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

CROSS REFERENCE TO RELATEDR APPLICATION
{3081]  This apphication claims the benefit of United States Provisional Application Number 61/242 7335, filed

September 13, 2009, the entire contents of which are incorporated by reference for all purposes.

INCORPORATION BY REFERENCE
{6062]  All publications, patents, pateut applications, public databases, public database erries, and other references
cited 1 this application are keretn incorporated by reference in ther entirety as if each individoat publication, patent,
patent application, public database, public database eniry, or other reference was specifically and individually indicated

to be lncorporated by reference,

BACKGROUND
{60031 Algae are urcellular arganisms, producing oxygen by phoiosynthesis. One group, the mucroalgae, are useful

for bintechunology applications for many reasons, racluding thewr high growth rate and tolerauce to varying
environmental conditions. The use of microalgae in a variety of industrial processes for commercially important
products is known aad/or bas been suggested. For example, roicroalgas bave uses in the production of auiritional
supplemcents, pharmaccuticals, nataral dyes, a food source for fish and crustaceans, bislogical contrel of agricultural

pests, production of oxygen and removal of sitrogen, phosphorus and toxic substances 18 sewage treatment, and

pullution controls, such as biodegradation of plastics or uptake of carbon dioxide.
{6004  Microalgae, like other organisis, contain lipids and fatty acids as membrane cormponents, storage products,
metabolites and sources of encrgy. Sone algal strains, diatoms, and cyanobacteria have been found to contain
proportionally high levels of lipids (over 30%). Microalgal strains with high oil or lipid content are of great mterest n
the search for a sustainable feedstock for the production of biofuels,
{3085]  Sume wild-type algae are suiiable for use o various idustrial applications. However, it is recogniced thal by
modification of algae to improve particular characteristics useful for the aforementioned applications, the relevant
processes are more likely 1o be commercially viable. To this end, algal strains can be developed which have improved
characteristics over wild-type strains. Such developments have been made by traditional techniques of screening and
ntation and selection. Further, recombinant DNA technologies have been widely suggested for algae. Such approaches
may increase the economic validity of production of commercially valaable products.
{3006 One area in which algae have recerved increasing attention is the production of fuel products. Fuel products,
such as oil, petrochemicals, and other substances useful for the production of petrochemicals are increasingly m
demand. Much of today’s fuel products are generated from fossit fuels, which are not considered renewable energy
sourees, as they are the resu¥t of orgawmic material being covered by successive layers of sediment over the course of
nuflions of years. There is also a growing desire to lessen dependence on imported crude oil. Public awareness
egarding pollution and environmental hazards has also nereased. As aresult, there has been 2 growing mnterest and
need for alternative methods to prodoce fuel products. Thus, there exists a pressing need for alternative methods to

develop fuel producis that are renewable, sustainable, and less harmifud to the environment. One potential source of
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alternative production of fuel and fuel precursors is genetically modified organisms, such as bacteria and plan
including algae. To date, algae have vet to be successtully developed as a commercially viable platform for bicfuel
production, duc mainty to the high cost ef harvesting and processing of algae for recovery of the biofuel, Thus, a need
exists o develop host organisms siuch as algae (for example, Scepedesmus sp. , Chlamydomonas sp., and Dupaliella sp)
and bacteria for which such costs are reduced. One way of genetically modifying an organism 8 to transform the
organism with a pucleic acid that encodes for a protein, wherein expression of the protein results, for example, in the

mnoreased prodoction of a prodact, or i the production of a product that the organism does not usoally make.

SUMMARY
(80877 1. Ansolated Scenedesmus sp. comprising a chloroplast genome that has been wansformed with an exogenous
noclestide sequence, wherein the exogenous nucleotide sequence comprises a nucleie acid sequence encoding «t least
one profein. 2. The isolated Scernedesmus sp. of claim 1, wherem the protein 13 mvolved i the isoprenocid biosynthesis
pathway. 3. The tsolated Scenedesmus sp. of claim 2, wheremn the protein a synthase, 4. The isclated Scenedesmus sp. of

claim 3, wherein the synthase is a famesyl- d-v‘hobphatc (FPP) synthase. 5. The isolated Scenadesmus sp. of claim 4,

wherein the FPP synthase is from G. gaffus. 6. The solated Scenedesmus sp. of claim 3, wherein the synthase is a

fusicoecadiene synthase. 7. The isolated Scenedesinus sp. of claim 6, wherein the fusicoccadiene syuthase is from P

amygdali, 8. The 1solated Scenedesmus sp. of claim 3, wherein the syothase s a bisabolene synthase. 9. The isolated

Scenedesmuis sp. of claim §, wherein the bisabolence synthase s from 4. grondrs. 10, The isolated Seenedesmus sp. of
claim 1, wherein the exogenous nucleotide sequence 3s af feast 0.5 kb, at Teast 1.0 kb, at least 2 kb, at loast 3kb, at least 3
kb, at least 8 kb, at least 11 kb, or ar least 19 kb, 11. The isclated Scenedesmus sp. of claim 1, wherein the nuelerc acid
seguence encodes for two profeins, three proteins, or four proteins. 12. The isclated Scenedesmus sp. of claim 1,
wherein the exogenous mucleotide further comprises a second nucleic acid sequence encoding a selectable marker. 13
The solated Scenedesmius sp. of claim 12, wherern the marker 1s chloramphenicol acetyltranstferase (CAT),
erythromycin esterase, or cytosine deaminase. 14, The isolated Scenedesrius s of claim 1, wherein the Scenedesinus

sp.is S, dimorphus. 13, The isolated Scenedesmus sp. of claim 1, wherein the Scenedesmus sp. is S. obliguus. 16, The

isolated Scenedesmus sp. of clatm 1, wherein the nucleic acid sequence encodes for a blom i7.
The solated Scenedesmus sp. of claim 16, wherem tie biomass-degrading enzyme 15 a galactanase, a Xylanase, a
protease, a carbohydrase, a Hipase, a reductase, an oxidase, a transghitaminase, or a phytase. 18, The isolated
Scenedesmus sy of claim 16, wheretn the biomass degrading enzyme 18 an endoxylanase, an ox an endn-

2. 19. The isolated Scenedesmus sp. of claim 1, wherein the
nucleic acid sequence encodes for an esterase. 20. The isolated Scenedesmus sp. of claim 19, wherein the esterase is an
erythromycin esterase. 21. The isolated Scenedesmus sp. of claim 1, wherein the nucleic acid sequence encodes fora
deaminzase. 22. The isolated Scenedesmus sp. of claim 1, wherein the nucleic acid sequence encodes for a betaine

aldehy

= delrydrogenase. 23. The isolated Scenedesmins

. of any of claims 1 to 22, wherem the nucleic acid sequence
is codon optimized for expression in the chloroplast genome of the Scenedesinus sp. 24. An isolated Scenedesmns sp.
comprising a chloroplast genome transformed with an exogenous nuclectide sequence wherein the transformed
Scenedesmus sp. has an ESOE‘T“IIOIJ coutent that is different than an antransformed Scenedesmus sp. that is the same
species as the isolated Scenedesmus sp., and wherein the exogenous nucleotide seguence comprises a nucleic acid

encoding for an eneyme mvolved m isoprenoid biosynthesis. 23, The isolated Scenedesnmy sp. of claip 24, wherein the
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nucleic acid does not encode for an ent-kavrene synthase. 26, The isolated Scenedesmus sp. of claim 24, wherein the
nocleic acid is codon optimized for expression in the chloroplast genome of the Scenedesmus sp.

[3008] 27, Anisolated Scenedesmns sp. comprising a chloroplast genome transformed with an exogenous nucleotide
seqguence wherein the irapsformned Srenedesmuy sp. has an increased acenmulation of fatty acid hased Hipids and/or a
change in the types of Hoids, as compared to an untransformed Scenedesinus sp. that is the same species as the isolated
Scenedesmus sp., and wherein the exogenous nucleotide comprizes a nucleic acid sequence encoding for an enzyme
tnvolved in fatty acid synthesis. 25, The isclated Scenedesmuis sp. of claim 27, wherein the nucleic acid 15 codon
optirnized for expression in the chloroplast genome of the Scenedesmius sp

[B3892]  29. A method of transf

wuning 2 chloroplast gevome of a Scenedesmus sp. with a vector, wherein the vector
comprises: 1} a first nucleotide sequence of a Scenedesmus sp. chloroplast genome; 11} a second nucleotide sequence of
a Scenedesmus sp. chloroplast genome; i) a third nucleotide sequence comprising an exogenous nucleotide sequence,
wherein the exogenous nucleotide sequence comprises a nucleic acid encoding a protein of interest, wherein the third
nuclectide sequence is located between the first and second nucleotide sequences, and wherein the vector is ased to
trapsform the chiloroplast genome of the Scenedesmus sp.; and w) a promoter condfigared for expression of the protem of
mterest, 30. The method of claim 29, wherein the third nucleotide sequence farther comprises a second nucleic acid

sequence enceding a second protein of interest, 31. The method of claim 29, wherein the promoter ts 2 psbD or a miA

prorooter. 32, The method of claim 29, wherein the Scenedeswiny sp, 18 8 dimorphus. 33, The raethod of clain

wherein the Scenedesmus sp. 18 S, obliguus. 34, The method of ¢laim 29, whercin the first nucleotide scquence is at least
560 bp, at feast 1000 bp, or at feast 1300 bp o length, and the first sucleotide segoence 1s hormologous to a first porbon
of the genome of the Scenedesmus sp., and the second nuclectide sequence is at least 506 by, at fease 1008 by, or at least
1,500 bp in fength, and the second nuclectide sequence is homelogous to a second portion of the gesome of the
Scenedesmus sp.. 35, The method of claxm 29, wherein the third sucleotide seguence s at Jeast 8.3 kb, at least 1.0 kb, at
feast 2 kb, at Tcast 3Kb, at least 5 kb, at lcast & kb, at least 11 kb, or at least 19 kb 10 size, 36. The method of claim 29,
wherein the nucleic acid is codon optimized for expression in the chioropiast genome of the Scenedesmuy sp. 37. A
trapsformed chloroplast genorme of 4 Scenedesmus sp., transformed by the method of clair 29,

IBGEB] 38, A method of transforming a chloroplast genome of a Scenedesmus sp. with at least one exogenous
nucleotide sequence, comprising: 1) obtawnng the exogenous nucleotide sequence, wheretn the exogenous nusleotide
sequence comyprises a nucleic acid sequence encoding a protein; i) binding the exogenous nuclectide sequence onto a
particle; and 11} shooting the exogenous nucleofide sequence into the Sceenedesnm sy by particle bombardment,
wherein the chloroplast genome is transformed with the exogenous nucleotide sequence. 39, The method of claim 38,
wherein the exogenous nucleotide sequence 1s at least 0.5 kb, at least 1.0 kb, atleast 2 kb, at least 3kb, at least 5 kb, at
feast 8 kb, at Yeast 11 kb, or at least 19 kb in size. 40. The method of claim 3%, wherein the nucleie acid is codon
optimized for expression in the chioroplast genome of the Scenedesmus sp. 41, The method of claim 38, wherein the
particle 1s a gold particle or a mngsten particle. 42, The method of claim 41, wheremn the gold particle is abouwt 556 nm
to about 1000 nm in diameter. 43, The method of clain: 38, wherein the particle bombardment 18 carried out by a
biolistic device. 44. The method of claim 43, wherein the biolistic device has a helium pressure of about 300 psi to
about 300 psi. 45. The method of elaim 43, wherein the biolistic device has a helium pressare of at least 380psi, at least
350psi, at least 400psi, at least 425psi, at least 430psi, at least S00psi, or at feast 500psi . 46, The method of claim 38,

wherein the excgenous nucleotide sequence bound o the particle s shot at a distance of about 2 to about 4 cm from the
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Scenedesmus sp. 47. The method of claim 43, wherein the biolistic device is a Helicos Gene Gun or an Accell Gene
Gun. 4%, The method of claim 38, whersin the nucleic acid encodes for a protein involved in isoprenoid biosynthesis.
49, The method of elaim 3%, wherein the nucleie acid encodes for a protein involved i fatty acid biosynthesis. 30, The

1
i

meathod of claim 38, wherein the Scenedesmus sp. is S dimorphus. 31, The method of claim 38, wherein the
Scenedesmus sp. 18 8. obliguus. 52. A wansformed chloroplast genome of a Scenedesmus sp., transformed by the method
of claim 38.

{8011} 53. A method for obtatnmg a region of a chloroplast genome of a green algae, wherein the region is useful in
the ransformation of the green algae, comprizsing: 13 obtaining genomic DNA of the green algae: 2) obtaminga
degencrate forward primer, wherein the forward primer is diected towards a psbB gene of the green algase; 3) obtaning
a degenerate reverse primer, wheremn the reverse primer is directed towards a psbH gene of the green algae; and 4}
using the priners of step 2) and step 3} to amplify the region of the chloreplast genome of the green algae, wherein the
noclectide sequence of the amphified region i3 obtained. 54. The method of claim 53, wherein the amphified region 1s
amnplified by PCR. 55, The method of claim 533, wherein the sequentced region is cloned mto a vector. 56, The method of
claim 53, wherein the degenerate forward s primer 4099 (SEQ 1D NG 129) or forward primmer 4100 (SEQ D NG:
130}, and wherein the degenerate reverse primer is primer 4101 (SEQ 1D NG 131) or reverse primer 4102 (SEQ 1D
NG: 132). 57, The method of claim 533, wherein the forward primer is prirner 4099 (3EQ 1D NO: 129} and the reverse
primer 1s primer 4102 (SEQ 1D NO: 132}, 58, The method of claim 53, wheretn at least a portion of the sequence of the
amplificd region is knowa, 59, The method of clatm 53, wherein the araplified region of the chioroplast genome s from
C. reinhardtii, C.ovidgaris, S. obliguus, or P purpurea. 60, The method of claro 33, wherein the sequence of the
amplified region is uukoowsn. 61. The method of claim 53, wherein the aroplified region of the chloroplast genome is:
from D). terticlecta and comprises the nucleie acid sequence of SEQ ID NO: 133; from a Dunalielia of uukoows species
coraprising the nucleic acid sequence of SEQ ID NG 134, from N, abudans and comprising the nucleic acid sequence
of SEQ 1D NO: 135; from (. vulgaris and compusing the mucleic acid sequence of SEQ 1D NO: 136; or from T. suecia
and comprising the nucleic acid sequence of SEQ 1D NG: 137, 62, The method of claim 53, wherein the amplifie

region of the chloroplast genooe comprises a nucleotide sequence encoding 2 gene cluster psbB-psbT-psbN-psbH. 63.
The method of clato 33, wherein the amplified region of chioroplast genonie comprises a mucleotide sequence encoding
a geoe cluster pebB-psbT. 64. The method of claim 63, wherein a nucleic acid encoding a gene 1s inserted between the
nucleotide sequence encoding psbB and pshT. 65, The method of claim 53, wherein the anplified region of chioroplast
genome comprises a nucleotide sequence encoding a gene cluster pshT-pshN. 66. The method of claim 65, wherein a
nucleic acid encoding a gene is inserted between the vucleotide sequence encoding psbT and psbN. 67, The method of
claim 33, wherein the amplified region of chloroplast genome comprises a nucleotide sequence encoding a gene cluster
psbMN-psbH. 68, The method of claim 67, wherein a nucleic acid encoding a gene 18 inseried between the nucleotide
sequence encoding psbiN and psbH. 69, The method of claim 33, wherein the amplified region of chloroplast genome
comprises a mucleotide sequence encoding a gene cluster psbH-psbKL 70. The method of clain 69, wherein a mucleic
acid encoding a gene is inserted between the nucleotide sequence encoding psbH and psbK. 71.The method of claim 33,
wherein the amplified region of the chloroplast genome comprises a nucleotide sequence encoding a region 37 of psbK.
72. The method of claim 33, wherein the sequence is a mucleie acid sequence. 73, The method of claim 33, wherein the

seguence 1s an amine acid sequence.
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[0012] 74. A region of a chioroplast genome of a green algae, obtained by the method of: 1) obtaining genormic DNA
of the green algae; 2) obtaining a degenerate forward primer, wherein the forward primer is directed towards a psbB
gene of the green algae; 3) obtaining a degenerate reverse primer, wherein the reverse primer is directed towards a
psbH gene of the green algas; and 4) using the primers of step 2 and step 3) to amplify the region of the chloroplast
genome of the green algae, wherein the amplified region is sequenced and comprises a nucleotide sequence, and
wherein the nucleotide sequence is modified to comprise a nucleic acid sequence encoding for at least one protein.
[6013] 75. A vector useful'in the transformation of the chloroplast genome of Scenedesmus obliquus, comprising a 5.2
kb region from the Scenedesmus obliguus chloroplast genome (Scenedesmus chloroplast sequence NCBI reference
sequence: NC_008101, 057,611-062850bp), wherein the region comprises the nucleic acid sequence of SEQ ID NO:
125, or comprising a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%
homologous to at least a 500 bp sequence of the nucleic acid sequence of SEQ I NO: 125.

[0014] 76. An isolated nucleotide sequence comprising the nucleic acid of SEQ ID NO: 125, or comprising a nucleic
acid sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% homologous to at feast a 500
bp sequence of the nucleic acid sequence of SEQ ID NO: 125, wherein the isolated nucleotide sequence can be used to
transform & chloroplast genome a Scenedesmus sp. 77. The isolated pucleotide sequence of claim 76, wherein the
nucleic acid sequence of SEQ ID NO: 125 is modified to comprise a second nucleic acid encoding a protein.

[6815] 78. A host cell comprising a nucleic acid sequence of SEQ ID NO: 125, or comprising a nucleic acid sequence
that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% homologous to at least a SO0 bp sequence of
the nucleic acid sequence of SEQ ID NO: 125. 79, The host cell of claim 78, wherein the host cell is a host cell from 2
Scenedesmus sp. 80. The host cell of claim 78, wherein the nucleic acid sequence of SEQ 1D NO: 125 is modified to

comprise a secomd nucleic acid sequence encoding a protein.

[0015a] As used herein, except where the context requires otherwise, the term "comprise" and variations of
the term, such as "comprising", "comprises" and "comprised", are not intended to exclude other additives,

components, integers or steps.

[0015b]Reference to any prior art in the specification is not, and should not be taken as, an
acknowledgment, or any form of suggestion, that this prior art forms part of the common general
knowledge in Australia or any other jurisdiction or that this prior art could reasonably be expected to be

ascertained, understood and regarded as relevant by a person skilled in the art.

BRIEY DESCRIPTION OF THE DRAWINGS
[0816] These and other features, aspects, and advantages of the present disclosure will become better understood with
regard to the following description, appended claims and accompanying figures where:
[0017] Figure I shows a graphical representation of the mutated psbA fragment and 3"UTR vector used to engineer
DCMU into S. dimorphus.

1001327638
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[0018]

5A

Figure 2 shows amplification and digestion of DNA from psbA 264A DCMU transformants (Band 4y and S.

dimorphus wildtype (WT). U =uncut DNA and C = cut DNA (digested with Xbal).

[0019]
[0020]
[0021]
10022}
{0023}
[0024]
[0025]
[0026]

Figure 3 shows 2 psbA 5264 transformant that is DCMU" and atrazing'.

Figure 4 shows a graphical representation of p04-38,

Fignre 5 shows a graphical representation of p04-21.

Figure 6 shows PCR amplification of DNA from S. dimorphus CAM' transformants.
Figure 7 shows 2 graphical representation of vector p04-31 used to transform S. dimorphus,
Figure § shows a multiscreen of BD11 clones.

Figure 9 shows a Western of SE0070 expressing BD11 (subclones of parent 2 and 4).

Figure 10 shows endoxylanase activity in clarified lysates from S. dimorphus transformants containing the

endoxylanase gene (parent 2 and 4).

(0827} Figure 11 shows a graphical representation of p04-28.

1001327638
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{00281 Figure 12 shows verification of homoplasmicity in several lines of S. dimorphus
engineered with FPP-synthase.

{30281 Figure 13 shows an anti-flag Western with farncsy! disphosphate (FPP) synthase protein expression n 7
transformants.

[3038] Figure 14A shows an overlay of the Total lon Chromatogram (TIC) for wild type negative control

(untransformed Scenedesmus dimorphus), the engineered strain (8. dimorphus transformed with FPP synthase {avian),
aud a positive control of FPP. The y axis is abundance. The x axis s time,

[3631] igure 148 shows the TIC of the FPP positive control, The retention time of FPP is 11,441 minntes, The y
axis is abundance. The x axis is ume.

{80321 Figure 14C shows the mass spectrum of the FPP positive controf at 11.441 mimutes, The v axis 1s abundance.
The x axis 1¢ m/z (inass to charge ratio}.

§8833] Kigure 14D shows the TIC of the engmeered strain (5. dunorphus transtormed with FPP synthase (avian)
mcubated with PP and DMAPP, The retention time of the product (FPP) is 11441 minutes. The v axis is abundance.
The x axis 18 time.

[3034] Figure 14E shows the mass spectrum of the engineered strain (8. dunorphys transformed with FPP synthase
(avian} at 11,441 minntes, The y axis is abundance. The X axis 1s mvz (mass to charge ratic).

[8835] Figure 14F shows the TIC of the sntransformed wild type 5. dimorpbus stram tnsubated with IPP and
DMAPP. The y axis is abundance, The x axis is time.,

B036] Figure 14G shows the mass spectrarn of the uetransforrned wilkd type S, dimorphus straw at 11441 romutes,
The v axis e abundance. The x axts 18 my/z {mass to charge ratio),

{30371 Figure 15A shows an overlay of the Total lon Chromeatograr {T1C) for wild type negative contral
(wateansformed Scenedesmus direorphus) mcubated with PP and DMAPP, the engineered stram (5. dimorphus
transformed with 1509 (FPP synthase) meubated with IPP and DMAPP, and a2 positive control of FPP. All three
enzymatic reactions were incubated with amorpbadiene synthase to forms anmorpha-4, | 1-diene in 2 coupled enzyme
assay. The y axis v abundance. The x axis is me.

i3038] Figure 15B shows the TIC of the FPF positive control incubated with amorphadicne synthase. The retention
tiee of amorphadiene 18 9.917 minutes. The v axie is abundance. The x axis is time.

[6039] Figure 15C shows the mass spectrum of the amorpbadiene positive control at 9.917 nuinutes. The y axis is
abundance. The x axis is m/z (mass o charge matio).

[3048] Figure 13D shows the TIC of the engincered strain (5. dimorphus transformed with 1S09 (FPP synthase),
incubated with IPP and DMAPP and amorphadienc synthase. The retention time of the product of the reaction
{amorphadiene} i3 9.917 minutes. The v axis is abundance. The x axis is time.

[6041] Figure 15E shows the mass spectrum of the product produced by the engineered strain (5. dimorphus
transformed with 1309 (FPP synthase)) when incubated with IPP, DMAPP, and amorphadiene synthase. The retention
time of the product (amorphadiene) is 9.917 minutes. The y axis is abundance. The x axis i3 m/z (mass to charge ratio).
{6042} Figure 15F shows the TIC of the uniransformed wild type 8. dimorphus strain incubated with 1PP and

DMAPP and amorphadione synthase. The v axis is abundance. The x axis is time.
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{30431 Figure 153G shows the mass spectrum {at 9.917 minutes) of the enzymatic reaction with untransformed wild
type 5. dimorphus strain incubated with IPP, DMAPP, and amorphadiene synthase. The v axis 1s abundance. The x axis
is m/z {mass to charge ratio).

[B844] Figwre 16 shows a graphical representation of p04-196.

[3045] Figures 17A and 178 show a comparison of SIM monittored GC/MS chromatogram of 8. dimorphus
transformed with IS-88 {17A) and wild-type & dimorphus (17B). Chromatograms were monitored with tons nv/z=229,
138, and 122 {diagnostic for fusicovcadiene). The retention time of the peak in (17A) (7.617 min) matches that of
purnified fusicoccadienc,

[3846] Figures 184 and 188 show a mass spectra at the retention tie of the fustcoccadicne peak (1=7.617 min) for 8.
dimorplus-1888 (A} and wild type S0 dimorphus (B). The mass spectrum of & dimorphus-1S88 matches well with the
known spectrum of fusicoccadiene. The mass spectrum of wild-type shows only background ions. Figure 18C shows
the mass spectrum of purified fusicoccadiene.

(8047] Digwre 19 shows a graphical representation of p04-118,

(80481 Figure 20 shows an anfi-flag Western blot of S dimorphus engineered with a gene encoding phytase (FD6}
[B049] Kigure 21 shows a grapbical representation of pu4-162.
{30581 WTigure 22 shows that the EreB gene (SEGQ ID NO: 25) is aroplified from DNA derived from several potential

trapsformants but not from DNA derived froma wild type S dismorpius. Controls: W= no DNA; + = plasimud DNA; and
D and O arc S dimorphus DNA.

B051] Figure 23 shows a graphical representation of p4-161.

[3052] Figure 24 shows codA plates,
(30531 Figure 25 shows a graphical representation of p(4-267.
(0054] Figure 26 shows an anti-flag Western blot of §. dimorphus engineered with FPP syothase (1s09) and

bisabolenc synthase (Is11) genes showing expression of both proteins.
[8455] Figure 27 shows a graphical representation of p04-116.

§6036] Figure 28 shows that endoxylanase is produced as a single pepiide {not 4 fusion with CAT) i engioeered 5.
dimorphius celis.

iH457]  Figure 29 shows endoxylanase activity i engineered 8. dimorphus {(opevon 1 1,2 1,2 2.2 3y +is 8
dimorphus engineered with psd D driviag xvlanase and “wt” is wild type.

[B058] Figure 30A and Figure 30B show that endoxylanase and CAT are transeribed as a single transeript. Figure
30A shows the prisner design and Figure 30 B is an agarose gel showing anplification of ¢cDNA from 4 of the 3
transformants corresponding to the endoxylanase-CAT franscript.

[0459] Figare 31 shows a graphical representation of fransforming DNA with different RBS sequences. [n both cases,
the psbl promoter and the pshA3UTR from S. dimorphus are used to regulate CAT-RBS-BD11 expression. BD11
encodes the endoxylanse gene from 71 reesei. These cassettes were subcloned into vector pO4-166 between region
Homology A and homology region B.

[6068] Figure 32A shows xylanase activity of p04-231 from TAF plates. Figure 328 shows xylanase activity of p04-
232 from TAF plates. Endoxylanase activity was detected in colls engincered with RBS1 linking CAT and
endoxylanase (p04-231) but not with RBS2 (p04-232),

[6861] Figure 33 shows a graphical representation of p04-142,
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(80621 Figure 34 shows verification of homoplasmicity in clone 52, an engineered S. dimorphus line containing a
CAT cassette in the region between psbT and psbN.

{30631 Figure 35 shows a graphical representation of the transforming DNA (A) and loopout produsct (B) that resulis
from recombination at the wdentical D2 (pshih) promoter segments.

[30064] Figure 36 shows failure to amplify a CAT fragment in a multiplex PCR of §. dimorphus.

{60651 Figure 37 shows a graphical representation of p04-291 and p04-294. BAD! and BAD4 are the betaine
aldehyde dehydrogenase genes from spinach and sugar beet, respectively,

[3066] [igure 38 shows an anti-HA western blot showing expression of betaine aldehyde dehydrogenase from
spinach (291 cloaes 1, 2, 3, BADN) or from sugar beet (294 4-1, 5-1, 6-1, 7-1, BAD4Yin 5. dimorpfies.

(30677 Figure 39 shows a graphical representation of p43-5 and p45-6.

[6068] Figure 40 shows an agarose gel of EreB amplification from D. tertiolecto transformants in lanes 4, 3, 6.
[8869] Kigure 41 shows a graphical representation of p45-12.

[3078] [igure 42 shows an agarose gel of ExeB amphification from D. sertiolecta transformant 12-3,

(30711 Figure 43 shows that X ylanase protein (BD 1) ix detected 8 D). rertiolecta transformant 12-3 via au anti-flag
Western blot.

{60721 Figure 44 shows that Xylanase activity is detected in D. terticlecta transformant 12-3. Positive control s 8.
dimorphus englocered with endoxylanase.

(30731 Figure 45 shows vector gotless pUC (2,436 bp).

B074] Figure 46 shows vector p04-35 (4,504 bp).

1 Figure 47 shows vector pSS-087 {6,132 bp).

1 Figure 48 shows vector pSS-G13 (7,970 bp).

I Figure 49 shows vector pSS-023 (10322 kb,

1 Figure 58 shows Gene Vector | {5,774 bpl.

1 Figure 51 shows Gene Vector 2 (10.198 kb).

1 Figure 532 shows Gene Vector 3{7,111 bp).

1 Figure 53 shows vector pRS414 (4,784 bp).

1 Figure 54 shows vector pBeloBACT T {7,507 bp).

1 Figure 55 shows vector pLWOG1 (10.049 kb).

1 Figure 56 shows vector pl.W092 (13.737 kb

[0085] Figure 57 shows vector pReloBAC-TRP (10,324 kb).

] Figure 58 shows vector pLW 100 (18.847 kb).

1 Figure 39 shows vector p4-19%.

] Figure ¢ shows vector p35-035 (6,491 bp).

[6089}
fGa90)
josel}
3062}
[0g93]
g4}

Figure 61 shows vector p35-023 CC83 CC9%4 (15.083 kb).

Figare 62 shows vector pS8-023 CCI3 CCY7 (15.077 kb).

Figure 63 shows vector pLW 100 COSG CC81 CC92 (26.319 kb).

Figure 84 shows vector pLW 100 four gene assembly (34.509 kb,

Figare 83 shows pSS8-023 restriction digest mapping with Ndel. Pacl, Pstl, Scal, Snall, and Spel.

Figure 66 shows pLWO01 restriction digest mapping with EcoRY, Nod, Pmlil, Pvul, and SnaBl.
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[B0595]  Figures 67A-E show pLWOYZ restriction digest mapping with Pac/ (¢}, Psif (¢}, Scal (b), and Xha! (d), and
uncut ().

[3096] Figure 68 shows pLW 100 restriction digest mapping with EcoRY, Ndel, Notl, Paci, Pstf, Scal and Xhoi,
[B3897]  Figwre 6% shows pBS-035 restriction digest mapping with Eco®l, FeaRV, Kpnd Notl, Pvull, and Scal.
[3098] Figure 70 shows plasmid DNA comprising four two-gene contigs digested with Ndel.

{60991  Figure 71 shows plasmid DNA comprising two three-gene contigs digested with Ndel,

{80188} Figure 72 shows plasmid DINA comprising four four-gene contigs digested with Ndel,

(30183} Migure 73 shows PCR amplification of the conserved pshB-psbT-pshH-psbN gens cluster from S. dimorphus.
[38162] Figure 74 shows PCR amplification of the conserved psf B-psh Tps B psbN gene chuster feom 3 strain of
genas Dunalielia; an vnknown species.

(601631 Figure 78 shows PCR amplification of the conserved pshBR-psbT-pshH-psbN gene chuster from N, abudans.
{88184) Figure 76 shows vector pi4-128.

(6018
(38106

I

|

5] Figwre 77 shows vector p04-129,

1
{30167} Figure 7Y shows vector p4-131.

|

|

|

]

|

Figure T8 shows vector p4-139,

[B0168] Figure $6 shows vector pd-142,
{36189} Figure 81 shows vector pldd4-143,
B6116] Figure 82 shows veotor p04-144,
DR

[30112} Figure 84 chows a homoplasmicity PCR screen for clones from S, dimorphus that have a resietance cassette

Figure 83 shows vector p84-143.

between either pse T and pebN (p04-1423 or between psbN and psbH (pi4-143).

(080113} Figure 85 shows a homoplasmicity PCR sceeen for clones frorme 8. dimorphus that have a resistance cassotte
between either psbif and psbX (pU4-1443 or 37 of pbK (p04-145).

(04114} Figure 86 is a nucleotide alignment of the psb8 gene from four different algae species.

§B0E15] Figure 87 is 2 nucleotide aligpment of the psb# region from four different algae species.

[8G116] Figure 88 is an alignment of the genome region from the prdf gene to the psbii gone of four different algac
Species.

(60117} Figure 89 is vector p04-151.

(0118} Figure 90A-D shows restriction enzyme mapping results.

{30119} Figure 91 shows vector pLW106,

[00826] Figure 92A and B depict 4 clones that screen PCR positive for both BD11 and IS99,

{04121 Figure 93A-C depict 4 clones that screen PCR positive for CC%, CCYI, and CCY2.

[60122] Figure 94A and B depict 2 clones that screen PCR positive for 1561, 1862, 1857 and 18116,

DETAILED DESCRIPTION
{60823} The following detatled deseniption is provided to aid those skilled in the art in practicing the present disclosure.
Even so, this detailed description should not be construed to wnduly bimit the present disclosure as modifieations and
variations i the embodiments discussed herein can be made by those of ordinary skill in the art without departing from

the spixit of seope of the present disclosmre,
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{00124} As used in this specification and the appended claims, the singular forms * an” and “the” include plural
reference vnless the context clearty dictates otherwise.

{60125} Endogenous

[B8E26]  An endogenous nucleic acid, smicleotide, polypeptide, or protein as described herein is defined in relationship

to the host organism. An endogencus nucleie acid, nucleotide, polypeptide, or protein is one that naturally occurs in the

host organism,

[60127] Exogenous

[BOE28] An exogenous nucleie acid, nucleotide, polypeptide, or protein as described hercin is defined in relationship to

the host vrgantsiu.

An exogenous nucleic

> acid, nucleotide, polypeptide, or protein is one that doss vot naturally cecor in

the host organism or 18 o different location in the host organism.

[601291 Examples of genes, nuclerc acids, proteins, and polypeptides that can be used in the embodiments disclosed

herem inchide, but are not hmated to:

(00136} SEQ ID NO:

(06131} SEQ IDNC:
(06132} SEQ 1D NO:
(66133} SEQ ID NO:
196134] SEQ 1D NO:
[36135] SEQ ID NG
[36136] SEQ IDNO:7
(36137} SEQIDNO: &
[36138] SEQ ID NO:
136139}
134146}
i
i
is
}e
1
}e
i
1
i

(06141

166143
106144
106145
(06146

TEV protease site.

(60150 SEQ IDNO:

in . reimbhardtii.

[68151] SEQ IDNO:
108152] SEQ IDNO:

in (. reinhardtii.

68183] SEQ IDNO:

SEQ IDNO: |
SEQ 1D NO: |
SEQ IDNO: |
(66142} SEQ IDNO:
S0Q IDNO:
SEQ ID NO:
SEQ IDNO:
SR M NO:
166147} SEQ IDNO: |
[90148] SEQ IDNO: ]
(68149} SEQ IDNO: 2

138 a PCR primer,
2 s & PCR primer,
318 a PCR primer,

4 1z a PCR primer,
51s a PCR primer,
6 1s a PCR primer,

18 & PCR primer.

‘1z a PCR primer,
913 a PCR primer.

14 s a PCR primer.

i1 s a PCR primer.

12 i3 2 PCR primer.

i3 is 2 PCR primer,

i4 is a PCR primer.
15 13 2 PCR primer (74682).
16 15 a PCR primer (#4982).
17 18 2 PCR primer.
I8 is a PCR primer.
19 18 & PCR primer.
20 1s @ nucleotide sequence of an artificial FLAG epitope tag linked to a MAT epitope tag by a

rev

21 7. reesei codon optimized for chloroplast expression

i is & gene encoding an endoxylanase from

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

-~

2313 & gene encoding an FPP synthase from . goffus codon optimized for chloroplast expression

24 1 o nucleotide sequence of an artificial streptavidin epitope tag.
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{30154} SEQ ID NO: 25 1s a gene encoding a fusicoccadiene synthase from £, amygdali codon optimized according to
the most frequent codons m the O refnfardtii chloroplast.

{30158 SEQ D NO: 26 15 2 gone encoding a phytase from £. coli codon optimized for chiloroplast expression in C.
reinhardtii

{30136} SEQ D NO: 27 is a nucleotide sequence of an artificial FLAG epitope tag linked to a MAT epitopetag by a
TEV protease site.

{BUEST} SEQ ID NO: 28 is 2 modified chloramphenicol acetyliransferase gene from E. coli with the nucleotide at
position 64 changed from an A to a G, the noclectides at positions 436, 437, and 438 were changed from TCA to AGC,
aud the wuclsotide at position 516 was changed froma Ctoa T,

{30138} SEQIDMNO: 29 1s 2 modified erythromycin esterase gene from £, coli with the nucleotide at position 153
changed froma C to a T, the nucleotide at position 1935 changed from a T to a C, the nuclectide at position 198 changed
from a A to a C, the nuclectide at position 663 changed from a T to a A, the nucleotide at position 1194 changed from a
Cto a T, and the nocleotide at position 1203 changed from a T to an A,

[B03359] SEQ 1D NO: 30 13 2 fragment of geponie DNA from S dimorphuy that encodes a region containing a portion
of the 37 end of the psb4 gene and some yntransiated region, with nucleotide 1913 of the fragment mutated froma T to
2 ¢ for the S264A mwtation, and oucleotides 1928 10 1930 mutated from CGT o AGA to generate a silent Xbal
restriction stie.

[B0I66} SEQ ID NO: 31 s a gene cncoding a eyvtosioe dearamase from £ cofli codon optimized for expression in the
chloroplast of O reinhardiii.

[B0E63} SEQ DN 32 i3 2 gene encoding a betaine aldehyde debivdrogenase from S, oleracen codon optimized
according 1o the tRNA vsage of the chloroplast of C reimbardtii.

381627 SEQ IDNG: 33 5 2 muclectide sequence of an artificial 3xHA tag hinked to a 6xHIS tag by a TEV protease
site.

[84163] SEQ DN 34 is 2 gene encoding a betaine aldehyde debydrogenase from 5. vadgeris codon optimized for
expression in the cldoroplast of C reinfardril.

iBGE64) SHQ D NO: 35 15 a gene encoding an D-alpha-bisabelene synthase from 4. grawndis codon optimized for
oxpression n the cldoroplast of C. reinhardtii.

[B0E65] SEQ D NO: 36 is 2 modified nucleotide sequence that is the reverse complement of SEQ ID NO: 37 with

extra nucleotides on the 57 and Yends; rueleotides 1-43 are extra on the 37 end and nucleotides 332-541 are extra on the
5 end.

(60166 SEQ IDNO: 37 18 a mucleotide sequence of the endogenous promoter from the pshd gene of 8. dimeorphis that
was cloned info an integration vector.

[00367] SEQ D NO: 38 is a modified mucleotide sequence that is the reverse complement of SEQ 1D NO: 39 with
extra nucleotides on the 37 end and a nucleotide insertion; nucleotides 333-716 are extra 5° sequence and nucleotides
176-18% are the insertion.

[60168] SEQ IDNO: 39 18 a nucleotide sequence of the endogenous promoter for the pshf gene of 8. dimorphus that
was cloned into integration vectors.

(601681 SEQ IDNO: 40 15 a sequence of the endogenous promoter for the psbD gene of 5. dimorphus that was cloned

into rategration vectors,
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(30170} SEQID NO: 41 s 2 modified nucleotide sequence that 15 the reverse complement of SEQ 1D NO: 42 with
extra sequence on the 57; nucleotides 337-464 are extra sequences on the 5 end, nucleotide 308 is changed froma C 1o
a T, nucleotide 310 is changed from a C to a T, and nucleotide 259 13 changed froman A to a G,

(BGE7E] SEQ I NG 42 s a nuclentide sequence of the endogenous promoter for the 64 gene of 8 dimorphuy that
was cloned into integration vectors.

§00172) SEQ D NO: 43 i 2 modified nucleotide sequence that i3 the reverse of SEQ 13 NO: 44 with extra sequences
on the 57 end; nucleotides 550-557 are extra sequences on the 57 end.

(301731 SEQ ID MNO: 44 15 a nocleotide sequence for the endogennus promoter of the rpod of 8. dimorphus.

[36174] SEQ D NG 45 15 a nucleotide sequence for the endogenons promote of the cemd gene m 8. dimorphes that
was cloned inte mtegration vectors.

{80175] SEQ ID NO: 46 is 2 modified noclectide sequence that i3 the reverse complement of SEQ D NO: 47 with an
insertion at nucleotides 233-266.

(30176} SEQ D NO: 47 15 2 nucleotide sequence for the endogenous promoter of the fsi7 gene in S, dimorphus that
was cloned mto integrabion vectors.

§BGET7) SEQ HD NGO 48 1s 2 modified nuclectide sequence of SEQ 1D NO: 49 that has extra sequences on the §7 end;
nuclectides 1-19 are extra sequences, nucleotide 404 has been changed foman Atoa T

[BG178] SEQ ID NO: 49 s a nuclectide sequence for the endogenous promoter of the rhcl, gene m §. dimorphus that
was clened into matogeation voctors,

B178] SEQ ID NG 50 i3 a wodified nuclsotide sequence of SEQ 1D NO: 51 that has 24 nucleotides truocated on the
5 end; the nucleotide at posttion 2 is changed from a G to a C, position 5 is changed from a8 A to a G, at positions 199
and 200 two T's are mserted, and at position 472 it is changed from an A toa (G,

(98186) SEQ D NO: 51 s the noclectide sequence of the endogenous promoter for the chlB gene from 8. dimorphis
that was cloned into iptegration vectors.

(84181} SEQ D NO: 32 is 2 meodified mmcleotide sequence of SEQ 1D NO: 53 where nucieotides 1-3 are extra
sequence, the nucleotide at position 442 is a G insertion, awd the R at position 482 is a result of poor sequencing.
IBGE82} SHQ D NO: 53 s a mucleotide sequence for the endogenous promoter of the peid gene i §. dimorphus that
was cloned info integration vectors.

[86183] SEQ DN 54 is 2 modified rucleotide sequence that is the reverse complement of SEQ ID NO: 55 where
mcleatides 3, R 1R, 21, 49, 37, and 82 ave insertions, nucleotides 484-503 are exira om the 37 end, nucleotide 26 4
changed from a C to a T, and nucleotide 30 is changed froman A0 2 C.

[60184] SEQ IDNO: 55 s the nucleotide sequence of the endogenous promoter for the pefB gene from 8. dimorphus
that was cloned into integration vectors.

[04385) SEQ D NO: 56 is the modified nucleotide sequence of SEQ D NO: 57 that has 3 nucleotides truncated on the
37 end.

[00186] SEQ IDNO: 57 1s the nucleotide sequence of the endogenous ternminator region for the rbel gene from S,
dimorphus that was cloned into integration vectors.

[B087 SEQ IDNO: 38 15 the nucleotide sequence of the endogenous ternunator region for the psbA gene from S

dimorphus that was cloned into integration vectors,
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[BO188} SLQ ID NO: 59 1s the nucleotide sequence of the endogenous terminator region for the psal? gene from 8§
dimorphus that was cloned into integration vectors.

[3018%] SEQ D NG 60 s a nucleic acid linker seguence (RBS1),

(B8I90] SEQ I NG 61 s a nucleic acid linker sequence (RBS2).

(30191} SEQ D NO: 62 13 the nuclectide sequence of the endogencus promeoter region for the pshD gene from D.
teriiolecia that was cloned into integration vectors.

{BO182} SEQ ID NO: 63 13 the nuclectide sequence of the endogenous promoter region for the fu/4 gene from L3
terfivlecta that was cloned into ntegration vectors.

(38193] SEQ ID NO: 64 15 the nuclsotide sequence of the endogenous tenminator region for the #hel, gene from 72
tertiolecta that was cloned into integration vectors.

(60184} SEQ ID NO: 63 1s the nuclectide sequence of the endogenous terminator region for the psbd gene from a
Dunaliella 1sclate of unknown species that was cloned mto integration vectors.

(30195] SEQ ID NO: 66 i3 PCR primer 1,

[36196] SEQ I NG 67 i3 PCR primer 2.
§B0197) SEQ 1D NO: 68 1s PUR primer 3.
[B0198] SEQ I NO: 69 45 PCR primer 4,
(361991 SEQ ID NO: 79 i3 PCR primer 5,
B6286] SEQ ID NO: 71 is PCR primer 6,
B9263] SEQIDNO: 72 &5 PCR poimer 7,
[86262] SEQ N 73 is PCR primer 8,
(36263] SEQ I NO: 74 is PCR primer 9.
{342847 SEQ I NG 75 18 PCR primer 16,
(B4265] 5EQ D NOU 76 s PCR primer 11,
[84266] SEQ D NGO 77 is PCR primer 12,
[840267] SEQ D NO: 78 is PCR primer 13,
[B268] SLEQ D NO 79 is PCE primer 14,

[34269] SEQ ID NO: 88 is PCR primer 15,
[80216] SEQ I NO: 81 is PCR primer 16,
[B4211] SEQ M NO: 82 is PCR primer 17.
[00212] SEQ D NO: 83 is PCR primer 18,
(60213} SEQ ID NO: 84 1s PCR primer 19,
(602141 SEQ D NO: 85 15 PCR primer 20,
[04215] SEQ D NO: 86 is PCR primer 21,
[0216] SEQ D NO: 87 18 POR primer 22,
Je4217] SEQ D NO: 88 1s PCR primer 23,
[60218] SEQ D NO: 89 1s PCR primer 24,
[60238] SEQ D NO: 9013 PCR primer 25,
§042261 SEQ D NO: 91 s PCR primer 26,
f60228} SEQ D NO: 9238 PCR primer 27,
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(60222} SEQID NO

(06224} S
[361225] §

(04227} SEQ ID NG
[06228]
[06229]
(06236}
(06231
(06232
10623
(06234
[0623%
106236
106237} ¢
196238] ¢
[06239] ¢

|
I
3
I

3
} e

(08241} ¢
[0@442}
Bg243} 5
166244] 5
106245

106246
186247] 9

J
|

186249} ¢
[2508] °
160251

i
[68252f SEQ IDNO:
§ SEQ IDNO:
§ SEQ D NO:
[09255] SEQ IDNO:
i
i
i

[60283
§60254

[04286f SEQ IDNO: |
[66257] SEQ IDNO:

(00288

SEQ D NO:
[00259F SEQ IDNO:
F60268] SEQ IDNO:

PCT/US2010/048828
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193 1s PCR primer 28,
[00223] SEQ D NO:
EQ D NO:
SEQ D NO:
[00226] SEQ D NO:

94 15 PCR primer 29,
95 13 PCR primer 36,
96 ts PCR primer3t
97 13 PCR primer 32.

198 is PCR primer 33
SEQ 1D NO:
SEQ D MNOG:
SEQ IDNG:
SEQ ID NO:
SEQ IDNO:
SEQ ID NO:
SEQ D NO:
SEQ D MNG:
SEQ 1D NO: |
SEQ ID NO:
SEQ IDNO:
SEQIDNG:
(38246} SEQ IDNO:
SEQ IDND: |
SEQIDNG:
SEQGIDNG:
SEQ IDNO:
SEQ IDNO:
SEQ DN
SEQ IDNO:
(30248} SEQ IDNO:
SEQIDNO:
SEQ NGO
SEQ IDNO:

98 15 PUR primer 34.
18018 PCR primer 35,
161 1s PCR primer 36.
162 1s PCR primer 37.
103 comprises a nucleic acid sequence encoding for URA3,
184 comprises a nuclete acid sequence encoding for ADED.
185 comprises a nucleic acid sequence encoding for URA3-ADEZ,
10618 a nuckeie actd linker sequence with engineered restriction sites.
167 comprises a nucleic acid sequence encoding for TRP1-ARST-CEN4 (from pYAC4),
108 comprises a nucleic acid sequence encoding for LEUZ,
109 comprises a nuclete acid sequense encoding for CC-93.
110 comprises a nueleie acid segucnce encoding for CC-94,
L1 comprises the contig segueace {CC3-CC%4) dat was wnserted ato pRS-023.
{12 coraprises the contig sequence (CC3-CC7) that was oserted 1nto pRS-023,
113 comprises a nucleic acid soquence encoding for CC-97.
{14 comprises the contig seguence (CC-CU81-CC92) that was inserted mto pLWI0G,
115 corprises a nucleic acid sequence encoding for CC-90,
116 comprises a nucleic acid sequence encoding for CC-91.
117 cornprises a nueleic acid sequence encoding for CC-92,
{18 comprises a nucleic acid sequeonce encoding for HIS3.

119 comprises a nucleie acid sequence encoding for LY S2.

20 coraprises the contig sequence (IS57-I5116-1562-1561) that was inserted into pLW 100,

121 cornprises a nueleic acid segquence encoding for 1857,
122 coraprises a nucleic acid sequence encoding for I1S116
123 comprises a nucleic acid sequence encoding for 1S62.
124 comprises a nucleic acid sequence encoding for {861,
125 is a 5,240 base pair sequence from Scenedesmus obiiquus.
126 1s the A3 homology region.

127 is the B3 homology region.

128 comprises a sequence encoding for rblcL-CAT-psbE.
129 i3 a degenerate PCR primer.

130 13 a degenerate PCR primer.

131 i3 a degenerawe POR primer.
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{80263} SEQID NO: 132 is a degenerate PCR primer.
f00262] SEQ D NO: 13319 genonuc sequence of the region encoding the pshB, pshT, psbdN, und psbi genes from £

terficlecta.

[B38263] SEQ D NG 134 is genonuc sequence of the region encoding the pehi®, palbT, psdHN, and psh# genes froma
Dunaliella of unknown species.

EﬁﬂZM} SEQ 1D NO: 133 is a partial genomic sequence of the region encoding the psbB, pshT, pshi, and pshH genes
from N. abudans; the stretch of N's represents a gap i the sequence.

(302658} SEQ ID MO [361s genonic sequence of the region encoding the psdB, psb T, psbdN, and psbH genes from an
isolate of C. vidgaris.

(30266} SEQ ID MNO: 137 15 genoniic sequence of the region encoding the pshB, psbT) psbdN, and psbH genes from T
suecica.

{80267} SEQ D MNO: 13818 PCR primer (#4682).

[38268] SLQ ID NO: 13915 PCR primer (#4982).

(38269 SEQ ID NO: 14015 PCR primer 4684,

§8027¢] SEQ D NGO 141 15 PCR primer 4685,

[80278] SEQ I NG 142 1s PCR primer 4686

(302721 SEQ ID NO: 143 35 PCR prumer 4687.

62731 SEQ IDNG: 14435 PCR primer 4688,

(30274} SEQ D NO: 14518 PCR primer 4689,

§B0275}F SEQ DN 146 corprise a nuclectide sequence encoding BRI L
[36276] SEQ I NO: 147 coryprise a nuclectide seguence encodig 1899,

(3892771 SEQ D NGO 148 corprise a nuclectide sequence encoding CAT,

(B0278) SHQ ID NOv 149 to SEQ 1D NO: 170 are PCR primers,

[84278] The present discloswre relates to methods of ransforming various species of algae, for example, algae from the
wenus Scenedesrmus and from the genus Dunaliella, vectors and pucleic acid construets useful ix conducting such
transformations, and recombinant Scenedesmeus and Dunaliella organisms produced using the vectors and methods
disclosed beremn. Tn one embodiment, the Scenedesmus sp. vtdized is Scenedasmus dimorphus. Scencdesmus sp. axe
racmibers of the Chlorophveeans a diverse assemblage of green algae. Scenedesmus 18 2 genus consisting of unicels or
flat coenobhial colonies of 2, 4, 8 or 16 hnearly arranged celis. Cells contain a single plastid with pyrenoid and
uninucieate. Scenedeswmius sp. are common inhabitants of the plankion of freshwaters and brackish waters and
occasionally form dense populations. In one embodiment, the organism utilized is from the genus Dunalielia. In
another embodiment, the Dunaliella sp. is D. tertiolecta.

[04286] One embodiment, the disclosure provides vectors usefil in the transformation of Scenedesmus sp., for
example, Scenedesmus dimorphus or Scenedesmus obliguus. In another, embodiment, the disclosure provides vectors
useful in the ransformation of Dunaliella sp., for example, Dunalielia terticlecta.  An expression cassefte can be
constructed i an appropriate vector. In some instances, the cassette is designed to express one of more protein-coding
seguences 11 a host ecll. Such veetors can be constructed using standard techmiguies known in the art. In a typical

expression cassette, the promoter or regulatory clement is positioned on the 5 or upstream side of a coding sequence

whose expression i desived. In other cassettes, a coding sequence may be flanked by sequences which allow for
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exXpression upon insertion into a target genome {e.g., muclear or plastid). For example, a nucleic acid encoding an

erzyme involved 1 the synthesis of a compound of interest, for example an isoprenoid, such that expression of the
enzyme is controlled by a naturally occurring regulatory clement. Any regulatory clement which provides exprossion
under appropriate conditions such that the mRNA or protein product 18 expressed to a level sufficient o produce usefut
arnount of the desired compound can be used.

{30281} One or more additional protein coding sequences can be operatively fused downstream or 3’ of a promoter.
Coding sequences for single proteins can be used, as well as coding sequences for fusions of two or more proteins.
Coding sequences may also contain addibonal elements that would allow the expressed protems to be targeted to the
cell surface and etther be anchored on the cell surface or be secreted to the envirommnent. A selectable marker s also
ernployed in the design of the vector for efficient selection of algae transformed by the vector. Both s selectable marker
and another sequence which one desires to introduvee may be iniroduced fused (o and downstream of a single promoter.
Alternatively, two protemn coding sequences can be introduced, each snder the controd of a promoter.

{30282} One approach to construction of a genctically mampulated strain of Scenedesmus or Dunaliclla mvolves
transformation with a nucleie acid which encodes a gene of interest, typically an enzyme capable of converting a
precursor 1mfo a fuel product or precursor of a fuel product (e.g., an isoprenocid or fatty acid), a bicimass degrading

eazymas, or an enzyme for the improvement of a characteristic of a feedstuff, In some embuodiments, a ransformation

raay introduce micleic acids nto any plastid of the host alga cell (e.g., chloroplast). In other embodiments, a
trapsformation raay introduce nuclcic acids inde the nuclear genome of the host cell. Tn s6ill other crabodimcents, a
transformatior streduces nucleic acids into both the nuclear genome and a plastid. Tn some instances, the nucleic acids

encoding proteins of wnterest {e.g., ransporters or enzyraes) are codon-biased for the ntended site of insertion (e.g

ruclear codon-biased for nsertion in the pucleus, chloroplast codon-biased for wasertion in the chloroplast).

(88283] To construct the vector, the upstream DNA sequences of a gene expressed nader control of & suntable promoter
raay be restriction mapped and areas iraportant for the expression of the protein characterized. The exact location of the
start codon of the gene is determined and, making use of this information and the restriction map, a vector may be
designed for expression of an endogenous or exogenous protein by removing the region responsibie for encoding the
gene's protein bt leaving the upsiream region found to contain the genetic materizl responsible for control of the gene's
oxpression. A synthetic oligonuciootide is typically inserted in the location where the protein sequence once was, such
that any additional gene could be cloned in using restriction endonuciease sites in the synthetic oligonucleotide (e
multicloning site). An unrelated gene {or coding sequence) inserted at this site wonld then be under the control of an
extant start codon and upstream regulatory region that will drive expression of the foreign (i.e., not novmally there)
protein encoded by this gene, Once the gene for the foreign protein is put into a cloning vector, it can be miroduced into
the host organism using any of several methods, some of which might be particular to the host organism. Variations on
these methods are amply described in the general literature.

F0284] The term “exogenous” is used herein i a comparative sense fo indicate that a nucleotide sequence {or

polypeptide) being referred to 1s from a source other than a reference source and is different from the sequence of the

reference, or 1s linked 1o a second nucleotide sequence {or polypeptide) with wiich it is not normally associated, or is
modified such that it is i a form that is not normally assoeiated with a reference material. For example, a
polynucleotide encoding an enzyme 18 exogenos with respect to a nucleotide sequence of a chloroplast, where the

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

{B36285] Polynucleotides encoding enzymes and other proteins useful in the present disclosure miay be isolated and/or
synthesized by any means known in the art, including, but not imited to cloning, sub-clonmg, and PCR. A vector
herein may encode polypeptidels) having a role in the mevalonate pathway, such as, for example, thiolase, HMG-CoA
synthase, HMG-CoA reductase, mevalonate kinase, phosphemevalonate kinase, and mevalonate-S-pyrophosphate
decarboxylase. In other embodiments, the polypeptides are enzymes in the non-mevalonate pathway, such as DOXP
synthase, DOXP reduoctase, 4-diphosphocytidyl-2-Cooethyl-Drerythoito] synthase, 4-diphophocytidyl-2-Comethyl-D-
erythritol kinase, 2-C-methyl-D-erythritol 2,4 -cyclodiphosphate synthase, HMB-PP synthase, HMB-FP reductase, or
DOXF reductoisomerase.

{88286] One embodiment s directed o a vector comprising a nucleic acid enceding an enzyme capable of modulating a
fusicoccadiene biosynthetic pathway. Suoch a vector may further comprise a promoter for expression of the nuclec acid
o algae. Nucleic acid(s) inchided in such vectors may contain 3 codon biased form of a gene, optimized for expression
i1 2 host organism of choice. In one embodiment, the fusicoccadiene produced is fusicocea-2,10(14)-diene. Another
aspect of the present disclosure is directed to a vector comprising a nocleic acid encoding an enzyme that produces a
fustcoocadiens when the vector is integrated 1o a genoree of an organism, such as photosyathetic algae, whersin the
organism doss not produce fusicoccadicone without the veotor and whercin the fusicoccadicnc is metabolically active
1o the orgamism,

§60287} Further provided herein is a method of productag a fuel product, comprising: a) transforming 2 Scemedesmius sp

o Dunaliella sp., wherein the transformation results o the production or increased production of a fisicoccadiene; b
collecting the fusicoccadicne from the organism; and ¢) using the fusicoccadiens to produce a fuel product.

{30288} The present disclosure also conternplates host cells making polypeptides that coniribute fo the secretion of fatly
acids, lipids or oils, by transforming host cells {e.2., algal cells) and/or organisms comprising host cefis with aucleic
acids encoding one or yoore different transporters. o some emnbodiments, the hose cells or organisms are alse
trapsformed with ope or miore enzymes that contribute to the production of fatty acids, lipids or oils are anabolic

onzyrees. Some examples of anabolic enzymes that contribute o the systhesis of fatty acids maclude, but are aot imited

to, acetvl-CoA carboxylase, ketoreductase, thioesterase, malonyltransferase, dehydratase, acyl-CoA ligase,
ketoacylsynthase, enoylreductase and a desaturase. In some embodiments, the enzymes are catabolic or biodegrading
enzymes. Insome embodiments, a single enzyvmae is produced.

[60289] Some host cells may be transformed with multiple genes encoding one or more enzymes. For example, 2
single transformed cell may contain exogenous nucleic acids encoding enzymes that make up an entire synthesis
pathway. Omne example of a pathway might include genes encoding an acetyl CoA carboxylase, a malonyltransferase, a
ketoacylsynthase, and a thioesterase. Cells transformed with entire pathvays and/or enzymes extracted from those
cells, can synthesize complete fatty acids or intermediates of the fatty acid synthesis pathway. Constructs may contain
mulitple copies of the same gene, multiple genes encoding the same enzyme from different organisms, and/or multiple
genes with one or more mufations in the coding sequence(s).

§602981 In some instances, the host cell will natuwally produce the fatty acid, lipid, triglyeeride or oil of interest. Thus,

transformation of the host cell with a polynuclectide encoding a transport protein will allow for secretion or inereased
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secretion of the molecule of interest from the cell. In other instances, the host cell is ransformed with a polynuclectide
encoding one or more enzymes necessary for the production of the molecule of mterest. The enzymes produced by the
modified celis result in the production of fatty acids, hipids, triglycerides or cils that may be coliected from the cells
aud/or the surronmding environment {e.g., bioreactor, growth medivm). o sonw enthodiments, the eollection of the
fatty acids, lipids, triglyeerides or oils is performed after the product is seereted from the cell via a cell membrane
fransporter.

{80293} Synthesis of fatty acids, lipids or oils can also be accomplished by engincering a cell to express an accessory
molecsle or modulation molecule, Tn certain embodiments, the aceessory molecale 1s an enzyme that produces a
substrate utthzed by a fatty acid synthesizang enzyme. In sowe ssubodiments the accessory o modulation molecsle
contributes to the growth or nourishment of the biomass,

(3292} Anc

iriviaao (3o
NG DHOREL

§B0293

degrading enzyme and a promoter for expression of said biomass degrading enzymes in a chloroplast. Such
cornpositions yoay contain roultiple copies of 2 particular vector encoding a particular enzyme. In some instanees, the
vectors will coptain nucleic acids encoding cellulolytic, hemiceliulolvtic and/or ligninolytic enzymes. More specifically,
the plurality of vectors may contain vectors capable of expressing exo-f-glucanase, endo-§- glusanase, §-glucosidase,
endoxylanase and/or lignase. Some of the vectors of this embodiment are capable of tnsertion ko a chloroplast
genomne and such fsertion can lead to dismuption of the photosynthetic capahility of the transformed chloraplast.
Insertion of other vectors into a chioroplast genome does not disrupt photosynthetic capability of the transformed
chioroplast. Some vectors provide for expression of biomass degrading enzymes which are sequestered ina
transformed chloroplast.

[60294] Another vector encodes a plurality of distinct biomass degrading enzymes and a promoter for expression of the
biomass degrading enzymes in a nop- vascular photosyothetic organism. The biomass degrading enzymeas may be one
or more of cellulotlytic, hemicellulolytic or ligninolytic enzymes. In some vectors, the plurality of distinet biomass
degrading enzymes is two or more of exo-f-glucanage, endo- B-glucanase, B-ghicosidase, lignase and endoxylanase. In
some embodiments, the phurality of enzymes is operatively linked. In other embodiments, the plarality of enzymes is
expressed as a functional protein complex. Insertion of some vectors mite a host cell genome does not disrupt

photosynthetic capahility of the organism. Vectors epcoding a plurality of distinet enzymes, may lead to prodection of
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enzymes which are sequestered in a chloroplast of a transformed organism. The present disclosure also provides an

algal cell and 1n particular a Scenedemus sp. o . transformed with a vector encoding a plarality of distinct
enzymes. For some embodiments, the organism may be grown in the absence of hight and/or in the presence of an
orgaitic carbon souree.

{30298} Yet another aspect provides a genetically modified chloroplast of a Scenedemus sp. © » producing

one or more biomass degrading enzymes. Such enzymes may be cellulolytic, hemicellulolytic or ligninolytic enzymes,
aud more specifically, may be an exo-P-glocanase, an endo-f-glucanase, a P-glacosidase, an endoxylanase, « lignase
aud/or combinations thereof. The one or more enzymes are be sequestered in the chloroplast in some cribodiments.
The present disclosure alse provides photosynthetic orgamsms containing the genetcally yndificd chiloroplasts of the
present disclosure.

(06296} ¥

i another method of the present disclosure

ep of this method includes
treating a biomass with one or more biomass degrading snzyvimes denived from & photosynthetic, nonvascular crgamsim
tor a sufficient amounant of time to degrade at least a portion of said biomass. The biofuel produced may be ethanol. The
enzymes of this method roay contain at feast traces of said photosynihetic nonvascular organism from which they are
derived. Additionatly, the enzyroes useful for some embodirnents of this method include cetiulolytic, hemicellulolytic
and Hgatolytic enzymes, Specific enzymes useful for some aspects of this method include exo-f-glucanase, endo-f-
glucanase, [-glocosidase, endoxylanase, and/or lignase. Multiple fypes of biomass including agricultural waste, paper
mill wasie, corn stover, wheat siover, soy stover, switchgrass, duckweed, poplar trees, woodchips, sawdust, wet distilier
grain, dray distiller graim, human waste, newspaper, recycled paper prodacts, or human garbage may be treated with this
method of the disclosure. Biomass may also be derived from a high-celinlose content organism, such as switchgrass or
duckweed. The enzyme(s) used in this method may be liberated from the organism and this liberation may involve
chemical or mechantcal disruption of the celis of the organism. In an altemate embodiment, the enzyne(s) are secreted
from the organism and then collected from a culture medium. The treatment of the biomass may involve a fermentation
process, which may utilize a microorgamisim other than the organism which produced the enzyme(s). In some instances
the non-vascular photosynthetic organism may be added to a saccharification tank. This embodiment may also
comprise the step of collecting the biofuel. Collection may be performed by distillation. In some instances, the biofuel
is mixed with another fuel

(00298} An
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EMESM} Aunnther aspect provides host organisms or cells disclosed herein (e.g. Scenedesmus sp o 3 that
have been genetically modified or modified {e.g. by methods disclosed herein) for use as a feedstock. The compositions
of genetically modified algae disclosed here can be used directly ar a feedstock or can be added to a feedstock to
generate a modified or improved feedstock. For example a composition can comprise 4 feedstock and a genetically
modified algae. Genetic modification of an algae can coroprise enginecring an algae {0 eXpress one Of MOTE CRZYINCS,
In somne aspects the ewynue can be a biomass degrading enzyme and in some aspects the cnzyme can be a biosynthetic
erzyme. Genetically modified algae can also express both types of enzyimes (e.g. a biomass degrading enzyme and a
biogynthetic enzyme). The enzyme expressed can be one that 1 naturally expressed in the algae or not naturatly
expressed i the algae. In some aspects the enzyme produced 1s not naturally expressed in the algae. For example an
erizyme {¢.g. a biomass degrading enzyme) can be an exogenous enzyme. In another example & composition can
comprise a feedstock and a genetically modified algae wherem the algae is ruodified o increase the expression of a
naturally ocougring enzymme {e.g. a biomass-degrading enzyme). In some aspects an enzyme can be secreted from a

genetically modified algae or added to the feedstock as an independent ingredient.

[38385] Biomass degrading enzyrues can improve the outoest value of an exsting feedstock by breaking down
coraplex componcuts of the focdstock {¢.g. tndigestible componcnts) inte coraponends that can be absorbed and used by
the anirnal. A biomass-degrading enzyme can be expressed and retained in the algae or secreted or expelied (e,
produced ex vivo) from the zigae, Genetically medified algae that provide the biomass degrading enzymes can also be
utihzed by the ammal for the inherent nutriont value of the algae. For example a composition can corapriss a feedstock,
a genetically modified a&gaw and a hiomass-degrading enzyme that s ¢x vivo 1o the genetically modified algae, In
another example a genetically modified algae s modified to increase expression of 2 paturally occurring blomass-
degrading enzyme.

§B03686] The expression of certain exogenous biosynthetic enzyyoes in an algae can allow the blosynthesis of nuirient
rich tipids, fatty acids and carbohydrates. Genetically modified algae that express such nutrient rich coruponents can be
added tc an existing feedstock to supplement the nutaitional value of the feedstock. I some aspects such genetically
raodified algae can comprise as rouch as 100% of the feedstock.  Algac can be genetically modified to produce or
tncrease production of one or more faty acids, hpids or hydrocarhons. T one example 2 genetically modified afgae
coraprise an exogenous nucleic acid encoding an enzyme in an isoprenoid biosynthesis pathway. In some aspects a
genetically modified algae can have a higher conterit, or an altered content, or a different content of, for example, fatty
acids, lipids or hydrocarbons {e.g. isoprenoids) than an unmodified algae of the same species. For example, the
modified algae can produce more of a desired isoprenoid, and/or produce an isoprenoid that the algae does not normally

rotds that are nomnally produced but at different amounts than are produced in an

produce, and/or produce isopr
unmodified algae.

{60387} Therefore i one aspect a composition can comprise a feedstock and a genetically modified algae wheretn the
algae has a higher ipd, fatty acid, or isoprenoid content relative to an vumodified algac of the same species. The

biosynthetic enzymes can also be one found in a mevalonate pathway. For example the enzyme can be famesyi
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pyrophosphate synthase, geranyl geranyl phosphate synthase, squalene synthase, thioesterase, or fatty acyl-CoA
desaturase.

