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SODIUM HYPOCHLORITE RESISTANT GENES

CROSS REFERENCE TO RELATED APPLICATIONS
LD This application claims the benefit of U.S. Provisional Patent Application Serial No,
61/598,736, filed Febmary 14, 2012, of which 1s herein ncorporated by reference tn its entivety for all
PUTPDSES.

BACKGROUND

[6602] Algae arc highly adaptable plants that are capable of rapid growth under a wide range of
conditions. As photosynthetic organisms, they have the capacity to transfornu sualight into energy that can
be used to synthesize a vanety of biomolecules for use as ndustrial enzymues, therapeutic compounds and
proteins, nutritional, cormercial, or fuel products, cte.
[68683] The majority of algal species are adapted to growth in an aqueous environment, and are easily
grown in Higuid meedia using Hght as an encrgy souwrce. The ability to grow algac on a large scale inan
outdoor setfing, in ponds or other open containers, using sunfight for photosynthesis, ephances their utifity
for bioproduction, environmental remediation, and carbon fixation.
[6004] When growing algae outdoors there exists a need to prevent microbes, predators (for example,
chytnids or viruses), or competing algac strains from killing, overtaking, or stowing down the growth of a
desired algae strain.
[6005] Sodium hypochlorite (bleach) has been used for decades as a houschold disinfectant. In
addition, sodiun hypochlorite is also commonly used in laboratories as an antimicrobial agent to sterilize
contaminated cultures. The toxicity of sodivm hypochlorite has been atiributed to its ability to oxidize
proteins and react with free amines, which causes protemn unfolding, aggregation, and overall cellular chaos
(Winter, 1., er af., Cell (2008) 135(4):691-70G1).
{60} Given sodivm hypochlorite’s mode of action, and 1ts potential to act as a broad-spectrum
biocide, it would be sseful to modify an algae strain so that it is resistant to sodium hypochiorite.
{64871 The present disclosare provides novel genes, identified fom a Chlamydomonas reinhiardiii
cDINA hibrary that when over expressed m C. reinfiardiii confer sodivm hypochlorite resistance to the

OTgarism,

SUMMARY
IR Drescribed herein are novel genes, wdentified from a Chlamydomonas veinhardiii cDNA bbrary
that when over expressed 1o algae confer sodimm hypochlonite resistance to the organism. The present
disclosure also provides methods of using the novel genes, and organisms transformed by the novel genes.
{8089} Provided berein is a modified nog-vascular photosynthetic organisia transformed with a
polynucleotide sequence comprising: a} a rcleic acid sequence of SEQ 1D NO: 62, SEQ 1D NO: 42, SEQ
D NQG: 44, SEQ ID NO: 46, SEQ ID NO: 48, SEQ ID NO: 58, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID
NO: 56, SEQ ID NO: 58, SEG ID NO: 68, SEQ ID NO: 64, SEQ ID NO: 66, SEQ D NO: 68, SEQ ID
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NG: 79, SEQ 1D NO: 72, or SEQ 1D NO: 74; or b) 2 nucleotide sequence with at least 80%, at least 839, at
least 90%, at least 939, at least 98%, or at least 99% sequence identity to the nucleic acid sequence of SEQ
D NG: 62, SEQ 1D NO: 42, SEQ ID NO: 44, SEQ 1D NO: 46, SEQ 1D NO: 48, SEQ ID NO: 50, SEQ ID
NO: 52, SEQ 1D NO: 534, SEQ ID NO: 56, SEQ [D NO: 38, SEQ ID NO: 60, 8EQ [D NO: 64, SEQ D
NO: 66, SEQ 1D NO: 68, SEQ 1D NO: 79, SEQ 1D NO: 72, or SEQ 1D NO: 74; wherein expression of the
protein encoded by the nucleic acid sequence or nucleotide sequence results in the transformed organism
being tolerant to sodium hypochlorite at a concentration of from 0.01 ppm to 1 ppm, from 1 ppm to 3 ppim,
from S ppm {0 10 ppm, from 10 ppmto 15 ppm, from 15 ppn to 20 ppm, from 28 ppm to 23 ppm, from 25
ppm to 30 ppm, from 30 ppimn to 35 ppm, from 35 ppm to 40 ppmy, from 40 ppm to 45 ppm, from 45 ppm to
50 ppm, from 56 ppm to 55 ppm, from 55 ppm to 60 ppm, from 60 ppm to 65 ppin, from 65 ppm to 70
ppm, from 78 ppm to 7S ppin, from 75 ppm to 80 ppm, from 80 ppm to 835 ppm, from 85 ppm to 90 ppr,
from 90 ppr to 95 ppm, from 95 ppin to 100 ppin, from 100 ppm to 200 ppmy, from 200 ppm to 500 ppm,
from SO0 ppm to 1000 ppm, from 1866 ppm to 2000 ppm, from 2000 ppm to 5000 ppm, from 5000 ppm to
10080 ppm, or from 10000 ppm to 15800 ppm. In one embodiment, the organism is grown in an agqueons
environment. In other embodiments, the organism is an alga or a bacterium. In one embodiment, the algais
a microalga. In another erabodiment, the bacterium is a cyancbacteriam. n yet other erabodiments, the
raicroalga is at least one of a Chiamydomonas sp.. Volvacales sp., Desmid sp., Dunalielia sp., Scenedesmus
sp.. Chilorella sp., Hematococeus sp., Volvax sp., Nannochioropsis sp., Avthrospiva sp., Sprivulina sp.,
Baotryococcus sp., Haematococcus sp., of Desmodesmus sp. In yet other erabodiments, the microalga s at
least one of Chlamydomonas reinhardtii, N. oceanica, N. saling, Dunaliella salina, H. pluvalis, 8.
dirorphus, Dunaliella viridis, N. oculata, Dimaliella tertiolecta, S. Maximus, or 4. Fusiformus, o other
cmbodiments, the protein corprises an amino acid sequence of SEQ 1D NG: 63, SEQ D NO: 43, SEQ 1D
WNO: 43, SEQ ID NOG: 47, SEG 1D NO: 49, SEQ ID NG: 51, SEQ ID NO: 53, SEQ D NOG: 55, 8SEG ID
WNO: 57, SEQ ID NOG: 59, SEG 1D NO: 61, SEQ ID NG: 65, SEGQ ID NO: 67, SEQ 1D NOG: 69, SEG ID
WNO: 71, SEQ IDNG: 73, SEQG ID NG: 75, or SEQ ID NO: 77,

{8018} Also provided herein is a modified non-vascular photosynthetic organism transformed with 2
nucleotide sequence comprising: a) 2 nucleic acid sequence of SEQ ID NO: 62, SEG ID NO: 42, SEQ ID
NO: 44, SEQ ID NO: 46, SEG 1D NO: 48, SEQ ID NOG: 50, SEG ID NO: 52, SEQ D NOG: 54, SEG ID
NO: 56, SEQ 1D NO: 58, SEG 1D NO: 64, SEQ ID NOG: 64, SEGQ ID NO: 66, SEQ 1D NOG: 68, SEG ID
WNO:; 70, SEQ ID NO: 72, or SEQ ID NO: 74; or b) a nucleotide sequence with at least 80%, at least 85%, at
feast 90%, at least 95%, at least 98%, or at least 99% sequence identity to the nucleic acid sequence of SEQ
D NO: 62, SEQ ID NO: 42, 5EQ ID NO: 44, SEQ 1D NO: 46, SEQ ID NO: 48, SEQ ID NOG: 50, SEQ 1D
NGO 52, SEQ 1D NO: 54, SEG 1D NO: 56, SEQ 1D NO: 58, SEQ 1D NO: 60, SEQ 1D NO: 64, SEQ 1D
NQO: 66, SEQ 1D NG 68, SEQ 1D NO: 70, SEQ 1D NO: 72, or SEQ D NO: 74; wheren expression of the
protein encoded by the nucleic acid sequence or nucleotide sequence results n the transformed organism
having increased growth as compared to etther an vmiransformed organism or a second transformed

organism. In some embodiments, growth is measured by carrying capacity, culture productivity, or growth
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rate. In other embodiments, the growth of the transformed organism is from 0.01% to 1% greater than the
untransformed organisn or the second transformed organism, the growth of the transformed organism is
from 1% to 10% greater than the untransformed organism or the second transformed organism, the growth
of the transformed organism is from 10% to 20% greater than the untransformed organism or the second
transformed organism, the growth of the transformed organism is from 209% to 40% greater than the
untransformed organisn or the second transformed organism, the growth of the transformed organism is
from 40% to 6% greater than the umtransformed organism or the second transformed organism, the growth
of the transformed organism is from 60% to 80% greater than the untransformed organisim or the second
transformed organism, the growth of the transformed organism 15 from 80% to 180% greater than the
untransformed organism or the second transformed organism, the growth of the transformed organism is
from 100% (o 260% greater than the untransformed orgarism or the second transformed orgamsm, the
growth of the transformed organism is from 200% to 300% greater than the sutransformed orgamsim or the
second transformed orgamsm, or the growth of the transformed organism is from 380% to 400% greater
than the untransformed organtsm or the second fransformed organism. In one embodiment, the organism 18
grown in an aqueoas environment. In other embodiments, the concentration of sodium hypochlorite m the
agueous epviropment 1s froma | ppr to 5,000 ppm, or the concentration of sodmm hypochlorite in the
agueous coviropment is from 2 ppm to 60 ppm. In ove embodiment, the orgamso s an alga or a bacteriam.
I another embodirnent, the alga is a moicroalga. In one embodiment, the bactenum is a cyancbacteniom. In
other embodiments, the microalga is at least one of a Chiamydomanas sp., Volvacales sp., Desmid sp.,
Dunaliella sp., Scenedeswmus sp., Chlovelia sp., Hematococcus sp., Volvox sp., Nannachloropsis sp.,
Arthrospiva sp., Spriruling sp., Botrvococcus 8p., Haematococcus sp., ot Desmodesmus sp. In vet other
embodiments, the microalga is at least one of Chlamydomonas reinhardiii, N. oceanica, N. saling,
Dunaliella saling, H. pluvalis, S. dimorphus, Dunaliella viridis, N. oculota, Dunaliella tertiolecia, .
Maximus, or A. Fusiformus. In some embodiments, the protein comprises an amine acid sequence of SEQ
NG 63, SEQ D NO: 43, SEQ IDNO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID NG: 51, 5EQ ID
NO: 53, SEQ ID NOG: 55, SEG 1D NO: 57, SEQ ID NOG: 59, SEGQ ID NO: 61, SEQ ID NG: 65, SEG ID
WNO: 67, SEQ ID NG: 69, SEG ID NG: 71, SEQ ID NG: 73, SEG ID NG: 75, or SEQ IDNO: 77,

{8g11] Further provided herein 1s a method of creating a non-vascular photosyathetic organism that is
toferant to sodium hypochlorite at a concentration of fromn 0.01 ppm to § ppm, from 1 ppm to 5 ppm, from
S ppm to 10 ppm, from 10 ppmto 15 ppm, from 15 ppotto 26 ppre, from 20 ppm to 25 ppm, from 235 ppm
t0 30 ppm, from 30 ppm to 35 ppm, from 33 ppm to 40 ppm, from 40 ppm to 45 ppm, from 45 ppnt to 50
ppm, from 50 ppm to 55 ppry, from 55 ppm to 60 ppm, from 60 ppnt to 65 ppm, from 65 ppm to 70 ppim,
from 70 ppm to 75 ppim, from 75 ppm to 80 ppm, from 80 ppnt fo 85 ppm, from 85 ppm to B0 ppm, from
90 ppm to 95 ppm, from 93 ppm to 100 ppm, from 100 ppo to 200 ppny, from 200 ppm to 500 ppm, from
300 ppm to 1000 ppm, from 1000 ppm to 2000 ppm, from 2000 ppm to 5000 ppm, from 5000 ppm to
10000 ppm, or from 10000 ppm to 15000 ppm, comprising: a} transforming the organism with a nucleic

acid sequence of SEQ ID NQO: 62, SEQ 1D NG 42, SEQ 1D NO: 44, SEQ 1D NO: 46, SEG 1D NO: 48,
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SEQID NG: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ 1D NO: 56, SEQ 1D NO: 38, SEQ ID NO: 60,
SEQ ID NG: 64, SEQ ID NO: 86, SEQ ID NO: 68, SEQ D NO: 76, SEQ ID NO: 72, or SEQ 1D NO: 74;
or anucleotide sequence with at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at
least 99Y% sequence identity fo the nucleic acid seguence of SEQ 1D NO: 62, SEQ 1D NO: 42, SEQ ID NO:
44, SEQ ID NO: 46, SEGQ 1D NO: 48, SEQ 1D NO: 50, SEQ 1D NO: 52, SEQ ID NOG: 54, SEQ 1D NO: 56,
SEQ ID NG: 58, SEQ ID NO: 60, SEQ ID NO: 64, SEQ D NO: 66, SEQ 1D NO: 68, SEQ ID NG: 70,
SEQ D NO: 72, or SEQ 1D NO: 74, In one embodiment, the transformed organism is grown in an agueous
environment. In one embodiment, the organtsm is an alga or a bacterivm. In yet another embodiment, the
alga is & microalga. In another embodiment, the bacterium i3 a cyanobacterivm, In some embodiments, the
nucroalga 1s at least one of a Chiamydomonas sp.. Volvacales sp., Desmid sp., Dunalielia sp., Scenedesmus
sp., Chiorella sp., Hematococcus sp., Volvox sp., Nannochioropsis sp., Arthrospiva sp., Sprivulina sp.,
Baotryococcus sp., Haematococous sp., or Desmodesmus sp. In yet other embodiments, the microalga 1s at
teast one of Chlamydomonas reinfardiii, N. oceanica, N. salina, Dunaliella salina, H. pluvalis, 8.
dimorphus, Dunaliella viridis, N. oculata, Dunaliella tertiolecta, S. Maximus, or A. Fusiformus. In some
embodiments, the protein comprises an amino acd sequence of SEQ D KO: 63, SEQ 1D NO: 43, SEQ 1D
NO: 45, SEQ ID NO: 47, SEG 1D NO: 49, SEQ ID NO: 51, SEQ ID NO: 53, SEQ IDNO: 535, SEQ ID
NO: 57, SEQ ID NO: 59, SEG ID NO: 61, SEQ ID NO: 65, SEQ ID NO: 67, SEQ D NO: 69, SEQ ID
NO: 71, SEQ IDNO: 73, or 75,

{8012} Also provided herein is a modified higher plant transformed with a polynucleotide sequence
comprising: 2} a nucleic acid soquence of SEQ I NG: 62, SEQ I NG: 42, SEQ TD NG: 44, SEQ D NGy
46, SEQ I NO: 48, SEQ I NG: 50, SEQ 1D NO: 52, SEQ I NO: 54, SEQ 1D NG: 56, SEQ H) NO: 58,
SEQ ID NG: 60, SEQ ID NO: 64, SEQ ID NO: 66, SECQ ID NO: 68, SEQ ID NO: 70, SEQ ID NOG: 72, or
SEQ ID NO: 74; or b) a nucleotide sequence with at least 80%, at feast 85%, at least 90%, at least 95%, at
feast 98%, or at east 99% sequence identity to the mucleic acid sequence of SEQ ID NOG: 62, SEQ 1D NG:
42, SEQ D NO: 44, SEQ ID NO: 46, SEQ ID NO: 48, SEQ 1D NO: 50, SEQ D NO: 52, SEQ D NO: 54,
SEQ ID NG: 56, SEGQ ID NO: 58, SEQ ID NO: 60, SEG ID NO: 64, 3EQ ID NO: 66, SEG 1D NG: 68,
SEQ ID NO: 70, SEQ 1D NO: 72, or SEQ 1D NO: 74; wherein expression of the protein encoded by the
nucleic acid sequence or nucleotide sequence resulis in the transformed higher plant being tolerant to
sodium hypochiorite at a concentration of from 0.01 ppm to | ppm, from | ppm to 3 ppm, from 5 ppm to
10 ppm, from 16 ppo to 13 ppis, from 15 ppm to 20 ppm, from 20 pprm to 25 ppm, from 25 ppro to 30
ppm, from 38 ppim to 35 ppmy, from 35 ppm to 40 ppm, from 40 ppnt to 45 ppm, from 45 ppm to 50 ppim,
from 50 ppm to 55 ppm, from 55 ppm to 60 ppm, from 60 ppnt fo 65 ppm, from 65 ppm to 70 ppm, from
70 ppm to 73 ppm, from 75 ppm to 80 ppm, from 80 ppm to %5 ppm, from 85 ppm to 90 ppm, from 90 ppm
t0 93 ppm, from 95 ppm to 100 ppm, from 100 ppm to 200 ppm, from 200 ppm to 500 ppm, from 500 ppm
to 1000 ppm, from 1000 ppm to 2000 ppm, from 2000 ppm to 5000 ppm, from 53600 ppm to 10000 ppm, or
from 10000 ppm to 15000 ppm. In some embodiments, the transformed higher plant is grown in an aqueous

environment. In another embodiment, the fransformed higher plant is Arabidopsis thaliona. In yet other
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embodiments, the fransformed higher plant is a Brassica, Glycine, Gossvpinm, Medicago, Zea, Sorghum,
Oryza, Triticum, or Panicum species. In some embodiments, the protein comprises an amino acid sequence
of SEQ ID NO: 63, SEQ ID NO: 43, SEQ 1D NO: 43, SEQ ID NO: 47, SEQ 1D NO: 49, SEQ 1D NO: 51,
SEQID NG: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ 1D NO: 59, SEQ 1D NO: o1, SEQ ID NO: 65,
SEQID NG: 67, SEQ 1D NO: 69, SEQ ID NO: 71, SEQ ID NO: 73, SEQ 1D NO: 75, or SEQ 1D NO: 77,
{8013} Provided herein i3 a modified higher plant transformed with a nucleotide sequence comprising:
a) a nucleie acid sequence of SEQ 1D NQ: 62, SEQ 1D NO: 42, SEGQ 1D NO: 44, SEG 1D NO: 46, SEQ 1D
NO: 48, SEQ D NO: 88, SEQ D NO: 52, SEQ D NO: 84, SEQ D NO: 56, SEQ [D NO: 88, SEQ D
NG: 68, SEQ D NG: 64, SEQ D NO: 66, SEQ D NO: o8, SEQ D NO: 78, 3EQ D NO: 72, or SEQ D
NO: 74; or b a naclectide sequence with at least 80%, at least 83%, at least 90%, at least 95%, at feast
98Y%, or at least 89% sequence dentity to the nucleic acid sequence of SEQ 1D NO: 62, SEQ 1D NO: 42,
SEQ ID NG: 44, SEQ ID NO: 46, SEQ ID NO: 48, SEQ D NO: 58, SEQ D NO: 52, SEQ D NO: 54,
SEQ ID NG: 56, SEQ ID NO: 58, SEQ ID NO: 60, SEQ D NO: 64, SEQ ID NO: 66, SEQ D NO: 68,
SEQ ID NG: 70, SEQ D NO: 72, or SEG 1D NGt 74; wherein expression of the protein encoded by the
nucleic acid sequence or nucleotide sequence resulis in the transformed higher plant having mcreased
growth as compared to either an untransformed higher plant or a second transformed bigher plant. In some
embodiments, growth is measured by carrying capacity, culture productivity, or growth rate. In other
embodiments, the growth of the transformed higher plant is from 0.01% to 1% greater than the
unteansformed bigher plant or the second transformed higher plant, the growth of the transformed bigher
plant is from 1% to 10% greater thas the untransformed bigher plant or the second teapsformed bigher
plant, the growth of the transformed ligher plant is from 10% to 26% greater than the untransformed higher
plant or the second transformed hugher plant, the growth of the transforrued ligher plant is from 20% to
40% greater than the unfransformaed higher plant or the second transformed higher plant, the growth of the
transformed higher plant is from 40% to 60% greater than the untransformed higher plant or the second
transformed higher plant, the growth of the transformed higher plant is from 60% to 83% greater than the
untransformed bigher plant or the second transformed higher plant, the growth of the transformed higher
plant is from 80% to 100% greater than the untransformed higher plant or the second transformed higher
plant, the growth of the transformed higher plant is from 100% to 200% greater than the untransforme
higher plant or the second transformed higher plant, the growth of the transformed higher plant is from
200% to 300% greater than the untransformed higher plant or the second transformed higher plaat, or the
growth of the transformed higher plant is from 300% to 400% greater than the untransformed higher plant
or the second transformed higher plant. In one embodiment, the transiormed higher plant is grown in an
agqueous environment. In other embodiments, the concentration of sodinm hypochlorite in the aqueous
environment 1s from 1 ppm to 5,000 ppm, or the concentration of sodiun hypochlorite in the agueous
environment is from 2 ppm to 60 ppm. In one embodiment, the transformed higher plant is Arabidopsis
thaliana. In other embodiments, the fransformed higher plant is a Brassica, Glveine, Gossypium, Medicago,

Zea, Sorghum, Oryza, Triticum, or Panicum species. In yet other entbodiments, the protein coniprises an
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amino acid seguence of SEQ 1D NO: 63, SEQ D NO: 43, SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID N
49, SEQ ID NO: 51, SEQ 1D NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NG: 59, SEQ 1D NO: 81,
SEQID NG: 65, SEQ ID NO: 67, SEQ ID NO: 69, SEQ ID NO: 71, SEQ ID NO: 73, SEQ ID NG: 75, or
SEQID NG: 77

[8014] Provided herein is a modified non-vascular photosynthetic organism transformed with a
polynucleotide sequence comprizing: a} a nucleic acid sequence of SEQ 1D NO: 62, SEQ ID NO: 42, SEQ
1D NO: 44, SEQ 1D NO: 46, SEQ ID NO: 48, SEQ 1D NO: 50, SEQ ID NO: 532, SEQ ID NO: 54, SEQ ID
N: 56, BEQ D NO: 38, SEQ ID NO: 68, SEQ ID NG: 64, SEQ D NO: 66, 3EQ IDNO: 68, SEQ D
NO: 78, SEQ ID NO: 72, or SEQ ID NG: 74; or b} a nucleotide sequence with at least 80%, at least 85%, at
feast B0%, at least 93%, at least 98%6, or at least 99% sequence wdentity to the nucleic acid sequence of SEQ
D NG: 62, SEQ ID NG: 42, SEQ ID NG 44, SEQ 1D NOG: 46, SEQ ID NO: 48, SEQ ID NO: 58, SEQ ID
N: 52, SEQ D NO: 34, SEQ ID NO: 36, SEQ ID NG: 38, SEQ D NO: 60, 3EQ IDNO: 64, SEQ D
NO: 66, SEQ I3 NO: 68, SEQ ID NO: 70, SEQ ID NO: 72, or SEQ I3 NO: 74; wherein expression of the
protein encoded by the nueleic acid sequence or nncleotide sequence results in the ransformed orgamsm
being tolerant to sodivm hypochlorite at a concentration of abowt 1, of about 2, of about 2.5, of about 3, of
about 10, of about 15, of about 20, of about 25, of about 38, of about 35, of about 40, of about 43, of about
30, of about 55, of about 60, of about 635, of about 70, of about 75, of about 80, of about 83, of about 94, of
about 95, of about 100, of about 200, of about 506, of about 1,800, of about 2,000, or of about 5,000 ppi,
or at a concentration of at feast 2, of at least 2.5, of at feast 5, of af least 10, of at least |5, of at least 20, of
at least 25, of at least 38, of at least 35, of at feast 40, of at least 45, of at Ieast 30, of at least 55, of at least
60, of at least 65, of at feast 70, of at least 75, of at least 83, of at least 85, of at least 90, of at least 95, of at
least 100, of at least 200, of at least 500, of at least 100D, of at least 2,008, or of at least 5,000 ppm. In one
embodiment, the transformed organism is grown in as agueous environment. In some ersbodiments, the
transformed organism may be an alga or a bacterium. In one embodiment, the alga is 2 microalga. In
another embodiment, the bacterium is a cyanobacteriwm. In other enbodiments, the ouicroalga is at least
one of a Chlamydomonas sp., Volvacales sp., Dunalielia sp., Scenedesmus sp., Chlorelia sp.,
Hematococeus sp., Volvox sp., Nannochioropsis sp., Avthrospiva sp., Sprivulinag sp., Botryococcus sp.,
Haemaiococcus sp., or Desmodesmus sp. In yet other embodiments, the microalga is at least one of
Chlamydomonas reinhardtii, N. oceanica, N. saling, Dunaliella salina, H. pluvaiis, 8. dimorphus,
Dunaliella viridis, N. oculata, Dunaliella tertiolecta, S. Moaximus, or 4. Fusiformus. In some embodiments,
the transformed organism may express a protein comprising an amino acid sequence of SEQ 1D NO: 63,
SEQID NQG: 43, SEGQ ID NO: 45, SEQ ID NQO: 47, 5EG 1D NOG: 49, SEQ 1D NO: 51, SEGQ 1D NG: 53,
SEQID NQG: 55, SEGQ ID NO: 57, SEQ 1D NQO: 59, 8EG 1D NOG: 61, SEQ 1D NO: 65, SEG 1D NG: 67,
SEQIDNG: 69, SEGQ ID NO: 71, SEQ ID NG: 73, SEQ ID NG: 75, or SEQ [D NO: 77,

{8015] Also provided herein is a modified non-vascular photosynthetic organism transformed with a
mucleotide sequence comprising: 2} a nucleie acid sequence of SEQ 1D NO: 62, SEG 1D NO: 42, SEQ 1D
NO: 44, SEQ 1D NO: 46, SEG 1D NO: 48, SEQ 1D NO: 50, SEQ 1D NO: 52, SEQ 1D NO: 54, SEQ 1D
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NO: 56, SEQ 1D NO: 38, SEQ ID NO: 60, SEQ [D NO: 64, SEQ ID NO: 66, 8EQ [D NO: 68, SEQ D
NG: 79, SEQ 1D NO: 72, or SEQ 1D NO: 74; or b) 2 nucleotide sequence with at least 80%, at least 839, at
least 90%, at least 939, at least 98%, or at least 99% sequence identity to the nucleic acid sequence of SEQ
D NG: 62, SEQ 1D NO: 42, SEQ ID NO: 44, SEQ 1D NO: 46, SEQ 1D NO: 48, SEQ ID NO: 50, SEQ ID
NO: 52, SEQ 1D NO: 534, SEQ ID NO: 56, SEQ [D NO: 38, SEQ ID NO: 60, 8EQ [D NO: 64, SEQ D
NO: 66, SEQ 1D NO: 68, SEQ 1D NO: 79, SEQ 1D NO: 72, or SEQ 1D NO: 74; wherein expression of the
protein encoded by the nucleic acid sequence or nucleotide sequence results in the transformed organism
having an increased growth as compared to either an untransformed organtsm or a second fransformed
organism. In some embodiments, the growth of the transformed organism may be at feast 5% greater, at
feast 10% greater, at least 20% greater, at least 409% greater, at least 60% greater, at least 30% greater, at
feast 100% greater, at least 200% greater, at least 300% greater, or at least 400% greater than the
untransformed organism or the second transformed organism. In some embodiments, an increase m growth
nay be measured by carrying capacity, cultvre productivity, or growth rate. In one embodiment, the
transformed organism is grown i an agueoes environment. In other embodiments, the concentration of
sodium hypochlorite 1n the agueons environment is between 1 and 5,000 ppm. In yet other embodiments,
the concentration of sodium bypochlorite in the agueous environment is between 2 and 60 ppro. Tu sore
embodiments, the trapsformed organisrn may be an alga or a bacteniom. In one embodimeent, the alga s a
raicroalga. In another embodiment, the bacteriam 1s a cyanobacterior. o other embodiraents, the
raicroalga s at least one of a Chiamydomonas sp.. Volvacales sp., Dunaliella sp., Scenedesmus sp.,
Chilorella sp., Hematococcus sp., Volvox sp., Nannochioropsis sp., Arthrospira sp., Sprirulina sp.,
Baotryococcus sp., Haematococcus sp., of Desmodesmus sp. In yet other erabodiments, the microalga s at
least one of Chlamydomonas reinhardtii, N. oceanica, N. saling, Dunaliella salina, H. pluvalis, 8.
dimorphus, Dunaliella viridis, N. oculata, Dimaliella tertiolecta, S. Moximus, or A. Fusiformus. In some
embodiments, the transformed organism may express a protein comprising an amino acid sequence of SEQ
NG 63, SEQ D NO: 43, SEQ IDNO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID NG: 51, 5EQ ID
NO: 53, SEQ ID NOG: 55, SEG 1D NO: 57, SEQ ID NOG: 59, SEGQ ID NO: 61, SEQ ID NG: 65, SEG ID
NO: 67, SEQ IDNO: 69, SEQ ID NO: 71, SEG ID NO: 73, SEQ ID NO: 75, or SEQ IDNO: 77,

