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A SYSTEM FOR TRANSFORMATION OF THE CHLOROPLAST
GENGME OF SCENEDESMUS SP. AND DUNALIELLA 8P,

CROSS REFERENCE TO RELATED APPLICATION
(6083} Tlus application claims the benefit of United States Provisional Appbeation Number 61/242,7335, filed

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

INCORPORATION BY REFERENCE
[6082] All publications, patents, patent applications, public databases, public database entries, and other references
cited 10 this apphication are heren incorporated by reference 1o their entirety as f each ndividual publication, patent,
patent application, public database, public database entry, or other reference was specifically and individually indicated

to be weorporated by reference.

BACKGROUND
(6083}  Algae are vuicelludar organisms, producing oxygen by photosynthesis. One group, the microalgae, are uscful
for biotechunology apphcations for many reasons, meluding their high growth rate and tolerance to varying
environmental conditions. The use of microalgac in a variety of industrial processes for caramercially important
products is known and/or has been suggested. For exampie, raicroalgae have uses in the production of sutritional
supplements, pharmaceuticals, natural dyes, a food source for fish and crustaceans, biological control of agricultural
pests, production of oxygen and removal of nitrogen, phosphorus and toxic substances 1o sewage treatment, and
poliution controls, such as biodegradation of plastics or uptake of carbon dioxide.
[0084] Microalgae, like other organisius, contain lipids and fatty acids as membrane components, storage products,
metabolites and sources of encrgy. Sone algal strains, diatoms, and cyanobacteria have been found to contain
proportionally high levels of lipids (over 30%). Microalgal strains with hugh oil or lipid content are of great mferest in
the search for a sustainable feedstock for the production of biofuels.
[B085] Some wild-type algae are suitable for use i various indastrial applications. However, it is recognized that by
modification of algae to improve particalar characteristics useful for the aforementioned applications, the relevant
processes are more likely to be commercially viable. To this end, algal strams can be developed which have improved
characteristics over wild-type strains. Such developments have been made by traditional technigues of screening and
ntation and selection. Further, recombinant DNA technologies have been widely suggested for algae. Such approaches
may increase the economic validity of production of commercially valuable prodacts.
[8086] One area in which algae have received increasing attention is the production of fuel prodocts. Fuel products,
such as oil, petrochemicals, and other substances useful for the production of petrochemicals are increasmgly m
demand. Much of today’s fuel products are generated from fossil fuels, which are not considered renewable energy
soorees, as they are the resalt of organic material being covered by successive layers of sediment over the course of
nullions of vears. There is also a growing desire to lessen dependence on imported crude ol Public awareness
regarding pollution and environmental hazards has also increased. As a result, there has been a growing interest and
need for alternative methods o prodoce fuel products. Thus, there exasts a pressing need for alternative methods to

develop fuel products that are rencwable, sustainable, and less harmful to the environment. One potential source of
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alternative production of fuel and fuel precursors is genetically modified organisms, such as bacteria and plants,
including algae. To date, algae have yet 1o be successfully developed as a commercially viable platiorm for biofuel
production, dae mainly to the high cost of harvesting and processing of algae for recovery of the biofuel. Thus, a need
exists to develop host 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 protem, wherein expression of the protein results, for example, in the

mereased prodoction of 4 product, or in the production of a product that the organism does not usuvally make.

SUMMARY
(80877 1. Anisolated Scenedesmus sp. comprising a chloroplast genome that has been transformed with an exogenous
nucleotide sequence, wherein the exogenous nuclectide sequence comprises a nucleic acid sequence encoding at least
one protein. 2. The isclated Scenedesmus sp. of claim 1, wherein the protein is involved o the isoprenocid biosynthesis
pathway. 3. The isolated Scenedesmus sp. of elaim 2, wherein the protein a synthase. 4. The isclated Scenedesmus sp. of
claim 3, wherei the synthase 1 a farnesyl-diphosphate (FPP) synthase. 5. The isolated Scenedesmus sp. of claim 4,
wherein the FPP synthase 1s from G. gallus. 6. The isolated Scenedesmus sp. of claim 3, wherein the synthase is 4
fusicoccadiene synthase. 7. The isolated Scenedesmus sp. of clairm 6, wherein the fusicoccadiene synthase is from P
amygdali. 8. The solated Scenedesmus sp. of claim 3, wherein the synthase 1s a bisabolene synthase. 9, The isolated
Scenedesmus sp. of claim §, wherein the bisabolene synthase is from 4. grandis. 10, The isolated Scenedesmus sp. of
claim |, wherein the exogenous miucleotide sequence is at least 8.5 kb, at least 1.0 kb, at least 2 kb, at least 3kb, at least 5
kb, at least 8 kb, at feast 11 kb, or at least 19 &b, 11, The isclated Scenedesmus sp. of claim 1, wherein the nucleic acid
sequence encodes for fwo proteins, three proteins, or four proteins. 12. The isolated Scenedesmus sp. of claim 1
wherein the exogenous nucleotide further comprises a second pucleic acid sequence encoding a selectable warker. 13.
The isolated Scenedesmus sp. of claim 12, wherein the marker is chloraraphenicol acetvltransferase (CAT),

erythromycin esterase, or cytosine deaminase. 14, The isolated Scenedesmus sp. of claim 1, wherein the Scenedesmus

sp. 18 S, dimorphus. 15, The isolated Scenedesmus sp. of claim 1, wherein the Scenedesmus sp. is 8. obliguus. 16, The

~
i
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1solated Scenedesmus sp. of claim |, wheren the nucleic acid sequence encodes for a biomass-deg

The isolated Scenedesmus sp. of claim 16, wherein the biomass-degrading enzyme s 2 galactanase, a Xylanase, a
protease, a carbohydrase, a Hipase, a reductase, an oxidase, a transghutaminase, or a phytase. 18. The isolated

g

Scenedesmus sp. of claim 16, wherein the biomass degrading enzyme is an cadoxylanase, ag

19. The isolated Scenedesmus sp. of claim 1, wherein the

mucleic acid sequence encodes for an esterase. 20. The isolated Scenedesmus sp. of claim 19, wherein the esterase is an
erythromycin esterase. 21. The isolated Scenedesmus sp. of clain 1, wherein the nucleie acid sequence encodes fora
deaminase. 22, The isolated Scenedesmus sp. of claim 1, wherein the macleic acid sequence encodes for a betaine
aldehvde dehydrogenase, 23. The isolated Scenedesmus sp. of any of claims 1 to 22, wherem the nocleic acid sequence
is codon optimized for expression in the chloroplast genome of the Scenedesmus sp. 24. An isolated Scenedesius sp.
comprising a chioroplast genome transformed with an exogenous nuclectide sequence wheremn the transformed
Scenedesmus sp. has an isoprenoid content that is different than an untransformed Scenedesmus sp. that is the same
species as the isclated Scenedesmus sp.. and wherein the exogenous nucleotide sequence comprizes a nucleic acid

Ao

ncoding for an enzyme mvolved inisoprenoid bosynthesis. 25, The 1solated Scenedesmus sp. of claim 24, wherein the
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nucleic acid does not encode for an ent-kaurene synthase. 26. The isolated Scenedesmus sp. of claim 24, wherem the
nucleic acid 1s codon optimized for expression in the chloroplast genome of the Scenedesmus sp.

[B088] 27. Anisolated Scenedesmus sp. comprising a chloroplast genome transformed with an exogenous nucleotide
sequence wherein the fransformed Scenedesmus sp. has an increased accumulation of fatty acid based lipids and/or a
change m the types of lipids, as compared to an untransformed Scenedesmus sp. that is the sanie species as the isolated
Scenedesmus sp., and wherein the exogenous nucleotide comprises a nucleic acid sequence encoding for an enzyme
mwvolved in fatty acid synthesis. 28, The isclated Scenedesmuis sp. of claim 27, wherein the macleie acid is codon
optimized for expression in the chloroplast genome of the Scenedesmus sp

[B08%] 29. A method of transforming a chloroplast genome of 3 Scenedesmus sp. with a vector, wherein the veetor
comprises: 1) 3 first nucleotide sequence of a Scenedesmus sp. chloroplast genome; 11} a second nucleotide sequence of
3 Scenedesmus sp. chloroplast genome; 11} a third micleotide sequence comprising an exogenous mucleotide sequence,
wherein the exogenous nucleotide sequence comprises a nucleic acid encoding a protein of interest, wherein the third
nucleotide sequence is located between the first and second nucleotide sequences, and wherein the vector 18 ased to
transform the chioroplast genome of the Svenedesmins sp.; and 1v) a promoter configured for expression of the protem of
mterest. 368, The method of claim 29, wherem the third nucleotide sequence forther comprises a second nucleic acid

sequence encoding a second protera of interest. 31. The mwethod of claim 29, wherein the promoter is a psbD or a tfA

wherein the Scenedesmuy sp. 18 S, obliguus. 34, The method of claim 29, wherein the first nncleotide sequence is at least
500 bp, at feast [000 bp, or at Jeast [,500 bp tn Jength, and the first pucleotide seguence 1s bornologous o a first portion
of the genome of the Scenedesmus sp., and the second nocleotide sequence s at least 300 bp, at least 000 bp, or at least
1,500 bp in fength, and the second nucleotide sequence is homologous to a second portion of the genome of the
Scenedesmus sp.. 35, The method of claim 29, wherein the third pucieotide sequence s at least 0.5 kb, at least 1.6 kb, at
Ieast 2 kb, at least 3kb, at least 5 kb, at feast § kb, at least 11 kb, or at least 19 kb in size. 36. The method of claim 29,
wherein the nucleic acid 1s codon optimized for expression in the chloroplast genome of the Scenedesmus sp. 37. A
transformed chloroplast genome of a Scenedesrmus sp., transformed by the method of claim 29,

iB018] 38, A method of transforming a chioropiast genome of a Scenedesmus sp. with at least one exogenous
nucleotide sequence, comprising: 1} obtaining the exogenous nucleotide sequence, wherein the exogenous nucieotide
sequence comprises a oucleic acid sequence encoding a protein; ity binding the exogenous nucleotide sequence onto a
particle; and 4t} shooting the exogenous nucleotide sequence iuto the Scenedesmus sp. by particle bontbardment,
wherein the chloroplast genome 1s fransformed 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, wheremn the nucleic acid is codon
optimized for expression in the chloroplast 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 550 nm
to about 1000 nm in diameter. 43. The method of claim 38, wherein the particle bombardment is carried out by a
biolistic device. 44. The method of claim 43, wherem the biolistic device has a helivm pressure of about 300 psi o
about 300 psi. 45. The method of claim 43, wherein the biolistic device has a helium pressure of at least 300psi, at least
350pst, at least 400psi, at least 425psi, at least 430psi, at least 300psi, or at least S00psi . 46. The method of claim 38,

wherein the exogenous nucleotide sequence bound to the particle s shot at a distance of about 2 to about 4 cm from the
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Scenedesmus sp. 47. The method of claim 43, wherein the biclistic device 1s a Helicos Gene Gun or an Accell Gene
Gun. 4%, The method of claini 38, wherein the nucleic acid encodes for a protein involved in isoprenocid biosynthesis,
49, The method of claim 3%, wherem the nucleic acid encodes for a protein involved in fatty acid biosynthesis. 50, The
method of claim 38, wherein the Scenedesimus sp. 1s & dimorphus. 51. The method of claim 38, wheremn the
Scenedesmus sp. 18 & obliguus. 52. A wansformed chloroplast genome of a Scenedesmus sp., transfornmed by the method
of claim 38,

(8013} 53. A method for obtainmg a region of a chloroplast genome of a green algae, wherem the region 15 asefud in
the transformation of the green algae, comprising: 1) obtaining genomic DNA of the green algae; 2} obtaining a
degenerate forward primer, wherein the forward primer is divected towards a psbB gene of the green algae; 3) obtaining
3 degenerate reverse primer, wherein the reverse primer 1s divected towards a psbH gene of the green algae; and 4)
using the primers of step 23 and step 3} to amplify the region of the chloroplast genome of the green algae, wherein the
nucleotide sequence of the amphified region 1s obtained. 54, The method of claim 53, wherein the amplified region 1s
amplified by PCR. 55. The method of elaim 53, wherein the sequenced region 18 cloned mto a vector. 56. The method of
claim 53, wherein the degenerate forward is primer 4099 (SEQ 1D NOn: 129) or forward primer 4108 (SEQ ID NG

130), and wherein the degenerate reverse primer s primer 4101 {SEQ 1D NO: 131} or reverse primer 4102 (SEQ 1D
NO: 132). 57. The method of claim 53, wherein the forward primer is priroer 4099 (SEQ 1D NO: 129} and the reverse
primer s primer 4102 (SEQ IDNG: [32). 58, The method of claim 33, wherein at least a portion of the sequence of the
amplified region is known. 59. The method of claim 53, wherein the aruphfied region of the chioroplast genome 1s from

Y

C. reinhardtii, C. vulgaris, S. obliquus, ot P. purpurea. 68, The method of claim 53, wherein the sequence of the
amplified region is pukoown. 61, The method of clairs 53, wherein the arplified region of the chloroplast gesome is:
from [ tertiolecta and comprises the mucleic acid sequence of SEQ ID NO: 133; from a Donaliella of onkoown species
comprising the vucleic acid sequence of SEQ 1D NG: 134; from N. abudans and comprising the nucleic acid sequence
of SEQ ID NO: 135; from C. vulgaris and compusing the micleic acid sequence of SEQ 1D NO: 136; or from T. suecia
and compusing the nucleic acid seguence of SEQ 1D NO: 137, 62. The method of claint 53, wherein the amplified
region of the chioroplast genonie comprises a nucleotide sequence encoding 2 gene cluster psbB-psbT-psbN-psbH. 63.
The method of claim 53, wherein the amplified region of chioroplast genome comprises a nucleotide sequence encoding
a gene cluster psbB-psbT. 64. The method of claim 63, wherein a nucleic acid encoding a gene 1s inserted between the
nucleotide sequence encoding psbB and psbT. 65. The method of claim 33, wherein the amplified region of chioroplast
genome comprises a micleotide sequence encoding a gene cluster psbT-psbN. 66, The method of claim 63, whercin a
nucleic acid encoding a gene is inserted between the nucleotide sequence encoding psbT and psbN. 67. The method of
claim 33, wherein the amplified region of chloroplast genome comprises a nucleotide sequence encoding a gene cluster
psbN-psbH. 68. The method of claim 67, wherein a nucleic acid encoding a gene i3 mserted between the nucleotide
sequence encoding psbN and psbH. 69, The method of claim 53, wherein the amplified region of chloroplast genome
comprises a nucleotide sequence encoding a gene cluster psbH-psbK. 760, The method of claini 69, wherein a nucleic
acid encoding a gene 13 inserted between the nucleotide sequence encoding 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 ts a nucleic acid sequence. 73. The method of claim 53, wherein the

sequence is an amino acid sequence.
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[B0312] 74. A region of a chloroplast genome of a green algae, obtained by the method oft 1)} obtaining genonmic 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} obiaiming 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
genome of the green algae, wherein the amplified region is sequenced and comprises a nucleotide sequence, and
wherein the nucleotide sequence is modified to comprise a nucleic acid sequence encoding for at least one protein.
(B013] 75, A vector usefil m the transformation of the chioroplast genome of Scenedesmuis obliguus, comprising a 5.2
kb region from the Scenedesmus obliguuy chloroplast gepome {Scenedesmus chloroplast sequence NCBI reference
sequence: NC 008101, 057,611-062850bp}, wherein the region comprises the nucleie acid sequence of SEQ ID NO:
125, or comprising a micleotide sequence that 1s at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%
homologous to at least a 58¢ bp sequence of the nucleie acid sequence of SEQ 13 NO: 125,

(8014} 76. An solated nucleotide sequence comprising the mucleic acid of SEQ 1D NO: 125, or comprising a nocleie
acid sequence that is at least 50%, at least 85%, at least 90%, at least 95%, or at least 99% homologous to at feast a 500
bp sequence of the nucleie acid sequence of SEQ ID NO: 125, wherein the isolated mucleotide sequence can be vsed to
transform a chloroplast genome a Scenedesmus sp. 77. The 1solated nucleotide sequence of claim 76, wherein the
nucleic acid sequence of SEQ TD NG: 125 is modified to comprise a second nucleic acid encoding a protein.

[B15] 78, A bost cell comprising a pucleic acid sequence of SEQ ID NO: 125, or comprising a nucleic acid sequence
that 1s at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% bomologous to at Jeast a 500 bp sequence of
the pucleic acid sequence of SEQ ID NO: 125, 79. The host cell of claira 78, wherein the host cell is a host cell from 2
Scenedesmus sp. 80, The host cell of claim 78, wherein the nucleic acid sequence of SEQ TR NO: 125 13 modified o

comprise a second pucleic acid sequence encoding a protein.

BRIEF BESCRIPTION OF THE BDRAWINGS
(8816] 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:
[B017] Figure ¥ shows a graphical representation of the mutated psbA fragment and 3'UTR vector used to engiueer
DCMU into S. dimorphus.
[0618] Figure 2 shows amphification and digestion of DNA from psbA 264A DCMU” transformants (3 and 4) and S
dimorphus wildtype (WT). U = oncut DNA and C = cut DNA {digested with Xbal}.
(0619 Figure 3 shows a pshA 8264 transformant that is DCMIT and atrazine”,
i3028] Figure 4 shows a graphical representation of p04-38.
(3021} Figure 5 shows a graphical representation of p04-21.
[6822] Figure 6 shows PCR amplification of DNA from 8. dimorphus CAM transformants.
3023} Figure 7 shows a graphical representation of vector p84-31 used to transform S. dismorplius.
(8024] Figure 8 shows a multiscreen of B 1 clones.
iB025] Figure 9 shows a Western of SE0070 expressing BD11 (subclones of parent 2 and 4).
i8026] Figure 18 shows endoxylanase activity in clarified lysates from S. dirmorphus transformants containing the
endoxylanase gene {parent 2 and 4).

16027} Figure 11 shows a graphical representation of p04-25.
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[8028] Figure 12 shows verification of homoplasmicity in several lines of 8. dimorphus

engineered with FPP-synthase.

[8029] Figure 13 shows an anti-flag Western with farnesyl disphosphate (FPP) synthase protein expression in 7
transformants.

[8038] Figure 14A shows an overlay of the Total lon Chromatogran: (TIC) for wild type negative control
(untransformed Scenedesmus dimorphus), the engineered strain (8. dimorphus transformed with FPP synthase (avian),
and a positive control of FPP. The y axis 18 abundance. The x axis is tine.

(8031} Figure 148 shows the TIC of the FPP positive control. The retention time of FPP is 11,441 minvtes. The y
axis is abundance. The x axis i3 time.

(8032} Figure 14C shows the mass spectrun of the FPP positive control at 11.441 numstes. The y axis 1s abundance.
The x axis 18 'z (mass to charge ratio).

(8033} Figure 14D shows the TIC of the engineered strain (S. dinorphus transformed with FPP synthase {avian)
meubated with [PP and DMAPP. The retention time of the product (FPP}Y is 11,441 minstes. The v axis is abundance,
The x axis 18 time.

(8034} Figure 14E shows the mass spectrum of the engineered strain (5. dimorphus transformed with FPP synthase
{avian} at 1 1441 munstes. The y axnis is abundance. The x axis 1s o7 (mass to charge ratio).

(3035} Figure 14F shows the TIC of the ontransforraed wild type 5. dimorpbus strain racubated with IPP and
DMAPP. The y axis i3 abundasce. The x axis is time.

(3038} Figure 14G shows the mass spectrom of the untransformed wild type S, dimorphus strain at 1 1.441 romudes,
The v axis 1s abundance. The ¥ axis 1s r/z (mass to charge ratio).

(30377 Figure 15A shows an overlay of the Total lon Chromsatograra (TIC) for wild type negative control
(vuteansformed Scenedesmus dirorphus) wcubated with PP and DMAPP, the engincered strain (5. dimorphus
trapsformed with 1509 (FPP synthase)) incubated with IPP and DMAPP, and a positive control of FPP. All three
cuzymatic reactions were incubated with amorpbadiene synthase to form anmorpha-4,1 1-dicoe in 2 coupled enzyme
assay. The v axis is abundance. The x axis is fime.

iB038] Figure 15B shows the TIC of the FPP positive control incubated with amorphadiene synthase. The retention
tirae of amorphadienc 1s 9.917 minutes. The v axis is abundance. The x axis is time.

13039} Figure 15C shows the mass spectrum of the amorphadiene positive control at 9.917 minutes. The y axis is
abundance. The x axis 18 /7 {mass to charge ratio).

i8048] Figure 15D shows the TIC of the engineered strain (5. dimorphus transformed with IS09 (FPP syothase),
incabated with IPP and DMAPP and amorphadiene synthase. The retention time of the product of the reaction
{amorphadiene) iz 9.917 minutes. The y axis is abundance. The x axis 13 time.

16041} Figure 1SE shows the mass spectrum of the product produced by the engincered strain {S. dimorphus
transformed with 1509 (FPP synthase)) when incubated with IPP, DMAPP, and amorphadiene synthase. The retention
time of the product (amorphadiene) is 9.917 minutes. The y axis is abundance. The x axis iz m/z (1nass to charge ratio).
[6042] Figure 15F shows the TIC of the untransformed wild type S. dimorphus strain incabated with IPF and

DMAPP and amorphadiene synthase. The y axis is abundance. The X axis is time.
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[8043] Figure 15G shows the mass spectrum {at 9.917 minutes) of the enzymatic reaction with untransformed wild
type 5. dimorphus strain incubated with [FP, DMAPP, and amorphadiene synthase. The y axis is abundance. The x axis
is m/z {mass to charge ratio).

[8044] Figure 16 shows a graphical representation of p04-196.

[80458] Figures 17A and 178 show a comparison of 3IM monitored GC/MS chromatogram of S dimorphiss
transformed with 18-88 (17A) and wild-type 8. dimorphus (17B). Chromatograms were monitored with ions nv/z=229,
135, and 122 {diagnostic for fusicoccadiene). The retention time of the peak in (17A) (7.617 min) matches that of
purified fosicoccadienc.

[B048] Figures 18A and 188 show a mass spectra at the retention time of the fusicoccadiene peak (t=7.617 min) for 8.
dimorphus-1S88 (A} and wild type S. dimorphus (B, The mass spectrum of § dimorphus-1888 matches well with the
known spectrum of fusicoccadiene. The mass spectrom of wild-type shows only background 1ous. Figure 18C shows
the mass spectrum of purified fusicoccadiene.

[8647] Figure 19 shows g graphical representation of p04-113,

(B048] Figure 20 shows an anti-flag Western blot of 8. dimorphius engineered with a gene encoding phytase (FD6},
[8048] Figure 21 shows g graphical representation of p04-162.

[B058] Figure 22 shows that the EreB gene (SEQ TD NG: 25) is araphified frora DNA derived from several potential
transformants but not from DNA derived from wild type S. dimorphus. Controls: W= no DNA&; + = plasmid DNA; aod
D and O are 8. dimorphus TINA.

(3053} Figure 23 shows a grapbical representation of p04-161.

(3052} Figure 24 shows codA plates,

(30531 Figure 25 shows a grapbical representation of p04-267.

(3054} Figure 26 shows an anti-flag Western blot of . dimorphus engineered with FPP synthase (1s09) and

genes showing expression of both proteins.

bisabolene synthase (Jsli) g
iB055] Figure 27 shows a graphical representation of p04-116.

i8056] Figure 28 shows that endoxylanase is produced as a single peptide (not a fusion with CAT) in engincered 5.
dimorphus cells.

130577 Figure 29 shows endoxylanase activity in engincered 5. dimorphius (operon i 1,2 1,2 2,2 3y +is 8
dimorphus engincered with psd D driving xylanase and “wt” is wild type.

iB058] Figure 30A and Figure 388 show that endoxylanase and CAT are transeribed as a single transcript. Figare
30A shows the primer design and Figure 30 B is an agarose gel showing amplification of ¢cDNA from 4 of the 5
transformants corresponding to the endoxylanase-CAT transcript.

[6058] Figure 31 shows a graphical representation of transforming DNA with different RBS sequences. In both cases,
the psbld promoter and the pshA3 UTR from S. dimorphus are used to regulate CAT-RBS-BD11 expression. BD11
encodes the endoxylanse gene from ¥ reesei. These cassettes were subcloned into vector pi4-166 between region
Honwology A and homology region B.

[6068] Figure 32A shows xylanase activity of p04-231 from TAP plates. Figure 32B shows xylanase activity of p4-
232 from TAP plates. Endoxylanase activity was detected in cells engineered with RBS1 linking CAT and
endoxylanase {(pU04-231) but not with RBS2 {p04-232).

{6061} Figure 33 shows a graphical representation of p04-142.
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[8062] Figure 34 shows verification of homoplasmicity in clone 52, an engineered S. dimorphus line containing a
CAT cassetie in the region between psbT and psbN.

[B063] Figure 35 shows a graphical representation of the transforming DNA (A) and loopout product (B) that results
from recombination at the identical D2 (psbD) promoter segments.

[B064] Figure 36 shows failare to amplify a CAT fragment in a multiplex PCR of & dimorphus.

[B065] Figure 37 shows a graphical representation of p04-291 and p04-294. BAD1 and BAD4 are the betaine
aldehyde dehydrogenase genes from spinach and sugar beet, respectively.

[B066] Figure 38 shows an anti-HA western blot showing expression of betaine aldehivde debydrogenase from
spinach (291 clones 1, 2, 3, BAD) or from sugar beet (294 4-1, 5-1, 6-1, 7-1, BAD4Y in S. dimorphus.

(8067} Figure 39 shows a graphical representation of p45-5 and p45-6.

[8068] Figure 40 shows an agarose gel of EreB amplification from D. fertiolecta transformants 1 lanes 4, 5, 6.
[8668] Figure 41 shows a graphical representation of pd35-12.

[B078] Figure 42 shows an agarose gel of EreB amplification from D. tertiolecta transformant 12-3.

(8071} Figure 43 shows that Xylanase protemn (BD11) is detected in D, rertivlecta transformant 12-3 via an anti-flag
Western blot.

[B072] Figure 44 shows that Xylanase activity is detected 1o D, terfiolecia transformant 12-3. Positive coutrad 15 5.
dimorphius engineered with endoxylanase.

(B073] Figure 45 shows vector gutless pUC (2,436 bp).

(3074} Figure 46 shows vector p04-35 (4,364 bp).

[BO7S] Figure 47 shows vector pSS-007 (6,132 bp).

[B0878] Figure 48 shows vector pSS-G13 (7,970 bip).

[B077] Figure 49 shows vector pSS-023 (10.322 kby).

(80781 Figure 50 shows Gene Vector 1 (5,774 bp).

iB079] Figure 51 shows Gene Vector 2 (10.198 kb).

[0080] Figure 52 shows Gene Vector 3 (7,111 bp).

3081} Figure 53 shows vector pRS41i4 (4,784 bp).

[8082] Figure 54 shows vector pBeloBACT1 (7,507 bp).

iB083] Figure 55 shows vector pLWG0T (10.049 kb).

(3084} Figure 56 shows vector pLW0O92 (13.737 kb).

iB085] Figure 57 shows vector pBeloBAC-TRP (10.524 kb).

[6086] Figure 58 shows vector pLW 100 {18.847 kb).

16087} Figure 59 shows vector p04-198,

[6988] Fipure 68 shows vector p35-035 (6,491 bp).

[6989] Fipure 61 shows vector p8S-023 CCH3 CCY4 (15.083 kb).

(6999} Fipuare 62 shows vector p8S-023 CC83 CCY7 (15.077 kb).

(6091} Figure 63 shows vector pLW 180 CC90 CC91 CC92 (26.319 kb).

[6092] Figure 64 shows vector pLW 100 four gene assembly (34.309 kb).

[6093] Figure 65 shows pSS-023 restriction digest mapping with Ndel, Pacl, FPstf, Scal, SnaBi, and Spel.

[6084] Figure 66 shows pLWD01 restriction digest mapping with EcoRV, Notf, Pmll, Pyul, and SnaBl.
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[B095] Figures 67A~E show pLWO9Z restriction digest mapping with Pac/ (¢), Pstf (e}, Scal (b), and Xho! (d), and
uncut {4},

[8096] Figure 68 shows pLW 100 restriction digest mapping with ScoRY, Ndel, Notl, Pacl, Fstl, Scal and Xhol.
[8097] Figure 69 shows pB35-035 restriction digest mapping with EcoR{, EcoRV, Kpnl, Nodl, Pvuil, and Scal.
[8098] Figure 70 shows plasmid DNA comprising four two-gene contigs digested with Ndel.

[809%9] Figure 71 shows plasmid DNA comprising two three-gene contigs digested with Ndel.

(80188} Figure 72 shows plasmid DNA comprising four four-gene contigs digested with Ndel,

(80181} Figure 73 shows PCR amplification of the conserved pshB-psbT-pshlH-psbN gene cluster from S. dimorphus.
(80182} Figure 74 shows PCR amplification of the conserved pshB-psbT-pshlH-psbN gene cluster from a strain of
genus Dunaliella; an vnknown species,

(80183} Figure 75 shows PCR amplification of the conserved pshB-psbT-pshlH-psbN gene cluster from N. abudans.
(80184} Figure 76 shows vector p04-128,

(80185} Figure 77 shows vector p04-129,

(80186} Figure 78 shows vector p04-130,

(80187} Figure 79 shows vector p04-131,

(30188} Figure 86 shows vector p04-142,

(30189} Figure 81 shows vector p04-143.

(30138} Figure 82 shows vector p04-144,

(30131} Figure 83 shows vector p04-145,

[B0132} Figure 84 shows a homoplasmicity PCR screen for clopes frora S, dimorphus that have a resistance cassette
between either psbT and psbN (p04-142) or between psbN and psbH (pi14-143).

[B113}] Figure 85 shows a homoplasmicity PCR screen for clopes frora S, dimorphus that have a resistance cassette
between either psbfH and psbK (p04-144) or 37 of psbK (p04-145).

(30114} Figure 86 is a nucleotide alignment of the psd 8 gene from four different afgae species.

(30115} Figure 87 is a nucleotide alignment of the psbH region from four different algae species.

iB0136] Figure 88 is an alignment of the genome region from the psd 8 gene to the psbH gene of four different algae
species.

80117} Figure 89 is vector p04-151.

(30118} Figure $0A-D shows restriction enzyme mapping results.

(301319} Figure 21 shows vector pLW106.

160128} Figure 92A and B depict 4 clones that screen PCR positive for both BD11 and 1899,

160121} Figure 93A-C depict 4 clones that screen PCR positive for CC80, CCY1, and CCY2.

160122} Figure 94A and B depict 2 clones that screen PCR positive for 1861, 1862, 1557 and 15116.

DETAILED DESCRIPTION
160123} The following detailed deseription 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 himit 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 spint or scope of the present disclomure.



WO 2011/034863 PCT/US2010/048828
10

94,

(30124} As used in this specification and the appended claims, the singular forms “a”, “an” and “the” include plural
reference unless the context clearly dictates otherwise.

[66125] Endogensus

(80128} An endogenous nucleic acid, nucleotide, polypeptide, or protein as described herein is defined in relationship
to the host organism. An endogenocus nucleic acid, nucleotide, polypeptide, or protein is one that naturally occurs in the
host organism.

(60127} Exogenous

(306128} An exogenous nucleic acid, nucleotide, polypeptide, or protein as described herein is defined in refationship to
the host organism.  An exogenous nacleic acid, nucleotide, polypeptide, or protein is one that does not naturally occur i
the host organism or 1s a different location in the host organism.

(80129} Examples of genes, nucleic acids, proteins, and polypeptides that can be used i the embodiments disclosed
herem inchide, bt are not Hmated to:

(86136} SEQID NG: [ 18 g PCR primer.

(86133} SEQID NG: 2 18 g PCR primer.

(86132} SEQID NG: 3 18 ¢ PCR primer.

(86133} SEQID NG: 4 13 a PCR primer,

(86134} SEQID NG 518 a PCR primer,

(86135} SEQID NO: 618 a PCR primer,

(86136} SEQID NG: 718 a PCR primer,

(86137} SEQID NO: 818 a PCR primer,

(86138} SEQID NG: 918 a PCR primer,

(B6139} SEQID NO: 10 1s a PCR primer.

(80148] SEQIDNO: 11 is a PCR primer.

(80141} SEQIDNO: 12 i3 a PCR primer.

(80142] SEQIDNO: 13 i3 2 PCR primer.

(80143} SEQID NO: 14 i3 2 PCR primer.

(80144} SEQID NO: 15 i3 2 PCR primer (#4682).

(80145} SEQID NO: 16 13 2 PCR primer (#4982).

[80146] SEQIDNO: 17 is a PCR primer.

(80147} SEQID NO: 18 i3 a PCR primer.

(89148} SEQ IDNO: 19 18 a PCR primer.

1601491 SEQ ID NO: 20 is a nucleotide sequence of an artificial FLAG epitope tag linked to a MAT epitope tag by a
TEV protease site.

[60158] SEQ ID NO: 21 is a gene encoding an endoxylanase from 7. reesei codon optimized for chloroplast expression
in " reimhardtii.

{89181} SEQ D NO: 22 is a nucleotide sequence of an artificial TEV protease site linked to a FLAG epitope tag.
1801521 SEQ ID NO: 23 1s a gene encoding an FPP synthase from . galfus codon optimized for chloroplast expression
in " reimhardtii.

[88153] SEQ ID NO: 24 1s a mucleotide sequence of an artificial streptavidin epitope tag.
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(80154} SEQID NO: 25 1s a gene encoding a fusicoccadiene synthase from P, amygdali codon optimized according to
the most frequent codons in the O reinhardsii chloroplast.

(80185} SEQID NO: 26 1s a gene encoding a phytase from £. coli codon optimized for chloroplast expression in C.
reinhardtii.

(80188} SEQID NO: 27 is a nucleotide sequence of an artificial FLAG epitope tag linked to a MAT epitope tag by a
TEV protease site.

(80157} SEQ ID NO: 28 s a modified chloramphenicol acetyliransferase gene from E. cofi with the nucleotide at
position 64 changed from an A to a G, the nocleotides at positions 436, 437, and 435 were changed from TCA to AGC,
and the nucleotide at position 516 was changed froma Cioa T.

(80158} SEQ ID NO: 29 1s a modified eryvthromyc esterase gene from £ coli with the nueleotide at position 153
changed from a C to a T, the nucleotide at position 195 changed from a T to a C, the nocleotide at position 198 changed
from a A to a C, the nucleotide at position 683 changed from a T to a A, the nucleotide at position 1194 changed from a
C to a T, and the noclectide at position 1203 changed from a Tto an A,

(80159} SEQ ID NO: 30 15 a fragient of genomic DNA from § dimorphus that encodes a region containing a portion
of the 37 end of the psb4 gene and some untransiated region, with micleotide 1913 of the fragment matated froma T to
a G for the S264A mwtation, and vucleotides 1928 to 1930 mutated from CGT to AGA to generate a silent Xbal
restriction site,

[B0168} SEQID NO: 31 is a gene encoding a eyfosioe dearnmease from £ coli codon optimized for expression in the
chloroplast of C. reinhardtiii.

[B0161} SEQID NO: 32 15 a gene encoding a betaine aldehyde debydrogenase from S, oleracea codon optimized
according 1o the {RNA vsage of the chioroplast of C. reinhardtil.

[B0162} SEQ ID NO: 33 s a nucleotide sequence of an artificial 3xHA tag linked to a 6xHIS fag by a TEV protease
site.

1B0163] SEQ ID NO: 34 15 a gene cocoding a betaine aldehyde dehydrogenase from 8. vaigaris codon optimized for
expression in the cldoroplast of C. reinfardiii.

iB0164] SEQ ID NO: 35 is a gene cocoding an E-alpha-bisabolene synthase front 4. grandis codon optimized for
expression in the cldoroplast of C. reinfardiii.

[B0165] SEQ ID NO: 36 is a modified nucleotide sequence that is the reverse complement of SEQ 1D NG: 37 with
extra nucleotides on the 57 and 3’ends; nucleotides 1-43 are extra on the 37 end and nucleotides 332-541 are extra on the
5" end.

[80166] SEQ ID NO: 37 1s a mucleotide sequence of the endogenous promoter from the pshd gene of 8. dimorphus that
was cloned into an integration vector.

{89167 SEQ ID NO: 38 18 a modified nucleotide sequence that is the reverse complement of SEQ 1D NO: 39 with
extra nucleotides on the 57 end and a nucleotide insertion; nucleotides 535-716 are extra 37 sequence and nucleotides
176-18% are the insertion.

[60168] SEQ ID NO: 39 1s a mucleotide sequence of the endogenous promoter for the pshB gene of 8. dimorphus that
was cloned mnto integration vectors.

[60169] SEQ ID NO: 40 1s a sequence of the endogenous promoter for the psbD gene of S, dismorphus that was cloned

into tegration vectors.
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(86178} SEQID NO: 41 15 a modified nucleotide sequence that is the reverse complement of SEQ 1D NO: 42 with
extra sequence on the 57; mucleotides 337-464 are extra sequences on the 5 end, nucleotide 308 is changed froma C 1o
a T, nucleotide 310 is changed from a C to a T, and nucleotide 259 15 changed froman A to a G

(80171} SEQID NO: 42 15 a nucleotide sequence of the endogenous promoter for the fufd gene of 8. dimorphus that
was cloned into integration vectors.

(86172} SEQID NO: 43 1s a modified nucleotide sequence that is the reverse of SEQ 1D NO: 44 with extra sequences
on the 87 end; nuclectides 550-557 are extra sequences onthe 57 end.

(80173} SEQ ID NO: 44 1s a nocleotide sequence for the endogenons promoter of the rpod of S. dimorphus.

(80174} SEQ ID NO: 45 is 2 nucleotide sequence for the endogenons promote of the cemd gene in 8. dimorphus that
was cloned into mtegration vectors.

(86175} SEQ ID NO: 46 1s a modified noclectide sequence that i3 the reverse complement of SEQ 1D NO: 47 with an
msertion at nucleotides 233-266.

(80176} SEQID NO: 47 is a nocleotide sequence for the endogenons promoter of the fisl gene in S0 dimorphus that
was cloned into mtegration vectors.

(86177} SEQ ID NG: 48 is a modified nucleotide sequence of SEQ (D NO: 49 that has extra sequences on the §7 end;
nucleotides 1-19 are extra sequences, nocleotide 404 has been changed from an Atoa T.

(BOI78} SEQID NO: 49 15 a nocleotide sequence for the endogenous promoter of the bl gene in 8. disorphus that
was cloned into integration vectors,

(86179} SEQ ID NG: 50 s 2 modified nuclectide sequence of SEQ 1D NO:; 51 that has 24 sucleotides trancated on the
5’ end; the pucleotide at position 2 is changed from a G fo a €, position 5 is changed from an A to a G, at positions 199
and 200 two T7s are mserted, and at position 472 it is changed froman A wa G,

(30188} SEQ ID NO: 51 is the nocleotide sequence of the endogenous promoter for the ¢AlB gene from 5. dimorphs
that was cloned into integration vectors.

[80181] SEQ ID NO: 52 is a modified nucleotide sequence of SEQ 1D NO: 53 where nucleotides 1-3 are extra
sequence, the nucleotide at position 442 is a (7 insertion, and the R at position 482 is a result of poor sequencing,
(B0182] SEQ ID NO: 53 is a mucleotide sequence for the endogenous promoter of the peid gene in 8. dimorphus that
was cloned into integration vectors.

