PCR anplified
HIS3;
&) 500ng of PCR amplified tufA-1S6Z-psaB (gene vestor 3), amplified with a forward primer, primer
16 (8BQ 2 NO: 81), which contains 60bp of homology to the No#/ digestion product from step 2 and
a reverse primer, primer 15 (SEQ ID NO: 80), which contains 60bp of homology to PCR anwplified
LY82;
7) 500ng of PCR amplified LY S2, amplified with a forward primer, primer 24 (SEQ ID NO: 89),
which coptains 60bp of homology to PCR amplified gene vector 3 and a reverse primer, primer 25
(SEQ ID NO: 90), which contains 60bp of bomology to PCR amplified gene vector 2 (Figure 51);
and
8) 500ng of PCR amplified D2-1561-D1 {gene vector 2), amplified with a forward primer, primer 26

(SEQ ID NO: 91}, which contains 60bp of homology to PCR amplified LY'S2 and a reverse primer,
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primer 18 {SEQ ID NC: 83), which contains 60bp of homology to pLW100 just downstream of

ADE2,
04785} Cells were transformed with this mixture of DNA using a standard lithium acetate fransformation protocol.
Transformants were selected for on CSM-TRP-LEU-HIS-LYS +5-FOA plates. After two days at 36°C, yeast
colonies were picked and patched to 2 CSM-TRP -LEU-HIS-LYS plate. The next day, yeast patches were PCR
screened for the correct gene assembly. Plasmid DNA was then harvested from PCR positive yeast clones and
electroporated into £, coli DI 10B cells (Tnvitrogen). Bacterial colonies were alse PCR sereened, Four PCR positive
clones were then barvested for plasmid DNA {Qiagen maxiprep protocol), which were subsequently restriction enzyme
mapped with Ndel (Figure 72; expected bands, 553 by, 564 by, (570 bp, 1791 bp, 1824 bp, 1969, 2040 bp, 3858 by,
5114 bp, 7219 bp, and 8007 bp; and 1kb DNA plus ladder (Invitrogen, U.8.A.)). One of the four clones was picked and
the sequence of that clone was confirmed. The resyliing fowr-gene contig assembly is shown in Figure 64.
{08766} Lxample 26; Scenedesmus chloroplast transformation
{06707} Once construct integrity was confirmed for each of the gene assermblies (2-, 3-, and 4-gene contigs), each of the
gene assemblies were individually transformed inlo Scenedesmus obliguus. Briefly, celis were grown to mid-log phase
and harvested. Approximately 5x107 cells were spread onto TAP plates containing 2Spg/ml chioramphenicol and
allowed to dry ina sterile culture hood. While plates wore drying, 10ug of plasmid DNA (fom each of the contig
assemnblies) was bound to gold beads and transformation was conducied using a biclistic gene gun {Bio-rad) at 5G0psi.
2ug of DNA was loaded into each shot and each plate was shiot five times. Plates were placed vader constant Hght for
about 10 days. After which, ehloramphenicol resistant colonies were picked and patehed to a TAP plate contaiming
25ug/m chlorampbesicol. Three to four days later, algae paiches were picked Wwito 10maM EDTA, boiled for 10 minutes
anid then used in a standard PUR reaction to screen for the matroduction of the genes mto the chloroplast,
Chloramphenicol resistant transformants potengally containing the 2-gene contig, targeting the psbB-rbel Jocus, were
screened for the presence of B L and 1899, Primers 1004 (SEQ ID NOG: 153) and 1065 {SEQ 1D NO:; 154) scyeen for
the presence of BDI 1, while primers 1006 (SEQ 1D NO: 155) and 1007 (SBQ ID NO: 156) screen for the presence of
1899. Figure 92A and 92B depict 4 clones that screen PCR positive for both 1899 and BD 11, respectively.
Chloramphenico! resistant transformants potentially containing the 3-gene contig, fargeting the psbB-rbel. Tocus, were
screened for the presence of CC90, CCYE, and CCY2. Primers 1008 {SEQ ID RO: 157 and 1009 (SEQ ID NG: 158)
seveen foy the presence of COG, primers 1010 (SEG ID NO: 159) and 1011 (SEG ID NO: 160) screen for the presence
of CC91, and primers 1012 (SEQ 1D NO: 161) and 1013 (SEQ ID NO: 162) screen for the presence of CC92. Fignres
93 4-C depict 4 clones that scresn PCR positive for 0C90, CCY1, and CC92. Chloramphesicol resisiant transtformants
potentially containing the 4-gene contig, targeting the psbB-rbeL locus, were screened for the presence of 1S61, 1862,
1557, and IS116. Primers 1014 { SEQ ID NO: 163) and 1015 (SEQ ID NO: 164) screen for the presence of 1861,
primers 1016 (SEQ ID NO: 165) and 1017 (SEQ ID NO: 166) screen for the presence of 562, primers 1018 (SEQ ID
NO: 167) and 1019 (SEQ ID NO: 168} screen for the presence of 1857, and primers 1020 (SEQ D NG: 169) and 102}
(SEQ (D NO: 170) screen for the presence of 8116, Figure $4A and 948 depict 2 clones that screen PCR positive for
1857, 18116 (A), and 1861, IS62 (B). Taken together these data dernonsirate that one skilled in the art can integrate
multiple geue contigs of varying sizes (2 gene: 8.1kb, 3 gene: 11.2kb, and 4 gene: 19.4kb} into the chloroplast genome

of Scenedesmus 1 a single step.
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{86768}  One of skill in the art will appreciate that many other methods known in the art may be substituted in lieu of
the ones specifically described or referenced.