{8016]  Also provided is a method of creating a non-vascular photosynthetic organisia that is tolerant to
sodium hypochiorite at a concentration of about |, of about 2, of about 2.5, of about 5, of about 10, of about
15, of about 20, of about 25, of about 30, of about 353, of about 40, of about 45, of about 50, of about 55, of
about 00, of about 65, of about 70, of about 75, of about 84, of about 835, of about 90, of abowt 95, of about
100, of abowut 200, of about 300, of about 1,080, of about 2,000, or of about 5,000 ppm, orat a
concentration of at least 2, of at least 2.5, of at least 5, of at least 10, of at least 15, of at least 20, of at least
235, of at least 30, of at least 35, of at least 40, of at least 45, of at least 50, of at least 53, of at least 60, of at
feast 65, of at least 70, of at least 75, of at least 80, of at least 85, of at least 90, of at feast 93, of at least
100, of at least 200, of at least 300, of at feast 1,000, of at least 2,000, or of at least 5,000 ppm, comprising:

a) transfornung the organism with a nucleic acid sequence of SEQ ID NG: 62, SEQ ID NO: 42, SEQID

~J3
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NO: 44, SEQ 1D NO: 46, SEQ ID NO: 48, SEQ [D NO: 530, SEQ ID NO: 52, 8EQ [D NO: 534, SEQ D
NO: 56, SEQ 1D NO: 38, SEQ ID NO: 60, SEQ [D NO: 64, SEQ ID NO: 66, 8EQ [D NO: 68, SEQ D
NG: 79, SEQ 1D NO: 72, or SEQ 1D NO: 74; or a nucleotide sequence with at least 0%, at least 85%, at
least 90%, at least 939, at least 98%, or at least 99% sequence identity to the nucleic acid sequence of SEQ
D NG: 62, SEQ 1D NO: 42, SEQ ID NO: 44, SEQ 1D NO: 46, SEQ 1D NO: 48, SEQ ID NO: 50, SEQ ID
NO: 52, SEQ 1D NO: 534, SEQ ID NO: 56, SEQ [D NO: 38, SEQ ID NO: 60, 8EQ [D NO: 64, SEQ D
NG: 66, SEQ 1D NO: 68, SEQ ID NO: 70, SEQ ID NO: 72, or SEQ 1D NO: 74, In one embodiment, the
transformed organism s grown in an agueons environment. In some embodiments, the organism s an alga
or a bactertum. In yet another embodiment, the alga 1s a microalga. In another enabodiment, the bacterium
1s a cyanobacterium. fn some embodiments, the microalga is at least one of a Chlamydomonas sp.,
Valvacales sp., Dunaliella sp., Scenedesmus sp., Chlorella sp., Hematococcus sp., Volvox sp.,
Nemmachloropsis sp., Arifirospiva sp., Sprivuling sp., Botryococcus sp., Hoematocooous $p., of
Desmodesmus sp. In yet other embodiments, the nucroalga 1s at least one of Chlamydomonas reinhardiii,
N ocewnica, N. salina, Dunaliclla salina, H. pluvalis, S. dimorphus, Dunaliella viridis, N. oculata,
Dunalielia terticlecta, 5. Maximus, or A. Fusiformus. In some embodiments, the transformed organism may
exXpress a protein comprising an amine actd sequence of SEQ ID NG: 63, SEQ 1D NO: 43, SEQ I NG: 45,
SEQ ID NG: 47, SEQ ID NO: 49, SEQ ID NO: 51, SECQ D NO: 53, SEQ ID NO: 35, SEQ ID NO: 57,
SEQ ID NG: 59, SEQ ID NO: 61, SEQ ID NO: 63, SECQ ID NG: 67, SEQ ID NO: 69, SEQ ID NO: 71,
SEQIDNG: 73, SEQ I NG 75, o SEQ IR NG: 77,

I8017]  Also provided berein is a modified lugher plant transfornaed with a polynucieotide sequence
comprising: 2} a nucleic acid soquence of SEQ I NG: 62, SEQ I NG: 42, SEQ TD NG: 44, SEQ D NGy
46, SEQ I NO: 48, SEQ I NG: 50, SEQ 1D NO: 52, SEQ I NO: 54, SEQ 1D NG: 56, SEQ 1) NO: 58,
SEQ ID NG: 60, SEGQ ID NO: 64, SEQ ID NO: 66, SEGQ ID NO: 68, SEQ IDNO: 70, SEG IDNG: 72, or
SEQ ID NO: 74; or b) a nucleotide sequence with at least 80%, at feast 85%, at least 90%, at least 95%, at
feast 98%, or at east 99% sequence identity to the mucleic acid sequence of SEQ ID NOG: 62, SEQ 1D NG:
42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 534,
SEQ ID NG: 56, SEGQ ID NO: 58, SEQ ID NO: 60, SEG ID NO: 64, 3EQ ID NO: 66, SEG 1D NG: 68,
SEQ ID NO: 70, SEQ 1D NO: 72, or SEQ 1D NO: 74; wherein expression of the protein encoded by the
nucleic acid sequence or nucleotide sequence resulis in the transformed higher plant being tolerant to
sodmum hypochlorite at a concentration of about 1, of about 2, of about 2.5, of about 5, of about 10, of about
15, of about 20, of about 25, of abowut 30, of about 35, of about 40, of about 45, of about 50, of about 35, of
about 00, of about 65, of about 70, of about 75, of about 84, of about 835, of about 90, of abowt 95, of about
100, of abowut 200, of about 300, of about 1,080, of about 2,000, or of about 5,000 ppm, orat a
concentration of at least 2, of at least 2.5, of at least 5, of at least 10, of at least 15, of at least 20, of at least
235, of at least 30, of at least 35, of at least 40, of at least 45, of at least 50, of at least 53, of at least 60, of at
feast 65, of at least 70, of at least 75, of at least 80, of at least 85, of at least 90, of at feast 93, of at least

100, of at least 200, of at feast 300, of at feast 1,000, of at least 2,000, or of at least 5,800 ppm. In one
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embodiment, the higher plant is grown in an agqueous environment. In one embodinent, the higher plant is
Arabidopsis thaliana. In other embodiments, the higher plant 13 a Brassica, Glycine, Gossypium, Medicago,
Zea, Sorghum, Orvza, Triticum, or Panicum species. In yet other embodiments, the protein comprises an
amino acid seguence of SEQ 1D NO: 63, SEQ D NO: 43, SEQ ID NO: 45, SEQ D NO: 47, SEQ ID N
49, SEQ ID NO: 51, SEGQ 1D NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NG: 59, SEQ 1D NO: 81,
SEQID NG: 65, SEQ ID NO: 67, SEQ ID NO: 69, SEQ ID NO: 71, SEQ ID NO: 73, SEQ ID NG: 75, or
SEQID NG: 77

[8¢18] Provided herein s a modified higher plant transformed with 2 mucleotide sequence comprising: a)
a mucleic acid sequence of SEQ ID NO: 62, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NG 46, SEQ ID
NO: 48, SEQ D NO: 88, SEQ D NO: 52, SEQ D NO: 84, SEQ D NO: 56, SEQ [D NO: 88, SEQ D
NG: 68, SEQ D NG: 64, SEQ D NO: 66, SEQ D NO: o8, SEQ D NO: 78, 3EQ D NO: 72, or SEQ D
NO: 74; or by a naclectide sequence with at least 80%, at least 83%, at least 90%, at least 95%, at {east
98Y%, or at least 89% sequence identity to the nucleic acid sequence of SEQ ID NO: 62, SEQ 1D NO: 42,
SEQ ID NG: 44, SEQ ID NO: 46, SEQ ID NO: 48, SEQ D NO: 58, SEQ D NO: 52, SEQ D NO: 54,
SEQ ID NG: 56, SEQ ID NO: 58, SEQ ID NO: 60, SEQ D NO: 64, SEQ ID NO: 66, SEQ D NO: 68,
SEQ ID NOG: 70, SEQ ID NO: 72, or SEQ 1D NG: 74, wherein expression of the protein encoded by the
nucleie acid sequence or nucleotide seguence resulis in the transformed higher plant having mereased
growth as compared to either an untransformed higher plant or a second transformed bigher plant. In some
embodiments, the growth of the transformed higher plant s at least 5% greater, at least 10% greater, at least
20% greater, at Jeast 40% greater, at least 60% greater, at least 80% greater, at least 100% greater, at feast
200% greater, at feast 300% greater, or at least 408% greater than the wniransforrued higher plant or the
second transformed higher plant. In sorae emabodiments, growth is measured by carrying capacity, culture
productivity, or growth rate. In one emnbodiment, the higher plant is grown in an agueous environoent. n
some embodiments, the concentration of sodinm hypochlorite o the aqueous environment 1s between 1 and
5,000 ppm. In other embodiments, the concendration of sodmm hypochiorite in the agucous environment is
between 2 and 60 ppm. Io one embodiment, the higher plant is drabidopsis thaliana. In other
embodiments, the higher plant is a Rrassica, Glveine, Gossvpinm, Medicago, Zea, Sorghum, Oryza,
Trisicum, or Panicum species. In vet other embodiments, the protein comprises an amino acid sequence of
SEQ ID NG: 63, SEQ ID NO: 43, SEQ ID NO: 43, SEGQ ID NO: 47, 3EQ ID NO: 49, SEG ID NG: 51,
SEQ ID NG: 53, SEGQ ID NO: 55, SEQ ID NO: 57, SEG ID NO: 59, 3EQ ID NO: 61, SEGQ ID NG: 65,
SEQID NG: 67, SEG 1D NO: 69, SEQ 1D NO: 71, SEG ID NG: 73, SEQ ID NO: 75, or 3EQ D NO: 77,

BRIEF DESCRIPTION OF THE BRAWINGS
{8039] 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:
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{6028] For all 96-well plates described below and shown in the figures, the concentration of sodium
hypochlorite across the top of the plate is as follows: 0, 0, 10, 18, 15, 15, 25, 25,35, 35, 60, and 60 ppm;
and the 0Dy of the cells was from bottom to top, 8.35, 6.325, 0.3, 0.25, 0.2, 0.15, 8.125, and 8.1,

[6021] Figure I shows a representative 96-well plate of one candidate that passed (BF22) and one
candidate that failed (B¥F25) a sodium hypochlorite nucrotiter validation assay.

[6022] Figure 2 shows a 90-well plate containing wild-type Chlamyvdomonas reinhardtii, used as a
comparison with the 96-well plates of Figure 1.

{80231 Figure 3 shows the results of a sodium hypochiorite radial diffusion assay. The y axis represents
the area of sodium hypochlorite inhibition in cm”. The x axis represents the different strains that were
tested.

[8024] Figure 4 shows several representative plates from the sodinm hypochlorite radial diffusion assay.
WT 1s wild type Chlamydomonas reinhardtii,

[8025] Figure S shows the results of a sodium hypochiorite radial diffusion assay. The y axis represents
the area of bleach inhibition in em” and the x axis represents from left to right: 1 (WT); 2 (BFO2); 3 (BFO3);
4 (BY04); 3 (BFO8); 6 (BF10/26); 7 {BF19); 8 (BFZ0); 9 (BF21y; 10 (BF22); 11 (BF27); 12 (BF29); 13 (BF
30); 14 (BF32); 15 (BTO6); 16 (BTO7y; 17 (BTO8Y, AND 18 (BTI 1.

{8026] Figure 6 is a cDNA overexpression vector (SENuci060).

I8027] Figure 7 is an truoage of a 96-well roicrotiter plate at the end of a sodiwm hypochlorite microtiter
validation assay, for a strain transforroed with BF2Z,

[8028] Figure 8 is an troage of 2 96-well microtiter plate at the end of a sodinm hypochlorite microtiter
validation assay, for a strain transforroed with BF3.

[8029] Figure 9 is an troage of a 96-well oicrotiter plate at the end of a sodinm hypochlorite microtiter
validation assay, for a strain fransformed with BF4.

{80368] Figure 10 is an tmage of a 96-well microtiter plate at the end of a sodium hypochiorite microtiter
validation assay, for a strain fransformed with BFS.

{8031] Figure 11 is an tmage of a 96-well microtiter plate at the end of a sodium hypochiorite microtiter
validation assay, for a strain fransformed with BF19.

{8032] Figure 12 is an tmage of a 96-well microtiter plate at the end of a sodium hypochiorite microtiter
validation assay, for a strain fransformed with BF20.

{8033] Figure 13 is an tmage of a 96-well microtiter plate at the end of a sodium hypochiorite microtiter
validation assay, for a strain transformed with BF21.

{6034] Figure 14 i3 an image of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter
validation assay, for a strain transformed with BF22.

{0035] Figure 15 i3 an image of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter
validation assay, for a strain transformed with BF26.

{8036] Figure 16 is an image of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter

validation assay, for a strain transformed with BF27.
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{6037] Figure 17 is an image of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter
validation assay, for a strain transformed with BF29,

{6038] Figure I8 is an image of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter
validation assay, for a strain transformed with BF30.

[603%] Figure 19 is an image of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter
validation assay, for a strain transformed with BT4.

[6048] Figure 20 is an image of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter
validation assay, for a strain transformed with BT6.

{80411 Figure 21 is an tmage of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter
validation assay, for a strain transformed with BT7.

[8042] Figure 22 is an tmage of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter
validation assay, for a strain transformed with BTS.

[8043] Figure 23 is an tmage of a 96-well microtiter plate at the end of a sodivm hypochlorite microtiter
validation assay, for a strain transformed with BT10,

[8044] Figure 24 is an tmage of a 96-well microtiter plate at the end of a sodium hypochlorite microtiter
validabion assay, for wild type Chiamydomonas reinhardtii.

[8045] Figure 25 is an tnage of plates of a sodiwr hypochiorite radial diffasion assay for a strain
transformned with BF2. The upper left plate is the untransformed wild type strain,

[8046] Figure 26 is an tnage of plates of a sodiwr hypochiorite radial diffasion assay for a strain
transforned with BF3. The upper left plate is the uptransformed wild type strain,

[8047] Figure 27 is an tnage of plates of a sodiwr hypochiorite radial diffasion assay for a strain
transforned with BF4. The upper left plate is the uptransformed wild type sirain.

{0048] Figure 28 is an image of plates of a sodiwm hypochiorite radial diffusion assay for a sirain
transformed with BFS. The upper eft plate is the untransforoed wild type strai.

{8049] Figure 29 is an image of plates of a sodiwm hypochiorite radial diffusion assay for a sirain
transformed with BF 19, The upper feft plate is the untransformed wild type strain.

{00568] Figure 30 is an tmage of plates of a sodiwm hypochiorite radial diffusion assay for a sirain
transformed with BF20. The upper feft plate is the untransformed wild type strain.

{8051] Figure 31 is an tmage of plates of a sodiwm hypochiorite radial diffusion assay for a sirain
transformed with BF21. The upper left plate is the untransformed wild type strain.

{0052] Figure 32 is an image of plates of a sodium hypochlorite radial diffusion assay for a strain
transformed with BF22. The upper left plate i3 the untransformed wild type strain.

{0053] Figure 33 is an image of plates of a sodium hypochlorite radial diffusion assay for a strain
transformed with BF26. The upper left plate is the untransformed wild type strain.

{0054] Figure 34 i3 an image of plates of a sodium hypochlorite radial diffusion assay for a sirain

transformed with BF27. The upper left plate is the untransformed wild type strain.
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[B0S5]  Figure 35 is an image of plates of a sodium hypochlorite radial diffusion assay for a strain
transformed with BF29. The upper left plate 1s the uvntransformed wild type strain.

[6056] Figure 36 is an image of plates of a sodium hypochlorite radial diffusion assay for a strain
transformed with BF30. The upper left plate 1s the uvntransformed wild type strain.

{6087] Figure 37 is an image of plates of a sodium hypochlorite radial diffusion assay for a strain
transformed with BF32. The upper left plate 1s the uvntransformed wild type strain.

[60S8] Figure 38 is an image of plates of a sodium hypochlorite radial diffusion assay for a strain
transformed with BT4. The upper left plate 1s the untransformed wild type strain,

{8059 Figure 39 is an image of plates of a sodium hypochlorite radial diffusion assay for a2 strain
transformed with BT6. The upper left plate 1s the untransformed wild type strain,

[6068] Figure 40 is an image of plates of a sodium hypochlorite radial diffusion assay for a2 strain
transformed with BT7. The upper [eft plate 1s the untransformed wild type strain,

[6061] Figure 41 is an image of plates of a sodium hypochlorite radial diffusion assay for a2 strain
transformed with BT8. The upper left plate 1s the untransformed wild type strain.,

[8062] Figure 42 is an image of plates of a sodium hypochlorite radial diffusion assay for a2 strain
transformed with BT16. The upper left plate is the untransformed wild type stram,

[8063] Figure 43 is an tnage of plates of a sodiwm hypochiorite radial diffasion assay for a strain
transformed with BT11. The upper left plate is the untransformed wild type stram,

[8064] Figure 44 is an tnmage of plates of a sodivrna hypochlorite radial diffusion assay for the
unteansformed wild type O reinfrardtii strain,

[8065] Figure 45 is an tnage of plates of a sodiwna hypochlorite radial diffusion assay for the

unteansformed wild type C. reinfrardtii strain.

DETAILED BESCRIPTION
HHESY The following detailed description is provided to aid those skilled in the art in practicing the
present disclosure. Even so, this detatled description should not be construed to unduly fimit the present
disclosure as modifications and variations in the erabodiments discussed herein can be made by those of
ordinary skill in the art without departing from the spirnit or scope of the present inventive discovery.
{8067]  Asused in this specification and the appended clairus, the singular forms “2”, “an™ and “the”
include plural reference unless the context clearly dictates otherwise.

[0068] Sodinm Hvpechlorite Resistance

{8069] The sodium hypochlorite resistant organism (for example, alga) is grown in media containing a
concentration of sodum hypochlorite that permits growth of the transformed organism, but inhibits growth
of the same species of organism that is not transformed. fo confer resistance to sodium hypochiorite. The
coneentration for optimal production of a product by the host organism and/or inhibition of growth of other

nontransformed species can be empirically determined.
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[6076] The terms “tolerant™ and “resistant” can be uvsed interchangeably throughout the specification, as
well as any vaniation of the two words such as “tolerance” and “resistance.”

60711 Endogenous

[6072] An endogenous mucleic acid, nucleotide, polypeptide, or protein as described herem is defined in
relationship to the host organiam. An endogenous nucleic acid, nucleotide, polypeptide, or protein is one
that naturally occurs in the host organiam.

{60731 Exogenous

{80741 Aun exogenous nucleic acid, nucleotide, polypeptide, or protein as described herein 1s defined in
relationship to the host orgarism. An exogenous mucleic acid, nouclectide, polypeptide, or protein is one
that does not naturally occur in the host organism or is a different location in the host organism.

{00751 Nucleic Acid and Protein Sequences

[8076] The followmg nocleic acid and amino acid sequences are usefil in the disclosed embodiments,
[8¢77] If ap mitial start codon (Met} is not present in any of the amino acid seguences disclosed herein,
meloding sequences contained in the sequence lsting, one of skl in the art would be able to inchude, at the
nucleotide level, an mitial ATG, so that the transiated polypeptide would have the tmitial Met. Il a start
and/or stop codon 13 not present at the begioning and/or end of a coding sequence, one of skill 1o the art
would know to inscrt an “ATG” at the beginming of the coding sequence and nucleotides encoding for a
stop codon (any one of TAA, TAG, or TGA) at the end of the coding sequence. Several of the nucleotide
sequences disclosed herem are missing an imitial “AT(G” and/or are missing a stop codon. Any of the
disclosed pucleotide sequences can be, if desired, fused to another nucleotide sequence that when operably
inked to a “control clement” results in the proper transiation of the encoded amino acids (for example, a
fusion protein). In addition, two or more muclectide sequences can be linked by a short peptide, for
example, a viral peptide.

{8078] SEQIDNO: lisaprimer. “V7isanvoneof A, Cor G “N7isanyone of A, T,Cor G

{8079] SEQIDNO: 2 is a primner,

{6086] SEQID NG: 3 is a primer.

{8081] SEQIDNO: 4 is a primer,

{8082] SEQIDNO: 3 is a primer,

{8083] SEQIDNO: 615 a primner,

{8084] SEQIDNO: 7 is a primner,

{8085] SEQ D NO: 8 is the nucleic acid sequence of BF02.

{8086] SEQ D NO: 9 is the nucleic acid sequence of BFO3.

{8087] SEQ D NO: 10 is the nucleie acid sequence of BF04,

{8088] SEQ D NO: 11 is the nucleie acid sequence of BFO8,

{8088] SEQ D NO: 12 is the nucleie acid sequence of BFIG/BF26.

{8098] SEQ D NO: 13 is the nucleie acid sequence of BF19,

{80931] SEQ D NO: 14 is the nucleie acid sequence of BF20.
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(80921 SEQID NO:
(80931 SEQID NO:
[8094] SEQID NO:
[8095] SEQID NO:
[8096] SEQID NO:
(8097 SEQID NO:
[8098] SEQID NO:
186991 SEQID NO:
[86160] SEQ ID NO: .
[86161] SEQ ID NO:
[86162] SEQ ID NO:
[86103] SEQ ID NO:
[86104] SEQ ID NO:
[86105] SEQ ID NO:
[86106] SEQ ID NO:
[86107] SEQ ID NO:
[86105] SEQ ID NO:
[86109] SEQ ID NO:
[86118] SEQ ID NO:
[86111] SEQ IDNO:
[86112] SEQ ID NO:
[86113] SEQ ID NO:
[86114] SEQ IDNO:
(86115} SEQ ID NO:
(86116} SEQ ID NO:
(86117} SEQ ID NO:
(86118} SEQ ID NO:
[86119] SEQ ID NO:
[86128] SEQ ID NO:
[86121] SEQ IDNO:
[86122] SEQ D NO:
[86123] SEQ D NO:
[86124] SEQ D NO:
[86125] SEQ D NO:
[86126] SEQ D NO:
[86127] SEQ D NO:
[86128] SEQ D NO:

15 1s the nucleic acid sequence of BFZ1.
16 1s the nucleic acid sequence of BFZ2.
17 1s the nucleic acid sequence of BFZ7.
18 1s the nucleic acid sequence of BFZ9.
19 1s the nucleic acid sequence of BF30.
20 1s the nucleic acid sequence of BF32.
21 1s the nucleic acid sequence of BT06.
22 1s the nucleic acid sequence of BTO7.
3 1 the nucleic acid sequence of BTOS.
24 is the nucleic acid sequence of BT11L

25 is the trauslated sequence of SEQ ID NO:

26 is the translated sequence of SEQ ID NO: 8
16,
28 is the translated sequence of SEQ ID NO: 1
29 is the translated sequence of SEQ ID NO: 1
30 is the translated sequence of SEQ ID NO: |
31 is the translated sequence of SEQ ID NGO |

27 is the translated sequence of SEQ 1D NO:

32 is the translated sequence of SEQ 1D NO:

33 is the translated sequence of SEQ ID NO: |
34 is the translated sequence of SEQ ID NO: |
35 is the translated sequence of SEQ ID NO: |
36 is the translated sequence of SEQ ID NO: |
37 is the transiated sequence of SEQ [D NO: ¢

38 is the transiated sequence of SEQ 1D NO:

39 is the transiated sequence of SEQ [D NO: ¢
40 is the translated sequence of SEQ 1D NG: -
41 is the translated sequence of SEQ 1D NG: 2

42 18 SEQ ID NO: 8 without a start codon and a stop codon.

13 s SEQ ID NO: 25 without an initial “M”,

44 18 SEQ ID NO: 9 without a start codon and a stop codon.

45 iz SEQ 1D NO: 26 without an initial “M”™.

46 i3 SEQ 1D NO: 10 without a start codon and a stop codon.

47 iz SEQ 1D NO: 27 without an initial “M™.

48 iz SEQ 1D NO: 11 without a start codon and a stop codon.

49 iz SEQ 1D NO: 28 without an initial “M™.

3048 SEQ 1D NO: 12 without a start codon and a stop codon.

5148 SEQ 1D NO: 29 without an initial “M”.

8.
9
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[86129] SEQ 1D NO:
[86138] SEQ 1D NO:
[86131] SEQ 1D NO:
[86132] SEQ 1D NO:
166133} SEQ 1D NO:
[86134] SEQ 1D NO:
[66138] SEQ 1D NO:
[86136] SEQ IDNO:
[86137] SEQ IDNO:
[86138] SEQ IDNO:
166138} SEQ IDNC:
166140} SEQ ID NG
166141} SEQ ID NG
166142} SEQ IDNC:
[86143] SEQ IDNO:
[86144] SEQ IDNO:
[86145] SEQ IDNO:
[86146] SEQ IDNO:
[86147] SEQ IDNO:
[86145] SEQ IDNO:
[66149] SEQ IDNO:
[86158] SEQ IDNO:
[86151] SEQ IDNO:
[86152] SEQ ID NO:
[86153] SEQ ID NO:

521s
53 1s
54 1s
551s
56 1s
57 1s
58 1s
59 1s
60 is
61 1is
62 1
63 is
64 is
65 1s
66 is
67 is
68 is
69 is
70 1s
71is
72 1s

731

12}

74 18

7515 SEQ ID NG

SEQ 1D NO:
SEQ 1D NO:
SEQ 1D NO:
SEQ 1D NO:
SEQ 1D NO:
SEQ 1D NO:
SEQ 1D NO:
SEQ D NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ 1D NO:
SEG ID NO:
SEQ 1D NO:
SEG ID NO:
SEQ 1D NO:
SEG ID NO:
SEQ 1D NO:
SEG ID NO:

30 without an mitial “M”.

31 without an mitial “M”.

32 without an mitial “M”.

33 without an imitial “M”.

34 without an imitial “M”.

35 without an imitial “M”.

36 without an imitial “M”.

37 without an witel “M”.

38 without an witel “M”.

39 without an witel “M”.

40 without an unttial “M”.

141 without an unttial “M”,

13 without a start codon and a stop codon.

14 without a start codon and a stop codon.

15 without a start codon and a stop codon.

16 without a start codon and a stop codon.

7 without a start codon and a stop codon.

18 without a start codon and a stop codon.

192 without a start codon and a stop codon.

20 without a start codon and a stop codon.

21 without a start codon and a stop codon.

22 without a start codon and a stop codon.

23 without a start codon and a stop codon.

24 without a start codon and a stop codon.
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76 is the nucleic acid sequence of a gene from Scenedesmuis dimorophus with 85%

sequence identity to SEQ 1D NO: 62, SEQ 1D NO: 76 does not have a start or a stop codon,
[80154] SEQ IDNO: 77 is the translated sequence of SEQ ID NG; 76,
[66155] Host Cells or Host Organisias

{80156] Biomass useful in the methods and systems described herein can be obtained from host cells or

frost organisms that have been modified (c.g. genetically engineered) to be, for example, sodinm

hypochlorite resistant, as compared to an unmodified organism. In addition, the host cells or host organism

can be further modified to express an exogenous or endogenous protein, such as a protein mvoelved in the

isoprencid biosynthetic pathway or a protein involved in the accunmmulation and/or secretion of fatty acids,

glycerol lipids, or oils.

{80157] A host cell can contain a polynucleotide encoding a polypeptide of the present disclosure. In some
embodiments, a host cell is part of a multicelhular organiam. In other embodiments, a host cell is cultured as

a unicellular organism.
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[60158] Host organisms can include any suitable host, for example, a microorganism. Microorganisms
which are useful for the methods described herein include, for example, photosynthetic bacteria (e.g.,

®

cyanobactena), non-photosynthetic bacteria {e.g., £ colf), yeast {e.g., Saccharomyvees cerevisiae), and

¢

algae {e. g., microalgae such as Chlamydomonas reinhardiii).

{60159} Examples of host organisms that can be transformed with a polynucleotide of interest (for
example, a polynucieotide that encodes a protein involved in the isoprenoid biosynthesis pathway) include
vascular and non-vascular organisms. The organism can be prokaryotic or eukaryotic. The organisim can
be upicethilar or multicellufar. A host orgarism is an organism comprising 2 host cell. In other
embodiments, the host organism is photosynthetie, A photosynthetic organism 18 one that uaturally
photosynthesizes {(e.g., an alga) or that is genetically engineered or otherwise modified to be
photosynthetic. In some instances, 2 photosynthetic organism may be transformed with a construct or
vector of the disclosure which renders all or part of the photosynthetic apparatus moperable.

{80168} By way of example, a non-vascular photosynthetic microalga species (for example, C. reinfuardtii,
Namnachloropsis oceania, N. salina, D. salina, H. phwvalis, S. dimorphus, D viridis, Chiorella sp., and D
tertiolectay can be genetically engineered to produce a polypeptide of interest, for example a fusicoccadiene
syothase or an FPP syothase. Production of a fusicoccadiene synthase or as FPP synthase in these
raicroalgae can be achieved by engiueering the mcroalgae to express the fusicoccadiene synthase or FPP
syothase 1o the algal chioroplast or nucleus

{80161} In other embodiments the host organism is a vascular plant, Noa-liratting exarples of sach plants
mnclade various monocots and dicots, including bigh oil seed plants such as high oil seed Brassica (s.g.,
Brassica nigra, Brassica napus, Brassica hirta, Brassica rapa, Brassica campestris, Brassica carinata, and

Brassica junceal, soyb:—:an (Glycme max), castor bean (Ricinus communis), cotton, safflower (Carthamus

tinctorius), sunflower (Helianthus annuus), flax (Linum usitotissimum), comn (Zea mays), coconut {Cocos
nucifera), palm {Flaeis guineensis), oll nut trees such as olive {Qlea europaea), sesame, and peanut
{Arachis hypogaea), as well as Arabidopsis, tobacco, wheat, barley, oats, amaranth, potato, rice, tomato,
and legumes {e.g., peas, beans, lentils, alfalfa, ctc.).