[303881 An improved feedstock can be comprised entirefy or partially of a genetically modified algac. In some aspeets
a geaetically modified algae can be added to a composition to generate au improved feedstock. The composition nay
not be considered a feedstock suitable for consumption by animals until after the addition of 2 genetically modified
algae. In some aspects a genetically modified algae can be added to an existing feedstock to generate an improved
feadstock. In some aspects a genetically modified algae can be added to an existing foedstock at a ratio of at least 1.2¢
(weight of algae/wt of feedstock). In some aspects an improved feedstock can comprises up to 16, 20, 36, 40, 50, 68,
76, 80, 80, 95, ov 100 percent of a genetically modified algas. In sowie aspects a viable genstically modified algae can
be added to a feedstock {e.g. a3 a seed culture} at 3 concentration of less than 3% (w/w) of the feedstock wherein the
genetically modified algae moltiplies to become vp to 10, 20, 30, 40, 50, 60, 70, 80, 90 or 95% percent of the feedstock
(whw). A feedstock or tmproved feedstock can alse comprise additional nutnients, mgredients or supplements (e.g.
vitaruins). An improved feedstock comprising a genetically modified algae can also comprise any normal ingredient of
an amimal feed mcludimg but not linoted any vegetable, fruit, seed, root, flower, Teaf, stem, stalk or plant product of any
plant. Anmproved feedstock comprising a genetically modified algas can alse comprise any anirnal parts or products
(e.g. meat, bone, milk, excrement, skin). An improved feedsiosk comprising a genstically modified NVPO can also
coruprise any product or bi-product of a manufacturng process (e.g. sawdust or brewers waste). Additional non
Hrwting exaroples of ingredicats of a focdstock or an improved feedstock as disclosed herein include alfalfs, barley,
blood meal, grass, legomes, sdage, best, bone meal, brewer graim, brewer’s yeast, broor grass, carvot, cattle manure,
clover, coffee, comn, corn glutten meal, distitier graing, poultry fat, grape, hominy feed, hop leaves, spent hops,
raolasses, oats, algae, peamits, potato, poultry btter, poultry manure, vape meal, tye, safflower, sorghum, sovhean, soy,
sunflower meal, fimothy hay, or triticale. Therefore in oae aspect a composition can corprise a feedstock and a
genctically modified NVPO wherein the feedstock comprises one or more of altalfa, bariey, blood meal, beet, bone
meal, brewer grain, brewer’s yeast, broom grass, carnrotf, cattle manure, clover, coffee, com, corn glatten meal, distifler
wrains, poultry fat, grape, hominy feed, Bop leaves, speat hops, molasses, oats, algae, peanuts, potaio, pouliry litter,

poultry manure, rape meak, rye, safflower, sorghum, sovbean, soy, sanflower meal, timothy hay, or triticale.

.

iB4369] In some aspect a genctically modified algae can be used for a purpose {e.g. 1 producing a recombinant product
or biofucl) and the romaining portion thereof can be used for an improved foeedstock. Therefore an improved feedstock
can comprise a portion of a genetically modified algae. For example a composition of an animal feed ingredient can

g. after hexane

B

coraprise of whole and/or defatted algae (c.g. after removal of fatty acids, lipids or hydrocarbors, e
extraction) or a mixture of whole and defatted algae, which provides both the feed enzyme and the inherent miutritive
value of the algae. In another example a genetically modified algae can be washed, dehydrated, centrifuged, filtered,

defatted, lysed, dried, processed (e.g. extracted), or milled. The remaining portion thereof can be used as a feedstock, as

an roved feedstock or as a supplement to tmprove a feedstock. For example a composition can comprise a feedstock

and a portion of a genetically modified algae wherein the genetically modified algae is at least partially depleted of a
lipid, fatty acid, isoprenoid, carotencid, carbohydrate, or selected protein. The genetically modified algae can also be
genetically modificd to produce a biomass-degrading enzyme as disclosed herein.

§60318] Methods of generating, modifying, supplementing or improving a feedstock composition are also disclosed

berein. The muethods can comprise combining a genotically modified algae or 2 portion thereof with a feedstock to
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generate the improved feedstock. In one example the method comprises removing a lipid, fatty acid, isoprenoid, or
carbohydrate from a genetically modified algae. The remaining genetically modified algae, or a portion thereof, can be
combined with a feedstock o generate the improved feedstock composition. In one fzxamplc of the method the
maodified algae does not express an exogenons phytase. The genetically modified algae or a portion thereof can
comprise a nacleie acid {2.g. an exogencus nucleic acid). The nucleic acid can be a vector. In one example of the
method, the nueleic acid encodes a biomass degrading enzyme. The biomass-degrading enzyme can be 2 galactanase,
xylanase, protease, carbohydrase, lipase, reductase, oxidase, ransghytamminase, or phytase. The bicmass-degrading
crizyme can be a carbohydrase wherein the carbohydrase is an g-amylase, B-amylase, endo-B-ghicaunase, endoxylanase,
[inannanase, a-galactosidase, or pullolanase. The biomass-degrading enzyuie can be a protease wherein the protease is
a subtilising bromelain, or fungal acid-stable protease. The biomass-degrading enzyme can be a phiytase. In another
example of the method the genetically modified NVPO further comprises an exogenous nucleic acid encoding an
euzyme in an isoprenoid biosyathesis pathway. The enzyme 1o the 1soprenoid bicsynthesis pathway can be farnesyl
pyrophosphate synthase, geranyl geranyl phosphate synthase, squalene synthase, thioesterase, or fatty acyl-CoA
desaturase. The euzyme in the isoprenoid biosynthesis pathway can be in 2 mevalonate pathway. In vet another
example of the method, the method can further comprise removing & lipid, fatty acid, or isoprenoid, from the genetically

madified NVPO prior 1o combintng with a feedstock to generate the tmproved feedstock.

(38311} Candidate genes for directing the expression of proteiss {(e.g. enzymuss) w1 genetically modified algae forvse 1n

ammal feeds can be obtained frora a variety of organisms ctuding cukaryetcs, prokaryotcs, or viruses. Insome
rastances, an expressed enzyme s one member of a metabolic pathway (e.g. ansoprenoid iosyothesis pathway).
Several enzymes may be mtroduced into the algae to produce tnereased levels of desired metabolites, or several
enzyrees may be intreduced to produce a algae containing multiple useful feed enzyme activities (e.g. sireultancous
production of xylanase, ondo-8-glucanase, and phytase activities),

F60312] Feed enryimes can be expressed 1n host orgamsms {e.g. Scenedesmus sp.y and punified to 2 vsefl level. The
purified epzymes can be added to aniral feed in a manner similar 10 current practice. Feed enzymes cau also be
expressed in bost organisius (2.8, algae), and the resulting host organisms <an be added 25 a feed mgredient, adding both
outritive vatue and desived cozyrae activity & the anirnal feed product, In this application, the genctically modified host
organtsius can be added to a feedstock alive, whole and non-viable or as a lysate whereis the host orgamsins are lysed
by aay suitable means (c.g. physical, chemical or thermal).

(60313} Many animal feeds can contain plant seeds, including soybeans, maize, wheat, aad barfey anong others, Plant
seeds can contain high fevels of myo-inositol polyphosphate (phytic acid). This phytic acid 1s indigestible to non-
ruminant animals, and so foeds with high lovels of phytic acid may have low lovels of bisavailable phosphorous. The
phytic acid can also chelate many important nutntive minerals, such as calciwn and magnestum. Incorporation of a

phytase mnto the feed, which can act in the animals upper gut, can release both the chelated mineral suirients and

%

ignificant levels of bioavailable phosphorous, The net result is that fess free phosphorous needs 10 be added to the
animal feed product. In addition, phosphorous levels in the excreta can be reduced, which can reduce downstream
phosphorous pollution.

{60314} Genetically modified algae that express phytases or similar enzymes can be added to a feedstock to unprove
the nutrient or digestible properties of the feed. Phytases contemplated for yse herein can be from any organism (e.g.

bacterial or fungal derived). Non limiting examples of types of phytases contemplated for use herein include 3-phytase
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(alternative name 1- phytase; a myo-mositol hexaphosphate 3-phosphohydrolase, EC 3.1.3.8), 4- phytase (alternative
nanie 6-phytase, name based on 1 L-numbering systen: and not § D- numbering, EC 3.1.3.26), and S-phytase (EC
3.1.3.72). Additional non Himiting examples of phytases include microbial phivtases, such as fungal, yeast or bactenial
phytases such as disclosed in BEP 084313, US 6139902, BP 420358, WO 97/35017, WO 9R/28408, W 9R/28409, 1P 1
1600164, WOU8/13480, AU 724094, W 97/33976, 1S 8110719, WO 20606/038062, W3 2006/038128, WO
2004/085638, WO 2006/037328, WO 2006/037327, WO 2006/043178, US 3830732 and under UniProt designations
P34753, P34752, P34755, 000093, §31097, PA2094, 066037 and P34754 (UniProt, (2005} http/wwyv.aniprot.org).

7

Polypeptides having an amino acid scquence of at least 73% 1dentity to an amino acid sequence {comprising the active
site) of any oue of the phytases disclosed above are alse contemplated for ase hevenn. In one example a conposition can
comprise a feedstock and a genetically modified algae. The genetically modified algae can be genetically modified to
produece a bicmass-degrading enzyme such as a phytase. In one aspect the phytase 18 a phytase of bacterial or fungal
origin. In one aspect the biomass-degrading enzyme 18 an enzyme other than a phytase.

{30315} Many plant pasts {e.g. seeds, fruts, stems, roots, leaves and Howersy from plants such as, for example,
soybeans, wheat, and barley contain polysaccharides that are indigestible by some animals (e.g. non-rurninant amrsals).
Neun limiting examples of such carbohydrates melude xylans, raffinose, stachyose, and glucans. The presence of
indigestible carbohydrates in animaal feed can reduce mutrient availability. Indigestible carbohydrates in pouoltry feed can

reswlt 1 sticky feces, which can increase dise

s¢ levels. The presence of one or more carbohydrate degrading enzymes

{e.g. w-amylasc) in the animal feed can help break down polysaccharides, increase nutrient availability, increase the bio-
vailable energy content of the antmal feed, and reduce health risks. Nou Hmiting examples of carbohydrate degrading
cuzyrees conteraplated for use borein nctude amylascs (o.g. e-amylase and f-amylasc), B-mannanasc, maltase, Iactase,
B-ghicanase, endo-B-glucanase, glucose isomerase, endoxylanase, a-galastosidase, glucose oxidase, pullulanase,
invertase and any carbohydrate digesting enzyme of bacterial, fungal, plant or anirnal origin. In one example a
composition can comprise a feedstoek and a genetically modified algae. The genetically modified algae can be

genetically modified to produce a biomass-degrading enzyime such as a carbohydrase. In one agpect the carbohydrase

can he an g-amylase, B-amylase, endo-B-glucanase, endoxylanase, frnanmanase, n-galactosidase, or pullolanase,
{60316] Many feedstocks contain plant parts (e.g. seeds) with anti-nutritive proteins (e.g. protease mhibitors, amylase
inhibitors and others) that reduce the availability of nutrients in an animal feed. Addition of a broad spectrum protease
e.g. bromelain, subtilising, or 3 fungal acid-stable protease) can break down these anti-nutritive proteins and increase the
availability of nutrients in the animal’s feed. Non lmiting examples of proteases contemplated for ase herein include
endopeptidases and exopeptidases. Non Hmiting examples of proteases conternplated for use herein inchsde serine
proteases (e.g. subtilising, chymotrypsias, glotamyl peptidases, dipeptidyl-peptidases, carboxypeptidases, dipeptidases,
and dmi"i(){?t,"‘ﬂdd‘;é‘\}, cyteine profeases (e.g. papain, calpain-2, and papain-like peptidases and bromelamn}, aspartic
peptidases (e.g pepsins and pepsin A}, ghutamic proteases, threonine proteases, fungal acid proteases and acid stable

proteases such as those disclosed i (US 6853548}, 1n one example a composition can comprise a feedstock and a

genetically modified algae. The genetically modified algae can be genetically modified o produce a biomass-degrading
enzyme such as a protease. In one aspect the protease can be a subtilisin, bromelain or fungal acid-stable protease,
[09317] Nos hmiting examples of lipases contemplated for use heorstn include panersatic lipass, lysosomal lipass
bvsosommal acid Tpase, acid cholesteryl cstor hiydrolase, hopatic lipase, Hpoprotein lipase, gastrie lipase, endotholial

hipase, pancreatic fipase related protein 2, pancreatic lipase related protein 1, lingual lipase and phospholipases (..
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phospholipase AL(EC 3.1.1.32), phospholipase AZ, phospholipase B (lysophospholipase), phospholipase C and
phospholipase D).

{33181 An improved feedstock can be generated by combining a feedstock with a algae that is genctically altered to
produce an enzyme {e.g. a carbobydrase, profease of lipase). In some aspects the enzyme 18 produced ex vivo to the
organism. [n some aspects the enzyme is secreted. Enzymes produced ex vivo to the organisms can break down
components of a feedstock prior to ingestion by an animal. Therefore an improved feedstock can be generated by
conbining & feedstock with an algae that is genetically altered to produce an enzvme {2.g. a carbohydrase, protease or

tipase) and subjecting the mixture to a holding period. A holding period can allow the genetically altered algac o

nudtiphy and (o secrete more enzyme into the feedstock. A biolding period can be from several bours up fo several days.
In some aspects a holding pericd s forupt 1, 2,3, 4, 5,6, 7, 8, 9 or 18 days.  In some aspects 2 holding pertod s for
up to several days to several weeks, In some aspects a holding pentod 1s indefinite. An indefinnte holding period aflows
intermittent removal and vse of the tmproved feedstock and ntermittent addition of the base feedstock

(303191 Hoest Cells or Host Organisins

{86326] Bromass useful i the methods and systems deseribed herein can be obtaiaed from host cells or host orgamsms,
{30323} A host cell can contain a polynucleotide encoding a polypeptide of the present disclosure, fnsome
embodiments, a host cell s part of a multicsllular orgamism. In other embodiments, a host cell is cultured as 2
uniceliar organisi.

(30322} Host organisms can inchude any suitable host, for exarple, a microorganisrn. Microorganismus which are
uscful for the roethods descabed heren mclude, for example, photosynthetic bacteria {e.g., cyanchacteria), noxn-

photosynthetic bacteria (e.g., F. coft), yeast {e.g., Soccharomypces cerevisiae), and algae (e. g., microalgae such as

M

Chlamydomonas reivhardtii,

{34323} Examaples of host organisms that can be transtormed with a polvmucleotide of ixterest (for example, a
polynucleotide that encedes a protein involved in the isoprenoid biosynthesis pathway) include vascnlar and non-
vascular organisms. The organism can be prokaryotic or eukaryotic. The organism can be unicellalar or multiceliular.
A host orgamisg s an organisye comprising 2 host cell, In other embodiments, the host organism {5 photosynthetic. A
photosyntbetic organiso: is one that natueally photosynthesizes (e.g., an alga) or that is geoctically engiveered or
otherwise modified to be photosynthetic. n some instances, a photosynthetic organisot may be transformed with a
constrict or vector of the disclosure which renders all or part of the photosynthetic apparatus inoperable.

[8324] By way of example, 2 non-vascular photosynthetic microalga species (for example, O rainhardiil,
Nannochioropsis oceania, N. saling, D. saling, H. pluvalis, 8. dimorphus, D. viridis, Chlorella sp., and D. tertiolecta)
can be genetically engineered to produce a polypeptide of interest, for example a fusicoccadiene synthase or an FPP
synthase. Production of a fusicoccadiene synthase or an FPP synthase in these microalgae can be achieved by
engineering the microalgae to express the fusicoccadiene synthase or FPP synthase in the algal chioroplast or nucleus.
[30325) In other embodiments the bost organisim is a vascular plant. Non-limiting examples of such plants include
various monocots and dicots, including high oil seed plants such as high oil seed Brassica (e.g., Brassica nigra,
Brassica napus, Brassica hivia, Brassica rapa, Brassica campesiris, Brassica cavinata, and Brassica juncea), soybean
{Glveine max), castor bean (Ricinus communis), cotton, satflower (Carthamus tinctoriusy, sunflower (Helianihus

amruus), flax (Linum usiiarissimum), com {Zea mays), coconut {Cacos mucifera), pabm (Elaeis guineensis), o1l mut trees
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such as olive {Dlea enrcpaeay, sesame, and peanut (Arachis hypogaea), as well as Arabidopsis, tobacco, wheat, barley,
oats, amaranth, potato, rice, tomato, and legumes {¢.g., peas, beans, lentils, alfalfa, etc.).

{88326] The host ccll can be prokaryotic. Examples of some prokaryotic organisms of the present disclosure include,
het are not imited to, cyanchacteria {e.g., Synechococcus, Synechacystis, Athraspiva, Gleocapsa, Osciflotoria, and,
Prendoonabaena). Suitable prokaryotic cells include, but are not limited to, any of a variety of laboratory strains of
Eacherichia coli, Lactobacillus sp., Salmonella sp., and Shigella sp. (for exanmple, as described in Carrier et al. (1992} J.
Immunoel 148:1176-1181; U.S, Pat, No, 6,447,784; and Sizemore et al, {1995} Setence 270:299-302), Examples of
Salmonella strains which can be employed in the present disclosure wctude, bat are not bnited to, Salmonella typhi and
5. typhasuriam. Suitabls Shigella strains include, buot are not linited to, Shigella flexner, Shigella soones, and Shigelia
disenteriae. Typicaily, the laboratory strain is one that is non-pathogenic. Non-Hmiting examples of other suitable
bacteria mclude, byt are uot himited to, Pseudomonas pudita, Pseudomonas aeruginosa, Pseudomonas mevalonit,
Rbodobacter sphaeroides, Rhodobacter capsulatus, Rhodospiriitum rubrum, and Rhodococcas sp.

{30327} In some embodiments, the host orgamsin 15 eukaryotic (e.g. green algae, red algae, brown algac). In some
ernbodiments, the algae 15 a green algae, for exarple, a Chlorophyeean, The algae can be umcelhdar or rmudticeltular,
suitable enkaryotic host cells inchude, but are not limuted to, yeast cells, insect cells, plant cells, fungal cells, and algal
cells, Suitable eukaryotic bost cells include, but are not limited to, Pichia pastoris, Pichie finlandica, Pichia trebalophila,
Pichia koclamae, Pichia membranaefaciens, Pichia opuntiae, Pichia thenmotolerans, Pichia salictaria, Puchia guercoum,
Picbia prjport, Pichia stiptis, Pichia mcthanclica, Pichia sp., Saccharomyecs ccrevisiae, Saccharomyecs sp., Hanscouda
polymarpha, Khuyveromycees sp., Kluyveromyoes lactis, Candida albicans, Aspergilius vadulans, Aspergiflus niger,

Aspergiilus oryzae, Trichoderma reesed, Ch;’ysasporium ocknowense, Pusarium sp., Fusarium gramineum, Fusarfum

venenatiun, Neurospora crassa, and Chlamydoraonas reinbardts. In other embodiments, the host cell is a microalga
{e.g., Chiamyvdomonas reinhardtii, Dunaliclla saling, Hoematococcus pluvialis, Nannochioropsis oceania, N. saling,
Scenedesmus dimorphus, Chioretla spp., D. viridis, or . fertiolecta).

(84328} In some instances the organisin is a rhodophyie, chiorophyte, heterokontophyte, iribophyte, glancophyts,
chloraractiophyte, euglenotd, haptophyte, cryptomonad, dinoflagetlur, or ghytoplankion,

130329} Io some instances 2 host organisre is vascular and photosyathetic. Examples of vascular plants include, but arc
not linited to, angiosperms, gyranospers, thyniophytes, or other tracheophytes.

{84336} In some instances a host organism is non-vascular and photosynthetic, As unsed herein, the terot “nos-vascular
phatosynthetic orgamism,” refers to any macroscopic or microscopic organism, inclading, bot not imited to, algae,
cyanobacteria and photosynthetic bacteria, which does not have a vascular system such as that found in vascular plants,
Examples of non-vascular photosynthetic organisms include bryophtyes, such as marchantiophytes or
anthocerotophytes. In some instances the organism is a cyanobacteria. [ some instances, the organism is algae (e.g
macroalgae or microalgae). The algac can be unicelinlar or multicellular algae. For example, the microalgae
Chiamydomonas reinhardrii may be wansfonmed with a vector, or a linearized portion thereof, encoding one or more
proteins of interest (e.g., a protein involved in the isoprencid biosynthesis pathway).

{60331} Methods for algal transformation are described in U.S. Provisional Patent Application No. 60/142,091. The
mothods of the present disclosure can be carried out using algae, for example, the microalga, (7 reinkarddi. The vse of

microalgae to express a polypeptide or protein complex according to a method of the disclosure provides the advantage
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that large populations of the microalgae can be grown, including commercially (Cyanotech Corp.; Kailua-¥Kona HI),
thus allowing for production and. tf desired, 1solation of large amounts of a desired product.

{30332} The vectors of the present disclosure may be capable of stable or transient transformation of multiple
photosynthetic organisms, wcluding, but not limited fo, photosynthetic bacteria (inchiding cyancbacteria), cyasophyta,
prochiorophyta, thodophyta, chlorophyta, heterckontophyta, tribophyta, glascophyta, chlorarachniophytes,
euglenophyta, euglenoids, haptophyta, chrysophyta, cryptophyta, cryptomonads, dinophyta, dinoflagellata,
pyrrmesiophyta, bacillariophyvia, xanthophyta, eustigmatophyta, raphidophyta, phaeophyta, and phytoplankton. Other
veetors of the present disclosure are capable of stable or transient transformation of, for example, €. reinfsardiii, N.
oceunia, N. safine, O saling, K. pluvalis, 8. dimorphus, D. viridis, or D, tertiolecta.

{80333} Examples of appropriate hosts, include but are not limited to: bacterial eells, such as E. coli, Streptomyces,
Salmonetia typhimurium; fungal cells, such as yeast; inseot cells, such as Drosophila 52 and Spodoptera S£9; animal
cells, such as CHO, COS or Bowes melanoma; adenoviruses; and plant cells. The selection of an appropriate host is
deemed to be within the scope of those skilied in the art,

{86334} Polynucleotides selected and 1solated as described herein are infroduced ito a swtable host cell, A suatable
host cell is any cell which is capable of promoting recombination and/or reductive reassortment, The selected
polymucleotides can be, for example, 1 a vector which ncludes appropriate control sequences. The host cell can be, for
example, a higher sukaryotic cell, such as a reammalan cell, or a lower sukaryotic cell, such as a yeast cell, or the host
cell can be a prokaryotic coll, such as a bacterial ecll. Introduction of a coustruct (vector) indo the Bost ecl] can be
effectad by, for example, caloiwro ghosphate transfection, DEAE-Dextras mediated teaosfoction, or electroporation.
§30335} Recombinant polypeptides, inchuding protein complexes, can be expressed in plants, allowing for the
production of crops of such plants and, therefore, the ability to convendently produce large amounts of a desired product.
Accordingly, the methods of the disclosure can be practiced using any plant, including, for example, microalga and
raacroalgae, (such as manne algae and seaweeds), as well as plants that grow in soil.

(84336} In one embodiment, the bost cell is 2 plant. The term “plant” is used broadly herein to refer to a cukaryatic
organism coptatming plastids, such as chioroplasts, and includes apy such orgamism at any stage of developmen, or to
part of 3 plant, including a plant cutting, a plant cell, a plant cell culture, a plant organ, a plant seed, and a plantlet. &
plant cell is the structural and physiclogical unit of the plant, comprising a protoplast and a cell wall. A plant cell can be
10 the foom of an isolated single cell or a cultured cell, or can be part of bigher organized unit, for example, a plant
tissue, plant organ, or plant. Thus, a plant cell can be a protoplast, 2 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 celis and is capable of
regenerating into a whole plant, is considered plant cell for purposes of this disclosure. A plant tissue or plant organ can
be a seed, protoplast, callus, or any other groups of plant cells that is organized into a structural or functional unit.
Particularly useful parts of a plant include harvestable parts and parts useful for propagation of progeny plants. A
harvestable part of 2 plant can be any usefl part of a plang, for example, flowers, polien, seedlings, tubers, leaves,
stems, fruit, seeds, and roots. A part of a plant aseful for propagation includes, for example, seeds, fiuits, cuttings,
seedlings, tubers, and rootstocks.

[60337 A method of the disclosure can generate a plant containing genomic DNA (for example, a nuclear and/or
plastid genomic DMNA) that is genetically modified to contain a stably integrated polynucieotide (for example, as

described in Hager and Bock, Appl Microbiol. Biciechnol 34:302-310, 2000). Accordingly, the present disclosure
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further provides a fransgenic plant, e.g. C. reinkardtii, which comprises one or more chloroplasts containing a

polynucleotide encoding one or more exogenous or endogencus polypeptides, including polypeptides that can allow for
secretion of fuel products and/or fucl product precursors (c.g., soprenotds, fatty acids, Hpids, triglyeerides). A

photosynthetic organism of the present disclosure comprises at east one host cell that is modified to generate, for

example, a fisel product or a fuel product precursor.

{30338} Some of the host organisms useful in the disclosed embodiments are, for example, are extremophiles, such as

hyperthermoptiles, psychrophiles, psychrotrophs, halophiles, barophiles and acidophiies. Some of the host organisms

1

which may be ased to practice the present disclosure are halophitic (¢.g.. Dunadiella saling, D vividis, ot D tertivlect
Fovexample, D. saling can grow in ocesn watet and salt lakes (for example, sabuty from 30-3080 parts per ii'xousm‘id}
and high salinity media (e.g., artificial seawater medivm, seawater nutrient agar, brackish water medium, and seawater
medium). In some embodiments of the disclosure, a host cell expressing a protein of the present disclosure can be
grown i a hquid envirosment which is, for example, 8.1, 0.2,03, 0.4, 05, 06, 07,608,809, 1.0, 1.1, 1.2,1.3, 1.4, 1.5,
1.6,1.7,1.8,19,2.0,2.1,22,23,2.4,2.5,26,2.7,28,29,3.0,31.,3.2.3.3,3.4,3.5,3.6,3.7,3.8,39,40, 4.1, 4.2,
4.3 mnlar or higher concentrations of sodium chloride. One of skill in the art will recogmze that other salts (sodium
salis, calcivnm salts, potassium salts, or other salts) may also be present in the Higuid environments,

[80339] Where a balophilic organismo is utilized for the present disclosure, it may be ransformed with any of the

veetors described bBerein. For example, £ safing may be transformed with a vector which 1s capable of msertion nto
the chloroplast or nuclesr gonome and which contains nuecleic acids which cucode a protein (¢.g., an FPP syothasc or a
fustcoocadiene synthase). Transformed halophiic srgamsms may then be growa in high-saline environments {e.g., salt
takes, salt ponds, and high-saline wedia) to produce the products (e.g,, lipids) of interest. Isolation of the products may
ravelve reraoving a fraesforroed orgamism fror a high-saline envivonment prior to exivacting the product from the
orgamsn, In mstances where the product is scereted into the surrcunding envirourent, i€ may be necessary 1o
desalinate the Hgwd environment prior to any further processing of the product,

[84346] The present disclosure further provides compasitions comprising a genctically modified host cell. A
cornposition cornprises a genetically modified host cell; and will in somme embodiments comprise one or more further
components, which components are sclected based in part o the intended use of the genetically modified host cell.
Suitable components include, but are not limited to, salts; buffers; stabilizers; protease-inhibiting agonts; cell
raembrane- and/or cell wall-preserving compouads, e.g., glveerol and dimethylsulfoxide; and nuteitional meedia
apprapriate to the cell.

{30341} For the production of a protein, for example, au isoprenocid or isoprencid precursor compound, a host cell can

be, for example, one that produces, or has been genetically modified to produce, one or more enzymes b a prenyl

transferase pathway and/or a mevalonate pathway and/or an isoprenoid biosynthetic pathway. In some embodiments,
the host cell is one that produces a substrate of a prenyl transferase, isoprenoid synthase or mevalonate pathway
CHEYIN.

[00342] In some embodiments, a genetically modified host cell is a host cell that comprises an endogenous mevalonate
pathway and/or 1soprenoid biosynthetic pathway and/or prenyl transferase pathway. In other embodiments, a genetically
modified host cell is a host cefl that does not normally produce mevalonate or IPP via a mevalonate pathway, or FPP
GPP or GGPP via a prenyl transferase pathway, but has been genctically modified with one or more polymucieotides

compnising nucleotide sequences encoding one or more mevalonale pathiway, 1soprenoid synthase pathway or prenyl
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transferase pathway enzymes (for example, a5 described in ULS. Patent Publication No. 2004/005678; U.5. Patent
Publication No., 2063/0148479; and Martin et al. (2003) Nat, Biotech, 21(7):796-802).

[00343) Culturing of Cells or Organisms

{38344] An organism may be growa under conditions which permit photosyothesis, bowever, this is not a reguirement
{e.g., a host organism may be grown in the absence of light). In some instances, the host organism may be genetically
modified m such a way that its photosynthetic capability is diminished or destroyed. In growth conditions where a host
organism is not capable of photosynthesis (e.g., becanse of the absence of light and/or genetic modification), typically,
the organisim will be provided with the necessary mutnients to support growth in the absence of photosyathesis. For
example, a culture median 1o {or ou) which su orgasism is growa, may be supplemented with any reguired watrient,
mctuding an organic carbon source, nitrogen source, phosphorons source, vitamins, metals, Iipids, nucleic acids,
micronvirients, and/or an organism-spectfic requirement. Organic carbon sources mclude any source of carbon which
the host organism 1s able to metabolize mchuding, but not limited to, acetate, simple carhohydrates {e.g., ghicose,
sucrose, and tactose}, complex carbobydrates (c.g., starch and glycogen), proteins, and lipids. One of skill i the art will
recogmze that not alt orgamsms will be able to sufficiently metabolize a particular nutrient and that nutrient nmuxtures
may need to be modified from one organism to another in order to provide the appropriate nutrient mix.
(00348} Optiroal growth of organisms cecurs usually at a temperature of abowt 20°C 1o about 25 °C, although sorae
organisins can still grow at a teraperatirs of up to about 35°C. Active growth is typically performed in Hguid euitove, If
the organdsms are grown i a Rguid rocdivr and are shaken or mixed, the density of the colls can be anywhere from
about 1o 5 x 10%eile/ml at the stationary phase. For exauple, the density of the colls at the stationary phase for
Chiaraydomonas ¢p. can be about 1 to 3 x 10 celis/ml; the density of the cells at the stationary phase for
Namnoshleropsis sp. can be about 1 0 5 1 16celis/ml; the density of the cells at the stationary phase for Scenedesmus
sp. can be about | 1o 5 x 0 sellgnal; aud the density of the cells at the stationary phase for Chlorelln sp. can be about |
to 5 x 10%celis/ml. Exemplary cell densitics at the stationary phase are as tollows: Chlamydomonas sp. can be about 1
10 cells/ml; Nanaochloropsis sp. can be about | x 10%eils/ml; Scenedesmus sp. can be about | x 10'7cc]is./’nﬂ7 and
Chlorella sp. can be about 1 x 108%cells/ml. An exemplary growth tate may vield, for example, 4 two to four f0ld increase
in cells per day, depending on the growth conditions, In addition, doubling times for organisms can be, for example, 5
hours 1o 30 hours. The organism can also be grown on solid medsa, for example, media contatning about 1.5% agar, 1o
plates or in slants,
(80346} One source of energy is fluorescent Hight that can be placed, for example, af a distance of about 1 inch to about
two feet from the organism. Examples of types of fluorescent lights includes, for example, cool white and daylight.
Bubbling with air or CO, improves the growth rate of the organism. Bubbling with CO, can be, for example, at 1% to
5% CO,. If the lights are turned on and off at reguiar intervals {for example, 12:12 or 14:10 hours of light:dark} the cells
of some organisms will become synchroniz
[303471 Long term storage of orgamisms can be achieved by sireakmg them onto plates, sealing the plates with, for
example, Parafilm™, and placing them in dim light at about 10°C to about 18 °C. Alternatively, organisms may b
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 orgamsms for several months.
§603481 For longer storage, the organisms can be grown in liguid culture to nud 1o late log phase and then

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

{38349] Organisms can be grown on a defined munimal medium (for example, high salt medinm (HSM}, modified
artificial sea water medum (MASM), or F/2 mediam) with hght as the sole energy source. In other instances, the
organism can be grown i a medium {for example, tris acetate phosphate (TAP) medium), and supplemented with an
organic carbon source.

{38358} Organisms, such as algae, can grow naturally in fresh water or marme water. Colture media for freshwater
algae can be, for exarple, synthetic media, enriched media, soil water media, and sohidificd media, such as agar.
Various cultere media bave been developed and used for the isolation and coltivation of fresh water algae and are
described in Watanabe, MW, (2008}, Freshwater Cultore Media. In R.A. Andersen (Ed.), Algal Culturing Technigues
(pp. 13-20). Blsevier Academic Press. Culture media for marine algae can be, for example, artificial seawater media or
natural seawater media. Guidelines for the preparation of media are described in Harnison, P and Berges, J A (2085).
Marine Culture Media. In R A, Andersen (Ed.), Algal Culauring Technigues (pp. 21-33). Elsevier Academic Press.
(86351} Orgamisms may be grown in outdoor open water, such as ponds, the ovean, seas, rivers, waterbeds, marshes,
shallow pools, lakes, aqueducts, and reservoirs. When grown in water, the organism can be contamed in a halo-fike
object coraprised of lego-like particles. The halo-like object encircles the organism and allows it 0 retain mutrients fom
the water beoeath while keeping it m open sualight,

(30352} In sornc mstances, organisms can be grown in containers wharcin cach container comprises one or two
orgamisms, or a pharality of organisims, The containers can be configured to foat on water. For exarmple, a container can
be flled by 2 combination of air and water ¢ make the contatner and the organism(s) in it buoyant, An organism that is
adapted to grow 1n frosh water can thus be grown 1 salt water (1.¢., the ocean} and vice versa. This mechanisi allows
for automatic death of the orgamsm if there 18 any damage to the container,

{30353} Culturing technigucs for algae are well know to one of skifl 1o the art and are deseribed, tor example, in
Freshwater Culture Media. In R.A. Andersen (Ed.), Algal Culturing Technigues. Elsevier Academic Press.

§30354] Because photosynthetic organisms, for exarnple, algae, require sunkight, CO, and water for growth, they can be
cultivated in, for example, open ponds and lakes. However, these open systems are more valperable to contamination
than a closed system. (ne challenge with using an open system s that the organism of interest may not grow as quickly
as a potential javader. This becomes a problem when another organism vades the hquid euvironment in which the
orgamism of inferest s growing, and the invading organisr has a faster growth rate and takes over the system.

[30355] In addition, in open systems there is less control over water temperature, CO; concentration, and lighting
conditions. The growing season of the organism is largely dependent on location and, aside from tropical areas, is
fimited to the warmer months of the year. [n addition, in an open system, the number of different organisms that can be
grown is Himited 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.

{00386} Another approach to growing an organisin is to use a semi-closed system, such as covering the pond or pool
with a structure, for example, a “greenhouse-tvpe” structure. While this can result in a smaller system, it addresses
many of the problems associated with an open system. The advantages of'a semi-closed system are that it can allow for
a greater number of different organizms to be grown, it can allow for an organism to be donuinant over an invading

organis by alowing the organism of interest 10 owt compete the mvading organism for mutnents reguired & ity
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growth, and it can extend the growing scason for the organism. For example, if the system is heated, the organism can
grow vear rouand.
{33871 A variation of the pond system is an artificial pond, for example, a raceway pond. In fhese ponds, the

”.

organism, water, and nuairients circwlate around a “racetrack ” Paddlewheels provide constant motion fo the guid i the
racetrack, allowing for the organism to be circulated back to the surface of the liquid at a chosen frequency.
Paddiewheels also provide a source of agitation and oxygenate the system. These raceway ponds can be enclosed, for
example, 1 & building or a greenhouse, or can be located outdoors.

{30338} Raceway pouds are osually kept shallow because the organism needs to be exposed to sunhight, and sondight
can only penctrate the pord water 1o a himited depth. The depth of a raceway pond can be, for exanple, about 4 to
aboat 12 inches. In addition, the volume of Hguid that can be contained 10 4 racewsy pond can be, for example, about
206 liters to about 600,000 fiters.

{88359 The raceway ponds can be operated in a continaous manser, with, for example, CO,; and notrients being
constantly fed o the ponds, while water contammg the organism s removed at the other end.

{36366} I the raceway pond 1s placed cutdoors, there are several different ways to address the myvasion of an anwanted
organism, Por example, the pH or salinity of the liguid in which the desired organism s in can be such that the
ravading organisma either stows down its growth or dies.

{38361} Also, chenueals can be added to the ligmd, such as bleach, or a pesticide can be added to the liguid, such as
glyphosate. In addition, the organism of intorost can be genctically maodificd such that it is bettor suited to survive wn the
Fgoid epvirenment. Any one or more of the above strategies can be used to address the 1avasion of an unwanded
organise,

[B0362] Alternatively, organdsms, such as algae, can be grown in closed structures such as photobioreactors, where the
environraent 13 gnder stricter control than i open systeres or sermi-closed systoms, A photobioreactor is a bicreactor
witich 1ncorporates some type of Hight source to provide photonie energy input into the reactor. The term
photobioreactor can refer to a system closed to the environment and having no direct exchange of gases and
contaminants with the enviropment. A photobioreactor cant be described as 2 enclosed, Hluminated culture vessel
designed for controlied bilomass production of phototrophic tiguid cell suspension cultures, Examples of
photobioreactors wiclude, for exarnple, glass containers, plastic tubes, tanks, plastic sleeves, and bags. Examples of light
sources that can be used to provide the energy required to sustain photosynthesis include, for example, fluorescent

buibs, LEDs, and natural sunfight. Beeanse these systems are closed everything that the organism needs 1o grow (for
example, carbon dioxide, nutrients, water, and light) must be introduced into the bioreactor,

{60363} Photobioreactors, despite the cosiz to set up and maintain them, have several advantages over open systems,

they can, for example, prevent or nunimize contamination, permif axenic organism cultivation of monoculiures (a

culture consisting of only one species of organism), offer better control over the culture conditions (for example, pH,

fight, carbon dioxide, and temperature), prevent water evaporation, lower carbon dioxide losses due to out gassing, and

permit higher cell concentrations.

{60364} On the other hand, certain requirements of photobioreactors, such as cooling, mixing, control of oxygen

accumulation and biofouling, make these systems more expensive to build and operate than open systems or semi-

closed systems.
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{80365} Photobioreactors can be set up to be continually harvested {as is with the majority of the larger volume
cultivation systems), or harvested one batch at a time {for example, as with polyethlyene bag coltivation). A batch
photobioreactor is set up with, for example, nutrients, an orgamsm {for example, algae), and water, and the organism is
allowed to grow uptil the bateh 18 harvested. A continnons photohioreactor can be harvested, for example, either
contimually, daily, or at fixed time intervals.

50%66} High density photobioreactors are described n, for example, Lee, et al., Biotech. Bicengineering 44:1161-

7, 1994, Other types of bioreactors, such as those for sewage and waste water treatments, are described in,
Sawayama, ot al., Appl. Micro. Biotech., 41:729-731, 1994, Additioual examples of photobioreactors are described in,
U5 Appl. Pahl. No. 2005/02605353, U.S. Pat. Ne. 5,958,761, and U.S. Pat. No. 6,083,740, Alse, organisms, such as
algae may be mass-cultured for the removal of heavy metals (for example, as desenibed in Witkinson, Biotech. Letters,
11:861-364, 1989), hydrogen {for example, as described in ULS. Patent Application Publication No. 2003/0162273), and
pharmaceutical compounds from a water, soi, or other source or sample. Organisms can also be cultured
conventional fermentation bioreactors, which mclude, but are not limited to, batch, fed-batch, cell recycle, and
continuous fermentors. Additional methods of cultuning organisins and vanations of the methods desceribed herein are
known to one of skill in the art.

{60367} Organisms can also be grown near ethanc] production plants or other facilities or regicns {e.g,, cities and
highways) generating CO,, As such, the methods herein conternplate business methods for selling carbon eredits to
cthanol plants or other facilitics or regions gencrating CO, while making fucls or fuel products by growing onc or morc
of the organtsms desenbed heretn oear the ethacol produciion plant, facthity, or region.

[30368} The organiem of interest, grown 1 any of the systeras described herein, car be, for exaraple, continually
harvested, or harvested one batch at a time.

(983691 CO» can be delivered to any of the systems described herem, for example, by bubbling in CO; from under the
surface of the liguid containing the organisoi Also, sparges can be used to inject OOy info the Hauid. Spargers axe, for
example, porous disc or mbe assemblies that are also referred to as Bubblers, Carbonators, Aerators, Porous Stones and
Ditfusers

{80376] Nutrients that can be used in the systems described herein include, for example, nitrogen (in the form of NGy
or NH. ), phosphorus, and trace snetals {Fe, Mg, K, Ca, Co, Cu, Mn, Mo, Zn, V, and B). The nutrients can come, for
example, © a solid form or in a hguid form. W the nuirients are in a solid form they can be mixed with, for example,
fresh or sale water prior to heing delivered to the Tiquid containing the organism, or prior to bemg delivered to a
photobioreactor.

{60371} Organisms can be grown in cultures, for example large scale cultures, where large scale cultures refers o
growih of cultures inn volumes of greater than about 6 liters, or greater than about 10 liters, or greater than about 20
fiters., Large scale growth can also be growth of caltures in volumes of 50 liters or more, 106 liters or more, or 200
fiters or more. Large scale growth can be growth of cultures in, for example, ponds, containers, vessels, or other areas,
where the pond, container, vessel, or area that contains the culture is for example, at lease 5 square meters, at least 10
square meters, at least 200 square meters, at least 50U square meters, at least 1,500 square meters, at least 2,500 square
meters, 10 arca, or greater.

7

§603728 Chlamydomonas sp., Nannmochloropsis sp., Scenedesmus sp., and Chiorella sp. are exemplary algae that can be

cubtured ax described heremn and can grow under & wide array of conditions,
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{30373} One organism that can be cultured as described herein s a commonly used laboratory species C. reinhardtil,
Cells of this species are haplowd, and can grow on o simple medinm of inorganic salts, using photosynthesis to provide
energy. This organism can also grow in total darkness if acetate 1s provided as a carbon source. C. reinhardtii can be
readily grown at roomn temperature vader standard fhiorescent lights. b addition, the cells can bhe synchronized by

~

placing them on a light-dark cycle. Other methods of culturing C

. reinhardtii cefls are known to one of skill in the art.

{00374} Polvnucleotides and Polvpeptides

[00375] Also provided are 1solated polynucleotides encoding a protein. for example, an FPP synthase, deseribed herem.

A58

As used herem “isolated polynucleotide™ means a polynucleotide that is free of one or both of the nucleotide scquences
which flavk the polynocleotide 1w the paturally-cccwring genome of the organism from which the polypucleotide s
derived. The term includes, for example, a polynucleotide or fragment thereof that is meorporated into a vector or
expression cassette; into an autonomously replicating plasmid or virus; into the genomic DINA of a prokaryote or
sularyote; or that exists as a separate molecole mdependent of other polynuclectides. It also inclodes a recombinant
polymucleotide that is part of a hybrid polynocleotide, for example, one encoding a polypeptide sequence,

(86376} The novel proteins of the present disclosure can be made by any method knowe i the art. The protein may be
synthesized using either solid-phase peptide synthesis or by classical solation peptide synthesis also known as hquid-
phase peptide syathesis. Using Val-Pro-Pro, Enalapril and Lisinopril as starting teruplates, several series of peptide
analogs suich as X-Pro-Pro, X-Ala-Pro, and X-Lys-Pro, whereis X represents any ammo acid residue, may be
sypthesized using sohid-phase or ligmd-phasc poptide synthesis, Mcthods for carrying out liguid phasc syathesis of
Fbraries of peptides and oligonucleotides coupled o a soluble oligomenc support have alse bosn described. Bayer,
Ernet and Mutter, Manfred, Nature 237:512-313 (1972} ; Bayer, Ernst, ot al., J. Am. Chem Soc. 96:7333-7336 (1974,
Bonora, Gize Maua, et al., Nucleic Acids Res. 18:3155-3139 (1996). Liquid phase synthetic methods have the
advantage over solid phase synthetic methods in that Liguid phase synthesis methods do aot require & strgcture present
on a first reactant which is suttable for attaching the reactant to the solid phase. Alse, liguid phase synthesis methods do
not require avoiding chemical conditions which may cleave the bood between the solid phase and the first reactant {or
ratermediate product). In addition, reactions 3 a honwgencous solution may give better yields aad wore complete
reactions thao those obtained in heterogeneous solid phase/liquid phase systenss such as those present in solid phase
synthesis.

(803771 In oligomer-supported liguid phase synthesis the growing product is attached t0 a large soluble polvmeric
group. The product from each step of the synthesis can then be separated from imreacted reactants hased on the large
difference in size between the relatively large polymer-attached product and the unreacted reactants. This permits
reactions to take place in homogeneous solutions, and eliminates tedious purtfication steps associated with traditional
fiquid phase synthesis. Oligomer-supported liquid phase synthesis has also been adapted to automatic fiquid phase
synthesis of peptides. Baver, Ernst, et al., Peptides: Chemistry, Structure, Biology, 426-432.

[303781 For solid-phase peptide synthesis, the procedure entatls the sequential assembly of the appropriate amino acids

into a peptide of a desired sequence while the end of the growing peptide is linked 1o 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 is bound to a resin particle, and the peptide generated in 8 stepwise
manner by successive additions of protected amino acids to produce a cham of annino acids. Modifications of the

techuique deseribed by Mermifield are commonty used. See, e.g, Mermrificld, 1. Am. Chem. Soc. 96: 2980-93 (1964}, In
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an automated solid-phase method, peptides are synthesized by loading the carboxy-terminal amino acid onto an organic
tmker (e.g., PAM, 4-oxymethviphenylacetnnudomethiyl), which is covalently attached tc an insoluble polystyrene resin
cross-finked with divinyl benzene. The terminal amine may be protected by blocking with t-butvioxyearbonyl
Hydroxyl- and carboxyl- groups are commeonly protected by blecking with O-benzyl gronps. Synthesis is accomplished
in an sutomated peptide synthesizer, such as that available from Applied Biosystems (Foster City, California).
Following synthesis, the product may be removed from the resin. The blocking groups are removed by using
hydroftuoric acid or tnfluoromethyl sulfomce acid according to established methods, A routine synthests may produc
.5 mmole of peptide resin. Following cleavage and purification, a yicld of approximately 60 to 70% i3 typically
prodoced. Purification of the product peptides ts accomplished by, for example, crystalbzing the peptide from an
organic solvent such as methyl-butyl ether, then dissolving in distiled water, and using distysis (if the molecular weight
of the subject peptide 18 greater than about 300 daltons) or reverse high pressure liguid chromatography (e.g., using 4
C*® cotumn with 0.1% triflocroacstic acid and acetonitriie as solvents) if the molecular weight of the peptide is less than
306 daltons. Purified peptide may be tyophilized and stored m a dry state until use. Analysis of the resulting peptides
raay be accomphished using the common wethods of analytical tugh pressure hguad clewomatograpby (HPLC) and
electrospray mass spectrometry (E5-MS3).

[60379}] In other cases, 2 protein, for example, a protetn involved in the isoprenoid biosynthesis pathway or fn fatty acid
sypthesis, is produced by recombinant methods. For production of any of the proteins described herern, bost cells
transformed with au cxprossion veetor condaining the polyaucieotide encoding such a protein can be used. The host el
van be a lngher eukaryonc cell, sech as 3 marasatiaa coll, or a fower subaryotic cell such as a yeast or algal cell, or the
host can be a prokaryotic cell euch as a bacterial cell, Introduction of the expression vector into the bost cell canbe
accomplished by a variety of methods including caleion phosphate transfection, DEAE-dextras mediated transfection,
polybrene, protoplast fasion, liposomes, direct microinjection info the nucler. scrape loading, biclistic transformation
and clectroperation. 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 skilled in the art.

§60388F It should be recognized that the present disclosure s not Hnited to ansgenic cells, organisims, and plastids
containing a protein of proteins as disclosed herein, but also escompasses such cells, organisms, and plastids
teansformed with additional nucleotide sequences encoding enzyines involved in fatty acid synthesis. Thus, some
embodiments involve the mtroduction of one or more seguences encoding proteins involved o fatty acid synthesis 1o
addition to a protetn disclosed herein. For example, several enzymes in a fatty acid production pathway may he Hinked,
gither directly or indirectly, such that products produced by one cnzyme in the patbway, once produced, are in close
proximity to the next enzyme in the pathway. These additional sequences may be contained m a single vector either
operatively linked to a single promoter or linked to muitiple promoters, ¢.g. one promoter for each sequence.
Alternatively, the additional coding sequences may be contained in a plurality of additional vectors. When a plurality of
vectors are used, they can be introduced into the host cell or organism sinwmltaneously or sequentially.

{00381} Additional embodiments provide a plastid, and in particular a chloroplast, fransformed with a polynucleotide
encoding a protein of the present disclosure. The protein may be introduced into the genome of the plastid using any of
the methods deseribed herein or otherwise known in the art. The plastid may be contained in the organism in which it
naturally occars, Alternatively, the plastid may be an isolated plastid, that is, a plastid that has been removed from the

cell in which it normally oceurs. Methods for the isolation of plastids are known in the art and can be found, for
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example, in Maliga et al., Methods in Plan Molecular Biclogy, Cold Spring Harbor Laboratory Press, 1995; Gupta and
Singh, J. Bioscl., 211819 {1996); and Comara ot al., Planr Physicl, 73:94 {1983}, The isolated plastid transformed with
a protein of the present disclosure can be introduced imto a host cell. The host cell can be one that naturafly contains the
plastid or one in which the plastid is not natwrally foond.

{30382} Also withm the scope of the present disclosure are artificial plastid genomes, for example chloroplast genomes,
that contain nucleonide sequences encoding any one or more of the proteins of the present disclosure. Methods for the
assembly of artificial plastid genomes can be foand in co-pending U.S. Patent Apphication serial number 12/287,23¢
filed October 6, 2008, published as U.S, Publication No, 2009/0123977 on May 14, 2009, and U.S. Patent Application
senal mumber 12/354,893 filed Apnil 8, 2009, poblished as U.S. Pablication Mo, 2009/0269816 on October 29, 2009,
each of which i3 incorporated by reference in its entirety.

{00383} Introduction of Polvnucleotide into 2 Host Organism or Cell

{88384] To generate a genetically modified host cell, a polynueleotide, or a polynucleotide cloned into a vector, s
mtroduced stably or transiently into a host cell, using established techniques, including, but not hmnited to,
eicctmpm‘ation, calctum phosphate precipitation, DEAE-dextran mediated transfection, and liposome-mediated
ansfection. Por transformation. a polynucleotide of the present disclosure will generally fusther include a selectable
marker, e.g., any of several well-knowa selectable markers such as neomycin resistance, ampicillin resistance,
tetracychme resistance, chdoramphenicol reststance, and kanaraycin resistance.
(30385} A polynucicotide or recombinant nucleic acid moleeulc deseribed herein, can be introduced 1ato a ocli (c.g.,
alga cell) using any roethod kaown @ the art. & polysaclestide can be introduced tnto a cell by a variety of methods,
whtich are wellkoown in the art and selected, in part, based on the particular host cell. For example, the polynuclectide
can be ifroduced into a cell using a direct gene transfer rasthod such as elecwopeoration or microprojectile madiated
{biolistic} transformation using a particle gun, or the “glass bead method,” or by pollen-mediated transformation,
Hiposome-mediated transformation, fransformation using wounded or enzyme-degraded ommature embryos, or wounded
or enzyme-degraded embryogenic callus (for example, as described in Potrykus, Ann. Rev. Plani. Phvsiol. Plant Mol
ol 42:205-223, 1991),

iB0386} As discussed above, microprojectile mediated transformation can be used to introduce a polysucleotide ito a

3 7
3

cell (for example, as described in Klein et al., Nafure 327:70-73, 1987). This method utilizes microprojectiles such as
gold or tungsten, which are coated with the desired polynucleotide by precipitation with calcium chlonide, spermidine or
polyethylene glyeol. The microprojectile particles are accelerated at high speed into a celt using a device soch as the
BIOLISTIC PD-1006 particle gun (BioRad; Hercules Califl); 2 Hellos Gene Gun (Cat. #165-2431 and #165-2432;
BioRad, U.3.A.); or an Acecell Gene Gun (Auragen, U.S A.). Methods for the transformation using biolistic methods are
well known in the art (for example, as deseribed i 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,
tobacce, com, hybrid poplar and papaya. {mportant cereal crops such as wheat, oat, barley, sorghum and rice also have
been transformed using microprojectile mediated delivery (for example, as described in Duan et al., Nature Biotech.
14:494-498, 1996; and Shimamoto, Curr. Opin. Biclech. 5:158-162, 1994). The transformation of most dicotyledonous
plants is possible with the methods described above. Transformation of monocotyledonous plants also can be
transtformed using, for example, biohistic methods as described above, protoplast transformation, electroporation of

partislly permeabibzed cells, wntroduction of DINA using glass fibers, and the glass bead agitation method,
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{30387} The basic technigques used for transformation and expression in photosynthetic microorganisms are similar to
those commonly used for . coli, Saccharomyces cerevisiae and other species. Transformation methods customized for
a photosynthetic microorganisms, ¢.g., the chloroplast of a strain of algae, arc known in the art. These methods have
heen deseribed i a muunber of texts for standard molecular biokogical manipulation (see Packer & Glaser, 1985,
"Cyanobacteria”, Meth. Enzymol, Vol 167; Weissbach & Weissbach, 1988, "Methods for plant molecular biclogy,”
Academic Press, New York, Sambrook, Fritsch & Maniatis, 1989, "Molecualar Cloning: A laboratory manual,” Znd
edition Cold Spring Harbor Laboratory Press, Cold Sprning Harbor, N.Y ; and Clark M 5, 1997, Plant Molecular
Biology, Springer, N.Y.). These methods include, for example, binlistic deviees (see, for example, Sanford, Trends In

6: 299-302, U.S. Pat. No. 4,945,650, clectroporation (Fromm ot al, Proe. Nat'l, Acad. Sei. (USA)

Biotech (1988}
(1983} 82: 5824-3828); use of a laser beam, electroporation, microtnjection or any other method capable of introducing
DNA inio a host cell.
§88388] Plastud transformation is a routine and well known method for introducing a polynucleotide into a plant cell
chiforoplast {see U.S. Pat, Nos, 5,431,513, 5,545,817, and 5,545,818, WO 95/16783; McBride et ab., Proc. Nuatl Acad.
Sci, USA 91:7301-7303, 1994y, In some emboediments, chloroplast transformation imvolves introducing regions of
chicroplast DNA flanking a desired nucleotide sequence, allowing for homologous recombination of the exogenous
DNA into the target chloroplast genome. In some instanees ope 10 1.5 kb {lanking nuclectide sequences of chicroplast
genoroic BNA may be vsed. Using this method, point nwtations in the chloroplast 165 tRNA and 1psi2 genes, which
confer resistance to spoctinomyein and streptomycin, can be utitized as sclectable markers for transformation (Svab ¢t
al., Proc. Nail. Acad Sci., USA 87:8526-R53D, 19990}, and can result i stable horeplasipic transformants, at a
frequeney of approximately one per 100 bombardments of target leaves,
{86389] A further refinement 1n chloroplast trassformation/expression technology that facildates control over the
tirsing and tissue pattern of expression of miroduced DNA coding sequences in plant plastid genoroes has besn
described in PCT International Publication WO 95/16783 and U.S. Patent 5,576,198, This method involves the
introduction inio plant cells of constructs for nuclear transformation that provide for the expression of a viral single
subunit RNA polymerase and targeting of this polymerase ino the plastids via fusion 0 a plastid trapsti peptide.
Transformation of plastids with DINA constructs coraprising a viral single subunit BNA polymerase-specific promoter
spectfic to the RNA polvmerase expressed from the muclear expression constructs operably linked to DNA eoding
sequences of wterest permits control of the plastid expression constructs in a tissue and/or developmental specific
manner i plants comprising hoth the nuclear polymerase construct and the plastid expression constructs, Expression of
the pucicar RNA polymerase coding sequence can be placed under the control of cither a constitutive promater, or a
tissue-or developmental stage-specific promoter, thereby extending this control o the plastid expression construct
responsive to the plastid-targeted, nuclear-encoded viral RNA polymerase.
[60393F When nuclear transformation is utilized, the protein can be modified for plastid targeting by employing plant
cell muclear transformation constructs wherein DNA coding sequences of interest are fused to any of the available
transit peptide sequences capable of facilitating transport of the encoded enzymes into plant plastids, and driving
expression by employing an appropriate promoter. Targeting of the protein can be achieved by fusing DNA sncoding
plastid, 2.g., chioroplast, lencoplast, amyloplast, ete., transit peptide sequences to the 3" end of DNAs encoding the
enzymes. The sequences that encode a fransit peptide region can be obtained, for example, from plant nuclear-encoded

plastid proteins, such as the small subunit (SSU) of ribulose bisphosphate carboxylase, EPSP synithase, plant fatty acid
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biosynthesis related genes including fatty acyl-ACP thicesterases, acyl carrier protein (ACP), stearoyl-ACP desaturase,
B-ketoacyl- ACPF synthase and acyl-ACP thioesterase, or LHCPU genes, ste. Plastid transit peptide sequences can also
be obtained from nucleic acid sequences encoding carotenoid biosynthetic enzymes, such as GGPP synthase, phytoenc
sypthase, and phytoene desaturase. Other transit peptide sequences are disclosed 8 Von Heijne et al. (1991 Plane Mol
Biol Rep. 9. 104; Clark et al. (1989 J. Biol. Chem. 264: 17544; della-Cioppa ot al. (1987) Planr Physiol. 84: 9653,
Romer et al, (1993} Biochem. Biophvs. Res. Commun. 186 1414, and Shah et al. (19858) Science 233: 478, Ancther
transit peptide sequence is that of the imtact ACCase from Chlamydomonas {genbank EDO%6563, amino acids 1-33).
The encoding sequence for a transit peptide effective in transport (o plastids can include all or a portion of the encoding
seqguence for a particular transit peptide, and may also contain portions of the mature protein encoding sequence
associated with a particular transit peptide. Numerous examples of transit peptides that can be used to deliver target
proteins into plastids exist, and the particular transit peptide encoding sequences usefal in the present disclosore are not
critical as long as delivery into a plastid is obtained. Proteolytic processing within the plastid then produces the mature
erizyme, This techmque has proven successfol with enzymes mvolved in polyhydroxyalkanoate biosynthesis (Nawrath
et al. (1994) Proe. Natl Acad. Sci. USA 91: 12760), and neomycin phosphotransferase 1T {NPT-1 and CP4 EPSFES
(Padgette et al. {1995) Crop Sci. 35: 1451), for example.

[60383} Of interest are ansit peptide sequences dertved from enzymes known to be imported into the leucoplasts of
seeds. Examples of enzyimes containing usefidl transit peptides includes those related fo bpid biesynthesis (e.g., subumits
of the plastid-targeted dicot acctyl-CoA carbouylase, biotin carboxylase, biotin carboxyl carrict protein, g-carboxy-
transferase, and plastid-mrgeted mowncot multifunctional asetyt-CoA carboxylase (Mw, 220,000); plastidic suburnits of
the fatty acid synthase complex (e.g., acyl carnter protein (ACP), maloayl-ACP synthase, KASE KASIE and XASHIY,
sterovi-ACP desaturase; thioesterases (specific for short, medium, and long chain acyl ACP); plastid-targeted acyl
transterases {e.g., glycerol-3-phosphate and acyl transferase); enzyres mvolved in the osynthesis of aspartate faruly
amino acids; phytoene synthase; gibberellic acid biosynthesis {e.g., enf-kawrene synthases 1 and 2); and carotenoid
biosynthesis (2.g., Iycopene synthase).

{84392} In sorme embodiments, ap alga is transformed with a nucleic acid which encodes a protein of imierest, for
example, a prenyl transferase, an isoprenoid synthase, or an enzyme capable of converting a precursor into a fuel
product or a precursor of a fuel product {e.g., an soprenoid or fatty acid).

(80393} In one embodinent, a transformation may infroduce a nucleic acid into a plastid of the host alga (e.g.,
chloroplast). in another embodiments a transformation may introduce a nucleic acid into the nuclear genome of the host
alga. T still another embodiment, a trarcformation may introduce nucleic acids into both the nuclear genome and into a
plastid.

{40394} Transtormed cells can be plated on selective media following introduction of exogenous nucleic acids. This
method may also comprise several steps for screening. A screen of primary transformants can be conducted 1o
determine which clunes have proper insertion of the exogenous nucleic acids. Clones which show the proper
integration may be propagated and re-screened to ensure genetic stability. Such methodology ensures that the
transformants contain the genes of interest. In many instances, such screening is performed by polymerase chain
reaction (PCRY; however, any other appropriate technigue known in the art may be utilized. Many different methods of
PCR are knows in the art (¢.g., nested PCR, real ime PCR). For any given sereen, one of skill in the art will recogmize

that PCR components may be varied (o achieve optimal screening resudts. For example, maguesinm concentration may
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eed to be de usted upwards when PCR is performed on disrupted alga cells to which (which chelates magnesium) is
added to chelate toxic metals. Following the sereenimg for clones with the proper mtegration of exogenous nucleie
acids, clones can be sereened for the presence of the encoded protein{s) and/or products. Protein expression screening
can be performed by Western bint analysis and/or enzyme activity assays. Transporter and/or product screeping may be
performed by any methed known in the art, for example ATP turnover assay, substrate transport assay, HPLC or gas
chromatography.
{30395} The expression of the protein or enzyme can be accomplished by inserting a polynuclectide sequence {gene)
cncoding the protein or enzyme into the chloroplast or nuclear genome of & microalgae. The modified strain of
nucroalgas can be made homoplasnuo to ensare that the polymuckeotide will be stably muaistained in the chlowoplast
genome of all descendents. A microalga is homoplasmic for 4 gene when the inserted gene is prosent in all copies of the
chiforoplast genome, for example. It is apparent to one of skifl in the art that 2 chloroplast may contain multiple copies
of #s genome, and therefore, the term “homoeplasmic” or “homoplasmy” refers to the state where all copies of'a
particular locus of interest are substantially identical. Plastid expression, in which genes are inserted by homologous
recombination mto all of the several thousand copies of the crrcular plastd genome present i cach plant cell, tekes
advantage of the enormous copy number advantage over nuclear-expressed genes to permit expression levels that can
readity exceed 10% or more of the total soluble plant protein. The process of determining the plasmic state of an
orgamism of the present disclosure mvolves sereeniog fransformants for the presence of exogencus nucleic acids and the
abscnce of wild-type sucleic acids at a given locus of intcrest.
{06396} Vectors

§303971 Construct, vector and plasmid are used nterchangeably throughout the disclosure, Nucleie acids encoding the

profeins described herein, can be contained o vectors, inchiding cloning and expression vectors. A cloning vector is a
self-rephicating DNA mwiecule that serves o transfer 2 IINA segment into a host cell, Three common types of clomng
vectors are bacterial plasmids, phages, and other viruses, An expression vector is a cloning vector designed so that a
coding sequence inserted at a particular site will be franscribed and transiated into a protein. Both cloning and
expression vectors can contain nucieotide sequences that allew the vectors to replicate 1o one o7 meore suitable host cells.
In cloning vectors, this sequence is generally one that enables the vector to replicate independently of the host celi
chromosones, and also inclades esther ongins of replication or antonomousky replicating scquences,

{84398} In some embodiments, a polynucleotide of the present disclosure is cloned or inserted info an expression vector
uaing cloning technigues know 1o one of skill in fhe ant. The nucleotide sequences may be inserted into a vector by a
variety of methods. In the most common method the sequences are juserted 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.,
Mciecular Cloning, A Laboratory Manual, Znd Ed., Cold Spring Harbor Press, (1989 and Ausubel et al., Short
Protocols in Molecular Biology. 2nd Ed., John Wiley & Sons (1992).