[66789)  While certain embodiments hiave been shown and deseribed herein, it will be obvicus to those skilied in the
art that such embodiments are provided by way of example only. Namerous variations, changes, and substitutions will
now occur to those slalled in the art without departing from the disclosure. It sheuld be understood that various
alternatives 1o the embodiments of the disclosure described herein may be employed in practicing the disclosure. It is
intended that the following claims define the scope of the disclosure and that methods and structores within the scope of

these claims and therr equivalents be covered thereby.
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CLAIMS

What is claimed 1s:

1. A process of transforming a chloroplast genome of a Scenedesmus sp. with at least one
exogenous nucleotide sequence, comprising:

a) obtaining the exogenous nucleotide sequence, wherein the exogenous
nucleotide sequence comprises a nucleic acid sequence encoding a protein;

b) binding the exogenous nucleotide sequence onto a particle; and

c) shooting the exogenous nucleotide sequence into the Scenedesmus sp. by
pafticle bombardment using a biolistic device that has a helium pressure of 300 psi to 500 psi,

wherein the chloroplast genome is transformed with the exogenous nucleotide sequence.

2. The process of claim 1, wherein the biolistic device has a helium pressure of 375 to
500 psi, 300-400 psi, 300 psi, 375 psi, or 500 psi, or at least 300 psi, at least 350 psi, at least
400 psi, at least 425 psi, at least 450 psi, or at least 500 psi. ‘

3. The process of claim 1, wherein the exogenous nucleotide sequence bound to the

“particle is shot at a distance of 2 to 4 cm from the Scenedesmus sp.

4. The proeess of claim 1, wherein the Scenedesmus sp. is' S. dimorphus or S. obliguus.
5. The process of claim 1, wherein the particle is a gold particle or a tungsten particle.
6. The process of claim 1, wherein the protein is selected from the group consisting of

chloramphenicol acetyltransferase (CAT), an erythromycin esterase (EreB), a cytosine
deaminase (codA), a 3-(3,4-Dichlorophenyl)-1,1-dimethylurea (DCMU) resistant protein, and
betaine aldehyde dehydrogenase (BAD).
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7. A transformed chloroplast genome obtained by the process of claim 1.

8. The process of claim 6 , wherein the nucleic acid sequence encoding the protein
comprises at least one mutation or modification to create a mutated nucleic acid sequence
encoding a mutated protein with a change in at least one amino acid, wherein the protein and
the mutated protein have amino acid sequences with at least 95% sequence identity to one

another and the protein and mutated protein can be used in the same manner.

9. The process of claim 1, wherein the nucleic acid sequence encoding the protein is
codon optimized for the chloroplast of Chlamydomonas reinhardtii or the chloroplast of the
Scenedesmus sp.

10.  The process of claim 1, wherein the nucleic acid sequence is a nucleotide sequence of
SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID
NO: 34, or SEQID NO: 148.

11. A Scenedesmus sp. comprising the transformed chloroplast genome of claim 7.

12, The process of claim 1, wherein the protein is expressed in the Scenedesmus sp.
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Use of the Scenedesmus sp. of claim 11 in selecting for expression of the protein

comprising, (a) obtaining the Scenedesmus sp. and (b) determining if expression of the protein

results in either a positive or negative selection of the Scenedesmus sp.

14.

The use of claim 13, wherein expression of the protein results in:
(a) positive selection of the Scenedesmus sp. and positive selection is determined if:
(1) the Scenedesmus sp. grows in the presence of chloramphenicol when the
expressed protein is CAT;
(iii) the Scenedesmus sp. grows in the presence of erythromycin when the
expressed protein is EreB; or
(iv) the Scenedesmus sp. grows in the presence of DCMU or Atrazine when
the expressed protein is DCMU resistant; or
(b) negative selection of the Scenedesmus sp. and negative selection is determined if:
(i) the Scenedesmus sp. does not grow as well as a untransformed
Scenedesmus sp. in the presence of 5-fluorocytosine (SFC) when the expressed protein
is codA; or
(i1) the Scenedesmus sp. does not grow as well as a untransformed
Scenedesmus sp. in the presence of betaine aldehyde when the expressed protein is

BAD.