{80162 The host celi can be prokaryotic. Examples of some prokaryotic organisis of the present
disclosure include, but are not limited 1o, cyanobacteria {e.g., Synechococcus, Synechocystis, Athrospiva,
Anacytis, Anabaena, Nostoc, Spiruling, Fremyeila, Gleocapsa, Oscillatoria, and, Pseudoanabaena).
Suitable prokaryotic cells include, but are not limited to, any of a variety of laboratory strains of
Escherichia coli, Lactobacitius sp., Salmonella sp., and Shigella sp. (for example, as described in Carrier et
al (1992} §. Immamol. 148:1176-1181; ULS. Pat. No. 6,447,784; and Sizemore et al. {1995) Science
270:299-302). Examples of Salmonella strams which can be employed i the present disclosure include,
but are not linited to, Salmonella typhi and 5. typhimurinm. Suitable Shigella strains include, but are not
fimited to, Shigella flexneri, Shigella sonmei, and Shigella disenteriac. Typically, the faboratory sirain is one

that is non-pathogenic. Non-linuting examples of other suitable bacteria include, but ave not linuted to,
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Pseudomonas pudita, Preudomonas aeruginosa, Pseudomonas mevalonii, Rhodobacter sphaeroides,
Rhodobacter capsulatus, Rhodospirithum rubrum, and Rhodococous sp.

{60163} In some embodiments, the host organism is cukaryotic (¢.g. green algae, red algae, brown algae).
In some embodiments, the algae is a green algae, for exanple, a Chlorophycean. The algae can be
anicellular or multicelular. Suitable eukaryotic host cells inclade, but are not limited to, yeast cells, insect
cells, plant cells, fungal cells, and algal cells. Suitable cukaryotic host cells include, but are not limited to,
Pichia pastoris, Pichia finlandica, Pichia trehalophila, Pichia koclamae, Pichia membranacfaciens, Pichia
opuntiac, Pichia thermotolerans, Pichia salictana, Pichia guercunim, Pichia pyjperi, Pichia stiptis, Pichia
methanclhica, Pichia sp., Saccharomyces cerevisiae, Saccharomyces sp., Hansenula polymorpha,
Khiyveromyees sp., Kluyveromyees lactis, Candida albicans, Aspergilus midulans, Aspergillus niger,
Aspergitlus oryzae, Trichoderma reesei, Chrysosporium lucknowense, Fusarium sp., Fusanum granuneum,
Fusarium venenatum, Newrospora crassa, and Chlamydomonas reinhardtiz,

{80164} In some embodiments, eukaryotic microalgae, such as for example, a Chlamydomonas sp.,

Nemmachloropsis sp., Arifirospiva sp., Sprivuling sp., Botryococcus sp., Hoematocooous $p., of
Deswmodesmus sp., can be used 10 the disclosed raethods.

{80165} In other embodirents, the bost cell is Chlamydomonas reinhardtii, Dunaliella salina,
Haematococcus pluvialis, Nanmochloropsis oceania, Nannmochloropsis saling, Dunaliella saling,
Scenedesrus dimorphus, a Chlorella species, a Spirulina species, a Desmid species, Spiruling maximus,

%
!

Arthrospira fusiformis, Dunaliella viridis, Nannockloropsis oculata, or Dunaliella teriiolecta.

80166} To some instances the organisi s a rhodophyte, chlorophyte, beterokontophyte, tribophyte,
glavcophyte, chlorarachriophyte, cuglenoid, haptophyts, cryptoronad, dinoflageliur, or phytoplaskion.
{86167} To sorme instances 2 host orgamism 8 vascular and photosynthetic. Examples of vascular plants
include, but are vot limited to, angiosperms, gymnosperms, rhyniophytes, or other tracheophytes.

{80168} To sorme instances a host organism 8 non-vascular and photosynthetic. As used herein, the term
“non-vascular photosynthetic organism,” refers 10 any macroscopic or microscopic organism, inchuding,
but not fimited to, algae, cyanobacteria and photosynthetic bacteria, which does not have a vascular systern
such as that found 1o vascular plants. Exanples of non-vascular pbotosynthetic organisms include
bryophtyes, such as marchantiophytes or anthocerotophytes. In some instances the organism is 2
cyanobacteria. In some instances, the organism is algae (e.g2., macroalgae or microaigac). The algac can be
unicellular or multicellular algae. For example, the microalgae Chiamydomonas reinhiardtii may be
transformed with a vector, or a linearized portion thereof, encoding one or more proteins of interest (e.g., a
protein involved in the isoprenoid biosynthesis pathway).

{00169 Methods for algal transformation are described in U.S. Provisional Patent Application No.
60/142,091. The methods of the present disclosure can be carried out using algae. for example, the
microalga, . reinhardtii. The use of microalgae to express a polypeptide or protein complex according to a

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

{60178} The vectors of the present disclosure may be capable of stable or transient transformation of
nultiple photosynthetic organisms, inchuding, but not limited to, photosynthetic bacteria (including
cyanobactena), cyanophyta, prochlorophyta, rhodophyta, chlorophyta, pyrrophyta, heterokontophyta,
tribophyta, glaucophyta, chlorarachniophytes, euglenophyta, euglenoids, haptophyta, chrysophyta
(including diatoms), cryptophyta, cryptomonads, dinophyta, dinoflagellata, pyrmnesiophyta,
bacillariophyta, xanthophyta, eastigmatophyta, raphidopbyta, phacophyta, and phytoplankton. Other
vectors of the present disclosure are capable of stable or transient transformation of, for example, C.
reinhardtii, N. oceania, N. safing, D. saling, H. plwvalis, 8. dimorphus, D. viridis, or D. tertiolecia.

{86171} Examples of appropriate hosts, inchude but are not Hmited to: bacterial cells, such as E. coly,
Streptoruyces, Salmonella typhimurnim; fungal cells, such as yeast; insect cells, such as Drosophila S2 and
Spodoptera S9; ammal cells, such as CHO, COS or Bowes melanoma; adenoviruses; and plant cells, The
selection of an appropriate host i3 deemed to be within the scope of those skitled m the art,

{80172} Polynucleotides selected and isolated as described herein are introduced 1nto a suitable host cell. A
suitable host cell 1s any cell which is capable of promoting recombination and/or reductive reassortrent.
The selected polypucleotides can be, for example, w a vector which inchedes appropriate confrol seguences,
The host cell can be, for example, a higher sukaryotic cell, such as a mamuaalian cell, or a lower eukaryotic
cell, such as a yeast cell, or the bost celf can be a prokaryotic cell, such as a bacterial cell. Tntroduction of 2
constroct (vector) wto the host cell can be effected by, for example, calemm phosphate transfection,
DEAE-Dextran mediated transfection, or electroporation.

{86173} Recombmant polypeptides, mcluding protein complexes, can be oxpressed in plants, allowing for
the production of crops of such plants and, therefore, the ability to conveniently produce large amounts of a
desired product. Accordingly, the methods of the disclosure can be practiced using any plant, including, for
example, microalga and macroalgae, (such as marine algae and seaweeds), as well as plants that grow n
s0il.

{80174] Tn one embodiment, the host cell is a plant. The term “plant” is used broadly herein to referto a
cukaryotic organism containing plastids, such as chloroplasts, and includes any such orgaunism at any stage
of development, or to part of 2 plant, inchuding a plant cutting, a plant cell, a plant cell culture, a plant
organ, a plant seed, and a plauntiet. A plant cell is the structural and physiclogical unit of the plant,
comprising a protoplast and a cell wall. A plant cell can be in the form of an isolated single cellora
cultured cell, or can be part of higher organized onit, for example, a plant tissue, plant organ, or plant.
Thus, a plant cell can be a protoplast, a gamete producing cell, or a cell or collection of cells that can
regenerate into a whole plant. As such, a seed, which comprises multiple plant cells and is capable of
regenerating into a whole plant, iz considered plant cell for purposes of this disclosure. A plant tissue or
plant organ can be a seed, protoplast, callus, or any other groups of plant cells that is organized into a

structural or functional unit. Particularly useful parts of a plant include harvestable parts and parts useful
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for propagation of progeny plants. A harvestable part of a plant can be any useful part of a plant, for
example, flowers, pollen, seedlings, tubers, leaves, stems, fruit, seeds, and roots. A part of a plant useful for
propagation includes, for example, seeds, fruits, cuttings, scedlings, tubers, and rootstocks.
{60175} The genes of the present disclosure can be expressed in a higher plant. For example, Arabidopsis
thafiana. The genes can also be expressed in a Brassica, Glycine, Gossypium, Medicago, Zea, Sorghum,
Oryza, Triticum, or Panicum species.
{60176} A method of the disclosure can generate a plant containing genomic DNA (for example, a nuclear
and/or plastid genonue DNA) that 1s genetically modified to contain a stably integrated polynucleotide (for
example, as described 1w Hager and Bock, Appl. Microbiol, Biotechnol. 54:302-316, 2000). Accordingly,
the present disclosure further provides a transgenie plant, ¢.g. C. reinfhardiii, which comprises one or more
chioroplasts containing a polynucleotide encoding one or more exogencus or endogencus polypephides,
meloding polypeptides that can allow for secretion of fuel products and/or fuel product precursors {e.g.,
1soprencids, fatty acids, Hpids, triglycerides). A photosynthetic organism of the present disclosure
comprises at least one host cell that 1s modified to generate, for example, a fuel prodact or 3 fuel prodaoct
DPIECUISOL.
I80177] Some of the host organisms usefol in the disclosed erabodirnents are, for example, are
extremophiles, such as byperthermophies, psychrophiles, psychrotropbs, halophiles, barophies and
acidophiles. Some of the host organisrus which may be used fo practice the present disclosure are halophilic
(e.g., Dunaliella salina, D. viridis, ov D tertiolectay. For example, D, safing can grow in ocean water and
salt lakes (for exarple, salinity from 30-300 parts per thousand} and high salinity media (e.g., artificial
seawater medivm, scawater putoient agax, brackish water medmm, and seawater medium)}. In some
embodiments of the disclosure, a host celf expressing a protein of the present disclosure can be grown ina
liguid envivonment which is, for example, 6.1,0.2,03,04,0.5,06,0.7, 08,09, 1.0, 1.1, 1.2,1.3, 1.4, 1.5,
6,1.7,1.8,1.9,2.0,2.1,2.2,23,24,2.5,26,2.7,2.8,29,3.0,31,,3.2,33,34,35,3.6,3.7,38,3.9,
4.6,4.1, 4.2, 4.3 molar or higher concentrations of sodinm chioride. One of skill in the art will recognize
that other salts (sodium salts, calcium salts, potassium salts, or other salts) may also be present in the liquid
cUVironments.
{80178] Where a halophilic organism s utilized for the present disclosure, it may be transformed with any
of the vectors described herein. For exanple, D, saling may be transformed with a vector which is capable
of insertion into the chloroplast or nuclear genome and which contains nucleic acids which encode a
protein {e.g., an FPP synthase or a fusicoccadiene synthase). Transformed halophilic organisms may then
be grown in high-saline envivonments (e.g., salt lakes, salt ponds, and high-saline media) to produce the
products (e.g., lipids) of interest. Isolation of the products may involve removing a transformed organism
from a high-saline environment prior to exiracting the product from the organism. In instances where the
product 15 secreted into the surrounding environment, it may be necessary to desalinate the liguid

environment prior to any further processing of the product.
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{60179} The present disclosure further provides compositions comprising a genetically modified host cell.
A composition coniprises a genetically modified host cell; and will in some embodiments comprise one or
wore further components, which components are selected based in part on the intended use of the
genctically modified host cell. Suitable components include, but are not limited to, salts; buffers;
stabilizers; protease-inhibiting agents; celf membrane- and/or cefl wall-preserving compounds, ¢.g.,
glycerol and dimethylsulfoxide; and nutritional media appropriate to the cell.
{60188} For the production of a protein, for example. an isoprenoid or isoprenocid precursor compound, a
host celt 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 1s one that prodoces a sebstrate of 2 prenyl transferase,
1soprencid synthase or mevalouate pathway enzyme.
[6¢181} In some embodiments, a genetically modified host cell 1s a host cell that comprises an endogenous
mevalonate pathway and/or isoprencid biosyuthetic pathway and/or prenyl transferase pathway. In other
embodiments, a genetically modified host cell is 2 host cell that does not normally produce mevalonate or
IPP via a mevalonate pathway, or FPP, GPP or GGPP via a preny] transferase pathway, but has been
genetically ruodified with oue or more polysucleotides comprising nncleotide sequences encoding one or
raore raevalonate pathway, isoprenoid synthase pathway or prenyl transferase pathway enzyraes (for
exarnple, as described 10 U.S, Patent Pubbication No. 2004/085678; 1.8, Patent Pabhication No.
2003/5148479; and Martin ¢t al. (2003} Nat. Biotech. 2 1{7):796-802).
106182] Caltnving of Cells or Oroanisms

{80183} An organism ruay be grown under conditions which perroit photosynthesis, however, this is not a
reguirement {e.g., a host organism may be grown in the absence of Light). In some instances, the bost
organism may be genetically modified in such a way that its photosynthetic capability is diminished or
destroyed. In growth conditions where a host organism is not capable of photosynthesis (e.g., because of
the absence of light and/or genctic modification), typically, the 0;‘ganism will be provided with the
necessary nutrients to support growth in the absence of photosynthesis. For example, a culture medium
{or ory) which an organism is grown, may be supplemented with any required motriend, including an organic
carbon souree, nitrogen source, phosphorous source, vitamins, metals, lipids, nucleic acids, micromatrients,
and/or an organism-specific requirement. Organic carbon sources include any source of carbon which the
host organism is able to metabolize including, but not limited to, acetate, simple carbohydrates (e

glucose, sucrose, and lactose), complex carbohydrates {e.g., starch and glycogen), protems, and iipids, One
of skill in the art will recognize that not all organisms will be able to sufficiently metabolize a particular
nutrient and that nutrient mixtures may need to be modified from one organism to another i order o
provide the appropriate nutrient nix.

00384} Optimal growth of organisms oceurs usually at a temperature of about 20°C to abowt 25 °C,

although some organisms can still grow at a temperature of up to about 33 °C. Active growth is typically

performed in Lguid culture. f the organisms are grown in 2 liquid mediam and are shaken or mixed, the
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density of the cells can be anywhere from about 1 to 5 x 10°celis/mi at the stationary phase. TFor exanple,
the density of the cells at the stationary phase for Chlamydomonas sp. can be about 1 to 5 x 10 cells/mi; 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 Scenedesnus sp. can be about 1 to 3 x 10 cells/ml; and the
density of the cells at the stationary phase for Chlorelia sp. can be about 1 to 5 x 10°cells/mi. Bxemplary
cefl densitics at the stationary phase are as follows: Chlamydomonas sp. can be about 1 x 10 cells/ml;
Nannochloropsis sp. can be about 1 x 10%celis/ml; Scenedesmus sp. can be about 1 x 107cells/ml; and
Chilorella sp. can be about 1 x 10%cells/mi. An exemplary growth rate may vield, for example, a two to
twenty fold increase mn cells per day, depending on the growth conditions. In addition, doubling times for
organisms can be, for example, S hours to 38 howrs. The organtsm can also be grown on solid media, for
example, media containing about 1.5% agar, m plates or in slanis.

[8L185}) Oue source of energy i1s flucrescent light that can be placed, for example, at a distance of about |
wnch o about two fect from the organism. Examples of types of fluorescent lights includes, for example,
cool white and daylight. Bubbling with air or O, improves the growth rate of the organism. Bubbling with
C{, can be, for example, at 196 to 5% CO,. I the tights are turned on and off at regular mitervals {for
exarnple, 12:12 or 14:10 hours of hght:dark) the celis of some organisms will become synchronized.
180186} Long term storage of organismos can be achieved by streaking them onfo plates, sealing the plates
with, for example, Parafilm™ and placing ther in dim Hght 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.

IBG187] Tor longer storage, the orgamsms can be grown v hauid culture to xmid to late log phase and then
supplementad with a penetrating cryoprotective agent Hke DMSO or MeOH, and stored at less than -130
°C. An excmplary range of DMSO concentrations that can be used is 3 1o 8%. An exenplary range of
MeQOH concentrations that can be used 15 3 to 9%,

{80188} For longer Organisms can be grown on a defined minimal medium (for exanple, high salt medium
(HSM), medified artificial sea water medium (MASM), or F/2 mediuny) with light as the sole energy
source. In other instances, the organisn can be grown 8 a medmm (for exaraple, fris acetate phosphate
(TAT) medinn), and supplemented with an organic carbon source. Organisms, such as algae, can grow
naturalily in fresh water or marine water. Culture media for freshwater algae can be, for example, synthetic
media, enriched media, soil water media, and solidified media, such as agar, Various culture media have
been developed and used for the isolation and cultivation of fresh water algae and are described in
Watanabe, M.W. (2005). Freshwater Calture Media. In R.A. Andersen (Ed.), Algal Calturing Techniques
{pp. 13-20). Elsevier Academic Press. Culture media for marine algae can be, for example, artificial
scawater media or natural seawater media. Guidelines for the preparation of media are described in
Harrison, P.J. and Berges, J. AL (2005). Marine Culture Media. In R.A. Andersen (Ed.), Algal Cultaring

Technigues (pp. 21-33). Elsevier Academic Press.
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{60189} Organisms may be grown in outdoor open water, such as ponds, the ocean, seas, rivers, waterbeds,
warshes, shallow pools, lakes, agueducts, and reservoirs. When grown in water, the organism can be
contained in a halo-like object comprised of lego-like particies. The halo-like object encircles the organism
and allows it to retain nutrients from the water beneath while keeping it in open sunlight.
{60198} In some instances, organisms can be grown in containers wherein cach container comprises one of
two orgamisms, of a plurality of organisms. The containers can be configured to float on water. For
example, a contamer can be filled by a combination of air and water to make the contamer and the
organism(s) 1 it buoyant, An organism that is adapted to grow 1o fresh water can thos be grown in salt
water {i.¢., the ocean) and vice versa. This mechanism allows for antomatic death of the organism if there is
any damage to the container.
{80191} Cultonag technigues for algae are well known to one of skill in the art and are descnibed, for
example, 18 Freshwater Culture Media, In R AL Andersen (Ed.), Algal Cultuning Techmques. Elsevier
Academic Press.
{60192} Because photosynthetic orgamsms, for example, algae, requure sonbight, CO, and water for
growth, they can be coltivated i, for example, open ponds and Iakes. However, these open systems are
raore valnerable to contamination than a closed system, One challenge with using an open system s that
the organisia of juterest may not grow as quickly as a potential inpvader. This becomes a problem when
apother organism invades the liquid environament in which the organisra of interest s growing, and the
1avading organism has a faster geowth rate and takes over the system,
1804193} To addition, 10 open systems there is less control over water temperatice, CO, concentration, and
lighting conditions. The growing season of the organism 1s largely dependent on location and, aside from
tropical areas, is Uroited to the warmer months of the year. In addition, & an open system, the nomber of
different organisms that can be growan 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.
{80194] Another approach to growing an organisin is 1o use a semi-closed systern, such as covering the
pond or pool with a structure, for example, a “greeshouse-fype” structure. While this can result in a smaller
system, it addresses many of the probiems associated with an open system. The advantages of 2 semi-
closed systern are that it can allow for 2 greater number of different organisis to be grown, it can allow for
an orgauism fo be dominant over an invading organisim by allowing the organism of interest to out compete
the invading organisot for nutrients required for its growth, and it can extend the growing season for the
organism. For example, if the system is heated, the organism can grow year round.
{801938] 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.” Paddiewheels provide constant motion to
the liquid in the racetrack, allowing for the organiam to be circulated back to the surface of the iquid at a
chosen frequency. Paddlewheels also provide a source of agitation and oxygenate the system. These

raceway ponds can be enclosed, for example, in a building or a greenhouse, or can be located outdoors.
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{60196} Raceway ponds are usually kept shallow because the organism needs to be exposed to sunlight,
and sunlight can only penetrate the pond water to a limited depth. The depth of a raceway pond can be, for
example, about 4 to about 12 inches. In addition, the volume of liguid that can be contained in a raceway
pond can be, for example, about 200 liters to about 600,000 liters.

{80197} The raceway ponds can be operated in a continuous manner, with, for example, CO, and nutrients
being constantly fed to the ponds, while water containing the organism is removed at the other end.
{60198} If the raceway pond is placed outdoors, there are several different ways to address the invasion of
an upwanted organism. For example, the pH or salinity of the hqud in which the desired organtsm is 1
can be soch that the mvading organism cither slows down its growth or dies.

{64199} Also, chemicals can be added to the hiquid, such as bleach, or a pesticide can be added to the
fiquid, soch as glyphosate. In addition, the organism of interest can be genetically modified such that it is
better suited to survive in the ligud environment. Any one or more of the above strategies can be used to
address the invasion of an unwanted organisim,

[60288] Alternatively, organisms, such as algae, can be grown in closed structures such as
photobioreactors, where the environment is under stncter control than i open systems or semi-closed
systems, A photobioreactor is a bioreactor which incorporates some type of hight source to provide
phatonic energy mput 1nto the reactor, The torm photobioreactor can refer to a system closed to the
euvironment and having no divect exchange of gases and contarsinants with the environment. A
photobioreactor can be described as an enclosed, iHumnated culture vessel designed for controlied biornass
produoction of phototropbic iquid cell suspension cultures, Exaruples of photobioreactors include, for
example, glass containers, plastic tubes, tanks, plastic sleeves, and bags. Examples of Hght sources that can
be used to provide the energy requived to sustain photosynthesis clude, for example, 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 mitroduced into the bioreactor.

{80261} Photobioreactors, despite the costs to set up and maintain them, have several advantages over open
systems, they can, for example, prevent or minimize contamination, permit axenic organism cultivation of
monocultures {(a culture consisting of only one species of organismy, offer better control over the culture
conditions (for example, pH, light, carbon dioxide, and temperature), prevent water evaporation, lower
carbon dioxide losses due to out gassing, and perrmit higher cell concentrations.

{80282] On the other hand, certain requirements of ghotobioreactors, 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.

{80283} Photobioreactors can be set up to be continuvally harvested (as is with the majority of the larger
volume cultivation systems), or harvested one batch at a time (for example, as with polyethlyenc bag
caltivation). A batch photobioreactor s set up with, for example, mutrients, an organism {for example,
algae), and water, and the organism is alfowed to grow until the batch is harvested. A continuous

photobioreactor can be harvested, for example, either continually, daily, or at fixed time mtervals.
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{60264} High density photobioreactors are described in, for example, Lee, et al., Biotech. Bioengineering
44:1161-1167, 1994, Other types of bioreactors, such as those for sewage and waste water treatments, are
deseribed in, Sawayama, et al.,, Appl Micro. Biotech., 41:729-731, 1994, Additional examples of
photobioreactors are deseribed in, U.S. Appl. Publ. No. 2005/6260553, U.S. Pat. No. 5,958,761, and U.5.
Pat. No. 6,083,740, Also, organisms, such as algae may be mass-cultured for the removal of heavy metals
{for example, as described m Wilkinson, Biotech. Letters, 11:861-864, 1989), hydrogen (for example, as
deseribed in ULS. Patent Application Publication No. 2003/0162273), and pharmaceutical compounds from
a water, sotl, or other source or sample. Organisms can also be cultared in conventional fermentation
bioreactors, winch include, but are not imited to, batch, fed-batch, cell recyele, and countinuons fermentors.
Additional methods of culturing organisms and vartations of the methods deseribed herein are known to
one of skilf in the art.

{80265} Organisms can also be grown near ethanol production plants or other facihities or regions {(e.g.,
citics and highways) generating U0, As such, the methods herein conternplate business methods for
selling carbon credits to ethanol plants or other facilities or regions generating CO, while making fuels or
fuel products by growing one or more of the organisms described herein near the cthanol production plant,
faciity, or region.

{80286} The orgamism of interest, grown w any of the systerns described herein, can be, for example,
contivually barvested, or harvested one batch at a time.

180287] CO, can be dehvered to any of the systems described herem, for example, by bubbling in C(s
from under the surface of the hiquid containing the orgamsm, Also, sparges can be used to inject CO; into
the hquid. Spargers are, for example, porous disc or tube assernblies that are also referred to as Bubblers,
Carbonators, Acrators, Porous Stones and Dnffusers.

{80208] Nutoents that can be used in the systems described herein include, for example, nitrogen (in the
form of NO; or NH, ), phosphborus, and trace metals (Fe, Mg, K, Ca, Co, Cu, Mn, Mo, Zn, V, and B). The
nutrients can corme, for example, in a solid form or 1 a ligmd foro. If the mutrients are in a sohd form they
can be mixed with, for example, fresh or salt water prior to being delivered to the Tiguid containing the
organism, ot prior to being delivered to a photobioreactor.

{80209] Organisms can be grown in cultures, for example large scale cultures, where large scale cultures
refers to growth of culfures 10 volunes of greater than about 6 liters, or greater than about 16 Iiters, or
greater than about 20 liters. Large scale growth can also be growth of cultures in volumes of 50 liters or
more, 100 liters or more, or 200 liters or more. Large scale growth can be growth of cultures i, for
example, ponds, containers, vessels, or other areas, where the pond, contamer, vessel, or area that contains
the culture is for example, at lease 5 square meters, at least 10 square meters, at least 200 square meters, at
teast 500 square meters, at least 1,500 square meters, at least 2,500 square meters, in area, or greater.
{00218] Chlamydomonas sp., Nannochioropsis sp., Scenedesmus sp., and Chlorella sp. are exemplary

algae that can be cultured as described herein and can grow under a wide array of conditions.
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{60211} One organism that can be cultured as described herein i3 a commonly used laboratory species C.
reinhardtii. Cells of this species are haploid, and can grow on a simple medium of inorganic salts, using
photosynthesis to provide energy. This organism can also grow in total darkness if acetate i3 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 hight-dark cycle. Uther methods of culturing
C. reinhardti cells are known to one of skill in the art.

{60212} Polvnucleotides and Polvpeptides

{80213} In addition to bemg genetically engineered to be, for example, sodiom hypochlorite resistant, as
compared {o an unenginecred organism, the host cells or host orgarism can be firther modified to express
an exogenous or endogenous protein, for example, a protein involved in the isoprenoid biosynthetic
pathway or a protein mvolved in the accomulation and/or secretion of fatty acids, glycero! lipids, or oils,
{80214} Also provided are 1solated polynoclectides encoding a4 protein, for example, an FPP synthase,
deseribed herein. As used herem “isolated polymicleotide” means a polynucleotide that is free of one or
both of the nucleotide sequences which flank the polynuclestide in the natorally-occomring genome of the
organism from which the polynocleotide 1s derived. The term inchudes, for example, a polynucleotide or
fragment thereof that 1s mcorporated o a vector or expression cassette; 10t0 an amtonoraously replicating
plasmid or vivas; ito the genomic DNA of a prokaryote or eukaryote; or that exists as a separate roolecule
independent of other polyoucleotides, 1t also includes a recombinant polymucieotide that is part of a hybrid
polynucleotide, for exarple, one encoding a polypeptide sequence.

[80215] The proteius of the present disclosure can be muade by any raethod knowa in the art. The protein
ruay be synthesized using etther sobid-phase peptide synthesis or by classical solution peptide synthesis also
known as ligud-phase peptide syathesis. Using Val-Pro-Pro, Epalaprif and Lisinoprd] as starting teraplates,
several series of peptide analogs such as X-Pro-Pro, X-Ala-Pro, and X-Lys-Pro, wherein X represents any
amine acid residue, mway be synthesized using solid-phase or liquid-phase peptide synthesis. Methods for
carrying out hiquid phase synthesis of librarics of peptides and oligonucieotides coupled to a soluble
oligomeric support have alse been described. Bayer, Emst and Mutter, Manfred, Nature 237:512-513
{1972y ; Bayer, Ernst, et al., J. Am. Chem. Soc. 96:7333-7336 (1974); Bonora, Gian Maria, et al., Nucleic
Acids Res. 18:3155-3139(1990). Liguwid phase synthetic methods have the advantage over solid phase
synthetic methods 1o that hquid phase synthesis methods do not reguire a structure present on a first
reactant which is suitable for attaching the reactant to the solid phase. Also, Higuid 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 solation may give better
yields and more coniplete reactions than those obtained in heterogenecous solid phase/liquid phase systems
such as those present in solid phase synthesis.

{80216} In oligomer-supported liguid phase synthesis the growing product is attached to a large solable
polymeric group. The product from each step of the synthesis can then be separated from unreacted

reactants based on the large difference in size between the relatively large polymer-attached product and
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the unreacted reactants. This permiis reactions to take place in homogeneous solutions, and eliminates
tedious purification steps associated with traditional liquid phase synthesis, Oligomer-supported liquid
phase synthesis has also been adapted to automatic liguid phase synthesis of peptides. Bayer, Emnst, et al,,
Peptides: Chemistry, Structure, Biology, 426-432.