[303991 Suiiable expression vectors inchude, but are not mited to, baculovirus vectors, bacteriophage vectors,

plasmids, phagenuds, cosmids, fosmids, bacterial artificial chromosomes, viral vectors {e.g. viral vectors based on
vaceinia virus, poliovirus, adenovirus, adenc-associated virus, V40, and herpes simplex virus), PI-based artificial
chromosomes, yveast plasmids, yeast artificial chromosomes, and any other vectors specific for specific hosis of interest

{such as £. coli and veast), Thus, for example, a polynucleotide encoding an FPP synthase, can be inserted into any one
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of & variety of expression vectors that are capable of expressing the enzyme. Such vectors can include, for example,
chromosomal, nonchromosomal and synthetic DNA sequences
[304801 Suitable expression vectors include chromosomal, non-chromosomal and synthetic DNA scquences, for
example, 8V 40 derivatives; bacterial plasnuds; phage DNA; bacolovirus; yeast plasmids; vectors derived from
combinations of plasmids and phage DNA; and viral DNA such as vaccinia, adenovirus, fowl pox virus, and
pseudorabies. In addition, any other vector that is replicable and viable in the host may be used. For examiple, vectors
such as BleZA, Arg7/2A, and SEnuc357 can be used for the expression of a protein.
{30481} Numerous suitable expression vectors are known to those of skilf in the art, The followmng vestors are provided
by way of example; for bacterial host cells: pOE vectors (Cragen), pBluescript plasmids, pNH vectors, taohda-ZAP
vectors (Stratagene), pTred9a, pEK223-3, pDBR340, and pRITZT (Pharmacia}; for eukaryotic host cells: pXT1, pSG3
(Stratagene), pSVKS, pBPV, pMSG, pET21a-d(+) vectors { Novagen), and pSYLSV4D (Pharmacia). However, any
other plasmid or other vector may be used so Iong as it i3 compatible with the host cell,
§30482} The expression vector, or a Imearized portion thereof, can encode one or more exogenous or endogenous
nuclectide sequences. Exaniples of exogenous nucleotide sequences that can be transformed into 2 host include genes
from bacteria, fungi, plants, photosynthetic bacteria or other algae. Examples of other types of nuclectide sequences
that can be fransformed int a kost, include, but are ot Himited to, trapsporter genes, 1soprencid producing genes, genes
whish encode for proteins which produce iseprenoids with two phosphates (s.g., GPP syntbase and/or FPP synthase),
genes which cocode for profcins which preduce fatty acids, lipids, or triglycerides, for exanmple, ACCascs, cadogenous
promoters, and 57 UTRs from the psbA, atpA, or rbel. genes. Tn sas instances, 4 exogenows sequence i3 flanked by
two homologoys sequences,
{88463] Homoclogous sequences are, for exaraple, those that have at least 50%, at least 60%, at least 70%, at least 80%,
at least 90%, at least 95%, at least 98%, or at least af least 99% sequence identily to a reforonce amine acid sequence,
tor example, the amino acid sequence found naturally i the host cell. The first and second sequences enable
recombination of the exegenous or endogenous sequence into the genome of the bost organism. The first and second
homologous sequences can be at least 100, at Teast 206, at Least 300, at least 400, at least 500, or af Teast 1606, or at least
1509 nucleotides in length.
i84464] The polynucleotide sequense reay comprise oucleotide seqguences that are codon biased for expression in the
organism being transformed. The skilled artisan is well aware of the “codon-bias™ exhibited by a specific host cell in
uaage of nucleotide codons 1o specify a given amino actd. Without being hound by theory, by using & host cell's
preferred codons, the rate of translation may be greater. Therefore, when synthesizing a gene for improved expression
in a host cell it may be desirable to design the gene such that #ts frequency of codon usage approaches the frequency of
preferred codon usage of the host cell. In some organisms, codon bias differs between the nuclear genome and
organelle genomes, thus, codon optimization or biasing may be performed for the target genome (e.g., nuclear codon
biased or chloroplast codon biased). In some embodiments, codon biasing occurs before mutagenesis to generate a
polypeptide. In other embodiments, codon biasing occurs after mutagenesis to generate a polynucleotide. In yet other
embodiments, codon biasing vecurs before mutagenesis as well as after mutagenesis. Codon bias is described i detail
herein.
{04405} In some embodiments, a vector comprises a polynuclectide operably linked to one or more conirol elements,

such as 4 promoter snd/or a franscripbon tenminator. A mcleie acid sequence 1s operably Binked when it is placed mnto a
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functional relationship with another nucleic acid sequence. Tor example, DMA for a presequence or secretory leader is
operatively linked to DNA for a polypeptide 1f it is expressed as a preprotein which participates in the secretion of the
polypeptide; a promoter is operably lmked to a coding sequence if it affects the transcription of the aequence; or a
ribosane binding site 1s operably lnked to a coding sequence i 11 18 positioned o as o facilitate translation. Generally,
operably linked sequences are contiguous and, in the case of a secretory leader, contiguous and in reading phase.
Linking is achieved by ligation at resfriction enzyme sttes. If suitable restriction sites are not available, then synthetic
oligonucieotide adapters or linkers can be used as is known 1o those skilled tn the art. Sambrook et al., Molecular

1
H
N

Cloning, A Laboratory Manmal, 27 £d., Cold Spring Harbor Press, (1989) and Ausnbel ot al., Short Protocols in

Motecular Bivlogy, 2% Gd., John Wiley & Sons (1992),

{30486} A vector in some emboditnents provides for amplification of the copy number of 4 polynucleotide. A vector
can be, for example, an expression vector that provides for expression of an ACCase, a preny! transferase, an isoprenoid
synthase, or a mevalonate synthesis enzyme m a host cell, e.g., a prokaryotic host cell or a eskaryotic host cell.
(304871 A polynocleotide or polynuclectides can be contamned in & vector or vectors. For example, where a second {or
mmore) nuclerc acid moelecule is desired, the second nucleic acid molecule can be contammed 1o a vector, which can, but
need not be, the same vector as that containing the first nocleie acid molecule. For example, an algal host celf modified
to express two endogenons of exogenous genes rnay be wansformed with a single vector containing both sequences, or
two vestors, sach compuising one gene t© be expressed. The vector ean be any vector vseful for introducing a
polyuucleotide into a govome and can inchude a pucleotide sequence of genoric DNA {c.g., auclear or plastid} that s
sufficient to undergo homologous recombination with gesonue DNA, for cxample, a nucleotide sequence comprising
about 400 to about 1300 or more substantially contiguous sucleotides of genomic DNAL
{B0408] A regulatory or control element, as the term is used heretg, broadly refers to a nucleotide sequence that
regulates the transcrption or transiation of 2 polynuclecude or the localization of a polypeptide fo which it i3
operatively linked. Examples include, but are not limited to, an RBS, a promoter, enbancer, transcription fcrminator, an
inittation (start) codon, a splicing signal for inron excision and maintenance of a correct reading frame, a STOP codon,
an amber or ochire codon, and an IRES. A regulatory element can include a promsoter and transeriptional and
trapslational stop signals. Elements may be provided with Hnkers for the purpose of introducing specific restriction
sites facilitating ligation of the control sequences with the coding region of a nuclectide sequence encoding a
polypeptide. Additionally, a sequence comprising a cell compartmentalization signal (i.¢., a sequence that targets a

N

eus, chioroplast membrane or cell membrane)

polypeptide to the cytosol, nue cart be attached o the pni'wmciemidc
encoding a protein of interest. Such signals are well known in the art and have been widely reported (see, e.g., US

No. 5,776,689

{04409 Promoters are untransiated sequences located generally 100 to 1000 base patrs (bp) upstream from the start
codon of a structural gene that regulate the transcription and translation of nucleic acid sequences under their control.
[00418] Promoters useful for the present disclosure may come from any source (e.g., viral, bactenial, fumgal, protist, and
animal}. The promoters contemplated herein can be specific to photosynthetic organisms, non-vascular photosynthetic
organisms, and vascular photosynthetic organisms (e.g., algae, flowering plants). In some instances, the nucleic acids
above are inserted into a vector that comprises a promoter of a photosynthetic organism, e.g., algae. The promoter can
be a constitutive promoter or an inducible promoter. A promoter typically includes necessary nucleic acid sequences

near the start site of transeription, {e.g., 2 TATA element). Common promoters usedd B exprassion vectors inchede, but
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are not limited to, LTR or 3V40 promoter, the E. coli lac or trp promoters, and the phage lambda PL promoter. Other
promoters known to control the expression of genes in prokaryotic or eukaryotic cells can be used and are known to
those skifled in the art. Expression vectors may also contain a ribosome binding site for translation imnitiation, and a
transcription terminator. The vector may alse contain sequences nseful for the amplification of gene expression.
{30413} A “constitutive” promoter is a promoter that s active under most environmental and developmental conditions,
An “inducible” promoter is a promeoter that is active under controllable environmental or developmental conditions.
Examples of inducible promoters/regulatory elements include, for example, a mtrate-inducible promoter (for example,
as described 1u Bock et al, Planr Mol Biol 17:9 {1991)}, or & light-inducible promoter, (for example, as deseribed in
Fewbamun ef al, Mol Gen. Genet. 220:449 (1991}, and Lan and Chua, Scicnce 248:471 (1990)), or a licat tesponsive
promoter (for example, as described in Muller st al, Gene 111: 16373 (1992)).

{80412} In many embodiments, a polynucleotide of the present disclosure wcludes a nucleotide sequence encedmg 2
protein or enzyime of the present disclosure, where the mucleotide sequence encoding the polypeptide 1s operably linked
to an inducible promoter, Inducible promoters are well known m the art, Ssitable inducible promoters include, but are
not linsted to, the pl. of bacteriophage A; Placo; Ptrp; Ptac (Pop-tac hybnd promoter); an ssopropyl-beta-D-

throgalactopyranoside ({IPTG-inducible promoter, e.g., & lacZ promoter; a teixacyclme-mducible promoter; an arabinose

indocible promoter, e.g., Peap (for example, as described 1o Guzman et 2l (1995} 1. Bacweriol. 177:4121-4130); a
xylose-wducible promoter, e.g., Pxyl (for example, as described w Kimoet al {1996) Gene 181:71-763;, a GALL
proraoter; a tryptophan promoter; a lac provooier; aa alcohol-inducible promoter, ¢.g., a8 methanol-inducible promoter,
an ethanol-tnducible prorvter a raffiuose-inducible prsmmi,cr; and a heat-aducible promoter, e.g., bead inducible
tamibda Py, promaoter and 2 promoeter controlled by a heat-sensitive repressor (e.g., C1857-repressed lambda-based
expression vectors; for exaraple, as deseribed 1o Hoffruaon ot al. (19991 FEMS Microbicl Lett. 177(23:327-34).

{34413} In many embodiments, a polvoucieotide of the present disclosure mcludes a nucleotide sequence encoding 2
protein or enzyme of the prosest disclosure, where the suclectide sequence encoding the polypeptide is operably liked
to a constitative promoter. Suitable constitutive promoters for use in prokaryotic cells are known in the art and mclude,
but are pot finted (o, a 3igroa70 promoter, and 4 consensus sigma70 promoter.

130414} Suible promoters for use ip prokaryotic host cells inchude, but are not Uimited to, a bacteriophage T7 RNA
polymerase promoter; a trp promoter; a lac operon pronoter; a hybrid promoter, e.z., & lac/tac hybnid promoter, a tac/re
hybrid promooter, a trp/lac promoter, a T7/lac promoter; a tre promoter; a tac promoter; an araBATD promwoter; in vivo
reguiated promoters, such as an ssa(s promoter or a related promoter (for example, as deseribed in U3, Patent
Publication No. 20040131637), 2 pagC promoter (for example, as deseribed in Pulkkinen and Miller, J. Bacteriol,,
1991: 173(1): 86-93; and Alpuche-Aranda et al., PNAS, 1992; 8921} 10079-83), a nirB promoter {for example, as
described in Harborne et al. (1992) Mol. Micro. 6:2805-2813; Dunstan et al. {1999) Infect. Immun. 67:5133-3141;
McKelvie et al. (2004) Vaccine 22:3243-3253; and Chatfield et al. (1992) Biotechnol. 10:888-892); a sigma70
promoter, €.2., a consensus sigma70 promoter (for example, GenBank Accession Nos. AX798980, AX798961, and
AXT798183); a stationary phase promoter, e.g., a dps promoter, an spv promoter; a promoter derived from the
pathogenicity island SPI-2 (for example, as described i WOO8/17951); an actA promoter (for example, as described in
Shetron-Rama et al. (20602) lnfeet. mmun. 70:1087-1096); an mpsM promoter {for example, as described in Valdivia
and Falkow (1996). Mol, Microbiol, 22:367-378); a tet promoter (for example, as described in Hillen, W, and

Wissmann, A, {1989} In Sacnger, W. and Hetmemann, 1, (eds), Topics in Moleoudar and Structural Biclegy, Protein-
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Nucleic Acid Interaction. Macmillan, London, UK, Vol 10, pp. 143-162}; and an 3F6 promoter (for example, as
deseribed in Melton et al. (1984} MNucl. Acids Res. 12:7035-7056).

[30415] In yeast, a number of vectors containing constitutive or inducible promeoters may be used. For areview of such
vectors see, Current Profocols in Molecular Biology, Vol 2, 1088 Ed. Ansobel, et al, Greene Publish. Assoc. & Wiley
Interscience, Ch. 13; Grant, et al., 1987, Expression and Secretion Vectors for Yeast, in Methods in Enzymology, Eds.
Wu & Grossman, 31987, Acad. Press, N.Y., Vol 153, pp. 516-544; Glover, 1986, DNA Cloning, Vol. 1L IRL Press,
Wash., B.C., Ch. 3; Bitter, 1987, Heterclogous Gene Expression in Yeast, Methods m Enzymology, Eds. Berger &
Kimmel, Acad. Press, N.Y., Vol 132, pp. 673-684; and The Molccular Biology of the Yeast Baccharomyces, 1932, Eds.
Strathern et al., Cold Spring Harbor Press, Yols. Tand 1L A constitutive veast promoter such as ADH or LEU2 cran
indacible promoter such as GAL may be used (for example, as deseribed in Cloning in Yeast, Ch. 3, R. Rothstein In:
DNA Cloning Vol 11, A Practical Approach, Ed DM Glover, 1986, IRL Press, Wash,, I.C.}, Alternatively, vectors
may be used which promote mtegration of foreign DNA sequences into the yeast chiromosome.

{30416} Non-limiting examples of suitable cokaryotic promoters inchide CMYV immediate carly, HSV thymidine
kinase, early and Iate SV40, LTRs from retrovirus, and mouse metaliothionein-L. Selection of the appropriate vector and
promoter is well within the level of ordinary skill 1n the art. The expression vector may slso contain a ribosome binding
site for transiation mitlation and a transcrption terminator. The expression vector may alse inchade appropriate
sequences for amplifyig expression,

0417} A veetor ulihzed o the practice of the disclosure also can contain one or reore additiona] nucleotide sequenees
that confer desirable cheractenistics on the vector, mclading, for example, seypences such as cloning sites that facilitate
raaupulation of the vector, regulatory elements that divect replication of the vector or ranseription of sucleotide
seguences contain therein, and sequences that encode a selectable ruarker. As such, the vector can condain, for exanple,
one or mors cloning sites such as a multiple cloning site, which can, but need rot, be positioned such that a exogenous
or endogencus polynucicotide can be inserted into the vector and operatively linked to a desired element.

(844 18] The vector also can contain a prokaryote origin of replication {ori}, for example, an E. coli ori or a cosmid ori,
thus allowing passage of the vector into 2 prokaryote bost celi, as well as 18t a plant chloreplast. Various bacterial and
viral origins of replication are well kanowa to those skilled in the art and include, but are ot imited to the pBR322
plasmud origin, the 2u plasmid origis, and the SV40, polyoma, adenovirms, VSV, and BFV viral origins.

(804191 A regulatory or control element, as the term is used herein, broadly refers to a nucleotide sequence that
reguiates the transcription or transiation of a polynucleanide or the Tocalization of a polypeptide 1o which it is
operatively linked. Exanples include, bt are not limited 1o, an RBS, 2 promoter, enhancer, transcription terminator, an
initiation (start) codon, a sphcing signal for intron exeision and maintenance of a correct reading frame, a STOP codon,
an amber or ochre codon. an IRES. Additionally, an element can be a cell compartmentalization signal (L.e., a sequence
that targets a pelypeptide to the cytosol, nucleus, chioropiast membrane or cell membranc}. In some aspects of the
present disclosure, 2 cell compartmentalization signal (e.g., a cell membrane targeting sequence) may be ligated to a
gene and/or wanscript, such that transiation of the gene oecurs in the chloroplast. In other aspects, a cell
compartmentalization signal may be ligated to a gene such that, following translation of the gene, the protein is
transported to the cell membrane. Cell comparimentalization signals are well known in the art and have been widely

reported (see, e.g., U.S. Pat. No. 5,776,689}
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{00426} A vector, or a linearized portion thereof, may include a nucleotide sequence encoding a reporter polypeptide or
other selectable marker. The term “reporter” or “selectable marker” refers to a polymucleotide {or encoded polypeptide)
that confers a detectable phenotype. A reporter gencrally encodes a detectable polypeptide. for cxample, & gree
fhuorescent protein or an enzyme such as Inciferase, which, when contacted with an appropriate agest (a particudar
wavelength of light or luciferin, respectively) gencrates a signal that can be detected by eye or using appropriate
instramentation (for example, as described in Giacomin, Plans Sci. 116:59-72, 1996; Scikantha, J. Bacreriol. 1781
1996; Gerdes, FERS Lett. 389:44-47, 1996; and Jefferson, EMBO J. 6:3901-3907, 1997, fi-ghicuronidase}. A selectable
marker gencrally is a molccule that, when present or expressed in a cell, provides a selective advantage {or
disadvantage) to the coll containing the warker, for exaniple, the ability to grow in the presence of an agent that
otherwise would kill the cefl.

{60421} A selectable marker can provide a means to obtam, for example, prokaryotic cells, eukaryotic cells, and/or
plant cells that express the marker and, therefore, can be psefid as a component of a vector of the disclosure. The
selection gene or marker can encode for @ protein necessary for the survival or growth of the host cell transformed with
the vector. One class of selectable markers are native or modified genes which restore a binlogicat or physiological
fanction to a host cell {e.g., restores photosynthetic capability or restores a metabolic pathway). Other examples of
selectable markers includs, but are got imited tw, those that confer antimetabolite resistance, for exaraple, dihydrofolate
reductase, which confers resistance to methotresate (for exarnple, as described ma Retss, Plarnd Physiol (Life Sci Adv}
13:143-149, 1594}; ncomyern phosphotiansforasc, which confors resistance to the @mmovij,{mtd °8 REOMYCIR,
kanamycin and paromysin (for exaneple, as deseribed 1 Hooora-Esteells, ZARO J. 2:987-995, 1983}, hygro, which
confers resistance to hygrorayein (for example, as described in Marsh, Gene 32:481-485, 1984), trpB, which allows
cells o whilize indole 1n place of tryptophan; hield, which allows cells to utibize lustinol i place of histidiae (for
example, as desenbed 18 Hartman, Proc Natl. dead Sci,, USA 85:8047, 1988}, manaose-6-phosphats isomerase which
allows cells 1o ulihize mannose (for example, as described in PCT Publication Application No, W 94/20627); ornithine
decarboxyiase, which confers resistance to the ornithine decarboxylase inhibitor, 2-(diflucromethyl)-DL-ornithine
(DFMO; for example, as deseribed in MeConlogue, 1987, by Cument Commumications in Molecular Biology, Cold
Spring Harbor Laboratory ed.); and deanunase from Aspergilius terrens, which confers resistance to Blasticidin S (for
oxample, as deseribed i Tamura, Bioscl Biotecimol. Biochem. 59:2336-2338, 1995). Additional selectable markers
rnchude those that confer herbicide resistance, for examgle, phosphinothricin acetyltransferase gene, which confers
resistance to phosphinathricin (for example, as deseribed 10 White et al., Nuel deids Res. 1R:1062, 1990; and Spencer et
al., Theor. Appl. Gener, 79:625-631, 19903, a mutant EPSPV-synthase, which confers glvphosate resistance {for
example, as described in Hinchee et al., RioTechnology 91:913-922, 1998), a mutant acetolactate synthase, which
confers imidazolione or sulfonylurea resistance (for example, as described in Lee et al,, EMBO J 7:1241-1248, 1988), 2
mutant psbA, which confers resistance to atrazine (for example, as described in Smeda et al., Planr Physisl, 103:911-
817, 1993), or a mutant protoporphyrinogen oxidase (for example, as deseribed in UL Pat. No. 3,767 ,373), or other
markers conferring resistance to an herbicide such as glufosinate. Selectable markers include polynucleotides that
confer dihydrofolate reductase {DHFR) or neomyein resistance for eukaryotic cells; tetramyein or ampicillin resistance
for prokaryotes such as B coli; and bleomyein, gentamyein, ghyphosate, hygromyein, kanamycim, methotrexate,
phleomycm, phosphinotricin, spectinomycin, direptomycin, streptomyein, sulfonamide and sulfonyhirea resistance i

plants (for example, as described in Maliga ef al., Methods in Plant Molecular Biology, Cold Spring Harhor Laboratory
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Press, 1995, page 39). Additional selectable markers include a mutation in dichloropheny! dimethylurea (DUMU) that
results in resistance to DUMU. Selectable markers also include chloramphemicol acetyltransferase {CAT) and
tetracyelime, The selection marker can have its own promoter or #ts expression can be driven by a promoter driving the
expression of a polypeptide of interest.
{30422} Reporter genes greatly enhance the ability to monitor gene expression in a number of biclogical organisms.
eporter genes have been suceessfully used in chloroplasts of higher plants, and high levels of recombinant protein
expression have been reported. In addition, reporter genes have been used in the chloroplast of C. remfurdtii. In
chiloroplasts of higher plants, B-ghuowronidase (wmdA, for example, as described i Staub and Maliga, FMBO J. 12:681-
000, 1993), neomycin phosphotransferase (nptl], for exanmple, as described in Carrer et al., Mol Gen. Gener. 241:49-50,
1993}, adenosyl-3-adenyliransf-erase {aadA, for example, as described in Svab and Maliga, Proc. Nail Acad. Sci, USA
90:913-917, 1993, and the Aeguoren victoria GFP (for example, as described m Sidorov et al, Plass J. 19:209.216,
1999} have been used as reporter genes (for example, as deseribed in Heifetz, Biochemic 82:655-666, 2080). Each of
these genes has attributes that make them usefid reporters of chloroplast gene expression, such as ease of analysis,
senstivity, of the ability 1o examine exprossion in siby, Based upon these stodies, other exogenous proteins have been
expressed in the chloroplasts of higher plants sach as Racilfus thuringiensis Cry toxins, conferring resistance {o msect
herbivores (for example, as described in Kota et al., Proc. Nail. Acad. Sci., USA 96:1840-1845, 1999}, or human
somatotrapin {for exarople, as deseribed 1w Staub et al., Nar. Bivtechnol 18:333-338, 2000), a potential
biopharmaccutical. Scveral reportor genes have boen expressed o the chloroplast of the cukaryotic green alga, C
reinhordiil, wnchuding aadA (for exarple, as deseribed in Goldschmidt-Clermont, Nucl Acidy Res. 19:4083-4089 1991,
and Zerges and Rochaix, Mol Cell Riol 14:5268-5277, 1994), uidA (for example, as described 1n Sakamoto etal,
FProc. Natl. Acad. Sci., USA 94:477-3G1, 1993; and [shikura et al, J Biosci. Rioeng. 87:307-314 1999), Reniila
fociferase (for example, as deseribed in Minko et al., Mol Gen. Genet, 262:421-425, 1999) and the arcino ghycoside
phosphotransterase from Acinefobacter baumanii, aphAS {for example, as descubed @ Bateman and Purton, Mol Gen.
Geset 263:404-410, 2000). In one embodiment the protein described herein is modified by the addition of an N-terminal
strep tag eprope 1o 2dd in the detection of protein expression,
{86423} 1o somme instances, the vectors of the present disclosure will contain clements such as an 7. coli ot & cerevisine
origin of replication. Such features, combined with appropriate selectable markers, allows for the vector to be
“shuttied” between the target host celf and a bacterial and/or yeast cell. The ability to passage 2 shuttie vector of the
disclosure in a secondary host may allow for more convenient manipulation of the features of the vector. For example, a
reaction mixture containing the vector and inserted polynuclectide(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 polynucieotide, then again amplifying and selecting vectors having a mutated
polynucleotide of interest. & shuttfe vector then can be introduced into plant cell chloroplasts, wherein a polypeptide of
interest can be expressed and, if desired, isolated according to & method of the disclosure.
{60424} Knowledge of the chlotoplast or nuclear genome of the host organism, for example, C. reinhardiii, is useful in
the construction of veetors for uae in the disclosed embodiments. Chloroplast 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 Mahga, Plons Cell 4:39-45, 1992; and Kavanagh et al., Genedics 152: 11111122, 1999, each of which is
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incorporated herein by reference). The entire chloroplast genome of C. reinfiardiil 1s avatlable to the public on the world
wide web, at the URL "biology.duke.edu/chlamy_genome/- chloro hitmi" {see "view complete genome as text file” link
and "maps of the chioropfast genome” link; J. Maul. J. W, Lilly, and D. B. Stern, unpublished results; revised Jan. 28,
26072; to be published as GenBauk Acc. No. AF396920; and Masl, 1. E., et al (2002} The Plant Cell, Vol 14 (2639-
26793, Generally. the nucleotide sequence of the chloroplast genomic DNA that is selected for use is not & portion of 2
gene, including a regulatory sequence or coding sequence. For example, the selected sequence is not a gene that if
disrupted, doe to the homologous recombination event, woold produce a deleterions effect with respect to the
ciﬁcropiasl, For example, a deleterions effect on the rephication of the chloroplast genome or to a plant cell containing
the chiovoplast. Tu this respect, the website contaning the C. reinfurdiii chloroplast genome seguence also provides
maps showing coding and non-coding regions of the chloroplast genome, thus facilitating selection of a sequence usefil
for constructing a veetor {also descrived m Mmal, I E, etal (2002) The Plaut Cell, Vol. 14 (2659-2679)). For example,
the chioroplast vector, p322, is a clone extending from the Eeo (oo RY) site at abost position 143.1 kb to the Xbo

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

"Mology duke.edu/chiamy_genome/chloro hint™, and clicking on "maps of the chioroplast genome” Hink, and "140-150

kb hink; alsc accessible directly on world wide web at URL "biology.duke.edu/chlam- y/chloro/chloreldd himi”),

{60425} In addition, the entive nuclear genome of C. reinhardii is described ma Merchant, 8. S, et al., Science {2807},
318(5848):245-250, thus facilitabing one of skl m the art to select 2 seguence or sequences usefid for constructing a
VOCtor.

{80426] For expression of the polypeptide 1o a hiost, an expression cassetie or vecior may be employed. The expression
vector will provide a transeriptional and transhational initiation region, which ray be inducible or constitutive, where
the coding region is operably linked under the transcriptional control of the transcriptional initiation region, and a
transcriptional and translational termunation region. These control regions reay be native to the gens, 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 encading exogenous or endogenons profeins. A
selectable muarker operative i the expression host may be present.

130427} The mucleotide sequences may be toserted fnte a vector by a vanety of methods. In the most common metbod
the sequences are inserted mto an appropriate rostriction endonuclease site(s) using procedures commonly known to
those skitled in the art and detailed in, for example, Sambrook ot al., Molecular Cloning, 4 Laboratory Monual, 2% Td.,
Cold Spring Harbor Press, (1989) and Ausubel et al, Shart Pratocols in Molecudar Biology, MR Yohn Wiley & Sons
(15923,

[60428] The description herein provides that host cells may be transformed with vectors. One of skill in the art will
recognize that such fransformation includes transformation with cireular or linearized vectors, or linearized portions of a
vector. Thus, a host cell comprising a vector may contain the entire vector in the cell {(in either circalar 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 DINA may be used. In sonie instances 3.5 10 1.5 kb flanking nucleotide
sequences of nuclear genomic DNA may be used, or 2.0 to 5.0 kb may be used.

{640429} Compoands

§04436] The modified or transformed host organism disclosed herein is useful in the production of a destred compound,

composition, or product. The present disclosure provides methods of prodecing, for example, an soprenoid or
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tsoprenoid precursor compound in a host cell. One such method involves, culturing a modified host cell in a suitable
culture medium under conditions that promote synthesis of a produet, for example, an isoprencid compound or
isoprenotd precursor compound, where fhe isoprenoid compound is generated by the expression of an enzyme of the
present disclosore, wherein the enzyme ises a substrate present in the host cell. In sonie embodiments, a method further
conprises isofating the isoprenoid compound from the cell and/or from the culture medivm

{30431} In some embodiments, the product {e.g. fuel molecule) is collected by harvesting the lignid medium. As some
fuel molecules {¢.g., monoterpenes} are imrniscible m water, they would float to the surface of the higud mediam and
could be extracted casily, for example by skimming. In other instances, the foel molecules can be extracted from the
Tgoid medium. In still othier instances, the fuel melecules are volatile. T such mistances, snpermsable bamriees can
cover of otherwise surround the growth environment and can be extracted from the air within the barrier. For some fael
molecules, the product may be extracted from both the environment (¢.g., iquid environment and/or air) and from the
intact host cells. Typically, the organism would be harvested at an appropriate point and the produoct may then be
extracted from the organism. The collection of cells may be by any means known in the art, meleding, but not linuted
to concentrating cells, mechapical or chermical disruption of cells, and perification of product(s) from celt cultures
and/or cell bysates. Cells and/or organmisims can be grown and then the produoct(s) collected by any means known o one
of skifl 1 the art. One method of extracting the product is by harvesting the host cell ox a group of host cells and then
deymoag the cell(s). The produst(s) from the dried host cell(s) are then barvested by croshung the cells to expose the
product. Tn sorae instanccs, the product moay be producced without killing the organisms, Producing sud/or cxprossing
the produst roay wot render the organism unviable.

{84432} In some embodiments, a genetically modified host cell 1¢ cultured in a suitable medium (e.g., Luria-Bertoni
broth, optionally supplemented with one or more additional agents, sach as an wducer (e.g., where the isoprenoid
synthage is under the control of an inducible promoter); and the cubture wmedinm is overlawd with an organic sobvent, ¢.g,
dodecane, forming an organic layer, The commpound produced by the genetically modified host partitions into the
organic layer, from which if can then be purified. In some embodimcnts, where, for example, 2 preny! transferase,
wsoprenoid synthase or mevalonate synthesis-enceding nucleotide sequence is operably Buked 1o an inducible proyaote,
an inducer is added fo the culture medinoy and, after a suitable time, the compound is isolated from the organic layer
overlaid on the culture medmn.

(60433} In some embodiments, the corapound or product, for example, an isoprenoid compound will be separated from

S

other products which may be present in the organic layer. Separation of the compound from other products that may be
present in the organic layer is readily achieved using, ¢.g., standard chromatographic techoigues.

{60434} Methods of culturing the host cells, separating products, and isolating the desired product or products are
known to one of skill in the art and are discussed further hereimn.

[604331 [n some embodiments, the compound, for example, an isoprenoid or isoprenoid compound is produced m a
genetically modified host cell at a Tevel that ix at least abount 2-fold, at least about 3-fold, at least about 10-fold, at least
about 25-fold, at least about 58-fold, at least about 100-fold, at feast about 500-fold, at least about 1000-fold, at least
about 2000-fold, at least about 3000-fold, at least about 4000-fold, at least about 5000-fold, or at least about 10,000-
fold, or more, higher than the lovel of the izoprenocid or isoprenoid precursor compound produced i an unmoditied host

cell that produces the isoprencid or isoprenoid precursor compound via the samne biosynthetic pathway,
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30436} In some embodiments, the compound, for example, an isoprencid compound is pure, e.g., at least about 4084
5 f : P, P P pure, €.g.

pure, at least about 58% pure, at least about 60% pure, at least about 709 pure, at least about 0% pure, at least about
9% pure, at least about 95% pure, at least about 98%, or more than 98% pure. "Pure” m the context of an isoprenoid

p i P f
conpomd refers to an isoprencid compound that is free from other oprenoid composnds, portions of compounds,
contaminants, and unwanted byproducts, for example.
{30437} Examples of products contemplated herein inchide hydrocarbon products and hydrocarbon derivative products.
A hydrocarbon product 1s one that consists of only hydrogen molecules and carbon molecules. A hydrocarbon
derivative prodoct is 3 hydrocarbon product with one or miore heteroatoms, wherein the heteroatom is any atorn that is

bl »

not hydrogen or carbon. Examples of heteroatoms include, but are not Ihntted to, mitrogen, oxygen, sulfur, and
phosphoras. Some preducts can be hydrocarbon-rich, wherein, for example, at least 30%, at least 60%, at least 70%. at
teast BO%, at least 90%, or at least 95% of the product by weight 1 made up of carbon and hydrogen

n one embodiment, the vector comprises one or more nucleic acid sequences involved m tsoprenoid synthesis,
364381 1 bod t, th { i { f tved 1 syntt

non Bt

The terms "isoprenocid,” Misoprenocid compounnd,” "terpene,” "terpene compound,” "terpenoid,” and "terpenoid
compound” are wsed interchangeably herein. Isoprenoid compounds inchide, but are not hmited to, monoterpenes,
esquiterpenes, diterpenes, triterpenes, and polyterpenes.
§6043%} One exemplary group of hydrocarbon products are isoprenoids. Isoprenoids (including terpencids) are derived
trom isoprene sabunits, but are roodified, for exaraple, by the addition of heteroatoms such as oxygen, by carbogn
skelcton rearrapgoment, and by alkyistion, Isoprenoids gencrally have a numbor of carbon atores which is cvenly
divisible by five, bui this is not a requitement as “roregular” erpenoids are known to one of slall w the art. Carotenods,
such as carotenes and xenthophylls, are examples of itoprenoids that are useful products. A sieroid is an example of a
terpencid. Examples of isoprenoids include, but are not lirgited to, hemiterpenes (C5), moncterpenes (C10),

;-. 7)

sesquiterpenes (18}, diterpenes {C2{), triterpenes (C30), tetraterpencs (C48), polyterpenes (O, wheremn i3 equal fo

or greater than 45), and their derivatives. Other examples of isoprenoids include, but are not imited to, lsnonene, 1,8-
cineole, a-pinens, camphene, (+)-sabinene, myreene, abictadiene, taxadicne, farnesyl pyrophosphate, fusicoccadiens,
amorphadiene, (E)-u-bisabolene, zingiberene, or diapophytoene, and their degvatives.

130446} Products, for example fuel products, comprising bydrocarbons, may be precursors or products conventionally
derived from crade o1, or petrolewm, such as, but not imited to, liquid petroleum gas, saptha (higroin), gasoling,
kerosene, dicsel, fubricating oil, heavy gas, coke, asphalt, tar, and waxes.

[00441] Useful products inchude, but are not limited to, teypenes and terpenoids as deseribed above. An exemplary
group of terpenes are diterpenes (C20). Diterpenes are hydrocarbons that can be modified (e.g. oxidized, methyl groups
removed, or cyclized); the carbon skeleton of a diterpene can be rearranged, 1o form, for example, terpenoids, such as
fusicoccadiene. Fusicoccadiene may also be formed, for example, directly from the isoprene precursors, without being
bound by the availability of diterpene or GGDP. Genetic modification of organisms, such as algae, by the methods
described herein, can lead to the production of fusicoccadiene, for example, and other types of terpenes, such as
fimonene, for example. Genetic modification can alse lead to the production of modified terpenes, such as methyl
squalene or hydroxylated and/or conjugated terpenes such as paclitaxel.

§684421 Other usefud products can be, for example, a product comprising a hydrocarbon obtained from an organism
expressing a diterpene synthase. Such exemplary products include ent-kaurene, casbene, and fusicoccadiene, and may

also mchude fuel additives.
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{30443} In some embodiments, a product (such as a fuel product) contemplated herein comprises one or more carbons
derived from an inorganic carbon source. [n some embodiments, at least 1094, ot least 2094, at least 30%, at least 40%,
at lcast 50%, at least 60%, at lcast 70%, at lcast 80%, at {east 96%, at lcast 95%, or at lcast 9994 of the carbons of a
prodact as described herein are derived front ap inorganic carbon seurce. Examples of thorganic carbon sonrces inchide,
but are not limited to, carbon dioxide, carbonate, bicarbonate, and carbonic acid. The product can be, for exampie, an
organic molecule with carbons from an inorganic carbon source that were fixed during photosynthesis.

{80444} The products produced by the present disclosure may be naturally, or non-naturally (e.g., as aresult of
transformation) produced by the host cell{s) and/or organismis) transformed. For example, products not naturally
produced by algac way nclade non-native terpenes/terpenods such as fusicoccadiens or lnenene, A prodect natorally
prodoced in algae may be a terpene such as a carotenoid {for example, beta-carotene). The host cell may be genetically
modified, for example, by ransformation of the cell with a sequence encoding a protem, wherein expression of the
protein results i the secretion of a naturally or a non-natarally produced product (e.g. hmonene) or products. The
prodact may be a molecule not found in nature,

[804458] Examples of products inchude petrochermical prodacts, precursors of petrochernical products, el products,
petroleam products, precursors of petroleum products, and all other substances that may be useful 1n the petrochemical
radustry. The product may be used for generating substagees, or raaterials, useful in the petrechemical industry, The
products may be used in a combustor such as a boiler, kiln, dryer or furnace. Other exainples of combustors are internal
corabustion engines such as vehicle engines or generators, icluding gasoline engines, dicsel engines, joi cogiacs, and
other types of engines. Tn one embodiment, & method herein comprises combusting & refined or “ypgraded”

coraposition. For example, cornbusting a refined composition can coraprise inserting the refined composition info 2
corabustion engine, such as an amtomobile engine or a jet engine. Products described herein may alse be usad to produce

plastics, resing, fibers, elastomers, pharmacenticals, nevtraceuticals, lubncanss, and gels, for example.

[30446] Usetul products can also include isoprenoid precursors. Isoprencid precursors are generated by one of two
pathways; the mevalonate pathway or the methylervthritol phosphate (MEP) pathway. Both pathways generate
dimethylallyl pyrophosphate (BMAPP) and isopentyl pyrophosphate (IPP), the common C5 precursor for {soprenoids.
The DMAPP and IPP are condensed to form geranyl-diphesphate (GPP), or other precussors, such as farnesyl-
dipbosphats (FPP) or geranylgeranyl-diphosphate (GGPP), front which higher isoprenoids are formed.

(60447} Useful products can also include small afkanes (for exaraple, | to approximately 4 carbons) such as methane,
cthane, propane, or butane, which may be used for heating (such as in cooking) or making plastics. Products may also
inchude molecules with a carbon backbone of approximately 3 to approximately 9 carbon atowns, such as naptha or
figroin, or their precursors. Other products may inchide molecules with a carbon background of abouit 5 to about 12
carbon atoms, or cycloaikanes used as gasoline or motor fuel. Molecules and aromatics of approximately 10 to
approximately 18 carbons, such as kerosene, or its precursors, may also be useful as products. Other products include
fubricating oil, heavy gas oil, or fucl oil, or theiwr precursors, and can contam alkanes, cycloalkanes, or aromatics of
approximately 12 to approximately 70 carbons. Products also include other residoals that can be derived from or found
in crude oil, such as coke, asphalt, tar, and waxes, generally containing multiple rings with about 70 or more carbons,
and their preewrsors,

[60448] Examples of products, which can include the isoprenoids of the present disclosure, are fuel products, fragrance

products, and insecticide products. T some instances, a product may be used divectly. In other instances, the product



WO 2011/034863 PCT/US2010/048828
49

may be used as a “feedstock™ to produce another product. For example, where the product is an isoprenoid. the
tsoprenoid may be hydrogenated and “cracked” to produee a shorter chain hydrocarbon {e.g., farnesene is hydrogenated
to produce farnesene which is then cracked to proditec propane, butane, octane, or other fuel products).

[B38449] Modified organisms can be grown, in some emhodiments i the presence of CU,, to produce a desired
polypeptide. In some embodiments, the products produced by the modified organism are isolated or collected. Collected
produets, such as terpenas and terpenoids, may then be further modified, for example, by refining and/or cracking to
produce fuel molecules or components.

§8045¢} The various preduects may be further refined to a final product for an end vser by a pumber of processes.
Refining can, for exanuple, cccur by fractional distilation. For example, 2 mintore of products, such as a muix of
different hydrocarbons with various chain leagths may be separated into varions components by fractional distiliation.
{60431} Relining may also inchude any one or more of the following steps, cracking, wnifying, or altering the product,
Large products, such as farge hydrocarbons (e.g. > C18), 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
prodeet 1o a furnace. Refining may also include coking, wherein a keavy, almost pure carbon residue 18 produced.
Cracking may also be performed by catalytic means tw echance the rate of the cracking reaction by using catalysts such
as, but not lunited to, zeolite, aluounvm bydrosilicate, bauxite, or silica-alumma. Catalysis may be by floud catalytic
cracking, wherchy a hot catalyst, such as zeohite, is used to catalyze cracking roactions. Catalysis may also be
performed by hydrocracking, where lower ternperatares are generally used in comparison o §wd catalytic cracking.
Hydrocracking can oceur 1n the presence of elevated partial pressure of hydeogen gas. Products roay be refined by
catalytic cracking to generate diesel, gasoline, and/or kerosens.

[88452] The products may also be refined by combining them in a gnification step, for exaraple by using catalysts, such
as platmm or 2 platiun-rhesium mux. The unification process can produce hydrogen gas, 2 by-product, which may be
used in cracking.

§604353] The products may also be refined by altering, rearranging, or restructuring hiydrocarbons into sroaller
raolecules. There are a number of chemical reactions that ocour in catalytic reforming processes which are knows to
one of ordinary slall in the arts. Catalytic reforming can be performed 1o the presence of a catalyst and a bigh partial
pressure of hydrogea. Ope comion process is alkyviation. For example, propylesce and butvlene are nixed with a
catalyst such as hydrofluorie acid or sulfuric actd, and the resulting producis are high octane hyidrocarbons, which can
be used to reduce knocking in gasoline blends,

{60454} The products may also be blended or combined into mixtures to obtain an end product. For example, the
products may be blended to form gasoline of various grades, gasoline with or without additives, labricating oils of
various weights end grades, kerosene of various grades, jet fuel, diesel fuel, heating oil, and chemicals for making

plastics and other polymers. Composiitons of the products described h

n may be combined or blended with fue
products produced by other means.

{60488} Some products produced from the host cells of the disclosure, especially after refining, will be wentical to
existing petrochemicals, i.e. contain the same chemical structure. For mstance, crode il contains the isoprenoid
pristane, which is thought to be a breakdown product of phytol, which is a component of chlorophyll. Some of the

products may not he the same as existing petrochernicals. However, although a moleoule miay not exist in couventional
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petrochemicals or refining, it may still be useful in these industries. For example, a hydrocarbon could be produced that
ts inn the boiling pomt range of gasoline, and that could be used as gasoline or an additive, even though the hydrocarbon
does not normally ocewr in gaseline.

[B38436] A product herein can be described by 1ts Carbon Isotope Dhstribution (CID). At the molecular level, a2 CID is
the statistical likelthood of a single carbon atom within 2 molecule 1o be one of the naturally occurring carbon isotopes
{for example, e B3¢ or ). At the bull level of a product, a CID may be the relative abimdance of natarally
ncourring carbon isctopes (for example, “C, C, or "C) in a compound containing at least one carbon atom. 1t is noted
that the CID of a fossil fucl may differ based on its source. For example, with CID(fos), the CID of carbon in a fossil

fuel, such as petroleom, natwal gas, and coal s distinguishable from the CID(atm), the CID of carbon iy cuvrent

atmospheric carbon dioxide. Additionally, the CID{(photo-atm) refers 1o the CID of a carbon-based compound made by
photosynthesis in recent history where the source of inorganic carbon was carbon dioxide m the atmosphere. Also,
ClD{photo-fos) refers to the CIHD of a carbon based compound made by photosynthesis in recent history where the
source of substantially all of the morgamc carbon was carbon droxide produced by the burmang of fossil fuels {(for
example, coal, natural gax, and/or petroleum). The exact distribution s also a charactenstic of 1) the type of
photosynthetic organisim that produced the molecule, and 2) the source of inorganic carbon. These isotope distributions
can be vsed to define the composition of photosynthetically-derived fuel products. Carben isotopes are unevenly
disteibuted arsong and within different compounds and the ssotopte distribution can reveal wformation about the
physical, chomical, and metabolic procosses involved in carbon tansformation, The overall abundance of PC relative to
2 i a photosynthetic organism s offen less than the overall abundance of PC relative w 2O i atmospheric carbon
dionide, indicating that carbon 1eotope diserinaation ocours in the incorporation of carbon dioxide wto photosynthetic
bicmass.

{38457 A product, either before or after refining, can be wentical © an exisnng petrocherical, Some of the fuel
products may vot be the same as existing petrochemicals. In one embodiment, a fuel product is sinular {0 an existing
petrochemical, except for the carbon isotope distribution. For example, i is belicved that no fossil fuel petrocheinicals
frave 2 87C distribution of less than -32%, whereas fuel products as described hesein can have a §7°C distribution of fess
than -32%, less than -35%, less than -40%, less than ~45%, less than -587%, less than -55%, or less than -60%. In another
embodiment, a fiue] product or composition is stmilar bt not the same as an existing fossil fuel petrochemical and has a
57C distribution of loss than -32%, less than -357%, less than -43%, less than -45%, Jess than -30%, less than -553%, or
fess than -6(0%.

[30458] A fuel product can be a composition compuising, for example, hydrogen and carbon molecnles, wherein the
hydrogen and carbon molecules are at least about 80% of the atomic weight of the composition, and wherein the 3°C
distribution of the composition is less than about -32%. For some fuel products described herein, the hydrogen and
carbon molecules are at Teast 90% of the atomic weight of the composition. For example, & bicdiesel or fatty acid
methyl ester (which has fess than 90% hydrogen and carbon melecules by weight) may not be part of the composition.
In still other compositions, the hiydrogen and carbon molecules are at least 93 or at least 999 of the atomic weight of the
composition. In yet other compositions, the hydrogen and carbon molecules are 100% of the atomic weight of the
composition. In some embodiments, the composition is a hiquid. In other embodiments, the composition is a fuel

additive or a fuel product.
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{30455} Also described herein is a fuel product comprising a composition comprising: hydrogen and carbon molecules,
wherein the hydrogen and carbon molecales are at least 50% of the atomic weight of the composition, and wherein the
S distribution of the compaosition is less than -32%; and a fucl component. In some embodiments, the §7°C
distribution of the composition is fess than shout -35%, less than aboat -40%, less than abont -43%, less than about -
56%, less than about -55%, or less than about -60%. In some embodiments, the fuel component of the composition is a
blending fuel, for example, a fossil fuel, gasoline, diesel, ethanol, jet fuel, or any combination thereof. In still other
embodiments, the blending fuel has a 87 C distribution of greater than -32%. For some firel products deseribed herein,
the fuel componcnt is a foel additive which may be MTBE, an anti-oxidant, an antistatic agent, a corrosion whibitor, or
auy vombination thereof. A fuel product as deseribed herein may be a product generated by blending a foel product as
described and a fuel component. In some embodiments, the fuel product has a 3C distribotion of greater than -32%. In
other embodiments, the fuel product has 2 8°C distribution of fess than -32%. For example, an oil composition
extracted from an orgamsm can be blended with a fuel component prior to refining (for example, cracking) in order to
generate a fuel product as deseribed herem. A fael component, can be a fossil fael, or a mixing blend for generating 4
fuel product. For example, a mixture for fuel blending way be & hydrocarbon mixture that is suitahle for blendimg with
another hydrocarbon mixture 1o generate a fuel product. For example, a mixture of light afkanes may not have a certain
octane number to be suitable for a type of fucl, howsever, it can be blended with a high octane mixfure to generate a fuel
product. In another example, a composition with a §°C distribution of less than -32% is blended with a bydrocarhon
raixtare for fuct blesding to create a fucl product. Tn some crbodirnents, the composition or fucl coraponent alone are
not suitable as a fuel product, bowever, when cumbined, they are usefol as a fuel product. Tn other ebodiments, eitber
the composition or the frel componeat or both wdividually are suitable as a fuel product. In vet ancther embodimernd,
the fuel component is an existing petroleum product, such as gasoling or jet fuel. In other embodiments, the fuel
coraponert s derived from a renewable resonrce, such as bicethanol, iediesel, and biogaschae,

{84466] Od compositions, derived from biomass obtained from a host cell, can be used for producing high-octane

fiydrocarbon products. Thus, one embodiment describes 2 method  of forming a fuel product, comprising: obfaming an
upgraded ol composition, cracking the oif composition, zad blending the resulting one or roore Hght frydrocarbops,
having 4 to 12 carbons and an Octane number of 80 or higher, with a hydrocarbon baving an Octane sumber of 88 or
fess. The hydrocarbons baving an Octane number of 83 or less are, for example, fossi fuels derived from refining crude
oil.

(80481} The biomass feadstock obtained from a host organtsm can be modified or tagped soch that the Tight
hydrocarbon products can be identified or fraced back to their original feedstock. For example, cacbon isotopes can be
introduced into a biomass hydrocarbon in the course of its biosynthesis. The tagged hydrocarbon feedstock can be
subjected to the refining processes described herein to produce a light hydrocarbon product tagged with a carbon
tsotope. The isotopes allow for the identification of the tagged products, either alone or in combination with other

s feedstocks.

untagged products, such that the tagged products can be traced back to their original bion

[60462F Table 1 Examples of Enzvmes Invelved in the Iseprencid Pathway

{60463} The enzymes utilized may be encoded by nucleotide sequences derived from any organism, including bacteria,
plants, fungl and ammals. In some instances, the enzymes are isoprenoid producing enzymes. As used horein, an
“isoprenoid producing enryme” is 2 naturally or non-naturally occurring enzyme which produces or mcreases

production of an isoprenoid. In some mstances, an isoprenoid producing enzyme produces tsoprenotds with two



WO 2011/034863 PCT/US2010/048828
52

phosphate groups (e.g., GPP synthase, FFP synthase, DMAPP synthase). In other instances, isoprenoid producing
erzymes produce iscprenoids with zero, one, three or more phosphates or may produce soprenowds with other

functional groups. Non-limiting examples of such enzymes and thoir sources are shown in Tabfe 1.

Synthase Source NCEBI protein 1D

Limonene M. spicaia 20NH A
Cineols S. officinalis AACZ6016

Pinene A. grandis AAKE3IS64

Camphene A. grandis AABTOT07
Subiene S, afficinglis AACZ6018
Myrecene A. grandis AAMBTI084
Abictadiene A. grandis J38710
Taxadiene T brevijolia AAKB3560
PR (. gallus PORE3S
Amorphadiene A. annua AAFGI439
Bisabolene A. grandis 081085
Diapophytoene 5. aureus

Diapophyioene desanirase S aurens

GPPS-LAU M. spicata AAFOET93

GPPE-SSU M. spicaia AAFD879Z

GPPS A thaliona CAC1684Y

PPN (. reinhararii EDPO35IS

PP E. coli NP 414855

FPP A. thaliana NP 199388

Iep A thaliona NP 193452

pp . reimhardiii EDPO3I94

. cali NP 417365

s

iPP isomerase

IPP isomerase H. pluvialis ABBEOI14

Limonene L. angustifolia ABB73044
Monoterpene S lvcopersicum AAKX69064
Terpinolene O. basilicum AAVE3792
Myroene (. basilicum AAVE3T791
Zingiberence O, basilicun AAVE378R
Mytcene 0. ilex CAC41012
Myrcene P. ables AASETEO6
Myreone, ocimene A thaliona MNP 179698
Myreene, ooimene A thatiana NP S$67511

Sesguiterpene Zomays; 373 AABES57]
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Besquiterpene A thaliana NP 199276
Sesquiterpene 4. thaliome NP 193064
Sesquiterpenc A. thaliana NP 193066
Curcuniene P. cablin AASBA31Y
Farnesene M. domestica AAX19772
Parnesene .o sativiis AALGS9ST
Farnesene C. junos AAKI4ZTY
Famesene F.ables AAS478H7
Bisabolene P._abies AAS47689
Sesguiterpense 4. thadioma NP 197784
Sesquiterpens A. thaliona NP 175313
GPP Chimera
GPPS-L3U+SSU fusion
Geranylgeranyl reductase A. thaliana NP 177587
Geranylgeranyt reduciase C. rainhardiii EDF00986
Chiorophyllidohydrolase C. yeinharatii EDPOi3s4
Chlorophyllidohydrolase A thalicna NP 564494
Chicropbyllidobydrolase 4. thaliana NP 199199
Phosphatase §. cerevisiae AADBG4930
FPP ALIEW G. gallus

{00464} Coden Optimization

{B8465] As discussed above, cie or more codons of an encodiag polynuclectide can be “brased” or “optimized” to
reflect the codon usage of the host orgarisrn.  For exaraple, one or more codouns of an encoding pelynuclectide cao be
“brased” ar “optimized” to reflect chloroplast codon usage (Table 2} or nuclear codonusage (Takle 3). Most amino
acids are encoded by two or more different {(degenerate) codons, and @t is well recognized that various organisms utihize
certain codons in preference to others, “Biased” or codoen “optirized” can be used inferchangeably throughout the
specification. Codon bias can be variously skewed in different plants, inchnding, for example, 10 alga as corapared o
tobacco. Generally, the codon bias selected reflects codon usage of the plant {or organelic therein) which is being
transformed with the nucleic acids of the present disclosure.

[80466] A polynucleotide that is biased for 2 particular codon usage can be syunthesized de novo, or can be genetically
reodified using routine recombinant DNA technigues, for example, by a ste directed mutagenssis method, to change
one or more codons such that they are biased for chloroplast codon usage.

[00467] Such preferential codon usage, which is utilized in chloroplasts, 1s referred to herein as "

chicroplast codon
usage.” Table 2 (below) shows the chloroplast codon usage for O remfiardti (see UK. Patent Application Publication
No.: 2004/0014174, published January 22, 2604).

§30468] Table 2

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

UCU 18.4( 198)

VAL 23.7¢ 2423

UGU 5.5( 87)

UUC 14.2{ 145

UCC 4.5( 30y

UAC 16.4( 106

UGC 2.6(27)

UUA 72.8( 742)

UCA 20.4( 208)

UAA 2.7( 28}

UGA 0.1 D)

UUG 5.6( 57

UCG 5.2 53)

UAG 0.7(7)

UGG 13.7( 146)

CUU 14.8( 151

CCU 14 9( 152y

CAU 11.1(113)

"GU 25.5¢ 260)

CUC 100 10)

CCC 54( 55

CAC 3.4( 86)

CGO S.1{50)

CUA 6.8(69)

CCA 183(197

CAA34.8(355)

COA 3.8(39)

CUG T2 T3

COG3.6(31)

CAG 5.4( 35)

CGG 0.5 5)

AUU 44.6( 45%)

ACU 23.3(237

AALT 44.0( 449

Z

AGU 18.9(172)

AUC 9.7 99)

ACC 7.8( 80}

AAC 9. 7200

AGC 6.7 68)

AUA 8.2( 84}

ACA 29.3( 299

AAA B 62T

AGASD{5hH

AUG 23.3( 238}

ACG 4.2( 43)

AAG11.0(112)

AGG 1.5(15)

GUU 27.5( 280}

GCU 30.6(312)

GAU 23.8(243)

GGU 40,01 408)

GUC 4.6( 47}

GCC U111

GAC 1160 118}

GGC 8.7( 82}

GUA 26.4( 269

GCA 19.9(203)

GAA40.3( 411

GGA 9.6( 98)

GUG 7.1 72)

GCG 4.3(44)

GAG 6.9 76)

GGG 4.3(4%

[346%81 * -Fregquency of codon usage per 1,000 codons. *¥ - Number of tirmes observed w36 chloroplast soding
seguences (16,193 codons).

{60478} The chloroplast codon bias can, but need not, be selected based on a particular organism in which a synthetic
polynucleotide 1s to be expressed. The mampulation can be a change to a codon, for example, by a method such as site
directed mutagencsis, by a method such as PCR using a primer that 1s musmatched for the aucleotide(s) to be changed
such that the amplification produect is biased to reflect chloroplast codon usage, or can be the de novo syathesis of
polynacleotide sequence such that the change (bias) 18 introdueed as 2 consequence of the synthesis procedare.

[68471] In addition to vtilizing chloroplast codon bias as 2 means to provide efficient translation of a polypeptide, it
will be recogmized that ap alternative roeans for obtaining efficient ranslation of a polypeptide 1o a chioroplast s to
re-cpgiucer the chloroplast gepome {e.g., a C. refnhardii chloroplast genome) for the expression of tRNAs not
otherwise expressed ia the chioroplast genome. Such an engineered algae expressing one or more exogenous tRNA
molecudes provides the advantage that i would obviate a requizernent to modify every polyoucleotide of interest that is
to be wntroduced it and expressed from a chloroplast genome; instead, algae such as €. reinfiardtii that comprise a
genstically modified chloroplast genome can be provided and vithized for efficient translation of a polypeptide
according to any method of the disclosure. Corrclations batwoen tRNA abundance and codon usage in highly expressed
genes is well knowa (for example, as described in Franklin ot al., Plant J. 30:733-744, 2002; Dong <t al., I. Mol. Biol.
260:649-663, 1996, Duret, Trends Genet. 16:287-289, 2000; Goldman et. al., J. Mol Riol. 245:467-473, 1993, and
Komaret. af, Biol. Chem. 379:1295-1300, 1998). In £. coli. for example, re-engineering of strains to express
underutifized tRNAs resuited 18 enhanced expression of genes which vtilize these codons {ses Novy et al., i Novations

12:1-3, 20013, Utihzing endogenous tRNA genes, site directed mmtagenesis can ke used o pake a systhetic tRNA
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gene, which can be miroduced into chloroplasts to complement rare or unused tRNA genes in a chloroplast genome,
such as o {. reinhardiii chloroplast genome.

{30472} Generally, the chloroplast codon bias selected for purposcs of the present diselosure, including, for example, in
preparing a synthetic polynucleotide as disclosed heretn reflects chloroplast codon usage of a plant chloroplast, and
includes a codon bias that, with respect to the third position of a codon, 18 skewed towards A/T, for example, where the
third position hias greater than about 66% AT bias, or greater than about 70% AT bias. In one embodiment, the
chiloroplast codon usage is biased to reflect alga chiloroplast codon usage, for exampte, C. reinfiardtiz, which has about
74.6% AT bias in the third codon position, Preferred codon usage in the chioroplasts of algae has boen desenbed in US
2004/0014174.

[86473] Table 3 exemplifies codons that are preferentially used in algal nuclear genes. The nuclear codon bias can, but
need not, be selected based on a particular organism m which a synthetic polynucleotide is to be expressed. The
mampulation can be a change o & codon, for example, by a method such as site directed mutagenesis, by a method such
as PCR using a primer that 1s mismatched for the micleotide(s) to be changed such that the amplification product is
hissed to reflect nuclear codon usage, or can be the de novo synthesis of polynuclestide sequence such that the change
{bias) is mitroduced as a consequence of the synthesis procedore.

{80474} To addition to utihzing nuclear codon bias as a means 10 provide efficient translation of a polypeptide, 1t will be
recogmzed that an alternative means for obtamung efficient ranslation of a polypeptide 1n a pucleus 13 to re-engineer the
nuclear genome {c.g., a C. reinhardiii nuclear gonome) for the expression of t(RNAs not otherwise expressed in the

neclear gepome. Such an cngincered algae expressing une or more exogenous tRNA roolecules provides the advaniage

that it would obviate a requirement to modify every pobynmclectide of interest that is to be mteoduced into and expressed
from a nnclear genorae; instead, algae such as C reivhardlii that coraprise a genetically modified muclear genome can
be provided and wtibized for efficient translation of a polypeptide according to any method of the disclosure,

Correlations between tRNA abundance and codon usage in lighly expressed genes 15 well knows (for example, as

ge
described in Franklin et al, Plant J. 30:733-744, 2002; Dong et al, J. Mol. Biol. 260:648-663, 1996; Duret, Trends
Genet, 16:287-289, 2000; Geldman ct, AL, J. Mol. Biol. 243:467-473, 1995; and Komar et. Al, Biol. Cheom.
379:1295-1300, 1998). In £ coli, for exampie, re-engineering of strains to express underuttlized tRNAs resulted in
onhanced expression of genes which utiize these codons (see Novy et al., 1o Novations 12:1-3, 2001}, Uilizing
endogenous tRNA genes, site directed mutagenesis can be used to make a synthetic tRNA gene, which can be
mntrasinced into the nucleus to complement rare or anosed (RNA genes in a nuclear genome, such as a C. reinhardnii
nuclear genome.

{60478} Generally, the nuclear codon bias selected for purposes of the present disclosare, including, for example,
preparing a synthetic polynucleotide as disclosed herein, can reflect nuclear codon usage of an algal nucleus and
includes a codon bias that results in the coding sequence containing greater than 60% G/C content.

[30476] Tabled

(084771 fields: [wiplet] { frequency; per thousand] {({number]) Coding GC 66.30% 1% letter GC 64.80% 2 2 fetter GO
47.90% 3% letter GC 86.21%

Nuelear Codon Usage in Chlamydomonas relnhardtii

UUU 502116} UOU 4.7 (19923 UALU 2.6 {1985} UGU 14 (6l

UUCZ7.1 {141 UCC 161 (6782) UAC 22.8 (9579 UG 13,1 (5498)
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UUA 0.6 (247)

UCA 3.2 (1348)

UAA 1.0 1441)

UGA DS (227

UUG 4.0 (1673}

UCG 16.1 (6763)

UAG 0.4 {183y

UGG 13.2 (3559)

CUU 4.4 (1860

CCU 13416

CAU 2.2 (9193

CGU 4.9 (2071

CUC 13.0 (5480)

CCC 29.5 (12409

CAC 17.2(7252)

COC 34.9 (14676

CUA 2.6 (1036

CCA 512124y

CAA 4.2 (1780)

CGA 2.0 (841)

CUG 65.2 (27420)

CCG 207 (8684

CAG 36.3¢15283)

CGGU23M71h

AU 8.0 (3360}

ACU 22171

AAL 2.8 (1157

AGU 2.6 (1089)

ADC 26.6 {(11200)

ACC 27.7¢11663)

AAC28.5 (11977}

AGC 22.8 (9590)

AUA 1.1 (443)

ACA 411713

AAA24(1028)

AGA 0.7 (257

OALIG 257 (107963

ACG 15.9 (6684

AAGA33 (18D

AGG 2.7 (1150)

GUU 5.1 (2138}

GEU 16,7 (70303

GAU 6.7 (28053

GGU 9.5 (3984)

GUC 15.4 (6496)

GUC 54.6 (22960)

GAC41.7(17519)

GGC 62.0 (26064)

GUA 2.0 (857

GCA 10,6 (4457)

GAA 28 (1172}

GUA 5.0 (2084

UG 46,5 (195583

GG 44,4 (18688)

GAG 53.5 (22486)

GGG 9.7 (408T)

§30478) Table d

(6004791 Table 4 fists the codon selected at each position for backtranstating the protein to a DNA sequence for

synthesis. The selected codon is the sequence recognized by the tRNA encoded in the chloroplast genome when present;

the stop codon (TAA) is the codon most frequently present in the chloroplast encoded genes. If an undesired restriction

site 1s created, the next best choice according to the regular Chlamydomonas chloroplast usage table that eliminates the

resiriction stte is selected.

{004806] Table d

Argiao acid Codon utibzed
F TTC
L TTA
1 ATC
v GTA
3 TCA
¥ CCA
T ACA
A GCA
Y TAC
H CAC
Q CAA
N AAC
K AAA
D GAC
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E GAA

TGC
R CGT
G GGC
W TGG
M ATG
STOP TAA

{60481} Percent Seguence identity

{B8482] One example of an algorithm that 1s suitable for determining percent sequence identity or sequence stmilanty
between nucleic acid or polypeptide sequences is the BLAST algorithm, which is deseribed, e.g., in Altschol eval., S

Mal Biol. 215:403-410 {1990}, Software for performing BLAST analysis s publicly avatable theough the National

Center for Biotechnology Information. The BLAST algorithin parameters W, T, and X deterinine the sensitivity and
speed of the alignment. The BLASTN program (for nucleotide sequences) uses as defaults a word length (W) of L1, an
expectation {E) of 10, a cutoff of 100, M~5, N—-4, and a comparison of both strands. For armne acid sequences, the
BLASTP program vses as defaults a word Jength (W) of 3, an expectation (T) of 10, and the BLOSUMSG2 scoring
matrix {as described, for example, in Henikoff & Hemkoff (1989) Proc. Natl dcad Scil USA, 89:10815). In addition o
calculating percent sequence identity, the BLAST algorithm also can perform a statistical analysis of the similarity
between two sequences {for example, as described in Karlin & Altschal, Proc. Nat'l Acad Sci. US4, 90:5873-5787
(19931, One measure of somdardy provided by the BLAST algorithm s the smallest suna probability (P(N}), which
provides an indication of the probability by which a muatch between two nucleotide or araino acid sequences would
ocour by chance. For example, a nucleie acid is considered similar to a reference sequence if the sroalest surm
probability in a comparison of the test pucleic acid to the reference nucleic acid is less than 2bout 0.1, less than about
0.01, or less than about 0.001,

{30483} Faitv Acide and Glveerel Lipids

(30484} The present disclosure describes host cells capable of making polypeptides that contribute to the accumulation
and/or secretion of fatty acids, glycerel lipids, or oils, by transforming host cells {e.g., alpa cells such as O reinbardiil,
D. saling, H. pluvalis, and cyanobacterial cells) with rucleic acids encoding one or more different enzymes. Examples
of such enzymes wnchude acetyi-CoA carboxylase, ketoreductase, thioesterase, malonylitansterase, dehydratase, acvi-
CoA ligase, ketoacvisynthase, cooylreductase, and desaturase.  The cazymes can be, for example, catabolic or
biodegrading enzymes.

F60485] [n sorne instances, the host cell will natvrally produce the fatty acid, glycerol ipid. triglyceride, or oil of
interest. Therefore, transformation of the host cell with a polynucleotide encoding an enzyme, for example an ACCase,
will allow for the inereased activity of the enzyme and/or increased accumulation and/or secretion of a molecule of
interest {e.g., a lipid) in the cell.

[34486] A change in the accunmlation and/or secretion of a desired product, for example, fatty acids, glycerol ipids, or
oils, by a transformed host cell can include, for example, a change in the total oil content over that normally present in

the cell, or a change in the type of o that is normally present in the cell,
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{00487} A change in the accumulation and/or secretion of a desired product, for example, fatty acids, glycerol lipids, or
oils, by o transformed host cell can include, for example, a change 1n the total lipid content over that normally present in
the cell, or a change n the type of lipids that are normally present in the ccll.

{B8488] Yocreased malonyl CoA production ts requived for iscreased. Increased fatty acid binsynthesis is required for
increased accumulation of fatty acid based Hpids. An increase in fatty acid based Hpids can be measured by methyl tert-
butyl ether (MTBE) extraction.

{80489} Some host cells may be transformed with multiple genes encoding one or more enzymes. For example, a
single transformed coll may contain exogenous nucleic acids encoding enzynies that make ap an entive glycerclipid
synthesis pathway. One exanple of 2 patlway might include genes encoding an acetyl CoA carboxylase, a
malonyitransferase, a ketoacylsynthase, and a thioesterase. Cells transformed with an eutire pathway and/or enzymes
extracted from those cells, can synthesize, for example, complete fatty acids or intermediates of the fatty acid synthesis
pathway. Constructs may contain, for example, multiple copies of the same gene, multiple genes encoding the same
erizyme from different orgamsms, and/or maltiple genes with one or more motations in the coding sequence(s).

[80496] The enzyre(s) produced by the modified cells may result i the production of fatty acids, glycerol Hipids,
triglycerides, or ¢ils that may be collected from the cells and/or the surrcunding envirenment (2. g, bicreactor or growth
mediurn}. In some embodirnents, the collection of the farty acids, glveere] ipids, triglyeenides, or oils is performed after
the product is secreted from the cell via a cell membrane transporter.

(30491} Examples of candidate Chlamydomonas genes cacoding cozyrcs of glyeerolipid metabolism that can be used
1a the desentbed exbodinents are doscribed in The Chlarmydomosas Soweebook Second Edition, Organellar and
Metabolic Processes, Vol. 2, pp. 4168, Dawid R Stern (Ed.), (2009), Elsevier Acadenic Press,

{88492] For example, enzymes iavolved in plastid, mitochondrial, and cytosclic pathways, along with plastidic and
cytosohc 1soforms of fatty acid desaturases, and triglycende synthesis enzyraes are described {and their accession

rmumbers provided). An exemplary chart of some of the genes described 1s provided below:

Acvi-ACP thiocsterase FATI EDPOESYS
Long-chain acyl-CoA synthetase LLST EDOY6R1N
CDP-DAG: Taositol phosphotransferase Pisl EDPO639S
Acyl-CoA: Diacylglyeerol acyliransferase DGAL EDOY6ES3
Phospholipid: Discylglyeerol acyltransferase LROILCAL EDP07444

[60483} Exanaples of the types of fatty acids and/or glycerol lipids that a host cell or organism can produce, are
described below.

(30494} Lipids are 2 broad group of naturally occurring roolecules which includes fats, waxes, sterols, fat-soluble
vitarains (stich as vitammins A, D, E and X)), monoglycerides, diglycerides, phospholipids, and others. The main
hiological functions of hpds inciude energy orage, as siructural components of cell merchranes, and as important
signaling molecules,

{30495} Lipids may be broadly defined as hydrophobic or amphiphilic sroall molecules; the amphiphilic natuee of some
fipids altows them to form structures such as vesicles, liposomes, or rnembranes in an agueous eavironment. Biological
Fipids originate entirely or i part from two distinct types of biochemical subwuts or "building blocks™ ketoacyl and

isoprene groups. Lipids may be divided into eight categories: fatty acyls, glycerolipids, glycerophospholipids,
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sphingolipids, saccharolipids and polyketides {derived from condensation of ketoacyl subuniis); and sterol lipids and
prenol Lipids {dertved from condensation of isoprene subunits). For this disclosure, saccharclipids will not be discussed.
{30496} Fats are 2 subgroup of lipids called triglycerides. Lipids also encompass molecules such as fatty acids and their
denvatives (ueloding tri-, di-, and monoglycendes and phospholipids), as well as other sterol-containing metabokites
such as cholesterol. Humans and other mamnials use various biosynthetic pathways to both break down and synthesize
tipids.