[80183] SEQ ID NO: 54 is a modified nucleotide sequence that is the reverse complement of SEQ ID NO: 55 where
mucleotides 3, 8, 18, 21, 49, 57, and 82 are insertions, nucleotides 484-503 are extra on the 57 end, nucleotide 26 13
changed from a Cto a T, and mucleotide 36 is changed from an Ao a C.

[60184] SEQ ID NO: 55 1s the nucleotide sequence of the endogenous promoter for the peiB gene from 8. dimorphus
that was cloned into integration vectors.

[89188] SEQ ID NO: 56 1s the modified nucleotide sequence of SEQ 1D NO: 57 that has 3 nucleotides truncated on the
5" end.

[60186] SEQ ID NO: 57 1s the nucleotide sequence of the endogenous terminator region for the rbel gene from S.
dimorphus that was cloned into integration vectors.

[60187] SEQ ID NO: 58 1s the nucleotide sequence of the endogenous terminator region for the psbA gene from S

dimorphus that was cloned into integration vectors.
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(80188} SEQID NO: 59 1s the nucleotide sequence of the endogenous terminator region for the psaff gene from S.
dimorphius that was cloned into integration vectors.

(80189} SEQID NO: 60 1s a nucleic acid linker sequence (RBS1).

(80196} SEQID NO: 61 15 a nucleic acid linker sequence (RBS2).

(80191} SEQID NO: 62 1s the nucleotide sequence of the endogenous promoter region for the psbD gene from D.
teriiclecta that was cloned into integration vectors.

(80192} SEQ ID NO: 63 is the nocleotide sequence of the endogenous promoter region for the 724/4 gene from I3
terfivlecta that was cloned fnto ntegration vectors.

(80193} SEQ ID NO: 64 1s the nocleotide sequence of the endogenous terminator region for the #bel gene from D
terfivlecta that was cloned fnto ntegration vectors.

(80194} SEQ ID NO: 65 is the nocleotide sequence of the endogenous terminator region for the psh4 gene from a
Dunaliella isolate of unknown speeies that was cloned mto integration vectors.

(80195} SEQ D NO: 66 13 PCR primer 1.

(80196} SEQID NO: 67 13 PCR primer 2.
(80197} SEQID NO: 68 i3 PCR primer 3.

(B0198] SEQID NG
(86199} SEQID NO: 70 s PCR primer
(86286} SEQID NO: 71 s PCR primer
(86281} SEQID NO: 72 s PCR primer
(86282} SEQID NO: 73 s PCR primer 8,

(86283} SEQID NO: 74 s PCR primer 9,

(86284} SEQID NO: 75 s PCR primer 10,
[B0285] SEQID N 78 i1,
[B0286] SEQID N 77 12,
[80267] SEQ ID NO: 13,
[B0288] SEQ ID NO: 14,
[80269] SEQ ID NO: 80 is PCR primer 15,
(802316] SEQ ID NO: 81 is PCR primer 16,
(802311] SEQ ID NO: 82 is PCR primer |

69 is PCR primer 4,

e

is PCE primer
is PCE primer
78 is PCR primer
79 is PCR primer

-1

186212] SEQ ID NO:
166213] SEQ ID NO:
168214] SEQ ID NO:
168215] SEQ ID NO:
168216] SEQ D NO:
166217] SEQ ID NO:
166218] SEQ ID NO:
166219] SEQ ID NO:
168220] SEQ ID NO:
[69221] SEQ ID NO:

83 is PCR primer 18,
84 is PCR primer 19.
85 is PCR primer 20.
86 is PCR primer 21.
87 is PCR primer 22.
8% is PCR primer 23.
89 is PCR primer 24,
90 is PCR primer 25.
91 is PCR primer 26.
9218 PCR primer 27,
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[06222] SEQID NO:
(06223} SEQID NO:
[06224] SEQID NO:
[06225] SEQ ID NO:
[06226] SEQID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
(86237} SEQ ID NO:
[86238] SEQ ID NO:
[86239] SEQ ID NO:
(86240} SEQ ID NO:
[96241] SEQIDNO: |
[86242] SEQ ID NO:
(86243} SEQIDNO: 1]
186244] SEQ ID NO:
186245] SEQ ID NO:
186246] SEQ ID NO:
186247] SEQ ID NO:
186248] SEQ ID NO:
186249] SEQ ID NO:
186250] SEQ ID NO:
186251] SEQ IDNO:
168252] SEQ D NO:
164253] SEQ IDNO:
160254] SEQ IDNO:
166255] SEQ IDNO:
168256] SEQ IDNO:
160257] SEQ IDNO:
168258] SEQ IDNO:
160259] SEQ IDNO:
[69268] SO IDNO:

06227}
[06228)
[06229)
[96236]
106231}
[06232)
106233
[06234)
[06235)
[06236)
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93 is PCR primer 28.

94 is PCR primer 29.

95 is PCR primer 30.

96 is PCR primer31.

97 is PCR primer 32.

98 is PCR primer 33.

99 i3 PCR primer 34.

100 13 PCR primer 35,

101 1s PCR primer 36,

102 1s PCR primer 37,

103 comprises a nocleic acid sequence encoding for URA3,

104 comprises a nocleic acid sequence encoding for ADEL

105 comprises a nocleic acid sequoence encoding for URA3-ADE2.

106 1s a nucleic actd linker sequence with engineered restriction sites.

107 comprises a nocleic acid sequence encoding for TRP1-ARS1-CEN4 {(from pYAC4),
108 coroprises a nucleic acid sequence encoding for LEU2.

109 coroprises a nucleie acid sequence encoding for CC-93,

110 coraprises a nucleic acid sequence encoding for CC-94,

111 coroprises the contig sequence (CC3-CC94) that was nserted 1oto pS5-023.

12 coraprises the contig sequence (CC93-CC97) that was nscrted 1nto pis-023,

113 coraprises a nucleic acid sequence encoding for CC-97.

14 comprises the contig sequence (CCR0-CC1-CC92) that was wscrted nto pLW 00,
115 comprises a nucleic acid sequence encoding for CC-90.
116 comprises a nucleic acid sequence encoding for CC-91.

117 comprises a nucleic acid sequence encoding for CC-92.
118 comprises a nucicic acid sequence encoding for HIN3,

119 comprises a nucicic acid sequence encoding for LYS2.

120 comprises the contfig sequence (IS57-18116-1562-1561) that was inserted into pLWI00.

121 comprises a nucicic acid sequence encoding for IS57.

122 comprises a nucicic acid sequence encoding for IS116.
123 comprises a nucleic acid sequence encoding for 1862,

124 comprises a nucleic acid sequence encoding for 1861,

125 is a 5,240 base pair sequence from Scenedesmus obliguus.
126 1s the A3 homology region.

127 s the B3 homology region.

128 comprises a sequence encoding for rblcL-CAT-psbE.

129 35 a degenerate PCR primer.

130 15 a degenerate PCR primer.

131 13 a degencrate PCR primer.
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(80263} SEQID NO: 132 15 a degenerate PCR primer,

(80262} SEQID NO: 133 s genonuic sequence of the region encoding the psb8, pshT, psbN, and psbH genes from I
terticlecta.

(80263} SEQID NO: 134 is genoniic sequence of the region encoding the psb8, pshT, psbN, and psbH genes fronm a
Dunalielia of unknown species.

(80264} SEQID NO: 135 is a partial genomic sequence of the region encoding the pshB, psbT. psbN, and psbH genes
from N. abudans; the stretch of N's represents a gap n the sequence.

(80265} SEQ ID NO: 136 1s genonue sequence of the region encoding the pshB, pshT, psbN, and psbff genes from an
1solate of C. vudgaris.

(80266} SEQ ID NO: 137 15 genonuc sequence of the region encoding the pshB, pshT, psbN, and psbff genes from 7.
suecicd.

(80267} SEQID NO: 13513 PCR primer (#4682).

(80268} SEQID NO: 13913 PCR primer (#4982).

[80269] SEQ ID NO: 14018 PCR primer 4684.

(80278} SEQID NO: 141 13 PCR primer 4685.

(86271} SEQ D NG 14218 PCR primer 4686

(86272} SEQ D NG: 143 18 PCR primer 4687,

(86273} SEQ D NG: 14415 PCR primer 4685,

(86274} SEQ D NG: 14518 PCR primer 4689,

(30275} SEQ ID NO: 146 comprise a nocleotide sequence encoding B 1

(86276} SEQ ID NGO 147 coraprise a nucleotide sequence encoding IS99,

(B0277} SEQ ID NO: 145 coroprise a nucleotide sequence encoding CAT.

(80278] SEQID NO: 149 to SEQ TD NG: 170 are PCR primers,

180279 The present disclosure relates to methods of transforming various specics of algae, for example, algae from the
genus Scenedesmus and from the genus Dunaliella, vectors and nucleic acid construets usefud in conducting such
transformations, and recombinant Scenedesmus and Dunalielia organisins produced using the vectors and oethods
disclosed herein. Tn one enbodiment, the Scenedesmus sp. utilized s Scenedesmus dimorphus. Scenedesmus sp. ace
members of the Chlorophveeans a diverse assemblage of green algae. Scenedesmus is 2 genus consisting of unicells or
flat coenobial colonies of 2, 4, § or 16 hincarly arranged cefls. Cells contain a single plastid with pyrenoid and
uninucleate. Scenedesmus sp. are conunon inhabitants of the plankton of freshwaters and brackish waters and
occasionally form dense populations. In one embodiment, the organism utilized is from the genus Dunaliefla. In
another embodiment, the Dunaliella sp. 18 D. tertiolecta,

[60288] One embodiment, the disclosure provides vectors useful in the transformation of Scenedesmus sp., for
example, Scenedesmus dimorphus or Scenedesmus obliguus. In another, embodiment, the disclosure provides vectors
usefil in the transformation of Dunaliella sp., for example, Dunaliclic tertiolecta.  An expression cassette can be
constructed in an appropriate vector. In some instances, the cassette is designed to express one of more protein-coding
sequences in a host cefl. Such vectors can be constructed using standard techniques known in the art. In a typical
expression cassette, the promoter or regulatory element is positioned on the 5’ or upstream side of a coding sequence

whose expression is desired. In other casseties, a coding sequence may be flandied by sequences which allow for
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eXpression upon insertion info a target genome (e.g., nuclear or plastid). For example, a nucleic acid encoding an
enzynie involved in the synthesis of a compound of interest, for example an isoprenoid, such that expression of the
enzynie is controlled by a naturally occurring regulatory element. Any regulatory element 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 used.

(80281} One or more additional protein coding sequences can be operatively fuzed downstream or 3’ of a promoter.
Coding sequences for single protems can be used, as well as coding sequences for fusions of two 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 cell surface or be secreted to the environment. A selectable marker s also
emnployed m the design of the vector for efficient selection of algae transformed by the vector. Both a selectable marker
and another sequence which one desires to mtrodoce may be introduced fused to and downstream of a single promoter.
Alternatively, two protern coding sequences can be introduced, each vader the control of a promoter.

(80282} One approach to construction of a genctically mampulated strain of Scenedesmus or Dunaliclla involves
transformation with a nucleic acid which encodes a gene of aterest, typically an enzyme capable of converting a
precursor mito a fuel product or precursor of a fuel prodoct (e.g., an isoprenoid or fatty acid}, a biomass degrading
euzyne, or an enzyme for the improvement of a characteristic of a feedstuff. In some embodiraends, a transformation
roay wtroduce nucleic acids indo any plastid of the host alga cell {e.g., chloroplast). In other embodiments, a
trapsformation ruay introduce mucleic acids into the puclear genome of the host cell. o still other erabodients, a
transformation ntreduces nucleic acids nto both the nuclear genome and a plastid. Tn some instances, the macleic acids
encoding proteios of wterest (e.g., transporters or enzyraes) are codon-biased for the wtended site of nsertion (e.g.,
ruclear codon-biased for nsertion in the nucleus, chloroplast codon-hiased for wsertion in the chloroplast),

(30283} To constroet the vector, the upstream DINA sequences of a gene expressed under control of a suitable promoter
may be restriction muapped and arcas imaportant for the expression of the protein charactenzed. 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 responsibie for encoding the
gene’s protein but feaving the upsireant region found to contain the genetic material responsible for control of the gene’s
expression. A synthetic oligomucicotide 1s typically inserted in the location where the protein sequence once was, such
that any additional gene could be cloned inusing restriction endonucicase sites in the synthetic oligonucieotide (e, a
multicloning site). An unrelated gene {or coding sequence) inserted at this site would then be under the control of an
extant start codon and upstream regulatory region that will drive expression of the foreign (i.e,, not noomally there
protein encoded by this gene. Once the gene for the foreign protein i3 put into a cloning vector, it can be mtroduced into
the host organisi 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.

160284} The term “exogenous” is used herein in a comparative sense to indicate that a nucleotide sequence {or

polypeptide) being referred to is from a source other than a reference source and is different from the sequence of the

reference, or is linked to a second nucleotide sequence {or polypeptide) with which it is not normally associated, or is
modified such that it i3 in a form that is not normally associated with a reference material. For example, a
polynucleotide encoding an enzyme is exogenocus with respect to a nucleotide sequence of a chloroplast, where the

polynucleotide is not normally found i the chloroplast {e.g., a nustated polymuclectide encoding a chloroplast sequence
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or a nuclear sequence). As another example, a polynucleotide encoding an enzyme is exogenous with respect to a host
organism where the polynucleotide comprises operatively linked sequences (e.g., promoters, homologous recombination
sttes, selectable markers, and/or termination sequences), that are not normally found in the reference organism.

(80285} Polynucleotides encoding enzymes and other proteins usefal in the present disclosure may be isolated and/or
synthesized by any means known m the art, including, but not limited to cloning, sub-cloning, and PCR. A vector
herein may encode polypeptide(s) having a role i the mevalonate pathway, such as, for example, thiolase, 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 redoctase, 4-diphosphocytidyl-2-C-methyl-D-erythoto] synthase, 4-diphophoeytidyl-2-C-methyl-D-
erythritol kinase, 2-C-methyl-D-erythritol 2,4,-cyclodiphosphate synthase, HMB-PP synthase, HMB-PP reductase, or
DOXP reductoisomerase.

(80286} One embodiment 1s directed to a vector comprising a nucleic acid encoding an enzyme capable of modudating a
fusicoceadiene biosynthetic pathway. Suoch a vector may further comprise a promoter for exprassion of the pucleic acid
s algae. Nucleic acid(s) inchided in such vectors may contain a codon biased form of a gene, optimized for expression
11 a host orgamsm of choice. In one ermmbodiment, the fusicoecadiene produced is fusicocea-2,10(14)-diene. Another
aspect of the present disclosure s directed to a vector comprising a nucleic acid encoding an enzyme that produce
fusicoccadiene when the vector is integrated info a genoree of an organism, such as photosyathetic algae, wherein the
organism doss not produce fusicoccadiene without the vector and wherein the fusicoccadiene is metabolically ibactive

10 the organism,

(30287} Further provided herein is a method of producing a fuel product, comprising: a) transforming a Scenedesmus sp
or Dunalielia sp., wherein the transformation resuits i the production or increased production of a fusicoccadiene; b)
collecting the fusicoccadiene from the organism; and ¢) using the fusicoccadiens to produce a fuel product.

130288} The present disclosure also contemplates host cells making polypeptides that contribute to the secretion of fatty
acids, lipids or oils, by transforming host cells (e.g., algal cells) and/or organisms comprising host cefls with nucleic
acids eocoding one or muore different transporters. To some embodiments, the host cells or organisms are also
trapsformed with obe or more enzymes that contribute to the production of fatty acids, lipids or oils are anabolic
cuzymes. Some examples of anabolic enzymes that contribute 1o the synthesis of fatty acids include, but are got imited
to, acetyl-CoA carboxylase, ketoreductase, thicesterase, malonyltransferase, dehrydratase, acyl-CoA ligase,
ketoacylsynthase, enoylreductasc and a desaturase.  In some embodiments, the enzymes are catabolic or biodegrading
cuzymes. Insome embodiments, a single enzyme is produced.

160289 Some host cells may be transformed with multiple genes encoding one or more enzymes. For example, a
single transformed cell may contam exogenous nucleic acids encoding enzymes that make up an entire synthesis
pathway. One example of & pathway might include genes encoding an acetyl CoA carboxylase, a malonyliransferase, a
ketoacylasynthase, and a thioesterase. Cells transformed with entire pathways and/or enzymes extracted from those
cells, can synthesize 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 muktiple
genes with one or more mutations in the coding sequence(s).

160298} In some mstances, the host cell will naturally produce the fatty acid, lipid, triglyceride or oil of mterest. Thus,

ransformation of the host cell with 2 polynucleotide 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 a polynucieotide
encoding one or more enzymes necessary for the production of the molecule of interest. The enzymes produced by the
modified cells result in the production of fatty acids, lipids, triglycerides 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, frighycerides or oils is performed after the product 1 secreted fron the cefl via a cell membrane
transporter.

(80291} Synthesis of fatty acids, lipids or oils can also be accomplished by engineertng a cell to express an accessory
molecule or modolation molecule. In certain embodiments, the accessory molecule is an enzyme that produces a
substrate utilized by a fatty acid synthesizing enzyme, In some embodiments the accessory or modulation molecule

contribuntes to the growth or noarishment of the biomass.

168293] Also

degrading enzyme and a promoter for expression of szid biomass degrading enzymes in a chioroplast. Such
compositions may contain muktiple copies of a particular vector encoding a parficular enzyme. In some instances, the
vectors will contain nucleic acids encoding cellulolytic, hemiceliulolyvtic and/or ligninolytic enzymes. More specifically,
the plurality of vectors may contain vectors capable of expressing exo-f3-ghicanase, endo-f§-glucanase, -glucosidase,
cndoxylanase and/or lignase. Some of the vectors of this embodiment are capable of insertion into a chioroplast
genome and such msertion can lead to disruption of the photosynthetic capability of the transformed chloropiast.
Insertion of other vectors into a chioroplast genome does not disrupt photosynthetic capability of the transforme
chioroplast. Some vectors provide for expression of biomass degrading enzymes which are sequestered ma
transformed chloroplast.

160294} Ancther vector encodes a plarality of distinct biomass degrading enzymes and a promoter for expression of the
biomass degrading enzymes in a non- vascular photosynthetic organism. The biomass degrading enzymes may be one
or more of celluloliytic, hemicellulolytic or ligninolytic enzymes. In some vectors, the plurality of distinet biomass
degrading enzymes is two or more of exo-f-ghicanase, endo- $-glucanase, B-ghicosidase, lignase and endoxylanase. In
some embodiments, the plurality of enzymes is operatively linked. In other embodinents, the plurality of enzymes is
expressed as a functional protein complex. Insertion of some vectors into a host cell genome does not disrupt

photosynthetic capability of the organism. Veetors encoding a plarality of distinct enzymes, may lead to prodoction of
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enzynies which are sequestered in a chloroplast of a transformed organism. The present disclosure also provides an

so. transformed with a vector encoding a plorality of distinet

algal cell and in particular a Scenedemus sp. or Duw
enzynies. For some embodiments, the orgamism may be grown in the absence of light and/or in the presence of an

organic carbon source.

(80295} Yet another aspect provides a genetically modified chloroplast of a Scenedemus sp. or ; . producing
one or more biomass degrading enzymes. Such enzymes may be ceflulolytic, hemicellulolytic or ligninolytic enzymes,
and more specifically, may be an exo-B-glucanase, an endo-P-glucanase, a B-glocosidase, an endoxylanase, a lignase
and/or combinations thereof. The one or more enzymes are be sequestered in the chloroplast 1 some embodiments.

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

present disclosure,

(962971 Sull another methbod of the present disclosure allows for preparing a biofusl. Oue step of this method includes

freafing a biomass with one or more bioroass degrading enzymes denved from a photosynthetic, ponvascnlar organism
for a sufficient amount of time to degrade at least a portion of said biomass. The biofuel produced may be cthanol. The
cuzymes of this method may contzin at {east fraces of said photosynthetic nonvascular organism from which they are
derived. Additionally, the enzymes useful for some embodiments of this method include cetiulofytic, hemicellulolytic
and ligninolytic enzymes. Specific enzymes useful for sorae aspects of this method include exo-f-glucanase, endo-f3-
glucanase, f-glucosidase, endoxylanase, and/or lignase. Multiple types of bionmass inchuding agricultural waste, paper
milf waste, corn stover, wheat staver, say 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 denived from a high-cellulose content organism, such as switchgrass or
duckweed. The enzyme(s) used in this method may be liberated from the organism and this liberation may involve
chemical or mechanical distuption of the cells of the organism. In an altemate emibodiment, the enzyme(s) are secreted
from the organism and then collected from a culture medivm. The treatment of the biomass may involve a fermentation
process, which may utilize a microorgamism other than the organism which produced the enzyme(s). In some instances
the non-vascular photosynthetic organism may be added to a saccharification tank. This embodiment may also

comprise the step of collecting the biofael. Collection may be performed by distitlation. In some nstances, the biofuel

i1s mixed with another fuel.
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wmm; Another aspect provides host organisms or cells disclosed herein (e.g. Scenedesmus sp. ©

have been genetically modified or modified {e.g. by methods disclosed herein) for use as a feedstock. The compositions
of genetically modified algae disclosed here can be used directly as a feedstock or can be added to a feedstock to
generate a modified or improved feedstock. For example a composition can comprise a feedstock and a genetically
modified algae. Genetic modification of an algae can comprise engineering an algae {0 €Xpress one Of MOTS CRZYINCS.
In some aspects the enzyme can be a biomass degrading enzyme and in some aspects the enzyme can be a biosynthetic
enizyme. Genetically modified algae can also express both types of enzymes (e.g. a biomass degrading enzyme and 3
biosynthetic enzyme). The enzyme expressed can be one that is paturally expressed i the algae or not natorally
expressed n the algae. In some aspects the enzyme produced 1s not naturally expressed i the algae. For example an
enizyme {€.g. a biomass degrading enzyme} can be an exogenous enzyne. In another example a composition can
comprise a feedstock and a genetically modified algae wherein the algae s modified o mcrease the expression of a
naturally occurring enzyme (e.g. a biomass-degrading cnzyme). In some aspects an enzyme can be secreted from a
genetically modified algae or added to the feedstock as an independent ingredient.

(30385} Biomass degrading enzyrues can improve the puttent value of an existing feedstock by breaking down
complex compounents of the feedstock {e.g. mdigestible components) into coraponends 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.
prodeced ex vivo) from the algae. Genetically modified algac that provide the biomass degrading enzymes can also be
utihzed by the ammal for the inberent notricat vale of the algae. For exarople a composition can comprise a feedstock,
a genetically modified algae, and a biomass-degrading enzyme that is ex vivo to the genctically modified algae. In
another example a genctically modified aigae is modified to increase expression of a paturally occurring biomass-
degrading enzyme.

130386} The expression of certain exogenous biosynthetic enzymes in an algac can aliow the biosynthesis of nuirient
rich lipids, fatty acids and carbohvdrates. Genetically modified algae that express such nutrient rich components can be
added to an existing feedstock to supplement the nutritional value of the feedstock. In some aspects such genctically
modified algae can comprise as much as 100% of the feedstock.  Algae can be genetically modified to produce or
increase production of one or more fatty acids, lipids or hydrocarbons. In one example a genetically nodified algae
comprise an exogenous nucleic acid encoding an cazyrne 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, lipids or hydrocarbons (e.g. isoprenocids) than an vmmodified algae of the same species. For example, the
modified algae can produce more of a desired isoprenoid, and/or produce an 1soprenoid that the algae does not normally
produce, and/or produce isoprenoids that are normally produced but at different amounts than are produced in an
unmeodified algae.

160367} Therefore in one aspect a composition can comprise a feadstock and a genetically modified algae wherein the
algae has 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 a mevalonate pathway. For example the enzyme can be famesyl
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pyrophosphate synthase, geranyl geranyl phosphate synthase, squalene synthase, thioesterase, or fatty acyl-CoA
desaturase.

(30388} 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 considered a feedstock suitable for consumption by animals until after the addition of a genetically modified
algae. In some aspects a genetically modified algae can be added to an existing feedstock to generate an improved
feedstock. In some aspects a genetically modified algae can be added to an existing feedstock at a ratio of at least 1:20
{weight of algae/wt of fecdstock). In some aspects an improved feedstock can comprises up to 18, 20, 30, 48, 58, 66,
78, 80, 94, 95, or 100 percent of a genetically modified algae. In some aspecis a viable genetically modified algae can
be added to a feedstock (e.g. a3 a seed culture) at a concentration of less than 5% (wiw} of the feedstock wherein the
genetically modified algae multiplies to become up to 16, 20, 38, 40, 50, 60, 70, 80, 90 or 95% percent of the feedstock
(wiw). A feedstock or tmproved feedstock can also comprise additional nutrients, ingredients or supplements (e.g.
vitapiins). Awn improved feedstock comprising a genetically modified algae can also comprise any normal ingredient of
an ammal feed meluding bot not Hinuted any vegetable, fruit, seed, root, flower, leaf, stem, stalk or plant product of any
plant. Animproved feedstock comprising a genctically modified algae can also comprise any animal parts or products
{e.g. meat, bone, rnlk, excrement, skin). An boproved feedstock comprising a genstically modified NVPO can also
comprise any product or bi-product of a manufacturing process {¢.g. sawdust or brewers waste). Additional non
Iaiting examples of ingredients of a feedstock or an unproved feedstock as disclosed herein include alfalfa, barley,
blood meal, grass, logumes, sidage, beet, bone meal, brewer grain, brewer’s yeast, broom grass, carrot, cattle manure,
clover, coffee, corn, corn glutten meal, distiller grains, poultry fat, grape, hominy feed, hop leaves, spent hops,
raolasses, oats, algae, peanuts, potato, poultry hitter, poultry manure, vape meal, vve, safflower, sorghum, soybean, soy,
sunflower meal, timothy hay, or triticale. Therefore in one aspect a composition can corprise a feedstock and
genetically modified NVPO wherein the feedstock comprises one or more of alfalfa, barley, blood meal, beet, bone
meal, brewer grain, brewer’s yeast, broom grass, cagot, cattle manure, clover, coffee, com, com glutten meal, distitier
grains, poultry fat, grape, hominy feed, bop leaves, spent hops, molasses, oats, algae, peanuts, potato, poultry litter,
poultry manure, rape meal, rye, safflower, sorghum, soybean, soy, sunflower meal, timothy hay, or triticale.

180389} In some aspect a genctically modified algae can be used for a purpose {e.g. 1 producing a recombinant product
or biofuel) and the remaining portion thereof can be used for an improved feedstock. Therefore an improved feedstock
can comprise a portion of a genetically modified algae. For example a composition of an animal feed ingredient can

g, after hexane

comprise of whole and/or defaited algae (e.g. after removal of fatty acids, hipids or hydrocarbons, e.g.
extraction) or a mixture of whole and defatted algae, which provides both the feed enzyme and the inherent nutritive
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 remaining portion thereof can be used as a feedstock, as
an improved feedstock or as a supplement to improve a feedstock. For example a composition can comprise a feedstock
and a portion of a genetically modified algae wherein the genctically modified algae is at least partially depleted of a
fipid, 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 disclosed

herein. The methods can comprise combining a genetically modified algae or a portion thereof with a feedstock to
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generate the improved feedstock. In one example the method comprises removing a lipid, fatty acid, isoprenoid, or
carbohydrate from a genetically modified algae. The remaining genetically modified algae, or a portion thereof, can be
conibined 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
coniprise 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 biomass-degrading enzyme can be a galactanase,
xylanase, protease, carbobydrase, lipase, redoctase, oxidase, transghutaminase, or phytase. The biomass-degrading
enizymie can be a carbohydrase wherein the carbohydrase 18 an g-amylase, B-amylase, endo-B-ghicanase, endoxyianase,
[-mannanase, a-galactosidase, or pullufanase. The biomass-degrading enzyme can be a protease wherein the protease is
3 subtilising, bromelain, or fungal acid-stable protease. The biomass-degrading enzyme can be a phytase. In another
example of the method the genctically modified NVPO further comprises an exogenous nucleic actd encoding an
enizynie in an soprenoid biosynthesis pathway. The enzyme in the isoprenoid biosynthesis pathway can be farpesyt
pyrophosphate synthase, geranyl geranyl phosphate synthase, squalene synthase, thioesterase, or fatty acyl-CoA
desatarase. The enzyme in the isoprenoid biosynthesis pathway can be in a mevalonate pathway. In yet another
example of the method, the method can further comprise removing a lipid, fatty acid, or isoprencid, from the genetically
raodified NVPO prior to combintag with a foedstock to generate the traproved feedstock,

(30331} Candidate genes for directing the expression of proteins {(e.g. enzyraes) in genetically modified algae for use in
animal feeds can be obtamed from a variety of orgamsmes incladiog eukaryotes, prokaryotes, or viruses. In some

e

1astances, an expressed enzyme is one mmember of a metabolic pathway (2.2, an isoprenoid biosynthesis pathway).

several enzymes may be miroduced into the algac to produce increased levels of desired metabolites, or several

nzyrass may be wtroduced o produce a algae containing multiple usefvl feed enzyrme activities (e.g. siraultancous
production of xylanase, endo--glucanase, and phytase activities).
(60332} Feed enzymes can be expressed in host orgamsms {e.g. Scenedesmus sp.y aod punfied fo a useful level. The
purified enzymes can be added to animal foed in a manner similar to corrent practice. Feed cozymes can also be
expressed 0 bost organisros (e.g. algae), and the resuliing host orgasisms ¢an be added as a feed mgredient, adding both
puiritive valoe and desired enzyroe activity to the andrual feed product. T this application, the genetically modified host
organisras can be added to a feedstock alive, whole and non-visble or as a fysate wherein the host organisms are lysed
by any suitable means {¢.g. physical, chemical or thermal).
(69313} Many animal feeds can contain plant seeds, including saybeans, maize, wheat, and barley among others. Plant
seeds can contain high levels of myo-inositol polyphosphate (phytic acid). This phytic acid is indigestible to non-
rarainant andials, and so feeds with high levels of phytic acid may have low levels of bicavaiable phosphorous. The
phytic acid can also chelate many important nutritive minerals, such as calcium and magnesium. Incorporation of a
phytase into the feed, which can act in the animals upper gut, can release both the chelated mineral putrients and
significant levels of bioavailable phosphorous. The net result is that less free phosphorous needs to be added 1o the
aniraal foed product. 1n addition, phosphorous levels in the excreta can be reduced, which can reduce downstream
phosphorous pollution.
(80314} Genetically modified algae that express phytases or similar enzymes can be added to a feedstock to improve
the mutrient or digestible properties of the feed. Phytases contemplated for use herein can be from any organisni (e

bacterial or fungal derived). Non limiting examples of types of phytases contemplated for use herein melude 3—phy1ase
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{(alternative name 1- phytase; a myo-inositol hexaphosphate 3-phosphohydrolase, EC 3.1.3.8), 4- phytase (alternative
name 6-phytase, name based on 1 L-mumbering system and not | D- numbering, EC 3.1.3.26), and 5-phytase (EC
3.1.3.72). Additional non limiting examples of phytases include microbial phytases, such as fungal, yeast or bactenial
phytases such as disclosed in EP 684313, US 6139902, EP 420358, WO 97/35017, WO 98/28408, WO 98/28409, IP 1
1000164, WOUS/13480, AL 724094, WO 97/33976,US 6110719, WO 2006/038062, WO 2006/038128, WO
2004/085638, WO 2006/037328, WO 2006/037327, WO 2006/043178, US 5830732 and under UniProt designations
P34753, P34752, P34755, 000093, 031097, P42094, 066037 and P34754 (UniProt, (2008} http//wwe. ariprot.org).

Polypeptides having an amino acid sequence of at least 75% 1dentity to an amino acid sequence {comprising the active
site) of any one of the phytases disclosed above are also contemnplated for use herem. In one example a composition can
comprise a feedstock and 2 genetically modified algae. The genetically modified algae can be genetically modified to
prodoce a biomass-degrading enzyme such as a phytase. In one aspect the phytase is a phytase of bacterial or fougal
origin, In one aspect the biomass-degrading enzymme 18 an euzyme other than a phytase.
(80315} Many plant parts {e.g. seeds, fruits, stems, roots, leaves and flowers) from plants such as, for example,
soybeans, wheat, and barley contain polysaccharides that are wndigestible by some animals (¢.g. non-rominant animals).
Neou limiting examples of such carbohydrates inchide xylans, raffinose, stachyose, and glucans. The presence of
wadigestible carbohydrates 18 animaal feed can reduce notrient availability. Tndigestible carbohydrates o poultry feed can
result ju sticky feces, which can inerease discase levels. The presence of one or more carbohydrate degrading enzymes
{c.g. a-amylasc) in the animal feed can help break down polysaccharides, increase mutrient availability, increase the bio-
available energy content of the ammal feed, and redoce health risks. Non Hnuting examples of carbohydrate degrading
euzyraes conteraplated for use berein include amylases {e.g. w-amylase and B-amylase}, f-mannanase, maltase, lactase,
B-ghicanase, endo-fi-ghucanase, glncose isomerase, endoxylanase, a-galactosidase, glucose oxidase, pullulanase,
invertase and any carbohydrate digesting enzyme of bacterial, fungal, plant or antmal origin. In one example a
composition can comprise a feedstock and a genetically modified algae. The genetically modified algae can be
genetically modified to prodace a biomass-degrading enzyme such as a carbohydrase. In one aspect the carbohydrase
can be an g-amylase, B-amylase, endo-B-ghicanase, endoxylanase, f-mannanase, a-galactosidase, or pullvlanase.
(60336} Many feedstocks contain plant parts (e.g. seeds) with anti-nutritive proteins (¢.g. protease hibitors, amylase
inhibitors and others) that reduce the avatlability of putrients i an animal feed. Addition of a broad spectram protease
¢.g. bromelam, subtilisin, or a fungal acid-stable protease} can break down these anti-mutritive protems and increase the
availability of nutrients in the antmal’s feed. Non limiting examples of proteases contemplated for use herein include
endopeptidases and exopeptidases. MNon Hmifing examples of proteases conternplated for use heremn include serne
proteases (e.g. subtilisin, chymotrypsins, glotamyl peptidases, dipeptidyl-peptidases, carboxypeptidases, dipeptidases,
and aminopeptidases), cyteine proteases {¢.g. papam, calpain-2, and papain-tike pepidases and bromelam), aspartic
peptidases {c.g. pepsins and pepsin A}, ghitamic proteases, threonine proteases, fiingal acid proteases and acid stable
pro’teasss such as those disclosed in (US 6855548}, Tu one example a 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 protease. I ope aspect the protease can be a subtilisin, bromelain or fungal acid-stable protease.
(653371 Nos hmiting examples of lipases contemplated for use herein inclode pancreatic lipase, lysosoral lipase,
tysosoraal acid lipase, acid cholesteryl ester hydrolase, bepatic lipase, lpoprotein lipase, gastric lipase, endothelial

tipase, pancreatic fipase related protein 2, pancreatic fipase related protein 1, lingual lipase and phospholipases (e.g
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phospholipase AI{EC 3.1.1.32), phospholipase A2, phospholipase B (lysophospholipase), phospholipase C and
phospholipase D).

(30318} Animproved feedstock can be generated by combining a feedstock with a algae that is genetically altered to
produce an enzyme (¢.g. a carbohydrase, protease or lipase). In some aspects the enzyme i3 produced ex vivo to the
organism. [n some aspects the enzyme is secreted. Enzymes produced ex vivo to the organisms can break down
conponents of a feedstock prior to ingestion by an amimal. Therefore an improved fecdstock can be generated by
combining a feedstock with an algae that i3 genetically altered to produce an enzyme (e.g. a carbohydrase, protease or
Hipase) and subjecting the mixture to a holding period. A holding period can allow the genetically altered algae to
nudtiphy and (o secrete more enzyme mto the feedstock. A holding period can be from several hours up to several days.
In some aspects a holding pericd s forup t0 1, 2,3, 4, 5,6, 7, 8, 9 or 18 days.  In some aspects a holding period 1s for
up to several days to several weeks. In some aspects a holding peniod 1s indefinite.  An indefinitte holding pertod allows
mwtermittent removal and vse of the improved feedstock and intermittent addition of the base feedstock

§06319] Host Cells or Host Organisms

(80328} Biomass useful in the methods and systems described herein can be obtained from bost cells or host orgamsms,
(80321} A host cell can contain a polynucleotide encoding a polypeptide of the present disclospre, Insome
embodiments, a host cell 1 part of a mwlaeeliular orgamsm. In other embodiments, a host cell 18 cultored as a
uniceliular oxganisro.

(30322} Host organisms can nchade any svitable host, for exarple, a microorganismn. Microorganismos which are
usefil for the rmethods descrbed herein include, for example, photosynthetic bacteria {¢.g., cyanobacteria), non-
photosynthetic bacteria {e.g., E. coll), veast {¢.g., Succharomyces cerevisiae), and algae (¢, g., raicroalgae such as
Chiamydomonas reimhardtii),

(30323} Exaraples of host organisms that can be fransforrued with a polynucleotide of interest (for example, a
polynuclectide that encodes a protein involved in the isoprencid biosynthesis pathway) include vascuolar and non-
vascular organisins. The organism can be prokaryotic or eukaryotic. The organism can be uniceflular or multicelinlar,
A host organism IS an orgamisin comprising a host cell. In other embodiments, the host organism is photosynthetic. A
photosynthetic organism is one that naturally photosynthesizes (e.g., an alga) or that is genctically engineered or
otherwise modified to be photosynthetic. In some instances, a photosynthetic organism may be transformed with a
construct or vector of the disclosure which renders afl or part of the photosynthetic apparatus 1noperable.