{80217} For solid-phase peptide synthesis, the procedure entails the sequential assembly of the appropriate
amino acids mto a peptide of a desired sequence while the end of the growing peptide is linked to an
insoluble support. Usually, the carboxyl terminus of the peptide is linked to a polymer from which it can
be liberated upon treatment with a cleavage reagent. In a common method, an amino acid s boond to a
rest particle, and the peptide generated in a stepwise manner by suceessive additions of protected amino
acids to produce a chaip of amino acids. Modifications of the technigue described by Merrificld are
commonly used. See, e.g., Merrifield, §. Am. Chemn. Soc. 96; 2989-93 (1964). In an automated solid-phase
niethod, peptides are synthesized by loading the carboxy-terminal amino acid onto an organic baker (e.g.,
PAM, 4-oxnymethylphenylacetamidomethyl), which is covalently attached to an insoluble polystyrene resin
cross-linked with divinyl benzene, The terminal amine may be protected by blocking with t-
butyloxycarbonyl. Hydroxyl- and carboxyl- groups are commouly protected by blocking with O-benzyl
groups. Syothesis is accomplished 10 an automated peptide synthesizer, such as that available from
Applicd Biogysterns (Foster City, California), Following synthesis, the product raay be removed from the
resin. The blocking groups are removed by using hydrofluoric acid or triflucromethyl sulfonic acid
according to established methods. A routine synthesis may produce 8.5 munole of peptide resin. Following
cleavage and puafication, 2 yield of approximately 60 to 70% s typically produced. Punfication of the
produoct peptides is accorplished by, for example, crystalhizing the peptide from an organic solvent such as
racthyl-butyl ether, then dissolving in distilled water, and using dialysis (if the molecular weight of the
subject peptide is greater than about 560 dalions) or reverse high pressure hquid chromatography (e.g.,
using a C'® column with 0.1% triflucrcacetic acid and acetonitrile as solvents) if the molecular weight of
the peptide is fess than 500 daltons. Purified peptide may be lyophilized and stored in a dry state until use.
Analysis of the resulting peptides may be accormphished using the common methods of analytical high
pressure hquid chromatography (HPLC) and electrospray mass spectrometry (ES-MS).

{80218] Tn other cascs, a protein, for exanple, a protein involved in the isoprencid biosyathesis pathway or
in fatty acid synthesis, is produced by recombinant methods. For production of any of the proteins
described herein, host cells transformed with an expression vector containing the polynucleotide encoding
such a protein can be vsed. The host celf can be a higher eukaryotic cell, such as a mammalian cell, ora
tower eukaryotic cell such as a yeast or algal cell, or the host can be a prokaryotic cell such as a bacterial
cell. Introduction of the expression vector into the host cell can be accomplished by a variety of methods
including calcium phosphate transfection, DEAE-dextran mediated transfection, polybrene, protoplast
fusion, Hposomes, direct nucroinjection mto the muclel, scrape loading, biokistic transformation and
clectroporation. Large scale production of proteins from recombinant organisms is a well-established

process practiced on a commercial scale and well within the capabilities of one skifled in the art.
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{60219} It should be recognized that the present disclosure is not imited to transgenic cells, organisms, and
plastids containing a protein or proteins as disclosed herein, but also encompasses such cells, organizms,
and plastids transformed with additional nucleotide sequences encoding enzymes involved in fatty acid
synthesis. Thus, some embodiments involve the introduction of one or more sequences encoding proteins
involved in fatty acid synthesis in addition to a protein disclosed herein. For example, several enzymesina
Fatty acid production pathway may be linked, etther 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 additonal sequences may be contamed in a single vector either operatively linked to a single
promoter or hinked to maltiple promoters, e.g. one promoter for cach sequence, Alternatively, the
additional coding sequences may be contained 1 a phirality of additonal vectors. When a plurality of
vectors are used, they can be mtroduced into the host cell or organism simulancously or sequentialty,
{60228} Additional embodiments provide a plastid, and in particular a chloroplast, transformed with a
polynuclectide encoding a protein of the present disclosure. The protem may be ntroduced nto the
genome of the plastid using any of the methods deseribed herem or otherwise known 1 the art. The plastid
niay be contained m the organism in which it naterally ocours. Alternatively, the plastid may be an isolated
plastid, that is, a plastid that has been removed from the cell in which it normally occurs, Methods for the
1solation of plastids are known in the art and can be found, for exaruple, 1 Maliga et al., Methods in Plant
Molecular Biology, Cold Spring Harbor Laboratory Press, 1995; Gupta and Singh, J. Biosci, 21:819
(1996); and Camara et al,, Plant Physiol., 73:94 (1983). The isolated plastid transformed with a protein of
the present disclosure can be mtroduced into 2 host cell, The bost cell can be one that naturally contains the
plastid or one in which the plastid is not vaturally found.

1802211 Also within the scope of the present disclosure are artificial plastid genomes, for exarple
chioroplast genomes, that contain nucleotide sequences encoding any one or more of the proteins of the
present disclosure. Methods for the assenbly of artificial plastid genomes can be found in co-pending U.S.
Patent Application scrial nuraber 12/287,230 filed October 6, 2008, published as U.S. Publication No.
2009/6123977 on May 14, 2009, and U.S. Patent Application serial nummber 12/384,893 filed April 8, 2009,
published as U.S, Publication No. 2009/0269816 on October 29, 2009, each of which is incorporated by
reference in ifs entirety.

{80222 Ooe or more nucleotides of the present disclosure can also be modified such that the resulting
amino acid is “substantially identical” to the vnmedified or reference amino acid.

{00223] A "substantially identical” amino acid sequence is a sequenee that differs from a reference
sequence by one of more conservative or non-conservative amino acid substitutions, deletions, or
insertions, particularly when such a substitution occurs at a sife that is not the active site {catalytic domains
{CDs)) of the molecule and provided that the polypeptide essentially retains its functional properties. A
conservative amino acid substitution, for exanmple, substitutes one amino acid for another of the same class

{e.g., substitution of one hydrophobic amino acid, such as iscleucine, valine, leucine, or methionine, for
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another, or substitution of one polar amino acid for another, such as substitution of arginine for ysine,
glatamic acid for aspartic acid or glutamine for asparagine).

{60224} The disclosure provides alternative embodiments of the polypeptides of the mvention (and the
nucleic acids that encode them) comprising at east one conservative amino acid substitution, as discusse
herein (e.g., conservative anuno acid substitutions are those that substitute 2 given amino acid in a
polypeptide by another amino acid of like characteristics). The invention provides polypeptides (and the
nucleic acids that encode them) wherein any, some or all amino acids residues are substituted by another
amino acid of Hike charactenstics, e.g., a conservative anuno acid substitution,

{60225} Conservative sabstitutions are those that sobstifiute a given amino acid in a polypeptide by another
amino acid of Hike charactenstics. Examples of conservative substitutions are the following replacements:
replacements of an aliphatic amino acid such as Alamine, Valine, Leucine and Isolewcine with another
aliphatic amino acid; replacement of a Serine with a Threonine or vice versa; replacement of an acidic
residue such as Aspartic acid and Glotanuc acid with another acidic restdae; replacement of a residue
bearmg an amide group, such as Asparagine and Glutamine, with another residue bearing an armde groop;
exchange of a basic residue such as Lysine and Arginine with another basic residue; and replacement of an
aromatic vesidue such as Phenylalanine, Tyrosine with another aromatic residue. In alternative aspects,
these conservative substitutions can also be synthetic equivalents of these amino acids.

{66226} Intreduciion of Polvnuciestide into 3 Host Orpanisin or Cell

180227} To generate a genetically modified bost cell, a polyoucleotide, or a polysuclectide cloned into a
veetor, i3 wntroduced stably or transiently into 2 bost cell, using established techmques, including, but pot
imited to, electroporation, calcivm phosphate precipitation, DEAE-dextran mediated transfection, and
Hiposome-mediated teapsfection. For fransfoouation, a polynuclectide of the present disclosure will
generally further inchude a selectable marker, e.q., any of several well-known selectable markers such as
neomycin resistance, ampiciflin resistance, tetracycline resistance, chioramphenicol resistance, and
kanamycin resistance.
{80228] A polynucleotide or recombinant nucleic acid molecule described hereim, can be introduced nto a
cell {e.g., alga cell) using any method known in the adt. A polyoucleotide can be introduced mto acell by =
variety of methods, which are well known in the att and sclected, in part, based on the particular host cell.
For example, the polynucleotide can be introduced 1nto a celf using a direct gene transfer method such as
clectroporation or microprojectile mediated (biclistic) transformation using a particle gun, or the “glass
bead method,” or by pollen-mediated transformation, liposome-mediated transformation, transformation
using wounded or enzyme-degraded immature embryos, or wounded or enzyme-degraded embryogenic
catlus {for example, as described m Potrykus, Ann. Rev. Plant. Physiol. Planr Mol. Bial, 42:205-225, 1991}
{00229 As discussed above, microprojectile mediated transformation can be used to infroduce a
pobynucleotide into a cell {for example, as described in Klein et al,, Navure 327:70-73, 1987). This method
utilizes microprojectiles such as gold or tungsten, which are coated with the desired polynacleotide by

precipitation with calcium chioride, spermidine or polyethylene glycol. The microprojectile particles are
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accelerated at high speed into a cell using a device such as the BIOLISTIC PD-1000 particle gan (BioRad;
Hercules Califl ). Methods for the transformation using biolistic methods are well known in the art (for
example, as described m Christon, Trends in Plant Science 1:423-431, 1996). Microprojectile mediated
transformation has been used, for example, to generate a variety of transgenic plant species, including
cotton, tobacco, corn, hybrid poplar and papaya. Important cereal crops such as wheat, oat, barley,
sorghum and rice also have been transiormed using microprojectile mediated delivery (for example, as
deseribed in Duan et al., Nature Biorech. 14:494-498, 1996; and Shimamoto, Curr. Opin. Biotech. 5:158-
162, 1994). The transformation of most dicotyledonous plants is possible with the methods described
above, Transformation of monocotyledonous plants also can be transformed using, for example, biolistic
nethods as described above, protoplast transformation, electroporation of partially permeabilized cells,
wtroduction of DNA using glass fibers, and the glass bead agitation method.

{60238} The basic technigues vsed for transformation and expression m photosynthetic microorganisms are
stinilar to those commonly used for £l coli, Saccharomyces cevevisiae and other species. Transformation
methods customized for a photosynthetic mucroorgamisms, e.g., the chloroplast of a stramn of algae, are
known in the art. These methods have been deseribed 1n a nomber of texts for standard molecular
biological mampulation {see Packer & Glaser, 1988, "Cyanobactena”, Meth. Enzyreol, Vol. 167;

il

Weissbach & Weissbach, 1988, "Methods for plant moclecular biclogy,” Acadernic Press, New York,
Sarobrook, Fritsch & Maniatis, 1989, "Molecular Cloning: A laboratory manual,” 2nd editon Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y.; and Clark M S, 1997, Plant Molecular Biclogy,
Springer, N Y.}, These methods inchade, for example, biolistic devices (See, for example, Sanford, Trends
In Biotech, {1988} 6: 299-302, U.5. Pat. No. 4,945,058; clectroporation (Fromm ¢t al., Proc. Nat'l, Acad.
Sci (USA) {1985) 82: 5824-5828}; use of a laser beam, electroporation, microinjection or any othex
method capable of introducing DNA iéo 2 host cell.
{80231} Plastid trapsformation is a routine and well known method for introducing a polynucieotide info 2
plant cell chloroplast (see LS. Pat. Nos. 5,431,513, 5,545,817, and 5,545,818; W 95/16783; McBride et
al, Proc. Natl dcad. Sci., USA 91:7301-7303, 1994). In some embodiments, cliloroplast transformation
involves introducing regions of chloroplast DNA flanking a desired mucleotide sequence, allowing for
homologous recarsbination of the exogenous DINA 1ato the target chloroplast genome. In some jnstances
one to 1.5 kb flanking nucleotide sequences of chloroplast genomic DNA may be used. Using this method,
point rautations in the chiloroplast 168 fRNA and rpsl2 genes, which confer resistance to spectinomycin
and streptomycin, can be vtilized as selectable markers for transformation (Svab et al., Proc. Natl Acad.

. UBA 87:8526-8530, 1990}, and can result in stable homoplasmic transformants, at a frequency of
approximately one per 100 bombardments of target leaves.
{802321 A further refinement in chloroplast ransformation/expression technology that facilitates controf
over the timing and tissue pattern of expression of mtroduced DNA coding sequences in plant plastid
genomes 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 nuclear transformation that provide
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for the expression of a viral single subunit RNA polymerase and targeting of this polymerase into the
plastids via fusion to a plastid transit peptide. Transformation of plastids with DNA constructs conmprising
a viral single subunit RNA polymerase-spectfic promoter specific to the RNA polymerase expressed from
the nuclear expression constructs operably linked to DNA coding sequences of interest perniits controf of
the plastid expression constructs in a tissue and/or developmental specific manner in plants comprising
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, therehy extending this control to the plastid expression
constroct responsive {0 the plastid-targeted, noclear-encoded viral RNA polymerase.

{80233} When nuclear transformation 1s vtilized, the protein can be modified for plastid targeting by
employing plant cell noclear 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
wnto plant plastids, and driving expression by employing an appropriate promoter. Targeting of the protein
can be achieved by fusing DNA encoding plastid, e.g., chioroplast, leucoplast, amyloplast, ete., transit
peptide sequences to the 5 end of DNAs encoding the enzymes. The sequences that encode 2 fransit
peptide region can be obtatned, for exaraple, from plant nuclear-encoded plastid proteins, such as the small
subunit {SSU) of ribulose bisphosphate carboxylase, EPSP syathase, plant fatty acid biosynthesis related
gencs inchiding fatty acyl- ACP thicesterases, acyl carnier protein (ACP), stearoyl- ACP desaturase,
f-ketoacyl-ACP synthase and acyl-ACP thioesterase, or LHCPY gones, cte, Plastid transit peptide
sequences can also be obtained from uucleic actd sequences encoding carotenoid biosynthetic enzymes,
such as GGPP synthase,

5

phytoene synthase, and phytoene desaturase. Other transit peptide sequences are
disclosed in Von Heijne et al, (1991) Plant Mol Biol Rep. 9: 104; Clark et al. (1989} 7 Riol Chem. 264:
17544; della-Cioppa et al. (1987} Plawr Physiol. 84: 965; Romer et al. (1993) Biochem. Biophys. Res.
Cormmun. 1961 1414; and Shah ot al. (1986) Science 2331 478, Another transit peptide sequence is that of
the intact ACCase from Chlamyvdomonas (genbank EDO96363, amino acids 1-33). The encoding sequence
for a transit peptide effective in transport to plastids can include 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 2 particular transit peptide. Numerous examples of transit peptides that can be used to
deliver target proteins into plastids exist, and the particalar transit peptide encoding sequences useful in the
present disclosure are not crifical as long as delivery into a plastid is obtained. Proteolyiic processing
within the plastid then produces the mature enzyme. This technigue has proven successful with enzymes
involved m polyhydroxyalkanocate biosynthesis (Nawrath et al. (1994) FProc. Nail. Acad. Sci. USA 91:
12760}, and neomycin phosphotransferase I (NPT-11) and CP4 EPSPS (Padgette et al. (1995) Crop Sci. 35:
1451}, for example.

{80234 Of intercst are transit peptide sequences derived from enzymes known to be imported mto the
teucoplasts of sceds. Examples of enzymes containing useful transit peptides include those related to lipid

biosynthesis {e.g., subunits of the plastid-targeted dicot acetyl-CoA carboxylase, biotin carboxylase, biotin
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carboxyl carrier protein, g-carboxy-transferase, and plastid-targeted monocot multifunctional acetyl-CoA
carboxylase (Mw, 220,000); plastidic subunits of the fatty acid synthase complex {e.g., acyl carrier protein
{ACP), malonyl-ACP synthase, KASL KASIL and KASHI); steroyl-ACP desaturase; thioesterases (specific
for short, medium, and long chain acyl ACP); plastid-targeted acyl transferases {e.g., ghycerol-3-phosphate
and acyl transferase); enzymes involved in the biosynthesis of aspartate family amino acids; phytoene
synthase; gibberellic acid biosynthesis (e.g., ent-kaurene synthases 1 and 2); and carotenoid biosynthesis
{e.g., lycopene synthase).

{80235} MNuclear transformation of eukaryotic aigal cells can be by microprojectile mediated
transformation, of can be by protoplast fransformation, electroporation, intfroduction of DNA wsing glass
fibers, or the glass bead agitation method, as nonlimiting examples (Kindle, Proc. Natl. Acad. Sciences
US4 87: 1228-1232 (1990); Shimogawara et al. Genefios 148: 18211828 {1998}y, Markers for noclear
transformation of algae inclade, without Enutation, markers for rescuoing auxotrophic strams {e.g., NIT!
and ARG7 in Chlamydomonas; Kindle et al. J. Cell Biol 109: 2589-2681 (1989, Debuchy ot al. EMBO /.
8: 2803-2809 (1959, as well as dominant selectable markers (e.g., CRY'1, aada; Nelson et al. Mol
Cellular Biol. 14: 4011-4019 (1994), Cerutti et al. Genetics 145: 97-116 (1997} In some embodiments,
the presence of the knock out is used as a selectable marker for transformants. A knock out sequence can
1a some erabodiments be co-transforraed with a second sequence encoding 2 protein (o be produced by the
alga (for exanmple, a thexapeutic protemn, industrial enzyme) or a protein that promotes or enhances
produoction of a comruercial, therapeutic, or sutritional product. The second sequence 1s m some
embodiments provided on the same nucleic acid construct as the knock out sequence for transformation
1ato the alga, in which the success of the knock out sequence 1o activating the genc of interest is used as the
selectable marker.

{80236} To some embodiments, an alga is transforoed with a mucleic acid which encodes a protein of
interest, for example, a prenyl iransferase, an isoprenoid synthase, or an enzyme capable of converting a
precursar into a fucl product or a precursor of a fel product (e.g., an isoprenoid or fatty acid).

{80237} To one embodiment, a transformation may infroduce a nucleic acid into a plastid of the host alga
{e.g., chloroplast). In ancother embodiments a transformation may introduce a nucleic acid into the nucleas
genorne of the host alga. In still another embodiment, a transformation may introduce pucleic acids into
both the maclear genorme and into a plastid.

{80238] Transformed cells can be plated on selective media following introduction of exogenous micleic
acids. This method may also comprise several steps for screening. A screen of primary transformants can
be conducted to determine which clones have proper msertion of the exogenous nucleic acids. Clones
which show the proper integration may be propagated and re-screened fo ensure genetic stability. Such
methodology ensures that the transformants contain the genes of interest. In many instances, such
screening 138 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 {e.g., nested PCR,

real time PCR). For any given screen, one of skill in the art will recognize that PCR components may be

(%)
—



WO 2013/123226 PCT/US2013/026186

varied to achieve optimal screening results. For example, magnesinm concentration may need to be
adjusted upwards when PCR is performed on dismupted alga cells to which  (which chelates magnesinm) is
added to chelate toxic metals. Following the screening for clones with the proper integration of exogenous
nucleic acids, clones can be screened for the presence of the encoded proteins) and/or products. Proten
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 ATF
furnover assay, substrate transport assay, HPLC or gas chromatography.
{80239} The expression of the protein or enzyme can be accomplished by mserting a polynucleotide
sequence {gene) encoding the protein or enzyme into the chloroplast or nuclear genome of a nucroalgae.
The modified strain of nucroalgae can be made homoplasmic to ensure that the polynuclectide will be
stably marntained in the chloroplast genome of all descendents. A microalga i3 homoplasmie for a gene
when the inserted gene is present ip all copies of the chloroplast genome, for example. It is apparent to one
of skiil in the art that a chloroplast may contain muliiple copies of its genome, and therefore, the term
“homoplasmie” or “homoplasmy” refers to the state where all copies of a particolar locus of interest are
substantially identical. Plastid expression, in which genes are mserted by homologous recombination inlo
ali of the several thousand copies of the circular plastid genome present i each plant cell, takes advantage
of the encrmous copy number advantage over nucicar-expressed genes to permit expression levels that can
readily exceed 10% or meore of the total soluble plast protein. The process of determining the plasmic state
of an organisio of the present disclosure nvalves sereening transformants for the presence of exogenous
nucleic acids and the absence of wild-type nuckeic acids at a given locus of interest.
1062481 Vectors
1802417 Constroct, vector and plasroid are used mterchangeably throughout the disclosure. Nucles acids
encoding the proteins described herein, can be contatned in vectors, including cloning and expression
vectors. A cloning vector 1s a self-rephicating DNA molecule that serves to transfer a DNA segoent into a
fost cell. Three common types of cloping vectors are bacterial plasmids, phages, and other viruses. An
expression vector is a cloning vector desigaed so that a coding sequence mserted at a particular site will be
transcribed and translated into a protein. Both cloning and expression vectors can contain nucleotide
sequences that allow the vectors to replicate 1n one or more suitable host cells. In cloning vectors, this
sequence is generally one that enables the vector to rephicate independently of the host cell chromosomes,
and also includes cither origins of replication or autonomously replicating sequences,
{80242 In some embodiments, a pofynucleotide of the present disclosure is cloned or inserted mto 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 inserted
into an appropriate restriction endonuclease site(s) using procedures commonly known to those skilled in
the art 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 Biclogy, 2nd Ed., John
Wiley & Sons (1992).
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{60243} Suitable expression vectors include, but are not limited to, baculoviras vectors, bacteriophage
veetors, plasniids, phagenuds, cosmids, fosmids, bacterial artificial chromosomes, viral vectors {e.g. viral
veetors based on vaceinta virgs, poliovirus, adenovirus, adenoc-associated virus, SV490, and herpes simplex
virus), Pl-based artificial chromosomes, yeast plasnuds, yeast artificial chromosomes, and any other
vectors specific for specific hosts of interest (such as E. cofi and yeast). Thus, for example, a
polynuclectide encoding an FPP synthase, can be inserted into any one of a variety of expression vectors
that are capable of expressing the enzyme. Such vectors can include, for example, chromosomal,
nonchromosomal and synthetic DNA sequences.

{80244} Suitable expression vectors melude chromosomal, non-clromosomal and synthetic DNA
sequences, for example, SV 48 derivatives; bactenal plasnuds; phage DNA; baculovinus; yeast plasnuds;
vectors dertved from combinations of plasnuds and phage DNA; and viral DNA such as vaceinia,
adenovirus, fow! pox virus, and pseudorabies. In addition, any other vector that is replicable and viable
the host may be used. For example, vectors such as BleZA, Arg7/2A, and SEnuc357 can be vsed for the
expression of a protein.

{80245} MNumeroos suitable expression vectors are known fo those of skill i the art. The followmg vectors
are provided by way of example; for bacterial host cells: pQE vectors (Qiagen), pBlocscript plasraids, pNH
vectors, lambda-ZAP vectors (Stratagene), pTre9%a, pKK223-3, pDR340, and pRIT2T (Pharmacia); for
sukaryotic host cells: pXTi, pSGS (Stratagens), pSVES, pBPV, pMSG, pET21a-d{+} vectors { Novagen),
and pSVLSV40 {Pharmacia). However, any other plasmid or other vector may be used 50 long as it is
compatible with the host cell

180246} The expression vector, or a buearized portion thereof, can encode one OF OIS €X0ZEBOUS OF
endogenous nucieotide sequences, Exaraples of exogenous nucleotide sequences that can be transformed
into a host include genes from bacteria, fungi, plants, photosyathetic bacteria or other algae. Examples of
other types of nucleotide sequences that can be transformed iéo a2 host, include, but are not limited to,
with two phosphates {e.g., GPP synthase and/or FPP synthase), genes which encode for proteins which
produce fatty acids, lipids, or tuglycerides, for example, ACCases, endogenous promoters, and 5” UTRs
from the psbA, atp4, or rbel genes. In sorae instances, an exogenous sequence i3 flanked by two
fromologous sequences.

{80247} Homologous sequences are, for example, those that have at least 50%, at least 60%, at least 70%,
at feast 80%, at least 90%, at least 95%, at least 98%, or at least at least 99% sequence identity to a
reference amino acid sequence or nucleotide sequence, for example, the amino acid sequence or nucleotide
sequence that is found naturally in the host cell. The first and second homologous sequences enable
recombination of the exogenous or endogenous sequence into the genome of the host organism. The first
and second homologous sequences can be at least 160, at feast 200, at least 300, at least 480, at least 500, or

at feast 1500 nucleotides in length.
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{60248} The polymucleotide sequence may comprise nucleotide sequences that are codon biased for
expression in the organisn being transformed. The skilled artisan is well aware of the “codon-biag™
exhibited by a specific host cell in usage of nucleotide codons to specify a given amino acid. Without
being bound by theory, by using a host cell’s preferred codons, the rate of translation may be greater.
Therefore, when synthesizing a gene for improved expression in a host cefl, it may be desirable to design
the gene such that its frequency of codon usage approaches the frequency of preferred codon usage of the
host cell. In some organisms, codon bias differs between the nuclear genome and organelle genomes, thus,
codon optinuzation or biasing may be performed for the target genome (e.g., noelear codon biased or
chioroplast codon biased). In some embodinments, codon biasing occurs before matagenesis to generate a
polypeptide. In other embodiments, codon biasing oceurs after mutagenesis to generate a polynucleotide.
In yet other embodiments, codon biasing cceurs hefore mutagenesis as well as after mutagenesis. Codon
bias is described in detail herein.

{60249} In some embodiments, a vector comprises a polymucleotide operably linked to one or more control
elernents, such as a promoter and/or 2 ranscription ternunator, A mucleic acid sequence is operably linked
when it 18 placed into a functional relationship with ancther nucleic acid sequence. For example, DNA for
a presequence o secretory leader is operatively linked to DNA for a polypeptide i it 3s expressed as a
preprotein which participates 1 the secretion of the polypeptide; a promoter i operably linked to a coding
sequence if it affects the transcuption of the sequence; or a ribosorus binding site s operably hoked 10 2
coding sequence if it s positioned so as o faciitate ranslation. Generally, operably linked sequences are
contiguous and, W the case of a secretory leader, coutiguous and in reading phase. Linking ts achieved by
ligation at restriction enzyme sites, If suitable restriction sites are not avatlable, then syathetic
ohigonucieotide adapters or Hnkers can be used as is known fo those skilled in the art. Sambrook et al,,
Molecwlar Cloning, A Laboratory Manuai, 2™ Ed., Cold Spring Harbor Press, (1989) and Ausubel et al,,
Short Protocols in Molecutar Biology, 2™ Bd., John Wiley & Sons (1992).

{B0256] A vector 1n some embodiments provides for amaphification of the copy mamber of a polymucieotide.
A vector can be, for exaraple, an expression vector that provides for expression of an ACCase, 2 preayl
transferase, an soprenoid synthase, or a mevalonate synthesis enzyre in a host cell, e.g., a prokaryotic host
cell or a eukaryotic host cell.

{80251} A polymucleotide or polymucleotides can be contained in a vector or vectors. For example, where a
second {or more) nucleic acid molecule is desired, the second nucleic acid molecule can be contained in a
vector, which can, but need not be, the same vector as that containing the first nueleic acid molecule. The
vector can be any vector useful for introducing a polynucleotide into a genome and can include a nucleotide
sequence of genomic DNA {e.g., nuclear or plastid) that is sufficient to undergo homologous recombination
with genomic DNA, for bmmplg, a nuclectide sequence comprising about 400 to about 1500 or more
substantially contignious nucleotides of genonuc DNA,

{8025821 A regulatory or control element, as the term 1s ased herein, broadly refers to a nucleotide sequence

that regulates the transcription or translation of a polynucleotide or the localization of a polypeptide to
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which it 1s operatively linked. Examples inchude, but are not imited to, an RBS, a promoter, enhancer,
franscription 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 translational stop signals. Elements may be provided with
linkers for the purpose of introducing specific restriction sites facilitating Higation of the control sequences
with the coding region of a mucleotide sequence encoding a polypeptide. Additionally, a sequence
comprising a cell compartmentalization signal (i.e., a sequence that targets a polypeptide to the cytosol,
nucleus, chloroplast membrane or cell membrane) can be attached to the polynucleotide encoding a proten
of interest. Such signals are well known in the art and have been widely reported (seg, ¢.g., U.S. Pat. No.
5,776,689).

{80253} Promoters are uniransiated sequences located generally 180 to 1008 base pars (bp) upstream from
the start codon of a structoral gene that regulate the transcription and translation of mucleic acid sequences
under their control.

{80254} Promoters useful for the present disclosure may come from any source {e.g., viral, bactenal,
fongal, protist, and animal), The promoters contemplated herein can be specific to photosynthetic
orgarusms, non-vascular photosynthetic orgamsms, and vascular photosynthetic organisres {e.g., algae,
flowering plants). In some 1nstances, the oucleic acids above are inserted nto a vector that compriscs a
promaoter of a photosynthetic organisr, ¢.g., algae, The promoter can be a constitutive proraoter or an
mducible promoter. A promoter typically includes necessary nucleic acid sequences near the start site of
transcnption, {e.g., a TATA clement). Common promaoters used b expression vectors include, but are not
Timited to, LTR or SV40 promoter, the E. coli lac or trp proruoters, and the phage ambda PL promoter.
Other proraoters known to control the expression of genes in prokaryotic or eukaryotic cells can be used
and are known 1o those skilied in the art. Expression vectors muay also contain a ribosome binding site for
translation inifiation, and a trapscription terminator. The vector may also contain sequences useful for the
amplification of gene expression.