[30498] Tatty acyls, a generic torm for describing fatty acids, their conjugates and derivatives, are a diverse group of
mnlecsles synthesized by chain-elongation of an acetyl-CoA primer with malonyl-CoA ov methyhnalomyt-CoA groops
n a process called fatty acid synthesis. A fatty acid s any of the alipbatic monocarboxylic acids that can be tberated by
hydrolysis from naturally occurring fats and oils. They are made of a hydrocarbon chain that terminates with a
carboxylic acid group; this arrangement confers the molecule with a polar, hyvdrophilic end, and a nonpolar,
hydrophobic end that is insoloble m water, The fatty acid structure s one of the most imdamental categories of
hiological Epids, and is conmmonly osed as 2 building block of more structurally complex lipids. The carbon chain,
typically between tour to 24 carbons long, may be saturated or unsaturated, and may be attached to functional groups

containing oxvgen, halogens, mitrogen and sulfisr; branched fatty acids and hydroxyl fatty acids also occuy, and very

4D

fong chain acids of over 30 carbons are found i wa

D

Where a double bond exists, there is the possibibity of either a
cis or frans geometne tsomerisr, which significantly affocts the roolocnic’s molecuiar configuration, Cis-doubic bonds
vavse the fatty acd chain 10 bend, an effect that is wore pronwanced the more double boads there are in a cham, This 1u
tarn plays an important role 10 the structure and function of cell membranes. Most patueally occurring fatey acids are of
the cis configuration, although the trans forr does exist in some natoral and partially hydrogenated fats and oils.
(88499} Exaraples of biclogically traportant tatty acids are the eicosanoids, derived primarily from arachidonic acid and
cicosapentaenoic acid, which include prostaglandios, leukotricnes, and thromboxanes. Other raajor hipid classes o the
fatty acid category are the faffy estors and fatfy amides. Fatty esters include important biochemical imtermediates such as
wax esters, fatty acid thioester coenzyme A derivatives, fatty acid thioester ACP derivatives and fatty acid camitines.
The fatty amides include N-acyl ethanolamines.

{00586} Glyeerclipids

(80561} Glycerolipids are corgposed mainly of meono-, di- and to-substituted glyveerols, the most well-kunown being the
fatty ackd esters of glycerol (nacylgdveerals), also known as triglycenides. In these conpounds, the three hydroxyl
groups of glveerol are each esterified, usually by different fatty acids. Because they function as a food store, these lipids
comprise the bulk of storage fat in animal tissues. The hydrolysis of the ester bonds of triacylglycerols and the release of
glycerol and fatty acids from adipose tissue is called fat mobilization.

[605621 Additional subclasses of glycerolipids are represented by ghveosylglycerols, which are characterized by the
presence of one or more sugar residues attached 1o glycerol via a glycosidic linkage. An example of a structure in this
category is the digalactosyldiacyiglyeerols found i plant membranes.

{60583} Exemplary Chlamydomonas glycerolipids include: DGDAG, digalactosyldiacylglycerol; DGTS, diacylglyceryl-
N, N, N-trimethythomoserine; MGDG, monogalactosyldizeylglyeerol: PtdBEm, phosphatidylethanolamine; PtdGro,
phosphatidylglyeerol; Prdins, phosphatidylinosiiol; SQDG, sulfoquinovesyldiacylglveerol; and TAG, tnacylglveerol.
[68584F Glveerophospholipids
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{80563} Glycerophospholipids are any derivative of glycerophosphoric acid that contains at least one U-acyl, O-alkyl,
or O-alkenyl group attached to the glyeerol residue. The common glycerophospholipids are named as dertvatives of
phosphatidic acid (phosphatidyl choline, phosphatidy! serine, and phosphatidyl ethanolamine).
[B383586] Glycernophospholipids, also referred to as phospliolipids, are ubigoitous in nature and are key components of
the lipid bilayer of cells, a3 well as being involved in metabolism and cell signaling. Glycerophospholipids may be
subdivided into distmet classes, based on the nature of the polar headgroup at the s#-3 position of the glycerol backbone
0 epkaryotes and eubacteria, or the sn-/ position in the ease of archasbactena.
{86387} Exanples of glycerophosphobpids fovud in biclogical membra re phosphatidylcholine (also known as PC,
GPCho or lestttun), phosphatdylethanclamne (PE or GPEtn) and phosphatidylsenine (PS or GPSer). In addivon to
serving as a primary component of cellular membranes and binding sites for ntra- and intercellolar proteins, some
ghycerophospholipids in eukaryotic cells, such as phosphatidylinosttols and phosphatidic acids are etther precursors of,
or are themselves, membrane-derived second messengers, Typically, one or both of these hydroxyl groups are acylated
with long-cham fatty acids, but there are also alkyl-huked and 1Z-alkenyl-linked (plasmalogen) glycerophospholipids,
as well ar diatkylether variants in archacbacteria,
(60569} S )hmgoiipids are any of class of lipids containing the long-chain amino diol, sphingosine, or a closely related
base (1., a sphingoid}. A fatty amid ts bound m an anude linkage to the amioe group and the terovinal bydroxyl may be
tinked to a number of residucs such as a phosphate estor oy a carbohydrate. The predenunant base 1o antmals 1s
sphingosine while m plants i is phytosphingosine.
§30518} The main classes are: (1) phosphosphigolipids ¢also known as sphingophospholipids), of which the main
representative is sphingorayelin; and (2) glycosphngolipids, which contain at least one moncsaccharide and a
sphingoid, and inclpde the cercbrosides and ganghosides, Sphingolipids play an important stractural role 1 cell
raembranes and may be mvolved 1 the regidation of protein kinase C,
(30511} As mentioned above, sphingolipids are a complex family of compounds that share a cominon sguctural feature,
2 sphingoid base backbone, and are synthesized de novo from the aroino acid serine and a long-chain faity acyl CoA,
that are then converted into ceramides, phosphosphingelipids, glycosphingolipids and other compounds. The major
sphingoid base of mammals is commonly referred €0 as sphingosine, Ceramsdes (N-acyl-sphingoid bases) are a major
subclass of sphingoid base derivatives with an amide-linked fatty acid. The fatty acids are typically saturated or mono-
wnsaturated with chain Tengths from 1640 26 carbon atoms.
(30512} The major phosphosphingolipids of mammals are sphingomyelins {ceramide phosphocholines), whereas
insects contain mainly ceramide phosphoethanolamines, and fungi have phytoceramide phosphoinositols and mannose-
contaimng headgroups. The glycosphingolipids are a diverse family of molecules composed of one or more sugar
residues linked via a glycosidic bond to the sphingoid base. Examples of these are the simple and complex
glycosphingelipids such as cerebrosides and gangliosides.
(6513} Sterol Lipids
{60514} Sterol lipids, such as cholestercl and its derivatives, are an important component of membrane lipids, along
with the glycerophospholipids and sphingomyelins. The stercids, all derived from the same fused four-ring core
structire, have different biological roles as hormones and signaling molecules. The eighteen-carbon (C18) steroids

include the estrogen fanily whereas the C19 sterouds comprise the androgens such as testosterone and androsterone,
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The C21 subclass includes the progestogens as well as the glucocorticoids and mineralocorticoids. The secosteroids,
coniprising vartous forms of vitamin D, are characterized by cleavage of the B ring of the core structure. Other
examples of sterols arc the bile acids and their conjugates, which in mammals are oxidized dertvatives of cholesterol
aud are synthesized in the liver. The plant equivalents are the pliytosterels, such as B-sitosterol, stignasterol, and
bragsicasterol; the latter compound is also used as a biomarker for algal growth. The predominant sterol in fungal cell
membranes is erg()steroi.
{80516} Prenol lipids ase synthesized from the S-carbon precursors isopentenyl dipbosphate and dimcthylalivi
diphosphiate that are produced matnly via the mevalowe acid (MVA) patliway. The stuple tsoprenoids (for example,
linear alechols and diphosphates) are formed by the successive addition of C3 units, and are classified according o the
nomber of these terpene anits. Structures contaming greater than 40 carbons are known as polyterpenes. Carotenoids are
important simple 1soprencids that function as antioxidants and as precursors of vitamin A. Another biologically
important class of molecules is exernplified by the quinones and hydroquinones, which contam an 1soprenoid tail
attached {2 qunonoid core of nor-isoprenoud onigin, Prokaryotes synthesize polyprenols (called bactoprenods)
which the terrinal isoprenoid wnit attached to oxygen remains unsaturated, whereas in andmal polyprencts (dolichols}
the terminal isoprencid is reduced.
{36517} Polyketides
(30518} Polyketides or sometimes acctogenin arc any of a diverse group of oatiral products synthesized via lincar poly-
f-ketoues, which are theraselves formed by repetitive head-to-tail addition of acetyl (or subsirtuted acetyl) umis
indirectly denved from acetate {(or a substituted acetate) by a mechamiem similar to that for fatty-acid biosynthesis but
without the infermediate reductive steps. In many case, acetyl-CoA fiunchions as the starter unit and malonyh-CoA as the
extending unt, Various molecules other than acetyl-CoA may be used as starter, often with methovimalonyl-CoA as the
extending unit. The poly-p-ketones so formed may underzo a variety of further types of reactions, which include
alkylation, cyclization, giymsy]ation, oxidation, and reduction. The classes of product formed — and their corresponding
starter substances — comprise frver alic: comiine (of hernlock) and orsellinate (of Hebens) — acetyl-Co A flavanoids and
stifbenes — cinnamoyl-CoA; tetracyelines — amide of malony!-CoA; urushiols {of poison ivy) — palmitoleoyl-CoA; and
orythonohides - propionyl-CoA and methyl-malonyl-CoA as extender.
(80519} Polyketides comprise a large number of secondary metabolites and natural products from animal, plant,
hacterial, fungal and martne sources, and have preat siructural diversity. Many polyketides are cyelic molecules whose
backbones are often further modified by glycosylation, methviation, hydroxylation, oxidation, and/or other pracesses.
Many commonty used anti-microbial, anti-parasttic, and anti-cancer agents are polyketides or polyketide derivatives,
such as erythromycins, tetracyclines, avermectins, and antitumeor epothilones.
[605281 The following examples are intended to provide illustrations of the application of the present disclosure. The
following examples are not intended to completely define or otherwise Himit the scope of the disclosure. One of slall in
the art will appreciate that many other methods known in the art may be substituted in lieu of the ones specifically
described or referenced herein.

EXAMPLES
(00521 L
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{30522} In this example, a method for transformation of Scenedesrus sp. is described. Algae cells are grown to log
phase {approximately 0.5-1.0 x 107 cells/mL) in TAP medinm (Gorman and Levine, froc. Na#l. Acad. Sei., USiA
54:1663-1668, 1963, which 1s mcorporated hercin by reference) at 23°C under constant ftumination of 36-100uE on a
votary shaker set at 100 rpm. Cells are harvested at 10800 x g for 5 nun. The superpatant is decanted and cells are
resuspended in TAP media at 107 cefls/mb. 5 x 107 eelis are spread on selective agar medium and transformed by
particle bombardment with 530 nm or 1600nm diameter gold particles carrying the transforming DNA@ 375-500psi
with the Helios Gene Gun (Bio-Rad) from a shot distance of 2-4erm.  Desived algae clones are those that grow on
sclective media.

[38523] PCR s used to identify wansformed algae strains. For PCR analysis, colowny lysates are prepared by
suspending algae cells (from agar plate or hquid culture) in ysis buffer (0.5% SDS, 100 mM NaCl, 10 mM EDTA, 7

mM Tris-HCL pH 7.3) and heating to 98°C for 10 minutes, followed by cooling to near 23°C. Lysates are diluted 30-
fold m 18¢mM Tris-HCL pH 7.5 and 2ul s used & plate in a 25uk reaction. Alternatively, total genomic DNA
preparations may be sebstitited for colony lysates, A PCR cocktail consisting of reaction buffer, dNTPs, PCR primer
patr(s} (indicated m cach example below), DNA polymerase, and water 18 prepared. Algal DNA is added o provide
template for the reaction. Annealing temperature gradients are employed to determine optimal anneabng temperature for
specific primer pairs. Io many cases, algae transformants are analyzed by PCR in two ways, Tirst, primers are used that
are specific for the transgene bewng wtroduced mto the chloroplast genome. Desired algas transformants are those that
give rise to POR product{s) of expected size(sy. Sceound, two sots of primer pairs are used to detewnamue the degree to
which the transfonwng DNA was wntegaated vato the chloroplast gesome (heteroplasmic vs, horaoplasrmic). The first
patr of primers amplifies a region spanning the site of Wtegration. The second pair of primers amplifies a constant, or
control region that is not targeted by the transforming DNA, so should produce a product of expected size in all cases.
This reaction confirros that the absence of @ PCR product from the region spanning the site of integration did not result
from celhuiar and/or other contaminants that whibited the PUR reaction. Concentrations of the primer pairs are varied
50 that both araplicons are amplified in the same reaction. The number of cycles used is >34 o increase seositivity. The
raost desived ¢lones are those that vield 1 product for the constant region but aot for the region spanaiay the site of
integration. Once identified, clones are analyzed for changes in phenotype.

[84524] One of skill in the art will appreciate that many other transformation methods known in the att may be
substituted 10 licu of the ones specifically described or referenced herein.

[84525] Exampie 2: Chioroplast Transformation of 8. dimorphins using 3-(3 . 4-Thchlorophenyly- 1.1 -dimethylurea
(DEMUD selection

{00526} In this example, DCMU resistance was established as a selection method for transformation of 8. dimorphus.

Transforming DNA (SEQ ID NO: 20, S264A fragment) is shown graphically in Figure 1. In this instance, a DNA
fragment encompassing the 3” end of the gene encoding psbA and 18 37 UTR from S. dimorpiius was amplified by
PCR, subcloned into pUCTE, and mutated via Quikchange PCR (Stratagene) to generate a 8264 A mutation along with a
stlent Xbal restriction site. Nucleotide 1913 of the fragment was mutated from a T to a G for the S264A mutation, and
nucleotides 1928 to 1930 were mutated from CGT to AGA to generate the silent Xbal restriction site.

[605271 Transforming DNA was introduced into S dimorphus via particle bombardment (as deseribed in EXAMPLE
1) with DNA carried on 1000 nm gold particles, @ 373 psi and a shooting distance of Zom, Transformants were

selected by growth on HSM media + §.5uM DCMIUJ snder constant Bght 100-2000F @ 23°Clor approximately 3 weeks.
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{30528} Transformants were verified by PCR screening {as described in EXAMPLE 1) using primers (SEQ ID NO: 17
and SEQ [ NO: 14) specific for a 2.1 kb region surrounding the bases changed for the 8264A mutation. The PCR
products were then digested with Xbal to distingwish transformants from spontaneous mutants that may arisc as a result
of plating cells onto media containing DCMU. Figare 2 shows that DNA amphified from clones 3 and 4 is completely
digested by Xbaf (indicating that clones 3 and 4 are bonafide transformants while DNA amplified from wildtype cells
(WT)isnot. These data were confirmed by DNA sequencing of the PCR product.

{BU529} Transformants were grown to saturation in TAP media, dilted 1:100 in HSM -+ various concentrations of
DCMU and grown under constant tight 50-100uE with CO2 enrichment for 4 days. Figure 3 shows that transformants
with the psbA S204A mutation grow i up to 106 DCMU or 10uM Atranive whereas wild type 8. dimporphas (wt}
fails to grow in 8.5aM DCMU or 8.5uM Atnazine.

{30536 In order to determine 1f DCMU selection could result i incorporation of an expression cassette downstream of
the psbA gene, A veclor was consiructed containing an expression cassette consisting of an endogenous promoter, a
chiforamphenicol acetyliransferase ({CAT) gene, and an endogenons termmator cloned ~300bp downstream of the

8264 A/Xbal mutated psbA gene fragment from S, dimorphus and including the rpl20 gene, Transforming DNA s
shown graphically in Figure 4. [n this instance the DNA segment labeled “CAT” is the chloramphenicol acetyl
transferase gene from &, col, the segment labeled “tufA” is the promoter and 37 UTR sequence for the /4 gene from
S. dimorphus, aad the segment labeled “rbell” is the 37 UTR for the rhcl gene from S, dimorpfusy, The selection marker
cassctte i3 targeted to the 8. dimarphus chloroplast genome via the scgments Iabeled “Homology A2” and “Homology
B2” which are 1006 bp fragments horaologous to sequences of DNA adjacent to sucleotide 865,353 and toclede an
S264A/Xbal mutated partial psb A coding sequence, i#ts 3°UTR, and the rpl2€ coding sequence. This veetor targets
rntegration of the selection marker cassette approximately 400bp 37 of the stop codon of the psi4 gene.

(09531} Transforming DNA was miroduced into 5. dimorphus via particle bombardiment (as described in EXAMPLE

1y with DNA caried on 550 nm gold particles, @ 500 psi and a shooting distance of 4om. Transformants were sefected
by growth on H53M media + {uM DCMU under constant light 160-200ul @ RT for approximately 3 weeks.

§60332) To determine if the tapsformants were tesistant t0 chloramphenicol (CAM), they were patched onto TAP agar
medium containing 25ug/mL CAM. In all cases, the DCMU' transtormants were also resistant o CAM indicating that
the CAT cassetie was incorporated into the genome.

[84533] Onc of skill in the art will appreciate that many other methods known in the art may be substituted @ licy of

the ones specifically described ar referenced.

{00534} Example 3: Use of Chioramphenical Acetyl Transferase as a Selection Marker in S, dimorphiug

{60538} [n this example, a nucleic acid encoding chioramphenicol acety] fransferase gene (CAT) from £. cofi was
introduced into S. dimorphius. Transfornuing DNA is shown graphically in Figare 8. In this instance the DNA segment
fabeled “CAT” is the chioramphenicol acetyl transferase gene (STQ ID NO: Z8), the segment labeled “ufA” is the
promoter and 5”7 UTR sequence for the pahD (SEGQ 1D NG: 40) or /w4 gene (SEQ 1D NO: 42)rom 8. dimorphus, and
the segment labeled “tbel. 37 7 is the 3" UTR for the rbol. gene from 8. dimorphus (SEQ 1D NO: 537). The selection
marker cassette 18 targeted to the 8 dimorphus chloroplast genome via the segments labeled “Homology A™ and
“Homclogy B” which are approximately 1000 bp fragments homologous to sequences of DNA adjacent to nucleotide
035,138 (Site 2; nucleotide locations according to the sequence available from NCBI for 8. obliguns, NC_808101) on

the 37 and 37 sades, respectively. Al DNA segments were subcloned isto pUC 18, All DNA mampulatons caried out in
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the construction of this transforming DNA were essentially as described by Sambrook et al,, Molecular Cloning: A
Laboratory Manual {Cold Spring Harbor Laboratory Press 1989) and Cohen ot al., Meth. Enzymol. 297, 192-208, 1998,
[305361 Transforming DNA was introduced into S dimorpfus via particle bombardment aceording to the method
described in EXAMPLE 1 with IINA cartied on 3508 am gold particles @ 500psi and a shooting distance of 4em.
Transformants were selected by growth on TAP agar mediom + 25 pg/ml chloramphenicol (TAP-CAM) under
constant hight 50-100uE @ RT for approximately 2 weeks. Transformants were patched onto TAP-CAM agar medium,
grown for 4 days under constant light,

(605371 Cells from the patched transformants were analyzed by PCR screening (as described in EXAMPLE 1), The
presence of the CAT selection marker was determined using primers that amplify the entire 660 bp gene (SEGQ ID NO:
18 and SEQ ID NO: 19). Figure 6 shows that a 660bp fragment (representing the CAT gene) i amplified from DNA of
soveral transformants (all lanes except +, - and ladders) while 1t is not amplified from DNA of wild type cclls (-}. DNA
fadder iz a 1 kb ladder.

[60538) One of skill in the art will appreciate that many other methods known in the art may be substituted in lieu of

the ones speeifically described or referenced.

[60548] In thus example a nucleic acid encoding endoxylanase from 7. reesei was introduced wito 5. dimorphins.
Transforming DNA (p04-31} is shown graphically m Figere 7. In this instance the DNA segment labeled "BD11” s
the endoxylanase encoding gene (SEQ IDNO: 21, BD11), the segment labeled “psbD™ s the promoter apd 5° UTR for
the psbl} gene from S, dimorphus, the segment labeled “D1 377 is the 3° UTR {or the pskdA gene from 8 dimorphius, and
the segment labeled “"CAT” 15 the chlorarophenicol acety! transferase gene (CAT) from £, coli, which is regulated by
the promoter and 87 UTR sequence for the fu/d gone from 8. disorphus and the 3” UTR scquouce for the rbel gene
from 8. dimorphus. The transgene expression cassetic and selection marker are targeted 1o the S. dimorphus chioroplast
genome via the sepments labeled “Homology A” and “Hoowology R which are approximately 1000 bp frapments
homelogous to sequences of DNA adjacent to nucleotide 071,366 (Site 1; muclectide locations according to the
sequence available from NUBI for 8. obligueus, NC (68101) on the 57 and 3 sudes, respectively, All DNA segments
were subcloned into pUC 18 (gutess plUC) All DNA manipulations carried out in the construction of this transforming
DINA were essentially as described by Sambrook et al,, Molecular Cloning: A Laboratory Maswal {Cold Spring Harbor
Laboratory Press 1989) and Coben et al,, Mesh. Enzymol 297, 192208, 1993,

(60541} Traosforming DNA was introduced into S, dimorphus via particle bombardment aceording to the method
described in EXAMPLE 1 with DNA carried on 350 nim gold particles(@ 500psi and a shooting distance of 4om.
Transformants were selected by growth on TAP-CAM agar macdiwm undor constant light 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked onto TAP-CAM agar mediw to ensure single colony isolation
and grown for 4 days under constant light.

[00542} Traosformants were apalyzed by PCR screening (as described in EXAMPLE 1), The degree to which the
transforming DNA was integrated into the chioroplast genome was detenmined using primers that amplify a 400 bp
constant region (SEQ 1D NO: 1 and SEQ 1D NO: 2) and a 250 bp region spanning the integration site {(SEQ ID NO: 3
and SEQ 1D MNO: 4). Integration occurs approximately 1000bp 57 of the start codon of the psb4 gene. Figure 8 shows

that subclones from two independent fransformants (parent 2 and 4} are homoplasmie, Le., only the constant region
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(400bp product) was amplified, while i1 the control reactions (wt) both the constant region and the region spanning the
integration site (250bp) were amphified.

{35431 To ensure that the presence of the endoxylanasc-cncoding gene led to expression of the endoxylanase protein. a
Wastern hlot was performed. Briefly, approximately 1x10° to 2x16° algas cells were collected from TAP agar medinm
and resuspended in approximately ImL BugBuster solution (Novagen) in a 1.5mL eppendorf tube. 1.6 mm Zirconia
beads {BioSpec Products, Inc) were then added to fill the tube with minimal headspace, ~S00ul of beads, Cells were
fysad in & bead beating apparatus (Mind Beadbeater ™, BioSpee Products, Inc.) by shaking for 3-3 mimites three times.
Cell tysates were clarified by centrifogarion for {5 minuotes at 20,000g and the supernatants were normalized for total
soluble proteis (Coomassie Plos Protein Assay Eit, Thenme Scientific). Saruples were ruixed 1:4 with loading buffer
{XT Sample Buffer with f-mercaptosthancl, Bio-Rad), beated to 98°C for 5 mug, cooled to 23°C, and proteins were
scparated by SDS-PAGE, followed by transfor to PVDF membranc. The membrane was blocked with Starting Block
126 Blocking Buffer (Thermo Scientific) for 15 min, incubated with horseradish peroxidase-finked anti-FLAG antibody
{diluted 1:2 500 in Starting Block T20 Blocking Buffer) at 23°C for 2 hours, washed three times with TEST. Proteins
were visualized with chemibuminescent detection. Resuits from mudtiple clones (Figare 9, parent 2 and 4} show that
expression of the endoxylanase gene in 8. dimorphis cells resolted in production of the protein.

[60544] To determine if the endoxylanase produced by transformed algae cells was functional, endoxylansse activity
was tested using an enzyme function assay. Briefly, algae celis were collected from TAP agar medivm and suspended in
BugBuster solution (Novagen). Cells were bysed by bead beaung using zivconinm beads. Cell lysates were clarified by
cendrifisgation and the supernatants were normalhized for total soluble protein {Coomassie Plos Protein Assay Kit,
Therreo Seientific). 160 ul of cach sample was mixed with 10 pL of 10X xylanase sssay buffer (IM sodiurn acctate,
pH=4.8} and 30 uL of the sample mixture was added to one well in a black 96-well plate. EnzCheck Ultra Xylanase
substrate (luvitrogen) was dissolved at & coneentration of 30ug/ml i 108mM sodivim acctate pH 4.8, and 30 ul of
substrate was added to each well of the microplate. The fluorescent signal was measured in a SpectraMax M2
microplate reader {(Molecular Devices), with an excitation wavelength of 360 nm and an emission wavelength of 460
nm, without a cutoff filter and with the plate chamber set to 42 degrees Celsius. The flucrescence signal was measuared
for 15 pumates, and the enzyme velocity was calculated with Softmax Pro v5.2 {(Molecular Devices). Enzyme velocities
were recorded as RFU/minute. Bazyme specific activities were calenlated as milliRFU per minute per ug of total
solable orotein. Figure 18 shows that endoxylanse activity is at least 4 fold higher in transformants than in wild type
cells and similar in velocity 10 a positive control (Chlamydomonas expressing endoxylanse algae cells).

{04545] These data demonstrate that the chloreplast of 5. dimorpfis can be transformed with foreign DNA containing
an expression casseite with a selectable marker and a separate expression cassette with a gene encoding an

endoxylanase, and the expressed proteins are functional. One of skill in the art will appreciate that many other methods

known in the art may be substituted in lieu of the ones specifically described or referenced.

[045461 Example 5 Production of F¥P Synthase in 8. dimorpfins

{05471 In thns example a nucleie aod encoding FPP synthase from . gallus was introduced wto S. dimorphus.
Transforming DNA 19 shown geaphically in Figure 11, In this instance the DINA segment labeled “Is097 15 the T'PP
synthase encoding gene (SEQ 1D NO: 23 1s09), the segment labeled “psbD™ is the promoeter and 5" UTR for the pshD
gene from S dimorphus, the segment labeled “D1 3"UTR” is the 37 UTR for the psbA gene from S. dimorphus, and the

segiment labeled “CAT"” is the chloramphenicol acetyl transferase gene (CAT) from E. coli, whick is regolated by the
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promoter and 53" UTR sequence for the ruf4 gene from S. dimorphus and the 37 UTR sequence for the rbel gene from S
dimorphus. The transgene expression cassette and selection marker are rargeted to the S dimorphius chloroplast genome
via the segments labeled “Homology A and “Homelogy B which are approximately 1080 bp fragments homologous
to sequences of DINA adjacent to noclectide 071,366 {Site 1; nucleotide locations according o the sequence available
from NCBI for S obliguus, NC_008101) on the 5" and 37 sides, respectively. All DNA segments were subeloned into
pUC 18 (gutiess pUC). All DNA manipulations carried out in the construction of this transforming DNA were
essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory
Press 1989) and Coben ot al., Merh, Enzvimol, 297, 192-208, 1998,

[38548] Transforpung DNA was inroduced 8to S, dimorphus via particke hombardment according to the method
described in EXAMPLE 1 with DNA carried on 350 nm gold particles@ 500pai and a shooting distance of 4em.
Transformants were selected by growth on TAP-CAM agar medivm under constant fight 30-100uE @ RT for
approximately 2 weeks. Transformants were streaked onto TAP-CAM agar medivimn to ensure single eolony isolation
aud grown for 4 days under constant light.

(805491 Transformants were analyzed by POR screening (as desenbed in EXAMPLE 1) The degree (o which the
transtorming DNA was integrated into the chloroplast genome was determined using primers that amplily a 400 bp
constant region (3EQ 1D NG 1 and 3EQ ID NO: 2) and a 230 bp region spauning the ntegration site (SEQ D NG: 3
and SEQ ID NO: 4). Figare 12 shows that seven independent frassforrnants are bomoplasmic, 1.¢., only the constant
region (400kp product)y was amplificd, while in the control reactions (WT) both the constant region and the wegion
spanging the indegration site (250bp) were ampbified.

[B0553} To ensure that the presence of the FPP synthase-encoding gene led to expression of the FPP eynithase protein, 2
Western blot was performed (a8 deseribed 18 EXAMPLE 43 Resols froo multiple clones (Figure 13) show that
expression of the FPP synthase gene in 8. dimorpfies cells resulted m production of the protem,

{30551} To determine if the FPP synthase produced by transformed algae cells was functional, FPP synthase activity
was tested using an enzyme fusction assay. Algae cells were harvested from TAP media, resuspended in assay buffer
(35moM HEPES, pH 7.4, 10mM MgCh, SoM DTT) and lysed using zireconium beads in a bead beater. Crude tysate was
clarified by centrifugation at 15,000 tpm for 20min. Tsopentenyl diphosphate (IPP) and duocemthylallyl dipbospbate
(DMAPPE) were added to clarified lysates and the reaction allowed to proceed at 30C overnight. Reactions were then
CIP treated for 4-Shours @ 37C m glyeine buffer, pH 10.6, 3n0M ZnCh. The samples were then overlayed with heptane
and analyzed via GC/MS (Figures 14A to G). Additionally, [PP, DMAPP and . eoli pumified amorpha-4, 11-dienc
were added to clarified lysates, the reactions allowed to proceed at 30 °C overnight, overtayed with heptane and
analyzed via GC/MS (Figares 18A to ). For both methods, the diagnostic ions at m/Z 204 and 189 were detected in
the engineered S. dimorphus, but not in the wt samples.

[605521 These data demonstrate that the chloroplast of S dimorpfins can be transformed with foreign DNA containing
an expression cassette with a selectable marker and a separate expression cassette with a gene encoding an FPP
synthase, and the expressed proteins are functional. One of skill in the art will appreciate that many other methods
known m the art may be substituted in lieu of the ones specifically described or referenced.

§04583] Example 6: Production of Fusicoccadiene Synthase in S, dimorphus

(605341 In this example a nucleic acid encoding fusicoccadiene synthase from P, amygdali was introduced into §

dimorphus. Transforming DNA is shown graphically in Figure 16, In dos instance the DNA segment labeled “Ix887 s
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the fusicoccadiene synthase encoding gene (SEQ 1D NQ: 25, 1s88}), the segment labeled “psbD” is the promoter and 5°
UTR for the psh gene from §. dimorpfius, the segment labeled D1 37 7 15 the 37 U'TR for the psht gene from &
dimorphus, and the segment labeled “CAT™ is the chloramphenicol acetyl transferase gene (CA’F) from £. coli, which is
regulated by the promotar and 5 UTR sequence for the f/4 gene from S, dimarphus and the 37 UTR seqguence for the
rhel gene from S. dimorphus. The transgene expression cassette and selection marker are targeted to the 8. dimorphus
chloroplast genome via the segments labeled “Homology A” and “Homology B” which are approximately 1600 bp
fragments homologous to sequences of DNA adjacent ¢ nucleotide 071,366 {Site 1; nucleotide locations according 1o
the sequence available from NCBI for § obligess, NC_(98181) on the §” and 37 sides, respectively, All scgments were
subcloned mto pUCTS. Al DNA nempulations camied out in the construction of this transformming DINA were
essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Manaat (Cold Spring Harbor Laboratory
Press 1989) and Coben et al., Merh, Enzvmol, 297, 192.208, 1998,
{88558 Transforming DNA was mtroduced into S dimorphins via particle bombardment according to the method
described in EXAMPLE 1 with IINA carried on 550 nm gold partclesi@ 500pst and a shooting distance of 4cm,
Transformanis were selected by growth on TAP-CAM agar medivm under constard hght 30-100uF @ RT for
approximately 2 weels, Transformants were strealied onto TAP-CAM agar medium to ensure single colony isolation
aad growa for 4 days under constant lght.
[99556] To detenmine if functional fusicoccadiene syothase s produced by transformed algal cells, coltures (2mi) of
gene positive, homoplasmie algac were collected by contrifugation, resuspended m 2350ul of methanol, and 550ul of
saturated NaClin water and 500u1 of peiroleum ether were added. The solution was vortexed for three mirutes, then
centrifuged at 14,000g for five roigutes at roora teraperature to separate the organic and aqueous layers, The organic
fayer {160uY) was transferred to a vial insert 1o a standard 2end sample vial and analyzad using GU/MS. The mass
spectrur at 7.617 minutes for the sample from the engrosered 8. dimorplns 15 obtained. The diagnostic ions at /2=,
229, 135, and 1272 are present in this spectram, demonstrating the presence of fusicoeea-2, 10 {14)-diene and indole
(Figure {7 and Figure i8).
§30587F These data demonstrate that the chiloroplast of S. dimorphus can be transformed with foreign DNA containiog
an expression cassette with a selectable marker and a separate expression cassefte with a gene encoding a
tusicoccadiene synthase that producses a novel hydrocarbon e vivo. One of skill in the art will appreciate that many
other racthods known in the art may be substituted m licu of the ones specifically described or teferenced.

iy

{30558} Exarnple 7: Production of Phytase in 8. dimorphus

(305891 In this exanple 2 nucleic acid encoding phytase from E. coli was introduced into 8. dimorphus. Transforming
DINA is shown graphically in Figure 19 In this instance the DNA segment labeled “FD6” is the phytase encoding gene
{SEQ IDNO: 26, FD6), the segment labeled “psbD” is the promoter and 57 UTR for the psbD gene from S. aimaorphus,
the segment labeled “D1 3" ™ s the 3° UTR for the psbA4 gene from S. dimorpfins, and the segment labeled “CAT” 15 the
chloramphenicol acetyl transferase gene (CAT) from £l codi, which is regulated by the promoter and 57 UTR sequence
for the 7uf4 gene from 8 dimorphus and the 37 UTR sequence for the rbel gene from 8. dimorphus. The transgene
expression cassette and selection marker are targeted to the 8. dimorphus chloroplast genome via the segments labeled
“Homclogy A™ and “Homology B which are approximately 1600 bp fragments homologous to sequences of DNA
adjacent to mucleotide 071,366 (Site 1; nucleotide locations according to the sequence available from NCBI for S.

ofliguus, NC 008101 on the 37 and 3” sides, respectively. All DNA segments were cloned into pUCT9. Al DNA
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manipulations carried out in the construction of this transforming DNA were essentially as described by Sambrook et
al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Meth.
Enzymol. 297, 192-208, 1998,

[B38866] Transfornung DNA was itroduced into S dimorphus via particle hombardment aceording to the method
described in EXAMPLE 1 with DNA carried on 350 nm gold particles @ 500psi and a shooting distance of dem.
Transformants were selected by growth on TAP-CAM agar medivm under constant light 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked onto TAP-CAM agar medivm to ensure single colony isolation
aud grown for 4 days under constant light

(38561 ] Transforpants were analyzed by PCR screening (as desenibed i EXAMPLE 1) and homoplasmic clones were
identified and subcaltured for further studies.

{30562} To ensure that the presence of the phytase-encoding gene led to expression of the phytase protein, 2 Western
blot was performed (as desentbed m EXAMPLE 4). Results from multiple clones (Figare 28) show that expression of
the phvtase gene i S, dimorphus cells resulted in production of the protem.

(865631 Oue of skl int the art will appreciate that many other methods known 1n the art may be subsituted 8 hew of
the ones specifically described or referenced.

{30564} Example 8 Use of Ervthwonnyein Estorase as a Selection Marker in 8. dimorphus and 3. obliquus

[38565] 1o this example, a nucleic and sncoding erythromycin esterase gene (EreB)} (SEQ ID NG 29) from £ coli was
matroduced ko S dimorphus. Tranpsforming TINA 15 shown graphically in Figure 21, In this instance the DNA
segraend labeled “EreR ec” is the erythrorayera esterase gene (BreB) from B endi, the segrment labeled “pshD 1s the
proraoter and 37 UTR sequence for the pedD gone from S dimorphus, and the segment labeled “ DI 3" "1 the 3 UTR
for the psbA gene from S dimorphus. The selection roarker cassetts is targeted to the S, dimorphus chloroplast genome
via the segments labeled “Homology A” and “Homclogy B” which are approximately 1000 by fragments homologous
to sequences of DNA adjacent to nucleotide 871,366 (Sste 1; nucleotide locations according to the sequence available
from NCBI for 5. ehligens, NC 008101} on the 57 and 37 sides, respectively. All segments were cloned into pUCI9.
ANl DNA manipulations carried out in the construction of this fransforming DNA were essentially as described by
Sambrook et al., Molecular Cloning: A Laboratory Mamual {Cold Spring Harbor Laboratory Press 1989} and Cohen et
al., Meth. Enzvmol 297, 192-208, 1998,

[80566] Transforming DNA was mtroduced into 8. dimorplius via particle bombardment according to the method
descrihed in EXAMPLE 1 with DNA carried on 550 nm gold particles ¢ 300psi and 2 shooting distance of dem.
Transformants were selected by growth on TAP agar medium + 58 pg/mb erythromyein {TAP-ERMS0} under constant
tight 50-100uE @ RT for approximately 2 wecks. Transformants weore sircaked onto TAP-ERMS30 agar medium to
ensure single colony isolation and grown for 4 days under constant light,

f60567] Transformants were analyzed by POR screening (as deseribed in EXAMPLE ). The presence of the EreB
selection marker was determined using primers that amplify a 353 bp region within the gene (SEQ ID NG: 7 and SEQ
1D NGO 8). Figure 22 shows that the EreB gene (SEQ 1D NO: 29) was amplified from DNA from several transformants
but not from wildtype DNA from §. dimorphus.

[30568] One of skill in the art will appreciate that many other methods known in the art may be substituted in licw of
the ones specifically deseribed or referenced.

[00569]

Example 8- Ve of codA gs a Selection Marker in S. dimorpis
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{30870} In this example, a nucleic acid encoding cytosine deaminase gene (codA) from . coli was introduced into 5.
dimorphus. Transforming DNA i shown graphically i Figure 23. In tlus instance the DNA segment labeled “codA
or’ is the codA encoding gene (SEQ D NG: 31, codA), the scgment labeled “pabD” 15 the promoter and 5 UTR for the
b gene from S, dimorphus, the segment labeled * D1 37 3 the 3 UTR for the psbA gene from S dimorpius, and
the segment labeled “CAT” 13 the chloramphenicol acetyl transferase gene {CAT) from £, cofi, which is regulated by
the promoter and 5’ UTR sequence for the 72/4 gene from S, dimorphius and the 3' UTR sequence for the rbol gene from
8. dimorphus. The transgene expression cassette and selection marker are targeted to the 8. dimorpfues chloroplast
genome via the segments labeled "Homology A™ and “Homelogy B” which are approximately 1000 bp fragments
homcologous to sequenses of DNA adjacent to nocleotide 071,360 (Bite 1; nucleotide locations according (o the
sequence available from NCBI for 8 obligraus, NC_008101) on the 57 and 37 sides, respectively. All DNA segments
were cloned into pUC 12, All DNA manipulations carried out in the construction of this transforming DNA were
essentiaily as described by Sambrook et al.,, Molecutar Cianing: A Laboratory Manuoal {Cold Spring Harbor Laboratory
Press 1989) and Cohen et al., Meth. Enzvmol, 297, 192-208, 1998,
{36571} Transformung DNA was miroduced into S dimorphus via particke bombardment aceording to the method
described in EXAMPLE 1 with DA carried on 550 nm gold particles (@ 50Upsi and a shooting distance of dem.
Transformants were selected by growth on TAP-CAM agar medinm wnder constant light 530-100uE @ RT for
approximately 2 weeks, Transformants were streaked outo TAP-CAM agar medivm to ensure single colony wsolation
aud growa for 4 days under constand light.
B0572] Transformants were analyzed by POR screening (as desenibed 1 EXAMPLE 1) and homoplasmic clones were
rdentified and subcultured for further studies.
(39573] To determine if functional codA 8 produced by transformed algae cells, colls were grown in TAP reedia to log
phase, pelleted and resuspendad to 10° celle/mL. and plated onto TAP agar mediom containing lmg/mL 5-
Hluorocytosine (SFCh Wildtype S. dimorphius, survives on TAP agar containing 1mg/mb SFC, while trassformants
containing the transgene do not (Figure 24). These data demonstrate that the chioroplast of 8 dimorphuy can be
trapsformed with foreign DNA containing an expression cassette with 2 selectable marker and 2 separate expression
cassette with a gene encoding a eviosine deaminase producing a cell with 2 negatively selectable phenotype,
B0574) This 8 dimorphus homoplasmic codA line can now be transformed with either 1) 2 vector contatning a gene of
rnterest cassette without a selection marker in site 1 {the same site that the codA cassette is located within the genore)
and after a recovery period on nonsclective medinm, selected for on medivm containing 3FC, or 2} a vector containing a
gene of interest cassette finked with an EreB cassetie at site 1 and selected on medium containing ervihromycin. In this
instance, transformants can be streaked onto TAP medium + 30ug/mL erythromycin for single colony isolation and
subclones can be patched onto TAF + Img/mb 5FC to select for clones homoplasmiic for the EreB cassette.
[605751 One of skill in the art will appreciate that many other methods known in the art may be substituted in lieu of
the ones specifically described or referenced.

je576] Example 10: Use of codA as a Selection Marker of §. obliguus

{60577} In tlus example, a nucleic acid encoding cytosine deaminase gene {codA) from £. coli was mntroduced into 5.
obliguus. Transforming DNA is shown graphically in Figure 23, In this instance the DNA segment labeled “codA o7
is the codA encoding gene (SEQ 1D NO: 27, codA), the segment labeled “pshD™ is the promoter and 5* UTR for the

pshD gene from S, dimorphus, the segiment labeled “D1 37 7 is the 3 UTR for the psbA gene from S, dimorphus, and
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the segment labeled “CAT” 15 the chloramphenicol acetyl transferase gene (CAT) from £. cofi, which is regulated by
the promoter and 5" UTR sequence for the /a4 gone from S. dimorphius and the 3' UTR sequence for the rbof. gene from
& dimorphus. The transgenc expression cassctte and selection marker are targeted to the S 6bliguus chloroplast
genome via the segments labeled “Homology A” and “Honwlogy B” which are approximtely 10060 bp fisgnients
homelogous to sequences of DNA adjacent to nuclectide 071,366 {Site 1; nucleotide locations according to the
sequence available from NCBI for 8. obliguus, NC 008101) on the 37 and 37 sides, respectively. All DNA segments
were clened into pUCLS, Al DNA mampulations carried out in the construction of this transforming DNA were
cssentially as desenbed by Sambrook et al, Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory
Press 1989) and Coben ot al., Meth. Enzvmal. 297, 192-208, 1998,
{80578} Transforming DMA was introduced into S0 obliguus via particle bombardment according to the method
described in EXAMPLE { with DNA carried on 550 nm gold particles @ 500psi and 2 shooting distance of 4em.
Transformants were selected by growth on TAP-CAM agar medinm wnder constant hght 30-100uE @ RT for
approximately 2 weeks, Transformants were streaked onto TAP-CAM agar medivimn to ensure single colony isolation
arud grown for 4 days ander constant Bght.
{30579} Transformants were analyzed by PCR screening (as described in EXAMPLE 1) and bomoplasmic clones were
identified and subcoltured for further studies.
(38580 To determine 1f functional codA s produced by transformed algae cells, cells were plated outo TAP agar
racdiur containing Lmg/mlL 5-Buorocytosine (SFCY Wild type S dimorphus sarvived on TATD agar containg SFC,
while frausformants contawing the fransgene did not (Figure 24).
(86588 These data demonstrate that the chioroplast of 5. odliguaus can be transformed with foreign DNA containing an
expression cassetie with a selectable marker and 2 separate expression cassetfe with a gene encoding a cytosine
dearminase producimg a celt with a negatively selectable phenotype
104582 This 8 obliguus bomoplasmic codA line can now be transformed with cither 1) a vector containing a gene of
interest cassette without a selection rearker in site 1 {the same site that the codA cassette is located within the gcnome)
and after a recovery period on nonselective medium, selected for onmedivrn comtaining 5FC or 2) a vector containing a
gene of interest cassette Hked with an Trel3 cassette at site | and selected o medium containing ervihromycis. fn this
1ostance, fransformants can be streaked onto TAP mediwie + S0ug/mb erythrormyein for single colony isolation and
subclones can be patched onto TAP + img/mL 5FC to sclect for clones homoplasmic for the EreB cassette.
[B0583] One of skl in the art will appreciate that many other methods known in the art may be substituted in liew of
the ones specifically described or referenced.

1

{60584} Example 11; Identification of Functional Promoters for Gene Expression in S dimorphus

{04585} In this example, § promoters were amplified from S. dimorpfius DNA and cloned upstream of the £ coli CAT
gene, Transforming DNA (p04-151} is shown graphically in Figure 89. In this instance the DNA segment labeled
“CAT” is the chlorarnpbenicol acety] transferase gene (CAT) from E. cofi (SEG I NO: 28, CAT), the segment labeled
“mfA” 18 the promoter consisting of ~500bp of the 3" UTR sequence for the chl& (SEQ ID NO: 31), pebB (SEQ ID NO:
39, psbA (SECID NO: 37), rpod (SEQ 1D NO: 44), rbel (SEQ 1D NO: 49), com4 (SEQ 1D NO: 45), fisH (SEQ i
NO: 47), petd (SEQ 1D NO: 33), perB (5EQ 1D NO: 35) genes from 8. dimorphug, and the segment labeled “D1 3745
the 3 UTR for the psbd gene from S. dimorphus. The selection marker cassette is targeted to the 8. dimoerphus

chioroplast genome via the segments Iabeled “Homology A” and “Homoelogy B” which are approximately 1006 bp
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fragments homologous to sequences of DNA adjacent tc nucleotide 071,366 {Site 1; nucleotide locations according to
the sequence available from NUBI for & obliguus, NMC_008101) on the 57 and 37 sides, respectively. All DNA segments
were sabcloned into pUC 19, All DNA manipulations carried out 1n the construction of this transfornung DNA were
essentially as described by Santbrook et al, Molecular Cloning: A Laborstory Manaal (Cold Spring Harbor Laboratory
Press 1989) and Cohen et al., Merh. Enzvmal. 297, 192-208, 1998,

{30586} Transforming DNA was introduced into S dimorphus via particle bombardment aceording to the method
described in EXAMPLE 1 with DNA carried on 550 am gold particles @ 50Upsi and a shooting distance of 4om.
Trapsformants were selected by growth on TAP agar medivm + 25 ug/mL chloraraphenicol (TAP-CAM} under
constant light 50-100uE @ KT for approximately 2 weeks. Each promoter ¢A8 (SEGQ 1D NUO: 51), ps&B (SEQ 1D NO:
393, psbd (SEQ ID NG: 37), rpod (SEQ ID NG: 44), rbel (SEQ 1D NG: 49), comd (SEQ ID NO: 45), fisH (SEQ 1D
NO: 47, petA (SEQ 1D NO: 33), perB (5EQ 1D NO: 35) gave rise to chloramphenicol resistant tranaformants indicating
that these promoter/ 3"UTR fragments were able to drive expression of the CAT gene.

[605871 Example 12: Multiple Gene Bxpression in S dimorphus

[60588] In thus example a nucleic acid encoding FPP synthase from G gallus and a nucleie acid encoding bisabolene
syrthase from 4. grandis was mitroduced into § dimorphus. Transforming DNA is shown graphically in Figure 28, In
this instatee the DNA segment labeled 15057 18 the FPP synthase encoding gene (SEQ 1D NG: 23, 1s89), the segment
fabeled “psbDy” is the promoter and 5 UTR for the pshD gene from S, dimorphus, the segment abeled “D1 37 7 s the 37
UTR for the pybA gene fom S dimorphnes, the segment labeled “Is117 s the bisabolene synthase encoding gene (SEQ
1D NG 35, Isti1 1), the segment Iabeled “twfA” is the promoter and 3"UTR for the muf4 gene From 8 dimorphius, the
segment labeled “rbel” 1s the 37UTR for the rbel gene from 8. dimorphus, and the segment labeled "CAT” is the
chioramphenicol acetyl transferase gene (CAT) from £ cofi, which i3 regulated by the promoter and 57 UTR scquence
for the psbD gene from S, dimorphus and the 37 UTR sequence for the psa® gene (SEQ ID NO: $9%¥rom 8 dimorphus.
The transgene expression casseite and selection raarker are tergeted i the 8 dimerphus chloroplast gencroe via the
segiments labeled “Homology A” and “Homology B” which are approximately 1000 bp fragments homologous to
seguences of DNA adjacent 1o nucleotide 071,366 (Site 1; nucleotide locations according {0 the sequence avatlable from
NCBI for 5. obliguus, NC_008101) oo the 5” and 37 sides, respectively, Al DNA segraents were subcloned nto
pUCIS, All DNA manipulations carrisd out s the construction of tlus transforming DNA were ssseatially as described
by Sambrock et al., Molecular Cloning: A Laboratory Manual {Cold Spring Harbor Laboratory Press 1929) and Cohen
et al., Meth. Enzymaol. 297, 192-208, 1998,

[00S8%] Transforming DNA was introduced into S, dimorphus via particle bombardment aceording to the method
deseribed in EXAMPLE 1 with DNA carricd on 530 nm gold particles @ 500psi and a shooting distance of dom.
Transformants were sclected by growth on TAP-CAM agar medinm under constant Light 30-100uE @ RT for
approximately 2 weeks. Transformants were sireaked onto TAP-CAM agar medivm to ensure single colony isolation
and grown for 4 davs under constant light.

{09596 Traonsformants were apalyzed by PCR screening (as described in EXAMPLE 1) and homoplasmic clones were
identified and subcultured for further studies.

[30591] To ensure that the presence of the FPP synthase-encoding gene and the bisabolene-encoding gene led o

expression of the FPP synthase and bisabolene synthase proteins, a Western blot was performed (a8 described in

EXAMPLE 4). Proteins were visualized by a colormetric assay as per mamufacturers instructions (1-step TMB blotting,
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Pierce). Resuaits from multiple clones (267 3-9, 267 13-6; and 367 3-4) (Figure 26) show that expression of the PP
synthase gene {1s09) and bisabolene synthase (Is11) in & dimorphus cells resulted in production of both proteins. W s

untransforimed 8 dimorphus. These data demonstrate that the chloroplast of 8. dimorphus can be transformed with a

vector of foreign DNA containing an expression cassette with a s bie marker and two separate expression cassetie
with & gene encoding an FPP synthase and an E-alpha-bizabolene synthase, and that both proteins are expressed.

{30592} Example 13; Multiple Geng Bxpression in &, dimorphus

{30593} In this example, 4 nocleic acid encoding endoxylanase from 77 reesei and chioramphenicol acetyl transferase
gene (CAT) from £, coff hinked together by a ribosome hinding sequence from £, cofi was introduced into S. dimorphus.

sy
!

Transfornung DNA (BD11-RBS-CAT) is shown graplucally tn Figere 37, In this instauce the DNA segment labeled

“RID11” is the endoxylanase encoding gene (SEQ IDNG: 21, BD11}, the segment labeled "CAT” 1s the
chiforamphenicol acetyl transferase encoding gene (3EQ ID NO: 28, CAT), the segment labeled “RBS17 s the ribosome
binding sequence {SEQ 1D NO: 60, RBS1), the segment labeled “psbDy” 1s the promoter and 37 UTR for the pshD gene
from S. dimorpfus, the segment labeled “psbA” s the 37 UTR for the psbd gene from S, dimorphus, and the segment
tabeled “CAT” is the chloramphenicol acetyl tansferase pene (CAT) frow £, cofi, which is regulated by the promoter
and 57 UTR sequence for the 704 gene from 8. dimorphus and the 37 UTR sequence for the rbel gene from 8.
dimorphus. The transgene expression cassetie and selection marker are targeted © the S dimorphus chloroplast genome

N3

via the segments fabeled “Homology A” and “Homclogy B” which are approxiroately 1000 by fragments homologous
to sequences of DINA adjacent to necleotide 071,366 {Site 1, nucleoiide locations according to the sequence available
fromn NCBI for 5 obliguus, NC_608101) on the 57 and 37 sides, respectively. AT DNA segimends were subceloned into
pUICTES. Al DNA manipulations carcied out in the construction of this transforming DINA were essentially as deseribed
by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 1989} and Cohen
ot al., Meth. Enzymod 297, 192-208, 1998,

{84594] Transforming DNA was miroduced into 5. dimorphus via particle bombardment according to the method
described in EXAMPLE [ with DNA carried on 550 am gold particles ¢ 500psi and a shooting distance of 4om.
Transformants were selected by growth on TAP agar medium + 235 ug/mb chloramphenicol. Transformants were
streaked onto TAP-CAM agar medium to ensure single colony isolation and growa for 4 days under constant light.
[09595] Transformants were apalyzed by PCR screcning (as described in EXAMPLE 1) and hormeplasmic closcs were
tdentified and subcultured for further studies,

{60596} To ensure that the presence of the endoxylanase-encoding gene fed to expression of the endoxylanase protein, a
Western blot was performed (as deseribed in EXAMPLE 4). Results from multiple clones (Figure 28) show that
expression of the endoxylanase genc n 8. dimorphus eells resulted in production of the protein of cxpected molccular
weight and not of an endoxylanse-CAT fusion protein.

§605971 To determine if the endoxylanase produced by transformed algae cells was functional, endoxylanase activity
was fesied using an enzyme function assay (as described in EXAMPLE 4). Figure 29 shows that endoxylanase activity

is detected 1n clanfied lysates of S dimorpfius engineered with the endoxylanase-RBS-CAT construct (operon 1 1,2 1,

[30598] To determine whether both enzymes are produced from the same transcript, RNA was isolated from wildtype
and engineered algae cells using the Concert Plant RNA Reagent kit (Invitrogen). RNA was DNase treated and cleaned

using the RNeasy clean up kit (Qiagen). ¢DNA was synthesized from each of RNA using the 18crip kit (Biorad} and -



WO 2011/034863 PCT/US2010/048828
73

reverse transcriptase (-RT) controls were included. ¢DNA (and -RT controls) was used as template in PCR with primers
that hybridize to the endoxylanase gene and the CAT gene (Figure 38A) (SEQ 1D NO: 11 and 5EQ 1D NO: 12,
respectively) and amphify a product of 1.3kb. Figure 388 shows that a product of appropriate size was amplified from
chINA templates from 4 of the 5 ransformants indicating that in these lines, the endoxylanase and the CAT gene are
transeribed on a single tramscript.

[305991 To further investigate variants of RBST (e.g., RB52) and to understand the strength of these RBS seguences to
recruit ribosomes, a nucleic acid encoding chloramphenicol acetvl transferase gene (CAT) from £ cofi and
cndoxylanase from 7. reesei linked together by two distinet nbosome binding sequences from £. coli were introduced
mto S, dimorphus. Transforming DNA (p84-231 or p04-232) 15 shows graphically 1o Figure 31, Tu this instance the
DNA segment labeled “CAT™ is the chloramphenicol acetyl wansferase encoding gene (SEQ ID NO: 28, CAT), the
segment labeled "BD11” is the endoxylanase encodmg gene (SEQ ID NG: 21, BD11), the segment labeled “RBS1I” is
the ribosome binding sequence (SEQ 1D NO: 60, BRBS1), the segment labeled “RBS27 18 the ribosome binding
sequence (SEQ ID NO: 61, RBS2) the segment labeled “psbD” s the promoter and 5 UTR for the psbD) gene from S
dimovphus, the segment labeled “T31 37 7 is the 37 UTR for the pshA gene from 8 dimorphus. The transgene expression
cassette and selection marker are targeted to the 8 dimorphus chloroplast genome via the segments labeled “Homology
A’ apd “Homology B” which are approximately 1000 bp fragreents bomologous 1o sequences of DNA adjacent to
nucleotide 071,366 (Site 1; nucleotide Iocations according to the sequence avadable from NCBI for 5 obliguss,

NC 008101 onthe 537 and 37 sides, respeetively. Al DNA scgments were subcloned into pUCIS, ATTDNA

reampudations camed out incthe constraction of this transforming DNA were essentially as desceibed by Sambrock ot
al,, Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Prese 1929) and Cohen ot al.,) Med.
Erzymol. 297, 192-208, 1998,

[9866¢] Transforming DNA was mtroduced into 5. dimorphus via particle bombardment according to the method
described in EXAMPLE 1 with DNA carried oo 550 nm gold particles o 500psi and a sbootiag distance of 4o,
Transformants were selected by growth on TAP agar medium + 25 ug/mL chloramphbesnicol. Transtormants were
streaked onto TAP-CAM agar medium to ensure single colony isolation and grown for 4 days under constant light.
(60681} Teaosformasts were apalyzed by PCR screcaing (as deseribed in EXAMPLE 1) and homoplasmic clones were
tdentificd and svbeultored for further stodies.

{09682} To determine f the endoxyianase produced by transformed algae cells was functional, endoxylanase actuvity
was tested using an enzyme function assay (as described in EXAMPLE 4). Figure 32A cshows that RBS1  between the
two genes produces Xylanase activity, however RBS2 does not produce active xylanase (Figure 32B).

[30683] These data domonstrate that the chloroplast of 8 dimorphus can be transformed with a vector of forcign DNA
containing an expression cassette that consists of a genc of interest linked to a selectable marker by a nuclootide
sequence, allowing for the expression of multiple genes from one trapseript, in this case a gene encoding 28
endoxylanase and a gene encoding chloramphenicol acetyl transterase. One of skill in the art will appreciate that many
other methods known 1o the art may be substituted i teu of the ones specifically described or referenced.

{36684} Exanmple 14: Use of Conserved Gene Cluster for an Integration Site n S, dimorphus

{30685 In this example, a nucleic acid encoding chloramphenicol acety! transferase gene from £ coli was introduced
tnto S dimorphus. Transtorming DNA is shown graphically in Figare 33, In this instance the DNA segment labeled

“CAT” is the chloramphenicol acetyl transferase gene from £. cofi, the segment labeled “tufA” i3 the promoter and 57
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UTR sequence for the /4 gene from S dimorphus, and the segment labeled “rbel” is the 37 UTR for the rbel gene
from S. dimorphus. The selection marker cassette 15 targeted to the 5. dimorpfes chioroplast genonie via the segments
labeled “Homology A1” and “Homelogy B1” which arc approximately 1000 bp fragments hemologous to scquences of
DMNA in the psbB-pshT-pshN-pshH cluster wherein the CAT cassetie is inserfed hetween pshT and psbN. AR DNA
segments were subcloned into pUCTS. All DNA manipulations carried cut in the construction of this fransforming DNA
were essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Mamual (Cold Spring Harbor
Laboratory Press [989) and Cohen et al., Meth. Enzymol. 297, 192-208, 1998,

(80686} Transforming DNA was introduced into S0 dimorpfis via particle bombardment aceording to the method
descabed in EXAMPLE 1 with DNA carved on 5350 am gold particles @ 560psi and a shooting distance of 4om.
Transformants were selected by growth on TAP agar medivm + 23 ug/ml chloramapbenicol (TAP-CAM} under
constant light 50-100uE @ RT for approximately 2 weeks. Transformants wore strcaked onto TAP-CAM agar medium
to ensure single colony isolation and grown for 4 days under constant light.

[60687] Cells from the wansformants were analyzed by PCR screening {as deseribed in EXAMPLE 1). The degree to
which the fransforming DNA was integrated into the chloroplast genome was determined using primers that amplify 2
259 by constant region {(SEQ D NO: 3 and SEQ D NO: 4) and a 400 bp region spanming the fntegration site (SEQ ID
N 18 and BEQ D NO: 163, The bomology regions target the integration sie, the region of the chloroplast genome
between psbT and psbN, approximately nucleotide 059,687 (nucleotide locations according to the seguence available
from NCBI for S abliguus, NC_0681013. Figare 34 shows thal spbelones from clone 52 are bomoplasinie, 1e., only the
constant region (250bp product) was amplified, while in the control reactions (WT) both the constant region and the
region spanning the wtegration site {(400bp) were amplified. Clone 6 1s another parental clone, however sabelones from
clone 6 are pot completely homoplasmic as the spanning region is still amplified. These data indicate that the psbB-
pshbH claster can be utilized as an integration site 1 enginecring S, dimorphus.

[089688] One of skill in the art will appreciate that many other methods known in the art may be substituted in liey of
the ones specifically described or referenced.

{69689 Exampie 13: Strategy to Generate Markerless Transgenic S, dimornhus

[606 18] In this exarople, the transgenic ine gencrated 18 EXAMPLE 12, was used o incoudate nonsclective media, A

saturated cubture was diduted 1300 in nonselective media, allowed to grow to saturation and diluted 1.4 i nonselective
media, Ooce saturated, the culture was plated ondo nonseloctive TAP medium to enswre single colony formation. Single
clones were then patched to 1) nonselecuve TAP medium and 2) TAP-CAM oediuny Clones that fatied to grow on

TAP-CAM were further analyzed by PCR.

fe0611] Figure 35 A is a grapbical representation of the transforming DNA (wp) and Ioopout product (bottorn) that
results from recombination at the identical D2 (psbD) promoter segruents, HR-A & HR-R represent the homology
regions. B3 37, psaB 37 and rbell represcat the pshbA 37UTR, psaB 3'UTR, and rbel, 37UTR, eespectively. D2 and tofA

5

i3 the psbD and tafA promoter, respectively. Is09 is FPP synihese and 1011 s bisabolene synthase,

[60612] To confirm the absence of the CAT gene, two methods were emploved. First, PUR was performed using
primers that arplify a 2,5kb +CAT fragrent and/or a 700bp ~CAT fragreent (SEQ HD NG: 9 and SEG 1D NG 16),
Figaure 35 B s ancagarose gel showing that in subclones of the #74 transformant only the 708bp ~CAT product was

amphified while in the plasyid DNA condrol, the 2.5kb +CAT fragrment was amplificd. The presence of the 700bp
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product in the plasmid DNA control 1s fikely the result of recombination m the L. coli host as it is Recfi+. FPrimers 7117
& 7119 (SEQ 1D NOG: 9 and SEQ 13 NO: 10) were used to amplify the products. The “markerless™ transgenic 5.
dimorphus shows amplification of 700bp -CAT loopout fragment and failure to amplify the 2.5kb +CAT fragment in
subclones of clone #74.

{30613} Second, PCR was performed using primers that amplify the 660bp CAT gene (SEQ ID NO: 18 and SEQID
NO: 19), and either primers that amphify a 1.3kb constant region of the psb4 gene (SEQ ID NOG: 13 and SEQ 1D NO:
14y or those that amplity a 400bp constant region of the psb4 gene (SEQ ID NO: 1 and SEQ 1D NO: 2}, Fipgare 38
shows that only the constant fragment was amplified 1o the #74 markerless line, while the CAT gene was amplified in
the parental line that was always kept on CAT selection. Panel A shows multiplex PCR using primers that amplify a
66Gbp CAT fragment and primers that amplify a 1.3kb constant region of the endogenous psbA gene. Only the 1.3kb
constant region is amplified in the #74 markerless potential. Panel B shows mudtiplex PCR using primers that amplify a
660bp CAT fragment and primers that amplify a 400bp constant region of the endogenons psbA gene. Only the 400bp
constant region is amphified in the #74 markerless potential, The PCR reactions in both panel A and panel B had a 50-60
degree Celoius aunealing gradient to nide out the possibility that the anneabng of the primers was {fempeture seusitive.
{30614} These data demonstrate that 5. dimaorphus clones can be obtgined consisting of a genetically engineered
chicroplast and without an antibiotic resistance marker,

[38615] Ooe of skill i the art will appreciate that many other methods known 1o the art 1uay be substituted w heuw of
the ones specifically deseribed or referenced.

[B0a16] Examuple 16: Use of Betane Aldehyvde Diehvdrogenase to Confer Salt Tolerance and/or as a Negabve Selection

Mechanism

{86617} In this example, a nucleic acid sequance encoding betaine aldehyde debhydrogenase from spinach or sagar beet
was engrmecred mic S dimorphus {as described in EXAMPLE 4, Transforming DNA 3 shown graphically m Figure
37. In fhus instance the DNA segment labeled “BADT or BADA” s the betaine aldehyde dehydrogenase encoding gene
from spinach (BAD1) or sugar beet (BAD4) (SEQ 1D NO: 32, BADI or SEQ 1D N(O: 34, BAD4), the segment labeled
“psbD is the promoter and 57 UTR for the pedD gene fom 8. dimorphus, the segoment labeled “rbell” is the 3" UTR for
the psbd gene from S. dimorpius, aad the segment labeled “CAT” is the chloramphenicol acety] transferase gene from
E. coli, which is regulated by the promoter and 57 UTR sequoace for the /44 gene from & dimorphus and the 37 UTR
sequence for the rbel gene from S. dimorphus. The transgene cxpression cassette and sclection rearker are targeted fo
the 8 dimorphus chloroplast genome via the segments Tabeled “Homology A™ and “Homology B” which are
approximately 1000 bp fragraents homologous 1o sequences of DNA adjacent to nucleotide 671,366 (Site {; nucleotide
focations according to the sequence available from NCBI for S. obliguus, NC 008101) onthe 5° and 37 sides,
respectively. All DNA segments are subcloned into pUC19. All DNA manipulations carried out in the construction of
this transforming DNA were essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Manual
{Cold Spring Harbor Laboratory Press 1989) and Cohen et al., Meth. Enzymol. 297, 192-208, 1998,

{00618} Transforming DNA was introduced into S dimorphus via particle bombardment according to the method
described in EXAMPLE 1 with DNA carried on 550 nm gold particles @2 500pst and a shooting distance of 4em.
Transformants were selected by growth on TAP-CAM agar medium under constant Hight 50-100aE @ RY for
approximately 2 weeks. Transformants were streaked onto TAP-CAM agar mediun: to ensure single colony selation

and grown for 4 days under constant Hght.
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{30619} Transformants were analyzed by PCR screening (as deseribed in EXAMPLE 1) and homoplasmic clones were

tdentified and subcultured for further studies.

[306201 To ensure that the presence of the betaine aldehyde dehydrogenase encoding gone 1ed to expression of the
profein, a Wesiern blot was performed (as deseribed in EXAMIPLE 4). lo this instance, the BAD genes were fagged
with an HA tag and the primary antibody was an anti-HA HRP conjugated antibody (clone 3710, Roche} in which &
1:10,060 dilwtion of a 501UmL stock was used as the antibody solution. Results from multiple clones (Figure 38) show
that expression of the BAD gene from spinach and from sugar beet gene S, dimorphus cells resulted in prodoction of
the protein.

(38621 To deteanine 1f this proteie confers salt tolerance or causes the cells to become sensitive to betatne aldehyde
{and therefore allows this strain to be used in negative selection experiments as proposed in exarmples 2 and 1), cells
expressing the BAD genes can be grown side-by-side with wildtype cells and the media supplemented with increasing
concentrations of salt and/or betaine aldehyde.

§80622} One of skill in the art will appreciate that many other methods known 1 the art may be substituted 8 hey of
the ounes ypecifically desenbed or referenced.

{88623} Example 17: Development of a Transtormation System for 3, fertiolectia

[80624] In this example, a method for transformation of 1. ferfivlecta is described. Algae cells are grown o fog phase
{approximately 5.0 x 10° cells/mml) i G32 ruedivm { 32g/L NaCl, 0.6476mM CalCly, 8.162mM H.BO,, 0.406mM
Mg:504, 0.50021mM NaV (s, 5g/L bicarbonate, 12.9mL/L cach of F/2 A and B algac food (Aquatic Eco-systoms,
Inc.)) at 23°C ander constant dlomination of 30-100aE on a rotary shaker set at 100 spr. Cells axe barvested at 1000 »
g for § win. The supernatant is decanted and cells are resuspended fo G32 media at 16° cells/ml. 5 x 107 celle are
spread on selective agar medinm and ransformed by particle bombardment with 530 wo diameter gold particles
carrying the transforming DNA (@ 300-400psi with the Helios Gene Gun (Bio-Rad) trom a shot distance of 4om.
Desired algae clones arc those that grow on selective media.