180324} By way of example, a2 non-vascular photosynthetic microalga species (for exanple, C. reinfiardiil,
Nannochioropsis oceania, N. saling, D. salinag, H. pluvalis, 8. dimorphus, D. viridis, Chlorella sp., and D tertiolecta)
can be genetically engineered to produce a polypeptide of mterest, for example a fusicoccadiene synthase or an FPP
synthase. Production of a fusicoccadiene synthase or an FPP synthase in these microalgae can be achieved by
engimecring the microalgae to express the fusicoccadiene synthase or FPP synthase in the algal chloroplast or nucleus.
160325} In other embodiments the host organizm is a vascular plant. Non-limiting examples of such plants include
various monocots and dicots, inchuding high oil seed plants such as high oil seed Brassica (e.g., Brassica nigra,
Brassica napus, Brassica hivia, Brassica rapa, Brassica campestris, Brassica carinaia, and 8rassica juncea), soybean
{Glvcine max), castor bean (Ricinus communis), cotton, safflower {Carthamus tinciorius), sunflower (Helianthus

annuusy, lax (Linum usitarissimum), corn (Zea mays), coconut {Cocos nucifera), palm (Elaeis guineensis), oil miut trees
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such as olive {Dlea enropaea), sesame, and peanut (Arachis hypogaea), as well as 4rabidopsis, tobacco, wheat, barley,
oats, amaranth, potato, rice, tomato, and legumes {€.g., peas, beans, lentils, alfalfa, ete.).
(80326} The host cell can be prokaryotic. Examples of some prokaryotic organisms of the present disclosure include,
but are not limited to, cyanobacteria {€.g., Synechococcus, Synechocystis, Athrospira, Gleccapsa, Osciflatoria, and,
Pseudoanabaena). Suttable prokaryotic cells include, but are not limited to, any of a variety of laboratory strains of
Escherichia coli, Lactobaciilus sp., Salmonella sp., and Shigella sp. (for example, as described in Carrier et al. (1992} ).
Immuanel 148:1176-1181; U.S. Pat. No. 6,447,784; and Sizemore et al. {1995) Seience 270:299-302). Examples of
Salmonelia strains which can be employed in the present disclosure mctude, but are not hmited to, Salmonella typhi and
S. typhimurium. Suitable Shigella strains melade, bot are not hinited to, Shigella flexneri, Shigella sonnes, and Shigeila
disenteriae. Typically, the laboratory strain is oue that is nop-pathogenic. Non-limiting examples of other suitable
bacteria mclude, but are not limited to, Pseudomonas podita, Pseudomonas acruginoesa, Pseudomonas mevaloni,
Rbodobacter sphacroides, Rhodobacter capsulatus, Rhodospirillum nibnum, and Rbodococcas sp.
(80327} In some embodiments, the host orgamsm is cukaryotic (¢.g. green algae, red algae, brown algae). In some
embodiments, the algae 15 a green algae, for example, a2 Chlorophycean. The algae can be umceliular or mudticellolar,
Suitable enkaryotic bost cells include, but are not Hnuted to, yeast cells, tnsect cells, plant cells, fimgal cells, and algal
cells, Suitable cukarvotic host cells include, but are not limited to, Pichia pastons, Pichia finlandica, Pichia trehalophila,
Pichia koclamae, Pichia membranaefaciens, Pichia opuntae, Pichia theomotclerans, Pichia salictaria, Pichia guercoum,
Pichia prjper, Pichia stiptis, Pichia methanolica, Pichia sp., Saccharomyees cerevisiae, Saccharomyces sp., Hanseoula
poiymorpha, Khayveromyces sp., Kluyveromyees lactis, Candida albicans, Aspergitius nidulans, Aspergiftus niger,
Aspergilius oryzas, Trichoderma reesel, Chrysosporiun lucknowense, Fusarium sp., Fosariom graminenm, Fusarinm
vencnaturg, Nearospora crassa, and Chlamydomonas eeinbardta, In other embodiments, the host cell is 2 microalga
(e.g., Chlamydomonas reinhardtii, Dunaliello salina, Hoematocoocus pluvialis, Nannochloropsis oceania, N. saling,
Scenedesmus dimorphus, Chloreila spp., D. viridis, or D. teriiolecia).
130328} In some instances the organisiu i3 a thodophyte, chlorophyte, heterokontophyte, tribophyte, glaucophyte,
chiorarachniophyte, cuglenoid, haptophyte, cryptomonad, dinoflagetium, or phytoplankion.
130328} In some instances & host organisim is vascular and photosynthetic. Examples of vascular plants include, but are
not firaited to, angiosperrus, gyranosperms, thyniophytes, or other tracheophytes.
130338} In some instances 2 host organism is non-vascular and photosynthetic. As used berein, the term “nou-vascular
photosynthetic organism,” refers {0 any macroscopic or microscopic organisim, including, but not fimited 1o, algae,
cyanobaciteria and photosynthetic bacteria, which does not have a vascular system such as that found n vascular plants.
Examples of non-vascular photosynthetic organisms include bryophtyes, such as marchantiophytes or
anthocerotophytes.  In some instances the organizm is a cyanobacteria. In some instances, the organiam is algae (e.g.,
macroalgae or microalgae). The algae can be uvmicelular or mufticellular algac. For example, the microalgae
Chlamydomonas reinhardtii may be transformed with a vector, or a linearized portion thereof, encoding one or more
proteins of interest (e.g., a protein involved m the isoprenoid biosynthesis pathway).
189331} Methods for algal transformation are deseribed in 1.8, Provisional Patent Application No. 60/142,091. The
methods of the present disclosuare can be carried oot using algae, for example, the microalga, O reinhardti. 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, including commercially (Cyanotech Corp.; Kailua-Kona HI,
thus allowing for production and, if desired, isolation of large amounts of a desired product.

(80332} The vectors of the present disclosure may be capable of stable or transient transformation of multiple
photosynthetic organisms, including, but not limited to, photosynthetic bacteria (inchuding cyanobacteria), cyanophyta,
prochlorophyta, rhodophyta, chiorophyta, heterckontophyta, tribophyta, glavcophyta, chlorarachniophytes,
euglenophyta, euglenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyta, dinoflagellata,
pyrmmesiophyta, bacilfariophyta, xanthophyta, costigmatophyta, raphidophyta, phacophyta, and phytoplankton. Other
vectors of the present disclosure are capable of stable or transient transformation of, for example, C. reinhardii, N.
oceania, N. salina, D). salina, H. pluvalis, 8. dimorphus, D. viridis, or D, terticlecta.

(80333} Examples of appropriate hosts, inchude but are not limited to: bacterial cells, such as E. coli, Streptomyces,
Salmonella typhimarium; fungal cells, sach as yeast; inseet cells, such as Drosophila 52 and Spodoptera SI9; antmal
cells, such as CHO, COS or Bowes melanoma; adenovirases; and plant cefls. The selection of an appropriate host 1s
deerned to be within the scope of those skailed in the art.

(86334} Polymucleotides selected and isolated as described herein are introduced into a suitable host cell. A suitable
host cell is any cell which is capable of promoting recombination apd/or redactive reassortment. The selected
polynuclectides can be, for exaraple, 18 a vector which inchudes appropriate control sequences. The host cell can be, for
example, a higher eukaryotic cell, such as a reammalian cell, or a lower eukaryotic cell, such as a yeast cell, or the host
cell can be a prokaryotic cell, such as 2 bacterial cell. Introduction of a construct (vector} into the bost cell can be
effected by, for example, calciurn phosphate transfection, DEAE-Dextrap mediated transfection, or electroporation.
(38335} Recombinant polypeptides, wchiding protein commplexes, can be expressed in plauts, allowing for the
production of crops of such plants and, therefore, the ability to conveniently produce large arnounts of a desired product.
Accordingly, the methods of the disclosure can be practiced using any plant, including, for example, microalga and
macroalgae, (such as marnne algac and seaweeds), as well as plants that grow 1p soil.

130336} 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 chioroplasts, and includes any such organism at any stage of development, or to
part of 2 plant, including a plant cutting, 2 plant cell, a plant cell culture, a plant organ, a plant seed, and a plantlet. A
plant cell is the structural and physiclogical unit of the plant, comprising a protoplast and a celf wall. A plant cell can be
10 the form of an isolated single cell or a cultured cell, or can be part of higher organized unit, for exanple, a plant
tissue, plant organ, or plant. Thus, a plant cell can be a protoplast, a gamete producing cell, or a cell or colection of
cells that can regenerate into a whole plant. As such, a seed, which comprises multiple plant cells and is capable of
regenerating into a whole plant, is considered plant cell for purposes of this disclosure. A plant fissue or plant organ can
be a seed, protoplast, callus, or any other groups of plant cells that is organized into a structural or functional unit.
Particularly usefol parts of a plant include harvestable parts and parts useful for propagation of progeny plants. A
harvestable part of a plant can be any useful part of & plant, for example, flowers, pollen, seedlings, tubers, leaves,
sterns, fruit, seeds, and roots. A part of a plant useful for propagation includes, for example, seeds, fiuits, cuttings,
scedlings, tubers, and rootstocks.

160337} A method of the disclosure can generate a plant containing genomic DNA {for example, a nuclear and/or
plastid genonic DNA) that is genetically modified to contain a stably integrated polynuclectide (for example, as

described in Hager and Bock, 4ppl Microbiol. Biotechnol. 54:302-318, 2000}, Accordingly, the present disclosure
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further provides a transgenic plant, e.g. . reinhardsii, which comprises one or more chloroplasts containing a
polynuclectide encoding one or more exogenous or endogenous polypeptides, including polypeptides that can allow for
secretion of fuel products and/or fuel product precursors (e.g., isoprenoids, fatty acids, lipids, trigiycerides), A
photosynthetic organism of the present disclosure comprises at least one host cell that i3 modified to generate, for
example, a fuel product or a fuel product precursor.

(86338} Some of the host organisms useful in the disclosed embodiments are, for example, are extremophiles, such as
hyperthermophiles, psychrophiles, psychrotrophs, halophiles, barophiies and acidophiles. Some of the host orgamsms
which may be used to practice the present disclosure are halophilic (e.g., Dunaliella saling, D. viridis, or I fertiolecta).
For example, . salina can grow in ocean water and salt lakes (for example, sabmty from 30-300 parts per thousand)
and high salinity media (e.g., artificial seawater medium, seawater nutrient agar, brackish water medium, and seawater
medrom). In some embodiments of the disclosore, a host cell expressing a protein of the present disclosure can be
grown in a hquid enviromment which is, for example, 0.1, 0.2,8.3,0.4,05,0.6,0.7,0.8,09,1.0, 1.1, 1.2,13,14, 1.3
16,17,18,19,20,21,22,23,24,25,2.6,2.7,28,29,30,31.,3.2,33,3.4,3.5,3.6,37,38,39,48, 4.1, 4.2,
4.3 mofar or higher concentrations of sodiom chloride. Oune of skill in the art will rscognize that other salts (sodium
salts, caleiom salts, potassivm salts, or other salts) may also be present in the hquid environments,

(38339} Where a balophilic organism is wiilized for the present disclosure, it may be fransformed with any of the

veetors described berein, For example, D, saling may be trapsformed with a vector which s capable of insertion wto
the chioroplast or nuclear gevome and which contans pucleic acids which encode a protein (e.g., an FPP synthase or a
fusicoccadiene synthase). Transformed halopbilic orgamsms raay then be grown i bigh-saline environroents {e.g., salt
lakes, salt ponds, and high-saline media) 1o produce the products (e.g., ipids) of interest. Tsolation of the products may
wavolve rernoving a fransformed orgamism frora a high-saline envivonment prior to extracting the product froro the
organism. Innstances where the product s secreted into the swrrounding environraent, it may be pecessary £o
desalinate the ligmd epvironment priot to any further processing of the product.

1080348} The present disclosure further provides compositions comprising a genetically modified host cefl. A
composition corprises a genctically modified host cell; and will 1n some embodiments comprise one or more further
components, which components are sclected based in part on the intended use of the genetically modified host cell.
Suitable componeats inciude, but are not imited to, salts; buffers; stabilizers; protease-inhibiting agents; ceil
nembrane- and/or cell wall-preserving conpouads, e.g., glveerol and dimethylsulfoxide; and nutritional media
appropriate to the cell.

180341} For the production of a protein, for example, an isoprenoid or isoprenoid precursor compound, a host 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 preny! transferase, isoprenoid synthase or mevalonate pathway
enzyIme.

{89342} In some embodiments, a genetically modified host cell is a host cell that comprises an endogenous mevalonate
pathway and/or isoprenocid biosynthetic pathway and/or prenyl transierase pathway. In other embodiments, a genetically
modified host cell is a host cefl that does not normally produce mevalonate or IPP via a mevalonate pathway, or FPP,
GPP or GGPP via a prenyl transferase pathway, but has been genetically modified with one or more polynucleotides

comprising muclectide sequences encoding one or more mevalonate pathway, 1soprenoid synthase pathway or prenyl
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transferase pathway enzymes {for example, as described in ULS. Patent Poblication No. 2004/005678; U.5. Patent
Pablication No. 2043/0148479; and Martin et al. (2003) Nat. Biotech. 21(7):796-5802).
(663431 Culturing of Cells or Organisms

(30344} An orgamism may be grown under conditions which permut photosynthesis, however, this is not a requirement
{e.g., a host organism may be grown in the absence of light). In some instances, the host organism may be genetically
modified n such a way that its photosynthetic capability 1s diminished or destroyed. In growth conditions where a host
organism 18 not capable of photosynthesis {e.g., because of the absence of hght and/or genetic modification), typically,
the organism will be provided with the necessary munents to sapport growth in the absence of photosyathesis. For
example, a culture mediym 1o {or on} which an organism is grown, may be supplemented with any reguired nudrient,
meluding an organic carbon sowree, nitrogen source, phosphorous source, vitamins, metals, bpids, nucleic acids,
nucronpirients, and/or an organism-specific requirement. Organic carbon sources melode any source of carbon which
the host organism is able to metabolize including, but not limited to, acetate, sirople carbohydrates {e.g., ghicose,
sucrose, and lactose}, complex carbohydrates (¢.g., starch and glycogen}, proteins, and lipids. One of skill 1o the art will
recogmze that not all orgamsms will be able to sufﬁcieﬂtiy netabolize 3 particolar nutrient and that nutrient mixtures
may need to be modified from one organism to another in order to provide the appropriate nutrient mix.
[80345] Optimal growth of organisms occurs usually at a temperature of about 20°C 1o about 25 °C, although some
organisms can stifl grow at a teraperature of up to about 35 °C. Active growth is typically performed in Hauid culture, If
the organismos are grown n a hiquid yoediom and are shaken or mixed, the deosity of the cells can be anywhere from
about | fo 5 x 10%elis/ral at the stationary phase., For exarnple, the density of the cells at the stationary phase for
Chlamydomonas sp. can be about 1 to 5 x 10 celis/ml; the density of the cells at the stationary phase for
Nannochloropsis sp. can be about 1 to 5 x 10%cells/ml; the density of the cells at the stationary phase for Scenedesmus
sp. can be about Fto S x 107 cells/mal; and the deasity of the cells at the stationary phase for Chlorella sp. can be about |
to § x 10°celis/mi. Exemplary cell densities at the stationary phase are as follows: Chiamydomonas sp. can be about |
'iQ%cHs/mE; Namlochﬁoropsis sp. can be about 1 x 10%ells/ml; Scenedesmus sp. can be about | x 107(:3115/011; and
Chlorella sp. can be about 1 x 10%cells/ml. An exemplary growth rate may yield, for exanmple, a two to four fold increase
10 cefls per day, depending on the growth conditions. In addition, doubling timnes for organisms can be, for example, §
hours to 30 hours. The organism can also be grown on solid media, for example, media containing about 1.5% agar, in
plates or in slanis.
1898346} One source of encrgy is flucrescent light that can be placed, for example, at a distance of about 1 inch to about
two feet from the organism. Examples of types of fluorescent lights includes, for example, cool white and daylight.
Bubbling with air or CO, tmproves the growth rate of the organism. Bubbling with CO, can be, for example, at 1% to
5% CO,. If the lights are turned on and off at regular intervals (for example, 12:12 or 14:10 hours of light:dark) the cells
of some organisms will become synchronized.
160347} Long term storage of organisms can be achieved by sireaking them onto plates, sealing the plates with, for
example, Parafilm™, and placing them in dim tight at about 10°C to about 18°C. Alternatively, organisms may be
grown as streaks or stabs into agar tubes, capped, and stored at about 10°C to about 18 °C, Both methods allow for the
storage of the organisms for several months.
160348} For longer storage, the organismas can be grown in liguid culture to nud to fate log phase and then

supplemented with a penetrating cryoprotective agent ke DMSO or MeOH, and stored at less than -130°C. An
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exemplary range of DMBQ concentrations that can be used 15 5 1o 8%. An exemplary range of MeOH concentrations
that can be used i3 3 t0 9% .

(86349} Organizms can be grown on a defined minimal medium (for exampile, high salt medium (HSM), modified
artificial sea water mediun (MASM), or F/2 medium) with light as the sole energy source. In other instances, the
organism can be grown in a mediam (for example, tris acetate phosphate (TAP) medium), and supplemented with an
organic carbon source.

(80358} Orgarisms, such as algae, can grow paturally in fresh water or marnne water. Colture media for freshwater
algae can be, for example, synthetic media, enriched media, soil water media, and sohdified media, such as agar.
Various culture media bave been developed and used for the 1solation and coltivation of fresh water algae and are
desenibed in Watanabe, MW, {2005). Freshwater Cultare Media. In R.A. Andersen (Ed.), Algal Culturing Techniques
(pp. 13-20). Blsevier Academic Press, Cultore media for marine algae can be, for example, artificial scawater media or
natural seawater media. Guidebnes for the preparation of media are described i Harnison, P and Berges, J AL (2085).
Marine Culture Media. In R A, Andersen (Ed.), Algal Culturing Technigues (pp. 21-33). Elsevier Academic Press.
(86353} Organisms may be grown in outdoor open water, such as ponds, the ocean, seas, rivers, waterbeds, marshes,
shallow pools, lakes, aqueducts, and reservoirs. When grown in water, the organism can be contained in 2 halo-bke
object coraprised of lego-like particles. The halo-like object encucles the organism and allows it 0 retain nutnients from
the water beneath while keeping it 1o open sunlight.

(30352} Io some instances, organisms can be grown in containers wherein cach container corprisss one or two
organisms, or a plurality of organisms, The countainers can be configured to float on water. For example, & container can
be filed by a combination of air and water to make the contarner and the organism(s) 1o it buoyant, An organisro that is
adapted to grow in fresh water can thus be grown 1o salt water (i.e., the ocean) and vice versa, This mechanisi allows
for avtomatic death of the orgamsm if there 18 any damage to the container.

180353} Culturing technigues for algae are well know to one of skill in the art and are deseribed, for example, in
Freshwater Culture Media. In R.A. Andersen (Ed.), Algal Culturing Techniques. Elsevier Acadernic Press.

130354} Because photosynthetic organisms, for example, algae, require sunlight, CO, and water for growth, they can be
cultivated n, for example, open ponds and lakes. However, these open systems are more vilnerable to contamination
than a closed systern. One challenge with using an open system is that the organism of interest yuay not grow as guickly
as a potential jovader. This becomes a problem when another organism invades the hquid environment in which the
organism of interest is growing, and the invading organism has a faster growth rate and takes over the system.

180355} In addition, in open systems there is less control over water temperature, CO, conceniration, and lighting
conditions. The growing season of the organism is largely dependent on location and. aside from tropical areas, is
firnited to the warmer months of the year. In addition, in an open system, the number of different organisms that can be
grown 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.

1803586} Anocther approach to growing an organisin is to use a semi-closed system, such as covering the pond or pool
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 allow for
a greater number of different organisms to be grown, it can allow for an organism to be dominant over an invading

organism by allowing the organism of interest to out compete the invading organism for mutnents reqoired for its
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growth, and it can extend the growing season for the organism. For example, if the system is heated, the organism can
grow year round.
[B0357} A variation of the pond system is an artificial pond, for example, a raceway pond. In these ponds, the
organism, water, and nutrients circulate around a “racetrack.” Paddlewheels provide constant motion to the liquid in the
racetrack, allowing for the organism to be circulated back to the surface of the liguid at a chosen frequency.
FPaddlewheels also provide a source of agitation and oxygenate the system. These raceway ponds can be enclosed, for
example, i a building or & greenbouse, or can be located outdoors.
(80358} Raceway ponds are ssually kept shaliow because the orgamsm needs to be exposed to sunhght, and sonlight
can only penetrate the pond water o 2 limited depth. The depth of a raceway pond can be, for example, about 4 to
about 12 inches. In addition, the volume of liquid that can be contained i a raceway pond can be, for example, about
206 Liters 1o about 600,000 hiters,
(86359} The raceway ponds can be operated in a contingous manner, with, for example, CO; and notrients being
constantly fed to the ponds, while water contaimng the organism 1s removed at the other end.
(86366} I the raceway pond is placed outdoors, there are several different ways to address the imvasion of an anwanted
organism, For example, the pH or salinity of the liguid in which the desired organism 3 in can be such that the
rovading organisra either slows dowa #ts growth or dies.
(88361} Also, chemicals can be added to the ligumd, such as bleach, or a pesticide can be added to the lgmd, such as
glyphosate. In addition, the organism of sxterest can be genetically roodified such that i s better suited to survive 1o the
Higoid epvironment. Aoy one or more of the above strategies can be used to address the rovasion of an unwanted
OrgANISaL,
(88362} Alernatively, organisms, such as algae, can be grows in closed stractures such as photobioreactors, wheee the
environraent 15 under stricter control than in open systeres or seri-closed systems, A photobioreactor is a bioreactor
which incorporates some type of light source to provide photonic energy input innto the reactor. The term
photobioreactor can refer to a system closed to the environment and having no direct exchange of gases and
contaminants with the environment. A photobioreactor can be described as an enclosed, illuminated culture vessel
designed for confroled biomass production of phototrophic liquid cell suspension cultures. Examples of
photobioreactors include, for example, glass containers, plastic tubes, tanks, plastic sleeves, and bags. Examples of hight
sources that can be used to provide the energy required to sustain photosynthesis include, for exampie, fluorescent
bulbs, LEDs, and natural sunlight. Because these systems are closed everything that the organism needs to grow (for
example, carbon dioxide, mutrients, water, and light) must be introduced into the bioreactor,
160363} Photobioreactors, despite the costs to set up and maintain them, have several advantages over open systems,
they can, for example, prevent or nunimize contamunation, pernit axenic organism cultivation of monocultures
culture consisting of only one species of organism), offer better control over the culture conditions (for exampie, pH,
fight, carbon dioxide, and temperature), prevent water evaporation, lower carbon dioxide losses due to out gassing, and
permut higher cell concentrations,
160384} On the other hand, certain requirements of photobioreactors, 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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(80365} Photobioreactors can be set up to be continually harvested (as i3 with the majority of the larger volume
cultivation systems}, ot harvested one batch at a time (for example, as with polyethlyene bag caltivation). A batch
photobioreactor is set up with, for example, nutrients, an organism (for example, algae), and water, and the organism is
allowed to grow until the batch is harvested. A continuoous photobioreactor can be harvested, for example, either
continually, daily, or at fixed time intervals,

(80366} High density photobioreactors are described in, for example, Lee, et al., Biotech. Bicengincering 44:1161-
1167, 1994, Other types of bioreactors, such as those for sewage and waste water treatments, are described in,
Sawayaina, et al., Appl. Micro. Biotech., 41:729-731, 1994, Additional examples of photobioreactors are described in,
U.S. Appl. Publ. No. 2005/8260553, U.S. Pat. No. §,958,761, and U.S. Pat. No. 6,083,748, Also, orgamisms, such as
algae may be mass-cultured for the removal of heavy metals (for example, as desenbed in Witkinson, Biotech, Letters,
11:861-864, 1989}, hydrogen {for example, as described in ULS. Patent Application Peblication No. 2003/0162273), and
pharmaceutical compounds from a water, soil, or other source or sample. Organisms can also be cultored n
conventional fermentation bioreactors, which melude, but are not limited to, batch, fed-batch, cell reeyele, and
continuous fermentors. Additional methods of culturing orgamisms and vanations of the methods described herein are
known to one of skill in the art.

[B0367} Orgarisms can also be grown pear sthanol production plants or other facilities or regiouns (e.g., cities and
highways) generating OO, As such, the racthods berein contemplate business methods for selling carbon credits to
sthanol plants or other facilitics or regions generating COp while making fuels or fuel products by growing one or more
of the organsms described herein vear the cthanol production plant, factlity, or region,

[B0368}] The orgamsm of interest, grown 1 any of the systerns described berein, can be, for example, continually
harvested, or harvested one batch at a time.

[B0369} CO; can be dehvered to any of the systems described herein, for example, by bubbling in CO; from under the
surface of the liquid containing the organisot. Also, sparges can be used to inject CO, into the hquid. Spargers are, for
example, porous disc or tube assemblies that are also referred to as Bubblers, Carbonators, Acrators, Porous Stones and
Ditfusers,

1B0378] Nutrients that can be used in the systems described herein include, for example, nitrogen (in the form of NOy
or NH, "), phosphorus, and trace metals (Fe, Mg, K, Ca, Co, Cu, Mn, Mo, Zn, V, and B). The nutrients can come, for
example, 1 a sofid form or in a hquid form. If the nuirients are in 2 solid form they can be mixed with, for example,
fresh or salt water prior to being debivered to the liguid containing the organisin, or prior o being deliveredto a
photobioreactor.

160371} Orgamisms can be grown in culiures, for example large scale cultures, where large scale cualtures refers to
growth of cultures i volumes 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 cultires in volumes of 50 kiters or more, 100 liters or more, or 200
fiters 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
sguare meters, at least 200 sguare meters, at least S00 square meters, at least 1,500 square meters, at least 2,500 square
meters, In area, or greater.

180372} Chlamydomonas sp., Nannochioropsis sp., Scenedesmus sp., and Chiorella sp. are exemplary algae that can be

cuftured as described herein and can grow under a wide array of conditions.
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{80373} 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 a simple mediom of inorganic salts, using photosynthesis to provide
energy. This organism can also grow in total darkness if acetate is provided as a carbon source. C. reinhardtii can be
readily grown at room temperature under standard fluorescent lights. In addition. the cells can be synchronized by
placing them on a light-dark cycle. Other methods of culturing C. reinhardtii cells are known to one of skill in the art.

(60374} Polvnuclestides and Polyvpeptides

(80375} Also provided are isolated polynucleotides encoding a protein, for example, an FPP synthase, described herein.
As used heremn "isolated polynuclestide” means a polynucieotide that is free of one or both of the micleotide sequences
which flank the polynoclectide 1 the naturally-occurring genome of the organism from which the polynucleotide is
derived. The term inclades, for example, a polynucleotide or fragment thereof that is mcorporated into 3 vector or
expression cassette; into an agtonomously replicating plasnud or virus; into the genomic DNA of a prokaryote or
eukaryote; or that exists as a separate molecule independent of other polynuclectides. ¥ also includes a recombinant
polynuclectide that is part of a hybrid polynocleotide, for example, one encoding a polypeptide sequence.

(88376} The novel proteins of the present disclosure can be made by any method known i the art. The protein may be
synthesized osing either solid-phase peptide synthesis or by classical solution peptide synthesis also known as hqud-
phase peptide syathesis. Using Val-Pro-Pro, Enalapril and Lisinopri as starting teraplates, several servies of peptide
analogs such as X-Pro-Pro, X-Ala-Pro, and X-Lys-Pro, wherein X represents any armne acid residue, may be
syothesized vsing solid-phase or hgoid-phase peptide synthesis. Methods for carrying out liguid phase syunthesis of
libraries of peptides and oligonucleotides coupled 1o a soluble oligomeric support have aiso been descnbed. Bayer,
Ernst and Mutter, Manfred, Nature 237:512-513 (1972} ; Bayer, Ernst, et al., I, Am. Chem. Scc. 96:7333-7336 (1974);
Bonora, Gias Mana, ct al., Nucleic Acids Res. 18:3155-3159 (1990). Liguid phase synthetic methods have the
advantage over sohd phase synthetic methods in that ligoid phase syuathesis methods do not require a strocture present
on a first reactant which is suitable for attaching the reactant to the solid phase. Also, liquid phase synthesis methods do
not require avoiding chemical conditions which may cleave the bond between the solid phase and the first reactant (or
intermediate product). In addition, reactions in a homogeneous solution may give better yields and more complete
reactions than those obtained in heterogeneous solid phase/liquid phase systens such as those present in sofid phase
synthesis.

180377} In oligomer-supported liguid phase synthesis the growing product is attached to a large soluble polymeric
group. The product fram cach 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 homogeneous solutions, and eliminates tedious purification steps associated with traditional
figuid phase synthesis. Oligomer-supported liquid phase synthesis has also been adapted to antomatic hiquid phase
synthesis of peptides. Bayer, Emnst, et al., Peptides: Chenustry, Structure, Biology, 426-432.

160378} For solid-phase peptide synthesis, the procedure entails the sequential azsembly of the appropriate amino acids
into a peptide of a desired sequence while the end of the growing peptide is linked to an insolable support. Usuaally, the
carboxyl terminus of the peptide s linked to a polymer from which it can be liberated upon treatment with a cleavage
reagent. In a common method, an amino acid is bound 1o a resin particle, and the peptide generated in a stepwise
manner by successive additions of protected amino acids to produce a chain of aniino acids. Modifications of the

techmique described by Merrifield are commonly vsed. See, e.g, Merrifield, J. Am. Chem. Scc. 96: 2989-93 (1964). In
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an automated solid-phase method, peptides are synthesized by loading the carboxy-terminal amino acid onto an organic
tinker {¢.g., PAM, 4-oxymethylphenylacetamidomethyl), which is covalently attached to an msoluble polystyrene resin
cross-linked with divinyl benzene. The terminal aniine may be protected by blocking with t-butyloxycarbonyl.
Hydroxyl- and carboxyl- groups are commonly protected by blocking with O-benzyl groups. Synthesis is accomplished
in an automated peptide synthesizer, such as that available from Applied Biosystems (Foster City, California).
Following synthesis, the product may be removed from the resin. The blocking groups are removed by using
hydroftuoric acid or triflaoromethyl sulfomic acid according to established methods. A routine synthesis may prodace
.5 mmole of peptide resin. Following cleavage and purification, a vield of approximately 60 to 70% i3 typically
prodoced. Purification of the product peptides is accomplished by, for example, crystallizing the peptide from an
organic solvent such as methyl-botyl ether, then dissolving m distilled water, and using dialysis (f the molecular weight
of the subject peptide 18 greater than about 500 daltons) or reverse high pressure liguid chromatography (e.g., using 4
C* column with 0.1% triflucroacetic acid and acetonitrile as sobvents) if the molecular weight of the peptide is less than
560 dalrons. Purified peplide may be fyophilized and stored 1 a dry state until use. Analysis of the resolting peptides
may be accomplished using the common methods of analytical lugh pressure hquid chromatography (HPLC) and
electrospray mass spectrometry (E5-MS).

[B0379} In other cases, a protein, for example, a protern mvolved in the isoprepoid biosyothesis pathway or in fatty acid
syothesis, is produced by recombinant methods. For production of any of the proteins described herewn, host cells
transformed with an expression vector containing the polysucleotide encoding such a protein can be used. The host cell
cap be a gher eukaryotic cell, such as a mammalian cell, or a lower cukaryotic cell such as a yeast or algal cell, or the
host can be a prokaryotic cell sach as a bacterial cell. Introduction of the expression vector indo the bost cell can be
accomplished by a variety of methods including calcivrn phosphate transfection, DEAE-dextran mediated transfection,
polybrene, protoplast fusion, liposoraes, direct roicroinjection into the nuclel, scrape loading, biohstic trapsformation
and electroporation. Large scale production of proteins from recombinant organisms is a well established process
practiced on a comuercial scale and well within the capabilities of one skilled in the art,

1803886} It should be recognized that the present disclosure is not limited to transgenic cells, organisms, and plastids
containing a protein or proteins as disclosed herein, but also encompasses such cells, organisms, and plastids
transformed with additional nucleotide sequences encoding enzyines mvolved in fatty acid synthesis. Thus, some
embodiments involve the introduction of one or mwore sequences encoding proteins involved in fatty acid synthesis 1
addition to a protein disclosed herein. For example, several enzymes in a fatty acid production pathway may be huoked,
cither 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 m a single vector either
operatively linked to a single promoter or linked to multiple promoters, ¢.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 into the host cell or organism sinmltancously or sequentially.

160381} Additional embodiments provide a plastid, and in particular a chloroplast, ransformed with a polynucieotide
encoding a protein of the present disclosure. The protein may be miroduced 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
naturally occurs. Alternatively, the plastid may be an isolated plastid, that 13, a plastid that has been removed from the

cell m which it normally ocours. 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., Methods in Plant Molecular Biclogy, Cold Spring Harbor Laboratory Press, 1995; Gupta and
Singh, J. Hiosci., 21:819 {1996); and Camara et al., Planr Physiol., 73:94 (1983}, The isolated plastid transformed with
a protein of the present disclosure can be introduced mto a host cell. The host cell can be one that naturally contains the
plastid or one in which the plastid is not naturally found.

(80382} Also within the scope of the present disclosure are artificial plastid genomes, for example 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 foond in co-pending U.S. Patent Apphcation serial nomber 12/287,230
filed October 6, 2008, published as U.S, Publication No, 2009/0123977 on May 14, 2089, and U.S. Patent Application
senal number 12/384,893 filed April 8, 20809, published as U.S. Pablication No. 2009/8269516 on October 29, 2089,
each of which is incorporated by reference m #s entirety.

[00383] Intreduction of Polvnuclestide into 2 Host Organism or Cell

(86384} To gencrate a genetically modified host cell, a polynucleotde, or a polynucleotide cloned nto a vector, is
mtroduced stably or transiently into a host cell, osing established techrigues, including, but not hmited to,
electroporation, calcium phosphate precipitation, DEAE-dextran mediated transfection, and liposome-mediated
transfection. For transformation, a polynaclectide of the present disclosure will generally further include a selectable
roarker, e.g., any of several well-knowa selectable roarkers such as peoryein resistance, arapicillin resistance,
tetracychne resistance, chloramphemicol resistance, and kanaraycin resistance,

(88385} A polynucleotide or recombinant nucleic acid molecule deseribed herem, can be introduced nto a cell {e.g

alga cell) using any roethod known in the art. A polynuclectide can be imtroduced into a cell by a variety of mci‘hodsa
which are well knows i the art and selected, in part, based ou the particular host cell. For exarople, the polynucleotide
can be mtroduced nto a coll using a divect gene fransfor raethod such a3 clectroporation or miceoprajectile raediated
{(biolistic} ransformation using a particle gun, or the “glass bead method,” or by pollen-muediated transformation,
liposome-mediated transformation, transformation using wounded or enzyine-degraded tmmature embryos, or wounded
or enzwne—degmded embryogenic callus (for example, as described in Potrvkus, dnn. Rev. Plant. Physiol. Plant Mol.
Riol 42:205-225, 1991},

130386} As discussed above, microprojectile mediated transformmation can be used to infroduce a polynucieotide into a
ell (for example, as described 1n Klein et al., Nature 327:70-73, 1987}, This method utihizes microprojectiles such as
gold or tungsten, which are coated with the desired polynucieotide by precipitation with calcium chloride, spermidine or

polyethylene glyeal. The microprojectile particles are accelerated at high speed into a cell using a device such as the
BIOGLISTIC PD-1000 particle gun (BioRad; Hercules Calif.}; a Helios Gene Gun (Cat, #165-2431 and #165-2432;
BioRad, U.5.AL); or an Accell Gene Gun (Auaragen, U.S.A ). Methods for the transformation using biolistic methods are

1oe 1:423-431, 1996} Microprojectile

well known in the art (for example, as described in Christou, rends in Plant Sci
mediated transformation has been used, for example, to generate a variety of transgenic plant species, inchuding cotton,
tobaceo, com, hybrid poplar and papaya. Important cereal crops such as wheat, oat, barley, sorghum and rice also have
been transformed using microprojectile mediated delivery (for example, as described in Duan et al., Nature Biotech.
14:494-498, 1996; and Shimamcto, Curr. Opin. Biotech. 5:158-162, 1994). The transformation of most dicotyledonous
plants is possible with the methods described above. Transformation of monocotyledonous plants also can be
transformed using, for example, biolistic methods as described above, protoplast transformation, electroporation of

partially permeabibized cells, miroduction of DNA using glass fibers, and the glass bead agitation method,
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(80387} The basic technigues uvsed for transformation and expression in photosynthetic microorganisms are similar to
those commonly used for . cafi, Saccharomyces cerevisiae and other species. Transformation methods customized for
a photosynthetic microorganisms, e.g., the chloroplast of a strain of algae, are known in the art. These methods have
been deseribed in a mumber of texts for standard molecular biological manipulation (see Packer & Glaser, 198,
"Cyancbacteria”, Meth. Enzymol,, Vol 167; Weissbach & Weissbach, 1988, "Methods for plant molecular biclogy,”
Academic Press, New York, Sambrook, Fritsch & Maniatis, 1989, "Molecular Cloning: A laboratory manual,” 2nd
edition Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NUY; and Clark M 5, 1997, Plant Molecalar
Biology, Springer, N.Y.). These methods include, for example, biolistic devices (see, for example, Sanford, Trends In
Biotech. (1988} 6: 299.302, US. Pat. No. 4,945,G50; electroporation (Fromm et al,, Proc. Nat'l. Acad. Sci. (USA}
(1983) 82: 5824-5828); use of a laser beam, electroporation, nucroinjection or any other method capable of mtroducing
DNA into 3 host cell.

(80388} Plasud transformation s a routine and well known method for introducing a polynueleotide 1uto a plant cell
chloroplast {see U.S. Pat. Nos, 5,451,513, 5,545,817, and 5,545,818; WO 95/16783; McBride ¢t al., Proc. Natl Acad.
Sei, USA 91:7301-7305, 1994). In some embodiments, chloroplast transformation involves mitroducing regions of
chioroplast DNA flanking a desired pucleotide sequence, allowing for homologous recombination of the exogenoos
DNA ndo the target chloroplast genome. 1o some instances one to 1.5 kb flanking nncleotide sequences of chioroplast
genoric DNA raay be used. Using this method, point mutations in the chloroplast 165 t(RNA and rps12 genes, which
confer resistance to spectinomyein and streptomycin, can be ntilized as selectable markers for transforraation (Svab et
al,, Proc. Natl. Acad. Sci., USA 87:8526-8530, 1990}, and can result 1 stable homoplasmic transformants, at a
frequency of approximately one per [00 bombardments of target feaves.

(30389} A further refinement 1o chloroplast transfoonation/expression techuology that facilitates control over the
tiraing and tissue pattern of expression of introduced DNA coding sequences in plant plastid genornes has been
described in PCT International Publication WO 95/16783 and U.S. Patent 5,576,198, This method involves the
introduction into plant cells of constructs for maclear transfoonation that provide for the expression of a viral single
subunit RNA polymerase and targeting of this polymerase into the plastids via fusion 1o a plastid transit peptide.
Transformation of plastids with DNA constructs comprising a viral single subunit RNA polymerase-specific promoter
specific to the RNA polymerase expressed from the nuciear expression constructs operably linked to DNA coding
sequences of interest permits control of the plastid expression constructs in a tissue and/or developmental specific
manner i plants cormaprising both the nuclear polymerase construct and the plastid expression constructs. Expression of
the nuclear RNA polymerase coding sequence can be placed under the control of either a constitutive promoter, or a
tissue-or developmental stage-specific promoter, thereby extending this control to the plastid expression construct
responsive to the plastid-targeted, nuclear-encoded viral RNA polymerase.

[60398] When naclear transformation is utilized, the protein can be modified for plastid targeting by employing plant
cell nuclear transformation constructs wherein DNA coding sequences of interest are fused to 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 protein can be achieved by fusing DMNA encoding
plastid, e.g., chloroplast, leacoplast, amyloplast, ete., transit peptide sequences to the 5' end of DNAs 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 nibulose 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,
B-ketoacyl-ACP synthase and acyl-ACP thicesterase, or LHCPI genes, ete. Plastid transit peptide sequences can also
be obtained from nucleic acid sequences encoding carotenoid biosynthetic enzymes, such as GGPP synthase, phytoene
synthase, and phytoene desaturase. Uther transit peptide sequences are disclosed in Von Heijne et al. (1991} Planr Mol
Biocl. Rep. 9: 104; Clark et al. (1989)J. Biol. Chem. 264: 17544; della-Cioppa et al. (1987) Plans Physiol. 84: 963;
Romer et al. (1993} Biochem. Biophys. Res. Commun. 1961 1414; and Shah et al. (1986) Science 233: 478, Another
transit peptide sequence is that of the mtact ACCase from Chiamydomonas (genbank EDO96563, amino acids 1-33).
The encoding sequence for a transit peptide effective in transport {o plastids can inelade all or a portion of the encoding
sequence for a particular transit peptide, and may also contain portions of the mature protein encoding sequence
associated with a particular fransit peptide. Nomeroos examples of transit peptides that can be used to deliver target
proteins mto plastids exist, and the particolar transit peptide encoding sequences vseful in the present disclosure are not
cutical as long as dehivery mnto a plastid is obtained. Proteolytic processing within the plastid then produces the mature
enizyme. This Eechﬂique has proven successfol with enzymes volved in polyhydroxyalkanoate biosynthesis (Nawrath
et al. {1994} Proc. Natl. Acad. Sci. USA 91: 12760}, and neomycin phosphotransferase IE {NPT-1I) and CP4 EPSPS
(Padgette et al. {1995} Crop Sci. 35: 1451), for example.