{82557 A “constiutive” prornoter 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 promoters/regulatory clements include,
for example, a nitrate-inducible promoter {for example, as described in Bock et al, Planr Mol Biol. 179
(1991, or a light-inducible promoter, (for example, as described in Feinbaunt et al, Mol Gen. Genet.
226:449 (1991); and Lam and Chua, Science 24%:471 (1990)), or a heat responsive promoter {for example,
as described m Muller et al., Gene 111: 165-73 (1992)).

{80256} In many embodiments, a polynucleotide of the present disclosure includes a nucleotide sequence
encoding a protem or enzyme of the present disclosure, where the nucleotide sequence encoding the
polypeptide is operably finked to an inducible promoter. Inducible promoters are well known in the art.
Suitable inducible promoters inclade, but are not timited to, the pL of bacteriophage ; Placo; Prp; Ptac

{Ptrp-lac hybrid promoter); an isopropyl-beta-D-thiogalactopyranoside (PTG )-imducible promoter, e.g., a
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lacZ promoter; a tetracycline-inducible promoter; an arabinose inducible promoter, e.g., Pyap (for example,
as described in Guzman et al. (1995} 1. Bacteniol. 177:4121-4130); a xylose-inducible promoter, e.g., Payl
{for example, as described m Kim et al. (1996} Gene 181:71-76); a GALI promoter; a tryptophan
promaoter; a lac promoter; an alcohol-inducible promoter, €.g., a methanol-indacible promoter, an ethanol-
inducible promoter; a raffinose-inducible pronmoter; and a heat-inducible promoter, e.g., heat mducible
lambda Py promoter and a promoter controlled by a heat-sensitive repressor (e.g., C1837-repressed fambda-
based expression vectors; for example, as described in Hoffmann et al. (1999) FEMS Microbiol Lett.
177¢2%:327-34).

{80257} In many embodiments, a polynucleotide of the present disclosure includes a nocleotide sequence
enicoding a protein or enzyme of the present disclosure, where the nucleotide sequence encoding the
polypeptide 18 operably linked to a constitutive promoter. Spitable constitutive promoters for use in
prokaryotic cells are known in the art and tnelude, but are not Hmited to, 2 sigma78 promoter, and a
consensus sigma7{ promoter.

{80258} Suitable promoters for use m prokaryotic host cells include, bt are not linuted to, a bacteriophage
T7 RNA polymerase promoter; 4 trp promotler; a lac operon promoter; a hybrid promoter, e.g., a lac/tac
hybrid promoter, a tac/tre bybnd promoter, a rp/lac promoter, a T7/1ac promoter; a tre promoter; a fac
promaoter; an araBAT promoter; in vivo regulated promoters, such as an ssaG promoter or a related
promaoter (for example, as described in ULS. Patent Publication No. 20040131637}, a pagC promoter (for
exarnple, as described 1o Pulkkinen and Midler, J. Bacteriol,, 1991 173(1): 86-93; and Alpuche-Aranda et
al, PNAS, 1992; 89(21): 10079-83), a nixB promoter (for example, as descnibed in Harboroe et al. (1992}
Mol. Micro. 6:2805-2813; Dunstan ef a (l909) Infect, Impwn. 67:5133-5141; McKelvie et al. (2004)
Vaccine 22;3243-3255; and Chatfield et al. {1992} Biotechnol, [0:888-892); a sigma’0 promoter, e.g., a
consensus sigma’0 promoter {for example, GenBank Accession Nos. AXT798980, AX798961, and
AXTO8183); a stationary phase promoter, €.g., 2 dps promaoier, an spv promoter; a promoter derived from
the pathogenicity island SPI-2 (for exaniple, as described in WO96/17951); an actA promuoter {for example,
as described in Shetron-Rama et al. (2602) Infect. Immun. 70:1087-1096); an rpsM promoter (for exanple,
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) Tn Saenger, W, and Heinemann, U, (eds), Topics in
Molecular and Structural Biology, Protein-Nucleic Acid Interaction. Macmillan, Loadon, UK, Vol. 18, pp.
143-162); and an 5P6 promoter (for example, as described in Melton et al. (1984) Nucl. Acids Res.
12:7035-7036).

{00259 In yeast, a number of vectors containing constitutive or inducible promoters may be used. Fora
review of such vectors see, Carrent Protocols in Molecular Biology, Vol. 2, 1985, Ed. Ausubel, et al,
Greene Publish. Assoc. & Wiley Interscience, Ch. 13; Grant, et al., 1987, Expression and Secretion Vectors
for Yeast, in Methods i Enzymology, Eds. Wu & Grossman, 31987, Acad. Press, N.Y., Vol. 153, pp. 516-
344; Glover, 1986, DNA Cloning, Vol. I, IRL Press, Wash., D.C., Ch. 3; Bitter, 1987, Heterologous Gene
Expression in Yeast, Methods in Enzymology, Eds. Berger & Kimmel, Acad. Press, NUY., Vol. 152, pp.
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673-684; and The Molecular Biology of the Yeast Saccharomyces, 1982, Eds. Strathern et al,, Cold Spring
Harbor Press, Vols. T and 11 A constitutive yeast promoter such as ADH or LEUZ or an inducible promoter
such as GAL may be used (for example, as described in Cloning in Yeast, Ch. 3, R. Rothstein In: DNA
Cloning Vol. 11, A Practical Approach, Ed. DM Glover, 1986, IRL Press, Wash., D.C.). Alternatively,
vectors may be used which promote integration of foreign DNA sequences info the yeast chromosome.
{60268} Non-limiting examples of suitable eukaryotic promoters inclade CMV immediate early, HSV
thymidine kinase, early and late SV40, L'TRs from retrovirus, and mouse metallothionein-1. Selection of the
appropriate vector and promoter ts well within the level of ordinary skill 1 the art. The expression vector
niay alse contain a ribosome binding site for translation initiation and a transenption ternunator. The
expression vector may also inclode appropriate sequences for amplifying expression.

{80261} A vector utihized 1o the practice of the disclosure alse can contamn one or more additional
nuclectide sequences that confer desirable charactenistics on the vector, mehyding, for example, sequences
such as cloning sites that facilitate manipulation of the vector, regulatory elements that divect rephication of
the vector or transcription of nucleotide sequences contain therein, and seqoences that encode a selectable
marker. As such, the vector can contain, for example, one or more cloning sites such as a2 multiple cloning
site, which can, but need not, be positioned such that 2 exogenous or endogenous polyoucleotide can be
maserted into the vector and operatively hinked 1o a desired element.

[80262] The vector also can contain a prokaryote ongin of replication {ori), for example, as E. colt ort or 2
cosmaid ori, thus allowing passage of the vector into a prokaryote host cell, as well as juto a plant
chioroplast. Various bacterial and viral origins of replication are well known o those skilled in the art and
mnclude, but are vot bmited to the pBR322 plasmid origin, the 2u plasmid origin, and the SV48, polyoraa,
adenovirus, V3V, and BPV viral origins,

{80263} A regulatory or control element, as the teom is used herein, broadly refers to a nucleotide sequence
that regulates the transcription or franslation of a polynucleotide or the localization of a polypeptide to
which it is operatively hinked. Examples include, but are not limited to, an RBS, 2 promoter, ephancer,
transcaption tevminator, an initiation (start) codon, a splicing signal for intron excision and muaintenance of
a correct reading framme, a STOP codon, an amber or ochre codon, an IRES. Additionally, an clement can
be a cell compartmentalization signal (i.c., a sequence that fargets a polypeptide to the cytosol, nucleus,
chioroplast membrane or cell membrane). In some aspects of the present disclosure, a cell
compartraentalization signal {e.g., a cell membrane targeting sequence) may be ligated 1o a gene and/or
franscript, such that translation of the gene occurs in the chioroplast. In other aspects, a cell
compartinentalization signal may be ligated to a gene such that, following translation of the gene, the
protein is fransported 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).

{00264] A vector, or a lincarized portion thereof, may inclode a nucleotide sequence encoding a reporter
polypeptide or other selectable marker. The term “reporter” or “selectable marker” refers to a

pobynucleotide (or encoded polypeptide) that confers a detectable phenotype. A reporter generally encodes
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a detectable polypeptide, for example, a green fluorescent protein or an enzyine such as huciferase, which,
when contacted with an appropriate agent (a particular wavelength of light or luciferin, respectively})
generates a signal that can be detected by eye or using appropriate instrumentation (for example, as
described in Giacomm, Plant Sci. 116:59-72, 1996; Scikantha, J. Bacteriol. 178:121, 1996; Gerdes, FEBS
Lett. 389:44-471996; and Jefferson, EMBO J, 6:39G1-3907, 1997, fl-glucuronidase). A selectable marker
generally 1s a molecule that, when present or expressed in a cell, provides a selective advantage (or
disadvantage) to the cell containing the marker, for example, the ability to grow in the presence of an agent
that otherwise would kill the cell,
[80265] A selectable marker can provide a means to obtamn, for example, prokaryotic cells, eukaryotic
cells, and/or plant cells that express the marker and, therefore, can be useful as 3 component of a vector of
the disclosure. The sclection gene or marker can encode for a protein necessary for the sarvival or growth
of the host cell transformed with the vector. One class of selectable markers are native or modified genes
which restore a biclogical or physiclogical function to a host cell (e.g., restores photosynthetic capability or
restores a metabolic pathway). Other examples of selectable markers inchude, but are not Himited to, those
that confer animetabolite resistance, for example, dibydrofolate redoctase, which confers resistance to
naethotrexate {for example, as described in Reiss, Pland Physiol. (Life Sci. Addv.y 13:143-149, 1994);
neomyein phosphotransferase, which confers resistance to the aminoglycosides neornycin, kanamycin and
parornycin {for example, as described in Herrera-Estrella, EMBO 7, 2:987-995, 1983), hygro, which confers
resistance to hygromyein {for example, as described in Marsh, Gene 32:481-483, 1984}, tpB, which allows
cells to uithze indole 1n place of tryptophan; lushy, which alfows cells to utilize listinol 1o place of bistidine
(for example, as described 8 Hartman, Proc. Nadl, dead Sci, USA 85:8047, 1988); mannose-6-phosphate
1sornerase which allows cells to utihize manoose (for example, as described in PCT Poblication Application
No. WO 94/20627); ornithine decarboxylase, which confers resistance to the ornithine decarboxylase
inhibitor, 2-{difluoromethyl}-Dl-omithine (DFMO; for example, as described in McConlogue, 1987, In:
Carrent Communications in Molecular Biology, Cold Spring Harbor Laboratory ed.); and deaminase from
Aspergiflus terreus, which confers resistance to Blasticidin S (for example, as described in Tanwra, Biosci.
Biotechnol. Biochem. 39:2336-2338, 1995). Additional selectable markers mnclude those that confer
herbicide resistance, for example, phosphinothricin acetyltransferase gene, which confers resistance to
phosphinothricin (for example, as deseribed in White et al., Nucl. Acids Res. 18:1062, 1990; and Spencer et
al, Theor. Appl. Genet. 79:625-631, 1990), a mutant EPSPV-synthase, which confers glyphosate resistance
{for example, as described in Hinchee et al, BioTechnalogy 91:915-922, 1998), a mutant acetolactate
synthase, which confers imidazolione or sulfonylurea resistance (for example, as deseribed in Lee et al,
EMBO J. 7:1241-1248, 1988), a mutant psbA, which confers resistance to atrazine (for example, as
described in Smeda et al., Plant Physicl 103:911-917, 1993}, or a mutant protoporphyrinogen oxidase {for
example, as described in ULS. Pat. No. 5,767,373}, or other markers conferring resistance to an herbicide
such as glufosinate. Sclectable markers include polynucleotides that confer dihydrofolate reductase

{DHFR) or neomyein resistance for eukaryotic cells; tetramycin or ampicillin resistance for prokaryotes
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such as £. coli; and bleomyein, gentamyein, glyphosate, hygromycin, kananiycin, methotrexate,
phicomyein, phosphinotricin, spectinomycin, direptomycin, streptonyyein, sulfonamide and sulfonylurea
resistanice in plants (for example, as described i Maliga et al., Methods in Plant Molecular Biology, Celd
Spring Harbor Laboratory Press, 1995, page 39). 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.

{60266} Reporter genes greatly enhance the ability to monitor gene expression in a number of biological
organisms, Reporter genes have been successfully used in chloroplasts of higher plants, and high levels of
recombinant protein expression have been reported. In addition, reporter genes have been vsed in the
chioroplast of C reinhardtii. In chloroplasts of higher plants, B-glicwronidase (uidA, for example, as
deseribed in Staub and Makliga, FMBO J. 12:601-606, 1993}, neomycin phosphotransferase (nptll, for
example, as deseribed 1 Carrer et al,, Mol Gen. Gener. 241:49-56, 1993}, adenosyl-3-adenylrans- erase
{(aadA, for example, as described in Svab and Maliga, Proc. Na#l. Acad. Sci., USA 9G:913-917, 1993), and
the Aequorea victoria GEP (for example, as described in Sidorov et al., Plant J, 19:209-216, 1999) have
been used as reporter genes {for example, as described in Heifetz, Biochemie 82:055-666, 2008). Each of
these genes has attributes that make them usefid reporters of chloroplast gene expression, such as ease of
analysis, sepsitivity, or the ability to exarine expression in sife. Based upou these studies, other exogenous
profeins have been expressed 1o the chloroplasts of igher plants such as Bacillus thuringiensis Cry toxins,
conferrng resistance to wnscct herbivores (for exarnple, as described 10 Kota ot al,, Proc. Natl. dcad. Sci,
USA 96:1840-1845, 1999}, or human somatotropin (for example, as described in Stanb et al., Nad
Riotechnol. 18:333-338, 2000), a potential biopharmaceutical. Several reporter genes bave been expressed
1a the chloroplast of the enkaryotic green alga, C. reindardtii, including aadA (for exaraple, as described in
Goldschmidt-Clermont, Nucl. Acids Res. 19:4083-4089 1991; and Zerges and Rochaix, Mol Celf Riol.
14:5268-5277, 19943, midA (for exanple, as described in Sakamoto ot al., Proc. Natl. Acad. Sci., USA
90:477-561, 1993; and Ishikura et al,, J. Bicsci. Biceng, 87:307-314 1999), Renilla huciferase (for example,
as described in Minko et al., Mol Gen. Genet, 262:421-425, 1999) and the amimo glycoside
phosphotransferase from Acinetobacter baumanii, aphA6 {for example, as described 1n 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 in the detection of protein expression.

{80267] Tn some instances, the vectors of the present disclosure will contain elements such as an 7. coli or
S. cerevisiae onigin of rephcation.  Such features, combined with appropriate selectable markers, allows for
the vector to be “shuttled” between the target host cell and a bacterial 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, a reaction mixfure containing the vector and mserted
pobynucleotide(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 performing site directed

mutagenesis of the inserted polynucleotide, then again amplifying and selecting vectors having a mutated
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polynucleotide of interest. A shuttle vector then can be introduced into plant cell chloroplasts, wherein a
polypeptide of interest can be expressed and, if desired, isolated according to a method of the disclosure.
{60268} Knowledge of the chloroplast or nuclear genome of the host organism, for example, C. reinhardtii,
1s useful in the construction of vectors for use in the disclosed embodiments. Chioroplast vectors and
methods for selecting regions of a chloroplast genome for use as a vector are well known (see, for example,
Bock, J. Mol. Biol. 312:425-438, 2001, Staub and Maliga, Plant Cell 4:39-45, 1992; and Kavanagh ct al.,
(renerics 152:1111-1122, 1999, each of which is mcorporated herein by reference). The entire chioroplast
genome of C. refnhardtii s available to the public on the world wide web, at the URL
"mology.duke.edo/chiamy genome/- chlorohiml” (see "view complete genome as text file” link and "maps
of the chloroplast genome” hak; J. Mayd, 1. W. Lilly, and D. B. Stemn, unpublished results; revised Jan. 25,
2002; to be pubhished as GenBank Ace. No. AF396929; and Magl, J. E., et al. {2002} The Plant Cell, Vol
14 (2659-2679)1. Generally, the nucleotide sequence of the chioroplast genonue DNA that is selected for
use is 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, due fo the homologous recombination event, would
produce 3 deleterious effect with respect to the chloroplast. For example, 3 deletericus effect on the
rephication of the chioroplast genome or to a plang cell containing the chioroplast, In this respect, the
wehsite containing the C. reinhardtii chloroplast genome sequence also provides maps showing coding and
non-coding regions of the chloroplast genome, thus facilitating selection of a sequence useful for
constrocting a vector (also described in Maul, 1. B, et al. (2002) The Plant Cell, Vol. 14 (2659-2679)). For
example, the chloroplast vector, p322, 15 a clone extending from the Eco (Eco 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 TURL
"mclogy.duke.cdu/chiamy genome/chloro ki, and cheking on "roaps of the chloroplast genome” tink,
and "140-150 kb” link; also accessible directly on world wide web at URL "biology.duke.cdu/chlam-
y/chioro/chdoral40.himi™),

{80269] Tn addition, the entire nuclear genome of C. refnhardiii is deseribed in Merchant, 5. S, et al,,
Science (2607), 318(5848):245-250, thus facilitating one of skill in the art to select 2 sequence or sequences
usefl for constructing a vector.

{80278} For expression of the polypeptide in a host, an expression cassette or vector may be employed.
The expression vector will provide a transcriptional and translational initiation region, which may be
mducible or constitutive, where the coding region is operably linked under the transeriptional control of the
franscriptional initiation region, and & transcriptional and translational termination region. These control
regions may 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.

{80271] The mucleotide sequences may be inserted into a vector by a variety of methods. In the most

common method the sequences are inserted into an appropriate restriction endonuclease site(s) using
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procedures commonly known to those skilled n the art and detailed in, for example, Sambrook et al.,
Molecular Cloning, A Laboratory Manual, 2" Ed., Cold Spring Harbor Press, (1989) and Ausubel et al.,
Short Protocols in Molecular Biology, 2™ Ed., John Wiley & Sons (1992).

{60272} The description herein provides that host cells may be transformed with vectors. One of skill in
the art will recognize that such transformation inchudes transformation with cireular or lineanized vectors,
or linearized portions of a vector. Thus, a host cell comprising a vector may contain the entire vector in the
cell (in erther circular or linear form), or may contain a linearized portion of a vector of the present
disclosure. In some instances 0.5 to 1.5 kb flanking nucleotide sequences of chloroplast genomic DNA may
beused. In some instances 9.5 to 1.5 kb fanking nocleotide sequences of nuclear genomie DNA may be
wsed, or 2.0 to 5.0 kb may be ased.

{60273} Compounds

{60274} The modified or transformed host organism disclosed herein is useful in the production of a
desired biomolecule, componud, composition, or product; these terms can be ased interchangeably. The
present disclosure provides methods of producig, for example, an isoprenowd or isoprenoid precursor
compound 1B a host cell. One such method mvolves, colturing a modified host el in a suitable coltire
raedivra under conditions that promote synthesis of a product, for exaraple, an isoprenoid compounnd ot
1soprencid precursor cornpound, where the isoprenoid compound 1s generated by the expression of an
enzyme of the present disclosure, wherein the enzyme uses a substeate present 1o the host cel, Insome
cmbodiments, a oethod further comprises 1solating the isoprenoid compound from the cell and/or from the
culture medium.

180275} To somee ernbodiments, the produoct (e.g. fuel molecule) s collected by harvesting the Lquid
maediura. As some fuel molecules (e.g., muopoterpenes) are immiscible i water, they would float to the
surface of the hiquid medinm and could be extracted casily, for examnple by skimming. In other instances,
the fucl molecules can be extracted from the higuid mediwn. In still other instances, the fuel molecules are
volatile. In such instances, impermeable barriers can cover or otherwise surround the growth environment
and can be extracted from the air within the barrier. For somne fuel molecules, the product may be extracted
from both the environment (e.g., liquid environment and/or air) and from the intact host celis. Typically,
the organisrn would be harvested at an appropriate point and the product may then be extracted from the
organism. The collection of cells may be by any meauns known in the art, wcluding, but not fimited to
concentrating cells, mechanical or chemical disruption of celis, and purification of product(s) from celi
cultures and/or cell lysates. Cells and/or organisms can be grown and then the product(s) collected by any
means known to one of =kill in the art. One method of extracting the product is by harvesting the host cell
or a group of host cells and then drying the celi{s). The product(s) from the dried host cell(s) are then
harvested by crushing the cells to expose the product. In some instances, the product may be produaced
without killing the organisms. Producing and/or expressing the product may not render the organism

unviable.
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{80276} In some embodiments, a genetically modified host cell 1s cultured in a suitable medium {e.g.,
Luria-Bertoni broth, optionally supplemented with one or more additional agents, such as an inducer (e.g.,
where the isoprenoid synthase is under the control of an inducible promoter); and the culture mediom is
overlaid with an orgaunic solvent, e.g. dodecane, forming an organic layer. The compound produced by the
genetically modified host partitions mto the organic layer, from which it can then be purified. In some
embodiments, where, for example, a prenyl transferase, isoprenoid synthase or mevalonate synthesis-
encoding nucleotide sequence is operably linked to an inducible promoter, an inducer is added to the
cultore medinm; and, after a suitable time, the compound s isolated from the organic layer overlaid on the
culture medium.

{80277} In some embodiments, the compound or produet, for example, an isoprenoid compoond 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 orgamc layer is readily achieved using, e.g., standard
chromatographic techmqgues.

[80278] Methods of cultariug the host cells, separating products, and isolating the desired prodoct or
products are known to one of skill in the art and are discussed further herein.

180279} To soree crnbodiments, the comapound, for example, an soprenoid or isoprenoid compound s
prodoced ina 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 feast about 25-fold, at least about 50-fold, at least about 100-fold, at least about 560-
fold, at least about 1800-fold, at least about 2000-fold, at least about 300G-fold, af least about 4000-fold, at
least about 5G00-fold, or at least about 18,800-fold, or more, higher than the level of the isoprenoid or
1soprencid precursor cornpound produced in an uursodified host cell that produoces the isoprenoid or
1soprencid precursor cornpound via the same bilosynthetie pathway,

{80288} To some embodiments, the compound, for example, an isoprenoid compound is pure, e.g., at least

L7

about 40% pure, at feast about 50% pure, at least about 60% pure, at least about 70% pure, at feast about
80% pure, at lcast about 90% pure, at least about 95% pure, at least about 98%, or more than 98% pure.
"Pure” in the context of an isoprenoid compound refers o an isoprenoid commpound that is free from other
isoprenaid compounds, portions of compounds, contaminants, and unwanted byproducts, for example.
{80281] Examples of products contemplated herein include hydrocarbon products and hydrocarbon
derivative products. A hyydrocarbon product is one that consists of only hydrogen molecules and carbon
molecules. A hydrocarbon derivative product is a hydrocarbon product with one or more heteroatoms,
wherein the heteroatom is any atom that is not hydrogen or carbon. Examples of heteroatoms include, but
are not himited to, nitrogen, oxygen, sulfur, and phosphorus. Some products can be kydrocarbon-rich,
wherem, for example, at feast 30%, at least 60%, at least 70%, at least 80%, at least 90%, or at least 95% of
the product by weight is made up of carbon and hydrogen.

{60282 One exemplary group of hydrocarbon products are isoprenoids. Isoprencids (including terpenoids)
are derived from isoprene subunits, but are modified, for example, by the addition of heteroatoms such as

oxygen, by carbon skeleton rearrangement, and by alkylation. Isoprenoids generally have a number of
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carbon atoms which is evenly divisible by five, but this is not a requiremnent as “irregular” terpenoids are
known to one of skill in the art. Carotenoids, such as carotencs and xanthophylls, are exampies of
isoprenoids that are usefal products. A steroid is an example of a terpenoid. Examples of isoprenoids
inclade, but are not limited to, henuterpenes {C3), monoterpenes (C10), sesquiterpenes {C13), diterpenes
{C20), triterpenes (C30), tetraterpenes {C40), polyterpenes (C,, wherein “n” is equal to or greater than 45),
and their derivatives, OUther examples of isoprenoids inchide, but are not limited to, limonene, 1,8-cincole,
g-pinene, camphene, (+)-sabinene, myreene, abictadiene, taxadiene, farnesyl pyrophosphate,
fusicoccadiene, amorphadiene, {E}-g-bisabolene, zingiberene, or diapophytoene, and their derivatives.
{80283} Products, for example fuel products, comprising hydrocarbons, may be precursors or products
conventionally derived from crade o1l or petroleum, such as, but not hmited to, Ggoid petroleum gas,
naptha (ligroin), gasohne, kerosene, diesel, lubricating oil, heavy gas, coke, asphalt, tar, and waxes.
{80284} Uscfol products mnclude, bot are not limited to, terpenes and terpenoids as described above. An
exemnplary group of ferpenes are diterpenes {C20). Diterpenes are hydrocarbons that can be modified (e.g.
oxidized, methy! groups removed, or cychized}; the carbon skeleton of a diterpene can be rearranged, to
form, for example, terpenoids, sach as fasicoceadiene. Fusicoccadiene may also be formed, for example,
directly from the soprene precursors, without being bound by the avadabibity of diterpene 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 himounene, for example.
Genetic modification can also lead to the production of modified terpenes, such as methy] squalene or
hydroxylated and/or conjugated terpenes such as paclitaxel.

{80285] Other useful products can be, for example, a product comprising a hvdrocarbon obtained from an
orgarisn expressing a diferpens synthase. Such exemplary products inchede ent-kawrene, casbene, and
fusicoccadiene, and may also inchade fuel additives.

{80286} To some embodiments, a product (such as a fuel product) contemplated herein comprises one or
more carbons derived from an morganic carbon source. In some embodiments, at least 10%, at least 20%,
at feast 30%, at feast 40%, at least 30%, at least 60%, at least 70%, at least 83%%, at least 90%, at least 95%,
or at east 99% of the carbons of a product as described herein are derived from an inorganic carbon source.
Examples of inorganic carbon sources include, but are not imited to, carbon dioxide, carbonate,
bicarbonate, and carbonic acid. The product can be, for example, an organic molecule with carbons from an
inorganic carbon source that were fixed during photosynthesis.

{60287 The products produced by the present disclosure may be naturally, or non-naturally (e.g.. asa
result of transformation) produced by the host cell(s) and/or organism(s) transformed. For example,
products not naturally produced by algae may include non-native terpenes/terpenoids such as
fusicoccadiene or limonene. A product naturally produced in algae may be a terpene such as a carotenoid
{for example, beta-carotenc). The host cell may be genetically modified, for example, by transformation of

the cell with a sequence encoding a proten, wherein expression of the protein results in the secretion of a
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naturally or a non-naturally produced product or products. The product may be a molecule not found m
nature.

[60288] Examples of products include petrochenucal products, precursors of petrochemical products, fuel
products, petroleum products, precursors of petroleum products, and all other substances that may be useful
in the petrochentical industry. The product may be used for generating substances, or materials, useful in
the petrochemical industry. The products may be used in a combustor such as a boiler, kiln, dryer or
furnace. Other examples of combustors are intermal combustion engines such as vehicle engines or
generators, inchuding gasoline engines, diesel engines, jet engines, and other types of engines. In one
embodiment, a method herein comprises combusting a refined or “upgraded” composition. For example,
combusting a refined composition can comprise inserting the refined composition into a combustion
engine, such as an automobile engine or a jet engine. Products described heremn may also be ased to
produce plastics, resing, fibers, elastomers, pharmaceaticals, neotraceuticals, lubnicants, and gels, for
example,

[80288] Uscful products can also inchide 1soprenoid precursors. Isoprenoid precursors are generated by
one of two pathways; the mevalonate pathway or the methylerythnitol phosphate (MEP) pathway. Both
pathways gencrate direethylallvi pyrophosphate (DMAPP) and isopentvi pyrophosphate (IPP), the coramon
CS precursor for isoprenoids. The DMAPP and TPP are condensed to form geranyl-diphosphate (GPF), ox
other precursors, such as farnesyl-diphosphate (FPP) or geranylgeranyl-diphosphate (GGPP), from which
higher isoprenotds are formed.

1862987 Useful products can also inclhude srall alkanes (for example, | to approximately 4 carbons) such
as methane, ethane, propane, or butane, which may be used for heating (such as v cooking} or ruaking
plastics, Products raay also include molecules with a carbon backbone of approximately 5 to
approximately 9 carbon atorns, such as naptha or figroin, or their precursors. Other products may include
molecules with a carbon background of about 5 to about 12 carbon ators, or cycloalkancs used as gasoline
or motor fuel. Molecules and aromatics of approximately 16 to approximately |8 carbons, such as
kerosene, or its precursors, may also be usefid as products. Other products include fubricating oil, heavy
gas oil, or fuel oil, 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 muliiple rings with about 70 or more
carbons, and their precursors.

{80291 Modified organisms can be grown, in some embodiments in the presence of U0, to produce a
desired polypeptide. In some embodiments, the products produced by the modified organism are isolated or
collected. Collected prodacts, such as terpenes and terpenoids, may then be further modified, for example,
by refining and/or cracking to produce fuel molecules or components.

{80292 The various products may be further refined to a final product for an end user by a number of

processes. Refining can, for example, occur by fractional distilation. For example, a mixture of products,
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such as a nux of different hydrocarbons with variocus chain lengths may be separated nto various
components by fractional distilfation.