[84625] PCR is used to identify transformed algae strains. For PCR analysis, colony lysates are prepared by
suspending algae cells (From agar plate or guid culture) in lysis buffer {0.5% SDS, 100 M NaCl, 10 M EDTA, 73
raM Tris-HCY pH 7.5 and heating to 98°C for 10 minutes, followed by cooling to near 23°C. Lysates are dilited 50-
fold m 00reM Tris-HCL pH 7.5 and Znl 15 used as template ina 250k reaction. Alternatively, total genornic DNA
preparations may be substituted for colony lysates. A PCR cocktail counsisting of reaction buffer, ANTPs, PCR primer
pair{s) (indicated 1 each exanple below), TINA polymerase, and water is prepared. Algac DNA is added 1o provide
template for the reaction. Annealing tenperature gradients are employed to determine optimal anuncaling temperatare for
specific primer pairs. In many cases, algae transformants are analyzed by PCR with primers that are specific for the
transgene being introduced into the chioroplast genome. Desired algae transformants are those that give rise to PUR
product{s) of expected size(s).

(306261 One of slall 1o the art will appreciate that many other transformation methods known 1n the art may be
substituted in lieu of the ones specifically described or referenced herein,

086275 Example 18 Use of Conserved Gene Cluster for an Integration site in £3. fertiolecia
{

(60628 In thus example, a nucleic acid cncoding erythromyein esterase gene (EreB) (SEQ ID NG: 29) from £. coli was
tntroduced mto D, rertivlecta. Transforming DNA iz shown graphically in Figure 39. In this mstance the DNA

segment labeled “FreB ec” 15 the erythromycin esterase gene (EreB) from £, cofi, the segment labeled “psbDp” s the
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promoter and 3" UTR sequence for the psbD) or 1ufd gene from a D, ferticlecta (SEQ 1D NO: 62, psbD2, SEQ 1D NO:
63, tufA2), and the segment labeled “rbel 37 7 15 the 3° U'TR for the récl gene from D). iertiolecia (SEQ 11D NG: 64,
2rbel 37). The selection marker cassette 1s targeted to the D fertiolecta chloroplast genome via the segments labeled
“HA” and “HB” which are approxinately 1000 bp fragments homologons to sequences of DINA in the pshB-pshT-
psbiN-psbH cluster (SEQ D NO: 133) wherein the EreB cassette is inserted between psbT and psbN at approximately
nucleotide 2383 of SEQ ID NO: 133, All DMNA segments were subeloned o pUCES. AHL DNA manipulations carried
oot 1a the construction of this transforming DNA were essentially as described by Sambrook et al., Molecular Cloning:
A Laboratory Manual (Cold Spring Harbor Laboratory Press 1989 and Colien et al., Medfs. Enzymol. 297, 192-208,
1998,

{86629} Transforming DMA was introduced into D rerfiolecta via particle bombardment according to the method
described in EXAMPLE 17 with DNA carried on 550 nm gold particles @ 300pst and 4 shooting distance of 4cm,.
Transformants were selected by growth on G32 ager medivm + 75 pg/ml. exythroroyers {G32-Erm) voader constant hght
30-100uE @ RT for approximately 4 weeks. Transformants were inoculated into nonselective G32 media and grown for
~Yweek under constant light (30-100u4E).

[60638] Cells from the transformants were analyzed by PCR screening {as deseribed m EXAMPLE 17). The presence
of the EreB selection marker was determined vsing primers that amplify a 555 bp region within the gene (3EQ [D NO:
7 and SEQ ID NO: 8}, Figure 48 shows that the TreB gene was amphified from DNA from transformants 4, 35, and 6 but
not from wildtype DNA from D erfivlecia.

f60631] These data demonstrate that the chloroplast of D rertivlecta can be ransformed with foreign DNA containing

an expression cassette with a selectable marker. One of skill in the art will appreciate that many other methods known

in the art may be substituted in e of the ones specifically deseribed or referenced.

(696321 Example 19: Production of Endoxvianase 0.0, ferdiclecty

F68633] In this exarople a muckis acid encoding endoxylanase from 7. reesed was introduced into D). rerticlecia,
Tranpsforming PNA 1s shown graphically in Figure 41, In this instance the DINA segroent Iabeled “BD11” is the
endoxylanase encoding gene (SEQ D NG: 21, BD11), the segment labeled “psbl¥” 18 the promoter and §” UTR for the
pshD gene from D, fertiolecia, the segment labeled “D1 37 s the 37 UTR for the psdd gene from D viridis (SEQ 1D
NG 65, 3 pshA 373, and the segruont Iabeled “LreB ¢c” 5 the srythrorayein esterase gene from I coft, which s
regulated by the promoter and 537 UTR sequence for the fufd gene from I3 ferfiolecta and the 3" UTR sequence for the
rbel gene from D. tertiolecta. The transgene expression cassette and selection marker are targeted to the 1. ferfivlecta
chioroplast genome via the segments labeled “HA™ and “HB” which are approximately 1000 bp fragments homologous
to sequences of DNA inthe psbB-psbT-psbMN-psbH cluster wherein the transgone cassctic is inscrted betweon pabT and
psbN, All DNA segments were subcloned into pUCTS. All DNA manipulations carried out in the construction of this
transforming DNA were essentially as described by Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold
Spring Harbor Laboratory Press 1989) and Cohen et al., derh. Enzymol. 297, 192-208, 1998,

[09634] Traonsforming DNA was introduced into 0. tersiolecta via particle bombardment according to the method
deseribed in EXAMPLE 17 with DNA carried on 530 nm gold particles @ 400 and a shooting distance of 4em.
Transtormants were selected by growth on G332 agar medium + 75 pg/mL erythromycin {G32-Erm) under constant light
5G-100uE (g RT for approximately 4 weeks, Transformants were inoculated into G32 moedia + 100ug/ml ervthromycin

and grown for ~Iweek vnder constant light (30-100aE).
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[80635] Celis from the transformants were analyzed by PCR screening (as described in EXAMPLE 17). The presence
of the EreB selection marker was determined using primers that amplify o 3 pr Tion within the gene (SEQ 1D NO:
Tand SEGQ 1D NO: B). Figure 42 shows that the EreB gene was amplified from DNA from transformeant 12-3 but not
from wildtype DNA from D fertiolecia.

{30636} To ensure that the presence of the endoxylanase-encoding gene led to expression of the endoxylanase protein, a
Western blot was performed {as described in EXAMPLE 4). Results from transformant 12-3 (Figure 43) show that
expression of the endoxylanase gene in D. fertiolecta cells resulted in prodoction of the protein.

(866371 To detcrming if the endoxylanase produced by trausformed algae cells was fonctional, endoxylanase activity
was tested using an cnryme functon assay {(as described in EXAMPLE 4). Figure 44 shows that endoxylanse activity
is detected in the 12-3 wwansformant but not in wildtype cells.

[60638] These data demonstrate that the chloroplast of D fertiofecta can be transformed with foreign DNA containing
an expression cassette with a selectable marker and a separate expression cassette with a gene encoding an
endoxylanase, and that the proteins expressed were functional. Oune of skill in the art will appreciste that many other
rethods known i the art may be substitated in e of the ones specifically described or referenced.

{38039} Lxample 20; OQverview of Genetic Engmecring

{30648} To engincer the chloroplast of an algae three things are required: a cassetie expressing a selectable marker; a
delivery method to deliver the plasmid DNA into the chioroplast; and a vestor containing regions of DNA homologous
to the chloroplast genome to be used in targeted homologous recornbination (3 homelogous mategration vector or
homalagous recorahination vector).

[30641} In straios of algae that have little or no known chloroplast sequence information avatlable, the identification of
homelogous regions of IINA and the construction of a vector containing those regions, are significant and time
consurmng tasks, Current methods for obfainmg vakaown seguence information, such as lnverse PCR (PCR Cloning
Protocols Series: Methods i Molecunlar Bivlogy, Volume: 192, Pub. Date: Apr-01-2002 | Page Range: 301-307,

DO 10.1385/1-59259-177-9:301) and Adaptor Ligated PCR (Nusure Protocods 2, pp. 2910 - 2917 (2007 Published
online: & Noverober 2007} are tirae consuming In that they take nwltple iterations o order to generate a DNA sequence
that is long enough to be used i a bomelogous mtegration vector,

i80642] A roethod that allows for the quick identification of a large piece of chloroplast DNA sequence, sufficient in
size to build a homologous tegration vector, would be very useful o the engineering of algal genomes. The methods

green algae, for which there is Tittle or no

descrthed herein, can be applied fo all strains of an algae, for example, a g
koown DINA sequence information available. The methods described herein, can also be applied to an algae, for which
there is incomplete sequence information available.

{08643} Example 21 Use of a Conserved Gene Cluster to Generate Sequence Information

[0644] Across the chloroplast genomes sequenced to date, there are only a few clusters of genes that are consistently
found adjacent to each other. Two examples of such gene chusters are yef3-ycf4 and psbF-psbL. However, these two
clusters are too small is size to yield encugh DMA sequence information to be useful for homologous recombination.
{60648} Another gene cluster, psbB-psbT-psbN-psbH, is found together in the same orientation in most algae and
plants. Knowledge of the presence of this gence cluster allows one to amphity a large region of chioroplast DNA that
provides encugh DNA sequence information to construct a vector for homologous recombination. This vector can then

be used to modify the chloroplast genome of algal strans and plaats that have not vet been genetically engincered.
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{30646} The gene cluster psbB-psbT-psbN-psbH is a region of chloroplast DNA that is highly conserved amongst algae
and plants. However, this cluster may not be conserved at the nucleic acid level or in the spacing between the genes (the
tntergenic regions ). In addition, the nucleic acid contents of the mtergenic regions may vary, While at the nuclectide
tevel there may be significant diversity, at the protein level this region is guite conserved. Figure 88 i an alignment of
4 algae that have had their chlorolast genomes sequenced: C. reinhardrii (INCBI NC_0053353), C. vadgaris (NCBI

NC 001865}, §. obliguus (NCBI NC 008101}, and P. puorpurea NCB1 NC (00925). This figure shows the high degree
of conservation in terms of gene placement and orientation.

i
i

(806471 Althoogh the gene cluster, psbB-pshT-psbN-psbH, may not be conserved at the nucleie acid level, the proteins
ou the terpunal ends of tits region, psbB and psbH, are highly conscrved at the ammino acid level and contain regions of
high conservation a1 the nucleotide level. Figure 86 i3 an alignment of the psd3 gene from four algae that have had their
chiorolast genomes sequenced: C. reinhardsti, C. vadgaris, S. obliquus, and P. purpurea, and Figure 87 1s an alignment
of the psbH gene from the same algas. Both figures show regions of bigh nucletc acid bomology. This allows for the
design of degenerate primers that will anneal to regions within the nucleic acid sequences encoding for the proteins
psbB and psbH, resulting w the amplification of the whole gene cluster mone step. This double stranded product can
then be quickly sequenced divectly from both ends, and enough sequence information can then be generated to construct
2 bormologous recombination vector. The time it takes o generate the sequence data is rouch less than with other
raethods.

(30648} Two degenceate primees (forward privacrs 4099 zad 41003 specific o the psd B gene (reverse primers SEG D
NO: 129 and SEQ D NO:30) and 2 two degeserate pomers (4101 and 4102) specific to the pabH gous (SEQ D NG
131 and SEQ ID NO: 132) were designed from the counsarved nucleotide regions of the pobB and psbH. These primers
have been usad to genarate the sequence of the psbB-psbT-pshN-psbH gene cluster from different species of algae that
have litthe or no sequence mformation available i public databases including D. #ertiolecta (SEQ D NO: 133), an aiga
from the genus Dunalicila of unknown species (SEQ 1D NO: 134), N abudans (SEQ 1D NO: 135}, an isolate of O
vilgaris differing from the published genome (SEQ ID NO: 136}, and T, suecica (SEQ T NG: 137). Figures 74 and
75 show the degenerate prirpers araphfying o large fragoent from the Dunaliella isobate and N. abudans, respectively.
Figure 73 sbows the amoplification from S. dimorplues. In each of these figures the center Jane is occupied by 2 kb Plus
fadder (Invitrogen). In each figure four different combinations of primers were used. The top et proel shows
amplification with primers 4099 and 4101, The botton left pancl shows amplification with primers 4099 and 4102, The
top right panel shows amplification with primers 4100 and 4101, The bottom left panel shows amplification with
primers 4100 and 4102, After anwplification the desired fragments are gel purified using the Qiaquick Gel Extraction Kit
{Qnagen) and sequenced. In each of Figures 73 to 78, Product 1 represents the full length psbB-pbsBH gene cluster.
[04649] An integration vector built from this region has been shown to transform Dunalielia fertioiecta (see
EXAMPLE 18).

{06561 Example 22 Addimionat Vectors constracted for Scenedesinys dimorphus

{00681} Additional vectors were constructed for Scenedesmus dimorphus since the sequence of a closely related species
Scenedesmus obliguus is publicly avatlable (NCBI for S obliguus, NC_608101). These vectors were made to test
integration sites and homoplasmicity along the entive region of psbB-psbT-psbN-psbH, as well as the next adjacent
protein in 8. dimorphus, psbK. This set of vectors targeted integration into the intergenic region between psbT and

psbN, psbN and psbH, psbH and psbK, and the region 37 of psbK (p04-128, p04-129, p04-138, and p04-131
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respectively) (Figures 76 to 79 respectively). p04-128 targets integration at approximately nucleotide 059,587, p04-129
targets integration at approximately nucleotide U59,099. p04-130 targets mtegration at approximately nucleotide
060,429, p04-131 targets integration at approximately nucleotide 060,961 (nucleotide locations according to the
seqguence available from NOBI for 8 ebliguus, NC_G08101).
{30652} All vectors have an expression cassette consisting of a chloramphenicol (CAT) selectable marker, an
endogenous promoter, and an endogenous terminator cloned between the Homology A and Homology B fragments.
p04-128 bad tufA-CAT1bel cloned between the Homology A and Homology B fragments (p04- 1423 Figure 80). pi4-
129 had tufA-CAT-rhel cloned between the Homology A and Homology B fragments (p04-143) (Figure §1). p04-130
had tufA-CAT-hel cloned between the Howology A and Homology B fragiments {p@4-144) (Figure 82). pD4-131 had
tafA-CAT-rbel cloned between the Homology A and Homology B fragments (p04-143) (Figure 83). Vectors are
shown graphically in their corresponding figures, In this instanece the DNA segment {abeled “CAT” is the
chiloramphenicol acetyl transferase gene from &, coli, the segment labeled “tufA™ 18 the promoter and 57 UTR sequence
for the tuf4 gene from S dimorphus, and the segment labeled “rbell” 1s the 37 UTR for the rbol gene from S
dimorphus.

{30633} Transforming DNA was introduced into S dimorpfius via particle bombardment aceording to the method
deseribed in EXAMPLE { with DINA carried on 550 am gold particles@ 300psi and a shooting distance of dem,
Trausforruants were selected by growth os TAP-CAM agar medinm vnder constant ight S0-100uE @ RT for
approxiraately 2 weeks, Transformants were strcaked outo TAP-CAM agar maedivm to cusure stugle colony solation
and grows for 4 days under constant Bght

§30634} To test for integration of the CAT gene in between the pedT and pebN genes {p04-147), clones were sereened
for bomoplasmicity usiug praners 3160 and 3162 (that amplify a 200bp constant band feora the genorae), and primers
4682 and 4987 (that amplity a 400 bp band that spanning the integration site),

[30655] To test for integration of the CAT gene in between the psblV and psHH genes (pld-143), clones were sereened
for homoplasmicity using primers 2922 and 2923 that amplify 2 460bp constant band from the genome, and primers
4084 andd 4685, that amplify 4 200 bp band that spans the degration site,

130656} To test for integration of the CAT gene in between the psbi7 and psbX genes (pl4-144), clones were screensd
for homoplasmicity using primers 2922 and 2923 that aroplify a 400bp constant band from the genome, and primers
4686 and 4687, that amplify a 300 bp band that spans the mtegration stic,

[B0657] To test for integration of the CAT gene 37 of the pehK gene {(p04-145), clones were sereened for
homoplasmicity using primers 3160 and 3162 that amplify a 200bp constant band from the genome, and primers 4688
and 4689 amplify a 300 bp band that spans the integration site.

[(4}688} Primers used for each of the PUR screens are kisted in Table 5.

§00659] Table 3

4142 3160 (SEQ ID NO: 3) CAACTACAACTAATTATTITTC

3162 (SEQ 1D NO: 43 TGAAACCAGTCTTTGTAAAGUTCA
4682 (STQ D NO: 15) CCACCTCOTATGGTAAAATAATTG
4982 (SEQ ID NO: 16) GAAAGAATTATGCACAGTOCTGCT
2922 (SEQ D NO: U AGAAGGAGCTTCTACAGATGO

pi4-143
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2923 (SEQID NO: D) TCATTAGTTACTTCATCTTITAATCCG
4684 (STQ ID NO: 140) GAAGGAGGTCCAAAACTCACA

4685 (SEQ ID NGO 141 CCTGGTTCTTGAAGTGCATC

2922 {sce above)
p84-144 2922 {sce above)

2923 {see above)

4686 (SEQ ID MO 142) TGAGTTGGGAAACTTTAGCTTCTT
4787 (SEQ IDNO: 143) AAAAGATTGCCAAGACCAAA

pi4-145 3160 (see above)

N

3162 {see above)
4688 (SEQ ID NO: 144) AAAAAGAATGAAATTITTTATGTTCG
4689 (SEQID NGO 1485y ATGGATGTCGTCCTCCAAAA

[04666] Figure 84 and Figure 85 shows that homoplasouic clones are recovered from integration between psbT and
psbN (p04-142) and integration 37 of psbi {p04-143).
{04661 Example 23: Creation of a Yeast-bacteria Shuttie Vector

{04662 Heterologous (exogenous) gene introduction into the chloroplast by homologous recombination s efficient
when a selectable marker and the gene of interest 1s Janked by 37 and 3” homelogy 1o a locus that can tolerate
tntegration. To mtegrate more than one gone, one can target a scparate locus and vse a sceond sclectable marker.
Integration of two or more genes is problematic from a time and labor standpoint. In addition, svailability of selectable
snarkers becomes an issye. To contend with these 1ssues, a yeast-based system was created wherein, in a stagle step,
several exogenous genes can be assembled along with an algal selectable marker, and placed nto a yeast-bacteria
shugdtle vector, Two versions of this vector were created, One version contains a 5.2 kb region from the

Scenedesmie obliguus chloroplast (Scenedesmus chlotoplast sequence NCBL veference segquence: NC_QURIGT,
057.611-062550bp) (SEQ ID NO: 1238), This 3.2 kb regicn is nghly conserved (at the amino acid level) amongst algae
species, and spans a region comprising psbB to rbel genes. The second version of this vector contains twoe 1,000 by
“homology A37 {070,433-071,342bp) (SEQ 1D NG 126} and “homelogy B3” (071,379-072,25406p) {SLQ D NO: 127)
regions which target a Jocus immediately dowastreara of the psbA gene. The two shuttle vectors (Figures 49 and 58)
comprise the above-mentioned sequences from the chloraplast genome of Scenedesimuy obliguus, bacterial

replication/selection elements, and yeast replication, segregration, and selection/counter-selection elements.

[60663] There are at least four advandages of the yeast-based systern over the existing technology: 1} sachofthe 1, 2, 3,
el

4, or mare gene expression cassettes can e amplified with primers containing 37 and 37 boroology to adjacent casseties,

>ral gene casseftes

thereby alleviating the requirement to clone flanking bomology o the gene cassette design; 2) se
{for examapie, 2, 3, 4, 3, 6, or 20) can be assernbled together as 4 contig in a single step and reguire a single seleciable
marker for chloroplast introduction; 3) this technology can be applied to other algal species due to the conserved nature
of the psbB-rbel. locus across 2lgae species; and 4) the 5.2 kb of homology contained within the shuitle vector (Figure
S8} and the 2 kb of homology as shown i Figure 49, ensures that bomologous recombination is aceurate and efficient
within the chloroplast.

[6d864] Tt should be noted that, for example, more than 2, more than 3, more than 18, ymore thas 13, more than 20, or

more than 25 gene cassettes can be assembled in the shuttle vector,
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{00665} Example 24: Plasmid Construction

[30666] A derivative of plasnud vector pUCLY (New England Biolabs, U.S AL, Yamisch-Perron, U, ef @l

(1985} Gene, 33, 103-119) lacking a multiple cloming stte (hevein referred to as gutless pUC) (Figure 45) was used to
create the hackbones for three gene expression cassettes. Three different gene expression cassettes comprising the
promoter-terminator pairs: petA-chil, D2-D1, and mifA-psaB, respectively were cloned into gutless pUC (Figures 58,
51 and 52).

(306671 To insert the genes of interest (“GOIHCU90, SEQ ID NG: 115, CC91, SEQ D NO: 116; CC92, SEQ ID NU:
117, CC93, SEQ 1D NO: 109, CCO4, SEQ ID NG 116; CC87, SEQ ID NO: 113; 1857, SEQ ID NG: 121 1581, 5EQ
1D NO: 124; 1862, SEQ ID NO: 123; 18116, SEQIDNO: 122, BD1 I, SEQ ID NO: 146; and IS99, 3EQ 1D NO: 147),
each of the three vectors (Gene Vector 1 (Figure §8), Gene Vector 2 (Figure 51), and Gene Vector 3 (Figare 52)),
along with the genes of mterest, were double-digested with the restriction enzymes Nied and Xbal, and Hgated together
resulting in 36 different vectors. Several of the 36 vectors served as PCR templates for the gene amphfications ased in
the 2-, 3-, or 4-gene contig assemblics described below,

{36668] The genes of miterest are as follows:

(306691 CUB0 gled - glycolate oxidase subunit, FAD-linked NP_417453;

[30670] CC91 glck - glveolate oxidase FAD binding subunit YP_026191;

(38671} CC92 gleF - glycolate oxidase tron-sulfur subunit YP_026198;

B6672] CC3 glyoxylate carboligase NP_415045;

B0673] CC% tartronate sensaldehyde reductase NP_417594; and

(30674} CC97 tartronate semialdehyde reductase - NADH dependent NP_415042,

{80675] These genes are described in Keheishy, R, et al., Nature Bictechnology (20073 25(5) 593-599. AN six genes are
codon-optinmized for the chioroplast genome of Chlamydomonas reinhardiii,

{84676] Additional gones of interest arc as follows:

[84677] BD11 is an endoxylanase from T. reeset; and

§B0678) IS99 is 1 mevalonate pyrophosphate decarboxylase from 8§ cerevisiae, codon optiized according to the
tRINA usage of the O reinhardtii chloroplast.

{34679] Other genes of interest are as follows:

(60680} 1S57 15 1-Deoxy-D-xyhulose S-phosphate reductoisomerase (DXR);

[B0681]

(30682} 1S-62 is the same protein as 1S-9, the chicken FPP synthase; the difference is that the C-terminal tag has been

1S-61 is Chiamydomanas chlorophyil synthase;

removed, and replaced with an N-ternuinal FLAG tag; and

{04683} 15-116 is 4-diphosphocytidyl-2-C- methylervthritol synthetase (CDP-ME synthase, it is the E. coli version of
the gene).

[00684] These above four genes were all codon biased for expression in the Chlamydomonas chioroplast genome.
[006838] Plasmid vectors pR3414 (Sikorsld and Hieter, Generics. 1989 May;122(1%:19-27} (Figure 83} and
pReloBACIT (NEB)Figure $4) were used to construct transformation platform vectors. In all instances, pR5414, and
Gene Veetors 1, 2, and 3 were seleetively maintained in DH10B eells (Invitrogen, .S A} by growth in Luria Bertani
(LB} medium suppiemented with 100pg/ml ampicithin, Similarly, the plasnud pBeloBACH was selectively maintained

in its host bacterium, DHIORB, by growth 1n LB medivm sopplersented with 12 5pg/mi chlorsmphenicol.
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{30686} To construct the first of the two base platform vectors (Figure 4%) that can be used for the mtroduction of two
genes into the chloroplast of Scenedesmiss obliquus, the homology region A3 (SEQ 1D NO: 126} and the homology
region B3 (SEQ ID NO: 127) were amplificd from Scenedesnus chloroplast DNA using primers 34 (SEQ 1D NG: 99
and 35( SEQ D NG: 100), and 36 (SEG 1D NO: 101y and 37 (SEQ T MO: 102), respectively, digested with Notf and
Sped, and ligated into Noil digested gutiess pUC (Figure 48). Plasmid p04-33 (Figure 46) was then linearized with Spef
and lgated to a PCR product comprising the nucleotide sequence encoding the yeast genes URA3-ADE2 (SEQ ID NO:
108}, The nucleotide sequence encoding the yeast genes URAS3-ADEZ was obtained by PUR using as a DNA template,
plasmid pSS-007 (Figure 473, and primers 30 (SEQ ID NO: 935 sod primer 3H{BSEQ D NO: 96}, which both contain
Sped restriction sites at theie 57 terpum. The resulting vestor conuprising the bomology regions fanking the yeast genes
(pS8-013) i3 shown in Figure 48.
[606871 The URAS3-ADE2 cassette allows for posittve selection in yeast that are defictent for URAZ or ADEZ gene
function, respectively. Simnilarly, expression of the URA3 gene can be negatively selected against in the presence of 5-
floroorotic acid (3-FOA) as URAS converts 5-FOA 1o 5-Hucrouracil, which is toxic to the cell. In addition, the
presence of absence of ¢ functional ADF2 gene resulis in white or red yeast colomes, vespectively — thereby sHowing
for another level of selection when picking colonies.
{30688} To create the yeast-bacterial shuottle vector for two-gene countig assembly, which targets the A3-B3 region, pSS-
013 (Figure 48) was digested with ¥/, hberating the fragruent contamiog A3-URA3-ADEZ-H3, which was then
figated nto Nodd digosted pRS4 14 (Figure 53), resulting w the vector pS5-023 (Figare 49}, pS5-023 was confirmed by
seguencing and resinction digest wmapping with NdeZ, Pacl, Psid, Scal, SnaBi, aod Spel (Figure §3). Order of lanes frora
Feft to right: 1kb DNA plus ladder Govitrogen), wonent pS8-023, Ndef, Pacd, Puil, Scal, SnaBl Spel, 1kb DNA plus
fadder { mvi;fr()gen, 11.8.A ). Expected bands are as follows: Ndel, 2187 bp and 81330p; Pacl, 2051 bp, 2981 bp, and
52980bp; Pstl, 493 by, 1872 bp, and 7957 bp; Scal, 1761 bp, 40350 bp, and 4511 bp; SwaBl, 2587 bp and 7735 bp; and
Spel, 958 bp, 3694 bp, and 5678 bp. pSS-023 was used in all two-gene contig assernbhies that target homology A3 and
homology B3 regions.
(84688} To construct the base platform vector used for the three-gene, four-gene, and the second two-gene contig
assembly (which all target the psbB-rbel. locus i Scenedesmus), primer | (STQ 1D NO: 66) znd primer 2 (5EQ I NOu
673, both of which contain No#/ restriction sites at thew 37 terming, were used to amplify the 5.2 kb sequence (SEQ 1D
NQO: 125} spanning from the psbB gene to the thel. gene. The resultant 5.2 kb PCR product and plasmid vector pR5414
(Figure 53) were both digested with Not7 and Yigated together, resulting in pLWO0T (Figare 85). pl.WO0T was
confirmed by sequencing and restriction digest mapping with EcoRV, Notl Pmll, Pvul, and SnaBI (Figure 68). Crder of
fanes from left to right; 1kb DNA plus ladder (Invitrogen, U8 ALY, EcoRV, Notl, Pmil, Pvuf, Snali, uacot, and 1kb
DNA plus ladder (Invitrogen, U.S A} Expected bands are as follows: £coRV, 1182 bp and %867 bp; Notf, 4784 bp and
5263 bp; Pmif, 995 bp, 2644 bp, and 2695 bp; Pyud, 2868 bp and 7181 bp; and Snaff, 2526 bp and 7523bp.
(306961 To assemble contigs of two, three, and four genes in pLWO01, using negative selection, a PCR product
containing the Saccharomyces cerevisiae genes URA3-ADEZ (SEQ ID NO: 105) was amplified with primer 27 (SEQ
1D NO: 92) and primer 28 (SEQ 1D NO: 93}, which contam 57 tails homologous to the locus i the chloroplast sequence
between psbT and psbN. This PCR product, along with pLW001 (Figure 85}, were simultancously transformed into S

cerevisice. Transformants were selected for on complete synthetic media {CSM) lacking tryptophan, vraci, and
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adenine (CSM — TRF — URA — ADY) using a standard lithium acetate transformation protocol (for example, as
described in (retz, R.D. and Woods, RAL Methods Frnzmol (2002) 350:87-96),

{36911 Resultant yeast colonies were patched to C8M — TRP -~ URA — ADE and PCR sereened for the correct
homelogous insertion of the RA3-ADE? construct. Plasmid DNA was then harvested from POR positive yeast clones
and eleciroporated into £, cofi DHI10B cells (Invitrogen). Bacterial colontes were PCR sereened. PCR positive clones
were then harvested for plasmid DNA (Qiagen miniprep protocol). Twelve independent plasmid isolates from the
above-mentioned yeast colonies were sequence confirmed and restriction enzyme mapped with Pact, Psti, Scal, and
Xho! (Figares 67TA-E). Figure 67A is uncut plasmid DNA. Figure 671 is the plasmid DNA digested with Scal; the
expected fragments axe 1761 bp, 3646 by, and 6330 bp, Figere 67C is the plasmid DNA digested with Puol; the
expected fragments are 4847 bp and 8890 bp. Figare 6753 1s the plasmid DNA digested with Xhof, expected fragmends
are 5830 bp and 7907 bp. Figare $7E is the plasmid DNA digested with PsiJ; the resulting fragrments are 493 bp, 3011
bp, and 10233 bp. The resulting platform constract was designated as pL W092 (Yigure 56).

{30682} The size of the contig becomes an 1ssue in assembling contigs of three or more genes as the coll?1 origin
present in the pLW092 backbone (Figare 56} is unable (o support faithfid duplication of plasrmds greater than 20kb.

To contend with this issue, a platform vector was created that 1s capable of larger assemblies based on the BAC cloning
vector, pBeloBAC LT (Figure 54), which contains the Orid origin capable of matntatnmng very large DNA fragmeats, for
example, upwards of 300kb. Briefly, pBeloBACL T was lineanized using the restriction enzyme Xl The TRPI-AKRST-
CIN4 gone scquences (SEQ 1D NO: 1073 was PCR-amplificd from pYAC4 {ATCC; GenBank murnber UB1088, ke,
2y with priver 3 (SEQ ID NO: 68} and primer 4 (SEG 1D NO: 693, which both

contain Xhol ends. The Xhol-digested BeloBACT T and pYALY sequences were Hgated together, Resultant bacterial
colondes were PCR screened for the correct hgation event, restrction enzyrae mapped, and sequence confirmed. The
resultant plasmid was desigaated pBeloBAC-TRP (Figure 7).

[30693] pBeloBAC-TRP was further modified to incorporate the Scenedesmus psbB-rbek locus (contaising URA3-
ADE2 between psbT and psbiN, fron pEW092). Briefly, the Scemedesmus pshB-bel. locus was digested away from
pLWO9Z (Figure 36) using NotJ aud Hgated tndo pBeloBACI-TRP (Figure §7) (also digested with No#/y. Resultant
bacterial clopes were sequence confivmed and restriction enzyme mapped with feolY, Ndel, Nod, Facl, Pstl, Scal sad
Xhol (Figure 68). Ordor of lanes from left to right: 1kb DNA plus ladder {(Invitrogen, U.S.AL), empty, EcoRV, Ndel,
Neal, Pacl, Bstf, Scal, Xhol, and 1kb DNA plus ladder (Invitrogen, U.5.A.). Expected bands are as follows: FeoRY, 229
bp, 1290 by, 1461 bp, 2261 by, 6558 bp, and T048 bp; NedeZ, 2187 bp, 2470 hp, 6183hp, and 8007 bp; Nord, 8933 bp and
G894 bo; Paci, 4847 bp and 14000 bp; Psed, 493 bp, 1541 bp, 3179 bp, 5559bp, and 8075 bp; Scal, 1761 bp, 3835 by,
4704 b, and §547bp; and Xhol, 3017 bp, 4942 bp, and 108588 bp. The resultant platform construct was designated as
pLWI100 (Figure 88) and is used in all of the 3- and 4-gene contig assemblies.

{60694 [n addition t© the genes of mterest assembied into the 2- 3- and 4- gene contigs, a yeast positive selection
marker and a Scenedesmus positive selection marker were also incleded.  The yeast auxotwophic marker, LEU2 (SEQ
1D NO: 108), along with the chiorampenicol acetyltransferase (CAT) gene (SEQ 1D NO: 148) driven by the tbel
promoter (which confers resistance to chloramphenicol i Scenedesmus) (Figure 88) were ligated into gutless-pUC.
Homology regions flanking these two genes were also cloned, which correspond to the adjacent genes of interest in
comntig assembly. Briefly, the Saccharomyees cerevisiae gene LEUZ (SEQ D NO: 108), was amplified from total
genomic DNA with primer 5 (SEQ TD NO: 70), which coutains a Pedf vestriction site, and primer 6 (SEQ IDNG: 71},
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which contains a No#f vestriction site (at the 537 terminus) and 50bp of DNA, which are homologous to adjacent genes in
2-, 3-, and 4-gene contig assembly. In addition, the rbel-CAT-psbE gene (SEQ 1D NO: 128) was amplified from vector
p04-198 (Figure 59) using primer 7 {SEQ [D NO: 72}, which contains a No#/ restriction site {at the 5 torminus} and
80hp of PNA which are homologons to adjacest genes in 2-, 3-, and 4-gene contig and primer 8 (SEG ID NO: 73),
which contains a Ps#f restriction site. The LEU2 and rbeL-CAT-psbE fragments were digested with Psti and Notl and
tigated to Norf digested gutless-plUC. Resultant bacterial clones were sequence confirmed and restriction enzyme
mapped with fcoRf, LcoRY, Kpnd, Notf, Pvull, and Scal {Figare 89} The order of lanes 1s as follows: Ikb DNA plos
fadder (nvirogen, US A, wncot DNA, EcoRl, EcoRY, Kpnl, Notl, Pvudl, Scal, and 1kb DNA phus tadder (Invitrogen,
U5 AL Expected bawds are as follows: ZcaRi, 3033 bp and 3458 bp; FeoRY, 6491 by, Kpnd, 6491 bp; Nodl, 2436 bp
and 4055 bp; Pyndl, 988 bp and 5333 bp; Sead 3023 bp and 3468 bp. This coustruct was designated as p33-035 (Figure
o) and 1 ysed in all of the pene contigs to promote proper assembly and also to provide for a positive selection element
during Scenedesmus transformation,

(00695}
{36696} The Saocharomyces cere

isice stramy, Y PHRSE (MATa, wra3-52, lys2-801, ade2-101, pplA63, his34200,
lew2Al, evhZR), was ysed in all contig assembly reactions.
{30697} For two-gene contig assernblies targeting the A3-B3 region, the following were combined:
1) g of phs-023 (Figure 49) hoearized between URA3 and ADEZ with Sphf;
23 500 ng of a gel purificd fragment, obtained by digesting pSS-0335 (Figare 683 with Notl, and
comprising e rbeL-CAT-psbE/LEUL construst;
33 500ng of PCR amplified petA-CCS4-chil, (gene veotor 1) (Figure 58), amplified with a forward
primer, primer 9 (SEG ID NO: 74), which is compused of 60bp of horanlogy to the Nodl digestion
product from paS-035, and a reverss primer, primer 32 (SEQ I NG: 97), which s comprised of
B0bp of homology to pSS-023 just downstream of the nucleotide sequence encoding for ADE2; and
4} 500ng of PCR amplitied tufA-CC93-psal (gene vector 3) (Figure 52), amplified with a forward

primer, primex 33 (SEQ ID NG: 98), which comprises 80bp of homology to pSS-823 just upstrear of

the nucieotide sequence encoding for URA3, and a reverse primer, primer {2 (SEQ 1D NO: 77),
which conprises 60bp of homology to the Ne#/ digestion product described in stop 2 above.
[80698] Cells were transformed with the mixture of DNA described above, using a standard lithium acetate
transformation protocel. Transformants were selected for on OSM —TRP-L.EI} +5-FOA plates. Afier two days at

30 °C, veast colonies were picked and patched to a CSM-TRP-LEU plate. The next day, yeast patches were PCR
screened for the correct gene aszembly. Plasmid DNA was then harvested from PCR positive yeast clones and
electroporated into £. cofi DHI0B cells (Invitrogen). Bacterial colonies were also PUR screened. Four PCR positive
clones were then harvested for the preparation of plasmid DNA {Qiagen miniprep protocol), which were subsequently
restriction enzyme mapped with Ndel (Figure 78; expected band sizes, 1097 bp, 3703 bp, and 10283 bp; and Tkb DNA
plus ladder (Invitrogen, U.8.A.). One of the four clones was picked and the sequernce of that clone was confirmed. The
resulting two-gene contig assembly is shown in Figure 61, Another embodiment of this assembly is shown in Figure
62,

§606981 For two-gene contig assemblies targeting the 5.2kb psbB-tbell region, the following were combined:

Py Lig of pLW092 (Figure 36) hoearized between URAS and ADE2 with Spal;
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2} 300 ng of a get purified fragment, obtained by digesting pSS-033 (Figure 60) with Notl, and

comprising the thel-CAT-psbE/LEUZ construct;

3} 500ng of PCR amplificd petA-BD11-chl {gene vector 1) (Figure 58). amplified with a reverse

privoer, primer 1001 (SECG 1D NG: 1303, which is comprised of 60bp of bomology to the No#/

digestion product from p335-033, and a forward primer, primer 1000 (SEQ 1D NO: 149), which is

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

URAZ; and

4} 500ng of PCR amplified tufA-1599-psaB (genc vecror 3) (Figure 52), amplified with a reverse

primer, primey 1002 (SEGQ 1D NG: 1513, which comprises 60bp of boruology to pLWO92 st

downstream of the nucleonde sequence encoding for ADEZ, and 4 forward primer, primer 1003 (3SEQ

I8 WO: 152), which comprises 60bp of homology to the Nodf digestion product described in step 2

above,
(30780] Celis were transformed with the nuxture of DNA described above, using a standard lithram acetate
trapsformation profocel, Transformants were selected for on CSM ~TRY -LEU +35-FOA plates. After two days at
30 °C, yeast colonies were picked and patched 1o 2 CSM-TRP-LEU plate. The next day, yeast patches were PCR
screened for the comrect gene assermbly. Plasmid DNA was then harvested from PCR positive yeast clones and
electroporated into £, co/i DHIOB cells (nvitrogen).  Bacterial colomies were alse PCR screened. Four PCR positive
cloncs were then harvested for the preparation of plasmid DN A (Hagen rasprep protoce]), which were subscquently
resteiction enzyme mapped. Figure $8A-D depicts mapping of the two gene contig assembly with the resiriction
enzyraes: Kpnl (A), Msol (B), Pud] (C), and also uncut DNA (D). Expected band sizes are as follows: Kpnl: 670 bp,
1791 bp, 2555bp, and 13163 bp; Mecl: 2206bp and 15973bp; and Puadl: 21bp, 195bp, 1421bp, 328%p, 3908bp,
4336bp, and 5009 (note; the 2 1bp and 195bp bands have run off the gol in Figure $8C). One of the four clones was
picked and the sequence of that clone was confirmed. The resulting two-gene contig assembly targeting the psbB-thel
focus is shown in Figure 91,
§B0781] For a three-gone contig assembly, the following were combined:

1) lug of pLWI60 (Figure 38) lincarized between URAZ and ADL2 with Spid,

23 500 ng of a gel purified fragment, obtained by digesting pSS8-035 (Figure 66 with Noti, and

comprising the tbel-CAT-psbE/LEUZ construct;

33 500ng of POCR amplified petA-COS0-chil. (gene vector 1) (Figure 58), amplified with a forward

primer, primer 13 (SEQ 1D NG: 78), which comprises 60bp of homology to the Noil digestion

product from p3S-0335, and a reverse primer, primer 14 (SEQ ID NO: 79, which comprises 60bp of

homoelogy to pLW 100 just upstream of the nucleotide sequence encoding for URAZ;

4) 500ng of PCR amplified tufA-CCO1-psald (gene vector 3) (Figure 52), amplified with a forward

primer, primer 15 (SEQ 1D NO: 80), which comprises 66bp of homology o the Notl digestion

product from step 2, and a reverse primer, primer 16 (SEQ 1D NO: 81), which comprises 68bp of

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

3} 500ng of PCR amplified D2-CC92-D1 (gene vector 2} (Figure 81), amplified with a forward

primer, primer 29 (SEQ 1D NO: 94), which comprises 60bp of homology to PCR amplified gene
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vector 2, and a reverse primer, primer 17 (SEQ 1D NO: 82), which comprises 60bp of homology to
pLW100, just downstream of the nucleotide sequence encoding for ADEZ.
[38782) Celis were transformed with the muxture of DNA described above, using a standard lithium acetate
transformation protocol. Transformants were selected for on CSM ~TRP -LEU +5-FOA plates. After two days at
30°C, veast colonies were picked and patched to 2 C8M ~TRP ~LEU plate. The next day, yeast patches were PCR
screened for the correct gene assembly. Plasmid DNA was then harvested from PCR positive yeast clones and
electroporated mto £, coli DHIOB cells {Invitrogen). Bacterial colonies were also PCR screened. Two PUR positive
clones were then harvested for plasmid DNA {(Giagen maxiprep protocol), which were sabsequently restriction enzyme
napped with Ndef (Figure 71; capected bands, 2396 bp, 3873 bp, 5114 bp, 6929 by, and 8867 bp; and 1kb IINA plus
Ladder (Invitrogen, U.S. A} One of the two clones was picked and the sequence of that clone was confirmed. The
resulting three-gene contig assembly is shown in Figure 63.
§88763] To faciditate proper assembly of the 4-gene contig assembly, two positive selection yeast avxotrophic markers,
HIS3 (SEQ D NO: 118) and LY 52 (SEQ ID NO: 119}, were added to the contig assermbly.
[867841 For four-gene contig asserublics, the following were combined:
1y lug of pLW 100 (Figure 38) linearized between URAJ and ADE2 with Spiif,
23 580 ug of a gel purified fragruent, obtatned by digesting pSS-033 (Figure 68) with Notl, and
comprising the rbel-CAT-psbE/LEUL construct;
3} 500ng of PCR amplificd tufA-ISS7-psaB (gonc voctor 3) (Figure 52), anplificd with s forward
primer, primer 19 (SEQ ID NO: 84, which countains 68bp of bemelogy to PCR amplified HIS3, asd 2
reverse primer, primer 20 (SEQ ID NO: 853, which contatus 60bp of bornology to pLW Il just
upstream of the micleotide sequence encoding for URAZ;
43 500ng of PCR ampliticd BIR3, amplified with a forward primer, primer 21 {(SEQ D NO: 86},
which contains 68bp of bomology to PCR amephfied gene vector 3 and a reverse primer, primer 22
{SEQ TD NO: 87), which contains 60bp of homology to PCR anplified gene vector | (Figure 50);
5} 500ng of PCR amplified petA-IS1 16-chil. (gene vector 1), amplified with a forward primer, privper
13 (5LQ 1D NO: 78), which contains 60bp of bomology to the Ne# digestion product from step 2, and
areverse primer, primer 23 {(SEQ 1D NO: 88), which contains 60bp of homology to PCR amplified
HIS3:
3} 500ng of PCR amplified mfA-1S62-psaB (gene voctor 3), amplified with a forward primer, primer
16 (SEQ ID NO: 81), which contains 60bp of homology 1o the No#/ digestion product from step 2 and
a reverse primer, primer 15 (SEQ 1D NO: 80), which contains 60bp of homology to PCR amplified
LYSZ;
73 500ng of PCR amplified LY52, amplified with a forward primer, primer 24 (SEQ 1D NO: 89},
which contains 60bp of homelogy to PCR amplified gene vector 3 and a reverse primer, primer 25
(SEQ ID NO: 90), which contains 60bp of homology to PCR amplified gene vector 2 (Figure §1);
and
8} 500ng of PCR amplified D2-1861-D1 {gene vector 2), amplificd with a forward primer, primer 26

(SEQ ID NO: 91, which contains 60bp of homology to PCR amphified LYS2 and a reverse primer,



WO 2011/034863 PCT/US2010/048828
88

primer 18 (SEQ 1D NO: 83), which contains 60bp of homology to pLW 100 just downstream of

ADE2,
{38785) Cells were transformed with this mixture of DNA using a standard lithium acetate transformation protocol,
Transfornmants were selected for on CSM=TRP-VLEU-HIS-LYS +5-FOA plates. After two days at 30°C, yeast
colonies were picked and patched to a CSM-TRP -LEU-HIS-LYS plate. The next day, yeast patches were PCR
screened for the correct gene assembly. Plasmid DNA was then harvested from PCR positive yeast clones and
electroporated mto £, coli DHIOB cells {Invitrogen). Bacterial colonies were also PCR screened. Four PCR positive
clones were then harvested for plasmid DNA {(Giagen maxiprep protocol), which were sabsequently restriction enzyme
napped with Ndef (Figure 72; capected bands, 553 bp, 564 bp, 1570 bp, 1791 bp, 1824 bp, 1969, 2040 hp, 3858 by,
5114 bp, 7219 bp, and 8007 bp; and 1kb DNA plhus ladder (Invitrogen, U.5. A} One of the four clones was picked and
the sequence of that clone was confirmed. The resulting four-gene contig assembly is shown in Figure 64.

136786} Lxample 26: Scencdesmus chloroplast transformation

(307871 Once construct mtegrity was confirned for each of the gene assemblies (2-, 3+, and 4-gene contigs), cach of the
gene assemblies were individually transformed o Scenedesmus obliguus. Brefly, cells were grown to mid-log phase
and harvested. Approximately 5x10 cells were spread onto TAP plates containing 2 Spg/mi chioramphenicol and
allowed to dry in a sterile culture hood. While plates were drying, 10ug of plasmid DNA (from sach of the contig
assemblies} was bound to gold beads and transfurmation was conducted using a biclistic gene gun {Bro-rad) at 500psi.
2ug of DNA was loaded into cach shot and cach plate was shot five times. Plates were placed vnder constare bight for
abouot 10 days. After which, chloramphenical resistant colomes were picked and patchad to a TAD plate contwming

25 ug/ml chloraraphenicol. Three to four days later, algae patches were picked into 16mM EDTA, boiled for 18 minutes
and then used in a standard PCR reaction to screen for the tntroduction of the genes into the chlovoplast.
Chloramphenicol resistant transformants potenbially contamig the 2-gene conbig, targeting the psbB-ebell locus, were
scroened for the presence of BD11 and 1599, Primers 1604 (SEQ 1D NO: 1533) and 1005 (SEQ 1D NO: 154) screen for
the presence of B 1, while primers 1006 (SEQ 1D NO: 155) and 1007 (SEQ 3 NO: 136) screen for the presence of
1899, Figure 92A and 928 depict 4 clones that sereen PCR positive for both 1899 and BD1 1, respectively.
Chloramphenicol resistant transformants potentially containing the 3-gens contig, targeting the psbB-rbel locus, were
screened for the presence of CCO0, U9, and CCO2. Primers 1008 (SEQ 1D NO: 157) and 1000 (SEQ 1D NO: 158)
screen for the presence of CC90, primers 1010 (SEQ ID NO: 159 and 1011 (SEQ 1D NG: 160) screen for the presence
of CC91, and primers 1012 (SEQ D NO: 161) and 1613 (SEQ 1D NO: 162) sereen for the presence of CC92. Fignres
43IA-C depict 4 clones that sereen PCR positive for CC80, CCY1, and CC92. Chioramphenicol resistant transformants
potentially containing the 4-gene contig, targeting the psbB-rbeL locus, were sereened for the presence of 1861, 1862,
18587, and IS116. Primers 1014 { SEQ [D NO: 163) and 1015 (SEQ 1D NO: 164) screen for the presence of 1361,
primers 1016 {SEQ 1D NO: 165y and 1017 (SEQ ID NO: 166} screen for the presence of 1862, primers 1018 (SEG 1D
NG 167 and 1019 (SEQ D NO: 168) soreen for the presence of IS37, and primers 1020 (SEQ 1D NO: 169) and 1021
(SEQ ID NO: 170) screen for the presence of 15116, Figure 94A and 948 depict Z clones that screen PCR positive for
1837, 1S116 (A), and 361, IS62 (B). Taken together these data demonstrate that one skilled in the art can integrate
multiple gene contigs of varying sizes (2 gene: 8.1kb, 3 gene: 11.2kb, and 4 gene: 19.4kDb) into the chloroplast genome

of Scenedesmus w a single step.
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[80768F  Oune of skill i the art will appreciate that many other methods known in the art may be substituted in leu of
the ones specifically deseribed or referenced.

(367807 While cortain ambodiments have been shown and desceribed herein, it will be obvious to those skilied in the
art that such embodiments are provided by way of example only. Nemerons variations, changes, and substitutions will
now ccour to those skilted in the art without departing from the disclosure. ¥t should be understood that variocus
alternatives to the embodiments of the disclosure described herein niay be employed in practicing the disclosure. Iis
intended that the following claims define the scope of the disclosure and that methods and structores within the scope of

thesc claims and their eqaivalents be covered thereby,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of transforming a chloroplast genome of a Scenedesmus sp. with at least one exogenous

nucleotide sequence, comprising:

i) obtaining the exogenous nucleotide sequence, wherein the exogenous nucleotide sequence

comprises a nucleic acid sequence encoding a protein;
ii) binding the exogenous nucleotide sequence onto a particle; and

jii) transforming the exogenous nucleotide sequence into the Scenedesmus sp. chloroplast by
biolistic particle bombardment, wherein the particle is accelerated using a helium pressure of 300 psi to

500 psi.

2. The method of claim 1, wherein the exogenous nucleotide sequence is at least 0.5 kb, at least 1.0

kb, at least 2 kb, at least 3kb, at least 5 kb, at least 8 kb, at least 11 kb, or at least 19 kb in size.

3. The method of claim 1 or 2, wherein the nucleic acid is codon optimized for expression in the

chloroplast genome of the Scenedesmus sp.

4, The method of any one of claims 1 to 3, wherein the particle is a gold particle or a tungsten particle.
5. The method of claim 4, wherein the gold particle is about 550 nm to about 1000 nm in diameter.
6. The method of any one of claims 1 to 5, wherein the particle is accelerated using a helium pressure

of at least 350psi, at least 400psi, at least 425psi, or at least 450psi.

7. The method of any one of claims 1 to 6, wherein the exogenous nucleotide sequence bound to the

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

8. The method of any one of claims 1 to 7, wherein the biolistic bombardment is achieved using a

Helicos Gene Gun or an Accell Gene Gun.

9. The method of any one of claims 1 to 8, wherein the nucleic acid encodes for a protein involved in

isoprenoid biosynthesis.

10. The method of any one of claims 1 to 8, wherein the nucleic acid encodes for a protein involved in

fatty acid biosynthesis.

11. The method of any one of claim 1 to 10, wherein the Scenedesmus sp. is S. dimorphus.

1001327638
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12, The method of any one of claims 1 to 10, wherein the Scenedesmus sp. is S. obliquus.

13. A transformed chloroplast genome of a Scenedesmus sp., transformed by the method of any one of

claims 1to 12.

14, A transformed Scenedesmus sp. containing at least one exogenous nucleotide sequence

transformed by the method of any one of claims 1 to 12.
15. A method according to claim 1, substantially as hereinbefore described.

16. A transformed chloroplast genome of a Scenedesmus sp., according to claim 13, substantially as

hereinbefore described.

17. A transformed Scenedesmus sp. according to claim 14, substantially as hereinbefore described.

1001327638



WO 2011/034863 PCT/US2010/048828

/113

FIG. 1



WO 2011/034863 PCT/US2010/048828

2/113

FiG. 2



WO 2011/034863 PCT/US2010/048828

3/113

S. dimorphus wt S. dimorphus with psbA S264/A mutation

[pemu)
uivi

[pemu)
uM

[Atrazine]
uM

S. dimorphus wt-->

S. dimorphus with psbA
$264/A mutation =

FIG. 3



WO 2011/034863 PCT/US2010/048828

4/113

FiG. 4



WO 2011/034863 PCT/US2010/048828

5/113

FIG. 5



WO 2011/034863 PCT/US2010/048828

6/113

FIG. 6



WO 2011/034863 PCT/US2010/048828

7/113




WO 2011/034863 PCT/US2010/048828

8/113

1G. 8



WO 2011/034863 PCT/US2010/048828

9/113

Endoxylanase

FIG. 9



mRU per ug total protein

WO 2011/034863

0.6

0.5

04

0.3

02

0.1

PCT/US2010/048828

10/113
Xylanase activity
E 3
L 4
1
4
4
s D 5170178 3 s pavENT § i \NT 004 e T T il 5 R

FIG. 10



WO 2011/034863 PCT/US2010/048828

11/113

FiIG. 11



WO 2011/034863 PCT/US2010/048828

12/113

WT 10 13 1

th

24 25 26 18 H,O




WO 2011/034863 PCT/US2010/048828

13/113

Fpp
syrithase

FiG. 13



WO 2011/034863

PCT/US2010/048828

14/113

- FPP control
e IPP<DMAPP=

anginesrad S,
L dimorphus

ppg/\/k 4 PPQ/\%L see ppg/\*fi\/\w

WTPP<DMAPF

e B s ww  wn Pm ws nw nmw e nw

FiG. 144




WO 2011/034863

PCT/US2010/048828

15/113

undancs]
110000

105000

100000

93000

36000

85000

80000

¥50089

70009

65000

60000

55000

50007

45000

40000

35000

30000

25000

20000

15000

10000

5000

b
b

Mg dod

ne->

1.00 600 8.00

"j0.00

T T —r T T T T
1200 14.00 16.00 18.00 20.00 22.00

FIG. 14B




WO 2011/034863 PCT/US2010/048828

16/113

bundance] €41
8500
2000 411
7500
7000,
6500
6000
5500
5000
4500

4000

3000 731
2500 2]
Hai
2000

1500

1000 1330

ﬁﬂlAD 1 \ ‘

60 70 80 90 100 1

181.2

il s

1L, ‘ ‘I
1 120 130 140 150

e

|




WO 2011/034863 PCT/US2010/048828

17/113

5000C
4500C N
4000C

35000

2000C4 «

2500C)

1500:
100004 w J‘«’m M{
000+ “ﬁ . &

) %@AWWJ\L ) }Lm L dtsdinsromeh .I.W-M“WM M

O
Tlire—> 4.00 [

1000 12m 1400 1600 18000 20,00 2.

FIG. 14D



WO 2011/034863 PCT/US2010/048828

18/113




WO 2011/034863 PCT/US2010/048828

19/113

70000

B5000

80000
55000
50000
450004
40500
35000
30000
25000
20000
19050

10000

"l Y.

1000 12,00 14100 1500 18,00 2000 20

FIG. I4F



WO 2011/034863 PCT/US2010/048828

20/113

N % E h £ & % S B o % 9% N &

FIG. 14G



e

WO 2011/034863

PCT/US2010/048828

21/113

foiees Bk AT
fig gl RN
figor
R RN Ay
o
‘ {310+FPP control mf\)\
g
b 1PP=DMAPP= angineered S, dimorphus+ purif
WT+PP+DMA " Snel ' ’ purts:
Amorpha-d, 11-diane
- PP '

FIG. 15




WO 2011/034863 PCT/US2010/048828

22/113

5500

50004

4500
40004
3500+
30004
2508
20004

: e

frmes  4do 5bc gbo 10ho 1200 1490 1600 1800 2000 2270

=)
=

FIG. 158



WO 2011/034863

23/113

PCT/US2010/048828

fi\bur\dsnce

1500
1400
1300
1200
1108
1000

900

810

70

[Falt}

530

400

300

200

100

411

§31

&7

850

331

147.0

1280

1281

2046

1732

5

€0

kS

‘gt

EN

il

T T

1 g o A0 2l

FIG. 15C



WO 2011/034863 PCT/US2010/048828

24/113

E‘ ‘ W
: M’W

55000

50000

4E000

46000

35000

30000

25000 )~

20000

Bl

l““wwww NIRRT

1000 1200 T4 1800 1800 000 220

Ot T
400 5.00

FIG. 15D



WO 2011/034863

25/113

PCT/US2010/048828

ﬁbundan:e
%0
00
850
a0
70
700
650-
B0:
550:
800
450
400
350
300:
Z50:

200

150

100

55.0

831

7es

1071

1330

472

1822

204.2

/2>




WO 2011/034863

26/113

PCT/US2010/048828

m:undahce
35000
0000
85000
8000C-
750004
70000
65000
50000+
55000
50000
45000
40000
35000
300004
25000
20000+
150004
10000+

5000

. Mg |
‘ o bl

Sutera AN

ﬁT >

560 sl oo

Ll MW‘MJ*MWM“ |

T 14w 1500

e i

FIG. 15F



WO 2011/034863 PCT/US2010/048828

27/113

hundance 440
8004

750
7004
6504
6004
5504
5004
4504
4004
350

3004
2504

KEX]
200

160

FIG. I5G



WO 2011/034863 PCT/US2010/048828

28/113




WO 2011/034863 PCT/US2010/048828

29/113

Abundance

25000
20000
15000 ;
10000 1

5000 1

.

e
III}IIII]IIT]]?]TI}[[II]]IlIlllllITlTl]lllll‘)l]l?[l’l’ T LR L TETT

Time--> 4.00 4.50 500 5.50 6.00 6.50 7.00 750 8.00 850 900 9501000

FIG. 174



WO 2011/034863 PCT/US2010/048828

30/113

Abundance

25000 1
20000 ;
15000 1
10000 1

5000

__.-/'“‘
LIANRIN SRR S R A L A L N A BB AR Y B AR R BN NR R I IR AR RIS RS S R R

Time-> 400450 5.00 550 6.00 650 7.00 750 8,00 850 9.00 9 5010.00

FIG. 17B



WO 2011/034863

Abundance

15008
15004

1400

1300
12008
11004
10004
g00%
8003
7000
6000
§00Q
4000
3004
2000
1004
IR

m/z->

PCT/US2010/048828

31/113

1348

91.0

140

228.0

2071

1871 2723

161.0
2552

bl Ihf,}p.g.,,‘ o

r . nl\!‘ A H', —
160 180 200 220

240 260 280



WO 2011/034863

Abundance

mi/z-->

300

800

700

800

$00

400

300

200

100

PCT/US2010/048828

730
2071
2530
281 1
1457
549
1767
g12 11141
60 80 100 120 140 180 180 200 220 240 280 280



WO 2011/034863 PCT/US2010/048828

33/113

134.9
1221

Abundance

8000000
7000000
6000000

5000000

4000000

771
3000000

2000000

1000000

0 i :
mfz-> B0 80 100 120 140 160 180 200 220 240 260 280 300




WO 2011/034863 PCT/US2010/048828

34/113




WO 2011/034863 PCT/US2010/048828

35/113

FD8 lines Wt +C

phytase 7sxp

FiG. 20



WO 2011/034863 PCT/US2010/048828

36/113

FIG. 21



WO 2011/034863 PCT/US2010/048828

37/113

EreB

S. dimorphug

EreB

FiG. 22



WO 2011/034863 PCT/US2010/048828

38/113

FIG. 23



PCT/US2010/048828

WO 2011/034863

39/113

“
S
<
2
o
£
R
%)

hus

S.dimorp
+ codA

1mg/mL5FC

1mg/mL5FC

0

FiG. 24



WO 2011/034863 PCT/US2010/048828

40/113

FiG. 25



WO 2011/034863 PCT/US2010/048828

41/113

FIG. 26



WO 2011/034863 PCT/US2010/048828

42/113

FiG. 27



WO 2011/034863 PCT/US2010/048828

43/113

Endoxylanase

FIG. 28



Average mRFU/ug Total

WO 2011/034863 PCT/US2010/048828

Protein

44/113

10
9
8
7
6
5
4
3
2
! . .
"y N ™ X
"w 'w & @ \,&@'@”3 \}\3&
Q _ O
& &
R R R K

FIG. 29



PCT/US2010/048828

WO 2011/034863

45/113

RBS1
GAGGCAGATCAA

3511
CAT

k3
'

TAG CTCCGTCTAGTT ar

L S ¥

4

178
Endoxylanase

G

FIG. 30



WO 2011/034863 PCT/US2010/048828

46/113

RBS1

___._~_J\ GAGGCAGATCAA )
pshD CAT ettt} BD11 DsbA
I CTCCGTCTAGTT

p04-231

RBS2

| N GAGGTAATACTT
psbD CAT | sebrrmtors BD11 osbs
V/ CTCCATTATGAA

p04-232

o
~



WO 2011/034863

47/113

PCT/US2010/048828

3.5

it
(0

Bt

mRFU/ug Total Protein
(o2
i

o

| E) I T l l I

23151 23152 2315-3 231.61 23173 2317-6

FIG. 324

BD11
pos



WO 2011/034863

48/113

PCT/US2010/048828

18
£ 16
2
S
a 12
O
2 6
£ 2 ‘
0 ] J i —— ] -
232 2- 2322- 2322- 2322- WT BD11
45 46 47 48 pos

FiG. 32B



WO 2011/034863 PCT/US2010/048828

49/113

FIG. 33



WO 2011/034863 PCT/US2010/048828

50/113

constant

spanning >

constant



WO 2011/034863 PCT/US2010/048828

51/113
2.5kb +CAT
A
—_—>
7117 7119
HR-A  |p13'|1s09 psaB3’ | car @ 1s011 | rbcL | HR-B
—_— <
7117 7119
HR-A  |p13|Is09 KD2 15011 | rbcL | HRB
700bp —CAT

2.5kb + CAT

700bp —CAT frag frag
—_—

Wt=S. dimorphusgDNA
+ =plasmid p04-267

FIG. 35



WO 2011/034863 PCT/US2010/048828

52/113

CAT 660bp
_—

[CAT 660bp

Constant 400bp
Constant 1.3kb

__H é—&—
Constant 400bp

Constant 400bp

FiIG. 36



WO 2011/034863 PCT/US2010/048828

53/113

FIG. 37



WO 2011/034863 PCT/US2010/048828

54/113

: 2?31 ::ir;més

FiG. 38



WO 2011/034863 PCT/US2010/048828

55/113

1G. 39



WO 2011/034863 PCT/US2010/048828

56/113

FIG. 40



WO 2011/034863 PCT/US2010/048828

57/113

FIG. 41



WO 2011/034863 PCT/US2010/048828

58/113

EreB
frag.