(30381} Of interest are transit peptide sequences derived from enzymes known to be wnported wto the leucoplasts of
seeds. Examples of enzymes confaining useful transit peptides include those related to lipid biosyathesis (¢.g., subunits
of the plastid-targeted dicot acetyl-CoA carboxylase, biotin carboxylase, biotin carboxyl carrier protein, a-carboxy-
trapsferase, and plastid-targeted monocot multifunctional acetyl-CoA carboxylase (Mw, 228,000); plastidic subunits of
the faity acid synthase complex {e.g., acyl carer protein {ACP), malooyl-ACP synthase, KASE KASH, and KASHTY
sterovl-ACP desaturase; thicesterases (Spe(:i'ﬁc for short, medium, and long chain acyl ACP}; plastid-targeted acyt
trapsferases {e.g., glycerol-3-phasphate and acyl transferase); eozymes mvolved i the biosynthesis of aspartate faraily
amino acids; phywcne synthase; gibberellic acid biosynthesis (e.g., ens-kaurene synthases 1 and 2); and carotenoid
biosynthesis (e.g., fycopene synthase).

180392} In some embodiments, an alga is transformed with a nucleic acid which encodes a protein of interest, for
example, a preny! transferase, an isoprenoid synthase, or an enzyme capable of canverting a precursor nto a fuel
product or a precursor of a fuel product {e.g., an isoprenoid or fatty acid).

180393} In one embodiment, a transformation may infroduce a mucleic acid into a plastid of the host alga (e.g.,
chloroplast). In another embodiments a transfornuation may introduce a nucleic acid into the nuclear genome of the host
alga. To still another embodiment, a transformation nway introduce nucleic acids into both the nuclear genome and jnto a
plastid.

160394} Transformed cells can be plated on selective media following introduction of exogenous nucleic acids. This
method may also comprise several steps for screening. A screen of primary transformants can be conducted o
determine which clones have proper insertion of the exogenous nucleic acids. Clones which show the proper
integration may be propagated and re-screened to ensure genetic stability. Such methodology ensures that the
transformants contain the genes of interest. In many instances, such screening is performed by polymerase chain
reaction (PCR); however, any other appropriate technigue known in the art may be utilized. Many different methods of
PCR are known in the art (¢.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, maguesinm concentration may
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nead to be adjusted upwards when PCR is performed on distupted alga cells to which  (which chelates magnesium} is
added to chelate toxic metals. Following the screening for clones with the proper mtegration of exogenocus nucleic
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 enzyme activity assays. Transporter and/or product screening may be
performed by any method known in the art, for example ATP turnover assay, substrate transport assay, HPLC or gas
chromatography.

(80395} 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
nucroalgae can be made homoplasnuc to ensaore that the polynucleotide will be stably maintained in the chloroplast
genome of all descendents. A microalga is homoplasmic for a gene when the inserted gene is present in all copies of the
chioroplast genome, for 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 “homoplasmy” refers to the state where all copies of a
particular {ocus of interest are sobstantially identical. Plastid expression, in which genes are inserted by homologous
recormbination into all of the several thousand copies of the circalar plastid genome present i each plant cell, takes
advantage of the enormoos copy nomber advantage over nuclear-expressed genes to permit expression levels that can
readity exceed 10% or ruore of the total soluble plant protem. The process of determinung the plasmic state of an
organism of the present disclosure mvolves screening transformants for the presence of exogencus pucleic acids and the
absence of wiid-vtype puclerc acids at a given locus of nterest,

{08396} Vectors

(30397} Constract, vector and plasiid are used wterchangeably throughout the disclosure. Nucleic acids encoding the
profeins deseribed herein, can be contared i vectors, inchuding cloning and expression vectors. A cloning vector is a
self-replicating DNA molecule that serves to transfor a DINA segment indo a bost cell, Three comunon types of clonmng
vectors are bacterial plasmids, phages, and other viruses. An expression vector is a cloning vector designed so thata
coding sequence inserted at a particular site will be transcribed and transiated into a protein. Both cloning and
expression vectors can contain nucleotide sequences that allow the vectors to rephicate in one or more suitable host cells.
in cloning vectors, this sequence is generally one that enables the vector fo replicate independently of the host cell
chromosonies, and also mcludes either ongins of replication or antonomousfy replicating sequences.

(30398} In some emboediments, a polynucieotide of the present disclosure is cloned or tnserted into an expression vector
using cloning technigues know to one of skill in the art. The nucleotide sequences may be inserted into a vector by a
variety of methods. In the most common method the sequences are 1nserted into an appropriate restriction endonuclease
site{s} using procedures commonly known to those skilled in the ant and detailed in, for example, Sambrook et al,
Molecular Cloning, A Laboratory Manual, 2nd Ed., Cold Spring Harbor Press, (1989) and Ausubel et al., Short
Protocols in Molecular Biology, 2nd Ed., John Wiley & Sons (1992).

1893991 Suitable expression vectors inchude, but are not lmuted to, baculovirus vectors, bacteriophage vectors,
plasniids, phagenuds, cosmids, fosnuds, bacterial artificial chromosomes, viral vectors (e.g. viral vectors based on
vaccinia virus, poliovirus, adenovirus, adeno-associated virus, SV40, and herpes simplex virus), PI-based artificial
chromosomes, yeast plasmids, yveast artificial chromosomes, and any other vectors specific for specific hosts of interest

{such as £. coli and yeast). Thus, for example, a polynuclectide 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 inclade, for example,
chromosomal, nonchromosomal and synthetic DNA sequences.

(80488} Suvitable expression vectors include chromosomal, non-chromosomal and synthetic DNA sequences, for
example, 8V 40 derivatives; bacterial plasmids; phage DNA; baculovirus; veast plasmids; vectors derived from
conibinations of plasmids and phage DNA; and viral DNA such as vaccinia, adenovirus, fowl pox virus, and
pseudorabies. In addition, any other vector that is replicable and viable in the host may be uzed. For example, vectors
such as Ble2 A, Arg7/2A, and SEnuc357 can be used for the expression of a protein.

(86481} Nomerous suitable expression vectors are knowa to those of skill 1n the art, The following vectors are provided
by way of example; for bacterial host cells: pQE vectors ((hagen), pBluescript plasmids, pNH vectors, lambda-ZAP
vestors {(Stratagene), pTre99a, pEK223-3, pDRS40, and pRIT2ZT (Pharmacia); for eukaryotic host cells: pXT1, pSGS
(Stratagene), pSVKS, pBPVY, pMSG, pET21a-d(+) vectors ( Novagen), and pSVESV4S (Pharmacia). However, any
other plasmid or other vector may be used so long as i is compatible with the host cell,

(80482} The expression vector, or 3 haearized portion thereof, can encode one or more exogenous or endogenons
nucleotide sequences. Examples of exogenous nucleotide sequences that can be transformed into 3 host include genes
from bactenia, fungi, plants, photosynthetic bacteria or other algae. Examples of other types of nucleotide sequences
that can be transformed into a host, include, but are not limited to, transporter genes, isoprencid productng genes, genes
which encode for proteins which produce isoprenoids with two phosphates (¢.g., GPP syothase and/or FPP syuathase},
genes which eocode for proteins which produce fatty acids, lipids, or toiglycerides, for example, ACCases, endogenous
promoters, and 57 UTRs frors the psbA, atpA, or rbell genes. o sore instances, an exogenous sequence is flanked by
two homologous sequences,

(88483} Homologous sequences are, for example, those that have at feast 50%, at least 60%, at least 70%, at least 8G%,
at least 90%, at ieast 95%, at least 98%, or at least af feast 99% sequence identity to a reference ammo acid sequence,
for example, the amino acid sequence found naturally 1 the host cell. The first and second sequences enable
recornbination of the exogenous or endogenous sequence into the genome of the host organisin, The first and second
homologous sequences can be at least 100, at Teast 200, at least 300, at least 400, at least 500, or at least 1000, or at least
1560 nucleotides in length.

180484} The polymucleotide sequence rmay comprise nucieotide sequences that are codon biased for expression in the
organism being transformed. The skifled artisan i3 well aware of the “codon-bias™ exhibited by a specific bost cell in
usage of mucleotide 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 mproved expression
in a host cell, it may be desirable to design the gene such that its frequency of codon usage approaches the freguency of
preferred codon usage of the host cell. In some organisms, codon bias differs between the nuclear genome and
organclle genomes, thus, codon optimization or biasing may be performed for the target genome (e.g., nuclear codon
biased or chloroplast codon biased). In some embodiments, codon biasing occurs before mutagenesis to generate a
polypeptide. In other embodiments, codon biasing occurs after mutagenesis to generate a polynucleotide. In yet other
embodiments, codon biasing occurs before mutagenesis as well as after mutagenesis. Codon bias is described m detail
herein.

1604683} In some embodiments, a vector comprises a polynucieotide operably linked to one or more control elenients,

sach as a promoter and/or a transcription terminator. A nucleie acid sequence s operably linked when 1t is placed mto a
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functional relationship with another nucleic acid sequence. For example, DNA for a presequence or secretory leader is
operatively linked to DNA for a polypeptide if it is expressed as a preprotein which participates in the secretion of the
polypeptide; a promoter is operably linked to a 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 50 as to facilitate translation. Generally,
operably linked sequences are contiguous and, in the case of a secretory leader, contiguous and in reading pha

Linking i3 achieved by lgation at resiriction enzyme sttes, If suitable restriction sites are not available, then synthetic
ohgomacleotide adapters or linkers can be used as is known to those skilled 1a the art, Sambrook et al., Molecular
Cloning, A4 Laboratory Manmal, 2" £d., Cold Spring Harbor Press, (1989} and Ausubel et al,, Short Protocols in
Malecular Biclogy, 2* £d., John Wiley & Sons (1992).

(80486} A vector i some embodiments provides for amplification of the copy mumber of a polymicleotide. A vector
can be, for example, an expression vector that provides for expression of an ACCase, a prenyl transferase, an isoprenoid
synthase, or a mevalonate synthesis enzyme 1 a host cell, e.g., a prokaryotic host cel or a eokaryotic host cell.

(80487} A polynucleotide or polynuclectides can be contained in a vector or vectors. For example, where a second (or
more) pucleic acid molecule is desired, the second nucleie acid molecule can be contained in a vector, which can, but
need not be, the same vector as that containing the first nocleie acid molecule. For example, an algal host cell modified
to express two endogenous or exagenous genes may be transformed with a single vector containing both sequences, or
two vectors, each comprising one gene to be expressed. The vector can be any vector useful for wiroducing a
polynuclectide 1nto a genome and can mxclude 2 nucleotide seguence of genoraic DNA (e.g., vuclear or plastid) that is
sufficient to undergo borologous recombination with genoraic DNA, for example, a nncleotide sequence comprising
about 400 to about 1500 or more substantially contiguous oucleotides of genomic BINA.

(88488} A regulatory or control clement, as the term i35 used herein, broadly refeors to a nucleotide sequence that
regulates the transcription or translation of a polynucleatide or the localization of a polypeptide fo which it i3
operatively linked. Examples include, but are not limited to, an RBS, a promoter, enhancer, transcription terminator, an
initiation (start) codon, a splicing signal for intron excision and maintenance of a correct reading frame, a STOP codon,
an amber or ochre codon, and an IRES. A regulatory element can include a promoter and transcriptional and
trapsiational stop signals. Elements may be provided with finkers for the purpose of introducing specific resiriction
sites facilitating ligatiml of the control sequences with the coding region of a nucleotide sequence encoding a
polypeptide. Additionally, a sequence conprising a cell compartmentalization signal (i.c., a sequence that targets a
polypeptide to the c;ﬁ,osoi, nucleus, chloroplast membrane or cell membrane) can be attached fo the polynucieotide
encoding a protein of interest. Such signals are well known in the art and have been widely reported (see, e.g., U.S. Pat
No. 5,776,689).

160469 Promoters are untranslated sequences located generally 100 to 1000 base pairs (bp) upsiream from the start
codon of a structural gene that regulate the transeription and translfation of nucleic acid sequences under their control.
(89438} Promoters useful for the present disclosure may come from any source {¢.g., viral, bacterial, fungal, protist, and
aninal). The promoters contemnplated herein can be specific to photosynthetic organisms, non-vascular photosynthetic
organisms, and vascular photosynthetic organisms (e.g., algae, flowering plants). In some instances, the nucleic acids
above are inserted into a vector that comprises a promoter of a photosynthetic organism, ¢.g.. algae. The promoter

be a constitutive promoter or an inducible promoter. A promoter typically includes necessary nucleic acid sequences

near the start site of transcription, (e.g., a TATA element). Common promoters used i expression veetors inchude, but
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are not limited to, TR or 3V40 promoter, the E. coli lac or trp promoters, and the phage lambda PL promoter. Other
promoters known to controf the expression of genes in prokaryotic or eukaryotic cells can be used and are known to
those skilled in the art. Hxpression vectors may also contain a ribosome binding site for translation initiation, and a
transcription ternunator. The vector may also contain sequences usefil for the amplification of gene expression.
(30411} A “constitmtive” promoter is a promoter that is active under most environmental and developmental conditions.
An “inducible” promoter is a promoter that is active under controliable environmental or developmental conditions.
Examples of inducible promotersiegulatory elements include, for example, a mitrate-inducible promoter {for example,
as described 1n Bock et al, Planr Mol Biol 17:9 (1991}, or a light-inducible promoter, {for example, as deseribed
Feinbaum et al, Mol Gen. Genet. 226:449 (1991); and Lam and Chaa, Seience 248:471 (1990)), or a heat responsive
promoter {for example, as described in Muller et al,, Gene 111: 165-73 {1992},

(80412} In many embodiments, a polynucleotide of the present disclosure tneludes a nucleotide sequence encoding a
protein or enzyme of the present disclosure, where the nucleotide sequence encoding the polypeptide 13 operably tinked
to an inducible promoter. Inducible promoters are well known in the art, Svitable inducible promoters include, bt are
not Hmited to, the pL of bacteriophage A; Placo; Ptrp; Prac (Prp-lac bybnd promotery; an isopropyl-beta-D-
thiogalactopyranoside (IPTG)-mducible promoter, ¢.g., a lacZ promoter; a tetracychine-inducible promoter; an arabmose
wducible promoter, e.g., Peap (for example, as deseribed 1o Guzman et al, (1995} 1. Bacteriol, 177:4121-4130); a
xylose-inducible prorooter, e.g., Payl (for example, as described 1 Kim et al. {1996} Gene [81:71-76); a GALI
proruoter; a tryptophan promoter; 2 fac promoter; an alcohol-inducible proruoter, e.g., a methanol-inducible promoter,
an cthanol-inducible promoter; a raffinose-inducible promoter; and 2 beat-nducible promoter, ¢.g., beat inducible
fambda P promeoter and a promoter controtled by a beat-sensitive repressor (e.g., C1857-repressed lambda-based
expression vectors; for exaraple, as described 1u Hoffruaen et al. {1999} FEMS Microbiol Lett. 177(2):327-34).

[B0433} Tn many embodirents, a polyoucleotide of the present disclosure tncludes a nucleotide sequence encoding a
protein or enzyme of the present disclosure, where the nucleotide sequence encoding the polypeptide is operably linked
to a constitutive promoter. Suitable constitutive promoters for use in prokaryotic cells are known 1o the art and include,
but are pot linuted to, a sigima70 promoter, and a consensus sigma7{ promaoter.

180434} Suitable promoters for use in prokaryotic host cells include, but are not limsited to, a bacteriophage T7 RNA
polymerase promater; a frp prarsoter; a lac operon promoter; a hybrid promoter, e.g., a lac/tac hybrid promoter, a tac/irc
hvbrid promoter, a trp/lac promoter, a T7/lac promoter; a tre promoter; a tac promoter; an araBAD promwoter; in vivo
regulated promoters, such as an ssals propoter or a related promoter (for example, as described in U.S. Patent
Publication No. 20640131637), a pagC promoter (for example, as deseribed in Pulkkinen and Miller, J. Bacteriol,,
1991: 173(1): 86-93; and Alpuche-Aranda et al., PNAS, 1992; 89(21): 10079-83), a nirB promoter {for example, as
described in Harborne et al, {1992) Mol. Micro. 6:2805-2813; Dunstan et al. (1999) Infect. Immun. 67:5133-5141;
MeKelvie et al. (2004) Vaccine 22:3243-3255; and Chatficld et al. (1992) Biotechnol. 10:888-892); a sigma70
promoter, .2., a consensus sigma70 promoter (for example, GenBank Accession Nos. AX798980, AX798961, and
AXT798183); a stationary phase promoter, ¢.g., a dps promoter, an spv promoter; a promoter derived from the
pathogenicity island SPI-2 (for example, as described in WOO6/17951); an actA promoter (for example, as described in
Shetron-Rama et al. (2002) Infect. Imnmn, 70:1087-1096); an rpsM promoter {for example, as described in Valdivia
and Falkow (1996). Mol. Microbiol. 22:367-378}; a tet promoter {for example, as described in Hillen, W. and

Wissmann, A. {1989} In Saenger, W. and Hememann, U, (eds), Topics in Moleaudar and Structural Biclogy, Protein-
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Naucleic Acid Interaction. Macmillan, London, UK, Vol. 16, pp. 143-162}; and an SP6 promoter {for example, as
deseribed in Melton et al. (1984) Mucl. Acids Res. 12:7035-7056).

(80415} Inyeast, a number of vectors containing constitutive or inducible promoters may be used. For a review of such
vegtors see, Current Protocols in Molecular Biology, Vol. 2, 1988, Ed. Ausubel, et al., Greene Publish. Assoc. & Wiley
Interscience, Ch. 13; Grant, et al., 1987, Expression and Secretion Vectors for Yeast, in Methods m Enzymology, Eds.
Wu & Grossman, 31987, Acad. Press, N.Y., Vol. 153, pp. 516-544; Glover, 1985, DNA Clonimg, Vol I, IRL Press,
Wash., B.C., Ch. 3; Bitter, 1987, Heterologous Gene Expression in Yeast, Methods in Enzymology, Eds. Berger &
Eimmel, Acad. Press, NY,, Vol. 152, pp. 673-684; and The Molecular Biology of the Yeast Saccharonmyces, 1982, Eds.
Strathern ¢t al., Cold Spring Harbor Press, Vols. Tand 1L A constitutive yeast promoter such as ADH or LEU2 or an
mdocible promoter such as GAL may be used (for example, as desenbed in Cloming in Yeast, Ch. 3, R. Rothstein In:
DNA Cloning Vol. 11, A Practical Approach, Ed. DM Glover, 1986, IRL Press, Wash., B.C.}. Alternatively, vectors
may be used which promote mtegration of foreign DNA sequences tuto the veast chromosome.

(80416} Non-limiting exampies of suitable enkaryotic promoters inchide CMV immediate early, HSV thymidine
kinase, early and late SV40, LTRs from retrovirus, and mouse metaliothionein-I. Selection of the appropriate vector and
promoter s well within the level of ordinary skill 1 the art. The expression vector may also contain a ribosome binding
site for translation witation and a franscaption termoator. The expression vector may also woclude appropriate
sequences for amplifying expression,

(88417} A vector ufihzed in the practice of the disclosure also can contain one or ore additional nuclectide sequences
that confer desirable characteristics oo the vector, incloding, for example, sequences such as cloning sites that facilitate
roampuiation of the vector, regulatory elements that direct replication of the vector or transcripion of pucieotide
sequences contain therein, and sequences that encode a selectable marker. As such, the vector can condain, for example,
ope or more cloning sites such as a muldtiple cloning site, which can, but need not, be posibioned such that a exogenous
or endogencus pofvnucicotide can be mserted into the vector and operatively hinked 1o a desired element.

180438} The vector also can contain a prakaryote onigin of replication {ori}, for example, an E. coli ori or a cosmid ori,

thus allowing passage

oe of the vector into a prokaryote host cell, as well as into a plant chioroplast. Various bacterial and
viral origins of replication are well known to those skilied i the art and include, but are not limited to the pBR322
plasmid origin, the 2u plasmid origin, and the SV40, polvoma, adenovirus, VSV, and BPV viral origins.

[804319] A regulatory or control element, as the term s used herein, broadly refers to a nucleotide sequence that
regulates the franscription or translation of 2 polynucleotide or the localization of a polypeptide 1o which it is

peratively linked. Examples include, but are not limited 1o, an BBS, a promoter, enhancer, transcription terminator, an

<

inifiation (start) codon, a splicing signal for intron excision and maintenance of a correct reading frame, a STOF codon,
an amber or ochre codon, an IRES. Additionally, an element can be a cell compartmentalization signal (i.¢., & sequence
that targets a polypeptide to the cytosol, nucleus, chloroplast membrane or cell membranc). In some aspects of the
present disclosure, a cell compartmentalization signal (e.g., a cell membranc targeting sequence) may be figated to a
gene and/or transcript, such that transiation of the gene oceurs in the chioroplast. In other aspects, a cell
compartmentalization signal may be higated to a gene such that, following translation of the gene, the protein is
transported to the cell membrane. Cell compartmentalization signals are well known in the art and have been widely

reported (see, e.g., U.S. Pat. No. 5,776,689).
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(30428} A vector, or a linearized portion thereof, may inchude 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 as fuciferase, which, when contacted with an appropriate agent (a particular
wavelength of light or laciferin, respectively) generates a signal that can be detected by eye or using appropriate
mstrumentation {for example, as described in Giacomin, Plonf Sci. 116:59-72, 1996; Scikantha, J. Bacreriol. 178121,
1996; Gerdes, FERS Letr. 389:44-47, 1996; and Jefferson, EMBO J. 6:3901-3907, 1997, fl-ghucuronidase}, A selectable
marker generally 13 a molecule that, when present or expressed i a cell, provides a selective advantage (or
disadvantage) to the cell containing the marker, for example, the ability o grow in the presence of an agent that
otherwise would kill the cell.
(80421} A selectable marker can provide a means to obtam, for example, prokaryotic cells, eukaryotic cells, and/or
plant cells that express the marker and, therefore, can be vsefid a3 a component of a vector of the disclosare. The
selection gene or marker can encode for a profein 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 host cell {e.g., restores photosynthetic capability or restores a metabolic pathway). Other examples of
selectable markers include, but are not bmited to, those that confer antirnetabolite resistance, for exaraple, dihydrofolate
reductase, which confers resistance fo methotrexate (for exarople, as described 1 Rewss, Plane Physiol. (Life Sci. Adv.)
13:143-149, 1994); neomyein phosphotransferase, which confers resistance to the armrnoglycosides neomycin,
kanaraycin and paromyein (for exaraple, as described 1o Hewrera-Estrella, EMBO J. 2:987-995, 1983}, hygro, which
confers resistance to hygromycio (for example, as described in Marsh, Gene 32:481-485, 1984), trpB, whuch allov

cells fo utithze indole 1o place of tryptophan; ish), which allows cells to utihze histinol i place of histidine (for
example, as descnbed W Hartman, Proc. Natl Acad. Sci., USA 85:8047, 1988); mannose-6-phosphate isomerase which
allows celis to utilize mamnose (for example, as described in PCT Publication Application No. WO 94/20627); omithine
decarboxylase, which confers resistance o the omithine decarboxylase inhibitor, 2-(diffuoromethyh)-Dl-oraithine
{(DFMUO; for example, as described 1n MeConlogue, 1987, b Current Commumications i Molecular Biology, Cold
Spring Harbor Laboratory ed.); and deanunase from Aspergilius ferrens, which confers resistance to Blasticidin S (for
example, as described in Tamura, Biosci. Riofechnol. Bicchem. 59:2336-2338, 1995), Additional selectable markers
inchade those that confer herbicide resistance, for example, phospbinothricin acetyltransferase gene, which counfers
resistance to phosphinothricin (for example, as described 1o White et al., Nucl. 4cids Res. 18] 1990; and Spencer et
al.,, Theor. dppl. Gener. 79:625-631, 19903, a mutant EPSPV-synthase, which confers gly pho%utc resistance {(for
example, as described in Hinchee et al., BioTechnology 91:915-922, 1998), a mutant acetolactate synthase, which
confers imidazolione or sulfonyhurea resistance (for example, as described in Lee et al, EAMBO J. 7:1241-1248, 1988), a
mutant psbA, which confers resistance to atrazine {for example, as described in Smeda et al,, Plant Physiol. 183:911-
917, 1993}, or a mutant protoporphyrinogen oxidase {for example, as described in U.S. Pat. No. 5,767,373), or other
markers conferring resistance to an herbicide such as ghifosmate. Selectable markers include pohynucleotides that
confer dihydrofolate reductase {DHFR) or neomyein resistance for eukaryotic cells; tetramycin or ampicillin resistance
for prokaryotes such as £. cofi; and bleomycin, gentamyein, ghyphosate, hygromycin, kanamycin, methotrexate,
phieomycin, phosphinotricin, spectinomycin, direptomycin, streptomycin, sulfonamide and sulfonyhirea resistance in

plants {(for example, as described in Maliga of al., Methods in Plant Molecular Biclogy, Cold Spring Harbor Laboratory

f=
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Press, 1995, page 39). Additional selectable markers include a nustation i dichloropheny! dimethylorea (DCMU) that
results in resistance to DCMU. Selectable markers also include chloramphenicol acetylivansferase (CAT) and
tetracycling. 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.
(80422} Reporter genes greatly enhance the ability to monitor gene expression in a number of biological organisms.
eporter genes have been successfully used in chloroplasts of higher plants, and high levels of recombinant protein
expression have been reported. In addition, reporter genes have been used i the chloroplast of C. refnhardtii. In
chioroplasts of higher plants, B-ghucuromdase (adA, for example, as described tn Staub and Maliga, EMBC J. 12:601-
606, 1993}, neomycin phosphotransferase (nptll, for example, as described in Carrer et al, Mol Gen. Genet. 241:49-56,
1993}, adenosyl-3-adenyltransf-erase (aadA, for example, as described in Svab and Mahga, Proc. Nadl. Acad. Sci, USA
90:913-917, 1993}, and the Aequorea victoria GFP (for example, as described 1 Sidorov et al, Plans J. 19:209-216,
1999} have been nsed as reporter genes (for example, as described in Heifetz, Biochemie 82:655-666, 2000}, Each of
these genes has attributes that make thern osefid reporters of chloroplast gene expression, such as ease of analysis,
sensiivity, or the ability to examine expression in sit. Based upon these studies, other exogenous proteins have been
expressed n the chloroplasts of higher plants such as Bacillus thuringiensis Cry toxins, conferring resistanee to insect
herbivores (for example, as described in Kota et al., Proc. Natl. Acad. Sci., USA 96:1840-1845, 1999), or huran
somatotropin (for exarople, as described 0 Staub et al., Nav. Biotechnol. 18:333-338, 2600), a potential
hiopharmaacentical. Several reporter genes have been expressed m the chloroplast of the eukaryotic green alga, C.
reinhardsii, inchading aadA {(for exaraple, as deseribed in Goldschoudt-Clermont, Nucl. Acids Res. 19:4083-4089 1991,
and Zerges and Rochaix, Mol Cell Biol. 14:5268-5277, 1994), widA (for exaraple, as described 1o Sakamoto ot al,
Proc. Nail. Acad. Sci, USA ¥:477-501, 1993; and Ishikuxa et al., J. Biosci. Rioeng. 87:307-314 1999), Renilla
faciferase (for exaraple, as deseribed i Minko et al., Mol Gen. Genet. 262:421-425, 1999) and the araino ghycoside
phosphotransferase from Acinefobacter bawmanii, aph A6 (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
strep tag epitope to add 1 the detection of protein expression.
(80423} In some instances, the vectors of the prosent disclosure will contain elements such as an F. coli or & cerevisiae
origin of replication. Such features, combined with appropriate selectable markers, allows for the vector to be
“shuttled” between the target host cell and a bactenial and/or yeast cell. The ability to passage a shuttle vector of the
disclosure in a secondary host may allow for more convenient manipulation of the features of the vector. For example, &
reaction mixture containing the vector and inserted polynucleotide(s) of interest can be transformed into prokaryote host
cells such as £, cofi, amplified and collected using routine methods, and examined to identify vectors containing an
insert or construct of interest. If desired, the vector can be further manipulated, for example, by perforniing site directed
mutagenesis of the inserted polynuclectide, then again amplifying and selecting vectors having a mutated
polynucleotide of interest. A shmttle vector then can be mfroduced into plant cell chloroplasts, wherem a polypeptide of
interest can be expressed and, if desired, isolated according to a method of the disclosure.
160424} Knowledge of the chloroplast or nuclear genome of the host organism, for example, C. reinfardtii, s useful in
the construction of vectors for use in the disclosed embodiments. Chloroplast vectors and methods for selecting regions
of a chloroplast genome for use as a vector are well known (sce, for example, Bock, J. Mol Biol. 312:425-438, 2001,

Staub and Mahiga, Plant Cell 4:39-45, 1992; and Kavanagh ot al., Genetics 152:1111-1122, 1999, cach of which is
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incorporated herein by reference). The entire chloroplast genome of C reinfiardiii 1s available to the public on the world
wide web, at the URL "biology.duke.edu/chlamy genome/- chlorohtmi" (see "view complete genome as text file” link
and "maps of the chloroplast genome™ link; J. Maul, J. W, Lilly, and D. B. Stem, unpublished resalts; revised Jan. 28,
2002; to be published as GenBank Ace. No. AF396929; and Maul, J. E., et al. (2002} The Plant Cell, Vol. 14 {2659-
2679)). Generally, the mucleotide sequence of the chloroplast genomic DNA that is sefected for use iz not a portion of a
gene, including a regulatory sequence or coding sequence. For example, the selected sequence is not a gene that if
disrupted, doe to the homologous recombination event, woold produce a deleterions effect with respect to the
chioroplast. For example, a deleterions effect on the rephication of the chloroplast genome or to a plant cell containing
the chloroplast. In this respect, the website containing the C. reinhardiii chloroplast genome sequence also provides
maps showing coding and non-coding regions of the chloroplast genome, thus facilitating selection of a sequence usefidd
for constnueting a vector {also deseribed in Maul, I E,, et al. (2002) The Plant Cell, Vol. 14 {2659-2679)). For example,
the chloroplast vector, p322, 18 4 clone extending from the Eco (Eeo RI} site at about position 143.1 kb to the Xho

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

"mology.duke.edu/chiamy genome/chloro html”, and clicking on "maps of the chioroplast genome™ link, and "148-150
kb" hnk; also accessible divectly on world wide web at URL "biclogy duke.eduv/chlam- y/chloro/chloroldd htmi™).
(88425} In addition, the entire nuclear genome of C reinbardiii 1s described 1n Mexchant, 5. S, et al, Science {2007},
318(5848):245-250, thus facilitating one of skill in the art to select 2 sequence or sequences useful for constructing a
vestor,

[B0426] For expression of the polypeptide in a host, an expression cassetie or vector may be employed. The expression
vestor will provide a transcriptional and frauslational mitiation region, which may be inducible or copstitutive, where
the coding region is operably linked under the transcriptional control of the transcriptional initiation region, and a
transcniptional and trapslational termination region. These control regions raay be native to the gene, or may be derived
from an exogenous source. Expression vectors generally have convenient restriction sites located near the promoter
sequence to provide for the insertion of nucleic acid sequences encoding exogenous or endogenous proteins. A
selectable marker operative in the expression host may be present.

180427} The nucieotide sequences may be inserted ito a vector by a vagety of methods. In the most common method
the sequences are inserted mto an appropriate restriction endonuciease site(s) using procedures commoanly known fo
those skilled in the art and detailed in, for example, Sambrook et al., Molecular Cloning, 4 Laboratory Monual, 2 Bd.,
Cold Spring Harbor Press, (1989) and Ausubel et al., Short Frorocols in Molecular Biology, 2EG, John W ifoy & Sons
(1992}

160428} The description herem provides that host cells may be transformed with vectors. One of skill in the art will
recognize that such transformation includes transformation with civeular or linearized vectors, or linearized portions of a
vector. Thus, a host cell comprising a vector may contain the entire vector in the cell (in either cireular or linear form),
or may comntain a linearized portion of a vector of the present disclosure. In some instances 0.5 to 1.5 kb flanking
nucleotide sequences of chloroplast 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.

1604291 Compounds

189438} The modified or transformed host organizm disclosed herein is usefud in the production of a desired compound,

composition, or product. The present disclosure provides methods of prodecing, for example, an i3oprenoid or
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isoprenoid precursor compound in a bost cell. One such method involves, culturing a modified host cell in a suitable
culture medium under conditions that promote synthesis of a product, 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 substrate present in the host cell. In some embodiments, a method further
coniprises isolating the isoprencid compound from the cell and/or from the culture medinm.

(80431} In some embodiments, the product {e.g. fuel molecule) is collected by harvesting the liquid medium. As some
fuel moleaudes (e.g., monoterpenes) are immmiscible in water, they would float to the surface of the ligund mediom and
could be extracted easily, for example by skimming. In other instances, the foel molecules can be extracted from the
hguid medinm, In still other instances, the fuel molecules are volatile. In such instances, impermeable barriers can
cover or otherwise surround the growth environment and cap be extracted from the air within the barrier. For some fuel
molecales, the product may be extracted from both the environment (¢.g., hquid environment and/or air) and from the
mtact host cells. Typically, the organism would be barvested at an appropriate point and the product may then be
extracted from the organismi. The collection of cells may be by any means known in the art, including, bt not hmited
to concentrating cells, mechanical or chermcal disroption of cells, and purification of product(s} from cell cultures
aud/or cell fysates. Cells and/or orgamsms can be grown and then the prodact(s) collected by any means known to one
of skill 1 the axt. One method of extracting the product is by harvesting the host cell or a group of host celis and then
drying the cell(s). The product(s) from the dried bost cell(s) are then barvested by crushing the cells to expose the
prodect. Tn some instances, the product may be produced without killing the orgamsms. Producing and/or expressing
the product ruay not render the organism unviable.

[B0432} Tn some ernbodiments, a genetically modified host cell is cultured ip a suitable medium (e.g., Luria-Bertont
broth, optionally supplemented with one or more additional agents, such as an tnducer {e.g., where the isopreaoid
syothase is under the control of an indocible promotery; and the culture medinm is overlad with an organic solvent, ¢.g.
dodecane, forming an organic layer. The compound produced by the genetically modified host partitions into the
organic layer, from which it can then be purified. In some embodiments, where, for example, a prenyl transferase,
1soprencid synthase or mevalonate synthesis-encoding nucleotide sequence is operably Huked to an inducible promoter,
an inducer is added to the culture mediny and, after a suitable time, the compound is isolated from the organic layer
overlaid on the culture medmm.

130433} In some emboediments, the compound or product, for example, an isoprenoid compound will be separated from
other products which may be present in the organic layer. Separation of the compound from other products that may be
present in the organic laver is readily achieved using, e.g., standard chromatographic technigues.

160434] Methods of culturing the host cells, separating products, and isolating the desired product or products are
known to one of skill in the art and are discussed further herem.

1604338} In some embodiments, the compound, for example, an isoprenoid or 1soprenocid compound 1s produced 1 a
genetically modified host cell at a level that is at least about 2-fold, at least about 5-fold, at least about 10-fold, at least
abowut 25-fold, at least about 50-fold, at least about 160-fold, at least about 500-fold, at least about 1000-fold, at least
abowut 2000-fold, at least abowt 3000-fold, at least about 4000-fold, at least about 5000-fold, or at teast about 10,000-
fold, or more, higher than the level of the isoprenoid or isoprenoid precursor compound produced in an unmodified host

cell that produces the isoprenoid or isoprenoid precursor compound via the same biosynthetic pathway.
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(80438} In some embodiments, the compoumd, for example, an isoprenoid compound is pure, e.g., at least about 40%
pure, at least about 50% pure, at {east about 60% pure, at least about 70% pure, at least about 80% pure, at least about
90% pure, at least about 95% pure, at least about 98%, or more than 98% pure. "Pure” in the context of an isoprenoid
conpound refers to an isoprencid compound that is free from other isoprencid compounds, portions of compounds,
contaminants, and unwanted byproducts, for example.

(80437} Exanmples of products contemplated herein include hydrocarbon products and hydrocarbon derivative products.
A hydrocarbon product 1s one that consists of only hydrogen molecules and carbon molecules. A hydrocarbon
derivative product is a hydrocarbon product with one or more heteroatoms, wherein the heteroatom is any atom that is
not hydrogen or carbon, Examples of hetercatoms include, but are not bmited to, nitrogen, oxygen, sulfur, and
phosphorus. Some products can be hydrocarbon-rich, wherein, for example, at least 50%, at feast 60%, at feast 70%, at
Teast 80%, at least 90%, or at least 95% of the product by weight 1s made up of carbon and hydrogen

(80438} In one embodiment, the vector comprises one or more nucleic acid sequences involved 1 isoprenotd synthesis.

" ow 1o

The terms “isoprenoid,” "isoprenocid compoond,™ “terpene,” "terpene compound,” "erpenoid,” and “terpencid
compound” are used tuterchangeably heremn. [soprenoid compounds include, buot are not hmited to, monoterpenes,
sesquiterpenes, diterpenes, triterpenes, and polyterpenes.

(38439} Ooe excroplary group of hydrocarbon products axe isoprenoids. Boprenouds (including terpenoids) are derived
from tsoprene subunits, but are ruodified, for exaraple, by the addition of hetercatoms such as oxygen, by carbon
skeleton rearrangement, and by alkyvlation. Isoprenotds generally have a number of carbon atoras which s evenly
divisible by five, but this is not a requirement as “wrregular” terpenoids are known to one of skill in the art. Carotenouds,
such as carotenss and xanthophylls, are examples of woprenoids that arc usefirl products. A steroid is an example of a
terpenoid. Examples of isoprenoids include, but are not fnited to, hemiterpencs {(C5), roonoterpenes {C16),
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sesquiterpenes (C13), diterpenes {C20}, triterpenes (C30), tetraterpences (€48}, polyterpenes (O, wherein “n” is cqual to
or greater than 45), and their derivatives. Other examples of isoprenoids include, but are not limited to, limonene, 1,8-
cineole, g-pinene, camphene, {+)-sabinene, myrcene, abictadiene, taxadiene, farnesyl pyrophosphate, fusicoccadiene,
amorphadiene, (E}-a-bisabolene, zingiberene, or diapophytoene, and their denvatives.

1080448} Products, for example fuel products, comprising hydrocarbons, may be precursors or products conventionally
derived from crude oil, or petroleum, such as, but not limited to, liquid petroleum gas, naptha (ligroin}, gasoline,
kerosene, diesel, lubricating oil, heavy gas, coke, asphalt, tar, and waxes.

180441} Useful products inchade, but are not Himited 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 diterpence or GGDP. Genetic modification of organisms, such as algae, by the methods
described herein, can lead to the production of fusicoccadiene, for example, and other types of terpenes, such as
fimonene, for example. Genetic modification can also lead to the production of modified terpenes, such as methyt
sgualene or hydroxylated and/or conjugated terpenes such as paclitaxel.