{60293} Refining may also include any one or more of the following steps, cracking, unifying, or altering
the product. Large products, such as large hydrocarbons {e.g. > C10), may be broken down into smaller
fragments by cracking. Cracking may be performed by heat or high pressure, such as by steam,
visbreaking, or coking. Products may also be refined by visbreaking, for example by thermally cracking
large hydrocarbon molecules in the product by heating the product in a furnace. Refining may also include
coling, wherein a heavy, almost pure carbon residuoe s produced. Cracking may also be performed by
catalytic means to enhance the rate of the cracking reaction by using catalysts such as, but not himited to,
zeolite, aluminom hydrosilicate, bawite, or silica-alununa. Catalysis may be by fluid catalytic cracking,
wheteby a bot catalyst, such as zeolite, 18 used to catalyze cracking reactions. Catalysis may also be
performed by hydrocracking, where lower temperatares are generally used in comparison to fhuid catalytic
cracking. Hydroctacking can ocour in the presence of elevated partial pressure of hydrogen gas. Products
niay be refined by catalytic cracking to generate diesel, gasoline, and/or kerosene,

{60294} The produocts may also be refined by combining them in a unification step, for example by using
catalysts, such as platinnm or a platteume-rhenmm raix. The unification process can produce hydrogen gas,
a by-product, which raay be vsed in crackig.

{80295} The products may also be refined by altering, rearranging, or restructuring hydrocarbons into
sraaller molecules. There are a mumber of chenical reactions that occur W catalytic reforming processes
which are known to one of ordinary skill ip the arts. Catalytic reforming can be performed in the presence
of a catalyst and a high partial pressure of hydrogen. Ope common process is alkylation. For example,
propyiene and butyiene are mixed with a catalyst such as hvdrofluoric acid or sulfuric acid, and the
resufting products are high octane hydrocarbons, which can be used to reduce knocking in gasohne biends.
{80296} The products may also be blended or combined info 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, diesef fucl,
heating oil, and chemicals for making plastics and other polymers. Compositions of the products deseribed
herein may be combined or blended with fuel products produced by other means.

{80297} Some products produced from the host cells of the disclosure, especially after refining, will be
identical to existing petrochemicals, L.e. contain the same chemical structure. For instance, crude oil
contains the isoprenoid pristane, which is thought to be a breakdown product of phytol, whichis a
component of chlorophyll. Some of the products may not be the same as existing petrochemicals. However,
although a molecule may not exist in conventional petrochemicals or refining, it may still be useful in these
industries. For example, a hydrocarbon could be produced that is in the boiling point range of gasoline, and
that could be used as gasoline or an additive, even though the hydrocarbon does not normally ccour in

gasoline.
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{60298] A product herein can be described by its Carbon Isotope Distribution (CID). At the molecular
level, a CID 1s the statistical likelihood of a single carbon atom within a molecule to be one of the naturally
oceurring carbon isctopes (for example, O, PC, or ). At the bulk level of a product, a CID may be the
relative abundance of naturally occurring carbon isotopes (for example, “C, PC, or () in a compound
containing at feast one carbon atont. 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 petroleam, nataral gas, and coal is
distinginshable 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 compouond made by photosynthesis in recent
history where the source of inorgamc carbon was carbon dioxide 1n the atmosphere. Alse, CID{photo-fos)
refers to the CID of 3 carbon based compound made by photosynthes:s in recent history where the source
of substantially all of the inorgamc carbon was carbon dioxide produced by the buming of fossil foels (for
example, coal, natoral gas, and/or petrolenm). The exact distribotion is also a charactenistic of 1) the type of
photosynthetic organism that produced the molecole, and 2) the source of tnorganic carbon. These isotope
distributions can be used to define the composition of photosynthetically-derived fuel products. Carbon
1sotopes are unevenly distriboted among and within different compounds and the isctopic distribution can
reveal mformation about the physical, chemical, and metabolic processes involved 1o carbon
transformation. The overali abundance of *C relative to “C in a photosynthetic organism is often less than
the overall abundance of PC relative to “C in atmospheric carbon dioxide, indicating that carbon isctope
discrimation occurs 1o the weorporation of carbon dioxide into photosynthbetic biomass.

1802991 A product, cither before or after refining, can be wentical to an existing petrochernical. Some of
the fuel products may oot be the same as existing petrochemicals. In one embodirnent, 2 fuel produoct s
stoilar fo an existing petrocheruical, except for the carbon isotope distribution. For example, it is believed
that no fossil fuel petrochemicals have a §°C distribution of less than -32%, whereas fuel products as
described herein can have 2 §C distribution of less than -32%, less than -35%, less than -40%, less than -
45%, less than -50%%, less than -55%, or less than -60%,. In another embodiment, a fuel product or
composition is similar but not the same as an existing fossil fuel petrochemical and has a §"'C distribution
of less than -32%, less than -35%, Iess than -40%, less than -435%, loss than -50%, less than -55%, or less
than -60%.

{80366 A fuel product can be 2 compasition 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 8°C distribution of the composition is fess 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 still other compositions, the hydrogen
and carbon molecules are at least 95 or at least 99% of the atomic weight of the composition. In yet other

compositions, the hydrogen and carbon molecules are 100% of the atomic weight of the conposition. In
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some embodiments, the composition is a hguid. In other embodiments, the composition i3 a fael additive or
a fuel product.

{60381} Also described herein is a fuel prodact 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"C distribution of the composition is less than -32%; and a fuel component,
In some embodiments, the 3"°C distribution of the composition is less than about -35%, less than about -
40Y%5, tess than about -45%, less than abowut -50%, fess than about -35%, or less than about -60%. In some
embodiments, the fuel component of the composition is a blending fuel, for example, a fossil fuel, gasoline,
diesel, ethanol, jet fuel, or any combination thereof, In still other embodiments, the blending fuet has 2 8VC
distribution of greater than -32%. For some fuel prodocts described berein, the fuel component is a fuel
additive which may be MTBE, an anti-oxidant, an antistatic agent, a corrosion inhibitor, or any
combination thereof. A fuel product as described herein may be a product generated by blending a fuel
product as described and a fiel component. In some embodiments, the fael product has a §°C distribution
of greater than -32%. In other embodiments, the fuel product has a §7C distribution of fess than -32%. For
example, an oil composition extracted from an organism can be blended with a fuel component prior to
refining (for exaraple, cracking) 1o order (o generate a fuel produoct as described herewn. A fuel cornponent,
can be a fossil foel, or a rixing blend for generating a fuel product. For example, a mixture for fucl
blending may be a bydrocarhon mixtuve that is spitable for blending with another hydrocarbon rowture o
generate a fuel product. For example, 3 mixture of lght alkanes may not kave a certain octane nomber to be
suitable for a type of fucl, however, it can be blended with a high octane raxtare to generate a fuel product.

'w\(

In another example, a composition with 2 3 C distribution of less than -32% is blended with a hydrocarbos
raxtere for fuel blending to create a fuel product. In some embodirents, the composition or fucl
component alone are not suitable as a fuel product, however, when combined, they are useful as a fue
product. In other embodiments, either the composition or the fuel component or both redividually are
suitable as a fuel product. To yvet another embodiment, the fuel conponent is an existing petroleurs product,
such as gascline or jet fuel. In other embodiments, the fuel component is derived from a renewable
resouree, such as bioethanol, biodiesel, and biogasoline.
{80382 Od conpositions, derived from biomass obtained from a host cell, can be used for producing high-
octane hydrocarbon products. Thus, one embodiment describes a method of forming a fuel product,
comprising: obtatning an upgraded oif composition, cracking the oil composition, and blending the
resulting one or more light hydrocarbons, having 4 to 12 carbons and an Octane number of 80 or higher,
with a hydrocarbon having an Octane number of 80 or less. The hydrocarbons having an Octane number of
80 or less are, for example, fossil fuels derived from refining crude oil.
{80383} The biomass feedstock obtained from a host organism can be modified or tagged such that the
fight hydrocarbon products can be identified or traced back to their original feedstock. For example, carbon
isotopes can be introduced into a biomass hydrocarbon m the course of its biosynthesis. The tagged

hyydrocarbon feedstock can be subjected to the refining processes described herein to produce a light
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hydrocarbon product tagged with a carbon isotope. The isotopes allow for the identification of the tagged

products, cither alone or in combination with other untagged products, such that the tagged products can be

traced back to their original biomass feedstocks.

{66384} Table A, Examples of Enzvimes Invelved in the Isoprensid Pathway

Synthase

Soparee

NOBI protein ID

Limonene

M. spicata

JONH_A

Cineole S. officinalis AAC26016
Pinene A gramdis AAKHE3564
Camphene A. grandis AABTOTOT
Sabinene S. officinalis AAC26018
Myrcene A. grandis AABTI084
Abietadiene A. grandis Q38710
Taxadiene T. brevifolia AAKSR3566
FPP (. galls POBR36
Amorphadiene A. anmua AAF61439
Bisabolene A gramdis 381686
Drapophytoens S. anreus

Diapophytoene desaturase S. aureus

GPPS-LSU M. spicata AAFORT3
GPPS-SSU M. spicata AAFOBT92
GPPS A thatiana CAC16849
GPPS C. reinhardtii EDPO351S
Fpp E. coli NP 414955
FPP A thaliana NP 189588
FPP A. thaliana NP 193452
FPP C. reinhardiii EDP0O319%4

IPP isomerase

E. coli

NP 417365

IPP isomerase

H phvialis

ABREGI14
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Limonene L. angustifolic ABB73044
Monoterpene 8. ycopersicum AAXE9064
Tempinolene O. basilicum AAVE3TO2
Myrcene 0. basilicum AAVHE3THL
Zingiberene Q. basilicum AAVE3T784
Myrcene Q. ilex CAC41012
Myreene P. abies AAS47696

Myrcene, ocimene

M

. thaliana

NP 179998

Myreene, ocimene

A thalicma

NP 567511

Sesquiterpenc

Z mays; B73

AASERST

Sesquiterpene

. thaliona

W

NP_199276

Sesquiterpene

A. thalicna

NP 103064

Sesquiterpene A. thaliana NP 193066
Curcumene P cablin AASBEGIIO
Famesene M. domestica AAXIOTTZ
Famesene C. sativus AAUG5951
Farnpesene . junos AAKS4279
Famesene P abies AASR4TE9T
Bisabolene P abies AAS4ATHEY

Sesquiterpene

A. thalicna

NP 107784

Sesquiterpene

A thaliana

NP 175313

GPP Chimera

GPPS-LSU+SSU fusion

Geranylgeranyl reductase

A thaliana

NP_177587

Geranylgeranyl reductase C. reinhardii EDPO9986
Chiorophyllidohydrolase C. reinfiardtil EDPG1364

Chiorophyllidohydrolase

A. thaliana

NP_364094
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Chlorophylhdohydrolase

A thalicma

NP 189199

Phosphatase

S, cerevisiae

AABG4930

FPP ATIBW

G. gallus

{60305 Percent Sequence Identity

{80386] One example of an algorithm that is suitable for determining percent sequence identity or
sequence similarity between nucleic acid or polypeptide sequences is the BLAST algorithm, which is
described, e.g., in Altschul 7 ol J. Mol Biol. 215:403-410 (1990}, Software for performing BLAST
analysis is publicly available through the National Center for Biotechnology Information. The BLAST
algorithm parameters W, T, and X determine the sensitivity and speed of the alignment. The BLASTN
program (for mucleotide sequences) uses as defanlts a word length (W) of 11, an expectation (E) of 10, 2
cutoff of 100, M=5, N=-4, and a comparison of both strands. For anmno acid sequences, the BLASTP
program uses as defaults a word length (W) of 3, an expectation (E} of 10, and the BLOSUMG62 scoring
matrix {as described, for example, 1o Hentkoff & Hentkoff (1989} Proc. Nail Acad. Sci. USA, 89:108135).
I addition to caloulating percent sequence 1dentity, the BLAST algorithm also can perform a statistical
analysis of the similarity between two sequences {for example, as deseribed in Karlin & Altschul, Proc.
Nat'l. Acad. Sci. US4, 99:5873-5787 (19931, One measure of similarity provided by the BLAST
algonithim is the smallest sum probability (P(N}), which provides an indication of the probability by which a
match between two mucleotide or amino acid sequences would occur by chance. For example, a nucleic
acid s considered stilar fo a reference sequenee if the sruallest suro probability i a comparison of the test
macleic acid to the reference mucleic acid is fess than about 6.1, less than about 6.01, or Tess than about
0.001.

(683871 Codon Optimization

[60388] One or more codons of an encoding polymucieotide can be “brased” or “optinuzed” o reflect the
codon usage of the host organism. These two terms can be used interchangeably throughout the disclosure,
For example, one or more codans of an encoding polymucieotide can be “hiased” or “optimized” to reflect
chloroplast codon usage (Table A) or nuclear codon usage (Table B) in Chlamydomaonas reinhardiii. Most
amino acids are encoded by two or more different (degenerate) codons, and it s well recognized that
various organisms utilize certain codons in preference to others. Generally, the codon bias selected reflects
codon usage of the plant (or organeile therein} which s being transformed with the nucleic acid or acids of
the present disclosure. However, the codon bias need not be selected based on a particnlar organisnt in
which a polynucleotide is to be expressed.

{66389} One or more codons can be modified, for example, by a method such as site directed mutagenesis,
PCR using a primer that is mismatched for the nucleotide(z) to be changed such that the amplification

product is biased to reflect the selected {chloroplast or nuclear) codon usage, or by the de novo synthesis of
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a polynucleotide sequence such that the change (bias) is introduced as a consequence of the synthesis
procedure.

{60318} When codon-optinuzing a specific gene sequence for expression, factors other than the codon
usage may also be taken into consideration. For example, it is typical to avoid restrictions sites, repeat
sequences, and potential methylation zites. Most gene synthesis companies utilize computational
algorithms to optinuize a DNA sequence taking into consideration these and other factors whilst
maintaining the codon usage (as defined in the codon usage table) above a user-defined threshold. For
exarnple, this threshold may be set such that a codon that 1s vsed less than 10% of the time that the

corresponding amino acid is present in the proteome would be avoided in the final DNA sequence.

PCT/US2013/026186

{60311} Table A (below) shows the chloroplast codon usage for C. reinhardiii (see U.S. Patent

Application Pablication No.: 2004/0014174, published January 22, 2004).

{60312} Table A

{hioreplast Coden Usage in Chlamydomonas reinhardtii

UUU 34.1%( 345%%)

UCU 19.4( 198)

UAU 237 2423

UGU £.5( 87

UUC 14.2( 145

UCC 4.9( 50)

UAC 10.4( 106)

UGC 2.6(27)

UUA 72.8( 742)

UCA 20.4( 208}

UAA 2.7{ 28)

UGA 6.1( 1}

UG 5.6( 57)

UCG 5.2( 53)

UAGOT(T

UGG 13.7( 140)

CUU 14.8( 151

CCU 14.9¢ 152}

CAUILI{(113)

CGU 25.5( 260}

CUC 1.8(10)

CCC 5.4(55)

CAC 8.4 86}

CGC3.1(52)

CUA 6.5( 69)

CCA 19.3(197)

CAA 34.38(355)

CGA 3.8 39)

CUG7.2(73)

CCG3.0(30

CAG 5.4¢35)

CGG 0.5(5)

AUU 44 6( 455)

ACU23.3(237

AAU 44.0( 449

AGU 169( 172)

AUC 9.7( 99)

ACC 7.8( 80)

AAC 197201

AGE 6.7( 68)

AUA $.2( 54)

ACA 29.3( 299

AAAGL5(627)

AGA S.0(351)

AUG 23.3( 238)

s

ACG 4.2(43)

AAGILO(11Z)

AGG 1.5(135)

GUU 27.5( 280)

GCU 30.6( 312)

GAU 23.8( 243}

GGU 40.0( 408)

GUC 4.6(47

GCCILI(113)

GAC 11.6{118)

GGC 87( 89)

GUA 26.4( 269}

GCA 19.9( 263}

GAA 403( al1)

GGA 9.6(98)

GUG 7.1 72)

GOG 43(44)

GAG 6.9 70)

GGG 4.3(44)

{80313 * -Frequency of codon usage per 1,000 codons. ** - Number of tunes observed in 36 chloroplast

coding sequences {10,193 codons).

1803147 The O reinfardiii chloroplast genore shows a high AT countent and noted codon bias (for

example, as described in Franklin 3., ot al. (2002) Plant 7 30:733-744; Mayfield S.P. and Schudtz I. (2004)

Plant J37:449-458),

{66315} Table B cxemplifics codons that are preferentiafly used mn Chlarnydomonas nuclear genes.

{60316} Table B

[80317] ficlds: [triplet] [ frequency: per thousand] ([number])
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[80318] Coding GC 66.30% 1 fetter GC 64.80% 2™ letter GC 47.90% 3™ letter GO 86.21%

Nuciear Codon Usage in Chiamydoronas reinhardtii

UUU 5.0 (2118

UCU 4.7 (1992)

UAU 2.6 (1085)

UGU 1.4 (601)

UUC27.1 (114110

UCC 16.1 (6782)

UAC 22.8 (9579

UGC 13,1 (5498}

UUA 0.6 (247)

UCA 3.7 (1348}

UAA 1.0 (44D

UGA 0.5 (227

UUG4.6(1673)

UCG 16.1 {6763}

UAG 0.4 (183)

UGG (3.2 (3359)

CUU 4.4 (1869)

CCURT (3416)

CAU 22 (919)

CAU49 2071

CUC 13.0 (5488}

CCC 29.5 (12409)

CAC 17.2 (7252)

CGL 34.9 (14676)

CUA 2.6 (1086

CCA 5.1 (2124

CAA 4.2 (1780)

CGA 2.0 (841)

CUG 65.2 (27420)

CCG 20,7 (86R4)

CAG 363 (15283

CGG 12 @71

AUU B0 (3368

ACU 52 (217D

AAUZB(1157)

AGU 2.6 (1089}

AUC 26.6 (11200)

ACC 27.7 (11663

AAC 285 (11977

AGC 22.8 (9590}

AUA 1.1 (443)

ACA 41 (1713)

AAA 2.4 (1028)

AGA 0.7 (287)

AUG 257 (18796}

ACG 15,9 (6684)

AAG 433 (18212)

AGG 2.7 (1150)

GUU 5.1 (2158)

GCU 16.7 (7030)

GAU 6.7 (2805)

GGU 8.5 (3984)

GUC 15.4 (6496)

GCC 54.6 (22960}

GAC41.7 (17519

GGC 62.0(26064)

GUA 2.0(857)

GCA 10.6 (4467)

GAA 2.8 (1172)

GGA 5.0 (2084)

GUG 46.5 (19558)

GOG 44 .4 (18688)

GALG 53.5 (22486

GGG 9.7 (4087)

{60319 Generally, the nuclear codon bias selected for purposes of the present disclosure, mclodmg, for

example, in preparing a synthetic polynucleotide as disclosed herein, can reflect nuclear codon usage of an

algal nucleus and tucludes a codon hias that results 1n the coding sequence containing greater than 60%

G/C content.

[08328] Re-cngineering the genome,

{60321} In addition to utilizing codon bias as a means to provide efficient transiation of a polypeptide, 1t

wiil be recogmzed that an alternative means for obtaining efficient translation of a polypeptide in an

organism 18 o re-engineey the genome (¢.g., a . reinhardtii chloroplast or nuclear genome) for the

expression of (RNAs not otherwise expressed in the geporae. Such an enginecered algac expressing one or
more exogenous tRNA molecules provides the advantage that it would obviate a requirement fo modify
every polynucieotide of interest that is to be introduced mto and expressed frora an algal genore; stead,
algae such as C. reinhardti that cornprise a genetically modified genome can be provided and vtilized for
efficient translation of a polypeptide. Correlations between tRNA abundance and codon usage 1o highly
expressed genes s well known (for exanmple, as deseribed i Franklio ot al., Plant J. 30:733-744, 2082;
Bong et al., I Mol Biol. 260:649-663, 1996; Duret, Trends Genet. 16:287-289, 2006; 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 1o express underutihzed tRNAs resulted in enhanced expression of genes

which utilize these codons (see Novy et al.| in Novations 12:1-3, 2001). Uulizing endogenous tRNA genes,

in
N3
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stte directed mutagenesis can be used to make a synthetic tRNA gene, which can be introduced into the
genome of the host organism to complement rare or unused tRNA genes i the genome, such as a
. reinhardtii chloroplast genome.

{66322} Agnother way to codon optimize a sequence for expression,

{60323} An alternative way to optimize a nucleic acid sequence for expression i8 to use the most frequently
atilized codon (as determined by a codon usage table) for each amino acid position. This type of
optimization may be referred to as “hot codon’ optimization. Should undesirable restriction sites be created
by such a method then the pext most frequently utilized codon may be sebstitided in a position soch that the
restriction site is no longer present. Table C lists the codon that would be selected for each amino acid
when using this method for optimizing a nucleic acid sequence for expression i the chloroplast of C.
reinhardtii,

166324] Lable C

Amino acid Codon utilized
F TTC
L TTA
I ATC
v GTA
S TCA
CCA
T ACA
A GCA
Y TAC
H CAC
Q CAA
N AAC
K AAA
D GAC
E GAA
C TGC
R CGT
G GGC
W TGG
M ATG
STOP TAA

i
Lo
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{60328) Codon optimvization for the nucleus of a Desmodesmus, Chlamyvdemonas, Nannochioropsis, o1

Scenedesins Species.

f60326] To create a codon usage table that can be used to express a gene in the nucleus of several different
species, the codon usage frequency of a number of species were analyzed. 30,000 base pairs of DNA
sequence corresponding to nuclear protein coding regions for the each of the algal species Scenedesmus sp.
{S. dimorphus), Desmodesmus sp. (an unknown Desmodesmus sp. ), and Nanunocfloropsis sp. (N. salina)
were used to create a unique nuclear codon usage table for each species. These tables were then compared
to each other and to that of Chlamydomonas reinhardiii; the codon table for the nuclear genome of
Chisunydomonas reinhardtii was used as a standard. Any codons that had very low codon usage for the
other algal species but not iy Chlamydomonas reinhardtii were fixed at 0 and thus shosld be avoided in a
DNA sequence designed vsing this codon table (Table B). The following codons shiould be avotded CGG,
CAT, CCG, and TCG. The codon asage table generated is shown in Table D.

{60327} Table B

Namnochloropsis sp.

F3G3291 For exampie, inthe fiest row, the fraction (0,16} is the percentage (16%) of times that a codon
P { 2C{

(U} 18 used to code for ¥ (phenylalanine),

{80330} (* represents stop codonsi{a.a. s amino asid)

UG

UsC F (.84 UCC S 0,33 UAC Y (.9 UGC C 3.9
UUA L 0.01 UCA S 0.06 UAA * 3.52 LIGA * 0.27
UUG L 0.04 UG S 0 UAGy * 022 UGG W

CUy 15 (.05 CCU P 8.19 CAU H g CGU R 0.11
CUC L 0.15 CCC P 0.69 CAC H 1 CGL R 0,77
CUA L 0.03 CCA P 0.12 CAA Q 0.1 CGA R 0.04
CUG L 0.73 CCG P 0 CAG Q 8.9 CGG R 0
AUU 1 0.22 ACU T 0.1 AAU N 0.09 AGU 5 (.05
AUC ] 0.75 ACC T 8.52 AAC N 5.91 AGC S 0.46
AUA 1 0.03 ACA T 0.08 AAA K 0.05 AGA R 0.02
AUG M i ACG T 3 AAG K 0.95 AGG R 6.06
GUU V 0.07 GCU A 0.13 GAU ib] 0.14 GG & 0.11
GUC N (.22 GCC A .43 GAC o (.86 GGC G 5,72
GUA 4 0.03 GCA A 0.08 GAA B 0.03 GGA G 0.06
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GUG ! v 1 0.67 iGCG! A ! 035 fGAGf 0 ! 0.95 IGGG;

EXAMPLES
{60331} The following examples are intended to provide iHustrations of the application of the present
disclosure. The following examples are not mtended to completely define or otherwise himit the scope of
the disclosuare.
[60332 One of skill mn the art will appreciate that many other methods knowa in the art may be substituted
in liey of the ones specifically described or referenced herein.
f60333] The present disclosare provides genes identified from a O reinhardtii cONA library that when
over expressed in O reinhardtii confer sodiur hypochiorite resistance o the organism. Exaraple 1
describes the construction of the ¢DINA Hbrary.

f60334] Example L ¢DNA library consiruction,

f603357 Below 1s a hist of materials used 1o the construction of the ¢DNA library,
s Plant RNA Reagent (Invitrogen, Cat# 12322012)
e  RNeasy purification kit {QIAGEN, Cat# 74106)
e«  RNMase-free DNase (QIAGEN, Cat# 79254)
«  Poly(A) Micropurist kit (Arabion, Cat# AM1919)
o  SuperScript I RT enzyme (Invitrogen, Cat# 18080093)
& 5x First Strand Buffer (included with SuperScript 1)
»  0.0M DTT stock (included with SuperScript T
o 10mM dNTP mixture (Invitrogen, Catéf 18427013)
¢ RNaseOUT (Invitrogen, Caté 10777019)
s 5x Second Strand Buffer (nvitrogen, Cagf 160812814)
e F coli DNA polymerase I (Tovitrogen, Cat# 18010025)
¢ F cofi RNase H (Invitrogen, Cat# AM2293)
o I cofi DNA ligase (Invitrogen, Cati# 18052019)
¢ 10x Annealing Buffer (200 oM Tris HCl pH 7.5, 100 mM MgCly, 560 mM NaCl)
s T4 DNA polymerase (Invitrogen, Cati# 18005025)
o T4 DNA ligase (Invitrogen)
¢ T4 DNA ligase (New England Biolabs)
s Advantage 2 Polymerase mix {Clontech, Cat# 639201)
o  Advantage 2 GC Polymerase mix (Clontech, Cat# 639114)
¢ Duplex specific nuclease enzyme (Evrogen)
s 4x Hybridization buffer (200 mM HEPES pH 7.5, 2M Nall)
e  16x SN Master buffer (100 oM Tris HCEgH 8.0, 10 oM MgCl,, 2 mM BTT)
¢  DSN storage buffer (530 mM Tris HCI pH 8.0)
s 2x DSN Stop buffer (16 mM EDTA)

i
n
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e Paclrestriction enzyme (New England Biolabs)
s dsed westriction enzyme (New England Biolabs)
e  DHI10B ElectroMax competent cells (Invitrogen)
¢  Phenol:Chloroform

s  Chloroform

e 160% BtGH

&= 100% Isopropanol

e 100 mg/ml ampicitlin stock

e 58 mg/ml carbenicillin stock

s RNase-free water

o 10 mM dNTP mixture {New England Biolabs)
¢ Tag polymerase (Mew England Biolabs}

s 10x Thermopol Buffer (New England Biolabs)
e  Shrimp Alkaline Phosphatate (USB Scientific)
¢ Exonuclease I (USB Scientific)

»  QTAGEN Gel Extraction Kit

80336} Below s a table listing the primers used in the construction of the cDNA hibrary.

{80337} Table }

Primer 20986 (SEQ 1D NO: 1)

(5’-biotin-
GGCGGUCGCAAGCAGTGGTATCAACGCAGAGTTAATTAATTTTTYTTTTTTTITTTITTITTTTIT
TITTTTYN-3 Y (Visany one of A, C,or G, Nisanyone of A, T, C, or G}

Primer 20987 (SEG ID NG: 2)
(5’-TCGTCGGGGAAGCAGTGGTATCAACGCAGAGTATTAATG-37)

Primer 20988 (3EQ ID NG 3)
{§-CATTAATACTCTGCGTTGATACCACTGCTTCCCC-37)

Primer 8018 {(SEQ D NO: 4)
(5-AAGCAGTGGTATCAACGCAGAGT-3)

Primer 16875 (SEQ I NG 5)
(B -CTACCTTTTGCTGGAAGTGICATAGC-3Y)

Primer 16876 (SEQ ID NO: 6)
(5-CGGCCAGGGGGUCTATGTTCTTTAC-37)

Pomer 9250 (SEGQ IDNG: 7
{(S’-CGCTGTCTCAAGCAGCATCTAA3

{80338} Overview of ¢cDNA Hbrary constraction.
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{60339} Listed below are the steps that were used in the construction of the cDNA library.

{60348} 1. ENA purification

{80341} 2. mAENA isolation

{60342} 3. First strand synthesis by reverse transcription

{60343} 4. Second strand synthesis and cDNA blunting

{80344} 5. Amplication of ¢DNA and normalization

{60345} 6. Cloning of cDNA into a nuclear expression vector

{88346} 7. Protocol for screening of transcripts by PCR.

{80347] Protocol for RNA purification.

{80348} 1. Remwove frozen pellet of algal biomass (C. reinfardiiiy from -80°C freezer and weigh. Add 8.5
mil cold (4°C) Plant RNA Reagent (Invifrogen; USA) per (.1 gram of frozen pellet. Vortex until the sample
1s thoroughly resuspended. Incubate the tabe containing the lysate horizontally for 5 minutes at room
temperature,

{60349} 2. Ina 1.5 mimcrofuge tube, add a small amount of zirconium beads and ahquot 586 pl of the
tysate. Place in the bead beater for 3 minutes at room temperature.