FIG. 42



WO 2011/034863 PCT/US2010/048828

59/113

FIG. 43



WO 2011/034863

mRFU/ug Total Protein

30 -

25 -

15 -

10 -

60/113

PCT/US2010/048828

clone 12-3

clone 12-4

clone 13-3

FIG. 44

wi

positive



WO 2011/034863 PCT/US2010/048828

61/113

Noii

gutless-pUC

2436 bp

FIG. 45



WO 2011/034863 PCT/US2010/048828

62/113

Notl

FiG. 46



WO 2011/034863 PCT/US2010/048828

63/113

FIG. 47



WO 2011/034863 PCT/US2010/048828

64/113

{oN

FIG. 48



WO 2011/034863 PCT/US2010/048828

65/113

pSS-023
10.322 kb

Scal



WO 2011/034863

66/113

Gene Vector 1

5774 bp

FIG. 50

PCT/US2010/048828



WO 2011/034863 PCT/US2010/048828

67/113

Gene Vector 2

10.198 kb

FIG. 51



WO 2011/034863 PCT/US2010/048828

68/113

Gene Vector 3

7111 bp

FIG. 52



WO 2011/034863 PCT/US2010/048828

69/113

FIG. 53



WO 2011/034863

70/113

Notl (3)

pBeloBAC11

PCT/US2010/048828



WO 2011/034863

PCT/US2010/048828

71/113

\\ON

pLW001
10.049 kb

PshB

IiG. 55



WO 2011/034863

PCT/US2010/048828

72/113

pLW092
13.737 kb

\)5
\0®
SE0004 psb1™*
Mﬁ’ N
N

FiG. 56



WO 2011/034863 PCT/US2010/048828

73/113

pBeloBAC-TRP
10.524 kb

(Z8¢z) 1ouX

FIG. 57



WO 2011/034863

74/113

pLW100

18.847 kb

FIG. 58

PCT/US2010/048828



WO 2011/034863 PCT/US2010/048828

75/113

d.in,e 39sd

FiG. 59



WO 2011/034863 PCT/US2010/048828

76/113

FIG. 60



WO 2011/034863 PCT/US2010/048828

77/113

FiG. 61



WO 2011/034863 PCT/US2010/048828

78/113

FIG. 62



WO 2011/034863

79/113

26.319 kb

FIG. 63

PCT/US2010/048828

Nde|



WO 2011/034863

80/113

pLW100 with 4 gene assembly
34.509 kb

o

rbel. promoter

FIG. 64

PCT/US2010/048828



WO 2011/034863 PCT/US2010/048828

81/113

FIG. 65



WO 2011/034863 PCT/US2010/048828

82/113

FIG. 66



WO 2011/034863 PCT/US2010/048828

83/113

FIG. 67



WO 2011/034863 PCT/US2010/048828

84/113

FIG. 68



WO 2011/034863 PCT/US2010/048828

85/113

FIG. 69



WO 2011/034863 PCT/US2010/048828

86/113

FIG. 70



WO 2011/034863 PCT/US2010/048828

87/113

FIG. 71



PCT/US2010/048828

WO 2011/034863

88/113

FiG. 72



PCT/US2010/048828

WO 2011/034863

89/113

FIG. 73



PCT/US2010/048828

WO 2011/034863

90/113

FiG. 74



PCT/US2010/048828

WO 2011/034863

91/113

- w Boeig 1w

e Pl W

FIG. 75



WO 2011/034863 PCT/US2010/048828

92/113

FIG. 76



WO 2011/034863 PCT/US2010/048828

93/113

pD4-129

4566 bp

FIG. 77



WO 2011/034863 PCT/US2010/048828

94/113

FIG. 78



WO 2011/034863 PCT/US2010/048828

95/113

FIG. 79



WO 2011/034863 PCT/US2010/048828

96/113

FIG. 80



WO 2011/034863 PCT/US2010/048828

97/113

FIG. 81



WO 2011/034863 PCT/US2010/048828

98/113

p04-144

6236 bp

FIG. 82



WO 2011/034863 PCT/US2010/048828

99/113

FiG. 83



WO 2011/034863 PCT/US2010/048828

100/113

FiG. 84



WO 2011/034863 PCT/US2010/048828

101/113

FIG. 85



WO 2011/034863 PCT/US2010/048828

102/113

+ Majority

Majori ty ATGGGAXTACCXTGGTATCGTETACATACAGTXGTTX TAAA TGAXCC XGOGCGATTAAT THC TG TGCAXTT AATGCAKAC
T T T T T T T T
18 28 38 40 58 60 Fi 20
1 | 1 1 ! ] Il ]
chlamy_pshB ATGOGTTTACCTTGGTATCOTGTACATACAGTAGT A TC AR TCACCCTGAAOGATTAATC T TGTGCACTTAATGEACAL 20

chioretlo_psh8  ATGGGACTCCCATGGTATCOTOT TCATACAGTTOT T T TAMATCATCCAGETCGTT TAAT TRETGTACATTTANTGCATAL 80
parphyro_pskl ATCGEACTACCATERTACCGTETACACALGOT TGT FT AAATEATCCTRGACOLTTAATTGLAGTFCACCTAATGLATAL 30
scenedesmus_pshl ATRGGCT TACCTIGETATCGTOTACATACAGTAGT TAT TAATGACCCAGGGLGAT TAATTTLTOTGCATT TAATGCACAL 89

|G 1 AL

Majority ﬁﬁ[.&ﬂﬁ&ﬁﬂ X{KSG}TEIGE}{AGE)"K‘(&TEGCATD(WEGAMWJ{){G! [N EZ.&TCCXTET&AT‘CCXGH HA;&.&EE

+ Mojerity

C%@ 1@% 11@ 32@ 13‘&% 14% }5@ E-BE?
] | L | | | L 1
chlomy_pshB ARG TAGT TTCTORTTOGECAGGT FCTATARGCTT TAT T FRAAATTTCAGTTT T TGATCCATCTRACCUAGTATTAANCC 168

chlarella_pshf  GECATTAGTTTCAGGTTGGGCFEGT TCAARGAIAT TTTACGAACT TOCASTTT T TGATCCTTCTGATCCAGTT FTARACE 166
perphyro_psh8  (GCACTTGTAGCAGGT TGO AGGATC TATGGCAT TATACOAAT TAGCTGTATTTGATCCTTICTGATCCTRTCTTALATC 164
scenedesmus_psbl AGCATTAGT TECTOGTTRRGL TEGATCAATGACACTTT TCGAAAT TOCTGOT TTT TGACCCATCAGATICTGTTTTAARCLE 159

i e

S

s

Majori £y CAAT{TGGCGTEMGGTATG EEWCTGCCTTXﬁiT&AENZGTFFA@GRTXACA(&A I T i&GCB"EGa?TGGACT&TT
1"%} 182 19@ Eﬁ»ﬁ 2153 2{@ 23@ ‘2%@
chiony_psh3 CAATET@EZCGTCAAG&TAT‘"T?CET?CEACCﬁCATﬁAEACEﬂT%TA CACACAATCTT&GQGYGuT?GGAC A?T 249

chiorello pshB CAATGTGGUGTAAGGTATOT ETGT FCRGCLTI T ATOACACGT T TAGR TATC ACCLAATO TTGGRG TGO T IGGACTATT 248
parphyro_pshB CRATETGOCEECAAGEAATOT TTGT FATGCCAT TTATOGC TAGAT TAGGCE TAACAGAT TCTTOORCCAETTHGAGTATT 248
scenedesmus_pshl CAATGTERIGTLAAGETATOT ETOTACTRCC T TTCATRACACG TT TAGETG TAACACAATC TTOGEG TOGATAGACANTT 249

Y . §“[II ll[mii ﬂ
Majerity Aﬁmﬁmm.cx&cx,acémfccgﬁh A(Wgsmrm?ﬁmm&mxx&cma@cmxmﬂ:m@mx;ﬂ
25@ 250 276 250 290 309 51@ 32@
| 1 1 ) |
chlamy_psbB RECOGT AR AGC T AL AR CCAGET ATCTGRAG TT A TOANGG TG T TOL AGCAGCTCACATTATTC T TCAGGTGEGTT 320

chlorelle_pshB  AGTOGTGAAACTOI TGO AATCCTRETET T IGEAGCT ATCAAGGTGTAGCAGC AGCCU ACATTRT FT TATCAGRTFTACT 328
parphyra_pshB ACTGOAGABAGTETATCARATCOAGTAC TATOGAGT T FECAAGGTGTTGCTCTOAL TCACATTRTICTT ICTGOMTELT 328
scenedesmuz_psbl AGCGETGAATAGT AMCARNTCCAGETAT T TGGAGTTATGAMGOTRT TOCTOCATCTCATATTATTTTATCTOETFTATY 328

+ o ggl ||§||§
Majarity ATTXTTE\&LTTEG&TW&'GCAX"GGS’B{T AXTGGGA’WAGME XWCEQYG§{€CAXG AAC i‘;ﬁkA%E LicH Kﬂ'ﬁw

33@ 34% 353 :5@ 3?@ :S@ 3‘3% 4@@
chlamy_psbi A'ETETFE@CTTCQST AT&GEAE’ &ﬁAiATAi?GGG&'TT}SEAAU TTIL EGTGAQCCADSTAC&q&TﬁMA&ZTTAG 408

chlorello _psh8  TETIGCTGCATCOATTIGOUATIGGETHTATTGOGAT T IGAACTITRCCOTGATLOTCGAACTTCAAACCOAGCTTTAG 409
parphyra_pshE QT TAGCTGCTATTTGGCATTOOG TATATIGGGAT T TAGAATTAT T TAGAGACTC AMAGGACTHGAGAGCC AGCATTAG 409
scanedesmus_psbB ATTCTTAGCTTCOGT T TGOCACTOEETTTACTGGRAT T TAGAGTTATTCCGTGACCOAMGAA TAGANBACTOCATTAG 408
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+ Mojority 2B
Majority ATTTACCKARBATTTT GGTA?TCAX?TA'ETR’I?T&TCT&STETXCTAYG FTTTGETT ETOGTGCTE TCCACGTARCTAGT
T T T T T T T
41% 4?%} 43@ 44@ 45@ 46@ 4?@ 48@
1
chiomy_p=bB ACTTACCAMAAATITY JGEEAE—E&‘"WAWETT&KTGEH TTACTATGTTITGRTTH F GTGCMTECACG? AﬁCTEGT 458

chlorella psbE  ATCTTCCGAAAATITTIGGTATCCATTIATT T TATCTEETGTTCTTEGTTTIGGTT FIGGAGCTITFCACGTAACTGRT 480
parphyro_pshE AT TTALCOAAAATAT TTGGCAT TCATT TACTRCTAVC TAGTC TACTATGT T T TGGGT T IGGTGLT T TCCATETANCCGEA 43¢
scanedessws_psbl ATTTACCAAAAATTTTCORAAT TCALT AT T T TATCAGGTE TTT FARG FT T TGGFT FIGGTGCTITCCACGTAACAGGT 43¢

oo MEAEL L Do L LA

Majori by TIXTTIGETLCHGGTIAT TTGGGTTICAG E'TéXGQMTAALA&E&;&EGGT?C&A{CAGM&", CTICATAGAGT
T T T
43¢ 508 51&3 m 53@ 54@ 556
chlamy_psbB GT?ETBSGTEC?GGTA_HSGG?TIMA{CE'W{GWAAmﬁm&ﬁ@ﬁtAACCAGTA&(T{{T?ETR}GG{S‘GE 568

chisrelile_pshB ATV HGGTCOTGRGTATTTGOGT T IC TGATCC TTATOGGATTAC TEGAACGE T TCAAGLCGTAGL TCORTC ATGGRACEE 564
porphyro_pshi TEATTTGGTCCTROAATOTGOGTAT  ABA UG T TACOGAGT ARC GAGEASAGT TT TACCTOTAGL TCLAGLATGRGGRCC 560
scanedesmus pobl TEATTTGGTCCTOGTAT I TGOGTI TLAGATCCTTATGRAT TAACAGGANGTGT FCAALCAGTTGCTLCTICTIGGRETEC 569

0 R §§ 3 - % o
Majority TSAXGEXWGA?CCXT/(XAAECC5«5[3TGGTATGQA‘({T‘CAC;AEKTCECTGCTGGTAi E MGGTGI § TTAGCAGRTT
T T
5?@ 58@ 5‘3@ 5553 ‘bl@ b?:’% b39 §4‘3
chlomy_psbB TEAIGETT EEH‘:CCATA{ﬁA{C{ﬁﬁﬁfﬁﬁTATC{TTCACACiA}:ATCGCE.Gf.TGﬁTA5 TEIAGRTGET f ] 5#&,&{(}?—5 &4

chlerello_psh8  GACAGGATT FOATCCTTATAACCCAGDTRETAT T TCAGCTCATCACATAGC TROGHGEAT T T TAGE TR TACTAGLAGGLT 648
porphyro_psbi AGAAGECTT TASTCCAT T TAATCCCOUTGAAGTTECCTC L ACCATATCOC TACAGRTALTGT FSGTATCTTAGCTHETE 548
scenedesmus_pshB TOATGGETT FGATCCTTTCAACCCTaO B TAT TG AGCGCACCAC AT TG TR TGO TATTTTAGGTGTTTTAGCAGGAT 644

-t %I lgl W iﬁ"@l “l IIlMEésﬂ ﬂ
Majority TA'ST’CC AL’WATG?GTXCE’?CE 3 KCWX,( a(G XvT M_A{:XTTGGTXTA‘EXAATGGE‘E&WAWG EAAC XGT&H FTCAAGT
5'?% ﬁsbi& 67@ ﬁ% %SBE ?@E ?13 ?”2@
1 1
chigmy_psbl TATH §C€i‘~€‘ﬂf§ %ETGTAEGTCET?CTATKGTW#. ACTT Eu{}miﬁ{:AA?GQGYAGT.&TG&MTGTAWATLAAEE g

chiorelle_psb8  TATHCCALCTTRGCOT TCOCCCOLCACAARGAT TATAL AATORTC T TG TATOGGAAR TAT TG AAM FRTACTGTCAAGT 728
perphyro_psbl TETTTCATT TASCTGTTAGACCTCCTCARAGACTT TACAGAGC TCTAAGAATGRGRANTATTGARACAGTACTGTCTAGT 728
scenadesmus_psbl TATTCCACTTATGTGTACGTCCTICTATTCGTT TATACTTTOGT T TATCAATGEGTAGTATCGAAM AGTATTATCAAGT 772

-ty li “a l%“%“%l l l !

Mojority AGTATTGET GC XGTTTICT QSG{ XGQT’T}(GT‘GTTXEXGGAAETATGTGGT&X&GWCMCME{ TACXCC ‘@{FTXT

?3% ?4% ?5@ ?6@ ?F‘@ ?’@3 ?98 8@@
13 1 ! L 13 1 L1 [
chlomy_pshB AETATTOCAGCAGTATICTRGELAGC T T TG TIGTAGCAGGTACTATO TGATACGGTTCAGCAGC TACTCCAATTGAATT 306
chiorelle psbE  AGTATAGUCGCAGTTITEIGOGCAGCTTTIGTTOT  ICAGGGAC TATOTOGTATGRUFCAGCAGC AMCACCTATIGAACT 300

porphyra_pshB ARCATCTCTGEURRTCTICT RO RO TGLATT TATAACCTGTORAACMATOTOR TACGLG TCTO TACTACACC TATTGANCT 308
scenadesmus_pshl AGTATIGCTGUIGTTTICTGGGL TGCT TTLGTIGT IGC TRGAA  TATGTGE TATGET FCAGLAGCTACTCCAATTGAATT 308

FIG. 86 (cont’d)



WO 2011/034863 PCT/US2010/048828

104/113

+ Mojority I!
S R i il e g i
Majority AT TG TCCAMCTOGT TAXCAATOOGAXCAAGETT TATTCCAAL AMGAART TR AR AASLGAGT ) Aﬁmx&im
T T T T T T
31@ 32% 338 B% 35@ 268 8?@ 88@'
1 I}
chlomy_psbB AFTE'GG'{{MCTSGTIA(CAGTGGJMEM\GGTWUTEIAAEAAG&AATTQAAAAAEGTETAEA&!&CTA&WAGH»; 889

chlorallo_pstd RGO TCCAACTOOT TATCARTGOOA TT TAGET TTT T TCCAACAAGARATTRAGCOFCGTGTACARRCARALCTTTCTG 838
porphyrao_pshE ATTTOOTCCAMCTAGAT ACCAATGLGATAGCGEATAT T T FLAGL AMGAGAT TOALARAACGARTAGABAACGCTATTGETE 288
scenedesmus_pshB ATTIGGTCCTACACGTTATCAATGOGACCARGETT ICTTCLAACANGRARTTCAMAALGAGT TCARACAAGTTTAGCAG 339

Mojority A&GGTGC }‘QTCF CXATET@;XGE WG&TC XAKA&TK(&EAAAAAWA{}C H TH?AYG&WATAYTEC KAAXAACCC KGCA
8965 9% 91@ ’BE@ "33@ 94@ 95@ 986
[l L i 1 1 1 1 1
chlamy_psbB ARG TG T TCAT T AT TOA TG AT GG T G T AT T CAGAA A AR T TG T T T TATCAT TAC AT TR TAATAMCCCAGCT 969

chiorella_psh8  AMGGTARATCTGUCTCACAAGUCTOGGCAGAMATULUAGAASAATTAGUTTTT FACGAC TATATTGCARACARCIC AGCA 950
porphyro_pshi ATGGRAGCAGCTCO AAGTEASGCT TGO TUGAGGATTCL TRATAAGT TAGLGT TTTATOATTATAT TGO TAATANTOCTOCA 966
scenedesmus_pshB GREGTTCTTCACT T TCTGATGOT TOGTCGSAAATTCCAGAAAAAT TAGCTTTCTATGATTATATTECARACARCCITGCA 960

oo AL LR AL0 L R - )

Majarity AMAGE XGGTKTXTYCCETX{T%TGE?ATGM KAGTL GGA&:A?GGTA’TECTET’{GGTFGETTAGGTCACGCMTMTG\A

‘37’% BS@ 9‘3@ ifﬁ% 1@ 1!21 18 ?@ 1&?.1:;@ 1@%
chlomy_psbl ARAGETGAT [ &T?CCGTAC?&GTGCT&T&AACAGF ﬁﬁTﬁA'?GGTA"CEfCT a7, AE&TFGWA&?TCMKAT{AWCM 1040

chlorellag_psbB  ARAGGCGGTCTITTCCGTRITEATELOATEANTAGTECLLATEGTAT FGCAGTIGRITOGT TAGRTCACGUTGTT I TRAL 1040
porphyro_pshi AMRGOLGOTETATTCAGAGCCGOTICTATGAMC AAGECAGATOEGGTAGC TGAAGC TG T TAGG TCATCCAGTGTTCLA 1040
scenedesmus_psbll ARAGGTGGTLTT T ICCGTACAGGAGC TATGARTAGTORAGATGOTATEGCTG T TGGATGGT TAGGTLACGLAGTATTTAL 1040

Majority AEA?XA&ﬁﬁﬁGEETXGEGMﬁﬁﬂ(ﬁ’a'}({ﬂEGTﬂTﬁL{A(AEATTS T GAAA;XTTXCCAEET* It EAGTA{IATAAAE&
i@ §@ 1 @&@ 1@?@ ig 3@ 1@3@ lliﬁ@ 111@ 112@
1 I | 1 1 1
chiamy_psbB AG;‘G*C:EkAGMEGTEGCGMTATFC&WCETCETATGCC!E.AC.&TTCTETEAAAiAﬂCC{:AG 7] tCTﬂTAﬂ’A&ATAAA& ilZe

chigrelle_pshE  AGAAAAACAAGGAAACGAGCTTT ICGTACGTCGTATECCAACATTCT FCGAMCTTTICCTRTAGTTCTTOTAGATAALG 1120
porphyra_pshl AGATAMAGRACG T AGAGAGT TAAGTGT TLGLLGAATGUCTRCATTCT T TGAMCTTTTCCAGTGAT TT TAGTAGATAAMAG 1170
scensdesmus_pshB AGATCAAGATCOTCGTOAAT TATACOTACOTCGTATRCCTACTTTC T GARACATTCCRAGT I TTATTAATTGATAAAG 1120

+ Bojarity 3 .
| N RO L

Majority ATGGTXTFGTXE THETQAXG‘TECWT" CGTXG}&’ECEGAA?CTAAA'EA%AGTMTGAACMGTTGGTGTATC#GTXACT

113@ 114@ 115@ 216@ il?@ 118@ 11‘}@1 iZﬁ@
L L 1 L L
chlamy _pshi AFGGETAT Ehf TCETGETOACGTTECTT #«.LGT MA&CTGAATCTM.&E&?&GTMTGMAAGTA&&TGTATCTGTTACA 1240

chilgrelle psb®  ATGGTGTTOTICOTGLGGATGTTCCTTFCCOTCGT TCTGAATC TAMATACAGTATTGAAC AAGTTREGATTTCAGTAAMLT 1299
porghyra_pshB ACGGTATTATAMGAGCTGATATTCCTT FLAGAAGAGL FRAATC TARATATAGTATIGAGLAAGTTOG TG TAACAGUTAGE 1280
scenedesnus_psbl ATGGTGTIGTACGTGCTRACOTTCCTT ICCGTOG TR TOAATC ARRATATAGTAT TG AAC AAGTTGGTGTATCAGTAACT 1299
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+ Majority
Majority TICT, ACG{ETGGTGAAW#;GATGG AT?MATAATG&YCCAGCX&{ X{?TﬁMMﬁTA?GC {ﬁ }U\AAESC XZAA’TMSG

i’i(ﬁ 222@ 123@ 12% 125! 12{7@ 12?@ 12%
chlomy_pebB TICT AEGi?TGeG'E{SAAWAEATGGWM{A?TT&CTGATESAG:TACM?TA ﬂAﬁM’EA?GC'EGIMA&EYCAMTMQ 1288

chiorello_psbd  THCTACGGTOGTGAAT TAGATGOTATAR ATT T AN TOATCCAGE AN MG TRAAAAAATATAC TCRACGTGUTLAR T TAGE 1280
parphyro_pshi TITTATGUCCOARAACT AAATGRACARG TG TIC AR TCATOC TLCTAGTE FLAMAAAATATRC AAGARAAGCACAATTARG 1280
scenedesmus_pshB TTCTACGOTOGETGAATTAGATOOAT TAACATT TAATGATCCABCAMC T TTARAMATATECTCGTAMGCACAATTAGE 1280

eI IR

i
Majari &y TﬁAAATTKT’G&ATTFGATCG*‘CMTT’AEHAI{XEQT@&TE T?(WCLGTA(' TAGCCCACQTGHT&TWACKTFT&

//f/w

T
129@1 133@ 131@ 13?53 23‘3@ 13% IEEB 1%
chlamy_psbB TGAAATTTT ESHAWGAtC&TCMCWAEMTG&ATEB3&3 [l EtEGTA{ﬂAGCECACG'FGCTEGM TTACTTY ¥Ei 1360

chlorelln_psh8  (GAAATTTTCGAATTTGATCOTGCAACTCTTCAATCAGATERTET T FCCGTRCAAGCLCTCGTGRTIGGTTTACATITG 1368
parphyrc_pshi ARG T PEAATT TGATCGAA TACCT TAGAATCAGATOO TG TAT T TAGEAGT AGTCLAAGAGECTGETTCACATTIG 1360
scanedesois_pshB TOAAATTTT IGAAT T IGATOGT TCANCAT FACAATL TOATGETOTAT OO G TAGTAGFCCACGTGETIGETTTACTTTIG 1360

Majori ty GCWTNTATTCTFCTTFGG?CATATTTGE}{ATGG?GQT’GTACAA?GT{CG,(GA?EETAT'TE‘CT

538@ 139@ 14% 1410 14-2@ 143@ 144’3
chlomy_pshB ETEACETATQ 1§ ?GEAWQT"ATKTTCE 1 §5€3TCA€A 1 iGEE{:ALGC?GCTa.G?AEGA"C‘FCCGTGACFTAW&CT 1440
chlorelle_psbE CRCATTTATGTEICGCTCTRCTTTICT P T E] POGTCATATT TGSCATORTGCCCOTACARTCTICCGAGATETGTTTRET 1440

porphyro_pshi GECATGCAARCTTTGCT T TAATCT T HT FCT T FGGACK TC T TTGRCATGGT ICTCGRACTAT T T TCCGAGATGTATTTELT 144D
scenadesmus_pshB GTCACGTITGCTTIGUTFTATIATTCTRC T T TGGACATAT TTIGGCATOG TGO ACGTAC A TCTTCLGTGATGTATTTGONT 1440

-ty !i !M Hﬂiﬁﬂ gg@%%i%%%

a 2
Mojority GETQTIEATGX}’EATX"KM?'&MCMQTXGAATTFGCT‘(YATXC}lAAMAET}'GGTGA'{ACZ XX‘EX(’TCT - CG?EA
—T
145@ 14—&@ 24?63 143@ 14’9@ 15% 151@ 152@
chiamy_pshB G{ETA'TG;&TGA TGAT) ATYA.&T!&ACC ME}TE'EA&TT{:Q&TAM T A(T}UEA#AAC TTGﬁTuAT&C'R‘E'TCTCTA— -- {:G‘“GA 151¥

chioreile_psbE  GOTATTGATGLAGATTTAGATHAACAAGTAGAATTTGGTACET TCTTAMAAL TTGGTGATACTICAACTEGT- -~ COCCA 1517
porphyro_psbi GEAATTGETEUTRAAGT TACTGAAC AAGTTGAATT IGGAGUAT TCCAAAAAT TAGGAGATAGRAGTAGTAARRAGLALGE 1520
scansdesmus_pshB GOTATIGATGATGATCTAAALGAAGT TTAGAAT T IGG TARATACANBARAC TTGOTRATACAMGTTCTGT - - - OO T0A 1317

e 'salgﬂ
Majori ty AGCAXTCTAR

E—

1538

[
chiomy pshB AOCATTCTAR 1327
chlsretlo_pshl GFLAGTOTAA 1527
porphyro_psbE AGCCGTATAG 1530
scensdesmus_pahl AGUTTIUTAS 1527
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+ Majority ) i § i
W 1 o1E il Ll

Maiarity A‘EGGE' AMCTH QGAAE— - —T}’X AAAGHAM» —TCAM;AGTAMT - —X— --%- XMGAAXE?&&T%WQTM(T{CMT

i@ 2@ 3@ 4@ 5@ 6@ ?@ %@

[ | | i | i ! ]

chlamy_psbH msacmmsm: -- -TTCTMAG{TAAACC ATCARARGT AMTRI AGACTTCOAMGAACCTGOTTTAGT TACACCATT 77
chlorelle_pebH GATACTGOOGTTTCTACTCCOATY 55
porghyra_psbH - ool ATGGCACTTAGAACTAGALT 20

scenedesmus_psbH ATGOCTACTGGAACAACTTCAMRAGE TAAA- - - TOAMGCT TATCTOATGCACTTCAABAACCAGG TATCGTAMCTCLTTT 77

- mrRlabiR iR e =
Mojerity )%GGAACTHKTT\AEAC{;MTXM}( ] MAAWXG&KMGTAXXKCXGGC?&G&G XﬁCMTu 2] IAATG@GXX'TT
Q@ i% 11@ 12% 13@ 14—9 15725 E.::FZ
ehlomy_pshh AﬁGTAﬁTWAT’ACGTC{m MCT&GAAGCMGTAMGYATTMMCT i:»GGG“AC Mﬁ'{fﬂTTAATﬁSCTﬁ?&T 157

chilorello_psbd  AGGAACTCTRCTTAAACCACTTAAT TCCGAATACGOTAANGTAGCCCCTAGCTGGEOARC TACAGTO TTAATEGRAATTT 139
porghyro_psbH GGGAGAAATTTTAAGACCT I TARAT TCAGAATACGGARARG TTGC TCCAGG TTHHGGTACAACTCCTATTATGRGARTT T 109
scenadesmus_psht AGGAACTTTATFAAGACCOTTARMCTCTGAA TCAGG ARAAGTATTACCTGOATOGEGAC AAC TG TT T TAATEGGTGTTT 157

ML RERN A,

+ Majority

Majority T QAYG&TAWA T ¥CECﬁTﬁTTCTTﬁTMATTATTTTAGAAATWATAA[.AGTYC K?TMTTXT&&ATEAXGWMTATG
T
1?@ 18@ iﬁﬁ Z‘M} 21@ 22@ 23@ 24!2)
chiamy_pshH TRATCETY ATGEAE&T{TTMTMTEM HAC&MW&CMEWQWAM 1 EA}ZATGACSJ I %ETATG 237

ehlarello_psbH  TEATGGCATTATTIGCCGT T IO TG TAATTATCTTAGAAAT TTATAACAGTTCAGTACTIL TTGATOALGT TALAATG 219
parphyra_pstH TCATGTTATEATT T ICTTAT T T TTAT TAATARTTTTACARATATATART TCATCACTAGTRC TAGASAATGTAGATGTA 188
scenedesmus_psbH TCATTGTACT T T T IGCTGT AT FCTTAT TAATTATT T TAGARATTTATAACAGTIC TTIATTATTAGATGATGTTACTATG 237

+ Majority |l!!l
Majority ASTTG EGMACTHAGC?A& £--- XXWM

2553 26@ ?7@
chlamy_pshH AGTH GﬁGhMTTTAECTMW{ﬁM 267
chlorello psbH  AGTTGEGARTCTTIATCTAMA-----T-A8 243
parghyra_pshH GATTOGGCTACTITAGGARAG------ CTAA 204
scenedesmus_pshH AGTIORGARMITTTAGLT------ TCTTAA 61
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0802WD1_ST25
SEQUENCE LI STI NG

<110> Sapphire Energy, Inc.
Botsch, Kyle
Szyj ka, Shawn
LeVi ne, Véndy
Curran, Any
O Neill, Bryan
Mendez, M chael

<120> A SYSTEM FCR TRANSFCRVATI ON CF THE CHLORCPLAST GENOVE CF
SCENEDESMUS SP. AND DUNALI ELLA SP.

<130> 0802WO1

<150> 61/242735
<151> 2009-09-15

<160> 170
<170> Patentln version 3.5

<210> 1

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 1
agaaggagct tctacagatg c 21

<210> 2

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 2
tcattagtta cttcatcttt aatccg 26

<210> 3

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 3
gaactacaac taattatttt c 21

<210> 4

<211> 24

<212> DNA

<213> Artificial Sequence

Page 1



<220>
<223> PCr prinmer

<400> 4
t gaaaccagt ctttgtaaag ctca

<210> b

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 5
ctaaattcca gcaaccagca tt

<210> 6

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 6
cgttcttctg agaaatggct ta

<210> 7

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 7
tgtaaattta aggctgectg tgatgtg

<210> 8

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 8
gaggtt cgaa gaat gggtca aagat aag

<210> 9

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

0802WD1_ST25

24

22

22

27

28



<400> 9
caact accac tggagataaa tttc

<210> 10

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 10
aat cactcta ccaactgagt tatgg

<210> 11

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 11
gcact acct g at gaaaaat a acc

<210> 12

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 12

0802WD1_ST25

ttggtttcta gattacgccc cgccctgeca ctce

<210> 13

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 13
gt gaat caac aactgattgg

<210> 14

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 14
1 gaat 1 gcat aaatttacac atac
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33
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24



<210>
<211>
<212>
<213>

<220>
<223>

<400>

0802WD1_ST25

15

24

DNA

Artificial Sequence

PCR pri mer
15

ccacctcgta tggtaaaata attg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

24

DNA

Artificial Sequence

PCR pri mer
16

gaaagaatta tggacagtcc tgct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

42

DNA

Artificial Sequence

PCR pri mer
17

ttgttgcgge cgecttttgaa gccgaaatac tttattttta tg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18

35

DNA

Artificial Sequence

PCR pri mer
18

cat catt aat ggagaaaaaa atcactggat atacc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

19

35

DNA

Artificial Sequence

PCR pri mer
19

aattcctagg ttacgccceg ccctgecact catcg

<210>
<211>

20
87
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24

42

35

35



<212>
<213>

DNA
Arti

<220>
<223>
site

<400> 20

ficial

Sequence

ggt accggt g attacaaaga tgat gacgat

cat aat cacc gtcacaaaca caccggt

<210> 21

<211> 762
<212> DNA
<213> Art

<220>
<223>

<220>
<221>
<222>
<223>

m sc
(673
tag

<400> 21
at ggt accag

cgt ccaget g
acaggttaca
tatactaatg
ggaggaaaag
aaccctaatg
tattatattg
gaagttactt
tctataattg
agt ggt agt g
ggt acaat gg
atcactgtta
tattttcaag
<210> 22

<211> 81

<212> DNA
<213> Art

<220>
<223>

ficial

_feature

Y. . (759)

tatctttcac
ct gaagt gga
at aacggtta
gacct ggt gg
gttggcaacc
gtaattctta
t agagaact t
cagat ggat ¢
gaact gccac
ttaat acagc
act at caaat

gcggt accgg

gccat aat ca

ficial

Sequence

aagtctttta
atcagttgca
cttttattct
tcaatttagt
t ggt acaaag
tttaagtgta
t ggt acat ac
agt tt at gat
tttctaccaa
aaaccacttt
tgtaget gt t
1 gat tacaaa

ccgtcacaaa

Sequence

0802WD1_ST25

FLAG epitope tag linked to a MAT epitope tag by a TEV protease

aaaagt ggtg aaaaccttta ttttcaaggc

codon optim zed endoxyl anase fromT.

gcagcatctc
gt agaaaaac
t act ggaat g
gt aaattgga
aat aaggt aa
t acggtt gga
aacccttcaa
atttatcgta
t act ggagt g
aat gcat ggg
gaaggttatt
gat gat gacg

cacaccggt t

reesei

caccttcacg
gt caaacaat
at ggacacgg
gt aact cagg
tcaatttctc
gccgt aaccce
caggt gct ac
ct caacgcgt
t aagacgt aa
ct caacaagg
tttcatcagg
at aaaagt gg

aa

TEV protease site linked to a FLAG epitope tag

Page 5

t gcaagttgc
t caaccaggt
tggt gttaca
caattttgtt
t ggt agttac
attaattgaa
t aaat t aggt
aaat caacca
tcatcgttca
tttaacatta
t agt gct t ct

t gaaaacctt

60
87

60
120
180
240
300
360
420
480
540
600
660
720
762



<400> 22

0802WD1_ST25

ggt accggt g aaaacttata ctttcaaggc tcaggtggcg gt ggaagtga ttacaaagat

gat gat gat a aaggaaccgg t

<210>
<211>
<212>
<213>

23
1191
DNA
Arti

<220>
<223>

<220>
<221>
<222>
<223>

m sc
(110
tag

<400> 23
at ggt accac

ttatctccag
gttcgt gact
ctt aaagaag
gttgcagcett
gctttagcag
at aat ggacc
ggtttagatg
aagtattgcc
t accaaacag
ttaagccatt
tcattctatt
cat gaaaacg
tatttagatt
aacaaat gt t
cttttagaag
t at gaggct g
ctt caagagt

gct cagaaaa

gagt ggcggt g

<210> 24

ficial

_feature
8)..(1188)

acaagttcac
t ggt agt t ga
t aact gaaga
tattacaata
accgt gaact
taggatggtg
agtcattaac
caat aaat ga
gt caacgt cc
aatt aggaca
t ct cagaaga
taccagttgc
caaaagct at
gttttggcga
cat ggtt agt
ataattacgg
t aggt at gag
t aat t gagaa
t at acaaacg

gaagtgatta

Sequence

aggt gt taac
gcgcgaacgt
t ggt at t ggt
caacgcacct
ttctggacca
tattgaatta
t agacgt ggt
ttettttett
atattatgta
aat gt t agat
acgttacaaa
agcagct atg
tttacttgag
tcectgcttta
t gt gcaat gc
t cgt aaagaa
agccgcecttt
acattct aat
t caaaaaggt

caaagat gat

codon optim zed FPP synthase fromG

gctaaattcc

gaggaatttg

cat ccagaag
ggt ggt aaat
ggt caaaaag
tt ccaagcct
caattatgtt
t t agaaagct
catttattag
ttaatcactg
gctattgtta
tatatggttg
at gggt gaat
acaggt aaag
tt acaaagag
ccagaaaaag
caacaat acg
cgtttaccaa
accggt gaaa

gat gat aaag

gal l us

agcaaccagc
taggattctt
t aggt gacgc
gcaat agagg
acgct gaaag
ttttcttagt
ggt acaagaa
ctgtgtatcg
agctttttct
ctcctgtatc
agt at aaaac
gtatagattc
acttccaaat
t aggt act ga
t aacaccaga
ttgct aaagt
aagaaagt ag
aagaaatttt
acttatactt

gaaccggtta

Page 6

at t aagaaat
tccacaaatt
t gt agct cgt
tttaacagtt
tcttcgttagt
t gct gacgat
agaaggt gt t
cgttcttaaa
t caaacagct
t aaggt agat
tgctttctat
t aaagaagaa
t caagat gat
t at t caagat
acaacgt caa
t aaagaatta
ttaccgt cgt
cttaggttta
t caaggct ca

a

60
81

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1191



<211>
<212>
<213>

36

<220>
<223>

<400> 24

DNA
Artificia

Sequence

streptavidin epitope tag

0802WD1_ST25

accggt agtg cttggtcaca ccctcaattt gagaaa

<210>
<211>
<212>
<213>

25

<220>
<223>

<220>
<221> m
<223>

<400>
atggaattta

gaaggtattg
gct cat gaag
ccacgttttt

atttcatacg

gat acaggt g
ggtgctattg

t cacaatt at
t cat gggct ¢
ttagct aaat
gttacatttg
at ggct aatg
cgtgatgctg
caagaacat ¢
tatgttgcta
gatttacgta
ttagaatgtc
cgt caaggt t

t cagat gaat

2196
DNA
Artificia

sc_f
<222> (2158).
g

aat attcaga
atgttcgtaa
attggaat aa
catttatttc
ct aat gaat t
aagt t gaaaa
at acat caaa
ttttagaaat
gttttgttga
atattccata
gtttaggttt
cttggattgce
ctacattaca
aaacagat gt
aatatttaga
aatatttaga
cacgttataa
taccatcatt

cagcagtttc

Sequence

agttgttgaa
atcaaaattt
acat at t ggt
agttgctgtt
tgctttttta
t gat gaaat g
t aaagt t gat
gttaget at t
agttggttca
tcgtattatg
acatattcca
tgttggttta
t ggt aaagat
t gat ggt gct
agttattgaa
tgctatgtta
tccagat gt t
agaat cat gt

accaact gct

ccat caacat
acaacatt ag
ccatgtggtg
ccagaat gta
catgatgatg
atgacagttt
attcgtcgtg
gat ccagaat
t cacgt caac
gatgttggtg
gat cat gaat
caaaat gata
catgttgtta
atgcaaattt
gct acaaaaa
tattcaattt
tcatttaata
ccagttttag
gat gaat cag

codon optim zed fusicoccadi ene synthase fromP.

attatacaga
aagat cgt gg
aat at cgt gg
tt ccagaacg
ttacagat ca
ttttagaagc
ct ggt aaaaa
gt gct aaaac
at gaaacacg
aaatgttttg
tagaattatg
tttggtcatg
atgctatttg
gt cgt aaact
at gat gaatc
caggt aat gt
aaacacaat t
ctcgttcacc

attcaacaga

Page 7

anygdal i

aggt tt at gt
tgct att cgt
t acat t aggt
tttagaagtt
tgtt ggt cat
t gct cat aca
ant attcaa
aacaat gaaa
ttttgttgaa
gtttggttta
t cgt gaactt
gccaaaagaa
gottttaatg
tattgttgaa
aatttcatta
tgtttggtca
agaat ggat g
agaaat t gat

agattcatta

36

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



ggt t caggt t

t caaat gaag
gttttagaag
tttattgatg
gatgctgttc
ccattacgtc
acagct acat
t cagtt caag
ttttggacat
aaaacaggt ¢
attccacgta
tttcaaattc
ttct gt gaag
caacgt t cac
acat t agaac
acacgt t cag

attttattag
ggt agt get t

<210>
<211>
<212>
<213>

26
DNA

<220>
<223>

<220>
<221>
<222>
<223> tag

<400> 26

1704
Artificia

cacgt caaga
gt aaagattt
ctccat acga
ctttaaatga
gtgttttaca
gt ggt aaacc
attcaatt at
aagtt at gaa
at aat ggt ca
aattattttc
caaaaattca
gtgatgatta
atttagatga
acat ggcttt
aaaaacaat t
t t at gat gga
attcaccaaa

ggt cacaccc

m sc_feature
(1615)..(1701)

ttcatcatta
acaacgt gt t
ttatattgct
ttggtt acgt
taattcatca
at caacacat
t aaagct at t
ctcaattatg
tgttccatca
aattgctaca
atcatgttta
tcaaaattta
aggt aaat gg
attaaat gt t
tgttttagat
tcttcatgtt
tccagcetatg

t caatttgag

Sequence

codon optim zed phytase fromE.

0802WD1_ST25

t caacaggt t
gat acagat ¢
t caat gccat
gttccagatg
ttattattag
aatatttttg
ggt caaatta
attttatttc
gaagaagaat
tcattattat
catcgtttaa
gtttctgctg
t cat t agct t
ttat caacag
attattgaag
caattacgtg
cgtttattat

aaat aa

coli

atggtaccaa tgcgtatctc tcttaaaaaa tcaggaat gt

gtagct at ga cagtagctgc ttctgtacaa gctaaaacat

tctccagaag gttttaatcc tcaacttttt

gtacctttat

ttagct gaaa

acaaccgttt

aat gggaagt

acttcaggta

tatcattatc
atattttttt
caaaaggt gt
tt aaagtt gg
atgattttca
gttcagct ca
tggaattttc
aaggt caagc
att at cgt at
t aaat gct gc
cacgtttatt
attacact aa
taatt cacat
gt cgt aaaca
aagaaaaat c
ct gaaatt gg
tagaatt at t

t aaaactt gg
tagtatattg

caacttatga

agt agagtt ¢ aaaat cggt a caacagaagt

at cagaagac

ggt aaaact t

acacattcca

Page 8

accagt t cat
t gaaaaagct
t cgt gaccaa
t aaaatt aaa
agat aattca
aacagt t aat
t gct ggt gag
tatggattta
gatt gaccaa
t gat aat gaa
aggt cgt t gt
acaaaaagga
gatt cat aaa
tggtggtatg
attagatt at
tcgtattgaa

acgt gtt acc

tttatctctt
t t cagaaggc
cgcttcttca
t att ccaggt

tttaagaaaa

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2196

60
120
180
240
300



ggt gt t aaat
gtagttttct
ggatcttacg
gttgatgata
ttagct at gg
ggt acacct g
t at cagaaag
caaattgata
cagaaaaat g
caagat aaat
aacgttcaaa
aat aaagacg
attccaccaa
aaagct aaag
gcaat gccag

gcagact ggg
ttaaaacgtg
ggt gatcctg
aattattcaa
gacgat caca
gct ccagcetc
ggttat gt ag
ggt gactata
caccgt caca
<210>
<211>

<212>
<213>

27
87
DNA
Arti

<220>
<223>
site

<400> 27

ggcacgat aa
catttgaccg
aatatttcga
acacagttca
atttcgct ag
aaaaacttga
attcacgt at
ctttagtatt
aat gccaagt
ctatcaattt
aaaaaccat t
caat cattaa
caat gt gggg
cattacttaa
t acaacgt cc
ct aaagt agg
ct aaagat gg
acaatttctt
aatggtgtta
at aaacgt gt
ttattattgc
t agat ccat t
aagat gat ga

aacacaccgg

ficial

t aaagagttt
t cagaaaaat
aggcat ggga
atttgtttta
tattttatca
tcttaatcca
tcgttacaaa
ttcaattaca
aat gccat at
aat ggaaat g
agat gatgta
agcagt at at
tt acaacgat
agaagcaggt
ttacaatcca
t gt t caagca
t gaacaccaa
tgcaacatta
taaacctttt
tgaattatac
t cattcaaca
aggt aaacat
t gacaaaagt

ttaa

Sequence

0802WD1_ST25

aaaccaacaa
gct caaaat ¢
t t accagaac
act agaccag
aaagaat at g
attggtactg
gcat tt gacg
ccagacgcat
ccaaat ccag
cctggtttaa
aaagttcgtc
caaggtgctg
gacgtt caag
t t agaaaaag
aat gct agac
aaaattgtta
actgttatga
ttttcatgtg
gaagact t aa
aaacaagcac
gt at t cgaac
cactttgaaa

ggagagaact

gagaattaaa
cat at cat aa
ttatttctga
aagct ccat t
cagat gct at
gtccattcca
gct at t ggag
cagttcgtta
ctgatattgc
atgttggtta
aagcattaac
gagtt agt gc
attatactta
gtttctcaat
gt at ggcaga
catacgaatg
tgggt t ggac
ctgcttcaga
ttcaacctgc
aagtt gt aat
cagttagaaa
acgt at caat

tatactttca

FLAG epitope tag |linked to a MAT epitope tag by

ggt accggt g act at aaaga tgat gat gac aaaagt ggag agaacttata

cat aat cacc gtcacaaaca caccggt

Page 9

t gct gat gat
agtttcagga
agtt aaaaaa
tttagct gat
gat gaaagct
attacaacaa
t acaaaacct
cgcaaaatta
acgt at gaaa
tttatcatat
ttat gcagtt
t aaaaat ctt
cgaccct gag
tgatttatgg
aat gatt caa
gggt gaat ac
aggt gat aat
acaaggttca
t cgt gct aca
gcacgaccaa
agaagtt aaa
t gaaggt acc

aggt cat aat

a TEV protease

cttt caaggt

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1704

60
87



<210>
<211>
<212>
<213>

28
660
DNA

<220>
<223>

<400> 28
at ggagaaaa

cattttgagg
att acggect
cacattcttg
gagct ggt ga
acgttttcat
t cgcaagat g
aatatgtttt
gccaat at gg
gacaaggt gc
gt cggcagaa
<210>
<211>

<212>
<213>

29
1260
DNA
Arti

<220>
<223>

<400> 29
at gaggttcg

gat aat t acg
tt aggt gaaa
ttttttatcg
caaat cat ca
aaacacttct
aaagcagcaa
tacttaccaa
cacattatcg
gcagccttaa

gcacgagt aa

Artificia

aaat cact gg
catttcagtc
ttttaaagac

cccgcect gat

t at gggat ag
cgct ct ggag
tggcgtgtta
t cgt cagegce
acaacttctt
t gat gccgct
tgcttaatga

ficial

aagaat gggt
atgattttaa

attctcattt
aagacct cgg
at aact ggat
attatccaga
aagaaaaaat
at at ggagat
atgatgcatt
atttacatga

aagt t cgcct

Sequence

modi fied chl oranpheni co

at ataccacc
agttgct caa
cgt aaagaaa
gaat gct cat
t gt t caccct
t gaat accac
cggt gaaaac
caat ccct gg
cgceccecegt t

ggcgat t cag

attacaacag

Sequence

caaagat aag
gccatt aaga
cat aaaagaa
ttttactacg
acat ggacaa
agagct caaa
cacatttctt
agt gcat gac
taatattgca
gct aacagat

t gaagctat g

0802WD1_ST25

acetyl

gttgat at at
tgtacctata
aat aagcaca
ccggagttcce
tgttacaccg
gacgatttcc
ctggcctatt
gtgagtttca
ttcactatgg
gttcatcatg
t act gcgat g

nmodi fi ed erythromycin esterase gene fromE.

catattcctt
aaaat aattg
ttttttttgt
tttgcttttg
ggaact gacg
accacatttc
ggcattgata
ttttttagaa
aaaaagattg
t ct gagaaat

gctccaattc

transferase gene fromE

cccaat ggca
accagaccgt
agttttatcc
gt at ggcaat
ttttccatga
ggcagttt ct
t ccct aaagg
ccagttttga
gcaaatatta
ccgtttgtga
agt ggcaggg

coli

t caaact gaa
gagat acccg
t acgacat ac
aatttggttt
at gaaat agg
t at ggct aag
tacccagaaa
cagcggat aa
attacttctc
gccgtttaac

acattgaaaa

Page 10

t cgt aaagaa
t cagct ggat
ggcctttatt
gaaagacggt
gcaaact gaa
acacat at at
gtttattgag
tttaaacgtg
t acgcaaggc

t ggcttccat
cggggcgt aa

t caccct gat
agtt gt agca
gcttttgegt
t gct gagggt
cagattctta
ggagt acaat
t ggaggttca
agaagcact a
cacat cacag
tagccaatta

at at gggat t

coli

60
120
180
240
300
360
420
480
540
600
660

60
120
180
240
300
360
420
480
540
600
660



gat aaat at g
caagct at gt
aaat acat gg
at agt agt ag
agttgcctac
ggt att act t
ggttttcgag
atttctggtt
caatccatcc

gcattcgatg

<210> 30

<211> 2844
<212> DNA

<213> Artificial
<220>

<223>

<400> 30

gccttt aggt
tttttatttg
tactttatga
aaaaattgtt
aaaaaaat ag
acctgtttgt
acaaaat gga
ggt gt agct g
gtgccctttg
tttctacaaa
tt gt gcat ct
tcttcatttt
ct aaaaacaa
caagaat aaa
acaagtattt

aacgcggaac

agacaat t ct
cgggctttat
cagattct gt
cacat aat gc
caat gggcca
cttatagtgg
tt gat aact t
gtggagttac
cgaacat gat

gaatatttca

atttcaggaa
aaaat t gggg
caaaaaaat g
ttttcaataa
agaaattttt
gagat agt cc
tcgttttcca
gtgtatttgg
ttttttttgt
caagt aaaaa
aaaaagt at a
t t gcaaagca
t t gaaaat cg
aaat at gaaa
agattttatt
ct gt acgt at

gcattatgcc
tt caggaggc
gct gt ggcat
acatattcaa
aagact t aaa
gcatactgca
ccaact gcag
taattctttt
tcgattt gat

aat t gaaaag

Sequence

modi fi ed genomi ¢ DNA from

ctttcaactt
aaattgat ga
aacaaaat tt
t cat caaccg
tttgttccca
gatctttttt
agct gaacac
tggttcatta
gttttttctc
aaaagcaaaa
aaaaagaaac
aaaaat gat a
agt gaattgc
acaacaaaag
gct ctctgea

caccatattg

0802WD1_ST25

aacggt at ga
ggaat gcagg
t t aaaaaacc
aaaacaccca
aatgccattg
gccctctatce
gaaccaaat g
gtctttttta
tctatttaca

t cat ct gt at

tatacttgga
gcgat at ggg
cacaaagt ga
ttctgtatga
gtgatgatta
cggaagttga
aaggt t ct gt
gaaatattcc
t gaaagcaga

ct gaggt cgt

S. di nmorphus

cat gaaaat a
aaaat t gaaa
gagat agaac
agcttatttt
aaaacagaaa
gaaaaaaaaa
aacattttaa
ttctctgcaa
ttettttttt
acgcat aaaa
aaaaacgct t
aaaagt agcg
ataaatttac
cact t gacga
aacaaaaagc

t gcct cgeca

aacgt gacaa
aaaat aaat a
aaat t gcaat
t gt aagcagg
aagaaacaaa
gagaaactta
tgcacccttt
t gcat aggt a
ctttgtgeet
at gcacgcaa
tgcttcgeta
aagcgt agca
acat acaaaa
ttttaacaaa
agaagagt at

t cact acaag

Page 11

ctat aacatt
t gcaaaagac
gcagaaagt g
tggatttcta
tatgtcttta
t acaaaat at
cgagaaagct
tgaagattta
actt gagaaa

ttat gaat aa

at aaaaacct
aaat at aaaa
tetttttttce
t t cagagact
agatttcttc
agctttcata
ccacatgtta
ct gagaaact
gctctetttt
aaacgt at cg
ctttttttct
aaaaaagctt
aaat aaaaaa
aacgcgt caa
t gaccagaac

gcaaat gagc

720
780
840
900
960
1020
1080
1140
1200
1260

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



tctcttggga
ttaaagcaca
ttcgaatggc
cagt aaacaa
aaat ggct cg
agaagggt gc
ggcgttttaa
gttgagaat t
ct ggaaaacg
acgaagaaca
ctttttgttt
attccagttg
act cgagaga
cttttaaaaa
aacaact gaa
caacat cgta
caact ct aga
tgcttt aggt
tgttgattca
aggt at ggaa
agaagct cct
gcttgagttt
gtttttaaat
acaaagaaaa
attttttagt
caagcagt aa
tttgcttgaa
aaaaattt at
ttttgctaaa
tcgaat at t t
tactcttttc

aaat aaagt a

aaactttgag
cgaact t cgt
t ggt cacaag
aattttcaaa
ccgct caat g
gcat gt t cgt
aagagaagac
gaatttggca
aaagacgaac
aacat gaccc
t t gt gcaaag
t aaaagact g
aaaaat aagc
aaaagaaagt
aacgaat ctg
gctgcacacg
t cat t acact
atttcaacta
caaggt cgtg
gttatgcacg
t ct gt aaacg
ttcattcttt
tttaaaaaat
aaaatttttt
t t cagaat ct
aaaat aaaaa
cttttcaaaa
gaattttcta
aaaagcgct t
ttttttgatt
aaatttttat

tttcggette

agt ccagaaa
tttgaagttt
gaagagagca
gaaaaaaaac
gccegt ccag
caccaaaacc
tttttatgta
aagccagaaa
aggggt t ggt
aat ccacact
ttetttgttt
gactcgttca
tttatttttt
t ct t gaaggg
ct aacgaagg
gttactttgg
tcttcttage
tggctttcaa
ttttaaacac
aacgt aacgc
cttagtttta
tt gaagct ct
aaatttcttc
tgttttcttce
ttgattcaaa
ct gt aat aaa
aaaaat t gaa
ctttttcagg
gtgttgettt
ttgatgtgcg
gtttttattt

aaaa

0802WD1_ST25

atttagtttt
at ggt gaaaa
t gcgagcet at
aact aat gca
atgct cgtca
gaactgttcg
cetttggttt
tttttgttgg
cgt gt gaaaa
aaatttttac
ttattttttt
gagact agt t
cttat gat at
ttcattagtt
atacaaattc
tcgtttaatc
t gct tggcca
cctt aacggt
at gggct gac
t cacaacttc
ttttttatga
gaaattttaa
t ct gct gt gt
tttogtttttt
aaaaaattta
aaat aaaaca
aaat t caagc
agtt gaaat t
ttttgct act
tttttgttaa
tttttattca

ggt gacct tt
cggggacaat
gcaacaagca
t aat caagaa
aatt cgcagc
agcaacagat
t gacaat gct
tcgtttgage
aat t gaagaa
aaaaaagt gt
tt gt gaaaaa
ttatttttat
agt cct caag
acttcatctt
ggt caagaag
tt ccaat acg
gttgtaggta
ttcaacttca
at cat caacc
ccatt agact
aaaact cagg
aatttct agt
ttttettttt
tatttctttt
gt ccgatt ac
aaaattttat
aaaacaaaaa
tctcctttac
ttttgtttce
cct aaaat ct

t aaaaaaaaa

Page 12

gaagaccaca
attgctgcete
ggt ggt caag
tttcaaaaag
gaaggaggaa
cgatttcttt
ggtgatcttt
ggttttctta
tcttccgaaa
acgctcttte
t at gcaacga
gaaacaaagt
aaactttttt
t aat ccgt ga
aagaaactta
ctgctttcaa
tttggttcac
accaat cagt
gtgct aact t
t agcat ct gt
cttaatttag
cttctttaat
ttttgaaaaa
tgttttgttt
t ccat aggag
ttectttttgt
gaaacaaat a
ttaaaacata
aagcattttt
t gaaaagat t

caat acat aa

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2844



<210> 31
<211> 1284
<212> DNA
<213> Art

<220>
<223>

<400> 31
atgtctaaca

t ggcaaat cc
ccaat aacag
ccacat at ac
acactttttg
gtt aaacaac
cgt actcatg
aaacaagaag
ttatcatatc
gtaggt gct a
actttcgcac
gacgaacaat
gctcgtgtta
cgtcttttta
attcacttac
gaaat gtt ag
tat ccattag
cttatgggtt
actttaaatc
ccagcagaaa

ggcggcaaag
gaagctattg

<210>
<211>
<212>
<213>

32
1653
DNA
Arti

<220>
<223>

ficial

Sequence

0802WD1_ST25

codon optinized cytosine deam nase fromE.

acgctttaca aactattatc aacgcaagat

accttcaaga tggtaaaatt tctgctattg

aaaattcatt
accttgacac
aaggt attga
gtgcttggca
ttgacgtttc
tagctccatg
caaat ggcga
ttcctcactt
ttgct caaaa
cacgtttcgt
cagct agt ca
gattacttaa
aaggt agat t
aat ct ggt at
gcacagct aa
acggt caaat
ttcaagatta
atggttttga
ttattgctag

attacaaacg

ficial

agat gct gaa
aact caaaca
acgt t gggct
aacatt aaaa
agacgcaact
gat agactta
agcattatta
cgaatttact
at at gat cgt
t gaaacagt t
t act acagct
aat gt caggt
t gat acat at
caat gt at gt
tatgttacaa
caacgat ggt
tggtattgca
tgct ct t cgt
t acacaacct

ttaa

Sequence

caaggct t ag
gct ggt caac
gagcgt aaag
tggcaaattg
t t aacagcat
caaattgtag
gaagaggct t
cgtgaatatg
cttattgatg
gctgcattag
atgcattctt
attaacttcg
cctaaacgta
tttggtcacg
gttttacaca
cttaacttaa
gctggt aat t
cgt caagt ac

gcacaaacaa

col

t accaggt aa
acgcacaatc
ttattcctcc
caaat t ggaa
cattattaac
caaat ggt at
t aaaagct at
cttttccaca
tacgt cttgg
gt gt agaaag
ttcactgtga
ct caccgt ga
at aat ggagc
tt gcaaat cc
gaggt att ac
at gat gt at t
tgggtttaca
ttacacat ca
cagct aacct
ctgttcgtta
ctgtatattt

Page 13

agaaggttta
aggt gt aat g
tttcgttgag
t caat caggc
acat gacgat
acaacat gtt
gttagaagtt
agagggt at t
tgct gacgta
tttacat aaa
t gaaat t gat
aggt at gggt
atacacttct
tttagtaaac
acgt gtt aaa
cgat ccat gg
tgtttgtcaa
ttctgcacgt
tattattctt
ttctgttcgt

agaacagcca

codon optinized betai ne al dehyde dehydrogenase from S. ol eracea

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1284



<220>
<221>
<222>
<223> tag
<400> 32

at gat ggct t
ttattaaaaa
ccagct gcta
cgt aacaaag
attgctgcta
ggt aaaccac
tt cgaat act
ttaccaat gg
atttcaccat
gctggttgta
ggt gaagt at
ggt ccagacg
ggt t cat cag
acat t agaat
gct gt agaat
tcacgttt at
acaaaaaaca
t caaaaggt ¢
acaattttat
acaattatta
gtaatttgtg
gaat acggt t
aaagctttag
ccat ggggt g
aactacttaa
aaat caccaa
gact at gct t

caccaccacc

m sc_feature
(1510)..(1650)

tcccaattcc
accgtattcc
cagct gaaga
gtcgtgactg
aaat t acaga
gt gacgaagc
t cgct ggt ca
aacgtttcaa
ggaact accc
caacagt at t
gt aacgaagt
ctggtgctcce
ctacaggttc
t aggt ggt aa
ggacattatt
t agt acacga
ttaaaatttc
aat acgacaa
gtggtggttc
cagacattac
t aaaaacat t
t agct ggt gc
aagt aggt gc
gt gt aaaacg
acat t aaaca
ccggttaccce
at ccat acga

accat cacca

agct cgt caa
aattattaac
cgt agaagt a
ggctgcettta
aaaaaaagac
t gt att agac
agct gaagcet
at cacacgt a
attattaatg
aaaaccat ca
aggtttacca
aattgtatca
aaaaattatg
at caccagt a
cggtgtattc
at caat t gct
agacccattc
aat t at gaaa
acgt ccagaa
aacat caat g
caaaacagaa
tgtattctca
t gt at gggt a
ttcaggtttc
agt aacat ca
at acgacgt a
cgt accagac

cccaccaggt

0802WD1_ST25

ttattcattg
ccat caacag
gct gt agt ag
t ggt cacacc
cacttcgtaa
attgacgacg
ttagacgcta
ttacgtcaac
gacacat gga
gaat t agct t
ccaggt gt at
cacccagaca
gcttcagetg
attatgttcg
t ggacaaacg
gctgaattcg
gaagaaggt t
ttcatttcaa
cact t aaaaa
caaatttgga
gacgaagct a
aaagact t ag
aactgttcac
ggt cgt gaat
gacatttcag
cctgactatg
t acgct gaaa

taa

acggt gaatg
aagaaatt at
ctgct cgt aa
gt gct aaata
aattagaaac
tagct acat g
aacaaaaagc
caatt ggt gt
aaattgctcc
cagtaacatg
taaacatttt
t t gacaaagt
ct caatt agt
aagacattga
gtcaaatttg
t agaccgt at
gt cgtttagg
cagct aaat ¢
aaggttacta
aagaagaagt
ttgaattagc
aacgttgtga
aaccatgttt
t aggt gaat g
acgaaccatg
cttaccctta

acttatactt

Page 14

gcgt gaacca
t ggt gacat t
agctttcaaa
cttacgt gct
attagact ca
tttcgaatac
t ccagt aaca
agtaggttta
agct t t aget
tttagaattc
aacaggttta
agctttcaca
aaaaccagt a
catt gaaaca
ttcagct aca
ggt aaaat gg
t ccagt aatt
agaaggt gct
catt gaacca
attcggt cca
t aacgacaca
acgt gt aaca

cgt acacgct

gggt at t gaa
gggt t ggt ac

cgacgt acca

ccaaggt cac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1653



<210> 33

<211> 141
<212> DNA
<213> Art

<220>
<223>

<400> 33
accggttacc

ficial

cat acgacgt

Sequence

acct gact at

0802WD1_ST25

gcttaccctt

tat ccatacg acgtaccaga ctacgctgaa aacttat act

caccat cacc acccaccagg t

<210>
<211>
<212>
<213>

34
1647
DNA
Arti

<220>
<223>

<220>
<221>
<222>
<223>

m sc
(150
tag

<400> 34
at gat gt caa

att aaaaaaa
ccagct ggt t
cgt aacaaag
gctattgctg
t caggt aaac
tacttcgctg
at ggaacgt t
ccat ggaact
t gt acagct g
gt at gt aacg
gacgct ggt g
t cagct acag

gaattaggtg

gaat ggacaa

ficial

_feature

4)..(1644)

t gccaattcc
accgtattcc
cat cagaaga
gt cgt gaat g
ct aaagt aac
catt cgacga
gt caagct ga
t caaat caca
acccattatt
t at t aaaacc
aagt aggttt
ctccattagc
gtt caaaagt

gt aaat cacc

tgttcggttg

Sequence

at cacgt caa
aattattaac
cat t gaagt a
ggct gct aca
agaacgt aaa
agctgtatta
agct at ggac
cgt att acgt
aat ggct aca
atcagaatta
accaccaggt
t gct caccca
aat ggcttca
aattattgta
tttctggaca

ttattcattg
ccat caaacg
gctgtagetg
t caggtgctc
gaccact t cg
gacat t gacg
gct aaacaaa
caaccaattg
t ggaaaattg
gcttcaatta
gt attaaaca
gacgt agaca
gct gct caat
t t cgaagacg

aacggt caaa

acgacgt acc

t ccaaggt ca

codon optinized betai ne al dehyde dehydrogenase from B.

acggt gaatg
aagaaatt at
ctgctcgt cg
accgt gct cg
t aaaattaga
acgt agct ac
aagct ccagt
gt gt agt agg
ctccagettt
catgtttaga
tt gt aacagg
aagtagcttt
t agt aaaacc
tagacatt ga

tttgttcage

Page 15

3xHA tag linked to a 6xH S tag by a TEV protease site

agact at gct

ccaccaccac

gcgt gaacca
t ggt gacat t
tgctttaaaa
ttacttacgt
aacaatt gac
atgtttcgaa
aacattacca
tttaattaca
agct gct ggt
attcggt gaa
tttaggtcca
cacaggttca
agt aacatta
ccaagt agt a

tacat cacgt

vul garis

60
120
141

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900



ttattagtac
aacatt aaaa
ggt caat acg
ttatgtggtg
atttcagaca
t gt gt aaaaa
ggtttagett
tt agaat cag
ggtggtatta
ttaaacatta
ccaaccggt t
gct t at ccat
caccaccatc
<210>
<211>

<212>
<213>

35

<220>
<223>

<220>
<221>
<222>

<223> tag

<400> 35
at ggt accag

agt act agcg
ttagttcatt
cttgtaagtg
attacacctt
gcacgt ccac
tcttggggta
gttttagttt
att aagt caa
tttgagatta

tacgatttac

2541
DNA
Artificia

acgaat caat
tttcagaccc
acaaaatt at
gttcacgtcc
tttcaacatc
cattctcatc
cagctgt att
gtgctgtatg
aacgtt cagg
aacaagt aac
acccat acga
acgacgt acc

accacccacc

m sc_feature
(2458) .. (2538)

caggtgtatc
gcttaattcg
ctttaaaatc
aaat aaaagc
cagcttatga
aatttccaca
tt caat caca
tacttaaatg
accttgaatt
ttttccctag

cttacatcca

tgct gct gaa
att cgaagaa
gaaattcatt
agaacactta
aat gcaaat t
agaagacgaa
ct caaaagac
ggt aaact gt
tttcggt cgt
at cagacat t
cgt acct gac
agact acgct

aggttaa

Sequence

codon optinized E-alpha-b

agctgtgtca
t agaact gca
tccatatatt
t at gt t aaat
cactgcttgg
aacagt agat
ctttttactt
gaat gt t ggt
agt aaaagat
cttacttcgt

cttattacaa

0802WD1_ST25

ttcattgacc
ggttgtcgtt
t caacagct a
aaaaaaggt t
t ggcgt gaag
gctttagact
ttagaacgtt
t cacaaccat
gaattaggtg
t caaacgaac
tatgcttacc

gaaaactt at

abol ene synthase from

aaagtttctt
aat cct cacc
gat agt agct
ccagcaatta
gttgcacgtg
tggattttaa
t cagaccgt t
gatttacagg
gaaactgatc
gaggcccaaa

acaaaacgtc

gtttagtaaa
t aggt ccagt
aat cagaagg
acttcattga
aagtattcgg
t agct aacga
gt gaacgt gt
gtttcgtaca
aat ggggt at
catggggttg

ct tacgacgt

actt ccaagg

cattagtatg
ctaatgtatg
at cgt gaacg
ct ggagat gg
t accagcaat
agaat caat t
tattagctac
tt gagcaagg
aagattcttt
gtttacgttt
aggaacgt tt

Page 16

at ggacaaaa
aatttcaaaa
tgct acaat t
accaacaatt
tccagtatta
cacagaat ac
at caaaatta
cgct ccat gg
t gaaaact ac
gt acaaat ca
accagact at

t caccaccac

A. grandis

t gact t aagt

gggt t at gac
t gct gaagtg
t gaat caatg
t gat ggt agc
aaaagat ggt
t ctt aget gt
tattgagttt
agt gact gat
aggt cttcca

agcaaaatta

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1647

60
120
180
240
300
360
420
480
540
600
660



agccgt gaag
gatattgttg
t ct ccagcat
cttaacagtg
ttagaacgtt
aaagaaatta
t ggggt cgt t
cgtttacacc
aaattcattt
cgt gcat cac
accaaat act
cagaatttaa
cgt gt t gaag
tgtgtataca
tttaacatca
gat t ct ggct
gttgctgetg
gettgtcttc
aaacttttta
t at at gaaat
gaaaaagaac
ttaggt t act
tacatt aaaa
attatggatg
cgtgttttaa
aaagcagaaa
cctgaatgta
aaagaattaa
ttattcgaag
tctaagttag

accggt gaaa

aaat at atgc
agt gggaacg
caaccgcatg
taatgattaa
t act t at agt
aagaagcat t
t aaat ccaat
gttat aat gt
gt agcact gg
aatt agcat t
t acgt gaagc
gt caagaaat
caaaacgtta
aattaccata
t t caat caat
taccattatt
gtacttatga
aaacagt at t
ccgaggct gt
tatgttatca
aaggt agaga
at gaagaagc
acggtattac
gccaactttt
ctgagttaaa
aagct cgt gg
cagaagaaga
ctcgtgaatt
aaact cgt gt
aagt t aaaga

acttatactt

agt t ccaagt
tattat ggaa
tgtttttatg
gtttggt aat
agat aat at a
agattatgta
tgctgactta
at ct ccagca
tcagttt aat
cccaggcgaa
cct t gaaaaa
caagt atgca
tt gt caagt t
cgt t aacaac
t cat caagaa
tactttcget
acct caat at
agacgat at g
gcgtcgttgg
aatctatt at
attagtgtca
agaatggtta
at caat cggc
at cacaagaa
ctcacttatt
agaat t agcc
agcct t agac
tcttaaacca
t acaat ggt g
t cacat caaa

t caaggct ca

0802WD1_ST25

ccacttttat
gtacaatctc
cat acaggtg
tttgtaccat
gttcgtcttg
t at cgccat t
gaaacaact g
atctttgata
aaggat gt gg
aacattttag
t ct gaaactt
tt aaaaactt
tatcgtcctg
gaaaaat t ct
gaaat gaaaa
cgcgaacgt ¢
gctaaatgtc
t acgat act t
gatttatctt
gacatcgttc
ttcttcegta
gcagcagaat
caacgt at ct
gcat t agaaa
agccgtttag
t catcaattg
cacatttatt
gacgacgttc
atctttaaag

gaat gcttaa

gatggcgat g

attctttaga
aggat ggat ¢
acgct aagtg
gcctttatcce
gtatttaccg
ggaat gaacg
ctttaggttt
atttcaaaga
cttcaatgtt
at gaagct aa
catcagcttg
cat ggcacgc
attacgct cg
t agaat t agg
at gt gacaag
ctttagaatt
gtttcttatt
acggtacttt
tt acagaaaa
at gaagt ggc
aaggct ggga
acgttccaac
tattactttc
aagttgatta
ct gacgacac
aat gct acat
ctattcttga
catttgettg
at ggt gat gg
ttgaaccatt

gaagtgatta

Page 17

gggt att caa
atttttaagt
tttagaattt
tgtagattta
tcacttcgaa
t ggt at t ggt
tcgtttatta
t gccaat ggc
aaacttatac
atcttttgee
gaacaat aaa
ttctgtacca
tattgctaag
t aaat t agat
ttggtttcgt
ttacttctta
cacaaaagt a
agacgaatta
tttacctgac
t t gggaagct
agactactta
att agat gaa
aggtgtgtta
ccct ggt cgt
t aaaact t at
gaaagat cat
accagccgt a
t aaaaagat g
ttttggtgta
accat t aggt

caaagat gat

720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520



gat gat aaag gaaccggtta a

<210> 36

<211> 542

<212> DNA

<213> Artificial Sequence
<220>
<223>

<400> 36
tcgttgagta gtttttcaga ttaattgcta

aaatttcaaa aatgtcaatt tttagtctaa

ttttttttaa atttttcaat aaaaacaaaa

aaaaattcat aaat aaatca ccaaaaaatt

atttgaatta aaaatttaat tatttaaaat

gtttttatta aacttaagtt ttcaaatcat

taaattatta atctttaaaa tttcaaatct
tttgtttgaa ttttttttta agtttgaaaa

tttgaattgt ataaaaatta aaatgaaaag

aa

<210> 37

<211> 559

<212> DNA

<213> Scenedesnus di nmor phus

<400> 37

atttaatctg aaaaacacaa acttttcatt

agtttattta attttataaa gttttcaaac

gtttataatt tcaagtgtta aagatttgaa

aaaatattaa ctattaaatt tatgatttga

aattcaaata tataaataaa aattttaaat

gaaat caaat attaaaaaat aaattttttg

atgtattctt taataatata tttttgtttt

aaaaacatcg aataatattt tttagactaa

ttttaattaa caagagttca attgaattca
taaattttta tttttttat
<210> 38

<211> 716
<212> DNA

0802WD1_ST25

t gcaacccat
aaaat at t at
atatattatt
tattttttaa
ttttatttat
aaatttaata
ttaacacttg
ctttataaaa

tttgtgtttt

ttaattttta
tt aaaaaaaa
attttaaaga
aaact t aagt
aattaaattt
gtgatttatt
t att gaaaaa
aaat t gacat

t gaaaaat ct

modi fi ed endogenous prompter fromthe psbA gene

gt gaatt aaa
tcgatgtttt
aaagaat aca
tatttgattt
atatttgaat
gttaatattt
aaatt at aaa
tt aaat aaac

tcagattaaa

tacaattcaa
at t caaacaa
ttaataattt
tt aat aaaaa
ttaattcaaa
tatgaatttt
tttaaaaaaa
ttttgaaatt
tttaaagatt