1604421 Other usefisd products can be, for example, a product comprising a hydrocarbon obtamed from an organism

expressing a diterpene synthase. Such exemplary products include ent-kaurene, casbene, and fusicoccadiene, and may

also nclude fuel additives.
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(80443} In some embodiments, a product {such as a fuel product) contemplated herein comprises one or more carbons
derived from an inorganic carbon source. In some embodiments, at least 10%, at least 20%, at least 30%, at least 40%,
at feast 50Y%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99%5 of the carbons of a
product as described heremn are derived from an inorganic carbon source. Examples of inorganic carbon sources include,
but are not himited to, carbon dioxide, carbonate, bicarbonate, and carbonic acid. The product can be, for example, an
organic mwolecule with carbons from an morganic carbon source that were fixed daring photosynthesis,

(88444} 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) and/or organism{s) transformed. For example, products not naturally
produced by algae may include non-native terpenes/terpenotds such as fusicoccadiene or limonene. A prodoct naturally
prodoced in algae may be a terpence such as a carotenoid (for example, beta-carotene). The bost cell may be genetically
maodified, for example, by transformation of the cell with a sequence encoding a protem, wherein expression of the
protein results m the secretion of a natorally or a non-naturally produced product (e.g. Bmonene) or products. The
product may be a molecule not found m nature,

(80445} Examples of prodocts inchude petrochemical products, precorsors of petrochermcal prodacts, fuel products,
petrolearn products, precursors of petroleum products, and all other substances that may be usefol in the petrochernical
wadustry. The product may be used for generating substances, or raaterials, useful in the petrochemical industry. The
products may be used in a combustor such as a botler, kiln, dryer or furnace. Other exaraples of combustors are internal
combustion engines such as vehicle engines or generators, mclading gasoline engines, diese] engines, jet engres, and
other types of engines. In one embodiment, a method heren comprises combusting a refined or “upgraded”
corposition. For exarople, combusting a refined composition can coraprise inserbing the refined composition info a
combustion engine, such as an awtoraobile engioe or a jet engine. Products described herein may also be used to produce
plastics, resins, fibers, elastomers, pharmaceuticals, neutraceuticals, habricants, and gels, for example.

1080446} Useful products can also include 1soprenoid precursors. Isoprenoid precursors are generated by one of two
pathways; the mevalonate pathway or the methylerythritol phosphate (MEP) pathway. Both pathways generate
dimethyiallyl pyrophosphate (DMAPP) and isopentyl pyrophosphate (IPP), the common C5 precursor for isoprenoids.
The DMAPP and PP are condensed to form geranyl-diphosphate {(GPP), or other precursors, such as farnesyl-
diphosphate (FPP) or geranyl gemnyl—diphosphate (GGPP), from which higher isoprenoids are formed.

1080447} Useful products can also include small afkanes (for example, | 1o approximately 4 carbons) such as methane,
cthane, propane, or butanc, which may be used for heating (such as in cooking) or making plastics. Products may also
inchade molecules with a carbon backbone of approximately 5 1o approximately 9 carbon atonss, such as naptha or
figroin, or their precursors. Other products may inchide molecules with a carbon background of about 5 to about 12
carbon atorns, or cycloatkanes used as gasoline or motor fuel. Meolecules and aromatics of approximately 10 to
approximately 18 carbons, such as kerosene, or its precursors, may also be useful as products. Other products include
habricating oil, heavy gas oil, or fuel o1, or their precursors, and can contain alkanes, cycloalkanes, 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 rings with about 70 or more carbons,
and their precursors.

160448} Exampiles of products, which can inclade the isoprenoids of the present disclosure, are fuel products, fragrance

products, and insecticide products. In some ipstances, 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 isoprenoid, the
isoprenowd 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).

(80449} Modified organisms can be grown, i sonie enmbodiments in the presence of CO,, to produce a desired
polypeptide. In some embodiments, the products produced by the modified organism are isolated or collected. Collected
products, such as terpenes and terpenoids, may then be further modified, for example, by refining and/or cracking to
prodoce fuel molecules or components.

(80458} The various products may be fimther refined to a final produet for an end vser by a number of processes.
Refining can, for example, ocowr by fractional distillation. For example, a mixture of products, such as a mix of
different hydrocarbons with various chain lengths may be separated into varions components by fractional distillation.
(80451} Refining may also inchide any one or more of the following steps, eracking, vmifying, or altering the product.
Large products, such as large hydrocarbons (e.g. = C10), may be broken down into smaller fragments by eracking.
Cracking may be performed by heat or high pressure, such as by steam, visbreaking, or coking. Products may also be
refined by visbreaking, for example by thermally cracking large hydrocarbon molecules in the product by heating the
prodoct in a furnace. Refining may also include coking, wherein a heavy, almost pure carbon residue 13 produced.
Cracking may also be performed by catalytic moeans to enhance the rate of the cracking reaction by using s:ataiysts such
as, but not Humited fo, zeolite, aluminum hydrosilicate, banxite, or silica-alumina. Catalysis may be by fluid cataly
cracking, whereby a hot catalyst, such as zeolite, is used to catalyze cracking reactions. Catalysis may also be
performed by bydrocracking, where lower teroperatores are generally used in cornparison to fud catalytic cracking.
Hydrocracking can ceour o the presence of elevated partial pressure of hydrogen gas. Produocts yoay be refined by
catalytic cracking to generate diesel, gasoline, and/or kerosene,

(30452} The products may also be refined by cormmbining ther in a snification step, for exaraple by using catalysts, such
as platirum or a platimm-rhenium mix. The unification process can produce hydrogen gas, 2 by-product, which may
used n cracking.

[80453] The products may also be refined by altering, rearranging, or restructiming hydrocarbons into smaller

molecules. There are a mamber 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 partial
pressure of hydrogen. One common process is alkylation. For example, propylene and butylene are mixed with a
catalyst such as hydroflucric acid or sulfuric acid, and the resulting products are high octane hydrocarbons, which can
be used to reduce knocking in gasoline blends.

{89454} The products may also be blended or combined into mixtures to obtain an end product. For example, the
products may be blended to form gasoline of various grades, gasoline with or without additives, fubricating 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 herein may be combined or blended with fuel
products produced by other mieans.

160455} Some products produced from the host cells of the disclosure, especially after refining, will be dentical to
existing petrochemicals, 1.e. contain the same chemical structure. For instance, crude oif contains the isoprenoid
pristane, which is thought to be a breakdown product of phytol, which is a component of chlorophyll. Some of the

products may not be the same as existing petrochemicals. However, although a molecule may not exist i conventional
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petrochemicals or refining, it may still be useful in these industries. For example, a hydrocarbon could be produced that
is int the boiling pont range of gasoling, and that could be used as gasoline or an additive, even though the hydrocarbon
does not normally oceur in gasoline.

(80456} A product herein can be described by its Carbon Isotope Distribution (CID}. At the molecular fevel, a CID is
the statistical likelihood of a single carbon atom within a molecule o be one of the naturally occurring carbon isotopes
{for exampie, e . ’3(}, or ”C). At the bulk level of a product, a CID may be the relative abundance of natorally
oceurring carbon isctopes (for example, O, PC, or () in a conpound containing at least one carbon atom. It is noted
that the CID of a fossil fuel may differ based on its source. For example, with CID{fos), the CID of carbon in a fossil
fuel, such as petroleum, natural gas, and coal 18 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
photosynthesis in recent history where the souree of inorganic carbon was carbon dioxide m the atmosphere. Also,
ClIB{(photo-fos) refers to the CID of a carbon based compound made by photosynthesis in recent history where the
sooree of substantially all of the morgamc carbon was carbon dioxide produced by the baming of fossit foels (for
example, coal, natural gas, and/or petroleum}. The exact distribution is also a characteristic of 1) the type of
photosynthetic orgamism that produced the molecule, and 2) the sovree of inorganic carbon. These tsotope distributions
can be vsed to define the cormposibion of photosynthetically-derived fuel products. Carbon isotopes are vnevenly
distributed arnong aud within different compounds and the isotopic distribution can reveal information about the
physical, chemical, and metabolic processes involved in carbon transformation, The overall abundance of PC relative to
C in a photosynthetic organism is offen less than the overall abundance of PC relative to 'C in atmospheric carbon
dioxide, indicating that carbon isotope discrimaation ocours in the incorporation of carbon dioxide roto photosynthetic
biomass.

(88457} A product, cither before or after refining, can be identical 0 an existing petrochermcal. Some of the fuel
products may oot be the same as existing petrochemicals. In one embodient, a fuel product is sinular to an existing
petrochermical, except for the carbon isotope distribution. For example, it is belicved that no fossil fuel petrochemicals
have 2 3"°C distribution of less than -32%, whereas fuel products as described herein can have a 6''C distribution of Tess
than -32%, less than -33Y%, less than -40%, less than -45%, Iess than -50%, less than -35%, or less than -60%. In another
embodiment, a fuel product or composition is similar but not the sare as an existing fossii fuel petrochemical and has a
$C distribution of less than -32%, less than -35%, less than -40%, less than -45%, less than -50%, less than -55%. or
fess than -60%.

1B0458] A fuel product can be a compaosition comprising, for example, hydrogen and carbon molecules, wherein the
hydrogen and carbon molecules are at least about 80% of the atomic weight of the composition, and wherein the 3C
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 acid
methyl ester (which has less than 90% hydrogen and carbon molecules by weight) may not be part of the composition.
In stilf other compositions, the hydrogen and carbon molecules are at least 93 or at least 999 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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[80459] Alzo described herein is a fuel product comprising a composition comprising: hydrogen and carbon molecules,
wherein the hydrogen and carbon molecules are at least 80% of the atomic weight of the composition, and wherein the
3" distribution of the composition is less than -32%; and a fuel component. In some embodiments, the §"°C
distribution of the composition i3 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 exaniple, a fossil fucl, gasoline, diesel, cthanol, jet fuel, or any combination thereof. In still other
embodiments, the blending fuel has 4 37C distribution of greater than -32%. For some fuel products described herein,
the fuel component i3 a foel additive which may be MTBE, an anti-oxidant, an antistatic agent, a corrosion mhibitor, or
auy combination thereof. A fuel produoct as desenbed herein may be a product generated by blending a fuel product as
described and a fuel compouent. In some embodiments, the fuel product has a 37 distribation of greater than -32%. In
other embodiments, the fitel produet has a 3C distribution of less than -32%. For example, an oil composition
extracted from an orgamsin can be blended with 3 fuel component prior o refimng (for example, cracking) in order to
generate a fuel product as deseribed heren. A foel component, can be a fossil foel, or 2 mixing blend for generating 4
fuel product. For example, a mixture for fuel blending may be a hydrocarbon mixture that is suttable for blending with
another hydrocarbon mixture to generate a foel product. For example, a mixtore of ight alkanes may not have a certain
actane nurbber to be suitable for a type of fuel, however, it can be blended with a lugh octane mixfwre to generate a fuel
product. In ancther example, a composition with a 57°C distribution of less than -32% is blended with a bydrocarbon
ranxture for fuel blending to create a fuel product. In sorme erabodiments, the composition ot fuel component alone axe
not suitable as a fuel product, bowever, when combined, are uscfol as a fuel product. In other ernbodiments, either
the composition or the fael component or both individual iy are suitable as a fucl product. In yet apother embodiment,
the feel coruponent is an existing petrofeum product, such as gasoline or jet fuel. In other embodiments, the fucl
component is derived from a renewable resource, such as bioethanol, biodiesel, and biogascline.

180468} Oil compositions, derived from biomass obtained from a host celi, can be used for producing bigh-octane
frydrocarbon products. Thus, one embodiment deseribes a method  of foruing a fuel product, comprising: obtaining an
upgraded oil composition, cracking the oif composition, and blending the resuiting one or more fight hvdrocarbons,
having 4 to 12 carbons and an Octane mamber of 80 or higher, with a hydrocarbon baving an Octanc number of 80 or
fess. The hydrocarbons having an Octane nuniber of 80 or less are, for example, fossid fuels derived from refining crude
oil.

180461} The biomass feedstock obtained from a host organism can be modified or tagged such that the light
hrydrocarbon products can be identified or traced back to their original feedstock. For example, carbon sotopes can be
introduced mto a biomass hydrocarbon in the course of its biosynthesis. The tagged hydrocarbon feedstock can be
subjected to the refining processes described herein to produce a light hydrocarbon product tagged with a carbon
isotope. The isotopes allow for the identification of the tagged products, either alone or in combination with other
untagged products, such that the tagged products can be traced back to their oniginal biomass feedstocks.

(604621 Table 1. Examples of Envyvmes Involved in the Isoprenoid Pathway

160463} The enzymes utilized may be encoded by nucleotide sequences derived from any organism, including bacteria,
plants, fungi and animals. In some instances, the enzymes are isoprenoid producing enzynes. As used herein, an
“isoprenoid producing enzyme” s a naturally or non-naturally occurring enzyme which produces or mereases

production of an 1soprenoid. {n some mstances, an isoprenoid producing enzyme produces isoprenotds with two
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phosphate groups (e.g., GPP synthase, FPF synthase, DMAPP synthase). In other nstances, isoprenoid producing
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enzynies produce isoprenoids with zero, one, three or more phosphates or may produce isoprenoids with other

functional groups. Non-limiting examples of sach enzymes and their sources are shown in Table 1.

Svnihase

Squree

NCBI protein ID

Limonene

M. spicata

20NH A

Cineole S. officinalis AACZE016
Pinene A. grandis AAKH3IS04
Camphene A. grandis AABT070G7
Sabmens S. officinalis AAC26018
Myrcene A. grandis AABTI084
Abictadiene A. grandis {J38710
Taxadiene T brevitolia AAKR3566
PP G, gallus PORE36
Amorphadicne A. annua AAFG61439
Bisabolene A. grandis Q81086
Diapophytoene 5. qureus

Diapophytoene desaturase S. anreus

GPPS-LSU M. spicaia AAFO8793
GPPS-SSU M. spicata AAFDRTYZ
GPPS A. thaliana CAC16849
GPPS C. reinhardiii EDPOS515
FPP E. coli NP 414955
FPP A. thaliona NP 199588
FPP A. thaliana NP 193452
PP C. retnhardii EDPD3i%4
IPP isomerase E. coli NP 417365
1PP isomerase H. pluvialis ABBEO114
Limonens L. angustifolio ABB73044
Monoterpene 5. fycopersicum AAXES064
Terpaolens O. basificum AAVE3792
Myrcene Q. basilicum AAVE3791
Fingiberene O basilicum AAV63788
Myrcene Q. ilex CAC41D12
Myrcene P. abies AAS4T696

Myrcene, ocimene

A. thaliona

NP 179998

Myrcene, ccimene

A. thaliona

NP 567511

Sesguiterpene

£omayvs; B73

AARESST]
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Sesquiterpens A. thaliana NP 199276
Sesguiterpene 4. thaliana NP 193064
Sesquiterpens A. thaliana NP 183066
Curcumene P. cablin AASEH31D
Farnesene M. domestica AAX19772
Pamesens . sativus AALJG5951
Farpesene C. junos AMKSI427¢
Farnesene F. abies AAS4TY9T
Bisabolene P abies AAS4T68Y
Sesguiterpene 4. thaliana NP 197784
Sesquiterpens A. thaliana NP 175313
GPP Chimera
GPPR-L3UASSU fusion
Geranylgeranyl reductase A. thaliana NP 177587
Geranyvlgeranyl reductase C. reinhardtii EDPOYSRS
Chiorophyllidohydrolase . reinhardtii EDPO1364
Chiorophyllidohydrolase A thaliana NP 364094
Chiorophyllidobydrolase A. thaliana NP 199199
Phosphatase S. cerevisiae AARG4930
FPP ALIEW G. gallus

(80464} Codon Optimization

[B0465) As discussed above, one or more codons of an encodrog polynucleotide can be “brased” or “optimized” to
reflect the codon usage of the host orgarusm. For exaraple, one or more codons of an encoding polynuocleotide can be
“brased” or “optimized” to reflect chloroplast codon usage (Table 2) or nuclear codon usage (Table 3). Most amine
acids are encoded by two or more different (degenerate) codons, and it s well recogrized that various organisms utihze
certain codons i preference to others, “Biased” or codon “optirmized” can be used wterchangeably throughout the
specification. Codon bias can be variously skewed in different plants, inchnding, for exampie, in alga as compared o
tobacco. Generally, the codon bias sefected reflects codon usage of the plant {or organelle therein) which is being
trapsformed with the pucleic acids of the present disclosure.

180466] A polvnuclicotide that is biased for a particular codon usage can be synthesized de novo, or can be genetically
modified using routine recombinant DNA fechniques, for example, by a site directed mutagenesis method, to change
one or more codons such that they are biased for chloroplast codon usage.

1

180467} Such preferential codon usage, which s utihized in chloroplasts, is referred fo herein as "chioroplast codon
usage.” Tabie 2 {below) shows the chloroplast codon usage for O reinhardiii (see U.5. Patent Application Publication
No.: 2004/0014174, published January 22, 2004},

(88468} Table 2

Chioreplast Codon Usage in Chlamyvdomonas reinhardtii
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UUU 34.1%( 348%%)

UCU 19.4(198)

UAL 23.7(242)

UGU 5.5( 87)

UUC 14.2( 145) UCT 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( 53)

UAGB.7(T)

UGG 13.7( 140)

CUU 14.8( 151)

COU 14.9( 152)

CAU 11.1(113)

CGU 25.5( 260)

CUC 1.0( 10

CCC 5.4(55)

CAC B.4( 86)

CGC 5.1{52)

CUA 6.8( 69)

CCA 193(197;

CAA 34.8(335)

CGA 3.8(39)

CUG7.2(73)

CCG3.0(3h)

CAG 5.4( 55)

CGG 0.5( 5)

AUU 44.6( 455)

ACU 23.3( 237)

AAD 44.0( 449

AGU 16.9( 172)

AUC 9.7 99)

ACC 7.8¢ 80)

AAC 19.7(201)

AGC 6.7( 68)

AUA 8.2( 84)

ACA 203( 299

AAA B1.5(627)

AGASH(5])

AUG 23.3(238)

ACG 4.2(43)

AAGITO(112)

AGEG 1.5( 15)

GUU 27.5( 280}

GCU 30.6( 312)

GAU 23.8(24%)

GGU 40.0( 408)

GUC 4.6 47)

GCC LI

GAC 1E6(118)

GGC 8.7( 89

GUA 26.4(26%)

GCA 19.9(203)

GAA 4030410

GGA 9.6( 98)

GUG 7.1 72)

GOG 4.3 44)

GAG 6.9(70)

GGG 4.3(44)

[88468] * -Frequeuncy of codon usage per 1,000 codons. ** - Nomber of times observed in 36 chloroplast coding
sequences (10,193 codons).

{68478} The chioroplast codon bias can, but need not, be selected based on 3 particular orgamism in which a syuthetic
polynucleotide is to be expressed. The mampulation can be a change to a codon, for example, by a method such as site
directed motagenesis, by a method such azs PCR vzing a primer that 1s nusmatched for the nucleotide(s) to be changed
sach that the amplification produoct is biased to reflect chioroplast codon usage, or can be the de novo synthesis of
polynucleotide sequence such that the change {bias) 18 introduced as a consequence of the synthesis procedare.

(608471} In addition to utilizing chloroplast codon bias as a meauns to provide efficient transiation of a polypeptide, i
will be recognzed that an alternative roeaps for obtaming efficient translation of a polypeptide 1u a chloroplast is to
re-epgiieer the chloroplast gepome {e.g., a C. reinhardii chloroplast genome) for the expression of tRNAs not
otherwise expressed in the chloroplast genome. Such an engineered algae expressing one or more exagenous IRNA
molecules provides the advantage that it would obviate a requirernent o modify every polyoucleotide of wnterest that is
to be wtroduced into and expressed from a chloroplast genome; instead, algac such as C. reinfiardiii that comprise a
genetically modified chioroplast genome can be provided and utidized for efficient transkation of a polypeptide
according to any method of the disclosure. Correlations between tRNA abundance and codon usage in highly expressed
geaes is well knowa (for example, as described in Franklin et al,, Plant J. 30:733-744, 2002; Dong ct al,, J. Mol. Biol.
260:649-663, 1996; Duret, Trends Genet. 16:287-289, 2000; Goldman et. al., J. Mol. Biol. 245:467-473, 1995; and
Komar et. al,, Biol. Chem. 379:1295-1300, 1998). In £. coli, for example, re-engineering of strains to express
vnderutilized tRNAs resulted 1o eshanced expression of genes which utifize these codons (see Novy et al., in Novations

12:1-3, 2001 ). Uthizing endogencus tRNA genes, site directed nutagenesis can be used to make a synthetic tRNA
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gene, which can be introduced into chloroplasts to complement rare or unused tRNA genes m a chioroplast genome,
such as a C. reinhardtii chloroplast genome.

(80472} Generally, the chloroplast codon bias selected for purposes of the present disclosure, inchiding, for example, in
preparing a synthetic polynucleotide as disclosed herein reflects chloroplast codon usage of a plant chloroplast, and
imcludes a codon bias that, with respect to the third position of a codon, i3 skewed towards A/T, for example, where the
third position has greater than about 66% AT bias, or greater than about 70% AT bias. In one embodiment, the
chioroplast codon usage is biased to reflect alga chloroplast codon asage, for example, C. reinfiardiii, which has about
74.6% AT bias in the third codon position. Preferred codon usage i the chloroplasts of algae has been described in US
2004/0014174.

(80473} Table 3 exemphifies codons that are preferentially used i algal nuclear genes. The nuclear codon bias can, bot
need not, be selected based on a particular organism tn which a synthetic polynucleotide s to be expressed. The
mampulation can be a change fo a codon, for example, by a method such as site directed mutagenesis, by a method such
as PCR osing a primer that s musmatched for the mucleotide(s} o be changed such that the amplification prodoct s
hiased to reflect muclear codon usage, or can be the de novo synthesis of polynocleotide sequence such that the change
{(bias) is mtroduced as a consequence of the synthesis procedore.

(88474} In addition to utihzing nuclear codon bias as a means 1o provide efficient translation of a polypeptide, 1t will be
recogmized that an alterpative means for obtaiming efficient translation of a polypeptide i a nucleus 18 to re-engmesy the
nuclear gepome {e.g., a C. reinhardiii moclear genome) for the expression of tRNAs not otherwise expressed i the
rclear genome. Such an engincered algae expressing on¢ or more exogenous tRNA molecules provides the advantage
that 1 would chviate a reguirement to modify every polynucleotide of inferest that is to be miroduced into and expressed
from a nuclear geporne; tustead, algae such as C. reindardtii that coruprise a genctically modified nuclear genore can
be provided and utihzed for efficient translation of a polypeptide according to any method of the disclosure,
Correlations between IRNA abundance and codon usage 10 highly expressed genes 1s well known (for example, as
described in Franklin et al,, Plant J. 30:733-744, 2002; Dong et al., J. Mol Biol. 260:649-663, 1996; Duret, Trends
Genet, 16:287-289, 2000; Goldman et. AL, J. Mol. Biol. 245:467-473, 1995; and Komar et. Al, Biol. Chem.
379:1295-1300, 1998). In E. coll, for exampie, re-enginecring of strains to express undervtilized tRNAs resulted in
cuhanced expression of genes which utilize these codons (see Novy et al., in Novations 12:1-3, 2601). Utlizing
cudogenous tRNA genes, site directed mutagenesis can be used fo make a synthetic tRNA gene, which can be
introduced into the nucleus to complement rare or unused tRNA genes in a nuclear genome, such as a C reinhardiii
nuclear genome.

1604751 Generally, the nuclear codon bias selected for purposes of the present disclosure, including, for example.
preparing a synthetic polynucleotide as disclosed herein, can reflect nuclear codon usage of an algal nucleus and
inchudes a codon bias that results in the coding sequence containing greater than 60% G/C content.

18476] Table3

160477} fields: [triplet] [frequency: per theusand] {{number{) Coding GC 66.30% 1% letter GC 64.80% 2" fetter GO
47.90% 3 fetter GC 86.21%

Nuelear Codon Usage in Chlamydomoenas reinhardtil

UUU S0 (211 UCU 4.7 (1992} UAL 2.6 {1085) UGU 1.4 (601)

UUC27.1 (31411 UCC 161 (6782) UAC 22.8 (9579 UGC 13.1 (5498)
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UUA 6.6 (247}

UCA 3.2 (1348)

UAA 1.0 (441)

UGA 0.5 (227

UUG 4.0 (1673}

UCG 16,1 (6763)

UAG 0.4 (183)

UGG 13.2 (3339)

CUU 4.4 (1869)

CCU 8.1 (3416)

CAU 2.2 (919)

CGU 4.9 (2071

CUC 13.0 (5480)

CCC 29.5 (12409

CAC 17.2 (7252)

CGC 34.9(14676)

CUA 2.6 (1086) COA S.1 (2124) CAA 4.2 (1780) CGA 2.0 (841
CUG 65.2 (27420) CCG 20.7 (B684) CAG 36.3 (15283) 0G5 112 (4710
AU 8.0 (3360) ACU 5.2 (2171) AAU 2.8 (1157) AGU 2.6 (1089)

AUC 26.6 (11200}

ACC27.7(11663)

AAC28.5(11977)

AGC 22.8 (9590)

AUA L1(443)

ACA 4.1 (1713)

AAA 2.4 (1028)

AGA D.7 (287)

0ATUG 25.7 (10796)

ACT 15.9 (6654)

AAG 433 (1821

AGG 2.7 (1150

GUU 5.1 {2158)

GCU 16,7 (7030)

GAU 6.7 (2805)

GGU 9.5 (3984)

GUC 15,4 (6496)

GOC 54.6 (22960)

GAC41.7(1751%)

GG 62.0 (26064)

GUA 2.0 (857)

GCA 10.6 (4467)

GAA 2.8 (1172

GOA 5.0 2084)

GUG 46.5 (19558)

GG 44 .4 (15688)

GAG 53.5 (22486)

GGG 9.7 (4087)

100478] Table 4

160479} Table 4 hists the codon selected at each position for backtranslating the protein to a DNA sequence for
synthesis. The selected codon is the sequence recognized by the tRNA encoded in the chloroplast genome when present;
the stop codon {TAA) 15 the codon most frequently 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.

100486} Table d

Arning acid Codon utihzed
F TTC
L TTA
{ ATC
v GTA
S TCA
P CCA
T ACA
A GCA
Y TAC
H CAC
Q CAA
N AAC
K AAL
D GAC
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E GAA

TGC
R CGT
G GGC
W TGG
M ATG
STOP TAA

(00483} Percent Seguence Identity

(80482} One example of an algorithm that 1s suitable for determining percent sequence tdentity or sequence similanty
between nucleic acid or polypeptide sequences is the BLAST algorithin, which i deseribed, ¢.g., in Altschul et af, S
Mol Biol. 215:403-410 {1990}, Software for performing BLAST analysis 1s 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 a2 word length (WY of 11, an
expectation {£) of 10, a cutoff of 100, M=5, N=4, and a comparison of both strands. For aruino acid sequences, the
BLASTP program vses as defaults a word length (W) of 3, an expectation (E) of 10, and the BLOSUMG2 scoring
matrix {as described, for example, in Hentkoff & Hemkoff (1989) Proc. Natl Acad Sci. USA, 89:10915). In addition to
calculating percent sequence ideptity, the BLAST algoritho also can perform a statistical analysis of the similarity
between two sequences (for example, as described in Karbin & Altschal, Proc. Nat'l. Acad. Sci. US4, 90:5873-5787
{1993)). One measure of simiarity provided by the BLAST algorithro is the sraallest sure probability (P(N}), which
provides ap ndication of the probability by which a match between two nocleotide or aramo acid sequences would
oceur by chance. For example, a macleie acid is considered similar to a reference sequence if the smallest sum
probability in a comparison of the test nucleic acid to the reference nucleic acid is less than about 0.1, less than about
0.01, or less than about 0.001.

[00483] Faity Acids and Glveerel Lipids

180484} The present disclosure describes host cells capable of making polypeptides that contribute to the accumulation

and/or secretion of fatty acids, glycerol lipids, or oils, by transforming host cells (¢.g., alga cells such as C. reinfardiiy,
D salina, H. pluvalis, and cyanobactenial cells) with macleic acids encoding one or more different enzymes. Examples
of such enzymes inchide acetyi-CoA carboxylase, ketoreductase, thicesterase, malonyhransferase, dehydratase, acyl-
CoA ligase, ketoacylsynthase, enoylreductase, and desaturase.  The enzymes can be, for example, catabolic or
biodegrading enzymes.

1604838} In some mstances, the host cell will naturally produce the fatty acid, glycerol lipid, friglyceride, or oil of
interest. Therefore, transformation of the host cell with a polynucleotide encoding an enzynie, for example an ACCase,
will allow for the increased activity of the enzyme and/or increased accumulation and/or secretion of a molecule of
interest {e.g.. a lipid) in the cell.

[89486] A change in the accunmilation and/or seeretion of a desired product, for example, fatty acids, ghyeerol lipids, or
oils, by a transformed host cell can include, for example, a change in the total oil content over that normally present in

the cell, or a change in the type of ol that is normally preseunt in the cell,
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(80487} A change in the accumulation and/or secretion of a desired product, for example, fatty acids, ghycerol tipids, or
oils, by & transformed host cell can include, for example, a change in the total lipid content over that nomaally present in
the cell, or a change in the type of lipids that are normally present in the cell.
(80488} Increased malonyl CoA production is required for increased. Increased fatty acid biosynthesis is required for
increased accumulation of fatty acid based lipids. An increase in fatty acid based lipids can be measured by methyl tert-
butyl ether (MTBE) extraction.
(80489} Some host cells may be transformed with multiple genes encoding one or more enzymes. For example, a
stngle transformed cell may contain exogenous nucleic acids encoding enzymes that make up an entive glycerolipid
synthesis pathway. One example of & pathway might include genes encoding an acetyl CoA carboxylase,
matonyitransferase, a ketoacylsynthase, and a thioesterase. Cells transformed with an entive pathway and/or enzymes
extracted from those cells, can synthesize, for example, complete fatty acids or intermediates of the fatty acid synthesis
pathway. Constracts may contain, for example, multiple copies of the same gene, muitiple genes encoding the same
enizyme from different organmsms, and/or multiple genes with one or more mutations in the coding sequence(s).
(80498} The enzyme(s) produced by the modified cells may result in the production of fatty acids, glycerol lipids,
triglycerides, or oils that may be coliected from the cells and/or the surrounding environment {e.g., bioreactor or growth
edrarn}). In some embodirnents, the collection of the fatty acids, glvearel ipids, triglycerides, or oils 18 performed after
the product 1s secreted from the cell via a cell rnembrane transporter.
(30491} Exaraples of candidate Chiamydomionas genes encoding enzyres of glycerolipid metabolism that can be used
18 the descnbed embodireents are described in The Chlamnvdomonas Sourcebook Second Edition, Organcliar and
Metabolic Processes, Vol 2, pp. 41-68, David B. Stern (Ed.), (2009), Elsevier Academic Press,
(30492} For example, enzymes wnvolved in plastid, mitochondrial, and cytosclic pathways, along with plastidic and
cytosohic 1soforms of fatty acid desaturases, and trighyeeride synthesis enzyraes are descnbed (and their accession

mumbers provided). An exemplary chart of some of the genes deseribed is provided below:

Acyl-ACP thioesterase FATI EDPO8S96
Long-chain acyl-CoA synthetase LeS1 EDOS6800
CDP-DAG: Tnositol phosphotransferase PIS EDIPG6395
Acyl-CoA: Diacylglycerol acyliransierase DGAL EDO26893
Phospholipid: Diacylglycerol acyltransferase LROI(LCAL) EDP07444
(86493} Exaraples of the types of fatty acids and/or glycerol Hipids that a host coll or organism can produce, are

deseribed below.

(30494} Lipids are a broad group of naturally occurning ruolecules which includes fats, waxes, sterols, fat-soluble
vitarains (such as vitamins A, D, E and K}, reonoglycerides, diglycendes, phospholipids, and others. The rmain
hiological functions of bpids include encrgy storage, as structural components of cell merabranes, and as important
signaling molesules,

(86495} Limds may be broadly defined as hydrophobic or amphiphibic small molecules; the amphiphilic nature of some
fipids aliows them to form structures such as vesicles, liposomes, or membranes in an agqueous environment. Biological
fipids originate entirely or in part from two distinet types of biochemical subunits or "building blocks™: ketoacyl and

isoprene groups. Lipids may be divided info cight categories: faity acyls, ghycerolipids, glycerophospholipids,
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sphingolipids, saccharolipids and polyketides (derived from condensation of ketoacyl subunits); and sterol lipids and
prenol lipids {derived from condensation of isoprene subumnits). For this disclosure, saccharolipids will not be discussed.
(80496} Fats are a subgroup of lipids called triglycenides. Lipids also encompass molecules such as fatty acids and their
derivatives (including tri-, di-, and monoglycerides and phospholipids), as well as other sterol-containing metabolites
such as cholesterol. Homans and other mammals use various biosynthetic pathways to both break down and synthesize
tipids.

(80498} Fatty acyls, a generic term for describing fatty acids, their conjogates and derivatives, are a diverse group of
molecnles synthesized by chain-clongation of an acetyl-CoA primer with malonyt-CoA or methylmalonyl-CoA groups
m a process called fatty acid synthesis. A fatty acid 1s any of the aliphatic monocarboxylic acids that can be liberated by
hydrolysis from naturally occarring fats and oils. They are made of a hydrocarbon chain that terminates with a
carboxylic acid group; this arrangement confers the molecule with a polar, hydrophilic end, and a nonpolar,
hydrophobic end that is insolable 1 water. The fatty acid strocture 1s one of the most fimdamental categories of
biological lipids, and is cormmonly vsed as a building block of more structurally complex lipids. The carbon chain,
typically between four to 24 carbons long, may be saturated or vusaturated, and may be attached to functional groups
containing oxygen, halogens, sitrogen and sulfur; branched fatty acids and hydroxyl fatty aceds also occur, and very
fong chain acids of over 30 carbous are found in waxes. Where a double bond exasts, there is the possibility of either a
cis oF trans geometne isomerisrn, which significantly affects the roolecule’s molecular configuration. Cis-double bounds
capse the fatty acid chain to bend, an effect that is more pronounced the more double boods there are i a chain. This in
turn plays an important role 1 the structure and function of cell merabranes. Most naturally occorring fatty acids are of
the ¢1s configuration, although the trans form does exist in some natural and partially hydrogenated fats and oils,
(30499} Exaraples of biclogically iraportant fatty acids are the eicosanouds, derived primanly from arachidonic acid and
cicosapentaencic acid, which inchude prostaglandins, leukotricnes, and thromboxanes. Other major hipid classes 1o the
fatty acid category are the fatty esters and fatty amides. Fatty esters include important biochemical imtermediates such as
wax esters, fatty acid thioester coenzyme A derivatives, fatty acid thioester ACP derivatives and fatty acid camitines,
The fatty amides include N-acyl ethanolamines.

198588] Glycerolipids

1080581} Glycerolipids are composed mainly of ruono-, di- and tri-substituted glycerols, the most well-knowa being the
fatty acid esters of glycerol (riacyiglyeerols), also known as triglycenides. In these compounds, the three hydroxyl
groups of glycero] are cach esterified, usually by different fatty acids. Because they function as a food store, these fipids
comprise the bulk of storage fat in animal tissues. The hydrolysis of the ester bonds of triacylglycerols and the release of
glycerol and fatty acids from adipose tissue is called fat mobilization.

1605621 Additional subelasses of glycerolipids are represented by glycosyiglyeerols, 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 m plant membranes.

160563} Exemplary Chlamyvdomonas glycerolipids include: DGDG. digalactosyidiacylglycerol; DGTS, diacyiglyceryl-
N, N, N-trimnethylhomoserine; MGDG, monogalactosyldiacyiglyeerol; PtdEin, phosphatidylethanolamine; PtdGro,
phosphatidylglycerol; Pidins, phosphatidylinositol; SQDG, sulfoquinovosyldiacylglyeerol; and TAG, triacylglycerol.
[eB584] Glveerophospholipids
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(80885} Glycerophospholipids are any derivative of glycerophosphoric acid that contains at least one J-acyl, O-alkyl,
or O-alkenyl group attached to the glycerel residue. The common glycerophospholipids are named as derivatives of
phosphatidic acid (phosphatidyl choline, phosphatidy! serine, and phosphatidy! ethanolamine).

(80886} Glycerophospholipids, also referred to as phospholipids, are ubiguitous in nature and are key components of
the lipid bilayer of cells, as well as being involved m metabolism and cell signaling. Glycerophospholipids may be
subdivided into distinct classes, based on the nature of the polar headgroup at the s»-3 position of the glycerol backbone
1 cukaryotes and eubacteria, or the sn-7 position in the case of archaebactenia.

(80587} Examples of glycerophosphobpids fovad 1n biological membranes are phosphatidylcholine (also known as PC,
GPCho or lecithin}, phosphatidylethanolamine {(PE or GPEtn) and phosphatidylsenne (PS or GPSer). In addition to
serving as a primary component of celtular membranes and binding sites for mtra- and intercellolar proteins, some
glycerophospholipids 1n eukarvotic cells, such as phosphatidylinositols and phosphatidic acids are erther precursors of]
or are themselves, membrane-derived second messengers. Typically, one or both of these hydroxyl groups are acylated
with fong-chain fatty acids, but there are also alkyl-huked and 1Z-alkenyl-linked (plasmalogen} glycerophospholipids,
as well as dialkylether variants in archaebacteria.

(80588} Sphingolipids

(30589} Sphungolipids are any of class of lipids containing the long-chain aroino diol, sphingosine, or a closely related
hase {L.e. a sphingoid). A fatty acid is bound i an amide linkage (o the arowo group and the terminal bydroxyl may be
linked to a mumber of residues such as a phosphate ester or a carbohydrate. The predominant base 1o antroals is
sphingosine while 1o plants it s phytosphingosine.

(30538} The main classes are: (1) phospbosphigolipids (aiso known as sphingophospholipids), of which the main
representative is sphingornyeling and (2) glycosphingobipids, which contain at least one reonosaccharide and a
sphingoid, and raclade the cerebrosides and ganghosides. Sphingolipids play an wnportant structural role 1o celf
membranes and may be involved in the regulation of protein kinase C.

30531} As mentioned above, sphingohipids are a complex family of compounds that share a common structural feature,
a sphingoid base backbone, and are synthesized de nove from the amino acid serine and a long-chain faity acyl CoA,
that are then converted into ceramides, phosphosphingolipids, glhycosphingobipids and other compounds. The major
spbingoid base of mammals is commonty referred to as sphingosine. Ceramides (N-acyl-sphingoid bases) are a major
subclass of sphingoid base derivatives with an amide-linked fatty acid. The fatty acids are typically saturated or roono-
unsaturated with chain lengths from 16 o 26 carbon atoms.

180512] The major phosphosphingolipids of mammals are sphingomyefins (ceramide phosphocholines), whereas
insects contain mainly ceramide phosphocthanolamines, and fungt have phytoceranide phosphoinositols and mannose-
containing headgroups. The glycosphingolipids are a diverse family of molecules composed of one or more sugar
residuaes linked via a glycosidic bond to the sphingoid base. Examples of these are the simple and complex
glycosphingolipids such as cerebrosides and gangliosides.