180358} 3. Clarify the solution by centeifagation; spin for 2 romutes at (2,000 x g i a bench top
ceptrfuge at room temperature. Transfer the supernatant 1o an RNase-free 1.5 ml microfuge fube.

{80351} 4. Add 100 pl 5M NaCl tap the tube to mix, Add 300 pl chloroform; mix thoroughly by
maversion, Centrifoge 10 romeutes at 12,000 x g (4°C) to separaic the phases.

I80352] 5. Treausfer the top, aqueous phase to an RNase-free 1.5 il mucrofuge tube. Add an equal volume
of 106% 1sopropanol to the fube. Mix and incubate 10 minwtes at room femperatuse.

1803537 6, Centrifuge 10 minutes at 12,000 x ¢ (4°C) to precipitate the RNA. Carcfully decant the
supematant and wash the pellet with 1 mf 70% ethanol. The peflet may be difficult to see at this point; use
extra caution to avoid losing the peliet.

{80354} 7. Centrifuge at room teroperature for 1 punute at 12,000 x g Remmove the supernatant by
decanting or with a pipette. Spin again briefly to collect residual ethanol and remove with a pipetie.
{80355} 8. Add 30 pul RNase-free water to dissolve the RNA. Inmediately proceed to RNA cleamup with
the QIAGEN RNeasy Kit.

{80356} Steps 9-15 arc using the QIAGEN RNeasy Kit (QIAGEN, USA).

{80357] 9. Dilute the RNA sample to 100 pl with RNase-free water, Add 350 pl Buffer RLT and mix.
Finally add 250 pl 100% ethanol, mix, and pipette into an KiNeasy spin columm. Spin 30 seconds at 210,000
{00358 10, Discard flow through and add 350 pl Buffer RW1. Spin 30 seconds at 210,000 x g.

{00359 11, Mix 10 ul DNase I with 70 pl Buffer RDD and add directly to the RNeasy spin column
membrane. Incubate 15 minotes at room temperature. Add 350 pl Buffer RW1 and spin 30 seconds at
=10.000 x 2.

{80368 12. Discard flow through and add 500 pl Buffer RPE. Spin 30 seconds at 210,000 x g

i
-3
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{60361} 13. Repeat wash and spin 2 minutes at 210,000 x g.

{60362} 14. Discard flow through and transfer spin column to a clean collection tube. Spin 1 nunute at
nax speed to remove residual Buffer RPE.

{60363} 15, Elute RNA in 30 ul RNase-free water. Transfer spin columm to an RNase-free 1.5 mi
nicrofuge tube and spin 30 seconds at 210,000 x g. Remove the 30 pl, pipette back on the spin column
membrane, and spin a second time for 30 seconds at 210,000 x g to maximize recovery.

[30364] Protocol for mRMNA iselation (Using Ambion Micropurist Kit).

{80365} Steps 1-9 are using the Ambion Micropurist Kit (Ambion; USA).

{80366} 1. Starting with 2-400 pg total RNA, adjust the vohume to 250 pl with RNase-free water, Add 250
ul 2x Bindmg Solution and nix.

{80367} 2. Pipette the 500 pl mixtore inlo a tube of Oligo(dT) celivlose provided in the Ambion
Micropurist Kit. Pipette the mixture up and down several times to resuspend the celiolose and break apart
any clamps.

{80368} 3. Heat the muxtare 5 minutes at 65-75°C in a heat block to denature secondary structores and
maximize bybridization with the Oligo{dT). Rock the tube gently for 60 minutes at room temperatare.
[8036%] 4. Pellet the Oligo(dT) celhulose by centnifugation; spin 3 minutes at 4,000 x g. Aspitate
supermnatant and set aside on ice,

1803781 5. Resuspend the pellet in 500 f Wash Buffer 1 by vortexing and transfer into the provided spin
columan, Centrifuge 3 minutes at 4,000 x g and discard the flow through,

{80371} 6. Repeat wash with a second aliguot of $80 pl Wash Buffor |, Centrifuge 3 munutes at 4,000 x g
and discard the flow through.

1803721 7. Resuspend the pellet in 500 f Wash Buffer 2 by vortexing. Centrifuge 3 minutes at 4,000 x g
and discard the flow through.

{80373} 8. Repeat wash with a second alignot of 500 i Wash Buffer 2. Centrifuge 3 minutes at 4,000 x ¢
and discard the flow through.

{80374} 9. Place the spin column 8 a new RNase-free collection tube. Add 200 yf preheated THE RNA
Starage Sohution to the Oligo(dT) cellulose, vartex, and spin immediately 2 minutes at 5,000 x g.

{83757 10. Discard the spin column and ethanol precipifate mRNA. Add 20 pl 5M ammonium acetate, |
wl glycogen, and 550 b 100% cthanol. Mix and store in the -80° freezer for 30-60 minutes.

{80376] 11. Precipitate the cDNA by centrifugation at 4°C; spin 30 minutes at 212,000 x g.

{803771 12. Carefully decant the supernatant and wash with 1 mi 70% ethanol. Centrifuge 5 minutes at
212,000 x g.

{60378} 13. Decant the sapernatant and dissolve n 20 pl THE RNA Siorage Solution (from Ambion
Micropurist Kit). Store at -80°C.

{80379] Pretocol for first strand synthesis by reverse transeription.

{80388} 1. In an RNase-free PCR tube, add the following:

2 pg total RNA or 150 ng mRNA from Step 13 above



WO 2013/123226 PCT/US2013/026186

0.5 ul 100 uM primer 20986 (SEQ ID NO: 1)
I ul 10 mM dNTP muxture

Add water to a final volume of 13 pl

[603811 2. Tocubate 5 nunutes at 65°C in a thermaal cyeler, remove, and place on ice for 3 minutes.
[80382] 3. Add mn the following order o the PCR tube:

4 ul 5x First Strand Buffer (Imvitrogen; USA)

Pl IMDTT

I il RNaseOUT (Invitrogen; TISA)

1 SuperSeript HI (Invitrogen; USA}

= 20 ul reaction volume

[80383] 4. Porform the reverse transcription as follows:
Heat controlied hid = 72°C

3 munutes at 42°C — 60 minutes at 52°C — 15 munutes at 70°C — hold at 4°C

{00384} 3. Procecd immediately to second strand synthesis.
{80385} Pretocol for Second Sirand Synthesis and ¢DNA Termini Blunting.
[603861 All reagents must be chilled on ice and reaction setap 1s to be performed on ice.
[B03871 1. Addto the 20 pl first strand reaction in the following order:

30 ul 5x Second Strand Buffer (Juvitrogen; USA}

91l water

3 ul 10 mM dNTP mixture (Invitrogen; USA)

Ful & coli igase (Invitrogen; USA)

4 ul & coli DNA polymerase (lavitrogen; USA)

Ll & coli RNase H (Invirogen; USA)

= 150 ul reaction volame

{08388] 2. Incubate 2 hours at 16°C with the heated Hd turned off,

{80389] 3. Add 2 pl T4 DNA polymerase to blunt the ¢DNA ternuni; incubate reaction 15 minuvtes at
16°C.

{B0398] 4. After the blunting reaction, add water to a final volume equal to 200 pl and transfer to a 1.5 mi
migrofuge tobe. Add an equal volume of phenol:chloroform and mix vigoroasly, Spin 2 minutes at 12,000
pim i1 a bench fop centrifuge.

{60391 5. Remove the top, aqueons Iayer and fransfer to a clean 1.5 mi microfiige tobe. Add an equal
volume of chloroform and mix vigoroasly. Spin 2 minotes at 12,800 rpm in 2 bench top centrifuge.
{60392 6. Again, remove the top, aqueous layer and transfer to a clean 1.5 mi microfuge tube. Add 8.1
volumes of 3M sodium acetate and 2.5 volumes of 100% ethanol. Mix vigorously and store i the -50°

freezer for 30-60 mimutes,

i
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{60393} 7. During the incubation period of Step 6, prepare the 5 4sef adapter (Steps 7 and 8). To a PCR
tube, add the following:

26 pb 100 pM primer 20987 (SEQ IDNO: 2)

26 pl 100 pM primer 20988 (SEQ 1D NO: 3)

10 pl 18x Annealing Buoffer

=100 pl total vohume

{60394} Primer 20988 1s designed and made such that a phosphate group is attached to the 5" end of the
primer sequence.
[60395] 8. Heat the mixture to 93°C for 5 minutes and slow cool to 25°C over 60 minutes.
[60396] 9. Precipitate the cDNA (from Step 63 by centofugation at 4°C; spin 36 minutes at >12,000 rpm.
{66397} 10, Carefully decant the supematant and wash with 1 mi 70% cthanol. Centrifuge 5 mimutes at
>12.600 rpm.
[60398] 11. Repeat cthanol precipitation to remove traces of phenol.
{60399} 12. Decant the supernatant, aspirate all traces of ethanol, and dissolve the cDNA pelletin 10 pl 5
Asel adapter from Step 8 above.
{60488} 13. Ligate blunted cDNA and 5 Asel adapter in the following reaction:

7.5 pl cDNA-adapter mixture

2 1l 5x T4 DNA ligase reaction buffer (Invitrogen; USA)

0.5 ul T4 DPMNA ligase (Invitrogen; USA)

= 10 ul reaction volame

{80481} 14, Incubate 18 howrs at 16°C, hold at 4°C,
[38482] Protocol for amplification and nermalization of cDNAL
[60483] 1. Amplify cDNA from Step 14 above by long distance PCR (LD-PCR). In a 160 gl PCR mbe,
add the following:
2 ul cDNA
70 pl water
20 pl 5x Advantage 2 GC buffer (CLONTECH; USA)
4 il primer 8018 (SEQ 1D NO: 4)
2 ul 10mM dNTP mixture {CLONTECH; USA)
2 ul Advantage 2 GU polymerase mix {CLONTECH; USA)

= 100 pf reaction volume

[60484} 2. Run the following progrant on a theoual cyeler
1:30/94°C

}
¥

0:30/94°C

&0
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0:30/65°C (repeat for 12 cycles)
7:00/68°C -

}
}
4

Hold/4°C

{60485 3. Clean up the PCR reaction with 2 QIAGEN PCR Purification Kit (QIAGEN; USA).
[60486] 4. Equihibrate 4x bybridization buiffer fo room temperature prior to normalization.
{60487} 5. 1o the first tube of a 4-tube PCR strip, add 1200 ng of cDNA, 4 pl 4x hybridization buffer, and
water to a total volume equal to 16 ph. Mix wefl and aliquot 4 1l to each of the other 3 tubes. Spin briefly to
collect the sample in the bottom of the fube.
[80488] 6. Heat tube to 98°C for 5 minutes and incubate 5 hours at 68°C in a thermal cycler.
{60489} 7. As the end of the 5 hour incubation approaches, prepare the duplex specific nuclease (DSN)
enzyme {Evrogen; Russia). Make the following enzyme ditutions (volume of enzyme will depend on the
number of samples):

Tube 1 = 1x DSN enzyme

Tube 2 = 1/2x DSN enzyme

Tube 3 = 1/4x DSN enzyme

Tube 4 = DN storage butfer (control)

{60416} 8. Pre-warm 20 pl 2x DSN master buffer to 68°C in the thermal cyeler. Add 5 ul of 2Zx DSN
master buffer to cach tube and jncubate 10 minutes at 68°C.
[80411] 9. Add 1 pl of each of the four DSN enzyme dihitions (from Step 9) to the appropriate tube (i.c.
Ix to tube 1, 1/2x to tube 2, etc); incubate 25 minutes at 65°C. It is very important that the sample
temperature does not dip below 68°C. Add the DSN enzyme to the samples while still in the theomal cycler.
Spin briefly to coliect reaction 1n the bottom of the fube and immediately return to the thermal cycler.
{60412} 16. Add 10 pl 2x DSN stop buffer to the reaction and incubate 5 minutes at 68°C. Inunediately
place on ice and add 20 pf water,
{60413} 11. Amplify normalized cDNA by LDPCR o estimate the success of normalization.

1 ul normalization reaction (from Step 10)

35.5 pl water

10 pl 5x Advantage 2 GC buffer (CLONTECH; USA)

1.5 il primer 8018

I al 10mM dNTP mixture {CLONTECH; USA)

1l Advantage 2 GC polvmerase mix (CLONTECH; USA)

= 5{ ul reaction volume

{66414} 12. Rum the foliowing program on a thermal cycier:
1:30/94°C

|
v
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0:30/94°C 4
0:30/65°C (repeat for & cycles)
7:00/68°C 4

}
}
4

Hold/4°C

{68415} 13. Remove 3 gl from the control fube for 1.1% agarose gel analysis and return this reaction only
to thermal cycler for an additional 2 cycles. Again remove 2 sample for agarose gel analysis and perform an
additional 2 cycles. Repeat twice more to optirnize cDNA amplification conditions and avoid overcycling.
[68416] 14. Once the amplification conditions have been optimized and the proper DSN enzyme
concentration deterpuned, amplify 4 — 8 x 100 gl of normalized cDNA using the LDPCR conditions in step
12 for 12 cycles as deteomined in step 13.
{60417} 13, Purify normalized ¢DNA by phenobchloroform extraction and ethanol precipitation.
[68418] Protocol for cloning nermalized cBNA.
{60419} 1. Digest normalized cDNA (from Step 15 above) with Asef and Pac/.

~2 ug normalized cDNA

10 pl 10x NEB Buffer #20

I ul BSA

6wl Asel

4 ul Pacl

Water to a final volame = 100 pl

[604287 2. Digest at 37°C for 4 — 5 hours. Heat kill the cozyrue for 20 mumtes at 63°C.
{60421} 3. If necessary, purify digested cDNA by phenolichloroform extraction and 2x ethanol
precipitation to concentrate cDNA into a smafler volume.
{60422} 4. Run the entire digest on a 1.1% agarose gel. Fractionate the cDNA Jibrary excising a gel band
that contains only cDNA 2700 bp. Punify the gel shice with a QIAGEN Gel Extraction Kit.
{60423} 5. Ligate the Asel/Pacl digested cDNA with Ndef/Pacl digested SENuc1 060 (Figure 6) cDNA
overexpression vector. Use a 3:1 insert to vector molar ratio, assuming an average transcript size of 1.5kb.
21.3 pg cDNA insert
25 ng vector
2 ul 10 T4 DNA lhigase buffer (New England Biofabs)
I 1l T4 DNA ligase (New England Biolabs)

Water to a final volume = 20 i

{80424} 6. Incubate 18 hours at 16°C, hold at 4°C.
[80425] 7. Transform 0.8 ul of ligation with 20 3l DHI10B ElectroMax competent cells. Electroporate and

recover in 1 mi of SOC mediuny for 1 hour at 37°C.
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{60426} 8. Plate the appropriate amount of transformation on LB-Carbenicillin (50 pg/mi) agar plates.
Incubate overnight at 37°C. The amount plated will depend on the size of the agar plates — for colony
screening, only 106-200 pl needs 1o be plated.
{60427} 9. Pick individual colonies for screening cloned cDNA transcripts.
[80428] Protocol for sereening of transcripts by PCR.
{60428} 1. Inoculate individual colonies from transformation plates into a 96 well plate containing 200 ul
LB broth + Ampicithin (100 pg/mil). Grow on an orbital shaker at 37°C for 2-3 hours.
{80438} 2. Remove 1 pl of culture and screen by PCR:

2yl cultore

2.5l 10x Thermopol Baffer

0.5 @l primer 16575 (SEQ ID NO: §)

0.5 @l primer 16576 (SEQ 1D NO: 6)

0.5 @l BMSO

0.5 1 10 mM dINTP nuxtore

0.25 yl Tag polymerase

19.25 ul water

=25 ul reaction volure
{60431} 3. Raun the following program on a themmal cycler:
2:00/95°C

}
}
4

/93

U‘i

@ @
;«)

’;«)

O
{/58°C (repvd? for 25 cycles)
*C

;«)
;«)
O(/

}
}
4

Hold/4°C

{60432} 4. Remove 5 ul for sequencing and analyze the remaining PCR reaction by agarose gel
electrophoress.

[60433] 5. Add 2 wl of Exo/SAP (2:2:5:1, Exonucleasel:Shrimp Alkaline Phosphataserwater:50mM Tris
HCI pH 8) to the 5 pl of reaction for sequencing. Incubate reaction for 15 mimates at 37°C then 15 minutes
at 80°C m a thermal cycler. Sequence with primer 9250 {(SEQ 1D NO: 7) to read from the 57 end of the
clone.

{60434} Example 2. Sodium hypochlorite sereening.

{80435] A Chlamydomonas reinhardtii cDNA library was cloned, as described above, into an
overexpression casselte contained within a constroct, which was flanked by genes that confer resistance to
hygromycin and paromomyein {(used for algal selection} (See Figure &), The cloned library was then

transformed into Chlamydomonas reinhardtii.
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[60436] Library DNA was prepared by digesting cDNA cloned into SENuc1060 vector with the restriction
enzymes Scald, Ahdf or Psil followed by heat inactivation of the enzyme. Three independent digests for
each restriction enzyme were perfornmed and subseguently combined prior to transformation. For these
experiments, all transformations were carried out on C. reinhardiii cc1690 {mt+} cells. Cells were grown
and transformed via electroporation. Cells were grown to mid-log phase (approximately 2-3.5 x 1¢°
cefls/ml) in TAP media. Cells were spun down at 3000 x g for 10 min. The supernatant was removed and
the cells were resuspended in 1mM HEPES/ImM MgCl; pH 7.4, Cells were then centrifuged in a conical
tube for 10 min at 3,000 x g. The supernatant was careflully decanted and the wash with HEPES/MgCl, was
repeated. After the second spin, the supernatant was decanted and ImM HEPES/ImM MgCl, buffer was
added to yield a final concentration of 3 x 10° cells. Then 560mM ATP and 200mM ghutathione to a final
concentration of SmM and 2mM respectively was added. 250 - 1000 ng (in 1-5 uL H0) of transformation
DNA was mixed with 250 uL of 3 x 16° cells/ml on ice and transferred to (.4 cm electroporation cuvettes.
Electroporation was performed with the capacitance set at 25 ¢F and the voltage at 700 V resalting in 4
time constant of 40 ms, Followmg electroporation, the cuvette was immediately returped to a room
emperature water bath for 10 min. For cach transformation, cells were transferred to 10 mi of TAP media
+ 40 mM sucrose and allowed to recover at room temperature for 12-16 hours with contingous shaking,
Cells were then harvested by centrifugation at 3000 x ¢ for 10 min, the supomatant was discarded, and the
pellet was resuspended v 0.5 ml TAP media + 40 oM sucrose. The resuspended cells were then plated on
solid TAP media + 10 pg/roll bygromyem + 10 pg/ml. paromycin.

180437 Transformants that grew on bygronaycin and paromoraycin selection (approximately 300,000
mndivideal clones) were scraped from plates and then recovered in 0.5 — 1.0L lignid TAP media for 24
hours. This culture was used for turbidostat and flask bleach screening expeniments.

{80438} For mrbidostat experiments, three sets of biological triplicate turbidostats were inoculated with 10
mi. of the recovered library and filled with MASM{D) to 60mid media. Oune hiter MASM(D) media feed
bottles for the turbidostats were supplemented with 0, 2.5, and Sppm sodiun hypochlorite (one set of
triplicates at each level of sodimm hypochlorite}. Cultures were grown under CO; and contimmously
maintained at Ol,5y = 0.25. Twbidostats were sorted by FACS at weeks 2, 4, and 6 to isolate single
colonies.

[00439] Preparation of Modified Artificial Seawater Media (MASM)-I.

[80448] For | liter of MASM-D: add 1.0 g Tus; 2.49 g MgS0,7TH0; 0.6 g KC; 1.0 g NaNG;; 030 g
CaCl»2H,0; 0.05 g KH, POy 1.0 mi NH,CEHO.5M; and 6.0 mi CM Trace Elements Solution to 900ml
deionized water. Dissolve, mix and adjust the pH of the solution to pH 8.0 with a solation of HCL Adjust
the volume to 1 liter with detonized water. Autoclave solution for 60 prinmtes at 121 °C/15PSE After
agtoclaving, let cool to about 55 °C or below and add 10mi of filter sterilized 1.19M NaHCO; to the bottle
and mix.

{80441} For | Iiter of UM Trace Elements Solution: add 1g NaBEDTA; 0.194g FeCly=6H,0; 2 ml 182mM
MnChs4H,O; 2mi 77mM ZaCly; Tmib 52mM NaMoQ,e2H,O; and 1ml 17mM CoClys6H,0 to 900mi

&4
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deionized water. Dissolve, mix, and adjust the volume to 1 liter with detonized water. Filter sterifize the
solution.

{60442} In addition, the recovery culture from the library transformation was also grown in a 230 il flask,
Cells {(approximately 30-50 mis) from the recovered hibrary were centrifuged for 5 minutes at 3,060 rpm
and washed in photosynthetic media.

{80443} Washed cells were diluted to 100mi in the photosynthetic media at a density equal to 1.0 x10° cells
per mitlliliter. This culture was challenged with an acute dosage (10 ppm) of sodium hypochlorite on
alternating days for one week (3 total dosages}). Flasks were then sorted by FACS at the end of the week to
isolate single colonies.

{88444} Colontes from both turbidostat and flask experiments were bysed by boiling in 10x TE buffer and
the ¢cDNA msert was amplified by PCR. Amphification products were sequenced to deternune the §” end of
the transcript cloned into the cDNA overexpression vector. Seguences that generated a ful length or in-
frame gene were identified using BLAST, which generated a candidate list of 42 genes. Candidates from
the turbidostat screening were given BT identifiers; candidates from flask screening were given BY
wdentifiers.

[80445] These candidates were subjected to a roicrotiter assay for mitial validation of the sodiorm
hypochlonte tolerance phenotype. Transgenic lines (BT and BF genes) containing candidates tdentificd n
selective sodium hypochlorite turbidostats or flasks and wild-type Chlamvdomonas reinfiardiil were grown
to saturation w TAP,

{80446} The cultures were harvested by centrifogation and resuspended in photosynthetic media to a final
ODyso oqual to 0.35. Each sodinn hypochlonte candidate and wild type control were difuted to OBy as
follows: 6,33, 0.325,0.3,0.25, 0.2, 6.13, 0.125, and 6.1, Aligoots of 280 microliters were dispensed across
individual rows of a clear 96-well assay plate. Sodmum hypochlorite was then added at the following
concentrations; 0, 10, 15, 25, 35, and 60ppm. Each concentration was performed in duplicate. Plates were
scaled with clear adhesive tape and incubated for 36 howrs.

{80447} Tolerance to sodium hypochlorite was determined visually by a companson of the wild type cells
and cells overexpressing the sodium hypochlorite candidates. Wells containing cells that bad greater
resistance to increasing bleach concentrations were viable and remained green as compared to the wild type
control; wells containing cells that did not have as much resistance contained dead cells or were clear,
{80448} Shown in Figure 1 is a representative plate of a candidate that passed (BF22) and 2 candidate that
failed (BF25) this validation step, wild-type (Figure 2) 15 included for comparison.

{00449 Shown in Figure 7 to Figure 24 are the results of the microtiter assay for sodiun hypochlorite
toferance for the BF and BT candidates.

{80458 Candidates that did not outperform wild-type in this assay were excluded from futher validation.
Microtiter validation yielded 17 candidates that performed better than wild-type, which are listed in Table

2 below (BF = candidates from flask experiments, BT = candidates from turbidostat experiments).
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{60451} The genes that provide bleach tolerance in C. reinfiardiii are listed in Table 2 along with the Joint
Genome Institute (JGI) protein 1D {ver. 4) and functional annotation. *BFO2 is from JGI ver. 3. **BT06 1s
a transcript 1D as the protein i3 encoded n the 5"UTR of another annotated transcript.

[60452] Also listed in the table are sequence identifier numbers for the gene sequences and for the

translated protein sequences.

[60453] Tahle 2

BI/BYF JGI Protein ID Fanctional annotation SEQ ID NG
BFO2 187716* hypothetical protemn SEQIBNG: 8
BFG3 56014 cytochrorne C oxidase subunt 1] SEQIDNO: 9
BFO4 379840 hypothetical protein SEQIDNO: 10
BFOS 206201 carbonic anhydrase CAH3 SEQ D NG 11
BF10/BF26 60444 malate debydrogenase SEQIDNG: 12
BF1& 184222 NADHubiguinone oxidoreductase SEQ ID NG 13
BF2D 206086 selenoprotein M2 SEQ D NG: 14
BF21 182441 blue copper protein SEQID NG 15
B¥F22 192933 268 proteasome regulatory ssbunit SEQ B NG 16
BF27 191516 mitochondrial substrate carvier SEGIDNG: 17
BEF25 55838 ribose-5-phosphate isomerase, residaes 22-26¢ SEQ D NG: 18
BF30 128777 V-SNARE/VAMPTI SEQ ID NG: 19
B¥F32 137795 PAMIS transiocase protemn SEGQID NG: 20
BT06 344164%= similar to peroxisomal biogenesis protein from | SEQ ID NO: 21
Volvox carteri f. naganiensis

BTO7 126283 dropght/stress related protein SEQID NO: 22
BTOY 160392 chaperonin 20 SEQIDNG: 23
BTI1 137766 early Hght-inducible protein, EL1Z-1 SEQ D NO: 24
BFG2 - amino acid sequence of SEQ IDNO: 8 SEQIDNOZ5
BFG3 - anmung acid sequence of SEQ IBNO: 9 SEQIDNG: 26
BFO4 - anune acid sequence of SEQ 1D NO: 10 SEQ D NG: 27
BFOS8 - amino acid sequence of SEQ IDNG: 11 SEQ 1D NO: 28
BF10/B¥F20 - amino acid sequence of SEQ 1D NO: 12 SEGQGIDNO: 29
BF19 armne acid sequence of SEG IBNO: 13 SEQIDNG: 30
BF20 - anuno acid sequence of SEQ D NO: 14 SEQID NG: 31
BF21 aming acid sequence of SEQ IR NO: 15 SEQTD NO: 32
BF22 - amino acid sequence of SEQ IDNO: 16 SEQIDNO: 33
BF27 amine acid sequence of SEQ IDNO: 17 SEQIDNGO: 34
BF29 - anuno acid sequence of SEQ ID NO: 18 SEQIDNG: 35
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BF30 - aminge acid sequence of SEQ IR NO: 19 SEQ D NO: 36
BF32 - amino acid sequence of SEQ 1D NO: 20 SEQIDNO: 37
BT06 - armine acid sequence of SEQ ID NO: 21 SEQIDNG: 38
BTO7 - anuno acid sequence of SEQ 1D NO: 22 SEQID NG: 3¢
BTO8 - aming acid sequence of SEQ TR NO: 23 SEQ 1D NO: 40
BT - amino acid sequence of SEQ 1D NO: 24 SEQIDNO 41

{80454} Example 3. Sodium hvpochlorite radial diffasion assay,

{88455} The 17 sodium hypochlorite tolerant candidates were forther validated osing a radial diffusion
assay, which allows the refative sodium hypochlonite tolerance of each candidate to be gquantitated. Each
candidate was grows in lquid culture (TAP) to mid-fog phase. Approximately 3x10° cells were spread
onto non-selective agar plates Gu tripheate) and allowed to dry. A 100l hole was ponched in the nuddle
of the plate and 100ul of a 10% sodiwm bypochlorite solution was deposited (100,000 ppmy. Ouvce the
sodivm hypochiorite absorbed wnto the agar, the plates were then placed under constant Bght for 48hes. To
quantitate the relative sodium hypochlonte tolerance, the diameter of each circle of inbibition was
racasured 1o theee directions and averaged for each plate (as shown iz Table 3). The area for cach plate was
caleulated from the dianeter, then the average area for each candidate was calculated, along with the
standard error {as shown in Table 4}, data for this cxperiment 1s depicted m Figure 3 and Figure 8, Figure
5 represents the average arca of mwhibition,
[86456] Wild-type cells average a 15.25¢m” circle of inhibition, while the sodinm bypochlorite tolerant
candidates range from 6.16-11.23 em®, Figure 4 shows several representative plates from the sodium
frvpochlorite radial diffusion assay. Figure 28 to Figure 45 show additional exemplary plates from the
sodmum hypochlorite radial diffusion assay for the candidates.
{80487] Table 3

Average{cm] diameter

Plate § Plate 2 Plate 3

WT 3.75 4.8¢ 4.60
BF#2 3.18 2.76 3.13
BF@3 3.15 3.60 3.49
BFo4 3.30 3.00 3.15
BFG8 330 3.10 3.13
BF10/26 3.30 3.50 3.20
BF19 2.99 3.13 2.75
BF2O 3.80 3.30 3.85
BF23 295 2.90 2,95
BF22 3.65 3.40 3.90
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BF27 3.10 3.45 3.15
BF29 2.80 2.85 2.75
BF38 3.05 3.10 3.50
BF32 318 3.20 3.20
BT4 3.10 3.10 3.40
BTds 3.70 3.30 3.10
BYG7 3.20 3.45 3.40
BYgR 4.060 3.30 4,060
BT 4.10 3.30 3.30
BYi1 2.90 3.30 3.40

[B0458] Table 4 Area of inhibition {em’)

candidate plate 1 plate 2 plate 3 average standard dev.
W 11.04 18.10 16.62 i5.25 3.72
BF02 7.55 5.73 7.79 7.02 113
BFO3 7.9 10.18 9.08 9.02 1.19
RFD4 8.55 7.07 7.79 7.8 3.74
BF08 8.55 7.55 7.79 7.96 0.52
RFi8/26 %58 9.62 8.04 8.74 ¢.51
BF19 6.61 7.79 3.94 678 0.94
BF20 11.34 8.55 11.64 1651 170
BI21 6.53 6.61 6.83 6.76 0.13
BF22 16.46 9.08 11.95 13,50 1.43
BF27 7.53 9.35 7.79 823 0.98
RBF29 6.16 6.38 5.94 6.16 0.22
BF30 7.31 7.55 9.62 8.16 1.27
BF32 7.79 8.04 8.04 7.96 .14
BT04 7.53 7.55 9.08 8.06 0.58
BTO6 18,75 8.55 7.35 8.95 1.64
BTO7 8.04 8933 9.08 8.82 0.69
BTOR 12.57 8.55 12,57 11,23 2.32
BT10 13.20 8.55 8.55 10.10 2.68
BT 6.61 8.55 9.08 8.08 1.30

{66459] How 1o meagure an increase in growth of a cell line,
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{60468} This section describes exemplary methods that can be used to determine an increase in the growth
of a cell line.