Page 18

of S. dinorphus

aat at aacat
tttatgacaa
t aaaaaaat ¢
caatattttt
ttatacttca
ttttaaactc
cttcattgtt
t aaat agaat

t gt agcaacc

aattctattt
aaacaat gaa
agagttt aaa
ct gaagt at a
t aaaaat at t
tgattttttt
attgtcataa
tatgttat at
cggagaat tt

2541

60
120
180
240
300
360
420
480
540
542

60
120
180
240
300
360
420
480
540
559



<213>

<220>
<223>

<400> 38
ttaaattact

tttgaattgt
tcatttttat
ggagcggact
aat at aat aa
agttgtattt
taaatttttt
ttttttttca
agattttttt
aaccaaacat
ttttgttttt

aattaaaaaa

<210> 39
<211> 550
<212> DNA
<213>

<400> 39
aacttttgtt

ttgtcttaag

Artificia

ttatttatgg
gtgttttttt
tattttatca
aaattttttt
t aaaatttga
ttttatgttt
ttcatttttt
gtttttttta
aacagaaaaa
ttatttaatt
ctttttttte

tattgtttaa

ttcattttat
tttttctett

Sequence

aaaaat gt at
cttttctaaa
t aaat ct aga
t aaacaat at
aaaaaaagaa
ttattttttt
tcacattttc
agaaact gaa
agtttctttt
cat aaagaga
aatttttatt

aaaaaaattt

Scenedesnus di norphus

tt aaaaaaga

tttttt cagt

aacttaagac gat aatatga taaagaaaat

tttgtacttt

gaggaaagct

tttcaaaact

tttatttttt

tt caaaaaaa

gtttttettt

aaaaaaaatg ttttcaatta aaaaatattg

tattttaaaa
tgtctttttt
gaaat cgaaa

tcattaattt

<210> 40
<211> 597
<212> DNA
<213>

attctagatt
cttttagaaa

aaat acattt

t at gat aaaa
dgaaaaaaac

ttccat aaat

Scenedesnus di norphus

0802WD1_ST25

tttttcgatt
agaaaaaaga
atttttaaaa
tttttaattg
aaacaaaaaa
t gaaagt ttt
tttatcatat
aaaaaagaga
t t aaat aaaa
gtacaactta
aatatatttt

aat cccgctc

aacttttttc
ttcttaaaaa
gt gaaaaaaa
at aaaaacat
tttttcaaat
tttaaaaaaa
t aat aaaaat
acacaattca

aaagtaatta

tctagagt t t
caat t gaaag
tattttttat
aaaacatttt
t aaaagct tt
gaaaaaagt a
tatcgtctta
aaaact t aag
t gaaaacaaa
agcagaggaa
gaagaaaaaa

cgcggt aaac

t gt t aaaaaa
aaact gaaaa
t gaaaaaaaa
aaaaaaat ac
tttattatta
atttagaaaa
gaagaaacaa
aaaagt gt aa

agt aaacaaa

Page 19

nmodi f i ed endogenous promoter for the psbB gene of S. di norphus

ttttacactt
tcttgtttoct

tttttaccge
ttttcttcaa
cctctgetta
o] aaaaaagt 1

agtttttttc
acaat aaaaa
agt t gt aggc
agcttttatt

aatgtttttc

agt aaa

atctttttta
aaaagaaaaa
tttaaacttt
aact t aagca
tattttgaag
aaat aaaaaa
gact ttcaat
aaaaact cta

aattcttttt

60
120
180
240
300
360
420
480
540
600
660
716

60
120
180
240
300
360
420
480
540
550



<400> 40
tttttgaatt

tgatttacaa
t gat gaaaaa
t at aat acaa
aaaccagcgt
caaaaatttt
cogttttttat
gtgagttttt
tttttttatt
tatt aaaaaa
<210> 41

<211> 587
<212> DNA
<213> Art

<220>

<223> nod

<400> 41
tt aaaccaat

ttgaacttaa
ttttggtttt
aaaaaatttt
tacttttatg
agcaaacagt

at gacct at t

agat aaat ga
aaacaat aga
t agacat gaa
aaaaagaat t
ggct ttacgg
taaagttttt
ttattcaaaa
tattcaaata
tttttcataa

tttttacgta

ficial

gtgttctcaa
aaaaagaaaa

caaaaaattt

ttt ggaaagg

t caccgggag
tgtttatttt

attctgtttt
t t agaaaaag
ttt aaaaaat

cagat gaat t

Sequence

0802WD1_ST25

ttttttttte
caatattttc
t gaaagt tga
t ggcagagt g
ttcgaat ccc
gt at agat aa
tttgaaaaga
tttttgaaaa
tatgttataa

ctat aaaatt

fied endogenous pronoter for the

tttccaagta
aat aaaattt
atttatttct
atttaaagaa
ctttttttca

t aaattgaca

gctt gt aagg

atttatattt tataatagaa

ctatcttttt tggttggggg

<210>
<211>
<212>
<213>

42
492
DNA

<400> 42

t aaagaagtt gttagatttt

actttacttt
tt aacaaaat
ttttttttac
tggtttttta
aaaaaagcag
ctttttaaaa
caat cact ct
t at aaaat ct

t aagt gaaaa

Scenedesnus di norphus

atattctatt

taactcagtt ggtagagtga ttgccttaca

ggcct ataaa tacttttaaa aagtgtcaat

cttttttget ttgctgettt

ttttaaaaaa

at caaaaat t
ttattttaaa
aaacaaaaat
atattttgct
caaagcaaaa
gtatttatag
accaact gag

aacaacttct

aggaaat ggt

at aaaat ata
agcaat aggt
ttaaccgcett

aagcat aaaa

tttgcatttt
tttctaaaaa
cttttttaaa
gt t gaat gct
tccetttceg
aaaat ctgca
aaat aaaaaa
atttaaaaaa
tttaaattac

attttggaga

tuf A gene of S. dinorphus

aaaaaatt aa
aaaaagaaaa
ttttttaaac
cat gacaaat
aagtt at aaa
gcccaaccgg
tt at gggcct
ttatcctcct

t gct cgcaac

aataatattt
catcggttca
gctccat aca

gt agt aaaaa

Page 20

ttgtttgtgt
aaaacaaaat
aaatttttgg
ctggttttga
at aat at at a
at aaaaattt
aat gccaaaa
at dgaaaaaa
aaat aggttt

t caccat

aaaactttta
aattttttta
agaat aat aa
gattttttac
aagt gt at gg
actt gaaccg
aaaaaat at t
cttttctcac

gaaaccc

tttaggccca
agtccggttg
ctttttataa

atcatttgtc

60
120
180
240
300
360
420
480
540
597

60
120
180
240
300
360
420
480
537

60
120
180
240



0802WD1_ST25

atgagcaaaa tattaaaaaa ccattcttta aataaaattt

tttttattat

tctgtttaaa

aaaatttttg tttgtaaaaa aaaagaaata aataaaacca aaataaaaaa attttttctt

ttttttaaaa taaattttgt

taaaaatttt

attttaagtt

tttaattttt gataaagtaa agttacttgg aaaattggtt

ttatttattc at

<210> 43

<211> 557

<212> DNA

<213> Artificial
<220>

<223>

<400> 43

cttgtttttt tttctaaatt
ttagagagca agttttactt
ccttttttta ttaaaaaaca
aagttttcta aacttaactg
ctagtgactt tccgegtatg
tcatatatta tacaaaattt
ttttgattat ttttgtttgt
ttactttttt cctgcttcca

gttgtcaaat ttttccttte

gt gagct cgg aaaaaaa

<210> 44
<211> b32
<212> DNA
<213>

<400> 44
cgagctcaca tttattttca

ttgacaactt tcaaaaaaag
aaaagt aaaa aaaaagagaa
aat caaaaaa ttctaaaatt
at at at gata ttaagcctgce
gtcact agtt cgaat ct agt
aacaaat gaa t aaaaagaaa

t aagacaaag tgtaatttga

Sequence

caat aaaagt

t at acagaaa

tacctttaac ttgaaagatc taaaatgaca

ttgttgtcta
aaattttttt
at aatt caag
aaacggat gc
ttttcaacaa
ttgaatattc
aat act aaaa

aaaaaattat

Scenedesnus di norphus

aaaat agccc
agtttttcta
aaactttatt
cgaaaaaaaa
ttagct cagt
agcaggcat a
caaaat aaaa

gttttttaga

aaaaact caa
attttgtttc
aaaaaaaat a
t ct ggccaac
aaacaagttt
caaacaaaaa
aagtttaata

ttttttgttg

aacaaaaaat
ttaaactttt
tttgtttgga
acttgttttt
t ggccagagc
tttttttett
aaattttgtt

caacaaaagt

attacacttt
tttttattca
t gcct get ac
t gagct aagc
ttttttcgaa
taaagttttt
gaaaaact ct

ggctattttt

aattttttga
ttagtatttg
at att caaac
gt t gaaaaaa
atccgtttca
gaatt at cag
ttttaataaa

aaaacttgtt

Page 21

tttttaattt

aaatt at aaa

nmodi f i ed endogenous prompter of the rpoA of S. dinorphus

aaaatttttt
gt ctt aagaa
tttgaaaaaa
t agatt cgaa
aggcttaata
ttttagaatt
ctettttttt
ttttttgaaa

gaaaat aaat

aaggaaaaat
gaagcaggaa
aaacaaaaat
attttgtata
t acgcggaaa
ttaagtttag
aaaaggt t ct

ctct aaaaaa

300
360
420
480
492

60
120
180
240
300
360
420
480
540
557

60
120
180
240
300
360
420
480



aatttttgtc attttagatc tttcaagtta

<210>
<211>
<212>
<213>

<400>

aaaagaaatt tttttttatt

45
483
DNA

Scenedesnus di norphus

45

cctttatttt

tcaatacagt ttttttgcta ttgcttttte

aagcgt aaaa gt gaaaaaaa aagtttgtaa
ttttatacag taaaaatttt

aaaaaaat gt

ttgtttttta

ctttgttgaa tgcaaatttt

atttttggtt taaattcaaa atttttaaat

tttaaaactt taaagggagt
cgtcctatga attctgattt

gga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

agt agaaaaa at gat gt act
tttattttgt ttttactttt
tttactgett tttttcttct
tttttcttct tcattttttg
aaat gat aaa aagcgt aaaa
aaagcgt aaa agt aaaaaag
agt gct aaaa agcgt aagt a
aatttttatt tttgtttttt
aaaattgtga gttttaaaaa
aaagaaattt taaatttatt

aact attgaa aaaaagccta

46

669

DNA
Artificia

nmodi f i ed endogenous promoter of the ftsH gene in S dinorphus

46

cCaacaaac

ttgttctgga

ttt aaaaaat

Sequence

t gt at aaat a
tttcattttt
ttacttttac
ctttgetget
t gat aaaaag
aaaaaaagca
aacaaaaaaa
t at aaaaat t
aacgaaaaag
aatttttcaa

ct at cggagt

0802WD1_ST25

aaggt aaat t

tttgtattce
tcactttttt
ddacCaadadaaaa
aatatttatt
tttgaacaaa
tcatctacag
aaaagaaata

aatagttcta

aaaaat aat t
ttgctttgcet
gctttttatc
ttttttcttc
cgt aaaat ga
gcaaagt aaa
gcaaaagaca
ttaacaagtt
ttcaaaaatt
at aact aata

t gaaccgat a

t agaaaaaaa

aaaaaat at t
gctttgetge
tt gaaaaaaa
t aaat t caac
caacaattca
aaaattcttc
tactttgcaa

ttccttctca

atttatacaa
gttttttatg
acttttttga
ttcatttttt
t aaaaagcgt
aaagt gat aa
aaaaaaagtt
ttattttcta
tttttttgat
aattttgttc

accttcgatt

Page 22

aa

ttgtttttct
tttttttttt
aagattgatt
tcaatttcaa
aaat aaaaca
cat gagt att
aagt acacct

daaacaaaaa

aaaatttttt
aattttttac
tttgetgett
gctttgcaaa
aaaat gat aa
aaagtttaaa
tt caaaaaaa
aat aaaacaa
ggacaaaaag
aacaggagag

t agct agcaa

532

60
120
180
240
300
360
420
480
483

60
120
180
240
300
360
420
480
540
600
660
669



<210> 47
<211> 557
<212> DNA
<213>

<400> 47
ctgtttcaca

ttgctttaca
attgtgtaca
aatagaacta
gattttttag
gcaggagcag
ctctatcctg
tattacttta

ttttaaat at

acgtttgcat

accattccat

Scenedesnus di norphus

ccaacgcaat

ggaaccattt

0802WD1_ST25

cttcagt acg

ctaaaacatc

accaatacaa gtatcataaa tttttacaat

tt caaaagaa gattgagaat ttcaaaaaag

aaattttact

at aaaaaagt

aaaaaaaaat

gatttgaacc tgcgacattg ggattatgag

cgttttttgt

ttt aaaaagt

tttattcgta

ttgattttta tttgtcaaat ttttttttgt

agaaaaaatt

t aaaaaaaaa aaatgaa
<210> 48

<211> 580

<212> DNA

<213> Artificial
<220>

<223>

<400> 48
tttttttggg

aaaaaaat ac
aaaaattaaa
aaatttttct
aaaaacaaat
gaaaaaaaat
aaactt aaaa
ttaaactatt
tttttatttt

ttttatagga

<210> 49
<211> 555
<212> DNA
<213>

<400> 49

gttggttacg

aaaat aaaaa
acccaatttt
agtatttttt
agat gaaaat
ttagtttact
atttgct aaa
tttttatgtt
tttcaatttc

t cgacaaaat

tttttttatg

Sequence

gtttttttta
aaact aaaat
ttttttggaa
tcatattttg
ttagaaaaat
tgttccccaa
gttttgaatt
aaaaaaatag
tttttttttt
gttctatgaa

Scenedesnus di norphus

at aat at aaa

cttttgcttt
gaaaaaacaa
acttttccaa
aaactttttt
t at aaaccaa
gagcaagt gg
tatgttaaaa
tttttattat
ttcaaagaaa

ctttaaaaaa

t ggt gct gaa
t aat ggacaa
at gt gacat t
aattttttta
attaaatttt
ccccacgagce
aaaaaaat tt
ttgaattttt

actacagttt

ttttgetttt
agaat t ct aa
at aat aaaaa
tgagtttata
t aaaaat gaa
taactttgaa
ttttaaaaaa
tttctataat

aaagttttcc

Page 23

gccattt gat
gcacgt acac
ttttattttt
cat gaaaaac
gtagtttttt
t accagact g
cttttatata
atttcaaatt

gaatt at aaa

nmodi f i ed endogenous promoter of the rbcL gene in S dinorphus

gtt caaagaa
aatt cat aaa
aat caaaaaa
aaaaaat aga
gttttgegta
aaaaatattt
at aaaaattt
atagtttagt
acggat agat

60
120
180
240
300
360
420
480
540
557

60
120
180
240
300
360
420
480
540
580



gotttttttt
aaaact aaaa
tttttttgga
ttcatatttt
Tttt agaaaaa
ttgttcccca
agttttgaat
t aaaaaaat a
ctittttttt

gttctatgaa

<210> 50
<211> b32
<212> DNA
<213> Art
<220>
<223> nod
<400> 50

cccagtcttce
ccatttctaa
cataaatttt
gagaatttca

aaaaaagt aa

cgacat t ggg

acttttgett
1 gaaaaaaca
aacttttcca
gaaacttttt
tt at aaacca
agagcaagtg
ttatgttaaa
gtttttatta
it caaagaaa

ctttt

ficial

aagaattcta
aat aat aaaa
ttgagtttat
at aaaaat ga
gtaactttga
atttaaaaaa
ttttctataa

aaagttttcc

Sequence

0802WD1_ST25
tttttgcttt tgttcaaaga aaaaaaaata

aaattcataa
aaat caaaaa
aaaaaaat ag
agttttgegt
aaaaaat at t
aat aaaaat t
tatagtttag
acggat agat

fied endogenous pronoter for the

agt acgt ggt
aacat ct aat
t acaat at gt
aaaaagaat t
aaaaaaat at

att at gagcc

t aaaaagttt tattcgtaaa

tgtcaaattt ttttttgttt

tttttatgat

<210> 51
<211> 615
<212> DNA
<213>

<400> 51

aat at aaaac

t aaaccgaag gttat cgggt

gct gaagcca
ggacaagcac
gacatttttt
tttttttaca
taaattttgt
ccacgagct a
aaaaat ttct
gaatttttat
tacagtttga

Scenedesnus di norphus

caact ccgat

tgaacaaaat ttattagtta tttgacaaaa

cat caaaaaa aaaatttttg aactttttcg

ttagaaaata aaacttgtta aaatttttat

tttgatttgce
gtacacattg
atttttaata
t gaaaaacga
agttttttge
ccagact gct
tttatatata
ttcaaatttt

attataaata

agt aggcttt
ttaataaatt
tttttttaaa

daaaaaacaa

aaaaaattaa
aaaatttttc
daaaaacaaa
dgaaaaaaaa
taaacttaaa
tttaaact at
ttttttattt

ttttatagga

chl B gene from S. di morphus

tttacaacca
t gt acaacca
gaact att ca
ttttttagaa
aggagcagga
ct at cct geg
ttactttatt
t t aaat at ag

dadaaaaaaa

ttttcaat ag
taaaattctt
act cacaatt

aaat aaaaat

Page 24

caaaat aaaa
aacccaattt
tagtattttt
t agat gaaaa
tttagtttac
aatttgctaa
ttttttatgt
ttttcaattt

t cgacaaaat

ttccat ggaa
at acaagt at
aaagaagat t
attttactat
tttgaacctg
ttttttgttt
gatttttatt
agaaaatttt

at

ttctetectg
tcettttgte
ttttgtttta
ttttttttga

60
120
180
240
300
360
420
480
540
555

60
120
180
240
300
360
420
480
532

60
120
180
240



aaactttttt ttgtcttttg

tttatcactt ttttactttg

tacgettttt
aaaat gaaga
agaaaaaaag

agt aaaaaca

acatcatttt
<210> b2
<211> 533
<212> DNA
<213> Art
<220>
<223> nod
<400> b2

t gcacaaaag
ttaaaattca
taattcgtcg
aaggat aat t
gaaaagt gca
ttttatgata
agagaagt t t
tttttetttt

ar aaat ggag

<210> b3
<211> 521
<212> DNA
<213>
<400> 53

atcattttac
agaaaaaaag
cagt aaagt a
aaat aaaaaa

ttcta

ficial

fied endogenous pronoter of the petA gene in S. dinorphus

aaat caaat g
ttttatgaaa
aaaaggt aca
ttttttaatg
gaactttttt
taattctatt
aaattt agac
ttttgeattg

aaagat aaaa

acaaaagaaa tcaaatgttt

aaattcattt tatgaaagtt

0802WD1_ST25
ctttttttgt ttacttacge tttttagcac ttttaaattt

ctgetttttt tcttcectttac ttttacgett

tttatcattt

gctttgcaaa aaat gaagaa gaaaaaaagc agcaaagcaa

cagcaaatca
aaaaattcat

aaattttttg

Sequence

ttttcaaatc
gttcgttctt
gtaatggtta
gaagaaat gt
tttgat caaa
t cagagaaga
ct aaaggt ag
cgaaaaaaaa

gtttttaact

Scenedesnus di norphus

t caaat cgt g

cgttcttcag

ttcgtcgaaa aggtacagta atggttattt

gataattttt tttaatggaa gaaatgtttt

aagtgcagaa cttttttttt

gat caaaaaa

tat gat agaa ttctatttca gagaagaaaa

aaaaagt gat

aaaaagcgt a

aaagt aaaga

aaaaaacagc aaagcaaaaa aatgaaaaaa

t at aaat aat

gt gcaaacat
cagtt aaaaa
tttgtacaaa
tttttacttc
aaaaagat ac
aaaaaaaat t
atttccataa
aagaaaaaag

ttttttgaac

caaacat caa
tt aaaaaaat
gt acaaat cc
ttacttcttc
aagat acaaa

aagaatttaa

gaagtttaaa tttagaccta aaggtagatt tccataaatt

tattttttat

caaatt gcac
aatttgtact
t cct aaacat
ttccattaaa
aaaaaatttt
t aaacaaaac
attcattttt
caaaaagt ca

aatt ccat gg

attgcacaaa
ttgtactaaa
t aaacat aaa
catt aaaaaa
aaattttttt
acaaaacaaa

catttttctc

Page 25

tt at acaagt

aaaat aattt
aaat gt cgtt
aaacaacgtc
aaagaaaaaa
tttgttttaa
aaaaaaat ac
ctcatttgtt
ttttaaagag

999

ataattttta
tgtcgtttaa
caacgt caag
gaaaaaagaa
gttttaattt
aaaat acaga

atttgttttt

300
360
420
480
540
600
615

60
120
180
240
300
360
420
480
533

60
120
180
240
300
360
420



at ggagaaag at aaaagttt

<210> b4

<211> 503

<212> DNA

<213> Artificial
<220>

<223>

<400> b4
aagaaagttt

aaaaaaattt
tgttttgtaa aaaaaaaatt
ttctgaaaaa aaaagttttt
attattttgt tacaaacgac
cacttatctt tttaaagtca
t aaaaaacaa aaaagcaaaa

attttaaaat ttatgaaaaa

aaacttcttt cttttgtaac
tttgtaaaca ddacCaaaaaa
<210> b5

<211> 513

<212> DNA

<213>

<400> 55
aaaaacaat t

aaaagt gctc
tttttttaga taatttttgt
aat t gaaacc aaaaattttt
tttattgttt tttetttttt
agt gagaaat agaaaat gaa
taatttttat tttgtagacc
agaaaacaaa aaat aaaaaa
acaaaattga aaaaatttgt

ttaatggtat tataaaaaat

<210> 56

<211> b37

<212> DNA

<213> Artificial

ttaacttttt

Sequence

acat aagaag
tegtttttta
t cagaaaaca
caat gttt at
aaagaaaat t
aaaattcttt
t gt acaccat
aaaaggcaat

aaa

Scenedesnus di norphus

gaat t at ggg

aaattttaga
aaacaaaaat
ttactttcat
aaaaacaaaa
tttaattttc
aaacat agaa
ttttgaatct
tttctttttc

Sequence

0802WD1_ST25
ttcttttttt tgcattgcaa aaaaaaaaga aaaaagcaaa aagtcatttt

tt gaacaat t

nmodi f i ed endogenous pronoter for the

aagat acaaa
gaatttct at
agaagaaaat
tattttttgt
t agaat gaaa
gcaatttttg
aagt ct aaaa

aagcccat aa

cttattgect
cttatggt gt
t gcaaagaat
tctaaatttt
aat aat aaac
ttettgtttt
attctaaaaa
tattcctatg
t at

C

pet B gene from S. di norphus

aacaaatt at
gttttttttt
t aaaggtcta
ttttttcatt
gt aaaaaaaa
tttaaaaatt
tttacaaaaa

tt cgagcact

tttgttacaa
acatttttca
tttttttget
cttttgactt
att ggt cgt t
ctgaaaaaac
acaaattttt

aattttttta

Page 26

aaagagaaaa

tttcaatttt
attttttgtt
caaaat aaaa
ttctatttoct
gaaaaaacaa
tttggtttca
ttatctaaaa

tttaattgtt

aagaaagaag
taaattttaa
tttttgtttt
t aaaaagat a
t gt aacaaaa
ttttttttte
tttttacaaa

actttttcgt

480
521

60
120
180
240
300
360
420
480
503

60
120
180
240
300
360
420
480
513



<220>
<223>

di mor phus

<400> 56
tttttaaaat

aacacaaat t
gcagcaaagc
aaaaaaaaca
attttttaaa
aaagaatttt
tttgttaata

agcat gggcc
acgttggttc

<210> 57
<211> 538
<212> DNA
<213>

<400> 57

acttcctctt
gtttattttt
aaaaaaacaa
aaatttttca
aatatttttt
aaaaaaat ag
taatctttag
gat gcccgag

gaat ccgact

t aaaggggaa
gtttttcatt
aaaaaact aa
aaaaaattta
aatatgtttt
aagagttttt
t at aat t cat

t ggt t aat gg

cggcccaaaa

Scenedesnus di norphus

ttttttttta aaatacttcc tctttaaagg

t aaaaacaca

aattgtttat

ttttgttttt

dagaagcagca aagcCaaaaaa acaaaaaaaa

gaat aaaaaa

aaaaattttt

aacaaaattt

t aaaaat at t

tt caaaaaaa

ttttaatatg

aaacaaagaa ttttaaaaaa atagaagagt

attttttgtt

aat at aat ct

ttagt at aat

aaaaaagcat gggccgatgec ccgagt ggtt

cgcctacgtt ggttcgaatc cgactcggec

<210> 58
<211> 669
<212> DNA
<213>

<400> 58

Scenedesnus di norphus

ctagatttta ttttttatga aaaact cagg

ttgaagctct gaaattttaa aatttctagt

aaatttcttc

tgttttcttce

t ct gct gt gt
tttgtttttt

ttttettttt
tatttctttt

0802WD1_ST25

gtattttttt
ttcatttatt
aaaaatttgt
taaaattatt
ttttttaaat
aat t aaaaaa
gcaaaat aaa

gggcggattg

atacaaaata

ggaagtattt
cattttcatt
ct aaaaaaat
tttataaaat
tttttttttt
ttttaattaa
t cat gcaaaa

aat gggggcg

caaaaat aca

cttaatttag
cttctttaat
ttttgaaaaa

tgttttgttt

cttgatttta
tattgataaa
tttgttcatt
gtaagttttc
t gaaaaaaaa
aat t gaaat t
t gacaaat ga
t aaat ccgct

cattgtttga

ttttcttgat
tatttattga
ttgttttgtt
tattgtaagt
aaatt gaaaa
aaaaaatt ga
t aaat gat ca
gat t gt aaat

aaatacattg

gcttgagttt
gtttttaaat
acaaagaaaa

attttttagt

Page 27

modi f i ed endogenous terminator region for the rbcL gene fromS.

gaact ct aaa
aacaaaagaa
t caat agaat
aat acaaaaa
aatt caaaac
t caaaaattt
gt caaaaaaa
ggt t acgcect

aagact a

tttagaactc
t aaaaacaaa
catttcaata
tttcaataca
aaaaaattca
aatttcaaaa
aat gagt caa
ccgetggtta
tttgaaag

ttcattcttt
tttaaaaaat
aaaatttttt

tt cagaat ct

60
120
180
240
300
360
420
480
537

60
120
180
240
300
360
420
480
538

60
120
180
240



ttgattcaaa
ct gt aat aaa
aaaaatt gaa
ctttttcagg
gtgttgettt

aaaaaattta gtccgattac

aaat aaaaca aaaattttat
aaatt caagc aaaacaaaaa
agttgaaatt tctcctttac
ttttgctact ttttgtttce
cct aaaat ct

t aaaaaaaaa

ttgatgtgecg tttttgttaa
gtttttattt tttttattca
aaaaactag

<210> 59

<211> 597

<212> DNA

<213>

<400> 59
aatttccatt

t t caaaaaag
ttttttttgt
aaaaat caac
cttttcattt
t gaagaagaa
aaagcaagag
ctttaaaaat

t cacaacatt

Scenedesnus di norphus

tttttcattt ttttttagaa
aaaaatacaa tttttctcta
gcttcgtttt tgaaaaaaac
tcaatacatt ttttttgaac
ttatcatttt ttgcttcget
aaaaagcgt a aaat gaaaaa
aagat aaaaa acaagaacaa
tttttgattt tttatagaat

at aaat agaa aaaatcttgt

ttcaatttta aataagatct

tttggagctg

Sequence

<210> 60

<211> 12

<212> DNA

<213> Artificia

<220>

<223> nucleic acid |linker

<400> 60
gaggcagat ¢ aa

Sequence

<210> 61

<211> 12

<212> DNA

<213> Artificia

<220>

<223> nucleic acid |linker

0802WD1_ST25

t ccat aggag
ttetttttgt
gaaacaaat a
tt aaaacat a
aagcattttt
t gaaaagat t

caat acat aa

aagttgtatt
cttttttttg
tttttatttg
ttctttttac
gctttttatc
gaaaaaaagt
aaaaattgtt
t t gt gagaaa
tttgtaaaaa

aaaaaatatg

caagcagt aa
tttgcttgaa
aaaaattt at
ttttgctaaa
tcgaatattt
tactctttte

aaat aaagta

tttcttgatg
attctttact
aaaaattttg
ttttttgett
attttttgcet
tt caaagaaa
caaaaacaca
t agt aaaaaa
tttataattt

agaaat agt t

Page 28

aaaat aaaaa
cttttcaaaa
gaattttcta
aaaagcgctt
ttttttgatt
aaatttttat

tttcggette

aaat gaaaat
tttttttgaa
ttgaatt aaa
tgttgetttt
ttgcaaaaaa
aaaaagcgaa
at agaaaat t
agt caaaaaa
tttatattat

t ggacaa

300
360
420
480
540
600
660
669

60
120
180
240
300
360
420
480
540
597

12



<400>

61

gaggt aatac tt

<210>
<211>
<212>
<213>

<400>

gt at acgaaa cctttaaggt taaagagata
ttaaattttt caaataaaaa aaaagataca
ctgtatccta tacttaataa gtataaatta
ataaactgtg tttttatttt
tttatacata gtgttttttc tttttttttt
ttggttttgt aaaccaaagg ttgcgggttc
gatattttat attttaaaaa tatcttttta
t aaaaat aaa aaaagctata cttataaatg

atgatgaatt ataaaaatta ttatggagat

<210>
<211>
<212>
<213>

<400>

ctctagctag gacatctccc tttcacggag
aaaaaaaaat agtatatata taggtattta
ttactaaata atctaatttg
cccacaggtt tataataact
atttaaagtg cttagaaata
tgaaagttca gtttcaatta
agtctaatta tgaattaata

t aaaaaaggc taaaattaaa

62

514

DNA

Dunaliella tertiolecta

62

63

491

DNA

Dunaliella tertiolecta

63

aat gat aaac a

<210>
<211>
<212>
<213>

<400>

ttttttcttt taggcgggtc cgaagtcctt

64

495

DNA

Dunaliella tertiolecta

64

atttaat gat

aattaaaata
attattttat
attaattatt
t aaaaat att
daaaaaaaaa

t at act cgaa

0802WD1_ST25

t atgttaaat taaacataaa
gagggtacta atatttaata
t aat at agat taat aaat ct
tttctctact aaatattaaa
ttaagcctgt ttaactcaat
gattcctgta gcaggct act
aaat aaaaaa aaaatttttt
caat aaaggt taaaaaaaaa

gcac

gaaacaggga ttcgaattcc
tacatttttc aataaatatt
aattgaatgt ataattctat
ttgaattatt tttttgaagt
aataacatct gttttttttt
atttatataa tattcagaat
aaat aaattc at caaaagta

aaattggctt atatataaaa

aggcttattc gaaggaaaaa

Page 29

cgaaaagact
ttatgacctt
attcaagtta
tatgttatta
cggt agagt a
aattttttaa
aaat cgattt

att aaacgat

cttgggggt a
t gat t gagag
gtttcget ct
atatttcctt
tacttatttt
aaaaattatg
tatt aaaaaa

at at att aat

cgagaaaaat

12

60
120
180
240
300
360
420
480
514

60
120
180
240
300
360
420
480
491

60



ttacgtagta aattttcttt
taataattct ttagtattac
atagattttg cttatgtgtt
tttattaaga tttttttaaa
acgttgtata ttttttattt

gct ggecct g
ttttaggtta

t at ct at aga
caaaaaaaaa

taagttttgg

aattttttta ccgcttaggce

at aaagatcc

tct cacgcac ccacc

<210>
<211>
<212>
<213>

<400>

ttctaatctc ttaacgagat
cat cct gtt a aacccaggat
aaaaat agat tatatgtatt
aaccaaaaca ataagatttt

aggaaatttc cccggaaaaa atcctttgga

65

311

DNA
Dunaliella

65

gaatattttt t

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ttggttgggc ggccgeegtt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ttggttgggc ggccgetage cgtggtattt

<210>
<211>
<212>

66

40

DNA
Artificia

PCR pri mer
66

67

40

DNA
Artificia

PCR pri mer
67

68
35
DNA

t aggacct at

gttgtctgtc cgetgegeta

tagattaatc
gggat aaaaa
t aaacgtata

tttttttttt

0802WD1_ST25

ccaaaaacaa
tttataaatt
ttcttctata
gttttcaact
t aaagt at gt
aaaatttagc

aattttcttt

ccttaatgtc
aatttacaag
t aat aaaat t
tttcaattct

ttttttccta

t aggt gt aac acaatcttgg

acttcactca

caccat t aac
t gagaagt at
cttctcattt
tatataatta
at accagt aa
gcggcgecct

agacgaagcg

t aagggatta
acaaggt at t
at gagt aaaa
aaat at caat

agggcgaaaa

Page 30

ct at aagt ag
agaagaat ct
ttaacaaatt
aacct aaaca
acctttagta
aagagct agg
aagcgt cgag

atacttatcc
aaaaat gaat
t aacagagt a
at agaaggt t

aatattctct

120
180
240
300
360
420
480
495

60
120
180
240
300
311

40

40
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<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 68
ttggttgget cgaggecctt tcgtcttcaa gaaat

<210> 69

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 69
ttggttggct cgagaagtct tgcgecttaa acca

<210> 70

<211> 77

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 70
ttggttggct gcagttaatt aaggatccac tagtatttaa attcctgatg cggtatttte

tccttacgea tctgtge

<210> 71

<211> 116

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 71
ttggttgggc ggccget cac agatgagaag atatttgctc gataatcaat actctaggcea

tctaactttt cccattgtct taaaccgact taccttagga atcatagttt catgat
<210> 72

<211> 116

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 72
ttggttggge ggccgetget ggttgtcatt gectctggat aatttttctc gaactatgec

tgcgegttga taccaat cca atggat ctac aggcagaacg gcectctageg gttttt
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35

34

60
77

60
116

60
116
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<210> 73
<211> 62
<212> DNA
<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 73
ttggttggat ttaaatacta gtggatcctt aattaactgc agggccggec tctagtttta

tt

<210> 74

<211> 100

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 74
ttctgcctgt agatccattg gattggtatc aacgcgcagg catagttcga gaaaaattat

ccagaggcaa tgacaaccag cacgggctcg agact agt gg

<210> 75

<211> 100

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 75
gaatttttca aaaaattcat actttgtttt tttatttttt ctgagttttt aatcaaaaaa

ctttttgtat aaaattcgta agatctccta ggaaaat gaa

<210> 76

<211> 100

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 76
tttttttgaa aatagttttt ctcaattttt tatttttttt gttttttctc taaaaatcaa

aaattcaatt ttgagaaaag ggctcgagac tagtttgtcc

<210> 77

<211> 100

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner
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60
62

60
100

60
100

60
100
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<400> 77
ggt aagt cgg tttaagacaa tgggaaaagt tagatgccta gagtattgat tatcgagcaa

atatcttctc atctgtgact agtgctagcet aaagaagttg

<210> 78

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 78
gatt ggt at ¢ aacgcgcagg catagttcga gaaaaattat ccagaggcaa tgacaaccag

cacgggct cg agact agt gg

<210> 79

<211> 83

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 79
cattaggaat tatctttttc gcaattttct ttagagaacc acctcgtatg gtaaaat aac

gt aagat ct ¢ ctaggaaaat gaa

<210> 80

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 80
aaaagttaga tgcctagagt attgattatc gagcaaatat cttctcatct gtgatctcct

agt gct agct aaagaagttg
<210> 81

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 81
t caacgccta tggcaactct gtagaatatt catcagecgta acgecttaga atat cat acg

ggct cgagac tagtttgtcce
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60
100

60
80

60
83

60
80

60
80
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<210> 82
<211> 80
<212> DNA
<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 82
acgctgatga atattctaca gagttgccat aggcgttgaa cgctacacgg acgatacgaa

tttttgaatt agataaatga

<210> 883

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 83
tcatactttg tttttttatt ttttctgagt ttttaatcaa aaaacttttt gtataaaatt

ttttgaagcc gaaatacttt

<210> 84

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 84
cattaggaat tatctttttc gcaattttct ttagagaacc acctcgtatg gtaaaataag

ggct cgagac tagtttgtcce

<210> 85

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 85
cattaccaga gtgctccgca gacgagtatg gcacat ggct ccgcgagget attttctcct

agt gct agct aaagaagttg

<210> 86

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner
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80

60
80

60
80

60
80
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<400> 86
act ctggtaa tgcatatggt ccacaggaca ttcgtcgett ccgggtatge getctatgaa

ttccegtttt aagagcttgg

<210> 87

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 87
actgattgac acggtttagc agaacgtttg aggactaggt caaattgagt ggtagttcaa

gagaaaaaaa aagaaaaagc

<210> 88

<211> 98

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 88
accact caat ttgacctagt cctcaaacgt tctgctaaac cgtgtcaatc agtgtctgcet

t cct gagt ga aacccgt aag atctcctagg aaaat gaa

<210> 89

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 89
acgctgatga atattctaca gagttgccat aggcgttgaa cgctacacgg acgat acgaa

agcagttgct ttctcctatg
<210> 90

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 90
tctttggceg ttgtgecggg agegetcatg tcaatacttt tctcctctag aagttgaaag

t acaat aaac caagat gaag
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80

60
80

60
98

60
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<210> 91
<211> 80
<212> DNA
<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 91
aaagtattga catgagcgct cccggcacaa cggccaaaga agtctccaat ttcttattte

tttttgaatt agataaatga

<210> 92

<211> 102

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 92
ccattttttt gaaaatagtt tttctcaatt ttttattttt tttgtttttt ctctaaaaat

caaaaattca attttgagaa aagggtaata actgatataa tt

<210> 93

<211> 102

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 93
aggtatgaat ttttcaaaaa attcatactt tgttttttta ttttttctga gtttttaatc

aaaaaacttt ttgtataaaa ttgatcctcg agagatctta tg

<210> 94

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 94
acgctgatga atattctaca gagttgccat aggcgttgaa cgctacacgg acgatacgaa

tttttgaatt agataaatga

<210> 95

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner
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80

60
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60
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60
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<400> 95
ttggttggac tagtgggtaa taactgatat aatt

<210> 96

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 96
ttggttggac tagtgatcct cgagagatct tatg

<210> 97

<211> 83

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 97
ttgtattttt aaatttttag tttgaactac aactaattat tttctacgta agatctacta

gt gggct cga gactagtttg tcc

<210> 98

<211> 83

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 98
ttgtattttt aaatttttag tttgaactac aactaattat tttctacgta agatctacta

gt gggct cga gactagtttg tcc

<210> 99

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 99
ggt t ggttgc ggccgecggt ccggtagecag ttaataatgt agg

<210> 100

<211> 59

<212> DNA

<213> Artificial Sequence

<220>
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34

34

60
83

60
83

43
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<223> PCR pri ner
<400> 100

ccggect ct a gaggecggec cct aggagat cttacgtaga aaataattag

<210> 101

<211> 57

<212> DNA

<213> Artificial Sequence
<220>
<223> PCR primer
<400> 101

ccggect ct a gaggecggec act agt ctcg agcccgggtt gaact at caa

<210> 102

<211> 44

<212> DNA

<213> Artificial Sequence
<220>
<223> PCR primer
<400> 102

ccaaccaagc ggccgcggeg cgcectttatt atgggcgaac gacg

<210>
<211>
<212>
<213>

103

1291

DNA
Artificial Sequence
<220>

<223> codon optinized sequence conprising URA3

<400> 103
tcgegegttt

cagctt gt ct
ttggcgagt
accat accac
ttgaaatttt
acttagattg
cttaacccaa
t acat at aag
cat gcacgaa
actggagtta
cttgact gat

caatttttta

cggt gat gac
gt aagcggat
t cggggct gg
cttttcaatt
tttgattcgg
gtatatatac
ctgcacagaa
gaacgtgctg
aagcaaacaa
gt t gaagcat
ttttccatgg

ctcttcgaag

ggt gaaaacc
gccgggagea
cttaactatg
catcattttt
t aat ct ccga
gcat at gt ag
caaaaacctg
ctactcatcc
acttgtgtgc
t aggt cccaa
agggcacagt

acagaaaatt

t ct gacacat
gacaagcccg
cggcat caga
tttttattct
acagaaggaa
t gt t gaagaa
caggaaacga
t agt cct gt t
tt catt ggat
aatttgttta
t aagccgct a

t gct gacat t

gcagct cccg
t cagggcgceyg
gcagattgta
tttttttgat
gaacgaagga
acat gaaat t
agat aaat ca
gct gccaagce
gttcgtacca
ct aaaaacac
aaggcatt at

ggt aat acag

Page 38

ttgtagttc

gtttagg

gagacggt ca
t cagcgggt g
ct gagagt gc
ttcggtttce
aggagcacag
gcccagt at t
t gt cgaaagc
tatttaatat
ccaaggaat t
at gt ggat at
ccgccaagt a

tcaaattgca

59

57

44

60
120
180
240
300
360
420
480
540
600
660
720



gtactctgcg
ggt gggccca
t agaggcct t
t act aagggt
t caaagagac
gggt tt agat
ctctacagga
t aaggt agag

ccagcaaaac

ggt gt at aca
ggtattgtta
ttgatgttag
actgttgaca
at gggt ggaa
gacaagggag
tctgacatta
ggt gaacgt t

t aaaaaactg

gaat agcaga
gcggtttgaa
cagaattgtc
tt gcgaagag
gagat gaagg
acgcat t ggg
ttattgttgg
acagaaaagc

tatt at aagt

0802WD1_ST25

at gggcagac
gcaggcggca
at gcaagggc
cgacaaagat
ttacgattgg
t caacagt at
aagaggact a

aggct gggaa

aaat gcat gt

attacgaatg
gaagaagt aa
tccctatcta
tttgttatcg
ttgattatga
agaaccgt gg
tttgcaaagg
gcatatttga

at act aaact

agcttcaatt taattatatc

<210>
<211>
<212>
<213>

agttattacc c

104
2309
DNA

Artificial Sequence

<220>
<223>

<400> 104
aagct t gcat

aat aat acat
att agt gaga
t aat t at gat
ttgttgcatg
agaact aaat
gat ctctctt
acaat caagt
gat t gt t gag
tcctgccaaa
t gat at cgaa
tgttcctaca
agaaacaat ¢
t at agcagt t
t ggaagagat
aggt aacttc

tcgtectttg

gcct gcaggt
aacttttctt
agccgagaat
acatttctta
gct acgaacc
ggacaat at t
ct aagt acat
atggattcta
gcagcaaaca
caaat aagca
aaact agct g
ct aaagaat ¢
agat t gat ac
acccaaagtg
ttgggttttc
gtt gt aaaga

t acgccgaaa

cgat cgact ¢
aaaagaat ca
tttgtaacac
cgt cat gatt
gggt aat act
at ggagcat t
cct act at aa
gaacagtt gg
ggct caacat
act ccaat ga
aaaaat gt ga
tt caagt aaa
aagacaaat a
ttcctgtgga
cattcgtctt
at aaggaaat

aat gggcacc

t agaaat cga
aagacagat a
caacat aaca
gattattaca
aagt gattga
t cat gt at aa
caat caagaa
t at attagga
t aagacggt a
ccacgt t aat
t gt gct aacg
acat cccaaa
t att caaaaa
acaagccagt
gaagt cgagg
gattccggaa

atttactaaa

codon optinized sequence conprising ADE2

t agat ct gaa
aaatttaaga
ctgacatctt
gct at gct ga
ctcttgcetga
at t ggt gcgt
aaacaagaaa
gggggacaat
at act agatg
ggctcctttt
attgagattg
ttaaaaattt
gagcatttaa
gagacgt ccc
actttggcat

gctttggaag
gaat t agcag

Page 39

cacacggt gt
caaaggaacc
ct ggagaat a
gctttattge
cacccggt gt
at gat gt ggt
gaagggat gc
gaagat gcgg

cacaaattag

ttaattcttg
gat at t aaat
taacaacttt
caaat gactc
ccttttatta
aaaatcgttg
at cggacaaa
t gggacgt at
ctgaaaattc
ccaat cct ct
agcatgttga
acccttctce
t caaaaat gg
t at t gaat gt
acgat ggaag
t act gaagga
t cat gat t gt

780
840
900
960
1020
1080
1140
1200
1260
1291

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020



gaggtctgt t
tatttgtgac
gttgttggea
gttctattta
t ggacatt at
attggatttg
t at gct aaat
agcatt ggcg
aaaagt aggt
ctacattaca
ggaagcaat g
aat gt ctgcce
ctctgetcat
aatt aaaaca
aat gacacca
ttctttacat
t aat agt acg
t acaacgaaa
aaagttagaa
gatatacttg
attacatcaa
aatttcatac
<210>
<211>

<212>
<213>

105
3688
DNA
Arti

<220>
<223>

<220>
<221>
<222>
<223>

m sc
(129
nuc

<400> 105
gggt aat aac

aacggtttag
ttatgttatg
gaaaat gcaa
gaaacagggg
accattgatg
ccaat gccaa
gttcttggag
act ccaggt t
cacat aaat a
ggt agaact g
gt caaaccat
gcat gt gcgg
agaact ccac
attatcgctg
cttcctgtca
tcaattgtgc
aacgct gcgce
at ggaacagt
actgtcggtt
t acagcaaat
at gt ggact t

ataagatctc

ficial

feature

E)..(1379)
i nker

eic acid

t gat at aat t

tgttttctta
cgcctget ag
tcaaatcttt
aattgctt at
cttgcgtcac
agaatttcac
acaaacat ac
cctcagtgta
ttattgectec
atattccaat
t ggt t ggaat
ttttaaaaga
ataggatgtc
gagct ggt gg
tcggt gt gcce
aaat gcct ag
t gt t ggct gt
ttttattaaa
acgaagctta
aatt at aaaa
cat acat aga

t cgaggat ¢

Sequence

aaat t gaagc

0802WD1_ST25

cccaattgta
agttccggac
t cccggt t gt
t aacgaaat t
ttctcaattt
atctttctcc
aaaagat aaa
cttatatgga
cagt at ggcg
caaaat ct ct
cat cat ggga
ttttggegtt
agcat at gct
ggct get cac
cgt aaaaggt
aggtgttcca
cagact gct t
gcaagaagaa
t ct agaaaac
t gat at acct

aat caacgct

tctaatttgt

gagact at cc
tccgttcaac
ggtatatttg
gccccaaggce
gaagct cat t
accattacaa
gagct agaaa
aaagagtcta
gaat gt gaac
gt cgct caaa
tcagactctg
ccatttgaag
atttccgcaa
ttgccaggta
tcttgtctag
gt agct accg
ggcgcttatg
gaagttcttg
aagtaat ata
attttttagg
tacaggtgtc

codon optinized sequence conprising URA3- ADE2

gagtttagta

Page 40

acaaggacaa
tt aaggcgaa
gt gt ggaaat
ctcacaactc
t gagat caat
cgaacgccat
cttgcgaaag
gacct aacag
aaaggct gaa
agtt ggactt
actt gccggt
t gacaat agt
gcaagcgt gg
t ggt ggct gc
at ggagt aga
tcgctattaa
attcaagtta
t caaagcaca
taagtttatt
ctttgttatg
cttttttaag

tacatgcatt

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2309

60



tacttat aat
tgcttttctg
tccaacaat a
acccaat gcg
accttcatct
gctcttcgea
tgacaatt ct
cttcaaaccg
ttctgetatt
aaattttctg
aact gt gccc
tttgggacct
agcacacaag
aggat gagt a
gcaggttttt
actacatatg
ttcggagat t
aaaaaat gat
gcatagttaa
ctgctccecgg
aggttttcac
ggccggect t
agcttgcatg
ataat acat a
ttagtgagaa
aattatgata
tgttgcatgg
gaact aaat g
atctctcttc
caat caagta
attgttgagg

cct gccaaac

acagtttttt
t aacgtt cac
at aat gt cag
tctcect t gt
cttccaccca
at gt caacag
gct aacat ca
ct aacaat ac
ct gt atacac
t ctt cgaaga
t ccat ggaaa
aatgcttcaa
tttgtttgct
gcagcacgt t
gttctgtgca
cgtatatata
accgaat caa
gaat t gaaaa
gccagceccceg
catccgctta
cgt cat cacc
aattaaattt
cctgcaggtc
acttttctta
gccgagaat t
catttcttac
ctacgaaccg
gacaatatta
t aagt acat ¢
t ggattct ag
cagcaaacag

aaat aagcaa

agttttgetg
cctctacctt
at cct gt aga
cat ct aaacc
tgtctctttg
taccct t agt
aaaggcct ct
ct gggcccac
ccgcagagt a
gt aaaaaat t
aat cagt caa
ct aact ccag
tttcgt gcat
ccttat at gt
gttgggttaa
ccaat ct aag
aaaaatttca
ggt ggt at gg
acacccgcca
cagacaagct
gaaacgcgcg
aaat cgccga
gat cgact ct
aaagaat caa
tt gt aacacc
gtcatgattg
ggt aat act a
t ggagcat t t
ctact at aac
aacagt t ggt
gct caacat t

ct ccaat gac

0802WD1_ST25

gccgceat ct t
agcat ccct t
gaccacat ca
cacaccgggt
agcaat aaag
atattctcca
aggttccttt
cacaccgt gt
ctgcaatttg
gtacttggcg
gat at ccaca
taattccttg
gat at t aaat
agctttcgac
gaat act ggg
t ctgtgcetcc
aggaaaccga
tgcactctca
acacccgctg
gt gaccgt ct
acgt aact at
gttacgct ag
agaaat cgat
agacagat aa
aacat aacac
attattacag
agt gat t gac
cat gt at aaa
aat caagaaa
at at t aggag
aagacggt aa

cacgttaatg

ctcaaatatg
ccctttgcaa
tccacggttc
gt cat aat ca
ccgat aacaa
gt agat aggg
gttacttctt
gcattcgt aa
actgtattac
gat aat gcct
tgtgttttta
gt ggt acgaa
agctt ggcag
atgatttatc
caatttcatg
ttccttegtt
aat caaaaaa
gtacaatctg
acgcgccctg
ccgggagcetg
aacggtccta
ggat aacagg
agat ct gaat
aatttaagag
tgacat cttt
ctatgctgac
tcttgctgac
ttggtgcgta
aacaagaaaa
ggggacaat t
tact agat gc

gctectttte
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cttcccagece
at agt cct ct
tatactgttg
accaatcgta
aatctttgtc
agcccttgea
ctgccgecetg
tgtctgccca
caat gt cagc
ttagcggcett
gt aaacaaat
cat ccaat ga
caacaggact
ttcgtttcct
tttcttcaac
cttccttctg
aagaat aaaa
ct ct gat gcc
acgggct t gt
cat gt gt cag
aggt agcgaa
gt aat at aga
taattcttga
atattaaata
aacaactttt
aaat gact ct
cttttattaa
aaat cgtt gg
t cggacaaaa
gggacgt at g
t gaaaat t ct

caatcctctt

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980



gat at cgaaa
gttcctacac
gaaacaat ca
atagcagtta
ggaagagat t
ggt aacttcg
cgtcctttgt
aggtctgtta
atttgtgact
ttgttggcag
ttctatttag
ggacattata
ttggatttgce
atgctaaatg
gcattggcga
aaagt aggt ¢
tacattacag
gaagcaat gg
at gt ct gceg
tctgctcata
att aaaacaa
at gacaccac
tctttacatt
aat agt acga
acaacgaaaa
aagtt agaaa
at atactt gt
ttacat caaa
atttcataca
<210>

<211>
<212>

106
88
DNA

aact agct ga
t aaagaat ct
gatt gat aca
cccaaagt gt
tgggttttce
tt gt aaagaa
acgccgaaaa
acggtttagt
tatgttatgc
aaaat gcaat
aaacagggga
ccattgatgc
caat gccaaa
ttcttggaga
ctccaggttc
acat aaat at
gt agaact ga
t caaaccat t
cat gt gcggt
gaact ccaca
ttatcgctgg
ttcct gt cat
caattgtgca
acgct gcgct
t ggaacagt t
ctgtcggtta
acagcaaat a
t gt ggacttc

t aagat ct ct

aaaat gt gat
t caagt aaaa
agacaaat at
t cct gt ggaa
attcgtcttg
t aaggaaat g
at gggcacca
gttttcttac
gcctgect aga
caaatctttt
attgcttatt
ttgcgt cact
gaatttcaca
caaacat aca
ctcagt gtac
tattgcctcce
tattccaatc
ggt tggaat ¢
ttt aaaagat
taggat gtca
agct ggt 9gg
cggt gt gcce
aat gcct aga
gttggctgtc
tttattaaag
cgaagctt at
att at aaaat
at acat agaa

cgaggat ¢

0802WD1_ST25

gtgct aacga
cat cccaaat
attcaaaaag
caagccagtg
aagt cgagga
attccggaag
tttactaaag
ccaattgtag
gttccggact
ccecggttgtg
aacgaaattg
tctcaatttg
tctttctcca
aaagat aaag
ttat atggaa
agt at ggcgg
aaaatctctg
at cat gggat
tttggegttc
gcatatgcta
gct gct cact
gt aaaaggt t
ggt gttccag
agactgcttg
caagaagaag
ct agaaaaca
gatataccta

at caacgctt

ttgagattga
taaaaattta
agcat t t aat
agacgt ccct
ctttggcata
ctttggaagt
aat t agcagt
agact at cca
ccgtt caact
gtatatttgg
ccccaaggcec
aagctcattt
ccattacaac
agct agaaac
aagagt ct ag
aat gt gaaca
t cgct caaaa
cagact ct ga
cattt gaagt
tttccgcaag
t gccaggt at
cttgtctaga
t agct accgt
gcgcttatga
aagttcttgt
agt aat at at
ttttttaggce
acaggt gt cc
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gcat gt t gat
ccettctcca
caaaaat ggt
attgaatgtt
cgat ggaaga
act gaaggat
catgattgtg
caaggacaat
t aaggcgaag
t gt ggaaat g
t cacaact ct
gagat caat a
gaacgccat t
tt gcgaaaga
acct aacaga
aaggct gaac
gttggacttg
cttgccggta
gacaat agt ¢
caagcgt gga
ggt ggct gca
t ggagt agat
cgct at t aat
ttcaagt t at
caaagcacaa
aagtttattg
tttgttatga
ttttttaaga

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3688



<213>

<220>
<223>

<400> 106

Artificia

Sequence

nucleic acid |linker

0802WD1_ST25

cgt aact at a acggt cctaa ggt agcgaag gccggectta attaaattta aatcgecgag

ttacgct agg gat aacaggg taat at ag

<210>
<211>
<212>
<213>

107

<220>
<223>

<400> 107
gccctttcgt

cat t ggt gac
atgtctgtta
agcacagagg
gtgcccaata
aaagcat at a
cct aaggagg
ggagat gagt
gtatttccaa
attcccttgt
t ct gact ggg
ct gacgccag
agcggaggt g
aat gct aaga
ct gcaggcect
gat gt aaaga
cgcagggggt
t cacaggcgc
aaccgccggce
tcattttctt
cacttattaa

atattaaaca

3011
DNA
Artificia

cttcaagaaa
t att gagcac
ttaatttcac
ccgcagaatg
gaaagagaac
aaaat agttc
atgttttgge
cgt ggcaaga
aagact gcaa
ttgattcaga
t t ggaaggca
aaaatgttgg
t ggagacaaa
aat aggt t at
tttgaaaagc
t aat gct aaa
tgacttttac
atacgct aca
agct t agt at
gtatttatcg
ccgcttttac

cagtggtttc

Sequence

ttcggt cgaa
gt gagt at ac
aggt agt t ct
t gct ct agat
aattgacccg
aggcact ccg
t ct ggt caat
at accaagag
catactactc
agcaggt gag
agagagcccce
t gatgcgcet t
t ggt gt aaaa
t act gagt ag
aagcat aaaa
tcattt ggct
catttcaccg
at gacccgat
at aaat acac
tcttttcget
tattatcttc

tttgcataaa

aaaagaaaag
gt gat t aagc
ggt ccat t gg
t ccgatgctg
gttattgcaa
aaat acttgg
gatt acggca
ttcctcggtt
agt gcagct t
acaggt gaac
gaaagct tac
agattaaatg
gact ct aaca
tatttattta
gat ct aaaca
ttttgattga
caat ggaat ¢
tcttgctage
at gt acatac
gt aaaaact t
t acgct gaca

caccat cagc

codon optinized conprising TRP1- ARS1- CEN4

gagagggcca
acacaaaggc
tgaaagtttg
acttgctggg
ggaaaatttc
ttggegt gtt
tt gat at cgt
tgccagtt at
cacagaaacc
ttttggattg
attttatgtt
gcgttattgg
aaat agcaaa
agtattgttt
t aaaat ct gt
ttgtacagga
aaacttgttg
cttttctcgg
ctctcteegt
tat cacactt
gt aat at caa

ct caagt cgt
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agagggaggg
agct t ggagt
cggcttgcag
tattat at gt
aagtcttgta
t cgt aat caa
ccaact gcat
t aaaagactc
tcattcgttt
gaact cgat t
agct ggt gga
tgttgatgta
tttcgtcaaa
gtgcacttgce
aaaat aacaa
aaat at acat
aagagaat gt
tcttgcaaac
atcctcgt aa
atct caaat a
acagt gacac

caagt aaaga

60
88

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320



tttegtgttce
t gcgagat cc
gaacat gctc
t gccgat aga
actt caggt a
agt at aggt t
gaaggaagaa
gct at gaaag
cagtttcttt
ttcatttatg
at aagcat gt
actatttctg
acttagtcaa
t gagat at at
at catggaca
t aggat acaa
gttaccacct
cgt aat at at
att gat cacc
ttcttcatga
gtagtttatc
cgct cat cgt
cggt actgcce
gcgt get get
t gt ccgaccg
act acgcgat
t ct gaaccat
gttat gt agt
gcgcaagact
<210>

<211>
<212>

108
2103
DNA

at gcagat ag
gtttaaccgg
cttcactatt
t agtt ct aag
at gaaat gag
aact ct aaga
t aagaaaact
cctcggeat t
ttcttgagca
tttaaaaata
gaccttttge
gctcgt gt aa
aagaaatttt
t at agact t t
tacattctga
gtt aaaagct
aaat aagtta
ttgcatgatc
gat at t agga
gaat ggccca
acagt t aaat
cat cct cgge
gggcctcettg
agcgct at at
ctttggeege
cat ggcgacc
cttggaagga
atactctttc

t

at aacaat ct
accct agt gc
ttaacatgtg
t cat t gaggt
atgatacttg
ggt gat act t
cgaact gatc
ttggccgcetc
ggttttatgt
aaaaat aaaa
aagcaattaa
tatatgtatg
cttaaaaata
att aagccag
aat aggt aat
agtact gttt
t aaagt caat
aaaaggct ca
cttccacacc
gctcat gttt
t gct aacgca

accgtcaccc

cgggat at cg
gcgttgatgce
cgcccagtce
acacccgtcc
ccggat aat t

ttcaacaatt

0802WD1_ST25

at at gt t gat
acttacccca
gaattaattc
t cat caacaa
cttatctcat
atttactgta
t at aat gcct
ctaggt agtg
ttcggtaatc
aagtatttta
attttgcaat
ct aat gt gaa
t at agcact a
atttgtgtat
attctctatg
t gcagt aat t
agttaagttt
atgttgacta
aact agt aat
gacagct t at
gt caggcacc
t ggat gct gt
tccattccga
aatttctatg
tgctcgettce
t gt ggat caa
atttgaaatc

aaat actctc

aatt agcgt t
cgttcggt cc
t aaat cct ct
ttggattttc
agtt aact gg
aaact gt gac
attttctgta
ctttttttcec
at aaacaat a
aatttttaaa
ttgtgattta
cttttacaaa
gccaattt ag
tat at gt at t
gt gagacagc
tttttetttt
gat at t t gat
gccagcat gt
at gacaat aa
cat cgat aag
gt gt at gaaa
aggcat aggc
cagcat cgcc
cgcacccgt t
gctacttgga
ttctttagta
tctttttcaa

ggt agccaag
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gcct cat caa
act gt gt gcc
ttatatgatc
tgtttactcg
cataaatttt
gat aaaaccg
aagagtttaa
aaggacaaaa
aat aaat t at
aaagttgatt
ggcaaaagt t
gt cgat at gg
cacttcttta
tacccggcga
at agat aacc
tt at aagaat
t gt aaaat ac
caaccact at
attcaagata
ctttaat gcg
t ct aacaat g
ttggttatge
agt cact atg
ct cggagcac
gccact at cg
taaatttcac
ttgt at at gt
ttggtttaag

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3011



<213>

<220>
<223>

<400> 108
cct gat gcgg

t cgaggagaa
cccaacaat t
t cat gt gt gt
attggttgtt
aact gt ggga
tttttttcct
gact ggaaat
aaat t gggag
agcgttcatg
ctattgtttt
tacatttcag
aagaagat cg
aaggttctta
ttaattggtg
gcct ccaaga
ggtagtgtta
aacttaagac
caatttgcta
ggt aagagaa
ccagaagt gc
ttgcctattt
act gt ggagg
gattctgccg
agcaacat gt
ttgttgccat
gaaccat gcc
atcttgtctg
attgaagatg

Artificia

tattttctcc
cttctagt at
acat caaaat
t caaaaacgt
t ggccgageg
at act caggt
caacat aacg
tttttgttaa
aaaaaggaaa
act aaat gct
t t ccaat agg
caat at at at
tegttttgec
aagctatttc
gt gct get at
aggct gat gc
gacct gaaca
cat gt aactt
aaggt act ga
aggaagacga
aaagaat cac
ggt cctt gga
aaaccat caa
ccat gat cct
t t ggt gat at
ctgcgtcctt
acggttctgce
ct gcaat gat

cagttaaaaa

Sequence

ttacgcat ct
atctacatac
ccacattctc
tatatttata
gt ct aaggcg
at cgt aagat
agaacacaca
ttt cagaggt
ggt gagagcg
tgcat cacaa
tggttagcaa
atatatattt
aggt gaccac
tgat gt t cgt
cgatgctaca
cgttttgtta
aggtttacta
t gcat ccgac
cttegttgtt
t ggt gat ggt
aagaat ggcc
t aaagct aat
gaacgaattc
agt t aagaac
cat ct ccgat
ggcctctttg
tccagatttg
gttgaaattg

ggt tttggat

0802WD1_ST25

gtgcggt at t
ctaatattat
ttcaaaatca
ggat aat t at
cctgattcaa
gcaagagttc
ggggcgct at
cgcct gacge
ccggaaccgg
t act t gaagt
t cgt ctt act
caaggat ata
gt t ggt caag
t ccaatgtca
ggtgttccac
ggt gct gt gg
aaaat ccgta
tctcttttag
gt cagagaat
gt cget t ggg
gctttcatgg
gttttggect
cctacattga
ccaacccacc
gaagcct ccg
ccagacaaga
ccaaagaat a
t cat t gaact

gcaggt at ca

codon optinized sequence conprising LEU2

t cacaccgca
tgccttatta
att gt cct gt
actctatttc
gaaat atctt
gaatctctta
cgcacagaat
atataccttt
cttttcatat
t gacaat att
ttctaacttt
ccattctaat
aaat cacagc
agttcgattt
tt ccagat ga
gt ggt cct aa
aagaacttca
acttatctcc
t agt gggagg
at agt gaaca
ccctacaaca
cttcaagatt
aggtt caaca
t aaat ggt at
ttat cccagg
acaccgcat t
aggt caaccc
t gcct gaaga
gaact ggt ga
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t at cgaccgg
aaaat ggaat
acttccttgt
t caacaagt a
gaccgcagt t
gcaaccatta
caaat t cgat
tt caact gaa
agaat agaga
attt aaggac
tcttaccttt
gt ct gcccect
cgaagccatt
cgaaaat cat
ggcgct ggaa
at ggggt acc
attgtacgcc
aat caagcca
tatttacttt
atacaccgtt
t gagccacca
at ggagaaaa
tcaattgatt
t at aat cacc
ttccttgggt
tggtttgtac
t at cgccact

aggt aaggcc
tttaggt ggt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



t ccaacagt a ccaccgaagt
t aaaaagat t
agaaacgaca cgaaattaca
aat ctacata catttatcaa
aat t gat act

acaaggagga gggcaccaca

cct

<210>
<211>
<212>
<213>

0802WD1_ST25
cggt gat gct gtcgccgaag aagtt aagaa

ctcttttttt atgatatttg tacataaact ttataaatga

aaat ggaat a tgttcatagg gtagacgaaa
gaaggagaaa aaggaggatg taaaggaata

aat ggct caa cgt gat aagg aaaaagaatt gcactttaac

caaaaagtta ggtgtaacag aaaat catga

109
1833
DNA

Artificial Sequence

<220>
<223>

<400> 109
at ggcaaaaa

acagctttcg
ggt ggcattc
tat acacgtg
acagat at ga
act ggt caag
gctattgcta
cgtgtattac
gatttacctt
ttacct gt at
attcaagctg
gctcttttac
tggggttgta
caccgttacg
ttcgctaatc
attgacatcg
gat gcaaaag
cgtttacctt

agaaaaact c

t gcgt gct gt
gt gt accagg
gtcacatttt
ct acagcagg
ttactgcatt
cacct cgtgc
aacct gt aag
aacaggcttt
tcgatgttca
at aaacctgc
aacgt cct gt
agcaatttgc
ttccagatga
gtaatgctac
gt cat act gg
aacct acaca
ctgctttaac
gt agaaaaga

attttgataa

t gat gcagca
tgcagcaat ¢
agct cgt cat
t aat at t ggt
at at agt gct
tcgtct t cat
t aaaat ggct
tcacttaatg
agt agct gaa
tgcttct cgt
aat cgt t gct
agaat t aact
tcacgaatta
attattagca
ttcagt agag
aat t ggt cgt
tttacttgtt

at gggt agct
tgttcctgtt

at gt at gt at
aatccatttt
gt agaaggt g
gtttgtttag
t cagctgata
aaagaagat t
gtaactgttc
cgttcaggtc
attgaattcg
atgcaaattg
gotgatgat g
t cagtacctg
at ggcaggca
t ct gat at gg
aaat atactg
gtattatgcc
gaggttgctc
gact gccaac

aaacct caac

codon optinized sequence conprising CC 93

t agagaaaga
attct gct at
ct agt cacat
gt acat ct gg
gtattcct at
tt caagcagt
gt gaggct gc
gt cct ggt cc
at ccagacat
aaaaagcagt
ttattaatgc
taattcctac
t ggt aggt t t
tattcggt at
aaggacgt aa
ctgatttagg
aagaaat gca
aacgt aaacg

gt gt at acga
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aat cctt gct
aatt cat aat
ct at at acgc
caggt aagca
attaatattg

aact at gatt

aggt at t act
gcgt aaacat
ggcagaaggt
cccagct ggt
cttatgtatt
tgatattgaa
tttagtacca
tgtattagtt
gt at gaacct
agaaatgtta
t gat gcagct
tttaatgggc
acaaacagct
t ggaaat cgt
aattgttcac
catt gt aagt
aaaagcaggt
tactttatta

agaaat gaat

1800
1860
1920
1980
2040
2100
2103

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



aaagcatttg
gcacaaat gc
ttaggttgga
gttgctattt
caatttaaca
caat cacaac
agt t cagaag
aaagctattc
ttaatggctc
atttcaatgg
gct gacgcac
aaaggacaca
<210>
<211>