160513} Sterol Lipids

[60534] Sterol lipids, such as cholesterol and its derivatives, are an important component of membrane lipids, along
with the glycerophospholipids and sphingomyelins. The steroids, all derived from the same fused four-ring core
structure, have different biological roles as hormones and signaling molecules. The eighteen-carbon (C18) steroids

include the estrogen family whereas the C19 steroids comprise the androgens such as testosterone and androsterone,
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The C21 subclass includes the progestogens as well as the glucocorticoids and mineralocorticoids. The secosteroids,
conprising various forms of vitamin D, 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 mammals are oxidized derivatives of cholesterol
and are synthesized in the liver. The plant equivalents are the phytosterols, such as $-sitosterol, stigmasterol, and
brassicasterol; the latter compound is also used as a biomarker for algal growth. The predominant sterol in fungal cell
membranes is ergostr’ami.
(805816} Prenol bipids are synthesized from the S-carbon precorsors isopenteny! diphosphate and dimethylativi
diphosphate that are produced mamly via the mevalonic acid (MVA) pathway. The simple isoprencids (for example,
tinear alcohols and diphosphates) are formed by the successive addition of C5 vuts, and are classified according to the
number of these terpene gnits. Structures contaming greater than 40 carbons are known as polyterpenes. Carotenoids are
inportand sinaple soprencids that function as antoxidants and as precursors of vitarmnin A, Another biologically
wnportant class of molecules is exemplified by the quinones and hydroguinones, which contain an isoprenoid tail
attached fo 3 quinonoid core of non-isoprenoid origin. Prokaryotes synthesize polyprenols {called bacloprenols) i
which the terminal tsoprenoid vuit attached (o oxygen remains gnsaturated, whereas i animal polyprenols {dolichols)
the terminal soprenoid is reduced.
(86517} Polvketides
(30538} Polyketides or sometiraes acetogenin are any of a diverse group of patural products synthesized via linear poly-
f-ketones, which are theruselves formed by repetitive head-to-tail addition of acetyl (or suhstituted acetyl) vuits
wadirectly denived from acetate {or a substituted acetate) by a reechanmsm similar to that for fatty-acid biosynthesis but
without the intermediate reductive steps, In many case, acetyl-CoA funchions as the starter onit and realonyi-CoA as the

xtending noit. Various molecules other than acetyl-CoA may be used as starter, often with sethoylmalonyl-CoA as the
extending uait. The poly-f-ketones so formed may undergo a variety of further types of reactions, which include
atkylation, cyclization, glycosylation, oxidation, and reduction. The classes of product formed — and their corresponding
starter substances — compuise fnfer afia: coniine (of hemiock) and orsellinate (of lichens) — acetyl-CoA; flavanoids and
stifbenes — cinnamoyl-CoA; tetracyclines — amide of malouyl-CoA; wrushiols (of poison ivy) — palmitoleoyl-CoA; and
erythonolides — propionyl-CoA and methyl-malonyl-CoA as extender.
[80519] Polvketides comprise a large mimber of secondary metabolites and natural products from animal, plant,
bacterial, fungal and marine sources, and have great structural diversity. Mauny polvketides are cyelic molecules whose
backbones are often further modified by glycosylation, methylation, hydroxylation, oxidation, and/or other processes.
Many commonly used anti-nicrobial, anti-parasitic, and anti-cancer agents are polyketides or polvketide derivatives,
such as erythromycins, tetracyclines, avermecting, and antitumor epothilones.
160528} 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 n
the art will appreciate that many other methods known in the art may be substituted in lieu of the ones specifically
described or referenced herein.

EXAMPLES

{69521} Example I: Transformation and Screening Methods
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(80822} In this example, a method for transformation of Scenedesinus sp. is described. Algae cells are grown to log
phase {approximately 0.5-1.0 x 10" cells/mL) in TAF medium (Gorman and Levine, Proc. Nail. Acad. Sci., USA
54:1665-1669, 1965, which is incorporated herein by reference) at 23°C under constant ifhumination of 50-100uE on a
rotary shaker set at 100 rpm. Cells are harvested at 1000 x g for 5 nun. The supernatant is decanted and cells are
resuspended in TAP media at 10° cefis/mL. 5 x 107 cells are spread on selective agar medium and transformed by
particle bombardment with 530 nm or 1000nm diameter gold particles carrying the fransforming DNA@ 375-300psi
with the Helios Gene Gum (Bio-Rad) from a shot distance of 2-4em. Desired algae clones are those that grow on
selective media.

(80823} PCR is used to identify transformed algae strains. For PCR analysis, colony lysates are prepared by
suspending algae cells (from agar plate or bauid culture) i lysis buffer (0.5% SD5, 100 mM NaCl, 10 mM EDTA, 75
M Tris-HCL pH 7.5) and heating to 98°C for 10 mimses, followed by cooling to near 23°C. Lysates are diloted 50-
fold in 100mM Triz-HCl pH 7.5 and 2ul 13 psed as template in a 250L reaction. Alternatively, total genonune DNA
preparations may be spbstituted for colony lysates. A PCR cockiail consisting of reaction buffer, dNTPs, PCR primer
pair(s) (indicated 10 cach example below), DNA polymerase, and water is prepared. Algal DNA s added to provide
template for the reaction. Annealing temperature gradients are employed fo determine optimal anueabing temperature for
specific primer pairs. Tn many cases, algae transformants are analyzed by PCR 1 two ways. Fiest, primees are used that
are specific for the transgene being introduced to the chloroplast genome. Desired algae transformants are those that
give rise to PCR product{s} of expected size(s). Secound, two sets of priraer pairs are used to deteraine the degres to
which the transforraing DNA was 1nfegrated 1nto the chloroplast genome (heteroplasmic vs, horooplasmic). The first
pair of privers amplifics a region spanping the site of wtegration. The second pair of primers amplifies a constant, or
control region that is ot taxgeted by the fransforrmng DNA, so should produce a product of expected size in all cases.
This reaction confivs that the absence of & PCR product from the region spanning the sue of integration did not result
from ceflular and/or other contaminants that inhibited the PCR reaction. Concentrations of the primer pairs are varied
50 that both ammplicons are amplified in the same reaction. The sumber of cycles used is >30 to increase sensifivity. The
most desired clones are those that yield a product for the constant region but not for the region spanning the site of
integration. Once identified, clones are analyzed for changes in phenotype.

180524} One of slill in the art will appreciate that many other transformation methods known in the art may be
substituted 10 licu of the ones specifically described or referenced herein.

100525] Example 2: Chioroplast Transfornation of 5. dimorphus using 3-(3 . 4-Dichlorophenyly-1.1-dimethviurea

(DCMUD selection

180526} In this example, DCMU resistance was established as a selection method for transformation of S. dimorpfius.
Transforming DNA (SEQ ID NO: 30, S264A fragment) 1s shown graphically in Figure 1. In this instance, a DNA
fragment encompassing the 37 end of the gene encoding psbA and it"s 37 UTR from 8. dimorphus was anmplified by
PCR, subcloned into pUC1E, and mutated via Quikchange PCR (Stratagene) 1o generate a 3264A nmtation along with a
stlent Xhal restriction site. Nucleotide 1913 of the fragment was mutated from a T to a G for the 5264 A mutation, and
nmucleotides 1928 to 1930 were mutated from CGT to AGA to generate the silent Xbal restriction site.

1605271 Transforming DNA was introduced into 8. dimorphus via particle bombardment (as deseribed in EXAMPLE
1) with DNA carried on 1000 nnm gold particles, @ 375 psi and a shooting distance of Zem. Transformants were

selected by growth on HSM media + 0.5uM DCMU wnder constant light 100-200e8 (@ 23°Cfor approximately 3 weeks.
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(80828} Transformants were verified by PCR screening (as described in EXAMPLE 1) using primers (SEQ ID NO: 17
and SEQ 1D NO: 14) specific for a 2.1 kb region surrounding the bases changed for the 5264A mutation. The PCR
products were then digested with Xbal to distinguish tranzformants from spontaneous mutants that may arise as a result
of plating cells onto media containing DCMU. Figure 2 shows that DNA amplified from clones 3 and 4 is completely
digested by Xba/ (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.

(86529} Transformants were grown to satoration in TAP media, dihited 1,100 in HSM + various concentrations of
DCMU and grown under constant light 50-100uE with CO2 enrichment for 4 days. Figure 3 shows that transformants
with the psbA S264A mutation grow in ap to 10eM DCMU or 16uM Atrazme whereas wild type S. dumporphas (wi}
farls to grow in 8.58M DCMU or §.5uM Atrazine.

(805838} In order fo determine 1f DCMU selection could result i incorporation of an exprassion cassette downstream of
the psbA gene, A veclor was constructed contaming an expression cassctte consisting of an endogenous promoter, a
chioramphenicol acetyltransferase (CAT) gene, and an endogenoas termunator cloned ~500bp downstream of the
5264A7/Xbal mutated psbA gene fragment from S dimorphus and inchuding the rpi20 gene. Transforming DNA s
shown graphically in Figure 4. In this instance the DNA segment labeled “CAT” is the chloramphenicol acetyt
trapsferase gene from . coli, the segment labeled “tufA” is the promoter and 57 UTR sequence for the /4 gene from
S. ditmorphus, and the segment labeled “rbel.” s the 37 UTR for the vbell gene from S, dimorphus. The selection marker
cassette 5 targeted to the S dimorphus chloroplast genome via the segments labeled “Homoiogy AZ” and “Howmology
B2” which are 1006 bp fragments bornologous to sequences of DNA adjacent to nucleotide 065,353 and 1nclade an
S264A/Xbal mutated partial pshA coding sequence, its 3°UTR, and the rpl20 coding sequence. This vector targets
mategration of the selection marker cassette approximately 400bp 3° of the stop codon of the pshd gene.

(86531} Transforming DNA was miroduced 8o 5. dimorphus via particle bombardment {as described in EXAMPLE
1y with DNA carried on 550 nm gold particles, @ 500 psi and a shooting distance of dcm. Transformants were selected
by growth on HSM media + oM DCMU under constant light 100-200uE @ RT for approxinwately 3 weeks.

130532} To determine if the transformants were resistant to chloramphenicol (CAM), they were patched onto TAP agar
medinm containing 25ug/mL. CAM. In all cases, the DCMU transformants were also resistant o CAM indicating that
the CAT cassetie was incorporated into the genome.

180533} One of skill in the art will appreciate that many other methods known in the art may be substituted in hieu of
the ones specifically described or referenced.

180534} Example 3: Use of Chloramphenical Acetyl Transferase as a Selection Marker in 5. dimorphius

1605358} In this example. a nucleic acid encoding chloramphenicol acetyl transferase gene (CAT) from £, coli was
introduced mto S. dimorphus. Transforniing DNA is shown graphically in Figure 5. In this instance the DNA segment
fabeled “CAT” is the chloramphenicol acetyl transferase gene (SEQ ID NO: 28), the segment labeled “tafA” is the
promoter and 5° UTR sequence for the psbD (SEGQ 1D NO: 40) or jufd gene (SEQ 1D NO: 42)from 8. dimorphus, and
the segment labeled “tbel 37 7 is the 3" UTR for the rbol gene from S, dimorphus (SEQ ID NG: 57). The selection
marker cassette is targeted to the S dimorphus chioroplast genome via the segments labeled “Homology A7 and
“Homology 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 available from NCBI for S obfiguus, NC 008101 on

the §” and 37 sides, respectively. Al DNA segments were subeloned mto pUC 18, All DNA mampudations carnied out in
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the construction of this transforming DNA were essentially as described by Sambrook et al., Molecular Cloning: A
Laboratory Manuat (Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Meth Enzymol. 297, 192-208, 1998,
(80838} Transforming DNA was introduced into S. dimorphus via particle bombardment according to the method
deseribed in EXAMPLE § with DNA carried on 350 nm gold particles @ 500psi and a shooting distance of dom.
Transformants were selected by growth on TAP agar medivm + 25 gg/mb chloranphemcol (TAP-CAM) under
constant light 50-100uE (@ R7T for approximately 2 weeks. Transformants were patched onto TAP-CAM agar medium,
grown for 4 days under constant fight.

160537} 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 amplify the entire 660 bp gene (SEQ ID NO:
18 and SEQ ID NG: 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
fadder iz a 1 kb ladder.

160538} 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.

Fe8539] Example 4: Production of Endoxvianase m S, dimorphus

(60548} In this example a nucleie acid encoding endoxylanase from 7. reesei was introduced into S, dimorphus.
Transforming DNA (p04-31} is shown graphically m Figare 7. In this mstance the DNA segment Iabeled “BD117 15
the endoxylanase encoding gene (SEQ IDNO: 21, BD1 1), the segment labeled “psbD” 1s the promoter and 5" UTR for
the psbl} gene from 8. dimorphus, the segment fabeled “D1 377 18 the 37 UTR for the pshd gene from § dimorphus, and
the segment labeled “CAT” 13 the chloramphenicol acetyl transferase gene (CAT) from £, coli, which is regulated by
the promater and 57 UTR sequence for the /4 gene from 8. dimorphus and the 3° UTR sequence for the ricl gene
from 8. dismorphus. The transgene expression cassetic and selection marker are targeted to the S. dimorphus chloroplast
genome via the segments labeled “Homology A” and “Homology B” which are approximately 1008 bp fragments
homelogous to sequences of DNA adjacent to nucleotide 071,366 (Stte |; mucleotide locations according to the
sequence available from NCBI for 8. obliquus, NC_088101) on the 5” and 3° sides, respectively. Al DNA segments
were subcloned into pUC I8 {gutess pUC). ADNA manipolations carried out wn the construction of this transforroig
DINA were essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Laboratory Press 1989) and Cohen et al., Meth. Enzymol 297, 192-208, 1998,

(005411 Transforming DNA was introduced into S. dirmorphus via particle bombardment according to the method
deseribed in EXAMPLE 1 with DNA carried on 350 no gold pacticles{@ 500psi and a shooting distance of 4om.
Transformants were selected by growth on TAP-CAM agar maedivn under constant light 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked onto TAP-CAM agar medium to ensure single colony isolation
and grown for 4 days under constant fight.

(00542} Transformants were analyzed by PCR screening (as described in EXAMPLE 1), The degree to which the
transforming DNA was integrated into the chioroplast genome was determined using primers that amplify a 400 bp
constant region {SEQ ID NO: 1 and SEQ D NO: 2) and a 250 bp region spanning the mtegration site (SEQ ID NO: 3
and SEQ 1D NO: 4). Integration occurs approximately 1000bp 57 of the start codon of the psh4 gene. Figure 8 shows

that subclones from two independent transformants {parent 2 and 4) are homoplasmic, t.e.. only the constant region
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{400bp produact) was amplified, while in the control reactions (wt) both the constant region and the region spanning the
integration site {250bp) were amplified.

[80843} To ensure that the presence of the endoxylanase-encoding gene led to expression of the endoxylanase protein. a
Western blot was performed. Briefly, approximately 1x10° to 2x10° algae cells were collected from TAY agar medium
and resuspended in approximately 1mL BugBuster solution (Novagen) m a 1.5mL eppendorf tube. 1.0 mm Zirconia
beads {(BioSpec Products, Inc) were then added to fill the tube with nunimal headspace, ~500ul. of beads. Cells were
tysed in a bead beating apparatus {Mirnd Beadbeater™, BioSpee Products, Inc.) by shaking for 3-3 mimutes three times.
Cell lysates were olarified by centrifugation for 15 minutes at 20,800g and the supernatants were normalized for total
sohuble protem {Coomassie Plus Protein Assay Eit, Thermo Scientific). Samples were mixed 1:4 with loading buffer
{XT Sample Buffer with -mercaptosthanol, Bio-Rad), beated to 98°C for 5 run, cocled 1o 23°C, and proteins were
separated by SDS-PAGE, followed by transfer to PVDF membrane. The membrane was blocked with Starting Block
T20 Blocking Buffer (Thermo Scientific) for 15 min, incubated with horseradish peroxidase-linked anti-FLAG antibody
{difuted 1:2,500 in Starting Block T20 Blocking Buffer) at 23°C for 2 hours, washed three times with TBST. Proteins
were visualized with chermibiminescent detection. Results from mudtiple clones (Figare 9, parent 2 and 4) show that
expression of the endoxylanase gene i S, dimorphos cells resolied i production of the protein.

(60544} To determine if the endoxylanase produced by transformed algae cells was fimctional, endoxylanase activity
was tested using an enzyme function assay. Briefly, algac cells were collected from TAP agar mediom and suspended in
BugBauster schution (Novagen). Cells were bysed by bead beating using zivconium beads. Cell Iysates were clarified by
centrifugation and the sopernatants were normalized for total sohuble protem {Coomassie Plos Protein Assay Kit,
Therrao Scientific). 100 ul. of cach sample was mixed with 10 ul of 16X xylanase assay buffer (1M sodium acetate,
pH=4.8) and 50 ul of the saraple mixture was added to one well in a black 96-well plate. EnzCheck Ultra Xylanase
substrate (Invitrogen) was dissolved at a concentration of 50ug/mi w 100mM sodium acetate pH 4.8, and 50 L of
substrate was added to each well of the microplate. The fiuorescent signal was measured in a SpectraMax M2
microplate reader (Molecular Devices), with an excitation wavelength of 360 nm and an emission wavelength of 460
nim, without a cutoff filter and with the plate chamber set to 42 degrees Celsius. The fluorescence signal was measuared
for 15 minutes, and the enzyme velocity was calculated with Softmax Pro v3.2 {Molecular Devices). Enzyme velocities
were recorded as R¥U/minuvte. Enzyme speeific activities were calcunlated as milliRFU per minate per ug of total
soluble protein. Figure 18 shows that endoxylanse activity is at least 4 fold higher in transformants than in wild type
cells and similar in velocity to a positive control {(Chlamydomonas expressing endoxylanse algae cells).

80545} These data demonstrate that the chloroplast of 8. dimorpéius can be transformed with foreign DNA containing
an expression casseite with a selectable marker and a separate expression cassette with a gene encoding an
endoxylanase, 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 licu of the ones specifically described or referenced.

[68546] Example 3. Production of FPF Svynthase in S. dimorplius

(68547} In this example a nucleie acid encodimg FPP synthase from G gallus was introduced nto S. dimorphus.
Transforming DINA 1s shown graphically in Figure 11, In this instance the DNA segment labeled "Is097 15 the FPP
synthase encoding gene (S3EQ 1D NO: 23 1s09), the segment {abeled “psbDy” i3 the promoter and 57 UTR for the psbD
gene from S, dimorphus, the segment labeled “D1 3"UTR 1s the 37 UTR for the psb4 gene from S, dimorphus, and the

segment labeled “CAT” is the chloramphenicol acetyl transferase gene (CATY from £ cofi, which is regolated by the
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promoter and 5" UTR sequence for the tuf4 gene from 8. dimorpiius and the 37 UTR sequence for the #bol gene from S
dimorphus. The transgene expression cassette and selection marker are targeted to the S. dimorpfius 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 8. obliguus, NC _008101) on the 5" and 37 sides, respectively. Al DNA segments were subeloned into
pUC 18 (gutless pUC). All DNA manipulations carried out in the construction of this transforming DNA were
essentially as desenibed by Sambrook et al., Molecolar Cloning: A Laboratory Manaal (Cold Spring Harbor Laboratory
Press 1989) and Cohen et al., Meth. Enzvmol, 297, 192-208, 1998,

(80548} Transforming DNA was infroduced into S dimorphus via particle bombardment according to the method
desenibed in EXAMPLE 1 with DNA carnied on 550 i gold particlest@ 500psi and a shooting distance of 4em.
Trausformants were selected by growth on TAP-CAM agar medivm under constant hight 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked outo TAP-CAM agar medium to ensure single colony isolation
and grown for 4 days ander constant hight.

(80549} Transformants were analyzed by PCR screening (as descnibed in EXAMPLE 1), The degree to which the
transforming DNA was integrated nto the chloroplast genome was determined vsing primers that amplify 2 400 bp
constant region (SEQ ID NO: | and SEQ 1D NO: 2) and a 258 bp region spaoning the wtegration site (SEQ 1D NG: 3
and SEQ ID NO: 4}, Figure 12 shows that seven ndependent transformants are bomoplasmic, 1.e., only the constant
region (400bp product) was amplified, while in the control reactions (WT) bath the constant region and the region
spanping the integration site (250bp) were amplified.

(30558} To ensuvre that the prescoce of the FPP synthase-cacoding gene led to expression of the FPP synthase protein, 2
Western blot was performed (as deseribed 10 EXAMPLE 4). Results from multiple clones (Figure 13) show that
expression of the FPP synthase gene in 8. dimorpius cells resulted 1 production of the protein,

180551} To determine if the FPP synthase produced by transformed algace cells was functional, FPP synthase activity
was tested nsing an enzyme function assay. Algae cells were harvested from TAP media, resuspended 10 assay buffer
(35M HEPES, pH 7.4, 10mM MgClL, SotM DTT) and lysed using zirconmm beads in a bead beater. Crude lysate was
clarified by centrifugation at 15,000 rpm for 20min. Isopentenyt diphosphate (IPP) and dimemthylallyl diphosphate
(DMAPP) were added to clarified lysates and the reaction allowed to proceed at 30C overnight. Reactions were then
CIP treated for 4-6hours @ 37C n glycine buffer, pH 10.6, SoM ZnCl,. The samples were then overfayed with heptane
and analyzed via GC/MS (Figures 14A 1o G). Additionally, IPP, DMAPP and £. coli purified amorpha-4, 11-dienc
were added to clarified lysates, the reactions allowed to proceed at 30 °C overnight, overlayed with beptane and
analyzed via GU/MS (Figures 15A to G). For both methods, the diagnostic ions at m/Z 204 and 189 were detected in
the engineered S. dimorphus, but not in the wt samples.

[60552} These data demonstrate that the chloroplast of 8. dimorpéius can be transformed with foreign DNA containing
an expression casseite with a selectable marker and a separate expression cassette with a gene encoding an FPP
synthase, and the expressed protems are functional. 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.

[68553) Example 6: Production of Fusicoccadiene Svnthase in S, dimorphus

160554} In this example a nucleic acid encoding fusicoccadiene synthase from £, amygdali was introduced into S

dimorphus. Transforming DNA is shown graphically in Figure 16, In this instance the DNA segment labeled “Is887 15
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the fusicoccadiene synthase encoding gene (SEQ 1D NO: 25, 1s88), the segment labeled “psbD” is the promoter and 57
UTR for the psbD gene from S dimorphius, the segment labeled “D1 37 715 the 3” UTR for the psbA gene from S
dimorphus, and the segment labeled “CAT™ is the chioramphenicol acetyl transferase gene (CAT) from £. cofi, which is
regulated by the promoter and 5° UTR sequence for the ri/4 gene from S. dimorphus and the 3” UTR sequence for the
rocl gene from S. dimorphus. The transgene expression cassette and selection marker are targeted to the S. dimorphus
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 o
the sequence available from NCBI for § obliguus, NC 008181} on the 57 and 37 sides, respectively. Al segments were
subcloned mto pUCTS. All DNA mampuations camied out in the construction of this transforming DNA were
essentially as desenibed by Sambrook et al., Molecolar Cloning: A Laboratory Manaal (Cold Spring Harbor Laboratory
Press 1989) and Cohen et al., Meth. Enzvmol, 297, 192-208, 1998,

(805855} Transforming DNA was introduced into S dimorphus via particle bombardment according to the methed
desenibed in EXAMPLE 1 with DNA carnied on 550 i gold particlest@ 500psi and a shooting distance of 4em.
Trausformants were selected by growth on TAP-CAM agar medivm under constant hight 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked outo TAP-CAM agar medium to ensure single colony isolation
and grown for 4 days ender constant hight.

[B0556} To determine 1f funchional fusicoccadiene synthase 18 produced by transformed algal cells, cultures (2mi) of
gene positive, homoplasoue algae were collected by centrifugation, resuspended in 250ul of methanol, and 560ul of
saturated NaCl in water and 500u1 of petrolenum ether were added. The sclution was vortexed for three mimates, then
ceptrifoged at 14,000g for five momutes at roorn teraperature to separate the organic and agoeous layers, The organic
layer (100ul) was transferred to a vial insert 10 2 standard 2md sample vial and analyzed using GC/MS. The mass
spectrom at 7.617 minstes for the sample from the engroeered 5. dimorpins s obtaiped. The diagnostic ions at yo/Z=,
229, 135, and 122 are present in this spectrum, demonstrating the preseace of fusicocca-2,10 (14)-diene and indole
(Figure 17 and Figure 18},

(30557} These data demonsirate that the chioroplast of S. dimorphus can be transformued with foreign DNA containing
an cxpression casseite with a selectable marker and a separate expression cassette with a gene encoding 2
fusicoccadiene synthase that produces a novel hydrocarbon in vivo. One of skill in the art will appreciate that many
other methods known in the art may be substituted in ficu of the ones specifically described or referenced.

[60558] Exarople 7: Production of Phvtase wn 8. dimorphus

180559} In this exanple a nucleic acid encoding phytase from £. coli was introduced into S, dimorphus. Transforming
DNA is shown graphically in Figure 19, In this instance the DNA segment labeled “FD6” is the phytase encoding gene
{SEQ D NO: 26, FDé), the segment labeled “psbD” is the promoter and 537 UTR for the psbD gene from 8. dimorphus,
the segment labeled “D1 37 7 s the 37 UTR for the psb4 gene from 8. dimorphus, and the segment labeled "CAT”™ is the
chioramphenicol acetyl transferase gene (CAT) from E. cofi, which is regulated by the promoter and 5 UTR sequence
for the fuf4 gene from S dimorphus and the 3° UTR sequence for the rbel gene from & dimorphus. The transgene
expression cassette and selection marker are targeted to the S, dimorphus 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 sequence available from NCBI for 8.

obliguus, NC 008101} ont the 5" and 37 sides, respectively. All DNA segments were cloned mto pUC19. AH DNA
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manipulations carried out in the construction of this transforming DNA were essentially as described by Sambrook et
al., Molecular Cloning: A Laboratory Mamual (Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Med.
Enzymol. 297, 192-208, 1998,

(80568} Transtforming DNA was introduced into S. dimorphus via particle bombardment according to the method
deseribed in EXAMPLE § with DNA carried on 350 nm gold particles @ 500psi and a shooting distance of dom.
Transformants were selected by growth on TAP-CAM agar medivm under constant light 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked outo TAP-CAM agar medium to ensure single colony isolation
and grown for 4 days ander constant hight.

(805861} Transformants were analyzed by PCR screening (as descnibed in EXAMPLE 1} and homoplasmic clones were
wdentified and subcoltured for further studies.

(805862} To ensvre that the presence of the phytase-encoding gene led fo expression of the phytase protein, 3 Western
biot was performed (as descrnibed in EXAMPLE 4). Results from multiple clones (Figare 28} show that expression of
the phytase gene S, dimorphus cells resulted n production of the protem.

(80563} One of skill in the art will appreciate that many other methods known 1o the art may be substituted w hew of
the ones specificatly deseribed or referenced.

(86564} Exaraple 8: Use of Ervthromycin Esterase as a Selection Marker in 8. dimorphus and 8. obliguus

(86565} In this cxample, a nucleic acid encoding erytheoraycin esterase gene (EreB) (SEQ 1D WNO: 29) from E. cali was
mtroduced into S dimwpm,'s Transforming DNA is shown graphically in Figure 21, Ip this instance the DNA
segroent Iabeled “EreB ec” is the erythromycio esterase gene (EreB) from . codi, the segraent Iabeled “pshId” is the
promoter and 37 UTR sequence for the psbD gene from S, dimorphius, and the segment labeled “ DI 37 71 the 37 UTR
for the psbA gene frore S. dimorphus. The selechion marker cassette is targeted to the S, dimorphus chlovoplast genome
via the segments labeled “Hormology A” and “Homology B” which are approxirately 1000 bp fragments homalogous
to sequences of DNA adjacent to nucleotide 071,366 (Site 1; nucleotide locations according to the sequence available
from NCBI for & edfliguus, NC _008101) on the 57 and 37 sides, respectively. All segments were cloned into pUCT9.
Al DNA manipulations carried out in the construction of this transforming DNA were essentially as described by
Sambrook et al., Molecular Cloning: A Laboratory Mamual (Cold Spring Harbor Laboratory Press 1989) and Cohen et
al., Meth. Enzymol. 297, 192-208, 1998,
[80566] Transforming DNA was infroduced into 5. dimorphus via particle bombardment according to the method
described in EXAMPLE 1 with DNA carcied on 550 om gold particles @ 500psi and a shooting distance of 4cru.
Transformants were selected by growth on TAP agar medium + 50 ug/mb erythromyecin (TAP-ERMS0} under constant
hight 50-100uE @ RT for approximately 2 weecks. Transformants were streaked onto TAP-ERM30 agar medium to
ensure single colony isolation and grown for 4 days vnder constant light.
1085671 Transformants were analyzed by PCR screening (as described in EXAMPLE 1), The presence of the ErcB
sclection marker was deteomined using primers that amplify 2 553 bp region within the gene (SEQ ID NO: 7 and SEQ
1D NO: 8). Figure 22 shows that the EreB gene (SEG 1D NG: 29) was amplified from DNA from several fransformants
but not from wildtype DNA from & dimorphus.
(80568} One of skill in the art will appreciate that many other methods known in the art may be substituted in hicu of
the ones specifically deseribed or referenced.

[00569] Example 9: Use of codA as a Selection Marker in S, dimorphus
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(80878} In this example, a nucleic acid encoding cytosine deaminase gene {codA) from £. coli was introduced into S.
dimorphus. Transforming DNA is shown graphically in Figare 23. In this instance the DNA segment labeled “codA
cr” is the codA encoding gene {SEQ 1D NO: 31, codA), the segment labeled “pabD” is the promoter and 5’ UTR for the

pshbld gene from 8. dimorphus, the segment labeled * D1 377 15 the 3" UTR for the psbA gene from S. dimorpfus, and

o

the segment labeled “CAT” 1s the chloramphenicol acetyl transferase gene (CAT)Y from £, coli, which is regulated by
the promoter and 5" UTR sequence for the 1u4/4 gene from S, dimorphus and the 3" UTR sequence for the rhel gene from
8. dimorphus. The transgene expression cassette and selection marker are targeted to the 8. dimorphus chloroplast
genome via the segments labeled “Homology A” and “Homelogy B” which are approximately 1000 bp fragments
homologous to sequences of DNA adjacent to nucleotide 071,366 (Site 1; nucleotide locations according to the
sequence available from NCBI for 8. obfiguus, NC_008101) on the 57 and 37 sides, respectively. Al DNA segments
were cloned into pUC 19, All DNA manipolations carried oot m the construction of this transforming DNA were
essentially as desenibed by Sambrook et al., Molecolar Cloning: A Laboratory Manaal (Cold Spring Harbor Laboratory
Press 1989) and Cohen et al., Meth. Enzvmol, 297, 192-208, 1998,

(80871} Transforming DNA was introduced into S dimorphus via particle bombardment according to the method
desenbed in EXAMPLE 1 with DNA carried on 550 am gold particles @ 500psi and a shooting distance of dom.
Transforruants were selected by growth on TAP-CAM agar medwnm under constant hght 50-180uE @ RT for
approxiruately 2 weeks, Transformants were steeaked onto TAP-CAM agar medium to eusure single colony solation
and grown for 4 days ender constant hight.

[B0572) Transformants were analyzed by PCR screening (as descubed wn EXAMPLE 1) and bomeplasmic clones were
wdentified and subcoliured for further studies.

[B0573} To determine if fupchional codd 15 produced by transformed algae cells, cells were growa in TAP meedia to log
phase, pelleted and resuspended to 10° cells/mL and plated onto TAP agar medivm containing lmg/mL 5-

g/mL SFC, while transformants

fluorccytasine (SFC). Wildtype S. dimorphus, sarvives on TAP agar containing I mg
containing the transgene do not {Figure 24). These daia demonstrate that the chloroplast of S dimorphus can be
trapsformed with forcign DNA containing an expression cassette with a selectable marker and a separate expression
cassette with a gene encoding a cytosine deaminase producing & cell with 2 negatively selectable phenotype.

1B0574] This 8 dimorphus homoplasmic codA line can now be transformed with either 1) 2 vector containing a 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 medium, selected for on medinm containing 5FC, or 2) a vector containing a
gene of interest cassetie linked with an EreB cassette at site | and selected on medium containing erythromyein. In this
instance, transformants can be streaked onto TAP medivm + S0ug/mb erythromyein for single colony isolation and
subclones can be patched onto TAP -+ Img/mL 5FC to select for clones homoplasmic for the EreB cassette.

1605751 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.

189576} Example 10: Use of codA as a Selection Marker of 8. obliguus

180577} In this example. a nucleic acid encoding cytosine deaminase gene {codA) from £. coli was introduced into S.
obliguus. Tranzforming DNA is shown graphically in Figure 23. In this mstance the DNA segment labeled “codA o
is the codA encoding gene (SEQ 1D NO: 27, codA), the segment labeled “psbD” is the promoter and 5" UTR for the

pshD gene from 8. dimorphus, the segiment labeled “D1 37 7 s the 3 UTR for the psbA gene from 8. dimorphus, and
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the segment labeled “CAT” is the chloramphenicol acetyl transferase gene (CAT)Y from £, coli, which is regulated by
the promoter and 5" UTR sequence for the 1u4/4 gene from S, dimorphus and the 3" UTR sequence for the rhel gene from
8. dimorphus. The transgene expression cassette and selection marker are targeted to the S. obliguus chloroplast
genome via the segments labeled “Homwology A” and “Homelogy B” which are approximately 1000 bp fragments
homologous to sequences of DNA adjacent to nucleotide 071,366 (Site 1; nucleotide locations according to the
sequence available from NCBI for 8. obliguus, NC_008101) on the 37 and 3” sides, respectively. All DNA segments
were cloned into pUCES. All DNA mampulations carnied out in the constraction of this transforming DINA were
essentially as desenibed by Sambrook et al., Molecolar Cloning: A Laboratory Manaal (Cold Spring Harbor Laboratory
Press 1989) and Cohen et al., Meth. Enzvmol, 297, 192-208, 1998,

(80878} Transforming DNA was infroduced into 5. obliguus via particle bombardment according to the method
desenbed in EXAMPLE 1 with DNA carried on 550 am gold particles @ 500psi and a shooting distance of dom.
Trausformants were selected by growth on TAP-CAM agar medivm under constant hight 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked outo TAP-CAM agar medium to ensure single colony isolation
and grown for 4 days ander constant hight.

(80879} Transformants were analyzed by PCR screening (as descnibed in EXAMPLE 1} and homoplasmic clones were
wdentified and subcnliured for further studies.

(30588} To determine 1f fupchional codA is produced by transformed algae cells, cells were plated onto TAP agar
roediurn contairung Lmg/ml. 5-fluorocytosie (SFC)Y. Wild type & dimorphus sorvived on TAP agar contaimag SFC,
while fransformants containing the transgene did not (Figure 24).

(86581} These data demonstrate that the chloroplast of S, obligrus can be transformed with foreign DNA containing an
expression cassctie with a selectable marker and 2 separate expression cassetie with a gene encoding a cytosine
deaninase producimg a cell with a negatively selectable phenotype

180582} This & obliguus homoplasmic codA tine can now be transformed with cither 1) a vector containing a 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 medium, selected for on medinm containing 5FC or 2} a vector containing a
gene of interest cassetie linked with an EreB cassette at site | and selected on medium containing erythromyein. In this
instance, transformants can be streaked onto TAP medive + 50ug/mlb erythromyein for single colony isolation and
subclones can be patched onto TAP + Img/mbL 5FC to select for clones homoplasmic for the EreB cassette.

[80583] One of skill in the art will appreciate that many other methods known in the art may be substituted in hieu of
the ones specifically described or referenced.

[68584) Example 11: Identification of Functional Promoters for Gene Expression in S dimorphus

605858} In this example. 8 promoters were amplified from S, dimorphus DNA and cloned upstream of the £, coli CAT
gene. Transforning DMNA (p04-1351) 15 shown graphically m Figure 89. In this instance the DNA scgment labeled
“CAT” 18 the chloramphenicol acety] transferase gene (CAT) from £, cofi (SEQ 1D NO: 28, CAT), the segment labeled
“tufA” is the promoter consisting of ~500bp of the 53° UTR seguence for the chff (SEQ 1D NO: 51), psh8 (SEQ ID NG:
39), psbA (SEQ 1D NGt 37), rpod (SEQ ID NO: 44), vbel (SEQ ID NQO: 49), cemd (SEQ ID NO: 45}, fisH (SEQ ID
NO: 47}, perA (SEQ 1D NO: 53), peiB (SEQ D NO: 55) genes from 8. dimorphus, and the segment labeled “D1 3 7 is
the 37 UTR for the psb4 gene from 8. dimorphus. The selection marker cassette is targeted to the 8. dimorphus

chioroplast genome via the segments labeled “Homology A” and “Homology B” which are approximately 1000 bp
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fragments homologous to sequences of DNA adjacent to nucleotide 071,366 (Site 1; nucleotide locations according to
the sequence available from NCUBI for § obliguus, NC 008181) on the 57 and 37 sides, respectively. All DNA segments
were subcloned into pUCTS. All DNA manipulations carried out in the construction of this transforming DNA were
essentially as deseribed by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory
Press 1989) and Cohen et al., Merh. Enzvmol. 297, 192-208, 1998,

(805888} Transforming DNA was introduced into S. dimorphus via particle bombardment according to the method
desenbed in EXAMPLE 1 with DNA carried on 550 am gold particles @ 500psi and a shooting distance of dom.
Transformants were sclected by growth on TAP agar medivm + 25 pg/mb chloraraphemicol (TAP-CAM) under
constant light 50-100uE (@ R7T for approximately 2 weeks. Each promoter chl8 (SEQ ID NO: 51, psh8 (SEQ ID NG
39), psb4 (SEQ 1D NG: 37), rpod (SEQ ID NO: 44), vbel (SEQ 1D NQO: 49), cemd (SEQ ID NO: 45}, fisH (SEQ ID
NO: 473, petA (SEQ 1D NO: 53), peiB (SEQ D NO: 535) gave rise to chloramphenicol resistant transformants indicating
that these promoter/ S'UTR fragnients were able to drive expression of the CAT gene.

[69587] Example 12; Muluple Gene Expression in S. dimorphus

(60588} In this example a nucleie acid encoding FPP synthase from G gallus and a mucleie acid encoding bisabolene
synthase from A grandis was introduced into 8 dimorphus. Transforming DNA is shown graphically in Figure 28. 1o
this instance the DNA segment labeled “1s097 1s the FPP synthase encoding gene (SEQ ID NO: 23, 1s89), the segment
labeled “psbDy” s the promoter and 57 UTR for the pshD gene from S0 dimorphus, the segment labeled “D1 37 7 s the 37
UTR for the psb4 gene from S, dimorphus, the segment labeled “Is1 17 1s the bisabolene synthase encoding gene (SEQ
ID NO: 35, IsG11}, the segment Iabeled "twfA” 15 the promoter and S"UTR for the /4 gene from § dimorphus, the
segment labeled “rbel” 1s the 3"UTR for the rbel gene from S dimorphus, and the segment labeled "CAT” 15 the
chloramphenicol acetyl transferase gene (CAT) from E. coli, which s regulated by the prorooter and 57 UTR sequence
for the pshD gene from S. dimorphus and the 37 UTR sequence for the psaB gene (SEQ 1D NO: 39rom 8. dimorphus.
The transgene expression cassette and selection raarker are targeted to the 8 dimorphus chloroplast genore via the
segments labeled “Homology A” and “Homology B” which are approximately 1000 bp fragments homologous to
sequences of DINA adjacent to nucleotide 071,366 (Site 1; nocleotide locations according fo the sequence available from
NCBI for 5. obliguus, NC_008101) oo the 5” and 37 sides, respectively, All DNA segraents were subcloned tnto
pUCHS, All DNA manipulations carried out 8 the construction of this transforramg DNA were essentially as descnbed
by Sambrook et al., Molecalar Cloning: A Laboratory Manunal (Cold Spring Harbor Laboratory Press 19%89) and Cohen
et al., Meth. Enzymol, 297, 192-208, 1998,

(60589 Transforming DNA was introduced into S. dirmorphus via particle bombardment according to the method
deseribed in EXAMPLE I with DNA carried on 550 nm gold pacticles @ 500psi and a shooting distance of dom.
Transformants were selected by growth on TAP-CAM agar maedivn under constant light 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked onto TAP-CAM agar medium to ensure single colony isolation
and grown for 4 days under constant fight.