{60461} Anincrease in the growth of a cell ine can be measured by a competition assay, growth rate,
carrying capacity, measuring culture productivity, cell proliferation, seed yield, organ growth, or polysome
accurnulation. These types of measurements are known to one of skill in the art.

{60462} The growth of the organism can be measured by optical density, dry weight, by total organic
carbon, or by other methods known to one of skill in the art. These measurements can be, for example, fit
to a growth curve to determine the maximal growth rate, the carrying capacity, and the culture productivity
{(for example, g/m2/day; a measurement of biomass produced per unit area/volume per unit time). These
valties cant be cornpared to an ontransformed cell line or another transformed cell line, to caloulate the
merease i growth in the over expressing cell hoe of interest.

{80463} Carrying capacity can be measored, for example, as grams per liter, grams per meter cubed, grams
per meter sguared, or kitograms per acre. One of skill i the art would be able to choose the most
appropriate units. Auy mass per onit of volume or area can be measored.

{80464} Cultare productivity can be measured, for example, as grams per meter sqoared per day, grams per
fiter per day, kilograms per acre per day, or graros per meter cubed per day. One of skill in the art would be
able fo choose the most appropriate upus,

{80465] Growth rate can be measured, for exaraple, as per howur, per day, per gencration or per week, One
of skiil in the art would be able to choose the ruost appropriate snits. Any per onit fime can be mweasured.
180466] Tt s fo be understood that the present mvention has been described m detail by way of illustration
and exarople in order to acquaint others skilled in the art with the nvention, s principles, and is practical
application. Particular compositions and processes of the present inveniion are not Hmited 1o the
descriptions of the specific enbodiments presented, but rather the descriptions and examples should be
viewed in terms of the claims that follow and their equivalents.

{80467] Tt 15 to be further understood that the specific ernbodiments set forth herein are not intended as
being exhaustive or limiting of the invention, and that many alternatives, modifications, and variations will
be apparent to those of ordinary skil 1n the art in light of the foregoing examples and detaded description.
Accordingly, this invention is intended to embrace all such alternatives, modifications, and variations that

fall within the scope of the following claims.

o
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CLAIMS

What is clatmed is:
A modified non-vascular photosynthetic organism fransformed with a polynucieotide sequence comprising:

a) anucleic acid sequence of SEQ ID NO: 62, SEQ 1D NO: 42, SEQ 1D NG: 44, SEQ 1D NO: 46, SEQ D
NO: 48, SEQ ID NO: 50, SEQ D NO: 52, SEQ ID NO: 54, SEQ ID NO: 36, SEQ ID NO: 55, SEQ ID NO: 68,
SEQ I NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 78, SEQ IDNO: 72, or SEQ ID NG 74; or

b} a nuclectide sequence with at least 80%, at fcast 83%, at least 90%, at least 95%, at least 98%, or at least
99% sequence identity to the sucleic acid sequence of SEQ ID NG; 62, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID
NO: 46, SEQ ID NO: 44, SEQ ID NO: 50, SEQ ID NG: 52, SEQ D NO: 34, SEQ ID NO: 56, SEQ ID NO: 3¢,
SEQ IDNO: 60, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NOG: 72, or SEQID
NO: 74

wherein expression of the protein encoded by the nucleic acid sequence or noelectide sequence resulis i
the transformed orgamsm being tolerant to sodium hypochiorite at a concentration of from 0.01 ppmto 1 ppm, from
I ppm to 5 ppmy, from 5 ppm to 10 ppmy, from 10 ppm to 15 ppm, from 15 ppm to 20 ppr, from 20 ppm to 25 ppm,
from 25 ppm to 30 ppm, from 30 ppimn to 35 ppm, from 35 ppm to 40 ppry, from 40 ppm to 45 ppm, from 45 ppm fo
50 ppm, from 30 ppmoto 35 pprm, from 55 ppm to 60 ppm, from 60 ppro to 65 ppm, from 65 ppm to 70 ppm, from
70 ppm to 75 ppm, froma 75 ppr to 8¢ ppm, from 80 ppm to 85 ppmy, from 85 ppm 1o 98 ppro, from 90 ppmto 95
ppm, frora 95 ppro to 108 ppro, from 180 ppotto 200 ppmy, from 208 ppra to 508 ppro, from 580 ppm to 1000 ppry,

from 1006 ppim o 2060 ppm, from 2800 ppm to 5000 ppim, from 5600 ppm to 10603 ppro, or from 10000 ppm to

15000 ppm.

2 The trapsformed organism of claim 1, wherein the nuecleic acid sequence s SEQ 1D NO: 62.
3 The trapsformed organism of claim 1, wherein the nuecleic acid sequence s SEQ 1D NO: 42.
4. The trapsformed organisio of claim |, wherein the nucleic acid sequence s SEQ D NO: 44.
5 The trapsformed organisio of claim |, wherein the nucleic acid sequence s SEQ D NO: 46.
6 The trapsformed organisio of claim |, wherein the nucleic acid sequence s SEQ D NO: 45,
7 The trapsformed organisio of claim |, wherein the nucleic acid sequence s SEQ D NO: 50.
5. The trapsformed organisio of claim |, wherein the nucleic acid sequence s SEQ D NO: 52.
9. The trapsformed organisio of claim |, wherein the nucleic acid sequence s SEQ D NO: 54
18, The trapsformed organisio of claim |, wherem the nucleic acid sequence s SEQ D NO: 56.
i The trapsformed organisio of claim |, wherem the nucleic acid sequence s SEQ D NO: 58,
i2. The transformed organisin of claim |, wherein the nucleic acid sequence is SEQ D NO: 60.
i3, The transformed organisin of claim |, wherein the nucleic acid sequence is SEQ D NO: 64,
14, The transformed organisin of claim |, wherein the nucleic acid sequence is SEQ ID NO: 66.
5. The transformed organisin of claim |, wherein the nucleic acid sequence is SEQ ID NO: 68,
6. The transformed organisin of claim |, wherein the nucleic acid sequence is SEQ D NO: 70.
7. The transformed organisin of claim |, wherein the nucleic acid sequence is SEQ D NO: 72
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The transformed organism of claim 1, wherein the nucleic acid sequence s SEQ 1D NO: 74
19. The transformed organism of claim 1, wherein the organism is grown in an agueous environment.

20. The transformed organism of claim 1, wherein the organism is an alga or a bacterium.

b2
s

The transformed organism of claim 20, wherein the alga is a microalga.

b2
3]

The transformed organism of claim 20, wherein the bacterium 18 a cyanobacterium.

[
Lsd

The transformed organism of claim 21, wherein the microalga is at least one of a Chlamydomonas sp.,
Volvacales sp., Desmid sp., Dunaliclia sp., Scenedesmus sp., Chiorella sp., Hemaiococcus sp., Volvax sp.,
Nannochloropsis sp., Arthraspiva sp., Sprivuling sp., Botryococcus sp., Haematococcus sp., or Desmodesmus sp.

24, The transformed orgamsm of claim 21, wherein the nucroalga s at least one of Chlamydomonas
reinhardtii, N. oceanica, N. saling, Dimaliella salina, H. pluvalis, 8. dimorphus, Dunaliella viridis, N. cculata,
Dunaliella terficlecita, S. Maximus, or A. Fusiformus.

25. The transformed orgamsm of claim 1, wherem the protemn comprises an amino acid sequence of SEQ ID
NG 63, SEQ IDNG: 43, SEQ 1D NO: 45, SEQ I NG 47, SEQ 1D NO: 49, SEQ Y NO: 51, SEQ 1D NG: 53,
SEQ IR NG: 55, SEG 1D NG: 37, SEQ HI NO: 59, SEQ ID NQO: 61, SEQ 3 NG: 63, SEQ IDNQO: 67, SEQ 1D NO:
69, SECQ ID NO: 71, SEQ ID KOG 73, SEQ ID NO: 75, or SEQ D NO: 77,

26. A modified non-vascular photosynthetic organisin transformed with a nocleofide sequence comprising:

a} anucleic acid seguence of SEQ D NG: 62, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID
NCn 48, SEQ D NG 50, SEQ ID NG 52, SEQ ID NGO 54, SEQ 1D NG: 56, SEQ 1D NG: 58, SEQ 1D NO: 60,
SEQ ID NG: 64, SEQ ID NG 66, SEQ 1D NO: 68, SEQ 1D NO: 70, SEQ 1D NGe 72, or SEQ ID NO: 74; or

b} a mucleotide sequence with at feast 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at east
99% sequence identity to the nucleic acid sequence of SEQ 1D NQG: 62, SEQ ID NO: 42, SEQ ID NO: 44, SEQG ID
NO: 46, SEQ ID NO: 48, SEG 1D NO: 50, SEQ ID NO: 52, SEGQ 1D NO: 54, SEQ 1D NO: 56, SEQ 1D NO: 58,
SEQ ID NG: 60, SEG 1D NQ: 64, SEQ 13 NO: 66, SEQ ID NQO: 68, SEQ H3 NG: 70, SEQ ID NG: 72, or SEQG D
NG 74

wherein expression of the protein encoded by the nucleic acid sequence or nucleotide sequence results in
the transformed organism having increased growth as compared to either an untransformed organism or a second
transformed organism.
27. The transformed organism of claim 26, wherein growth is measured by carrying capacity, calture
productivity, or growth rate.

~

28. The transformed organisin of claim 26, wherein the growth of the transformed organism is from 6.01% 10
1% greater than the untransformed organism or the second fransformed organism.

29. The transformed organism of claim 26, wherein the growth of the transformed organism is from 1% to 10%
greater than the untransformed organism or the second transformed organism.

30, The transformed organism of claim 26, wherein the growth of the transformed organism is from 10% to

20% greater than the vntransformed organism or the second transformed organism.
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31. The transformed organism of claim 26, wherein the growth of the fransformed organism is from 20% to
40% greater than the vntransformed organism or the second transformed organism.

32 The transformed organism of claim 26, wherein the growth of the fransformed organism is from 40% to
60% greater than the untransformed organism or the second transformed organism.

33, The transformed organism of claim 26, wherein the growth of the fransformed organism is from 60% to
80% greater than the untransformed organism or the second transformed organism.

34, The transformed organism of claim 26, wherein the growth of the fransformed organism is from 80% to
100% greater than the vatransformed organism or the second fransformed organism.

35. The transformed orgamsm of claim 26, wherein the growth of the transformed organism is from 100% to
200% greater than the untransformed organism or the second fransformed organism.

36. The transformed orgamsm of claim 26, wherein the growth of the transformed organism is from 200% to
300% greater than the vutransformed organism or the second transformed organism.

37. The transformed orgamsm of claim 26, wherein the growth of the transformed organism is from 300% to

400% greater than the untransformed organism or the second fransformed organism.

35, The transformed orgamsm of claim 26, wherein the organism is grown i an agueous environment,
39, The transformed orgamsm of claim 38, wherein the concentration of sodium hypocblotnite in the agueous

enviconment 1s from 1 ppoto 5,000 ppo.
44, The transformed orgamsm of claim 38, wherein the concentration of sodium hypocblotnite in the agueous

enviconment 1s frors 2 ppmto 60 ppro.

41. The transformed organtsm of claim 26, wherein the nucleic acid sequence is SEQ 1D NO: 62,
42. The transformed organtsm of claim 26, wherein the nucleic acid sequence is SEQ ID NO: 42,
43. The transformed crgantsm of claim 26, wherein the nucleic acid sequence is SEQ ID NO: 44,
44. The transformed organism of claim 26, wherein the nucleic acid sequence is SEQ TD NO: 46.
45. The transformed organism of claim 26, wherein the nucleic acid sequence is SEQ 1D NO: 48,
46. The transformed organism of claim 26, wherein the nucleic acid sequence is SEQ 1D NO: 50.
47. The transformed organism of claim 26, wherein the nucleic acid sequence is SEQ 1D NO: 52
48. The transformed organism of claim 26, wherein the nucleic acid sequence is SEQ 1D NO: 54
49, The transformed organism of claim 26, wherein the nucleic acid sequence is SEQ 1D NO: 56.
50. The transformed organism of claim 26, wherein the nucleic acid sequence is SEQ 1D NO: 58,
51, The transformed organism of claim 26, wherein the nucleic acid sequence is SEQ 1D NO: 60.
52 The transformed organism of claim 26, wherein the nucleic acid sequence i1s SEQ ID NO: 84,
53, The transformed organism of claim 26, wherein the nucleic acid sequence i1s SEQ ID NO: 86.
54. The transformed organism of claim 26, wherein the nucleic acid sequence i1s SEQ ID NO: 88,
55, The transformed organism of claim 26, wherein the nucleic acid sequence i1s SEQ ID NO: 70.
56. The transformed organism of claim 26, wherein the nucleic acid sequence i1s SEQ ID NO: 72,
57, The transformed organism of claim 26, wherein the nucleic acid sequence i1s SEQ ID NO: 74
58. The transformed organism of claim 26, wherein the organism is an alga or a bacterram.
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59. The transformed organism of claim 58, wherein the alga is a microalga.
60, The transformed organism of claim 58, wherein the bacterium 18 a cyanobacterium.
61. The transformed organism of claim 59, wherein the microalga is at least one of a Chlamydomonas sp.,

Volvacales sp., Desmid sp., Dunaliclia sp., Scenedesmus sp., Chiorella sp., Hemaiococcus sp., Volvax sp.,

JNYCI?'IﬁOC!’ZgOYODSiS 8P.. AV{]}V{?S ira sp. Sl?i”ii"u.’liif(fl 3p.. Rotrvococcus 30., Haemartococcus 8 . OF i)ﬂii?’ii?d@Si?!liS Sp.
) 3 R kL J [ias e
62. The transformed orgamism of claim 39, wherein the nuicroal ga is at least one of Chlamydomonas

& d 5 34

reinhardiii, N. oceanica, N. saling, Dunalielia salina, H. pluvalis, 8. dimorphus, Dunalielia viridis, N. oculata,
Dunaliella terficlecita, S. Maximus, or A. Fusiformus.
63. The transformed orgamsm of claim 26, wherein the protein comprises an anuno acid sequence of SEQ ID
NG 63, SEQ IDNG: 43, SEQ 1D NO: 45, SEQ I NG 47, SEQ 1D NO: 49, SEQ Y NO: 51, SEQ 1D NG: 53,
SEQ IR NG: 55, SEG 1D NG: 37, SEQ HI NO: 59, SEQ ID NQO: 61, SEQ 3 NG: 63, SEQ IDNQO: 67, SEQ 1D NO:
69, SEQ ID NO: 71, SEQ ID KO 73, SEQ ID NO: 75, or SEQ ID NO: 77.
64. A method of creating a non-vascular photosynthetic organism that s tolerant to sodivm hypochlorite at a
concentration of from (.01 ppm to 1 ppm, from 1 ppm fo 5 ppm, from 5 ppm fo 10 ppm, from 10 ppm to 15 ppm,
from 15 ppm to 20 ppm, from 20 ppm to 25 ppm, from 25 ppm to 30 ppim, from 3¢ ppm to 35 ppm, from 35 ppm fo
40 ppm, frora 40 ppro to 45 ppm, from 45 ppm to 50 ppm, from 30 pponto 535 ppig, from 55 ppm to 60 ppr, from
60 ppm to 65 ppm, from 65 ppoto 70 ppra, from 70 ppm to 75 ppro, from 73 ppra to 80 ppm, frors 80 ppro to 85
ppm, from 85 ppm to 99 ppro, from 96 ppm to 95 pprm, frorm 95 ppra to 100 ppry, from 106 ppm 1o 280 ppo, from
206 ppra to 508 ppro, from 506 ppm to 1000 ppro, from 106D ppro to 2600 ppmy, from 2600 ppmcto 5800 ppm, from
5000 ppitoe 100600 ppmy, or from 10068 ppro to [SD00 ppm, comprising:

a) transforming the organisre with a miucleic acid sequence of SEQ IDNG: 62, SEQ ID NG 42, SEQ ID
NO: 44, SEG IDNG: 46, SEQ T NO: 48, SEQ I NG: 50, SEQ 1D NO: 32, SEQ I NO: 534, SEQ TR NG: 36,
SEQ TD NG: 38, SEQ 1D NG: 60, SEQ 1D NO: 64, SEQ 1D NO: 66, SEQ 1D NO: 68, SEQ ID NO: 70, SEQ ID NO:
72, or SEQ ID NO: 74; or a nucleotide sequence with at least 80%, at least 85%;, at least 90%, at least 95%, at least
98%, or at least 99% sequence identity to the nucieic acid sequence of SEG 1D NO: 62, SEQ ID NG: 42, SEG 1D
NO: 44, SEQ D NG: 46, SEQ 1D NO: 48, SEQ ID NG: 30, SEQ 1D NO: 52, SEQ ID NO: 34, SEQ ID NO: 36,
SEQ TD NG: 38, SEQ 1D NG: 60, SEQ 1D NO: 64, SEQ 1D NO: 66, SEQ 1D NO: 68, SEQ ID NO: 70, SEQ ID NO:
72, or SEQ 1D NO: 74.

63, The method clairmn 64, wherein the transformed organisra is grown i an agueous environment.
66, The method of claim 64, wherein the sucleic acid sequence s SEQ ID NO: 62,
67. The method of claim 64, wherein the nucleic acid sequence s SEQ ID NO: 42,
08, The method of claim 64, wherein the nucleic acid sequence s SEQ ID NO: 44,
69, The method of claim 64, wherein the nucleic acid sequence s SEQ ID NO: 46.
74, The method of claim 64, wherein the nucleic acid sequence s SEQ ID NO: 48,
71. The method of claim 64, wherein the nucleic acid sequence s SEQ ID NO: 50
72. The method of claim 64, wherein the nucleic acid sequence s SEQ ID NO: 52,
73. The method of claim 64, wherein the nucleic acid sequence s SEQ ID NO: 54,
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74. The method of claim 64, wherein the nucleic acid sequence is SEQ [D NO: 56,
75. The method of claim 64, wherein the nucleic acid sequence is SEQ [D NO: 58,
76. The method of claim 64, wherein the nucleic acid sequence is SEQ [D NO: 60.
77 The method of claim 64, wherein the nucleic acid sequence is SEQ [D NO: 64.
78. The method of claim 64, wherein the nucleic acid sequence is SEQ [D NO: 66,
79. The method of claim 64, wherein the nucleic acid sequence is SEQ [D NO: 68,
8. The method of claim 64, wherein the nucleic acid sequence is SEQ [D NO: 70
81. The method of claim 64, wherein the mucleic acid sequence 1s SEQ ID NO: 72,
82. The method of claim 64, wherein the mucleic acid sequence 1s SEQ D NO: 74,
83. The method of claim 64, wherein the organism is an alga or 3 bacterinm,

84. The method of claim 83, wherein the alga is 2 microalga.

83. The method of claim 83, wherein the bacterivm 15 a eyanobacteriym,

86, The method of claim 84, wherein the microalga is at least one of a Chlamyvdomonas sp., Volvacales sp.,

Desmid sp., Dunaliella sp., Scenedesmus sp., Chiorella sp., Hematococous sp., Volvox sp., Nannochloropsis sp.,
Arihrospiva sp., Sprivuling sp., Botrvococeus sp., Haematococcus sp., or Desmodesmus sp.

87. The method of claim B4, wherein the microalga is at least one of Chlamydomonas reinhardtii, N. oceanica,
N. saling, Dunaliella salina, H. pluvalis, S. dimorphus, Dunaliella viridis, N. oculata, Dunaliella tertiolecta, 5.
Maximus, or 4. Fusiformus,

88, The method of claum 64, wherein the protein comprises an anmino acid sequence of SEQ D NG: 63, SEQ
IO NO: 43, SEG D NG: 45, SEQ 1D NG: 47, SEQ TD NO: 49, SEQ TD NO: 51, SEQ IDNO: 53, SEQ 1D NO: 55,
SEQ I NG: 57, SEGQ 1R NG: 59, SEQ T NO: 61, SEQ ID NG: 65, SEQ 1D NG: 67, SEQ IDNO: 69, SEQ 1D NO:
71, SEQ D NO: 73, 01 75,

89. A modified higher plant transformed with a polypucieotide sequence comprising:

a)y a oucleic acid sequence of SEQ ID NGO 62, SEQ ID NO: 42, SEQ ID NO: 44, SEQ IDNO: 46, SEQ ID
NG 48, SEG IDNG: 50, SEQ TDNG: 32, SEQ IIING: 54, SEQ D NG: 36, SEQ I NO: 38, SEQ D NG: 64,
SEQ D NG: 64, SEQ 1D NG 66, SEQ I NG: 68, SEQ IDNG: 76, SEQ IDNG: 72, or SEQ D NO: 74; or

b a micleotide sequence with at least 80%, at least 85%, at least 90%, at least 85%, at least 98%, or at feast
89% sequence identity to the nucleic acid sequence of SEQ ID NG 62, SEQ ID NO: 42, SEQ ID NO: 44, SEQ 1D
NG 46, SEG IDNQ: 48, SEQ 1D NO: 50, SEQ D NG: 52, SEQ D NO: 534, SEQ 13 NO: 536, SEQ 1D NG: 38,
SEQIDNG: 66, SEQ 1D NG: 64, SEQ IDNG: 66, SEQ IR NG: 68, SEQ IR NG: 70, SEQ D NG: 72, or SEQ 1D
NG: 74,

wheretn expression of the protein encoded by the nucleic acid sequence or nucleotide sequence results in
the transformed higher plant being tolerant to sodium hypochlorite at a concentration of from ¢.01 ppm to 1 ppm,
from | ppm to 5 ppm, from 5 ppm to 10 ppm, from 10 ppm to 15 ppm, from 15 ppm to 28 ppm, from 20 ppm to 25
ppn, from 25 ppm to 30 ppra, from 38 ppm to 35 ppm, from 35 ppm to 4€ ppin, from 4€ ppm to 45 ppm, from 43

ppnt to 50 ppm, from SO pprato 35 ppm, from 55 ppm to 68 ppm, from 60 ppm to 65 ppmy, from 65 ppm to 70 ppm,
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from 70 ppm to 75 ppm, from 75 ppmi to 80 ppm, from 80 ppm to 83 ppm, from 85 ppm to 90 ppm, from Y0 ppm to
a5 ppm, from 95 ppm to 100 ppm, from 100 ppm to 200 ppm, from 200 ppnt to 500 ppm, from 500 ppm to 1000
ppm, from 1000 ppm to 2000 ppm, from 2000 ppm to 5000 ppm, from 5000 ppm to 10000 ppm, or from 10000 ppm

to 15000 ppm.

a6, The transformed higher plant of claim 89, wheretn the transformed higher plant is grown in an aqueous
environment,

a1, The transformed bigher plant of claim 89, wherein the transformed higher plant is drabidopsis thaliana.
92 The transformed higher plant of claim 89, wherein the transformed higher plant is a 8rassica, Glycine,

Gassypium, Medicago, Zea, Sorghum, Oryza, Triticum, or Panicum species.

a3, The transformed higher plant of claim 89, wherein the protein comprises an amino acid sequence of SEQ
IDNO: 63, SEG ID NO: 43, SEQ ID RO 45, SEQ ID NO: 47, SEQ ID RO: 49, SEQ IDNO: 51, SEQ ID RO: 33,
SEQID NO: 55, SEG ID NO: 57, SEQ 1D NO: 59, SEQ ID NO: 61, SEQ ID NG: 63, SEQ 1D NO: 67, SEQ 1D NO:
69, SEQ ID NO: 71, SEQ ID KOG 73, SEQ 1D NO: 75, or SEQ 1D NO: 77.

94, A modified higher plant transformed with a nucleotide seguence comprising:

ay a mucleic acid sequence of SEQ 1D NO: 62, SEQ 1D NO: 42, SEQ 1D NO: 44, SEQ 1D NO: 46, SEQ ID
NO: 48, SEQ ID NO: 50, SEQ 1D NO: 52, SEQ 1D NO: 54, SEQ 1D NO: 56, SEQ 1D NO: 58, SEQ 1D NO: 60,
SEQ D NO: 64, SEQ 1D NO: 66, SEQ 1D NO: 68, SEQ 1D NO: 70, SEQ 1D NOG: 72, or SEQ IDNO: 74 or

b} a mucleotide sequence with at feast 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at east
99% sequence identity to the nucleic acid sequence of SEQ ID NQ: 62, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID
NO: 46, SEQ 1D NO: 48, SEQ ID NG: 50, SEQ ID NO: 52, SEQ ID NOG: 54, SEQ ID NO: 56, SEQ ID NO: 58,
SEGID NOG: 60, SEQ ID NO: 64, SEQ ID NO: 66, SEG ID NO: 68, SEQ 1D NG: 70, SEQ ID NO: 72, or SEQ ID
NO: 745

wherein expression of the protein encoded by the pucleic acid sequence or nuclectide sequence resufts n
the transformed higher plant baving increased growth as compared to cither an untransformed higher plantora

second transformed higher plant.

95, The trapsformed bigher plant of claimn 94, wherern growth is measured by carrying capacity, culture
productivity, or growth rate,

96, The trapsformed bigher plant of claim 94, wheretn the growth of the transformed higher plant s from
0.01% to 1% greater than the untransformed higher plant or the second transformed bigher plant.

97 The trapsformed bigher plant of claimn 94, wherern the growth of the transformed higher plant s from 1% to
1% greater than the untransformed higher plant or the second transformaed higher plant.

a8. The transformed higher plant of claim 94, wherein the growth of the transformed higher plant is from 10%
to 20% greater than the untransformed higher plant or the second transformed higher plant.

a9. The transformed higher plant of claim 94, wherein the growth of the transformed higher plant s from 20%

to 40% greater than the untransformed higher plant or the second transformed higher plant.
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100. The transformed higher plant of claim 94, wherein the growth of the transformed higher plant is from 40%
to 60% greater than the untransformed higher plant or the second transformed higher plant.

101, The transformed higher plant of claim 94, wherein the growth of the transformed higher plant is from 60%
to 80% greater than the untransformed higher plant or the second transformed higher plant.

102. The transformed higher plant of claim 94, wherein the growth of the transformed higher plant is from 80%
to 100% greater than the uniransformed higher plant or the second transformed higher plant.

103. The transformed higher plant of claim 94, wherein the growth of the transformed higher plant is from 100%
to 200% greater than the wntransformed higher plant or the second transformed higher plant.

104, The transformed higher plant of claim 94, wherein the growth of the transformed higher plant is from 200%
to 300% greater than the wntransformed higher plant or the second transformed higher plant.

1G5, The transformed higher plant of claim 94, wherein the growth of the transformed higher plant is from 300%

to 400% greater than the wntransformed higher plant or the second transformed higher plant.

146, The transformed higher plant of claim 94, wherein the transformed higher plant is grown in an agueons
environment.
167, The transformed higher plant of claim 106, wherem the concentration of sodiim hypochlorite in the

agueous environaent i3 from | ppro to 3,000 ppra.
108, The transformed higher plant of claim 106, wherein the concentration of sodmm hypochlorite in the

agueous enviroaruent is from 2 ppia to 66 ppm.

149, The transformed higher plant of claim 94, whercin the transformed higher plant is Arabidopsis thaliana.
118, The transformed higher plant of claim 94, whercin the transformed higher plant is a Brassica, Glycine,

Cassypinm, Medicago, fea, Sorghum, Qryza, Triticumn, or Pavicum species.

IBRE The transformed higher plant of claim 94, wherein the protein comprises an aminoe acid sequence of SEQ
T NG: 63, SEQ D NO: 43, SEQ 1D NG: 45, SEQ 1D NOG: 47, SEQ 1D NO: 49, SEQ 1D NO: 51, SEQ 1D NG: 53,
SEQITD NOG: 535, SEQ 1D NG: 37, SEQ 1D NO: 59, SEQ ID NO: 61, SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO:
69, SEQ 1D NO: 71, SEQ 1D NG: 73, SEQ 1D NO: 75, or SEQ D NOG: 77,
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