(00596} Transformants were analyzed by PCR screening (as described in EXAMPLE 1) and homoplasmic clones were
identified and subcultured for further studies.

(80891} To ensure that the presence of the FPP synthase-encoding gene and the bisabolene-encoding gene led 1o
expression of the FPP synthase and bisabolene synthase proteins, 2 Western blot was performed {as described in

EXAMPLE 4). Proteins were visualized by a colormetric assay as per manufacturers mstructions (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 FPP
synthase gene (Is09) and bisabolene synthase (1311} in & dimorphus cells resulted in production of both proteins. WT is
untransformed S dimorphus. These data demonstrate that the chloroplast of 8. dimorphus can be transformed with a
veetor of foreign DNA containing an expression cassetie with a selectable marker and two separate expression cassette
with & gene encoding an FPP synthase and an E-afpha-bizabolene synthase, and that both proteins are expressed.

[00592) Example 13; Multiple Gene Expression in 8. dimorphus

(80593} In this example, a nucleic acid encoding endoxylanase from T reesei and chloramphenicol acetyl transferase
gene (CAT)Y from £ coli linked together by a ribosome binding sequence from E. cofi was imtroduced into S. dimorphus.
Transformung DNA {(BD11-RBS-CAT} is shown graphically 1n Figoure 27. In this instance the DNA segment labeled
“BD11” is the endoxylanase encoding gene (SEQ 1D NG: 21, BDI1), the segment labeled "CAT” s the
chioramphenicol acety! transferase encoding gene (SEQ ID NO: 28, CAT), the segment labeled “RBS17 15 the ribosome
binding sequence (SEQ ID NO: 60, RBS1), the segment labeled “psbDy” is the promoter and §* UTR for the pshD gene
from S. dimorphus, the segment labeled “psbA” 18 the 37 UTR for the psbd gene from S dimarphus, and the segment
labeled “CAT” is the chloramphenicol acetyl transferase gene (CAT) fom £. coli, which s regulated by the promoter
and 5 UTR sequence for the fu/d gene from S dimorphus and the 37 UTR sequence for the rhel gene from &
dimorphus. The transgene expression cassetic and selection marker are targeted to the S dimorphus chloroplast genome
via the segments labeled “Hormology A” and “Homology B” which are approxirately 1000 bp fragments homalogous
to sequences of BINA adjacent (o nucleotide 071,366 (Site 1; nucleotide locations according to the sequence available
from NCBI for 8. obliguus, NC_008101) on the 5” and 37 sides, respectively. Al DNA segments were subcloned nto
pUCES. Al DNA masipulations carried out in the construction of this transforming DINA were essentially as described
by Sambraok et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 1989} and Cohen
ot al,, Meth. Enzymol. 297, 192-208, 1998,

(80594} Transforming DNA was infroduced into 5. dimorphus via particle bombardment according to the method
described in EXAMPLE 1 with DNA carcied on 550 om gold particles @ 500psi and a shooting distance of 4cru.
Transformants were selected by growth on TAP agar medium + 25 ug/mb chloramphenicol. Transformants were
streaked onto TAP-CAM agar medium to ensure single colony isolation and grown for 4 days under constant light.
(60595} Transformants were analyzed by PCR screening (as described in EXAMPLE 1) and homoplasmic clopes were
udentified and subeudtvred for further stadies,

(80596 To ensure that the presence of the endoxyianase-encoding gene led to expression of the endoxylanase protein, a
Western blot was performed (as described in EXAMPLE 4). Results from multiple clones (Figure 28) show that
expression of the endoxylanase gene n §. dimorphus cefls resulted 1o production of the protein of expected molecular
weight and not of an endoxylanse-CAT fusion protein.

(805971 To determine if the endoxylanase produced by transformed algace cells was functional, endoxylanase activity
was tested using an enzyme function assay (as described in EXAMPLE 4). Figure 29 shows that endoxylanase activity
is detected 1o clanfied fvsates of S dimorphus engineered with the endoxylanase-RBS-CAT constract (operon 1 1,2 1,
(30898} To determine whether both enzymes are produced from the same transcript, RNA was isolated from wildtype
and engineered algae cells using the Concert Plant RNA Reagent kit (Invitrogen). RNA was DNase treated and cleaned

using the RNeasy clean up kit ((Jiagen). cDNA was synthesized from each of RNA using the iScrip kit (Biorad) and -
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reverse transcriptase (-RT) controls were included. cDNA {(and -R7T controls) was used as template in PCR with primers
that hybridize to the endoxylanase gene and the CAT gene (Figure 38A) (SEQ ID NO: 11 and SEQ ID RO: 12,
respectively) and amplify a product of 1.3kb. Figure 388 shows that a product of appropriate size was amplified from
cDNA templates from 4 of the 5 transformants indicating that in these lines, the endoxylanase and the CAT gene are
transcribed on a single transcript.

(80899} To further investigate variants of RBS1 {e.g., RB52) and to understand the strength of these RBS seguences to
reenit ribosomes, 2 nucieic acid encoding chloramphenieol acetyl transferase gene {CAT) from £. cofli and
endoxylanase from 7. reesei linked together by two distinet nbosome binding sequences from . coli were miroduced
wito S, dimorphus. Transforming DMNA (p04-231 or p04-232) 15 shown graphically in Figure 31, In this instance the
DNA segment labeled “CAT” 1s the chloramphenicol acetyl wansferase encoding gene (SEQ 1D NO: 28, CAT), the
segment labeled “BD11” s the endoxylanase encoding gene (SEQ ID NG: 21, BRI, the segment labeled “RBS1” 8
the ribosome binding sequence (SEQ ID NO: 60, RBS1}, the scgment labeled “RBS27 is the ribosome binding
sequence (3EQ ID NO: 61, RBS2) the segment labeled “psbD” s the promoter and 5” UTR for the psbD gene from S.
dimorphus, the segment fabeled “D1 37 7 18 the 37 UTR for the pshd gene from 8 dimorphus. The transgene expression
cassette and selection marker are targeted to the 8 dimorphus chloroplast genome via the segments labeled “Homology
A” and “Horeology B” which are approxiraately 1900 bp fragraents bornologous to sequences of DNA adjacent to
nucleotide 071,366 (Site 1; pucleotde locations according to the sequence avadable from NCBI for 8. obliguus,

NC _0081G1y onthe 57 and 37 sides, respectively. All DNA segments were subeloned mato ptUC19, AHDNA
roampuiations caried out in the construction of this transforming DNA were essentially as described by Sambrook et
al,, Molecular Cloning: A Laboratory Maoual (Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Med
Frzymol, 297, 192-208, 1998,

(86688} Transforming DNA was miroduced o 5. dimorphus via particle bombardment according to the method
described in EXAMPLE 1 with DNA carcied on 550 om gold particles @ 500psi and a shooting distance of 4cru.
Transformants were sclected by growth on TAP agar medium + 25 ng/mL chioramphenicol. Transformants were
streaked onto TAP-CAM agar medium to ensure single colony isolation and grown for 4 days under constant light.
(68681} Transformants were analyzed by PCR screening (as described in EXAMPLE 1) and homoplasmic clopes were
udentified and subeudtvred for further stadies,

(606821 To determune f the endoxylanase produced by transformed algae cells was functional, endoxylanase activity
was tested using an enzyme function assay {as described m EXAMPLE 4). Figure 32A shows that RBS1  between the
two genes produces xylanase activity, hbowever RBS2 does not produce active xylanase (Figure 32B).

(60683} These data demonstrate that the chloroplast of 8. dimorphus can be transformed with 2 vector of foreign DNA

containing an expression cassette that consists of a gene of interest linked 1o a selectable marker by a mucleotide

“

equence, allowing for the expression of multiple genes from one transcript, in this case a gene encoding an
endoxylanase and a gene encoding chioramphenicol acetyl trapsferase. One of skill in the art will appreciate that many
other methods known 1o the art may be substituted 10 lieu of the ones specifically described or referenced.

(86684} Example 14: Use of Conserved Gene Cluster for an Integration Site in S, dimorphus

(80685} In this example, a nucleic acid encoding chloranmphenicol acetyl transferase gene from £, cofi was introduced
ko S. dimorphus. Transforming DNA is shown graphically in Figure 33, In this instance the DNA segment labeled

“CAT” 1s the chioramphenicol acetyl transferase gene from £, cofi, the segment labeled "tufA” is the promoter and §°



WO 2011/034863 PCT/US2010/048828
74

UTR sequence for the suf4 gene from 8 dimorphus, and the segment labeled “rbel” s the 37 UTR for the rbel gene
from S. dimorphus. The selection marker cassette 1s targeted to the S. dimorphus chloroplast genome via the segments
labeled “Homology A1” and "Homology B1” which are approximately 1000 bp fragments homologous to sequences of
DNA in the psbB-psbT-psbN-psbH cluster wherem the CAT cassetie is mserted between psbT and psbN. Al DNA
segments were subcloned into pUC19. All DNA manipulations carried out in the construction of this iransforming DNA
were essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Laboratory Press 1989) and Cohen et al., Meth. Enzymol. 297, 192-208, 1998,

(80686} Transforming DNA was infroduced into S dimorphus via particle bombardment aceording to the method
desenbed in EXAMPLE 1 with DNA carried on 550 am gold particles @ 500psi and a shooting distance of dom.
Transformants were sclected by growth on TAP agar medivm + 25 pg/mb chloraraphemicol (TAP-CAM) under
constant light 50-100uE (@ RT for approximately 2 weeks. Transformants were streaked onto TAP-CAM agar medium
to ensure single colony isolation and grown for 4 days under constant light.

160667 Cells from the transformants were analyzed by PCR screening {as described m EXAMPLE 1). The degree to
which the fransforming DNA was integrated into the chioroplast genome was determined using primers that amplify a
250 by constant region {SEQ D NG: 3 and SEQ [D NO: 4} and a 400 bp region spanning the integration site (SEQ ID
NG 135 and SEQ D NO: 16}, The homology regions target the integration site, the region of the chioroplast genome
between psbT and psbN, approximately nucieotide 859,687 (nucleotide locations according to the seguence available
from NCBI for S, obliguus, NC_008101). Figure 34 shows that sebelones from clone 52 are homoplasnuc, t.e., only the
constant region {258bp product) was amplified, while in the control reactions (WT} both the constant region and the
region spanning the integration site {480bp) were amphified. Clone 6 is another parental clone, however subelones from
clone & are not completely homoplasmic as the spanming region s still amplified. These data indicate that the psbR-
pshH cluster can be utitized as an indegration sife 1 engineering S. dimorphus.

(88688} Omne of skill in the art will appreciate that many other methods known in the art may be substituted in ficy of
the ones specifically described or referenced.

[68689] Example 15 Strategy to Generate Markerless Transgenic S, dimorphus

(60638} In this exarople, the ransgenic line generated 10 EXAMPLE 12, was used to wocudate nonselective raedia, A

saturated culture was diluted 1:300 in nonselective media, allowed to grow fo saturation and diluted 1:4 in nonsclective
media. Once saturated, the coltare was plated ondo nonsclective TAP medium to ensure single colony formation. Single
clones were then patched to 1) nonselective TAP medivm and 2 TAP-CAM oedinnt. Clones that fatled to grow on

TAP-CAM were further analyzed by PCR.

(88611} Figure 35 A 1s a graphical representation of the transforming DNA (top) and loopowt product (bottorn) that
resplts from recombination at the identical D2 (psbD) promoter segruents, HR-A & HR-B represent the homology
regions. [ 37, psaB 37 and rhell represent the pshA 3'UTR, psaB 3'UTR, aond rbel. 3"UTR, respectively. D2 and tufA

i5 the psbD and twfA proraoter, respectively. 1809 13 FPP synthase and 18611 s bisabolene syothase.

(60612} To confirm the absence of the CAT gene, two methods were employed. First, PCR was performed using
primers that amplify a 2.5kb +CAT fragroent and/or a 700bp ~CAT fragroent (SEQ 1D NG: 9 and SEQ 1D NO: 16),
Figure 35 B s an agarose gel showing that in subclones of the #74 transformant only the 700bp —CAT product was

araphfied while in the plasmid DNA control, the 2.5kb +CAT fragment was amplified. The presence of the 700bp
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product in the plasmid DNA control i3 likely the result of recombination in the £. cofi host as it is RecH+. Primers 7117
& 7119 (SEQ ID NO: 9 and SEQ 1D NO: 10) were uzed to amplify the products. The “markerless” transgenic 5.
dimorphus shows amplification of 700bp -CAT loopout fragment and failure to amplify the 2.5kb +CAT fragment in
subclones of clone #74.

(80613} Second, PCR was performed using primers that amplify the 660bp CAT gene (SEQ IDNO: 18 and SEQ ID
NO: 19}, and etther primers that amplify a 1.3kb constant region of the psb4 gene (SEQ 1D NO: 13 and SEQ 1D NO:
14} or those that amplify a 408bp constant region of the psb4 gene (SEQ ID NO: | and SEQ ID NO: 2). Figare 36
shows that only the constant fragment was amplified in the #74 markerless line, while the CAT gene was amplified in
the parental line that was always kept on CAT selection. Panel A shows nmltiplex PCR using primers that amplify a
66Gbp CAT fragment and primers that amplify a 1.3kb constant region of the endogenous psbA gene. Only the 1 3kb
constant region is amplified in the #74 markerless potential. Panel B shows nmltipiex PCR using primers that amplify a
66Gbp CAT fragment and primers that amplify a 408bp constant region of the endogenous pshA gene. Only the 400bp
constant region is amplified in the #74 markerless potential. The PCR reactions in both panel A and panel B had a 50-60
degree Celcius annealing gradient to rule out the possihility that the annealing of the primers was temperature sensitive.
(80634} These data demonstrate that S, dimorphus clones can be obtained consisting of a genetically engineered
chloroplast and without an antibiotic resistance marker,

[B06315}) Ooe of skill in the art will appreciate that many other methods known 1o the art raay be substitted w heou of
the ones specifically deseribed or referenced.

(88616} Examaple 16: Use of Betaine Aldehvde Dichvdrogenase to Uonfer Salt Tolerance and/or as a Negative Sclection

Mechanizm

(86617} In this cxample, a nucleic acid sequence encoding betaine aldehyde debydrogenase from spinach or sagar beet
was engrocered into S, dimorphus (as described in EXAMPLE 4). Transforraing DNA is showa graphically 1o Figure
37. Inthis instance the DNA segment labeled “BADI or BAD4” is the betaine aldehyde dehydrogenase encoding gene
from spinach (BAD ) or sugar beet (BAD4) (SEQ ID NO: 32, BADI or SEQ 1D NO: 34, BAD4), the segment labeled
“psb D’ is the promoter and 57 UTR for the psbD gene from 8. dimorphuy, the segment labeled “rbel.” is the 3" UTR for
the psbd gene from S, dimorphus, and the segment labeled “CAT” is the chloramphenicol acetyl transferase gene from
E. coli, which is regulated by the promoter and 57 UTR sequence for the /4 gene from S. dimorphus and the 37 UTR
sequence for the rocl gene from S. dimorphus. The transgene expression cassette and selection marker are targeted o
the 8. dimorphus chloroplast genome via the segmeats {abeled “Homology A” and “Homology B” which are
approximately 1006 bp fragments homologous to sequences of DNA adjacent to nucleotide 071,366 (Site 1; nucieotide
focations according to the sequence available from NCBI for 8. obfiguus, NC 008101} on the 5" and 37 sides,
respectively. All DNA segments are subcloned into pUCIT9. All DNA manipulations carried out in the construction of
this transforming DNA were essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Manual
{Cold Spring Harbor Laboratory Press 1989} and Cohen et al,, Methi. Enzymol. 297, 192-208, 1998,

160618} Transforming DNA was introduced into 8. dimorphus via particle bombardment according to the method
described in EXAMPLE 1 with DNA carried on 550 nm gold particles @@ 500psi and a shooting distance of 4cm.
Transformants were selected by growth on TAP-CAM agar medium under constant light 50-100aE @ RT for
approximately 2 weeks. Transformants were streaked onto TAP-CAM agar mediun: to ensure single colony isolation

and grown for 4 days under constant light.
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(80619} Transformants were analyzed by PCR screening (as described in EXAMPLE 1} and homoplasmic clones were
identified and subcultured for further studies.

(80628} To ensure that the presence of the betaine aldehyde 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 tag and the primary antibody was an anti-HA HRP conjugated antibody {clone 3F10, Roche) in which a
1:16,000 dilution of a S0U/mL stock was used as the antibody solution. Results from multiple clones (Figure 38) show
that expression of the BAD gene from spinach and from sugar beet gene 1 S, dimorphus cells resulted in prodoction of
the protein.

(80621} To determine if this protein confers salt toleranee or causes the cells to become sensitive to betaine aldehyde
{and therefore allows this stramn to be used in negative selection experiments as proposed in examples 9 and 16), cells
expressing the BAD genes can be grown side-by-side with wildtype cells and the media supplemented with increasing
concentrations of salt and/or betaine aldehyde.

(80622} One of skill in the art will appreciate that many other methods known 1o the art may be substitted w hew of
the ones specificatly deseribed or referenced.

(86623} Example 17: Development of 4 Transformation System for 3. fertiolecta

(86624} In this cxample, a method for transformation of D fertivlecia is described. Algae cells are grown to log phase
{approximately 5.0 x 10° celle/mL) in G32 medium (32g/L NaCl, 0.6476mM CaCl, 8.162mM H.BO,, 0.406mM

Mg, 504, 0.50021mM NaV3;, 5g/L bicarbounate, 12.9mb/L cach of F/2 A and B algae food {(Aguatic Eco-systems,
Inc.}y at 23°C under constant dinmination of 30-1G0uE on a rotary shaker set at 100 rpro. Cells are barvested at 1000 x
g for § min. The supernatant is decanted and cells are resuspended in G32 media at 10° cells/mL. 5 x 107 celis are
spread oo selective agar medivm and transformed by particle bombardraent with 530 v diameter gold particles
carrying the transforming DNA @ 300-460psi with the Helios Gene Gun (Bio-Rad) from a shot distance of 4o,
Desired algae clones are those that grow on selective nedia.

180625] PCR is used to identfy transformed algae strains. For PCR analysis, colony lysates are prepared by
suspending algae cells (from agar plate or iguid culture) in lysis buffer (0.5% SDS, 100 mM NaCl, 10 M EDTA, 75
oM Tris-HCL, pH 7.5) and heating to 98°C for 10 minutes, followed by cooling to near 23°C. Lysates are diluted 50-
fold in 106eM Tris-HC pH 7.5 and Zul. 1s used as teroplate in a 250l reaction. Alternatively, totaf genomic DNA
preparations may be substituied for colony lysates. A PCR cocktail consisting of reaction buffer, ANTPs, PCR primer
pair(s) (indicated in cach exanple below), DNA polymerase, and water is prepared. Algac DNA is added 1o provide
template for the reaction. Annealing temperature gradients are employed to determine optimal anunealing temperature for
specific primer pairs. {n many cases, algae transformants are analyzed by PCR with primers that are specific for the
transgene being introduced into the chloroplast genome. Desired algae transformants are those that give rise to PCR
product{s) of expected size(s).

180626} One of skill in the art will appreciate that many other transformation methods known in the art may be

substituted in lieu of the ones specifically described or referenced herein.

[68627) Example 18: Use of Conserved Gene Cluster for an Integration site in 3. fertiolecta
160628} In this example, a nucleic acid encoding erythromycin esterase gene (EreB)} (SEQ ID NO: 29) from £. coli was
introduced mto D. ferfivlecta. Transforming DNA is shown graphically in Figure 39. In this mstance the DNA

segment labeled “EreB ec” is the erythromycin esterase gene (EreB) from £, coli, the segment labeled “psbDp” 18 the
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promoter and 5” UTR sequence for the psbD) or tf4 gene from a D. ferticlecia (SEQ 1D NO: 62, psbD2, SEQ D NO:
63, tifAZ), and the segmient fabeled “rbel 37 7 is the 37 UTR for the ricl gene from D. tertiolecia (SEQ 1D NO: 64,
2rbel 37). The selection marker cassette is targeted to the I) rfertinlecta chloroplast genome via the segments labeled
“HA” and “HB” which are approximately 1000 bp fragments homologous to sequences of DNA in the psbB-psbT-
psbN-psbH cluster (SEQ ID NO: 133) wherein the EreB cassette is inserted between psbT and psbN at approximately
nucleotide 2383 of SEQ ID NO: 133, All DNA segments were subeloned into pUC19. AH DNA manipulations carried
oot 1 the constraction of this transforming DNA were essentially as described by Sambrook et al., Molecular Cloming:
A Laboratory Mamual (Cold Spring Harbor Laboratory Press 1989} and Cohen et al., Meth. Enzymol. 297, 192-208,
1998,

(86629} Transforming DNA was miroduced into . rerviclecta via particle bombardment according to the method
deseribed in EXAMPLE 17 with DNA carried on 550 nm gold particles @ 300ps1 and a shooting distance of 4em,
Transformants were sclected by growth on G32 agar medium + 75 pg/md. exythromyern (G32-Erm) vader constant hght
50-100uE @y RT for approximately 4 weeks. Transformants were inoculated into nonselective (332 media and grown for
~1week under constant light (50-100a4E).

(60638} Cells from the transformants were analyzed by PCR screening (as described m EXAMPLE 17). The presence
of the EreB selection marker was determined using primers that amplify a 555 bp region within the gene (SEQ ID NO:
7 and SEC 1D NO: 8} Figure 48 shows that the BreB gene was amplified from DNA from transformants 4, 5, and 6 bt
not from wildtype DNA from D rertivlecta.

(68631} These data demonstrate that the chloroplast of D, rerfivlecia can be transformed with foreign DNA containing
an expression cassette with a selectable marker. 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.

[68632] Example {9 Production of Endoxvianase in O, ferfiolecta

(68633} In this exarople a nucleic acid encoding endoxylanase from 7. reesei was introduced into D, rerviolecta.
Transforming DINA 1s shown graphically i Figure 41, In this instance the DNA segruent labeled "BD117 is the
endoxylanase encoding gene (SEQ 1D NG: 21, BD11), the segment labeled “psbE” is the promoter and 57 UTR for the
psbD gene from D fertiolecta, the segment fabeled “DI 377 s the 37 UTR fur the psbA gone from D viridis (SEQ ID
NG: 65, 3 psbA 37), and the segraent Iabeled “EreB ec” is the exythroruycin esterase gene from . cofi, which s
regalated by the promoter and 57 UTR sequence for the /4 gene from D, fertiolecta and the 37 UTR sequence for the
rocl. gene from D. tertiolecta. The transgenc expression cassette and selection marker are targeted to the D. terficlecta
chioroplast genome via the segruents labeled “HA” and “HB” which are approximately 1000 bp fragments homalogous
to sequences of DNA in the psbB-psbT-psbN-psbH chuster wherein the transgene cassetie is inserted between psbT and
psbN. All DNA segments were subcloned into pUCIS. Al DNA manipulations camried out in the construction of this
transforming DNA were esseatially as described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold
Spring Harbor Laboratory Press 1989) and Cohen et al., Meth. Enzymod. 297, 192-208, 1998,

(00634} Transforming DINA was introduced into D. tertiolecia via particle bombardment according to the method
deseribed in EXAMPLE 17 with DNA carried on 550 nm gold particles (@ 400 and a shooting distance of 4cm.
Transformants were selected by growth on (32 agar medium + 75 pg/mL ervthromycin {G32-Erm) uvnder constant light
50-100uE @ RT for approximately 4 weeks. Transformants were inoculated into G372 media + 160ug/mL ervthromycin

and grown for ~1week under constant ight (50-100uE).
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(80635} Cells from the transformants were analyzed by PCR screening (as described in EXAMPLE 17). The presence
of the EreB selection marker was determined using primers that amplify a 555bp region within the gene (SEG 1D NO:
Tand SEQ 1D NO: 8). Figure 42 shows that the EreB gene was amplified from DNA from transformant 12-3 but not
from wildtype DNA from D. tertiolecia.

(80638} To ensure that the presence of the endoxylanase-encoding gene led to expression of the endoxylanase protein. a
Western blot was performed (as described in EXAMPLE 4). Results from transformant 12-3 (Figare 43) show that
expression of the endoxylanase gene in D. tertiolecta cells resulted in production of the profem.

(80637} To determine if the endoxylanase produced by transformed algae cells was functional, endoxylanase activity
was tested using an enzyme function assay {as described in EXAMPLE 4). Figure 44 shows that endoxylanse activity
1s detected in the 12-3 transformant but not 1n wildtype cells,

(86638} These data demonsirate that the chloroplast of D, fertiolecia 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 that the proteins expressed were functional. One of skill in the art will appreciate that many other
methods kanown in the art may be substituted in liey of the ones specifically described or referenced.

[86639) Example 20: OQverview of Genetic Engmiecring

(30648} To engineer the chioroplast of an algae three things are required: a cassette expressing a sclectable roatker; a
delivery method to deliver the plasmid DNA into the chloroplast; and a vector containing regions of DNA homologous
to the chloroplast genome to be used n targeted homologous recombination (a homologous wtegration vector or
homologous recorsbination vector),

[B0641} Io strains of algae that have littie or no known chloroplast sequence imformation available, the identtfication of
homologous regions of DINA and the coustruction of a vector containing those regions, are significant and time
consarning tasks, Corrent methods for obtaining vnkaown sequence inforreation, such as fnverse PCR (PCR Cloning
Protocols Series: Methods in Molecular Biology, Volume: 192, Pub. Date: Apr-01-2062 , Page Range: 361-307,

DO 16.1385/1-59259-177-9:381) and Adaptor Ligated PCR (Nature Protocols 2, pp. 2910 - 2917 (2007} Published
online: & November 2007) are timme conswrning in that they take nwitiple terations in order to generate a DNA sequence
that 1s fong enrough to be used in a2 homologous integration vector.

180642] A method that allows for the quick identification of a large piece of chioroplast DNA sequence, sufficient in
size to buikd a homologous integration vector, would be very usefusl 1o the enginecring of algal genomes. The methods
described herein, can be applied to all strains of an algae, for example, 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 incomplete sequence information available.

[68643] Example 21 Use of a Conserved Gene Cluster to Generate Sequence Information

[80644] Across the chloroplast genomes sequenced to date, there are only a fow clusters of genes that are consistently
found adjacent to each other. Two examples of such gene chusters are yef3-yci4 and psbF-psbL. However, these two
chusters are too small s size to vield enough DNA sequence information to be useful for homologous recombination.
[80645] Anocther 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 chloroplast DNA that
provides enough DNA sequence information to construct a vector for homologous recombination. This vector can then

be used to modify the chloroplast genome of algal strains and plants that have not vet been genetically engineered.
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[80646] The gene cluster psbB-psbT-psbN-psbH is a region of chloroplast DNA that is highly conserved amongst algae
and plants. However, this cluster may not be conserved at the nucleic acid fevel or in the spacing between the genes {the
intergenic regions ). In addition, the nucleic acid contents of the intergenic regions may vary. While at the nucleotide
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. reinfiardrii (NCBI NC_005353), C vulgaris (NCBI

NC 001865}, 8 obliguus (NCBINC 0081013, and P. purpurea NCBI NC (00925}, This figure shows the high degree
of conservation in terms of gene placement and orientation.

(80647} Although the gene cluster, psbB-pshT-psbN-pshH, may not be conserved at the nucleic acid fevel, 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 {evel, Figure 86 15 ap alignment of the psb B gene from four algae that have had their
chiorolast genomes sequenced: C. reinhardiii, C. vulgaris, S. obliguus, and P. purpurea, and Figare 87 1s an alignment
of the psbH gene from the same algae. Both figures show regions of bigh nucleic acid homology. This allows for the
design of degenerate primers that will anneal to regions within the nucleic acid sequences encoding for the proteins
psbB and psbH, resoltung m the amplification of the whole gene cluster in one step. This double stranded produact can
then be quickly sequenced directly from both ends, and enough sequence information can then be generated to construct
a boraologous recombination vector. The tiroe it takes fo generate the seguence data s rouch less than with other
methods.

(30648} Two degenerate primers (forward priraers 4099 and 4100) specific to the psbB gene {reverse primers SEQ 1D
NO: 129 and SEQ 1D NO:130) and 2 two degenerate pramers (4101 and 4102} specific to the psbH gene (SEQ ID NO:
131 aad SEQ I3 NO: 132) were designed from the conserved nucleotide regions of the pshR and pybH. These primers
have been used to generate the sequence of the psbB-pshT-psbN-psbH gene cluster from different species of algac that
have little or no sequence information available in public databases including D fertiolecta (SEQ TD NO: 133), an alga
from the genus Dunaliella of unkoown species (SEQ 1D NG 134), V. abudans (SEQ ID NO: 135), an isolate of C.
vilgaris differing from the published genome (SEQ ID NO: 136}, and 7. suecica (SEQ 1D NO: 137). Figures 74 and
75 show the degenerate primers araphifying a large fragment from the Dunaliells isolate and N. abudans, respectively.
Figure 73 shows the amplification from S. dismorpdues. In each of these figures the center lane is occupied by 2 1kb Plus
fadder (Invitrogen). In cach figure four different combinations of primers were used. The top left pancl shows
amplification with primers 4099 and 4101, The bottont feft panel shows amplification with pumers 4099 and 4102, The
top right panel shows amplification with primers 4100 and 4101, The botiam left panel shows amplification with
primers 4100 and 4102, After amplification the desired fragments are gel purified using the Qiaquick Gel Extraction Kit
{Qiagen) and sequenced. In each of Figures 73 te 75, Product 1 represents the full length psbB-pbsBH gene cluster.
[80649] An integration vector built from this region has been shown to transform Dunaliella terticlecta (see
EXAMPLE 18).

[68656) Example 22 Additional Yectors constructed for Scenedesmis dimorphus

1606511 Additional vectors were constructed for Scenedesmus dimorphus since the sequence of a closely related species
Scenedesmus obliguus s publicly available (NCBI for 8. obliguus, NC_$08101). These vectors were made to test
integration sites and homoplasmicity along the entire region of psbB-psbT-psbN-psbH, as well 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, psbH and psbK, and the region 37 of psb¥ (p04-128, p04-129, p04-130, and p04-131



WO 2011/034863 PCT/US2010/048828
80

respectively) (Figures 76 to 79 respectively). p04-128 targets integration at approximately nucleotide 059,587, p04-129
targets integration at approximately nucleotide 059,999, p04-130 targets mtegration at approximately nucleotide
066,429, p04-131 targets integration at approximately nuclectide 060,961 (nucleotide locations according to the
sequence available from NCBI for 8. abliguus, NC 008101

(80652} All vectors have an expression cassette consisting of a chloramphenicol {CAT) selectable marker, an
endogenous promoter, and an endogenous terminator cloned between the Homelogy A and Homology B fragments.
p04-128 had mufA-CAT-rbel cloned between the Homology A and Homology B fragments {(p04-142)(Figare 88). pl4-
129 had tufA-CAT-rhel cloned between the Homology A and Homology B fragments (p04-143) (Figure 81). p04-130
had tufA-CAT-thel cloned between the Homology A and Homology B fragments (p04-144) (Figure 82}, pD4-131 had
tufA-CAT-rbel cloned between the Homology A and Homology B fragments (p04-145) (Figure 83). Vectors are
shown graphically in their corresponding figores. In this nstance the DNA segment labeled “CAT” 15 the
chioramphenicol acetyl transferase gene from £ cofi, the segment labeled “tufA” 13 the promoter and 57 UTR sequence
for the /4 gene from S dimorphus, and the segment labeled “rbel” is the 3" UTR for the rbol gene from 8.
dimorphus.

(88653} Transforming DNA was infroduced into S dimorphus via particle bombardment according to the method
deseribed in EXAMPLE 1 with DNA carnied on 550 oo goid particles@ 500psi and a shooting distance of 4cm.
Transforruants were selected by growth on TAP-CAM agar medwnm under constant hght 50-180uE @ RT for
approxiruately 2 weeks, Transformants were steeaked onto TAP-CAM agar medium to eusure single colony solation
and grown for 4 days ender constant hight.

(86654} To test for integration of the CAT gene in between the pebT and pshN genes {p04-142), clones were screened
for homoplasmicity using primers 3160 and 3162 (that amplify a 200bp constand band from the genorue), and primers
4682 and 4982 (that amplify a 400 bp band that spaoning the integration site).

130655} To test for integration of the CAT gene in between the psbN and psbH genes (pl4-143), clones were screened
for homoplasmicity using primers 2922 and 2923 that arephify 2 460bp constant band from the genome, and primers
4684 and 4685, that amplify a 200 bp band that spans the integration site.

130656} To test for integration of the CAT gene in between the psbH and psbK genes (pl4d-144), clones were screened
for homoplasmicity using primers 2922 and 2923 that arephify 2 460bp constant band from the genome, and primers
4686 and 4687, that amplify a 300 bp band that spans the integration site.

180657 To test for integration of the CAT gene 37 of the pshK gene (p04-145), clones were screened for
homoplasmicity using primers 3160 and 3162 that amplify a 200bp constant band from the genorme, and primers 4688
and 4689 amplify a 300 bp band that spans the mtegration site.

[89658] Primers used for each of the PCR screens are listed in Table 5.

18659] Table 3

JI6G (SEQ ID NG: 3) GAACTACAACTAATTATITTIC

3162 (SEQ 1D NO: 4) TGAAACCAGTCTTTGTAAAGCTCA
4682 (SEQ ID NO: 15) CCACCTCGTATGGTAAAATAATTG
4982 (SEQ ID NO: 16) GAAAGAATTATGCACAGTOCTGCT
2922 (SEQ D NO: 1) AGAAGGAGCTTCTACAGATGE

p4-142

504-143
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2923 (SEQ D NO: 2y TCATTAGTTACTTCATCTTTAATCCG
4684 (SEQ D NO: 140) GAAGGAGGTCCAAAACTCACA
4685 (SEQ ID NO: 141 CCTGUTTCTTGAAGTGCATC

2922 {see above)

ph4-144
2923 (see above)
4686 (SEQ ID NO: 142) TGAGTTGGGAAACTTTAGUTTCTT
4787 (3EQ D NO: 143) AAAAGATTGCCAAGACCAAA
p04-148 3160 (see above)

3162 {sce above)
4688 (SEQ IDNO: 144) AAAAAGAATGAAATTTTTATGTTCG
4689 (SEQ 1D NO: 143) ATGGATGTCGTCCTCCAAAA

[60668] Figure 84 and Figure 85 shows that homoplasmic clones are recovered from integration between psbT and
psbN (p04-142) and integration 37 of psbi {(p04-145).

[89661} Example 23; Creation of a Yeast-bacteria Shuttle Vector

180662} Heterologous (exogenous) gene introduction into the chloroplast by homologous recombination is efficient
when a selectable marker and the gene of interest is flanked by 5” and 37 homology to a locus that can tolerate
integration. To integrate more than one gene, onc can target a separate Iocus and use a second selectable marker.
Imtegration of two or more genes is problematic from a time and Iabor standpoint. In addition, availability of selectable
markers becomes an issue. To contend with these issues, a yeast-based system was created wherein, in a single step,
several exogenous genes can be assembled along with an algal selectable marker, and placed mito a yeast-bacteria
shuttle vector. Two versions of this vector were created. Une version contains a 5.2 kb region from the

Scenedesmus obliguus chloroplast (Scenedesmus chloroplast sequence NCBI reference sequence: NC 008101,
057.611-062850bp) (SEQ ID NG: 125). This 5.2 kb region is tughly conserved {at the amino acid fevel) amongst algae
species, and spans a region comprising psbB to rbel genes. The second version of this vector contains two 1,000 bp
“homology A3” (70,433-071,342bp) (SEQ 1D NO: 126) and “homology B37 (071,379-072,254bp} (SEQ D NO: 127)
regions which target a locus immediately downstrearn of the psbA gene. The two shuttle vectors (Figures 49 and 58)
comprise the above-mentioned sequences from the chloroplast genome of Scenedesmus obliguus, bacterial
replication/selection elernents, and yeast rephication, segregration, and selection/counter-selection clements.

(60663} There are at least four advantages of the yeast-based systern over the existing techuology: 1} each of the 1,72, 3,
4, or more gene oxpression cassettes can be amplified with primers contaiming 537 and 37 hornology to adjacent casseties,
thereby alleviating the requirernest to clope flanking bomology nto the gene cassette design; 2} several gene cassettes
{for exaraple, 2, 3, 4, 5, 6, or 20) can be assembled together as a contig in a single step and require a single selectable
marker for chloroplast introduction; 3) this technology can be applied o other algal species due to the conserved natore
of the psbB-thel. locus across algae species; and 4) the 5.2 kb of homology contained within the shuitle vector (Figure
58) and the 2 kb of homelogy as showa in Figure 49, ensures that bomologous recombination is accurate and efficient
within the chloroplast,

[08664] It shounld be noted that, for example, more than 2, more than 5, more than 10, more than 15, more than 20, or

more than 25 gene cassceties can be assembled in the shuttle vector,
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(80665} Example 24: Plasmid Constraction

(80666} A derivative of plasnud vector pUC19 (New England Biolabs, US.A|; Yanisch-Perron, C., ef al.

(1985) Gene, 33, 103-119) lacking a multiple cloning site (herem referred to 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, DZ-D1, and tufA-psaB, respectively were cloned into gutless pUC {Figures 84,
51 and 52).

(86667} To insert the genes of interest (“GOIMCCY0, SEQ ID NG: 115; CCOL, SEQ 1D NO: 116; CC92, SEQ ID NO:
117, CC93, SECQ ID NO: 109; CC94, SEQ ID NO: 116; CC87, SEQ ID NG: 113; 1857, SEQ ID NO: 121; 1861, SEQ
B NG 124; 1862, SEQ ID NO: 123; [S116, SEQGIDNO: 122; BD1L, SEQ D NO: 146; and 1899, SEQ 1D NO: 147),
each of the three vectors (Gene Vector 1 (Figure 58}, Gene Vector 2 (Figure 81}, and Gene Vector 3 (Figure 523,
along with the genes of mterest, were double-digested with the restriction enzyines Ndef and Xba!, and hgated fogether
resulting in 36 different vectors. Several of the 36 vectors served as PCR templates for the gene amphfications vsed in
the 2-, 3, or 4-gene conptig assemblies desenibed below,

(86668} The genes of mnterest are as follows:

(80669} CCBO gleD - glycolate oxidase subonit, FAD-buked NP 417453;

(86676} CC91 glcE - glveolate oxidase FAT} binding subunit YP_026191;

[B0671} CCO92 gleF - glycolate oxudase tron-sulfur subunit YP_026199;

[B0672} CC93 glyouylate carboligase NP_415048;

[B0673} CC%4 tartronate seraialdehyde reductase NP_417594; and

[B0674} CCS7 tartronate seraialdehyde reductase - NADH dependent NP_415042,

[B0675} These genes are described in Kebeish, R, ot al,, Natwre Biotechuology (2007) 25(5) 593-599. All six genes are
codon-ophimized for the chioroplast genome of Chiamydomonas reinhardtii.

(80676} Additional genes of interest are as follows:

(806771 BD11 is an endoxylanase from T. reesei; and

1B0678] 1599 is a mevalonate pyrophosphate decarboxylase from S. cerevisiae, codon optimized according to the
tRINA usage of the O reinhardtii chloroplast.

[80679] Other genes of inferest are as follows:

180688} 1S57 is 1-Deoxy-D-xyhilose S-phosphate reductoisomerase (DXR);

180681} 1S-61 is Chiamydomonas chiorophyll synthase;

100682} 1S-62 is the same protein as IS-9, the chicken FPP synthase; the difference is that the C-terpunal tag has been
removed, and replaced with an N-terminal FLAG tag; and

60683} 15-116 is 4-diphosphocytidyl-2-C- methylerythritol synthetase (CDP-ME synthase, it is the E. coli version of
the gene).

160684 These above four genes were all codon biased for expression in the Chlamydomonas chloroplast genome.
[60685] Plazmid vectors pR5414 (Sikorski and Hicter, Generics. 1989 May;122(11:19-27) (Figure 53) and
pBeloBACTT (NEB)Figure 54) were used to construct transformation platform vectors. In all instances, pR3414, and
(Gene Vectors 1, 2, and 3 were selectively maintained in DHI0B cells (Invitrogen, U.S.A.) by growth in Luria Bertani
{LB) medium supplemented with 100pg/ml ampicitlin. Similarly, the plasnud pBeloBACTH1 was selectively maintained

in its host bacterium, DHI0B, by growth in LB mediom sopplemented with 12.5pg/mi chloramphenicol.
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(80688} To construct the first of the two base platform vectors (Figure 49) that can be used for the mtroduction of two
genes inio the chloroplast of Scenedesmus obliguus, the homology region A3 (SEQ ID NO: 126) and the homology
region B3 (SEQ 1D NO: 127) were amplified from Scenedesmus chloroplast DNA using primers 34 (S8EQ 1D NO: 99)
and 35( SEQ D NO: 100}, and 36 (SEQ 1D NO: 101) and 37 (SEQ ID NO: 102), respectively, digested with No#/ and
Sped, and ligated into No#l digested gutless pUC (Figure 48). Plasmid p84-35 (Figure 46) was then lincarized with Spef
and higated to a PCR product comprising the nucleotide sequence encoding the yeast genes URA3Z-ADE2 (SEQ 1D NO:
105). The nucleotide sequence encoding the yeast genes URAS-ADE?2 was ohiained by PCR using as a DNA template,
plasmid pS3-007 (Figure 47), and prirners 3¢ (SEQ D NO: 95) and primer 31{3EQ 1D NO: 96}, which both contain
Spel restriction sttes at their 57 termind. The resulting vector comprising the homology regions Hanking the yeast genes
{(pSS-013} is shown in Figure 48.

(80687} The URAJZ-ADE? cassette altows for positive selection in yeast that are deficient for URA3 or ADE? gene
function, respectively. Sumnilarly, expression of the URA3 gene can be negatively sclected against in the presence of 5-
floroorotic acid (5-FOA) as URAS converts 5-FOA to 5-Auorouractl, which is toxic to the cell. In addition, the
presence or absence of a functional ADEZ gene results in white or red yeast colomes, respectively — thereby allowing
for ancther level of selection when picking colonies.

[B0688] To ereate the yeast-bacterial shotile vector for two-gene contig assembly, which targets the A3-B3 region, pSS-
013 (Figure 48) was digested with Norl, hberating the fragroent contarmog A3-URA3-ADE2-RB3, which was then
ligated mto Notl digested pRS414 (Figure 53), resuliing 1o the vector ph5-023 (Figure 49). p55-023 was confirmed by
sequencing and restriction digest mapping with Ndel, Pacl, Psil, Scal, SnaBl, and Spel (Fignre 65). Order of lanes from
feft to right: 1kb DNA plus ladder (Invitrogen), uncut pSS-023, Ndel, Pucl, Pstl. Scal, SnaBl Spel, kb DNA plus
ladder (Invitrogen, U.S A}, Expected bands are as follows: Ndel, 2187 bp and 8135bp; Pacl, 2051 bp, 2981 bp, and
5290bp; Pst], 493 bp, 1872 bp, and 7957 bip; Scal, 1761 bp, 4050 bp, and 4511 bp; SnaBl, 2587 bp and 7735 bp; and
Spel, 930 bp, 3694 by, and 5678 bp. pSS-023 was used in all two-gene contig assemblies that target homology A3 and
homology B3 regions.

(806891 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 T (SEQ D NO: 66) and primer 2 (SEQ ID NO:
673, both of which contain Not/ restriction sites at their 57 termini, were used to amplify the 5.2 kb sequence (SEQ 1D
NO: 125) spanning from the psbB gene to the rbell gene. The resultant 5.2 kb PCR product and plasmid vector pR5414
(Figure 53) were both digested with Mot/ and higated together, resulting in pLWOG1 (Figure 85). pLW0O01 was
confirmed by sequencing and restrction digest mapping with EcoRV, Nodl, Pmil, Pvul, and SnaB7 (Figure 66). Order of
fanes from left to right: 1kb DNA plus ladder (Invitrogen, U.S.AL), FeaRY, Notl, Pmil Pvul, SnaBl wmcut, and 1kb
DNA phus ladder (Invitrogen, U.S.A)). Expected bands are as follows: FooRV, 1182 bp and 8867 bp; Nod, 4784 bp and
5265 bp; Pmif, 995 bp, 2644 bp, and 2695 bp; Pyvud, 2868 bp and 7181 bp: and Snaff, 2526 bp and 7523bp.

160698} To assemble contigs of two, three, and four genes i pLWO01, using negative selection, a PCR product
contaiming the Saccharomyces cerevisiae genes URA3-ADEZ (SEQ 1D NO: 105) was amplified with primer 27 (SEQ
1D NO: 92) and primer 28 {SEQ ID NO: 93}, which contain 57 tails homologous to the locus in the chloroplast sequence
between psbT and pabN. This PCR product, along with pLW001 (Figure §5), were simultancously transformed into S.

cerevisice. Transformants were selected for on complete synthetic media (CSM) lacking tryptophan, uracil, and
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adenine {CSM - TRP - URA - ADE) using a standard lithium acetate transformation protocol (for example, as
deseribed in Gietz, R.D. and Woods, RAA., Methods Enzymol. (2002) 350:87-96).

(80691} Resultant yeast colonies were patched to CS5M — TRP —~ URA — ADE and PCR screened for the correct
homologous insertion of the URA3-ADE2 construct. Plasmid DNA was then harvested from PCR pozitive yeast clones
and eleciroporated imto £. coli DH10B cells (Invitrogen). Bacterial colonies were PCR screened. PCR positive clones
were then harvested for plasmid DNA ((iagen miniprep protocol). Twelve independent plasmid isolates from the
above-mentioned yeast colonies were sequence confirmed and restrichion enzyme mapped with Pact, Psif, Scaf, and
Xho! {Figares 67A-E). Figure 67A is uncut plasmid DNA. Figure 678 is the plasmid DNA digested with Scal; the
expected fragments are 1761 bp, 5646 bp, and 6330 bp, Figure 67C is the plasmid DNA digested with Pacf; the
expected fragments are 4847 bp and 8890 bp. Figure 675 i3 the plasmid DNA digested with Yo/, expected fragments
are 5830 bp and 7907 bp. Figare §7E is the plasmid DNA digested with Psif; the resulting fragments are 493 bp, 3011
bp, and 10233 bp. The resulting platform construct was designated as pLWO92 (Figure 56).

(80692} The size of the contig becomes an 1ssue in assembling contigs of three or more genes as the colE1 origin
present in the pLWO92 backbone (Figare 86} 1s unable to sopport faithful duplication of plasrds greater than 20kb.

To contend with this tssue, a platform vector was created that is capable of larger assemblics based on the BAC cloning
veetor, pBeloBAC 1L (Figure 543, which contains the Orid origin capable of maintainrg very large DNA fragments, for
example, upwards of 300kb. Brefly, pBeloBACT | was lincanzed using the restriction enzyme Xaol The TRPI-ARS!-
CEN4 gene sequences (SEQ D NO: 107} was PCR-amplified from pY AC4 (ATCC; GenBack nomber UD1086; Whwke,
DT edad {19 312} with privasr 3 (SEQ 1D NO: 68) and privaer 4 (SEQ 1D NO: 693, which both

contain Xhof ends. The Xhol-digested BeloBACH and pYAL4 sequences were ligated together, Resultant bacterial
colonies were PCR screened for the correct hgation event, restriction eozyrue mapped, and sequence confirmed. The
resultant plasmid was designated pBeloBAC-TRP (Figure 7).

180693} pBeloBAC-TRP was further modified to incorporate the Scenedesmus psbB-rbel. focus (containing URAS3-
ADE2 between psbT and psbN, fron pEW092). Briefly, the Scenedesmus psbB-rbel tocus was digested away from
pLWEG9Z (Figure 56) using Not/ and ligated into pBeloBACTI-TRP (Figure 57) (also digested with Nosf). Resultant
bacterial clones were sequence confirmed and restriction enzyme mapped with EcoRY, Ndel, Notl, Pacl, Psti, Scal and
Xhol (Figure 68). Order of lanes from left to right: 1kb DNA plus ladder (Invitrogen, U.S.AL), empty, FcoR¥, Ndel,
Neol, Pact, Pstf, Scal, Xhol, and 1kb DNA plus ladder (Invitrogen, ULS.AL). Expected bands are as follows: EcoRY, 229
bp, 1290 bp, 1461 bp, 2261 bp, 6338 bp, and 7048 bp; Ndel, 2187 bp, 2470 bp, 6183bp, and 8007 bp; Norl, 8933 bp and
G894 by, Pacl, 4847 bp and 14000 bp; Psef, 493 bp, 1541 bp, 3179 bp, 555%bp, and 8075 bp; Scal, 1761 bp, 3835 bp,
4704 bp, and 8547bp; and Xhof, 3017 bp, 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 assemblices.

160694} In addition to the genes of mterest assembled into the 2- 3- and 4- gene contigs, a yeast positive selection
marker and a Scenedesmus positive selection marker were also included.  The yeast auxotrophic marker, LEU2 (SEQ
1D NO: 108), along with the chlorampenicol acetyltransferase (CAT) gene (SEQ ID NO: 148) driven by the rbecl
promoter {(which confers resistance to chloramphenicol in Scenedesmis) (Figure 59} were ligated mto gutless-pUC.
Honmwology regions flanking these two genes were also cloned, which correspond to the adjacent genes of interest in
contig assembly. Briefly, the Saccharemyees cerevisiae gene LEUZ (SEQ 1D NO: 108), was amplified from total

genomic DNA with primer 5 (SEQ ID NO: 70), which contains 2 Pstf restriction site, and primer 6 (SEQ IDNG: 71,
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which contains a No#f restriction site {(at the 57 terminus) and 80bp of DNA, which are homelogous to adjacent genes in
2-, 3~, and 4-gene contig assembly. In addition, the tbeL-CAT-psbE gene (SEQ ID NO: 128) was amplified from vector
p04-198 (Figare 59) using primer 7 {SEQ [D 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 (SEQ 1D NO: 73},
which contamns a Pst/ restriction site. The LEU2 and thel-CAT-psbE fragments were digested with Pstf and Novl and
tigated to Norf digested gutless-pUC. Resultant bacterial clones were sequence confirmed and restriction enzyme
mapped with EcoRf, EcoRY, Kpui, Notf, Pyvulf, and Scal (Figare §9). The order of lanes 1s as follows: 1kb DNA plus
ladder (nvitrogen, US.A L} uncot DNA, FcaRl, FcoRY, Kpni, Notl, Pvidl, Scal, and 1kb DNA phus ladder (Invitrogen,
U.S.AL Expected bauds are as follows: EcoRl, 3033 bp and 3458 bp; EcoRY, 6491 bp; Kpnl, 6491 byp; Notl, 2436 bp
and 4055 bp; Pvud!, 958 bp and 5533 bp; Seal 3023 bp and 3468 bp. This construct was designated as p55-035 (Figure
£8) and is used in all of the gene contigs to promote proper asserbly and also to provide for a positive selection element
durng Scenedesmus transformation,

(86695} Example 25:Contig Asserublics

(88696} The Saccharomyces cerevisiae stram, Y PHESE (MATa, ura3-52, lys2-831, ade2-10{, trplA63, his3A200,
fen2Al, cvh2R), was used 1n all contig assembly reactions.
(86697} For two-gene contig assernblies targeting the A3-B3 region, the following were combined:
1) lpg of p35-023 (Figure 49) hoecarized between URA3Z and ADEZ with Sphif;
2) 500 nig of a gel puwrified fragraent, obtained by digesting pSS-035 (Figure 68) with Notl, and
comprising the rbeL-CAT-psbE/LEUZ construct;
3) 500ng of PCR amplificd petA-CC94-chiL (gene vector 1) (Figure 56), amplificd with a forward
primer, primer 9 (SEQ D NO: 74), which s compused of 60bp of hornology to the Noi digestion
product from pSS-035, and a reverse primer, primer 32 (SEQ ID NG 973, which is comprised of
60bp of homology to pSS-023 just downstream of the nucleotide sequence encoding for ADE2; and
4} 560ng of PCR amplified mfA-CC93-psaB (gene vector 3) (Figure 523, arophified with a forward
primer, primer 33 (SEQ TD NO: 98), which comprises 60bp of homology to pSS-023 just upstream of
the nucleotide sequence encoding for URAZ, and a reverse primer, primer 12 (SEQ ID NO: 77),
which comprises 60bp of honology to the Noil digestion product deseribed in step 2 above.
[80698] Cells were transformed with the mixture of DNA described above, using a standard lithium acetate
trapsformation protocol. Transformants were selected for on OSM ~TRP-LEU +5-FOA plates. After two days at
30 °C, veast colonies were picked and patched to a CSM-TRP-LEU plate. The next day, yeast patches were PCR
screened for the correct gene assembly. Plasmid DNA was then harvested fron: PCR positive yeast clones and
clectroporated into £. cofi DH10B cells (Invitrogen). Bacterial colonies were also PCR screened. Four 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 10283 bp; and Tkb DNA
plus fadder (dnvitrogen, U.S.A.). One of the four clones was picked and the sequence of that clone was confirmed. The
resulting two-gene contig assembly is shown in Figure 61. Another embodiment of this assembly is shown in Figure
62.
[80699] For two-gene contig assemblies targeting the 5.2kb psbB-rbel region, the following were combined:

Py 1ug of pLW092 (Figure 56) linearized between URAD and ADEZ with Sphl;
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2) 5380 ng of a gel purified fragment, obtained by digesting pSS-033 (Figure 60) with Notl, and

comprising the rbel-CAT-psbE/LEUZ construct;

3) 500ng of PCR amplified petA-BD11-chL (gene vector 1) (Figure 38), amplified with a reverse

primer, primer 1801 (SEQ 1D NO: 130}, which is comprised of 60bp of homology to the Not/

digestion product from pS5-035, and a forward primer, primer 1000 (SEQ 1D NO: 149), which is

comprised of 60bp of homology to pLW092 just upstream of the nucleotide sequence encoding for

URAZ; and

4) 580ng of PCR amplified mufA-1S99-psal (gene vector 3) (Figure 82), amplified with a reverse

primer, primer 1802 (SEQ 1D NO: 151}, which comprises 60bp of bomology to pLWO92Z just

downstream of the nucleotide sequence encoding for ADEZ, and a forward primer, primer 1003 (S8EQ

D KO 152}, which comprises 60bp of homelogy to the Notf digestion product described in step 2

above.
(86786} Cells were transformed with the nuxture of DNA described above, using 4 standard litheam acetate
transformation protocol. Transformants were selected for on CSM ~TRP -LEU +5-FOA plates. After two days at
30 °C, yeast colonies were picked and patched to 3 CSM-TRP-LEU plate. The uext day, yeast patches were PCR
screened for the correct gene assernbly. Plasmid DNA was then harvested from PCR positive yeast clones and
electroporated wto &, cofi DHIOB cells (Favitrogen).  Bacterial colonies were alse PCR screened. Four PCR positive
clones were then harvested for the preparation of plasmid DNA ((Hagen raimiprep protoco]), which were subsequently
restriction enzyme roapped. Figure 98A-D depicts mapping of the two gene contig assembly with the restricthion
euzyraes: Kpnl (A}, Mscl (B), PvedT (C), and alsc uncut DNA (I, Expected band sizes are as follows: Kpnl: 678 bp,
1791 bp, 2555bp, and 13163 bp; Mscl: 2206bp and 15973bp; and Pvadl: 21bp, 195bp, 1421bp, 328%p, 3908bp,
4336bp, and 50G9bp (note: the 21op and 195bp bands bave run off the gel in Figure 98C). One of the four clones was
picked and the sequence of that clone was confirmed. The resulting two-gene contig assembiy targeting the psbB-thel
focus is shown in Figure 91,
180781} For a three-gene contig assembly, the folfowing were combined:

1) lug of pLW 100 (Figure 38} lincarized between URAS and ADEZ with Sphl;

23 500 ng of a gel purified fragrent, obtained by digesting pSS-035 (Figure 68) with Notl, and

comprising the rbeL-CAT-psbE/LEU2 construct;

3} 500ng of PCR amplified petA-CCU90-chiL (gene vector 1) (Figure 58), amplified with a forward

primer, primer 13 (SEQ TD NO: 78), which comprises 60bp of homology to the Notl digestion

product from pS3-035, and a reverse primer, primer 14 (SEQ 1D NO: 79), which comprises 60bp of

homology to pL W 100 just upstream of the nuclectide sequence encoding for URAJS;

4} 500ng of PCHR amplified tufA-CC91-psal {gene vector 3) (Figure 52), amplified with a forward

primer, primer 15 (SEQ 1D NO: 88), which comprises 60bp of homology to the Notl digestion

product from step 2, and a reverse primer, primer 16 (SEQ 1D NO: 81}, which comprises 60bp of

homology to the PCR amplified gene vector 2 (Figure 81); and

5) 500ng of PCR amplified D2-CCY2-D1 (gene vector 2} (Figure 51}, amplified with a 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 ID NG: 82), which comprises 60bp of homology to
pLW 100, just downstream of the nucleotide sequence encoding for ADEZ.
(86782} Cells were transformed with the nuxture of DMNA described above, using a standard lithiam acetate
transformation protocol. Transformants were selected for on CSM ~TRP -LEU +5-FOA plates. After two days at
30°C, yeast colonies were picked and patched to 2 CSM ~TRP ~LEU 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 nto £, coli DHIGE cells (Invitrogen). Bacterial colonies were also PCR screened. 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 bp, and 8007 by; and 1kb DNA plus
ladder (dnvitrogen, U.S.A ) One of the two clones was picked and the sequence of that clone was confirmed. The
resulting three-gene contig assenbly is shown in Figure 63
(86783} To facilutate proper assembly of the 4-gene contig assembly, two positive selection yeast auxotrophic markers,
HIS3 (SEQ ID NO: 118) and LY S2 (SEQ ID NO: 119), were added to the contig asserbly.
(88784} For four-gene contig assemblies, the following were combined:
1) lug of pLW 100 (Figure 58} lincanzed between URAZ and ADE2 with Sphl;
2) 500 nig of a gel puwrified fragraent, obtained by digesting pSS-035 (Figure 68) with Notl, and
comprising the rbeL-CAT-psbE/LEUZ construct;
3) 500ng of PCR amplificd tufA-IS57-psaB (gene vector 3) (Figure 52), amplificd with 2 forward
primer, primer 19 (SEQ 1D NO: 84, which contains 60bp of homology to PCR amplified HIS3, and 2
reverse primer, primer 20 (SEQ 3 NO: 85), which contains 60bp of boraology to pLW 100 jost
upstream of the mucleotide sequence encoding for URA3J;
4) 5560ng of PCR amplified HIS3, amplified with a forward privoer, primer 21 (SEQ ID NO: 86),
which contains 66bp of homology to PCE amplified gene vector 3 and a reverse primer, primer 22
{SEQ D NO: 87), which contains 60bp of homology to PCR amplified gene vector 1 (Figure S8);
53 500ng of PCR amplified petA-IS116-chil {gene vector 1), amplified with a forward primer, primer
13 (SEQ I NO: 78}, which contains 60bp of homology to the Ne#l digestion product from step 2, and
a reverse primer, primer 23 (SEQ 1D NG: 88), which contains 60bp of homology to PCR amplified
HIS3;
0} 500ng of PCR amplified mfA-1S62-psaB (gene vector 3), amplified with a forward primer, primer
16 (SEQ I NO: 81}, which contains 60bp of homology to the No#l digestion product from step 2 and
a reverse primer, primer 15 (SEQ 1D NO: 80), which contains 60bp of homology to PCR amplified
LYS2;
7} 500ng of PCR amplified LYS2, amplified with a forward primer, primer 24 (SEQ D NO: 89},
which contains 60bp of homology to PCR amplified gene vector 3 and a reverse primer, primer 25
(SEQ ID NO: 90), which contains 60bp of homology to PCR anplified gene vector 2 (Figure §1);
and
8} 500ng of PCR amplified D2-1S61-D1 {gene vector 2), amplified with a forward primer, primer 26

(SEQ ID NO: 91), which contains 60bp of homology to PCR amphified LYS2 and a reverse primer,
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primer 18 (SEQ D NO: 83), which contains 60bp of homology to pLW 100 just downstream of
(80785} Cells were transformed with this mixture of DNA asing a standard hithium acetate transformation protocol.
Transformants were selected for on CSM-TRP-LEU-HIS-LYS +5-FOA plates. After two days at 30°C, yeast
colonies were picked and patched to a 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 to £, coli DHIGE cells (Invitrogen). Bacterial colomes were also PCR screened. Foar PCR positive
clones were then harvested for plasmid DNA (Qiagen maxiprep protocol), which were subsequently restriction enzyme
mapped with Ndef (Figure 72; expected bands, 553 bp, 564 bp, 1570 bp, 1791 bp, 1824 bp, 1969, 2040 bp, 3858 bp,
5114 by, 7219 bp, and 8007 by; and 1kb DNA plus ladder (Invitrogen, U.S8.A)). One of the foor clones was picked and
the sequence of that clone was confirmed. The resulting four-gene contig assembly is shown in Figure 64.

(36786} Example 26: Scenedesmus chioroplast transformation

(88787} Once construct integrity was confirmed for each of the gene assembhies (2-, 3, and 4-gene conngs), each of the
gene assemblies were individually transformed into Scenedesmus obliguus. Briefly, cells were grown to mid-log phase
and harvested. Approximately 5x107 cells were spread onto TAP plates contaiming 2Spg/ml chloramphenicol and
allowed fo dry tn a sterile caltwre hood. While plates were drying, 10ug of plasmid DNA (from cach of the contig
assemblies) was bound to gold beads and transformation was conducted using a biolistic gene gun {Bio-rad) at 500psi.
2ug of DNA was loaded into each shot and cach plate was shot five times. Plates were placed under constant bght for
about [0 days. After which, chloramphenicol resistant colomes were picked and patched to a TAP plate containing
25ug/ml chloraraphenicol. Theee to four days later, algac patches were picked into 16raM EDTA, boiled for 10 minutes
and then used m a standard PCR reaction to screen for the wntroduction of the genes into the chloroplast,
Chlorarmphenicol resistant transformants potentially containing the 2-gene conbig, targeting the psbB-rbel. locus, were
screened for the presence of BD11 and IR99. Primers 1004 (SEQ 1D NO: 133) and 1005 (SEQ 1D NO: 154) screen for
the presence of BD 1, while primers 1006 (SEQ 1D NO: 155) and 1007 (SEQ D NO: 156) screen for the presence of
1599. Figure 924 and 928 depict 4 clones that screen PCR positive for both IS99 and BD1 1, respectively.
Chioramphenicol resistant transformants potentially containing the 3-gene contig, targeting the psbB-rbel. locus, were
screened for the presence of CC90, CCY1, and CC92. Primers 1008 (SEQ ID NG: 157y and 1009 (SEQ 1D NG: 158)
screen for the presence of CC90, primers 1610 (SEG 1D NO: 159) and 1011 (SEQ 1D NO: 160) screen for the presence
of CC91, and primers 1012 (SEQ 1D NO: 161) and 1013 (SEG 1D NO: 162) screen for the presence of CC92. Figures
93 A~C depict 4 clones that sereen PCR positive for CC90, CCO1, and CC92. Chloramphenicol resistant transformants
potentially containing the 4-gene contig, targeting the psbB-rbel locus, were screened for the presence of 1861, 1562,
1857, and IS116. Primers 1014 { SEQ ID NO: 163) and 1015 (SEQ ID NO: 164) screen for the presence of 1561,
primers 1016 {SEQ D NO: 165) and 1017 (8EQ 1D NG: 166} screen for the presence of 1362, primers 1018 (S8EQ 1D
NO: 167} and 1019 {(SEQ 1D NO: 168) screen for the presence of IS57, and primers 1020 (SEQ ID NG: 169y and 1021
{SEQ D NO: 170) screen for the presence of 18116, Figure 84A and 948 depict 2 clones that screen PCR positive for
1857, 1S116 (A}, and 561, IS62 (B). Taken together these data demonstrate that one skilled in the art can integrate
multiple gene contigs of varying sizes (2 gene: 8.1kb, 3 gene: 11.2kb, and 4 gene: 19.4kb} into the chioroplast genome

of Scenedesmus n a single step.
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(80768}  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 deseribed or referenced.

(007691 While certain embodiments have been shown and described herein, it will be obvious to those skifled in the
art that such embodiments are provided by way of example only. Nomerous variations, changes, and substitations will
now occur to those skilled in the art without departing from the disclosure. 1t should be understood that various
alternatives to the embodiments of the disclosure described herein may be employed in practicing the disclosure. 1t is
wtended that the following claims define the scope of the disclosure and that methods and structares within the scope of

these claims and their equivalents be covered thereby.
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CLAIMS
What 1s claimed is:
An isolated Scenedesmus sp. coraprising a chloroplast genome that bas been transformed with an exogenous

nucleotide sequence, wherein the exogenous mucleotide sequence comprises a nucleic acid sequence encoding at least

one profein.

Z. The isolated Scenedesmus sp. of claim 1, wherein the protein 18 mvoelved in the isoprenoid biosynthesis
pathway.

3. The isolated Scenedesmus sp. of claim 2, wherein the protein a synthase,

4. The 1solated Scenedesmus sp. of claim 3, wherem the synthase ts a farnesyl-diphosphate (FPP) synthase.

5. The isolated Scenedesmus sp. of claim 4, wherem the FPP synthase is from G. gaifus.

o. The isolated Scenedesmus sp. of claim 3, wherein the synthase is a fusicoccadiene synthase.

7. The isclated Scenedesmus sp. of claim 6, wherein the fusicoccadiene synthase s from P. amygdali,

8. The 1solated Scenedesmus sp. of claim 3, wherein the synthase 1s a bisabolene synthase.

9. The 1solated Scenedesmus sp. of claim 8, wherein the bisabolene synthase 1s from 4. grondis.

10 The 13olated Scenedesmus sp. of claim 1, 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 3 kb, at least 8 kb, at least 11 kb, or at least 19 kb.

il The 1solated Scenedesmus sp. of clairs 1, wherein the mucleic acid sequence encodes for two proteins, three
proteins, or four proteins.

12, The 1solated Scenedesmus sp. of clatma 1, wheretn the exogencus nucleotide further comprises a second nocleic
acid sequence encoding a selectable marker.

i3. The 1solated Scenedesmus sp. of claim 12, wherein the marker is chloramphenicol acetyltransferase (CAT),

erythroraycio esterase, or cytosine dearmnase.

i4, The 1solated Scenedesmus sp. of claim 1, wherem the Scenedesmus sp.1s S dimorphus.

is. The isolated Scenedesmus sp. of claim 1, wherein the Scenedesmuis sp.is 8. obliguus.
16. The isolated Scenedesmus sp. of claim 1, wherein the pucleic acid sequence encodes for a hiomass-d

17. The isclated Scenedesmus sp. of claim 16, wheren the biomass-degrading cozyrae is a galactanase, a xylanase,

a protease, a carbohydrase, a Hpase, a reductase, an oxidase, 2 ransglutaminase, or a phytase,
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19 The isolated Scenedesmus sp. of claim 1, wherein the nacleic acid sequence encodes for an esterase.
20, The isolated Scenedesmus sp. of claim 19, wherein the esterase is an erythromycin esterase.
21, The isclated Scenedesmus sp. of clanm 1, wherein the sucleic acid sequence encodes for a deaminase,
22. The 1sclated Scenedesmus sp. of claim 1, wherein the nucleic acid sequence encodes for a betaine aldehyde
debydrogenase.
23. The 13olated Scenedesmus sp. of any of claims 1 to 22, wherein the nucleic acid sequence is codon optimized

for expression in the chloroplast genome of the Scenedesmus sp.

24. An isolated Scenedesmus sp. comprising a chloroplast genome transformed with an exogenous nucleotide
sequence wherein the transformed Scenedesmus sp. has an isoprenoid content that 15 different than an vniransformed
Scenedesmus sp. that is the same species as the isolated Scenedesmuis sp., and wherein the exogenous nucleotide

sequence comprises a nucleic acid encoding for an enzyme involved in isoprenoid biosynthesis.

25. The 1solated Scenedesmus sp. of claira 24, wherein the nucleic acid does not encode for an ent-kaurene
synthase.
26, The 1solated Scenedesmus sp. of clatra 24, wherein the nucleic acid is codon optiraized for expression wa the

chloroplast genome of the Scenedesnus sp.

27, An isolated Scenedesmus sp. coraprising a chloroplast genorne transformed with an exogenous mucleotide
sequence wherein the transformed Scenedesmus sp. bas an wereased accumulation of fatty acid based lipids and/or a
change w the types of lipids, as compared to an untransformed Scenedesraus sp. that is the same species as the wsolated
Scenedesmus sp., and wheremn the exogenous nucleotide comprises a nucleic acid sequence encoding for an enzyme
ravelved in fatty acid synthesis.

28. The 1solated Scenedesmus sp. of claim 27, wherein the nucleic acid is codon optinuzed for expression m the

chioroplast genome of the Scened

BIUS SP.

29, A method of transforming a chloroplast genome of a Scenedesmus sp. with a vector, wherein the vector
COMPriSes:

i) a first nucleotide sequence of a Scenedesmus sp. chloroplast genome;

i} a second nucleotide sequence of a Scenedesmus sp. chioroplast genome;

11} a third nucleotide sequence coraprising an exogencus nucleotide sequence, wherein the exogenous

sucleotide sequence compnses a nucleic acid encoding a protein of nterest, wherein the third nucleotide sequence s
located between the first and second sucleotide sequences, and wherein the vector 1s used to transform the chloroplast

genome of the Scenedesmus sp.; and

v} a promoter configured for expression of the protein of nterest,
30. The method of claim 29, wherein the third nuclectide sequence further comprises a second nucleic acid

sequence encoding a second protein of interest.

31 The method of claim 29, wherein the promoter is a psbD or a tufA promoter.
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32, The method of claim 29, wherein the Scenedesmus sp. 1s 8. dimorphus.
33, The method of claim 29, wherein the Scenedesmus sp. 18 8. obliquus.
34, The method of claum 29, wherein the fust nucleotide sequence is at least 500 bp, at teast 1800 bp, or at least

1,500 bp 1 length, and the first nucleotide sequence is homologous to a first portion of the genome of the Scenedesmus
) Y g g g
spr., and the second micleotide sequence is at least 500 bp, at least 1000 bp, or at least 1,580 by in length, and the second

sucleotide sequence 1s boraologous 1o a second portion of the genome of the Scenedesmus sp..

35, The method of claim 29, wherein the third nucleotide sequence is at least 8.5 kb, at least 1.0 kb, at least 2 kb, at
feast 3kb, at least 5 kb, at least 8 kb, at least 11 kb, or at least 19 kb in size,

36, The method of claim 29, wherein the nucleic acid 1s codon optinunzed for expression i the chioroplast genome

of the Scenedesmus sp.

37. A transformed chloroplast genome of a Scenedesmus spr., transformed by the method of claim 29.
38. A macthod of transforming a chloroplast genome of a Scenedesmus sp. with at least one exogenous nucleotide

sequence, coOMprising:

i} obtaining the exogencus sucleotide sequence, wherein the exogencus nucleotide sequence comprises

a pusleic acid sequence encoding a protein;

i) binding the exogenous nucleotide sequence onto a particle; and
11} shooting the exogencus nocleotide sequence mto the Scenedesmus sp. by particle bombardiment,

wherein the chloroplast genome 18 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 least 8 kb, at least 11 kb, or at feast 19 kb in size.

44, The method of claim 38, wherein the pucieic acid 1s codon optimized for expression m 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 particie 1s about 550 nm to about 1800 no 1o diameter,

43, The method of claim 38, wherein the particle bombardment is carried out by a bislistic device,

44. The method of claim 43, wherein the biolistic device has a helrum pressure of about 300 psi to about 500 psi.
45. The method of claim 43, wherein the biolistic device has a hefiunt pressure of at least 300psi, at feast 350psi, at

Ieast 400psi, at least 425psi, at least 450psi, at least 5SG0psi, or at least S00psi |

46, The method of claim 38, wherein the exogenous nucleotide sequence bound to the particle is shot at a distance

of about 2 to about 4 cro from the Scenedesmus sp.
47, The method of claim 43, wherein the bickistic device 1s 2 Helicos Gene Gus or an Accell Gene Gun,

48, The method of claim 38, wherein the nocleic acid encodes for 2 protein involved in isoprenoid biosynthesis.
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49, The method of claim 38, wherein the nucleic acid encodes for a protein involved in fatty acid biosynthesis.
50. The method of claim 38, wherein the Scenedesmus sp. 18 8. dimorphus.
51 The method of claum 38, wherein the Scenedesmus sp. 18 8. obliquus.
52. A transformed chloroplast genome of a Scenedesmus sp., transformed by the method of claim 38.
53. A method for obtaining a region of a chioroplast genome of a green algae, wherein the region s usefal m the

transformation of the green algae, comprising:

)] obtaming genomic DNA of the green algae;
] obtaining a degenerate forward primer, wherein the forward primer is directed towards a psbB gene of

the green algae;

33 obtaining a degenerate reverse primer, wherein the reverse primer s directed towards a psht gene of
A o fanc) by 9 iy x o

the green algae; and

fea

43 gsing the primers of step 2} and step 3) to anphfy the region of the chloroplast genome of the green

algae, wheremn the nuclectide sequence of the amplified region is obtained.

54. The method of claim 53, wherein the amplified region s amplified by PCR.
55. The method of claim 53, wherein the sequenced region is cloned into a vector.
56. The method of claim 53, wherein the degenerate forward is privaer 4099 (SEQ ID NO: 129) or forward primer

4100 (SEQ 1D NO: 130), and wherein the degenerate reverse prirser is primeer 4101 (SEQ ID NO: 131) or reverse
primer 4102 (SEQ 1D NO: 132}

57. The method of claum 53, wherein the forward primer is privoer 4099 (SEQ 1D NO: 129) and the reverse primer
is privner 4102 (SEQ 1D NO: 132).

58. The method of claim 53, wherein at feast a portion of the sequence of the amplified region 18 known.
59. The method of claim 53, wherein the amplified region of the chiloroplast genome 1s from C. reinfardtii, C.

vidgaris, S. obliguus, or P. purpurea.

60, The method of claim 53, wherein the sequence of the amplified region is unknown.
61. The method of claim 53, wherein the anplified region of the chioroplast genorne is: from D, tertiolecta and

comprises the mucleic acid sequence of SEQ 1D NG: 133; from & Dunalielia of unknown species comprising the nucleic
acid sequence of SEG ID NO: 134; from N. abudans and compusing the mucleic acid sequence of SEQ 1D NG: 135;
from C. vulgaris and comprising the nucleic acid sequence of SEQ 1D NO: 136; or from T. suecia and comaprising the

nucleic acid sequence of SEQ 1D NG: 137,

62, The method of claim 53, wherein the amplified region of the chloroplast genorse comprises a pucleotide
sequence encoding a gene cluster psbB-psbT-psbN-psbH.

63, The method of claim 53, wherein the amplified region of chioroplast genome comprises a nucleotide sequence

encoding a gene chuster pshB-psbT.
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04, The method 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 amnplified region of chioroplast genome comprises a nucieotide sequence
encoding a gene cluster psbT-psbN,
66. The method of claim 65, wherein a pucleic acid encoding a gene is inserted between the nucleotide sequence
encoding psbT and psbN.
67. The method of claim 53, wherein the amplified region of chioroplast genome comprises a nucleotide seguence
encoding a gene cluster psbiN-psbH.
65, The method of claim 67, wherein a nucleic acid encoding a gene is inserted between the nuclectide sequence
encoding psbN and psbH.
69. The method of claim 53, wherein the amplified region of chioroplast genome comprises a nucleotide sequence
encoding a gene cluster psbH-psbEL
70. The method of claim 69, wherein a nucleic acid encoding a gene is inserted between the nucfeotide sequence
encoding psbH and psbK.
71, The method of claim 53, wherein the amplified region of the chloroplast genorse comprises a pucleotide
sequence encoding a region 37 of psbi.
72. The method of claim 53, wherein the sequence i3 a nocleic acid sequence,
73. The method of claim 53, wherein the sequence i3 an amuno acid sequence.
74. A region of a chloroplast genome of a green algae, obtained by the method of:

1) obtaiing genoric 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 prmer is directed towards a psbH gene of
the green algae; and

43 using the primers of step 2) and step 3} to araphify the region of the chioroplast genome of the green

algae,

wherein the araphfied region is sequenced and conprises a nocleotide sequence, and wherein the wmacleotide

sequence is madified to comprise a pucleic acid sequence encoding for at least one protein,

75. A vector useful in the fransformation of the chloroplast genome of Scenedesmus obliguus, comprisinga 5.2 kb
region from the Scenedesmus obliguus chloroplast genome (Scenedesmus chloroplast sequence NCBI reference

sequence: NC 008101, 057,611-062850bp}, wherein the region comprises the nucleie acid sequence of SEQ ID NO:
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125, or comprising a mycleotide sequence that is at least 80%, at least 83%, at least 90%, at least 95%, or at least 99%

homologous to at least a 50¢ bp sequence of the nucleic acid sequence of SEQ 1D NO: 125,

76. Anisolated nucleotide sequence comprising the nucleic acid of SEQ ID NO: 1235, or comprising a nucleic acid
sequence that is at Jeast 80%, at feast 5%, at feast 90%, at least 95%, or at Jeast 99% homologous to at least a 500 bp
sequence of the mucleic acid sequence of SEQ 1D NO: 125, wherern the isolated nucieotide sequence can be used to
transform a chloroplast genome a Scenedesmus sp.

77. The 1salated nucleotide sequence of claira 76, wherein the pucleic acid sequence of SEG ID NO: 125 4
modified to comprise a second mucleie acid encoding a protein,

78, A host cell comprising a sucleic acid sequence of SEQ ID NGy 125, or coraprising a nucleic acid sequence that
i5 at teast 80%, at least 85%, at least 90%, at least 95%, or at least 99% homologous to at feast a 500 bp sequence of the

pucleic acid sequence of SEQ 1D NO: 125,

79. The host cell of claim 78, wherein the bhost cell is 2 host cell from a Scenedesmus sp.
8. The host cell of claim 78, wherein the nucleic acid sequence of SEQ 1D NO: 123 is modified to comprise a

second nucleic acid sequence encoding a protein.