<212>
<213>

110
934
DNA

<220>
<223>

<400> 110
at gaaagt ag

aaagct ggt t
gcagct ggag
att act at gt
att gaaggt g
t cacgt gaaa
agt ggt ggt g
gcaatttttg
ggt gaaat cg
at agct gcaa
gt at at cagg
atggttatgg
gct aat get t
at ggaaat ga

gcttgttatt

Artificia

gt cgt gat gt
ttcatgtatt
caattcctge
caggtgattt
ttccatatat
gtgcttttga
ttaacggtta
gtgtttttaa
aat at cgt gt
gttcagaatt
ctact gaaac

accaccgtca

gatttat agg
act cat t agt
ct gaaacagc
tacctaattc
ct aaaccagg
tttctgaagc
aaccaaaagc
acaaat acta
gt gcaggt aa
t gt cagaagc
caat t cgt gg
atcgtaattt
t agat acat c
t gcaagcat t

at gagaaat t

ttgctatgtt
t aaagaccgt
agcttt aggt
tgactttcaa
ccatgtttta
tatggattac
t ggt gt agat
accagaagat
tcctgtagta
agat aat gt t
ttgctttatg

caaacattaa

Sequence

att aggt at t
t gt t gct gat
ttcaact gct
acctcacgta
cacagtatta
att aaaagca
t at cgat ggt
cgatttaatg
cgt aact aaa
tcttacttta
cggtttagca
caaaccaggt
acacggtgta
acgt gct gat

agcaaaagt t

0802WD1_ST25

actacaattg
cattggatta
gt at gt gcag
tttcttattg
gt aaat aacg
t gt gt t caat
cacgt aaaag
at agct ccag
gttgaagtta
atggagtttg
catt at gaag

tct

at gggcaaac
cgtaacccag
aaagctattg
aaagaagt ag
at agat at gt
aaaggtattg
acacttagtg
aaagct at gg
ttagctaacc
gct acaaaag
ggcagt actg
tttagaattg
ggagct caat
ggtttaggta

gaagt t acac

gtttaagtca
act gt ggcca
ct gat ccaaa
aggaatt agc
cttatttagg
tagcatttga
tt gct gaagg
cttttgaaca
ttttagaaag
aagat attgc

attat aaaga

codon optinzed sequence conprising CC 94

caatgtct aa
aagcaat cgc
cagaacaatg
ctttaggcga
cat caattgc
atatgttaga
ttat ggt agg
ctggttct gt
aggttatt gt
caggt gt aaa
tattagacgc
atttacat at
taccattaac
cagcagat ca

gtgattataa
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aat agct gct
agct ggccct
acgt aat gt a
tgttggtgca
tttaatt cgt
aaat at aaac
cttaggat gt
ggct aaagca
agtt acaaac
agat aat gct

t gat gat gat

aaacttactt
tgacgt aatt
tgatgttatt
aaat ggaat t
tccacttgca
tgct ccagtt
cggt gat aaa
agt acacact
t gcat t aaat
tcctgattta
aaaagct cca
t aaagacctt
t gcaget gt t
ctcagcttta

agat gat gat

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1833

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900



0802WD1_ST25

gat aaaggac acaaccaccg tcacaaacat taat

<210> 111

<211> 8765

<212> DNA

<213> Artificial Sequence

<220>

<223> codon optim zed sequence conprisi ng CC93-CC94
<400> 111

t ccaaact at
t aaaaaatta
gacttttttt
ctattgtgtt
tttttttett
gcaaagcaaa
aacaaagcaa
t caacaaaat
aaaaagt aaa
atttcatcaa
ttaatgtttg
cat aaagcaa
aacatt at ct
t act acagga
atcttct ggt
at ctacacca
gtaatccata
t aaaacat gg
tt gaaagt ca
acct aaagct
acggtcttta
aacat agcaa
aacaggaaca
agct acccat

aacaagt aaa

ttctcatatt
taaattttta
actatttctc
tttgaacaat
t gaaact ttt
aaat gat aaa
aaaagt aaaa
ttttcaaata
gaat caaaaa
gaaaaat aca
t gacggt ggt
gtttcagtag
aatt ct gaac
acacgat att
t t aaaaacac
t aaccgttaa
t caaaagcac
at at at ggaa
aaat cacctg
gcaggaattg
aat acat gaa
acat cacgac
tt at caaaat
tcttttctac

gt taaagcag

ttttcagctec
caaaacaaga
acaaattcta
ttttttgtte
tttetttttc
aagcagcgaa
agaagt t caa
aaaagttttt
aaagt agaga
acttttctaa
tgtgtccttt
gt gcgt cagce
ccat t gaaat
gagccattaa
gaat agcttt
cttctgaact
gttgtgattg
tgttaaattg
aaat agcaac
t ccaacct aa
gcatttgtgc
caaatgcttt
gagtttttct
aaggt aaacg

cttttgcatc

caaaagat ct
ttttttctat
t aaaaaat ca
ttgtttttta
attttacgct
gcaaaaaat g
aaaaaat gt a
t t caaaaacg
aaaatt gt at
aaaaaaat ga
at cat cat ca
agcattat ct
gtttgtaact
tgctttagece
acat cct aag
gtttatattt
acgaat t aaa
t gcaccaaca
t acattacgt
agggccagct
agcagct at t
attcatttct
t aat aaagt a
acctgetttt

acttacaatg

tatttaaaat
ttataatgtt
aaaaattttt
tcttctcttg
ttttttcttc
at aaaaat ga
tt gagt t gat
aagcacaaaa
ttttettttt
aaaaaat gga
tctttataat
gcaat atctt
ctttctaaaa
t gt t caaaag
ccttcagcaa
tcaaatgcta
cct aaat aag
gctaattcct
tttggatcag
t ggccacagt
t gact t aaac
tcgtatacac
cgtttacgtt
tgcatttctt

cct aaat cag
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t gaaat aat a
gtgatttttt
aaagaatttt
ctttttcget
ttcatttttt
aaagaaaagc
tttttttaat
aaaattcaaa
tgaaattttc
aatttctaga
cttcataatg
caaact ccat
taacttcaac
ct ggagct at
cttttacgtg
attgaacaca
cgttatttac
caat aagaaa
ctgcacat ac
t aat ccaat g
caat t gt agt
gttgaggttt
gttggcagtc
gagcaacct c

ggcat aat ac

934

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500



acgaccaat t
ctctactgaa
t gct aat aat
taattcgtga
agttaattct
agcaacgat t
acgagaagca
ttcagct act
cat t aagt ga
agccatttta
at gaagacga
agcact at at
accaatatta
at gacgagct
gattgctgca
tgctgcat ca
t aaaccaat t
t gaact t aaa
tttggtttta
aaaaatttta
acttttatge
gcaagcggt t
tgacctattg
tttatatttt
cagat gagaa
tt aaaccgac
t gt ggt gcece
tt gagccat t
ttgat aaat g
tgtaatttcg

aaaaaaagag

act t cggt gg

t gt gt aggt t
ccagt at gac
gtagcattac
t cat ct ggaa
gcaaatt gct
acaggacgt t
gcaggtttat
t gaacat cga
aaagcct gt t
cttacaggtt
gcacgaggt g
aat gcagt aa
cctgctgtag
aaaat gt gac
cctggtacac
acagcacgca
ttccaagtaa
ataaaatttt
tttatttctt
ttt aaagaat
ttttttttaa
aaat t gacac
cttgtaaggc
at aat agaat
gatatttgct
ttaccttagg
t cct cet t gt
agt at caat t
t at gt agat t
tgtcgtttoct
aatcttttta

tact gttgga

cgat gt caat
gat t agcgaa
cgt aacggt g
t acaacccca
gt aaaagagc
cagct t gaat
at acaggt aa
aaggt aaat ¢
gt aat acacg
t agcaat agc
ctt gaccagt
t cat at ct gt
cacgtgtata
gaat gccacc
cgaaagct gt
tttttgccat
ctttacttta
t aacaaaat t
tttttttaca
ggttttttaa
aaaaagcagc
tttttaaaag
aat cactcta
at aaaatcta
cgat aat caa
aat cat agt t
caat at t aat
tgcttacctg
gcgt at at ag
att at gaat t
agcaaggat t

accacct aaa
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gt gaacaat t
acgatttcca
agct gttt gt
gcccatt aaa
agct gcat ca
taacatttct
aggt t cat ac
aact aat aca
t ggt act aaa
ttcaatatca
aat acat aag
accagct ggg
accttctgece
atgtttacgc
agt aat acct
at gaat aaat
t caaaaatta
tattttaaaa
aacaaaaat t
tattttgctc
aaagcaaaaa
tatttatagg
ccaact gagt
acaacttctt
t act ct aggc
tcatgatttt
gt t aaagt gc
tattccttta
tttcgtctac
tcatttataa
ttcttaactt

tcaccagttc

ttacgtcctt
at accgaat a
aaacct acca
gt aggaatta
gcatt aat aa
actgcttttt
at gt ct ggat
ggaccaggac
gcagcct cac
actgcttgaa
at aggaat ac
ccagat gt ac
at gt gact ag
at agcagaat
tctttctcta
aattt at aat
aaaaattaaa
aaaagaaaaa
tttttaaaca
at gacaaat g
agtt at aaaa
cccaaccgga
t at gggcct a
t agct agcac
atctaacttt
ctgttacacc
aattcttttt
catcctcctt
cct at gaaca
agtttatgta
cttcggcgac

t gat acct gc
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cagtatattt
ccat at caga
t gcct gecat
caggt act ga
caccaccacc
caat ttgcat
cgaat t caat
gacct gaacg
gaacagttac
aatcttcttt
t at cagct ga
ct aaacaaac
caccttctac
aaaat ggat t
at acat acat
tttttctgta
aaacttttat
atttttttat
gaat aat aaa
attttttact
agt gt at gga
cttgaaccga
aaaaatatta
t aggagat ca
tcccattgtc
taactttttg
ccttatcacg
tttctccttc
tattccattt
caaat at cat
agcat caccg

at ccaaaacc

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420



tttttaactg
atcattgcag
gcagaaccgt
aaggacgcag
at at caccaa
aggat cat gg
ttgatggttt
t ccaaggacc
gtgattcttt
tcgtcttcct
t cagtacctt
aagttacatg
tgttcaggtc
gcat cagcct
at agcagcac
gaaat agct t
ggcaaaacga
atatatattg
cct att ggaa
agcat t t agt
tttcettttt
tt aacaaaaa
cgttatgttg
acct gagt at
cgct cggeca
acgtttttga
attttgat gt
at act agaag
ggagaaaat a
gcctct agt t

gt caaagtta

catcttcaat
cagacaagat
ggcatggttc
at ggcaacaa
acat gt t gct
cggcagaat ¢
cct ccacagt
aaat aggcaa
gcacttctgg
ttctcttacc
t agcaaattg
gtcttaagtt
t aacact acc
t ctt ggaggc
caccaattaa
t aagaacct t
cgatcttctt
ctgaaatgta
aaaacaat ag
cat gaacgct
ctcccaattt
atttccagtc
aggaaaaaaa
t cccacagt t
aacaaccaat
acacacat ga
aattgttggg
ttctcctcga
ccgcat cagg
ttatttgtaa

tttaacaaaa

0802WD1_ST25

ggccttacct tcttcaggeca agttcaatga

agt ggcgat a
gt acaaacca
acccaaggaa
ggtgattata
aat caattga
ttttctccat
t ggt ggctca
aacggt gt at
aaagt aaat a
tggctt gat t
ggcgt acaat
ggt accccat
ttccagcgcece
atgattttcg
aat ggcttcg
aggggcagac
aaaggt aaga
gtcctt aaat
tctctattct
ttcagttgaa
atcgaatttg
taatggttgc
aactgcggt c
tacttgttga
acaaggaagt
attccatttt
ccggtcgat a
aatttaaata
accaaaaaaa

atgaatttcc

gggt t gacct
aat gcggt gt
cct gggat aa
ataccattta
t gt t gaacct
aat cttgaag
t gt t gt agag
t gtt cact at
cctcccacta
ggagat aagt
t gaagtt ctt
t t aggaccac
t cat ct ggaa
aaat cgaact
gctgtgattt
att agaat gg
aaagttagaa
aatattgtca
at at gaaaag
aaaggt at at
attctgtgeg
t aagagattc
aagatatttc
gaaat agagt
acaggacaat
t aat aaggca
tgcggtgtga
ctagtggatc
at gaaaagcc

aaaacttgca

tattctttgg
tcttgtctgg

cggaggcttc

g9t gggtt gg
t caat gt agg

aggccaaaac
ccat gaaagc
cccaagcgac
attctctgac
ct aaaagaga
tacggatttt
ccacagcacc
gt ggaacacc
t gacatt gga
cttgaccaac
tatatccttg
agt aagacga
acttcaagta
ccggt t ccgg
gcgt caggeg
at agcgcccce
gaact ctt gc
t t gaat cagg
ataattatcc
tgattttgaa
at aat att ag
aat accgcac
cttaattaac
aaaaatttaa

cgagat aaaa
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caatttcaac
caaat ct gga
caaagaggcc
at cggagat g
gttcttaact
gaattcgttc
attagcttta
ggccattctt
accat cacca
aacaacgaag
gt cggat gca
t agt aaacct
t aacaaaacg
t gt agcat cg
acgaacat ca
gt ggt cacct
aaat at at at
ttgctaacca
ttgtgatgca
cgct ct cacc
acct ct gaaa
tgtgtgttct
atctt acgat
cgcct t agac
tataaatata
gagaat gt gg
gt at gt agat
agat gcgt aa
t gcagggccg
gaaat aaaaa

aagat aactc

3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280



tttaaatgaa
ttttttttaa
tactttcata
t ggt cact t t
ttt aaaagaa
t aacact aaa
tcagttttaa
gtactgttgt
aacct gaat ¢
gaaaacgggyg
cacccaggga
caggttttca
t cgt ggt at t
caagggt gaa
ggat gagcat
tttttcttta
cat t gagcaa
acggt ggt at
at cct at aaa
aaaat aaaaa
aat agtttaa
ttttaagttt
atttttttte
atttgttttt
agaaaaat tt
tttaattttt
gtattttttt
ctgcct gt ag
agaggcaat g
aagaaat caa
tcattttatg
t cgaaaaggt

aaaagaat gc
actttttttt
tttttttagt
gaaagt ccca
aat aaaattt
t cat ct caag
atacaaattc
aattcattaa
gccageggcea
gcgaagaagt
tt ggcgcet ga
ccgt aacacg
cact ccagag
cact atccca
t cat caggcg
cggtctttaa
ctgact gaaa
at ccagt gat
aat ct at ccg
act aaact at
aaatttttat
aaatattttt
t acgcaaaac
tctatttttt
ttttttgatt
tttatgaatt
ttctttgaac
atccattgga
acaaccagca
atgttttcaa
aaagttcgtt
acagt aat gg

ttttttcaaa
gaaaaaaggc
atttttttat
getttttttt
ttaaaaattt
aaagtttaat
t caaat at ct
gcattctgec
t cagcacct t
t gt ccat at t
cgaaaaacat
ccacatcttg
cgat gaaaac
t at caccagc
ggcaagaat g
aaaggccgt a
t gcct caaaa
ttttttctcce
t ggaaaact t
att at agaaa
tttttttaaa
ttcaaagtta
ttcattttta
t at aaact ca
tttttattat
ttagaatt ct
aaaagcaaaa
ttggt at caa
cgggct cgag
at cgt gcaaa
cttcagttaa

ttatttgtac
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aaaagtttta
attctttttt
t gaat aaaaa
aattcacttt
t aaaaaat aa
atttttgaaa
aggt t acgece
gacat ggaag
gt cgecttge
ggccacgttt
attctcaata
cgaat atatg
gtttcagttt
t caccgtctt
t gaat aaagg
at at ccagct
tgttctttac
att at gaaaa
ttttctttga
at aat aaaaa
ttttaacata
ccacttgctc
ttggtttata
aaaaaagttt
t t ggaaaagt
ttgtttttte
aaagcaaaag
cgcgcaggea
act agt ggcc
catcaaattg
aaaaatttgt

aaat cct aaa

aacaat acgt
ttttaagaaa
aaaactttaa
tttetttatt
aagaacaaac
agagttcgtt
ccgecctgece
ccat cacaaa
gt at aat at t
aaat caaaac
aaccctttag
t gt agaaact
gct cat ggaa
tcattgccat
ccggat aaaa
gaacggtctg
gatgccattg
gttcat agaa
aaaaaaaaaa
ctattttttt
aat t caaaac
t t ggggaaca
atttttctaa
caaaat at ga
tt ccaaaaaa
attttagttt
t aaaaaaact
t agtt cgaga
ggcct ct agt
cacaaaat aa
act aaatgtc

cat aaacaac
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aaaaacttta
ttttaagtaa
agt aaaaaat
tattttcctg
tttcttgaga
caaaaatttt
act cat cgca
cggcatgatg
t gcccat agt
t ggt gaaact
ggaaat aggc
gccggaat cg
aacggt gt aa
acggaact cc
cttgtgctta
gttataggta
ggat at at ca
cattttgtcg
gaaat t gaaa
aacat aaaaa
tttagcaaat
agt aaact aa
attttcatct
aaaaaat act
aaaat t gggt
tttttatttt
agaggccgt t
aaaattatcc
gct agcacaa
tttttaaaat
gtttaattcg
gt caaggat a

5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200



atttttttta
gcagagcettt
at ataattct
tttaaattta
tttttttgca
agaaagat aa
attaggtatt
tgttgctgat
ttcaact gct
acctcacgta
cacagtatta
att aaaagca
t at cgat ggt
cgatttaatg
cgt aact aaa
tcttacttta
cggtttagca
caaaccaggt
acacggtgta
acgt gct gat
agcaaaagt t
t cacaaacat
tttttttatt
aaaaaatttt
atttettttt
tcaaatgttt
tccta
<210>
<211>

<212>
<213>

112
8759
DNA
Arti

<220>
<223>

at ggaagaaa
ttttttgatc
atttcagaga
gacct aaagg
ttgcaaaaaa
aagtttttaa
at gggcaaac
cgtaacccag
aaagctattg
aaagaagt ag
at agat at gt
aaaggtattg
acacttagtg
aaagct at gg
ttagctaacc
gct acaaaag
ggcagt actg
tttagaattg
ggagct caat
ggtttaggta
gaagttacac
t aat ct agaa
ttttecetttt
aagcgactta
t t acaaaact

t caaat cgtg

ficial

tgttttttac
aaaaaaaaga
agaaaaaaaa
tagatttcca
aaaagaaaaa
ctttttttga
caat gt ctaa
aagcaat cgc
cagaacaat g
ctttaggcga
cat caattgc
at at gttaga
ttat ggtagg
ctggttct gt
aggttattgt
caggt gt aaa
t at t agacgc
atttacat at
taccattaac
cagcagat ca
gtgattataa
aaaaaagcat
ctttttattt
tgtttttaag
t aaaaaaagt

caaacat caa

Sequence
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ttcttccatt
t acaaaaaat
atttaaacaa
taaattcatt
agcaaaaagt
acaatt ccat
aaacttactt
t gacgt aat t
tgatgttatt
aaat ggaat t
t ccacttgca
t gct ccagt t
cggt gat aaa
agt acacact
t gcatt aaat
tcctgattta
aaaagct cca
t aaagacct t
t gcagcet gt t
ctcagcttta
agat gat gat
ctttcaaaat
tatttaacaa
tttcattttt
t t aaaaat aa

attgcacaaa

aaaaaagaaa
ttttttgttt
aacaaaaaaa
tttctcattt
cattttaaag
at gaaagt ag
aaagct ggt t
gcagcetggag
attact at gt
at t gaaggt g
t cacgt gaaa
agt ggt ggt g
gcaatttttg
ggt gaaat cg
at agct gcaa
gt at at cagg
at ggttatgg
gctaatgcett
at ggaaat ga
gcttgttatt
gat aaaggac
taaactttaa
aaagaaaagg
tttattttta
aaaatttttg

ataattttta

codon optinized sequence conprising CC93- CCY7
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aaagaaaagt
taattttatg
t at agagaag
gtttttttct
agaaaaat gg
gattt at agg
act catt agt
ct gaaacagc
tacctaattc
ct aaaccagg
tttctgaagc
aaccaaaagc
acaaat acta
gt gcaggt aa
t gt cagaagc
caat t cgtgg
atcgtaattt
t agat acat c
t gcaagcat t
at gagaaat t
acaaccaccg
gtttttttct
aaaaaat aaa
tttatttttt
acaaaagaaa

aaattcattt

7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8765



<400> 112
t ccaaact at

t aaaaaatta
gacttttttt
ctattgtgtt
tttttttett
gcaaagcaaa
aacaaagcaa
t caacaaaat
aaaaagt aaa
atttcatcaa
ttaatgtttg
cat aaagcaa
aacatt at ct
t act acagga
atcttct ggt
at ctacacca
gtaatccata
t aaaacat gg
tt gaaagt ca
acct aaagct
acggtcttta
aacat agcaa
aacaggaaca
agct acccat
aacaagt aaa
acgaccaat t
ctctactgaa
t gct aat aat
taattcgtga
agttaattct

agcaacgat t

ttctcatatt
taaattttta
actatttctc
tttgaacaat
t gaaact ttt
aaat gat aaa
aaaagt aaaa
ttttcaaata
gaat caaaaa
gaaaaat aca
t gacggt ggt
gtttcagtag
aatt ct gaac
acacgat att
t t aaaaacac
t aaccgttaa
t caaaagcac
at at at ggaa
aaat cacctg
gcaggaattg
aat acat gaa
acat cacgac
tt at caaaat
tcttttctac
gt taaagcag
t gt gt aggt t
ccagt at gac
gtagcat tac
t cat ct ggaa
gcaaat t gct

acaggacgtt

ttttcagctec
caaaacaaga
acaaattcta
ttttttgtte
tttetttttc
aagcagcgaa
agaagt t caa
aaaagttttt
aaagt agaga
acttttctaa
tgtgtccttt
gt gcgt cagce
ccat t gaaat
gagccattaa
gaat agcttt
cttctgaact
gttgtgattg
tgttaaattg
aaat agcaac
t ccaacct aa
gcatttgtgc
caaatgcttt
gagtttttct
aaggt aaacg
cttttgcatc
cgat gt caat
gat t agcgaa
cgt aacggt g
t acaacccca
gt aaaagagc

cagct t gaat
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caaaagat ct
ttttttctat
t aaaaaat ca
ttgtttttta
attttacgct
gcaaaaaat g
aaaaaat gt a
t t caaaaacg
aaaatt gt at
aaaaaaat ga
at cat cat ca
agcattat ct
gtttgtaact
tgctttagece
acat cct aag
gtttatattt
acgaat t aaa
t gcaccaaca
t acattacgt
agggccagct
agcagct at t
attcatttct
t aat aaagt a
acctgetttt
acttacaatg
gt gaacaat t
acgatttcca
agct gttt gt
gcccatt aaa
agct gcat ca

taacatttct

tatttaaaat
ttataatgtt
aaaaattttt
tcttctcttg
ttttttcttc
at aaaaat ga
tt gagt t gat
aagcacaaaa
ttttettttt
aaaaaat gga
tctttataat
gcaat atctt
ctttctaaaa
t gt t caaaag
ccttcagcaa
tcaaatgcta
cct aaat aag
gctaattcct
tttggatcag
t ggccacagt
t gact t aaac
tcgtatacac
cgtttacgtt
tgcatttctt
cct aaat cag
ttacgtcctt
at accgaat a
aaacct acca
gt aggaatta
gcatt aat aa

actgettttt
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t gaaat aat a
gtgatttttt
aaagaatttt
ctttttcget
ttcatttttt
aaagaaaagc
tttttttaat
aaaattcaaa
tgaaattttc
aatttctaga
cttcataatg
caaact ccat
taacttcaac
ct ggagct at
cttttacgtg
attgaacaca
cgttatttac
caat aagaaa
ctgcacat ac
t aat ccaat g
caat t gt agt
gttgaggttt
gttggcagtc
gagcaacct c
ggcat aat ac
cagtatattt
ccat at caga
t gcct gecat
caggt act ga
caccaccacc

caat ttgcat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860



acgagaagca
ttcagct act
cattaagtga
agccatttta
at gaagacga
agcact at at
accaatatta
at gacgagct
gattgctgca
tgctgcatca
t aaaccaat t
t gaact t aaa
tttggtttta
aaaaatttta
acttttatge
gcaagcggt t
tgacctattg
tttatatttt
cagat gagaa
ttaaaccgac
t gt ggt gccce
ttgagccatt
ttgataaatg
tgtaatttcg
aaaaaaagag
acttcggt gg
tttttaactg
atcattgcag
gcagaaccgt
aaggacgcag

at at caccaa

gcaggttt at
t gaacat cga
aaagcct gt t
cttacaggtt
gcacgaggt g
aat gcagt aa
cctget gt ag
aaaat gt gac
cct ggt acac
acagcacgca
tt ccaagt aa
ataaaatttt
tttatttctt
ttt aaagaat
ttttttttaa
aaat t gacac
cttgtaaggc
at aat agaat
gatatttgct
ttaccttagg
t cct cet t gt
agt at caat t
t at gt agat t
tgtcgtttoct
aatcttttta
tact gttgga
catcttcaat
cagacaagat
ggcatggttc
at ggcaacaa

acat gt t gct

at acaggt aa
aaggt aaat ¢
gt aat acacg
t agcaat agc
ctt gaccagt
t cat at ct gt
cacgtgtata
gaat gccacc
cgaaagct gt
tttttgccat
ctttacttta
t aacaaaat t
tttttttaca
ggttttttaa
aaaaagcagc
tttttaaaag
aat cactcta
at aaaatcta
cgat aat caa
aat cat agt t
caat at t aat
tgcttacctg
gcgt at at ag
att at gaat t
agcaaggat t
accacct aaa
ggcct t acct
agt ggcgat a
gt acaaacca
acccaaggaa

ggtgattata

0802WD1_ST25

aggt t cat ac
aact aat aca
t ggt act aaa
ttcaatatca
aat acat aag
accagct ggg
accttctgece
atgtttacgc
agt aat acct
at gaat aaat
t caaaaatta
tattttaaaa
aacaaaaat t
tattttgctc
aaagcaaaaa
tatttatagg
ccaact gagt
acaacttctt
t act ct aggc
tcatgatttt
gt t aaagt gc
tattccttta
tttcgtctac
tcatttataa
ttcttaactt
t caccagttc
t cttcaggca
gggt t gacct
aat gcggt gt
cct gggat aa

ataccattta

at gt ct ggat
ggaccaggac
gcagcct cac
actgcttgaa
at aggaat ac
ccagat gt ac
at gt gact ag
at agcagaat
tctttctcta
aattt at aat
aaaaattaaa
aaaagaaaaa
tttttaaaca
at gacaaat g
agtt at aaaa
cccaaccgga
t at gggcct a
t agct agcac
atctaacttt
ctgttacacc
aattcttttt
catcctcctt
cct at gaaca
agtttatgta
cttcggcgac
t gat acct gc
agtt caat ga
tattctttgg
tcttgtctgg

cggaggcttc
g9t gggtt gg
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cgaat t caat
gacct gaacg
gaacagttac
aatcttcttt
t at cagct ga
ct aaacaaac
caccttctac
aaaat ggat t
at acat acat
tttttctgta
aaacttttat
atttttttat
gaat aat aaa
attttttact
agt gt at gga
cttgaaccga
aaaaatatta
t aggagat ca
tcccattgtc
taactttttg
ccttatcacg
tttctccttc
tattccattt
caaat at cat
agcat caccg
at ccaaaacc
caatttcaac
caaat ct gga
caaagaggcc
at cggagat g
gttcttaact

1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720



aggat cat gg
ttgatggttt

t ccaaggacc
gtgattcttt
tcgtcttcct
t cagtacctt
aagttacatg
tgttcaggtc
gcat cagcct
at agcagcac
gaaat agct t
ggcaaaacga
atatatattg
cct att ggaa
agcattt agt
tttecettttt
ttaacaaaaa
cgttatgttg
acct gagt at
cgcet cggeca
acgtttttga
attttgat gt
at act agaag
ggagaaaat a
gcctct agt t
gt caaagtta
tttaaatgaa
ttttttttaa
tactttcata
t ggt cact t t
ttt aaaagaa

t aacact aaa

cggcagaat ¢
cct ccacagt
aaat aggcaa
gcacttctgg
ttctcttacc
t agcaaattg
gtcttaagtt
t aacact acc
t ctt ggaggc
caccaattaa
t aagaacct t
cgatcttctt
ctgaaatgta
aaaacaat ag
cat gaacgct
ctcccaattt
atttccagtc
aggaaaaaaa
t cccacagt t
aacaaccaat
acacacat ga
aattgttggg
ttctcctcga
ccgcat cagg
ttatttgtaa
tttaacaaaa
aaaagaat gc
actttttttt
tttttttagt
gaaagt ccca
aat aaaattt

t cat ct caag

aat caattga
ttttctccat
t ggt ggctca
aacggt gt at
aaagt aaat a
tggctt gat t
ggcgt acaat
ggt accccat
ttccagcgcece
atgattttcg
aat ggcttcg
aggggcagac
aaaggt aaga
gtcctt aaat
tctctattct
ttcagttgaa
atcgaatttg
taatggttgc
aactgcggt c
tacttgttga
acaaggaagt
attccatttt
ccggtcgat a
aatttaaata
accaaaaaaa
atgaatttcc
ttttttcaaa
gaaaaaaggc
atttttttat
getttttttt
ttaaaaattt

aaagtttaat
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t gt t gaacct
aat cttgaag
t gt t gt agag
t gtt cact at
cctcccacta
ggagat aagt
t gaagtt ctt
t t aggaccac
t cat ct ggaa
aaat cgaact
gctgtgattt
att agaat gg
aaagttagaa
aatattgtca
at at gaaaag
aaaggt at at
attctgtgeg
t aagagattc
aagatatttc
gaaat agagt
acaggacaat
t aat aaggca
tgcggtgtga
ctagtggatc
at gaaaagcc
aaaacttgca
aaaagtttta
attctttttt
t gaat aaaaa
aattcacttt
t aaaaaat aa

atttttgaaa

t caat gt agg
aggccaaaac
ccat gaaagc
cccaagcgac
attctctgac
ct aaaagaga
tacggatttt
ccacagcacc
gt ggaacacc
t gacatt gga
cttgaccaac
tatatccttg
agt aagacga
acttcaagta
ccggt t ccgg
gcgt caggeg
at agcgcccce
gaact ctt gc
t t gaat cagg
ataattatcc
tgattttgaa
at aat att ag
aat accgcac
cttaattaac
aaaaatttaa
cgagat aaaa
aacaat acgt
ttttaagaaa
aaaactttaa
tttetttatt
aagaacaaac

agagttcgtt
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gaattcgttc
attagcttta
ggccattctt
accat cacca
aacaacgaag
gt cggat gca
t agt aaacct
t aacaaaacg
t gt agcat cg
acgaacat ca
gt ggt cacct
aaat at at at
ttgct aacca
tt gt gat gca
cgct ct cacce
acct ct gaaa
tgtgtgttct
at ct t acgat
cgect t agac
t at aaat ata
gagaat gt gg
gt at gt agat
agat gcgt aa
t gcagggceg
gaaat aaaaa
aagat aactc
aaaaacttta
ttttaagtaa
agt aaaaaat
tattttcctg
tttcttgaga

caaaaatttt

3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640



tcagttttaa
gtactgttgt
aacct gaat c
gaaaacgggy
cacccaggga
caggttttca
t cgt ggt at t
caagggt gaa
ggat gagcat
tttttcttta
cattgagcaa
acggt ggt at
atcct at aaa
aaaat aaaaa
aatagtttaa
ttttaagttt
attttttttc
atttgttttt
agaaaaattt
tttaattttt
gtattttttt
ctgcct gt ag
agaggcaat g
aagaaat caa
tcattttatg
t cgaaaaggt
atttttttta
gcagagct tt
atataattct
tttaaattta

tttttttgca

atacaaattc
aattcattaa
gccageggcea
gcgaagaagt
tt ggcgcet ga
ccgt aacacg
cact ccagag
cact atccca
t cat caggcg
cggtctttaa
ctgact gaaa
at ccagt gat
aat ct at ccg
act aaact at
aaatttttat
aaatattttt
t acgcaaaac
tctatttttt
ttttttgatt
tttatgaatt
ttctttgaac
atccattgga
acaaccagca
atgttttcaa
aaagttcgtt
acagt aat gg
at ggaagaaa
ttttttgatc
atttcagaga
gacct aaagg

ttgcaaaaaa

t caaat at ct
gcattctgec
t cagcacct t
t gt ccat at t
cgaaaaacat
ccacatcttg
cgat gaaaac
t at caccagc
ggcaagaat g
aaaggccgt a
t gcct caaaa
ttttttctcce
t ggaaaact t
att at agaaa
tttttttaaa
ttcaaagtta
ttcattttta
t at aaact ca
tttttattat
ttagaatt ct
aaaagcaaaa
ttggt at caa
cgggct cgag
at cgt gcaaa
cttcagttaa
ttatttgtac
tgttttttac
aaaaaaaaga
agaaaaaaaa
tagatttcca

daaagaaaaa
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aggt t acgece
gacat ggaag
gt cgecttge
ggccacgttt
attctcaata
cgaat atatg
gtttcagttt
t caccgtctt
t gaat aaagg
at at ccagct
tgttctttac
att at gaaaa
ttttctttga
at aat aaaaa
ttttaacata
ccacttgctc
ttggtttata
aaaaaagttt
t t ggaaaagt
ttgtttttte
aaagcaaaag
cgcgcaggea
act agt ggcc
catcaaattg
aaaaatttgt
aaat cct aaa
ttcttccatt
t acaaaaaat
atttaaacaa
taaattcatt

agcaaaaagt

ccgecctgece
ccat cacaaa
gt at aat at t
aaat caaaac
aaccctttag
t gt agaaact
gct cat ggaa
tcattgccat
ccggat aaaa
gaacggtctg
gatgccattg
gttcat agaa
aaaaaaaaaa
ctattttttt
aat t caaaac
t t ggggaaca
atttttctaa
caaaat at ga
tt ccaaaaaa
attttagttt
t aaaaaaact
t agtt cgaga
ggcct ct agt
cacaaaat aa
act aaatgtc
cat aaacaac
aaaaaagaaa
ttttttgttt
aacaaaaaaa
tttctcattt

cattttaaag
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act cat cgca
cggcat gatg
t gcccat agt
t ggt gaaact
ggaaat aggc
gccggaat cg
aacggt gt aa
acggaact cc
cttgtgctta
gttataggta
ggat at at ca
cattttgtcg
gaaat t gaaa
aacat aaaaa
tttagcaaat
agt aaact aa
attttcatct
aaaaaat act
aaaat t gggt
tttttatttt
agaggccgt t
aaaattatcc
gct agcacaa
tttttaaaat
gtttaattcg
gt caaggat a
aaagaaaagt
taattttatg
t at agagaag
gtttttttct

agaaaaat gg

5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500



agaaagat aa
tttaggtatt
tgttactact
aacagcacgt
acaagt agaa
aactattgtt
aaatgaatta
t gaaggt aca
tttatttgaa
at gt aaagt t
tttatttget
ttttgcttca
tcectggtttc
agcatt agct
t gct aat ggt
taaccat aaa
acact aat ct
tattttttcc
ttttaagcga
ttttttacaa
gttttcaaat
<210>
<211>

<212>
<213>

113
927
DNA

<220>
<223>

<400> 113
at gaaatt ag

agagct ggt ¢
ttaggtgctg
attatggttc
aaagcat ct t

aaacgttttg

Artificia

aagtttttaa
atgggt actc
attggtcctg
caagttacag
gaagttttat
gat at gt ct t
ggt ggt gact
ttatctatca
ttacttggca
gcaaat caaa
t caaaagct g
t caagaattt
aaaattgctt
ttaaacttac
ggcagt cagt
ttagcagatt
agaaaaaaaa
ttttettttt
cttatgtttt
aact t aaaaa

cgt gcaaaca

gtttcatcgg
atcaattaca
t at cagttga
cagat act cc
t aaaaggt aa

caagacaagt

ctttttttga
caat ggcaat
tt gcagacga
aagcat caga
tt ggt gaaaa
ctatct cacc
at cttgacgc
t ggt aggt gg
aaaat at cac
ttattgtagce
gt gcagat cc
t agaagt aca
t acat caaaa
ct aat act gc
tagatcattc
at aaagat ga
gcatctttca
attttattta
taagttt cat
aagtttaaaa

tcaaattgca

Sequence

tttaggtatt
tgttact act
aacagcacgt
acaagt agaa
aactattgtt

aaatgaatta
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acaatt ccat
t aat ct t gct
acttttatct
cataatattt
t ggt t gcact
t at t gaaact
tccagtttca
agat gaagct
attagttgga
acttaatatt
tgttcgtgtt
t ggt gagcgt
agatttaaac
tacttgccaa
agctttagtt
cgacgat aaa
aaat t aaact
acaaaaagaa
tttttttatt
at aaaaaat t

caaaataatt

atgggtactc
attggtcctg
caagttacag
gaagttttat
gat at gt ct t

ggt ggt gact

at gaaatt ag
agagct ggtc
ttaggtgctg
attatggttc
aaagcat ct t
aaacgttttg
ggtggt gaaa
gttttcgaac
ggt aatggtg
gaagcagt tt
cgt caagctc
at gat t aaac
ttagctttac
gaacttttca
caagcatt ag
ggt cacaatc
ttaagttttt
aaggaaaaaa
tttatttatt
tttgacaaaa

tttaaaattc

codon optim zed sequence conprising CC 97

caat ggcaat
tt gcagacga
aagcat caga
tt ggt gaaaa
ct at ct cacc

at ctt gacgc

Page 57

gtttcatcgg
at caattaca
tatcagttga
cagat act cc
t aaaaggt aa
caagacaagt
ttggt gct cg
gt gt aaaacc
at ggacaaac
ct gaagct ct
ttatgggcgg
gtacattcaa
agt cagct aa
at acat gcgce
aact t at ggc
accgt cat aa
ttettttttt
t aaaaaaaaa
ttttatttct
gaaat caaat

attttccta

t aat ct t gct
acttttatct
cataatattt
t ggt t gcact
t at t gaaact

tccagtttca

7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8759

60
120
180
240
300
360



ggt ggt gaaa
gttttcgaac
ggt aat ggt g
gaagcagttt
cgt caagct ¢
at gatt aaac
ttagctttac
gaacttttca
caagcattag

ggt cacaat ¢

<210> 4

11
<211> 16417
DNA
Artificia

<212>
<213>

<220>
<223>

<400> 114

ttggtgctcg
gt gt aaaacc
at ggacaaac
ct gaagct ct
tt at gggcgg
gtacattcaa
agt cagct aa
at acat gcgc
aact t at ggc

accgtcataa

0802WD1_ST25

t gaaggtaca ttatctatca tggtaggtgg

tttatttgaa ttacttggca aaaat atcac

at gt aaagtt gcaaatcaaa ttattgtagc

tttatttgct tcaaaagctg gtgcagatcc

ttttgcttca
tcctggttte

t caagaattt

aaaattgctt

t agaagt aca

t acat caaaa

agcattagct ttaaacttac ctaatactgc

t gct aat ggt
t aaccat aaa

acact aa

Sequence

ggcagt cagt
ttagcagatt

cgtttaggtg taacacaatc ttggggtgga tggacaatta

ccaggtattt
ttcttagett
act ggaaaaa
cttttatgtt
gtttcagatc
gatgggtttg
ttaggtgttt
ggtttatcaa
gctgcettteg
tttggtccta
gttcaaacaa
aaattagctt
ggagct at ga
gat caagat g
gttttattaa

ggagttatga
cggtttggca
ctgcattaga
ttggttttgg
cttatggatt

atcctttcaa

t agcaggat t

t gggt agt at
ttgttgctgg
cacgttatca
gtttagcagg
tctatgatta
at agt ggaga
gtcgtgaat t

t t gat aaaga

aggt gt t gct
ctgggtttac
tttaccaaaa
tgctttccac
aacaggaagt
ccct ggt ggt
attccactta
cgaaacagt a
aact at gt gg
at gggaccaa
tggttcttca
t at t ggaaac
t ggt at t gt

at acgt acgt

tggtgttgta

gcatctcata
t gggatttag
attttcggaa
gt aacaggt t
gttcaaccag
attgcagcgc
tgtgtacgtc
ttatcaagta
tatggttcag
ggtttcttce
ctttctgatg
aaccct gcaa
gt t ggat ggt

cgtatgccta

cgt gct gacg

tagatcattc

at aaagat ga

gcggt gaaac
ttattttatc
agttattccg
ttcacttatt
tatttggtcc
ttgctccttc
accacattgc
cttctattcg
gtattgctgc
cagct act cc

aacaagaaat

ct t gggcgaa

aaggt ggt ct
t aggt cacgc

ctttctttga
ttcctttceg
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agat gaagct
attagttgga
acttaatatt
tgttcgtgtt
t ggt gagcgt
agat tt aaac
tacttgccaa
agctttagtt

cgacgat aaa

codon optinm zed sequence conprising CCY0- CC91-CCI92

agcaacaaat
tggtttatta
t gacccaaga

cttat caggt

tggtatttgg

ttggggtgct
tgct ggt at t

tttatacttt
tgttttctgg
aattgaatta
t caaaaacga
aatt ccagaa
tttccgtaca
agtatttaaa
aacattccca

t cgt gct gaa

420
480
540
600
660
720
780
840
900
927

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



t caaaatata
ggat t aacat
gaaatttttg
cgt ggt t ggt
tggcat ggt g
gaaagtttag
ttctaattcg
ttattttgaa
ttttttttaa
gct att caaa
catttttttt
actttttgca
caattcaaaa
agcaaaagaa
attcttaaaa
ttttttatta
tcgtatggta
aatttgat gt
taaacttttt
aaactt aaaa
at aaaat aaa
aagatgcttt
tctttataat
gcaccaaact
t ct ggat caa
gcacacattt
acttct acac
ggttcgttag
ttagct acac
aat gcacgac
gcaggaaaag

aaacgaacat

gt at t gaaca
t t aat gat cc
aatttgatcg
ttacttttgg
cacgt acaat
aatttggtaa
tttttttctce
ttttttgttt
t acaaaaact
at aaacaaga
gaattgtttt
aaaaagt gag
aagacaaaac
ttttgtattt
t caaaat at t
at cggaacat
aaat aacgt a
ttgcacgatt
ttaagttttg
acat aagt cg
aagaaaagga
tttttctaga
caaaacgttc
ct gcacaacg
aagcagcttt
gattgatttt
at aact ctaa
cat cgaat aa
gtaaatcgta
gt ggaat t gt
catttttacg

cagt agcacc

agttggtgta
agcaact gt t
ttcaacatta
tcacgtttgce
cttccgt gat
at acaaaaaa
ttttttttcet
agaactttac
tttttaaaat
gtttaaaaac
tgaacttttt
aaaaaacagc
ct aaaaaaat
t gt t gaaagt
t gt t aaccac
t aggaatt at
agatctccta
t gaaaacat t
t aaaaaaaga
cttaaaattt
aaaaat aaaa
ttaatgtttg
aagct ct gga
at gt aaagt t
t acagcgt ga
ttcacggceg
gatttttcca
gat t aat gga
ttgttgagaa
accat ccata
acctgcccaa

agctttaagt
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t cagt aact t
aaaaaat at g
caatctgatg
tttgctttat
gtatttgctg
cttggtgata
tttttctett
tgttettttt
gaatttaaaa
aaagtttttt
tcttctettg
aaagcaaaaa
at cact t gag
ttttcataaa
atttcattct
ctttttcgea
ggaaaat gaa
tgatttcttt
aat aaaaaat
ttttttattt
aaaagaaaaa
t gacggt ggt
aaaggt aaat
ggaatatttt
aat gt agt aa
attccat gct
ccaagttctt
tgcatattac
agacgt gcaa
caat aat agt
aatcttacac

aat at gt cgt

t ct acggt gg

ct cgt aaagc
gtgtattccg
tattcttctt
gt att gat ga
caagt t ct gt
t ggaaaaaga
ttattttaaa
aacacaaaaa
tctttagaaa
cttttatcgt
agt gaaaaaa
at gggt ct gg
aat acaaat t
at ggaagcat
attttcttta
ttttaaaaat
t gt caaaaat
aaat aaaaat
tttccttttc
aact t aaagt
tgtgtccttt
ggccgt gat g
t accaggat t
tttcatcact
caccact aat
cagcacgagc
cat cgccagce
taccttctaa
ct ggt gaaat
gttcagcttc

ttacacgctc
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t gaat t agat
acaat t aggt
t agt agt cca
t ggacat at t
t gat ct aaac
t cgt gaagct
aaaaacat gt
gtgtttctagt
aagagtt att
aaaacttctt
ttttttcttc
agtt caaaaa
attttttcca
tgcaatt att
tagtttatac
gagaaccacc
tattttgtge
tttttatttt
aaaaaaaat g
tttttgttaa
ttaattttga
at cat cat ca
tacatgcata
aagt aaaccg
attgaattga
agaaccacct
aaact cacca
at gaaat aca
aacacct ggt
acgacct act
atctt gt gct

acagtcttcc

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880



t gaacat cac
t aaccagcgt
cct cct ggaa
gaat caaaag
acttctgttg
ccaggagaat
tcaattttta
ttctctgcta
t at aagt t at
cgt gcacgac
aat acacctt
acaact ggaa
tttggt aaaa
ggaat aattt
att aaaact g
at act cat at
t t aaaat gac
at gagaaaaa
tttttgtttt
acaaaaaaat
tcttttttaa
tgtttatgtt
catttagtac
attttgtgca
t agaggccgg
t cgaactat g
cggttttttt
aaaaact aaa
ttttttttgg
tttcatattt

atttagaaaa

tctctactcc
gt at aaaat ¢
ttataccatt
atgct aat aa
t aacacct aa
ctaatgcatc
ataagttgtg
cattaccacc
gaggagcaac
gaccaact gg
tttctaaagg
cacgt aat ct
ctact aat aa
cttcat ct gt
aagt acgat ¢
ggaattgttc
tttttgettt
tgaatttatg
gtttaaattt
tttttgtatce
t ggaagaagt
t aggatt t gt
aaattttttt
atttgatgtt
ccact agt ct
cctgegegtt
tacttttgct
at gaaaaaac
aaacttttcc
t gaaact ttt

attataaacc

atctaattca
ttcagctgca
t gcaat gat a
aacacgagca
cattccttct
act acct aaa
tactgttaaa
aat t gaacaa
tgcttgtgaa
gtt aat at ct
aagt gcaccg
at gacat act
aggtcttgtt
at gt aaaat ¢
aacat ct ggt
aaaaaaagt t
tttetttttt
gaaat ct acc
ttttttcttc
ttttttttga
aaaaaacat t
acaaat aacc
aact gaagaa
tgcacgattt
cgagcccegt g
gat accaat ¢
ttttttgett
aaagaatt ct
aaat aat aaa
tttgagttta

aat aaaaat g
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caaagt aaaa
cgaattgata
t cgcct acag
acaggt ggt t
gatcctgtga
gt aagagcct
ccatatttta
gcaatttgac
attgct aaat
aaaatttctt
ccactt aagc
gct aat at ag
ct gt aagct g
t ct aagccag
aaagcaccat
aaaaactttt
ttttgcaatg
tttaggtcta
t ct gaaat ag
t caaaaaaaa
tcttccatta
attactgtac
cgaactttca
gaaaacattt
ctggttgtca
caat ggat ct
ttgttcaaag
aaaattcata
aaaat caaaa
t aaaaaaat a

aagttttgcg

ttgcttcage
agttat ccat
ct aat cct gc
tt ggaagt aa
at aaagct aa
caccgt ct aa
aacagt gt ac
t act aggat c
t acgaacacc
t aaaacgt gc
ct gtacct gc
cagtaacttg
at aat ccatc
gtacgtgttc
ct aaacgttc
atctttctcc
caaaaaaaag
aattt aaact
aattatatca
agct ct gcac
aaaaaaatta
cttttcgacg
t aaaat gaat
gatttctttt
ttgccetct gg
acaggcagaa
aaaaaaaaat
aaaaaaatta
aaaaattttt
gaaaaaacaa

t agaaaaaaa
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at ct act gga
cat ct ct aat
tttttcaact
tttaacagtt
t aaat caaaa
agtttgtact
gccaccagca
t ggagcegt aa
aggt t gaaca
cat aact aat
accacgtgta
ttccatttgt
acat t cgt at
acgaagt gcc
ttcat at aat
atttttctect
aaaaaaacaa
tctctatatt
t aaaatt aaa
ttttettttt
tcctt gacgt
aatt aaacga
tttaaaaatt
gt gct agcac
ataatttttc
cggcct ct ag
acaaaat aaa
aaacccaatt
ctagtatttt
at agat gaaa

atttagttta

2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740



cttgttccce
aagttttgaa
t t aaaaaaat
tetttttttt
tgttctatga
cccaat ggca
accagaccgt
agttttatcc
gt at ggcaat
ttttccatga
gcagtttcta
ccct aaaggg
cagttttgat
caaat att at
cgtttgtgat
gt ggcagggc
t gaacgaact
aagtttgttc
t aaat aaaga
ctttaaagtt
aatttcttaa
ttacgtattg
ttttttatct
tcttaaattt
cagttaatta
ctgtgcggta
acct aat at t
tctt caaaat
t aggat aat t
cgcctgattce
at gcaagagt
caggggcgct

aagagcaagt
tttatgttaa
agtttttatt
tttcaaagaa
acttttcata
t cgt aaagaa
t cagct ggat
ggcctttatt
gaaagacggt
gcaaact gaa
cacat at at t
tttattgaga
t t aaacgt gg
acgcaaggcg
ggcttccatg
ggggcgt aac
cttttcaaaa
ttttattttt
aaaaagt gaa
tttttttatt
aaaaaaaaga
tttaaaactt
cgt gcaagt t
ttggcttttc
aggat ccact
tttcacaccg
attgccttat
caat t gt cct
atactctatt
aagaaat at ¢
t cgaat ct ct

at cgcacaga

ggt aactttg
aat tt aaaaa
attttctata
aaaagttttc
at ggagaaaa
cattttgagg
att acggcct
cacattcttg
gagct ggt ga
acgttttcat
cgcaagat gt
atatgttttt
ccaat at gga
acaaggt gct
t cggcagaat
ctagatattt
at at t aaact
taaaattttt
tt aaaaaaaa
caat aaaaaa
atgccttttt
tttttgaaaa
ttggaaattc
attttttttg
agt atttaaa
cat at cgacc
t aaaaat gga
gtacttcctt
t ct caacaag
tt gaccgcag
t agcaaccat

atcaaattcg
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aaaaaaat at
aaat aaaaat
atatagttta
cacggat aga
aaat cact gg
catttcagtc
ttttaaagac

cccgcect gat

t at gggat ag
cgct ct ggag
ggcgtgttac
cgt cagcgcece
caacttcttc
gat gccgcet g
gctt aat gaa
gagaatttgt
ttcttgagat
aaaaatttta
gct gggact t
at act aaaaa
t caaaaaaaa
aagcattctt
atttttgtta
gtttacaaat
ttcctgatge
ggt cgaggag
at cccaacaa
gttcatgt gt
taattggttg
ttaact gt gg
tatttttttc

at gact ggaa

ttaaacttaa
ttttaaacta
gttttttatt
tttttatagg
at at accacc
agttgctcaa
cgt aaagaaa
gaat gct cat
tgttcaccct
t gaat accac
ggt gaaaacc
aat ccct ggg
gcceccegttt
gcgat t cagg
tt acaacagt
atttaaaact
gattt agt gt
ttttctttta
t caaagt gac
aat at gaaag
gtttaaaaaa
ttttcattta
aat aactttg
aaaact agag
ggtattttct
aactt ct agt
ttacat caaa
gt t caaaaac
tttggccgag
gaat act cag
ct caacat aa

attttttgtt
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aaatttgcta
tttttttatg
tttttcaatt
at cgacaaaa
gttgat at at
tgtacctata
aat aagcaca
ccggagttcce
t gttacaccg
gacgat t ccg
tggcctattt
tgagtttcac
t cact at ggg
ttcatcatgc
act gcgat ga
gaaaaatttt
t at ct caaga
aacaggaaaa
caatttttta
tattacttaa
aat aaagttt
aagagttatc
actttttatt
gccggecctg
ccttacgcat
at at ct acat
atccacattc
gttatattta
cggt ct aagg
gt at cgt aag
cgagaacaca

aatttcagag

4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660



gt cgect gac
cgccggaacc
aat acttgaa
aatcgtctta
ttcaaggat a
acgttggtca
gttccaat gt
caggtgttcc
t aggt gct gt
t aaaaat ccg
actctctttt
ttgtcagaga
gtgtcgcettg
ccgctttcat
atgttttgge
tccctacatt
acccaaccca
at gaagcct ¢
t gccagacaa
t gccaaagaa
tgtcattgaa
at gcaggt at
ct gt cgccga
t gt acat aaa
tatgttcata
aaaaggagga
ggaaaaagaa
t aggt gt aac
gaaaagtt ag
t agt gct agc

tttaggccca

gcat at acct
ggctttt cat
gttgacaata
ctttctaact
taccattcta
agaaat caca
caagtt cgat
actt ccagat
gggt ggt cct
t aaagaact t

agacttat ct

att agt ggga
ggat agt gaa
ggccct acaa
ctcttcaaga
gaaggttcaa
cct aaat ggt
cgttatccca
gaacaccgca
t aaggt caac
cttgcct gaa
cagaact ggt
agaagtt aag
ctttataaat
gggt agacga
t gt aaaggaa
ttgcacttta
agaaaat cat
at gcct agag
t aaagaagt t

t aact cagt t

ttttcaactg
at agaat aga
ttatttaagg
tttcttacct
atgtctgccce
gccgaagcca
ttcgaaaatc
gaggcgcet gg
aaat ggggt a
caattgtacg
ccaat caagc
ggt attt act
caat acaccg
cat gagccac
ttatggagaa
cat caattga

attataatca

ggttccttgg
tttggtttgt
cct at cgcca
gaaggt aagg
gatttaggtg

aaaatccttg
gaaattcata
aact at at ac
t acaggt aag
acatt aat at
gaaact at ga
tattgattat
gttagatttt

ggt agagt ga
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aaaaat t ggg
gaagcgt tca
acctattgtt
tttacatttc
ct aagaagat
t t aaggt t ct
atttaattgg
aagcct ccaa
ccggt agt gt
ccaact t aag
cacaatttgc
t t ggt aagag
t t ccagaagt
catt gcct at
aaact gt gga
ttgattctgce
ccagcaacat
gtttgttgee
acgaaccat g
ctatcttgtc
ccat t gaaga
gttccaacag
cttaaaaaga
at agaaacga
gcaat ct aca
caaattgata
t gacaaggag
ttcct aaggt
cgagcaaat a
atattctatt

ttgccttaca

agaaaaagga
tgact aaat g
ttttccaata
agcaat at at
cgtegttttg
t aaagct at t
t ggt gct gct
gaaggct gat
t agacct gaa
accat gt aac
t aaaggt act
aaaggaagac
gcaaagaat ¢
ttggtccttg
ggaaaccat ¢
cgccatgatc
gt ttggt gat
at ctgegt cc
ccacggtt ct
tgctgcaatg
tgcagttaaa
taccaccgaa
ttctettttt
cacgaaatta
tacatttatc
ct aat ggctc
gagggcacca
aagtcggttt
tcttctcatc
at aaaat ata

agcaat aggt
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aaggt gagag
cttgcat cac
ggt ggt t age
at at at at at
ccaggt gacc
tctgatgttc
atcgatgcta
gcegttttagt
caaggtttac
tttgcatccg
gacttcgttg
gat ggtgatg
acaagaat gg
gat aaagct a
aagaacgaat
ctagttaaga
atcatctccg
ttggcct ctt
gct ccagat t

at gt t gaaat

aaggttttgg
gt cggt gat g
ttatgat at t
caaaat ggaa
aagaaggaga
aacgt gat aa
cacaaaaagt
aagacaat gg
tgtgatctcc
aataatattt

catcggttca

6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520



agt ccggttg
ctttttataa
atcatttgtc
tctgtttaaa
attttttctt
tttttaattt
aaattat aaa
acaagt t aat
agcattctta
t gt aaat t at
aat t gaagct
t gaagaagct
gagt ggt t ct
tttacgtttc
ggt aggt agt
t ccaagagct
t gcagaat gg
at ggat caga
t gaggaagt a
att accaggt
aggagaacaa
t aat caaat ¢
t gat ggt ggt
acaat t agat
agat gat gat
ttttcatttt
aaaat acaat
cttegttttt
caatacattt
tatcattttt
aaaagcgt aa

agat aaaaaa

ggcct at aaa
cttttttgct
at gagcaaaa
aaaatttttg
ttttttaaaa
tttaattttt
ttatttattc
caagct at ct
ggacgt ccag
gat ccaactg
gctttagaaa
acttggggtg
gttcgtgatt
ggt ggt gaag
t acggtt gct
tctttatcat
caat tacaac
t t agaaggag
gcaggt cagt
acatt at ggc
cttattgatt
catcgtattg
ttcgcacctt
ccttgtggtyg
gat aaaggac
tttttagaaa
ttttctctac
gaaaaaaact
tttttgaact
tgcttcgetg
aat gaaaaag

caagaacaaa

tacttttaaa
ttgctgettt
t at t aaaaaa
tttgtaaaaa
taaattttgt
gat aaagt aa
atatgttacg
ct gacaaaac
t aacaggcca
agct t gt aat
gtgctggtca
gt at ggt agc
ttgtattagg
ttat gaaaaa
taggegtttt
tacgtcgtga
ctttaccaat
gcgaaggt ag
tttggcaaca
gtattagttt
9999aggt g¢
cacgt aatgc
tatctgctcce
tttttaatcc
acaaccaccg
agttgtattt
ttttttttga
ttttatttga
tctttttact
ctttttatca
aaaaaaagt t

aaaattgttc
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aagt gt caat
ttttaaaaaa
ccattcttta
aaaagaaat a
taaaaatttt
agttacttgg
t gaat gt gat
tccattagtt
aactttagac
t act gcacgt
aatgttacca
ttgtggttta
tactcgtata
t gt agct ggt
aacagaaat t
aatatcatta
aagtggttta
t gt t aaagct
attacgt gaa
accat ct gat
tcttcgttgg
t ggcggt cac
attattccgt
aggacgt at g
t cacaaacat
ttcttgatga
ttctttactt
aaaattttgt
tttttgettt
ttttttgett
t caaagaaaa

daaaacacaa

ttaaccgcett
aagcat aaaa
aat aaaat tt
aat aaaacca
attttaagtt
aaaat t ggt t
t at agt caag
at t caaggct
gttegttgtc
gtt ggt acac
t gt gaaccac
gct ggt ccac
attacaggtg
tatgattt at
t caat gaaag
caagaagcaa
tgttattttg
gct cgt gaat
caacagcttc
gcaccaat ga
tt aaaat caa
gcaact cgtt
t at cat caac
t acgct gagt
t agt ct agaa
aat gaaaat t
ttttttgaat
t gaat t aaaa
gttgcttttc
t gcaaaaaat
aaaagcgaaa

tagaaaattc
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gct ccat aca
gt agt aaaaa
tttttattat
aaat aaaaaa
caat aaaagt
t at acagaaa
ctcttttaga
caaact caaa
at cgt ggt at
ctttagt aac
ctcattacgg
gt agaccttg
ct ggt aaaca
cacgttt aat
ttttaccacg
t gt cagaaat
ataatgcttt
t at t aggt gg
catttttctc
t ggact t acc
ctgct gaaga
t ct cagcagg
aact t aaaca
tagattataa
atttccattt
t caaaaaaga
tttttttgtg
aaaat caact
ttttcatttt
gaagaagaaa
aagcaagaga

tttaaaaatt

8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440



ttttgatttt
t aaat agaaa
at aagat ct t
cgt at gat at
acgct acacg
ctttgcattt
ctttctaaaa
acttttttaa
ggt t gaat gc
ctcectttce
aaaaat ct gc
aaaat aaaaa
aat tt aaaaa
atttaaatta
tattttggag
gct tt agaag
t gccct acat
at aaaacaag
tgtttaacat
cttgat at ag
ttacgt gaag
gtaggtttag
act gt t aaag
ggt tgcgcet c
cgtttaggta
cacttaaatg
ccagcaat cg
gtt aaagaat
gt aagt gaac
gctattcgtg

aaacttaatg

tt at agaat t
aaat cttgtt
t t ggagct ga
t ct aaggcgt
gacgat acga
tttgtttgtg
aaaaacaaaa
aaaatttttg
tctggttttg
gat aat at at
aat aaaaat t
aaat gccaaa
aat agaaaaa
caaat aggt t
at caccat at
cagacagt at
accaact t ct
t at t agaagg
gccgtaattg
gt cgt gat at
gacttcgtca
ttttacgtcc
caaaaccacg
aaccaacat t
tttcagttat
ct caagaaaa
aagcaggt gc
at ggccaaat
ttgctgttga
gt gat aaaaa

gt gaagt aga

t gt gagaaat
tt gt aaaaat
aaaaat at ga
tacgct gat g
atttttgaat
ttgatttaca
tt gat gaaaa
gt at aat aca
aaaaccagcg
acaaaaattt
tegtttttta
agtgagtttt
atttttttat
ttattaaaaa
gcaaacacag
cttacgtgct
t ggt gat gaa
t aat gaagt t
t gaaact act
cgt agaacaa
agt agttcca
atttttacct
tcctcecttta
at ct ccaaat
gccagcaaat
aggt tt agct
t gaagct at t
gtt aaaaaac
ctt agt agaa
acttgetttc

aaaagttctt
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agt aaaaaaa
ttataatttt
gaaatagttt
aatattctac
t agat aaat g
aaaacaat ag
at agacat ga
aaaaaagaat
tggctttacg
ttaaagtttt
tttattcaaa
ttattcaaat
ttttttcata
atttttacgt
t t aacagaag
t gt gt acat t
t t agat ggac
actttaaaaa
t gt ccaagtg
aaagtt aaac
agaccagcag
gaacaagt ac
cgt cat aaac
acaaat gcag
gaagcaggt t
agagct cgta
ttacaaactg
gacgct tt at
ttattacgtg
cact gt ccat

ttaagatt ag

gt caaaaaat
ttatattatt
ggacaaact a
agagttgcca
agtgttctca
aaaaaagaaa
acaaaaaat t
ttttggaaag
gt caccgggg
ttgtttattt
aattctgttt
att agaaaaa
atttaaaaaa
acagat gaat
aaat gcgt ca
gtggcttttg
caagaggt cg
ct caagaaca
gagtacgtta
gtcctttacc
ttttcegtgce
gt gct aaat t
gtegtgtttt
caact gct cg
gttgtggtgc
acaacattga
catcaggttg
at gct gat aa
aagaacct ct
gtactttaca

gttttacttt
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cacaacatta
tcaattttaa
gt ct cgagece
t aggcgt t ga
attttttttt
acaatatttt
ttgaaagttg
gt ggcagagt
gttcgaatcc
t gt at agat a
ttttgaaaag
gtttttgaaa
ttatgttata
t ct at aaaat
aaat gct cgt
tact gct aca
tatttattta
cttagaccgt
tcataattta
agaacgt att
tttaact caa
acct gcagaa
aat gt t agaa
t gt at t agat
tgttgattat
cget tggt gg
cggt gcat tt
agcacgt caa
t gaaaaact t
acacgct caa

aacagat gt t

10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300



cct gattcac
gct cgt caat
gttacagcta
cattggattg
aaaggacaca
gcttaattta
tcttctttaa
tttttgaaaa
ttgttttgtt
ct ccat agga
tttetttttg
agaaacaaat
ctt aaaacat
caagcatttt
t t gaaaagat
acaat acat a
t aaaaact ca
atttttttgt
atgttcttca
atatcctgtt
gtccat aat t
aaagt aaaaa
aat caagct t
t aagaccgt t
tgggtgtttt
gttctttatt
gaatagtttt
agaat aaat a
agt t gt caat
aacttttggt
t ggaat ct at
tt gt agat gt

acttatgttg
t acgt gacaa
atattggctg
aaat t gt aga
accaccgtca
ggct t gagt t
tgtttttaaa
aacaaagaaa
tattttttag
gcaagcagt a
ttttgcttga
aaaaaattta
attttgctaa
tt cgaat at t
ttactctttt
aaaat aaagt
gaaaaaat aa
aatttttage
aaaggat ctc
gcacttaata
ctttcatgtt
aaat caaaat
at ct gat gca
aaact ct gaa
cattgtactt
att agat aat
attgettttt
aaat t caaaa
aaactttcaa
cttggcaatc
gtatttaatt

tttaccaatt

t ggt t caget
caaaat gaat
ccaaact cac
acaagcatta
caaacattaa
tttcattctt
ttttaaaaaa
aaaaattttt
tttcagaatc
aaaaat aaaa
acttttcaaa
tgaattttct
aaaaagcgct
tttttttgat
caaattttta
atttcggett
aaaaacaaag
ctttcaaaaa
tcaatttttt
at agaaacca
ttttgttcaa
ttattcaaaa
cttcaagaac
t caggaaaag
tttgct gt at
gttactatga
ttatttttta
aaatt at aga
atttgttttc
ttttaaaaaa
tt agcaaaat

attcctattt
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ggt acat acg
gcact t gaaa
ttagcttctg
gaaaaagaag
tctagatttt
tttgaagctc
taaatttctt
ttgttttcett
tttgattcaa
act gt aat aa
aaaaaat tga
actttttcag
tgtgttgcett
tttgatgtgc
tgtttttatt
caaaaaattt
tatgaatttt
atttttgaag
t gaaggaggt
t aaaaaaaag
atttattctc
aaat ggct ac
caggt at cgt
tattacctgg
tcttattaat
gt t gggaaac
ttttatcaaa
attagat aaa
tttttactgt
gt cagaat ca
t accagaagc

tecttettatt

ctcttacaca
gt ggaaaacc
ct ggt cgt ac
at t at aaaga
attttttatg
tgaaatttta
ctctgetgtyg
ctttgttttt
aaaaaaat tt
aaaat aaaac
aaaat t caag
gagt t gaaat
tttttgctac
gtttttgtta
ttttttattc
t at acaaaaa
tt gaaaaatt
gcattttttt
ccaaaact ca
gt aaagaaaa
caat aatt at
t ggaacaact
aactccttta
at ggggaaca
tattttagaa
tttagctt ct
aatttttttt
attagtttca
t catt aagag
attctatttt
ttat gcacct

attagccttt
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cccagactta
agaaat gatt
aagt gt t cgt
t gat gat gat
aaaaact cag
aaatttctag
tttttetttt
ttatttcttt
agtccgatta
aaaaatttta
caaaacaaaa
ttctccttta
tttttgtttc
acct aaaat ¢
at aaaaaaaa
gttttttgat
catacctttt
tttaatcctc
cat agattga
aagcaggact
attacgacaa
t caaaagct a
ggaact tt at
actgttttaa
atttataaca
taattcaata
gcaaaaat aa
agtt gaact a
caat aaaaaa
aagaat ccta

tttgatccta
gt at ggcaag

12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220



cat ct gt aag
caaaaaaaac
aaagttgctc
tttaaaagt t
aat gaaat tt
agaggccggc
aaaaaacttt
aaagattttt
tttttttaaa
tt aaagcaaa
aattcctgtt
agctgtttcg
tt cacgt gat
tctttttcca
atttgct aat
tgtacgtttt
tttaactata
gatttt gaat
atttttttte
cat aaaaaat
t aaaaaaagc
t gacaaaaga
tttgtatttt
t ccgecccca
tattttgcat
ttttaattaa
tt aaaaaaaa
taattttata
aaattttttt
t aaat gaaaa

aaaaat actt

ttttagataa
ttttaaattt
t caaaaat at
acaacat aaa
ttatgttcgt
caaatttttt
gttttgtgca
ttt aagcaaa
getttgettt
aaaaagaat 1
ttttctcgaa
cgaccttgtc
ttttttgeca
cggaaaccac
gt aat aat ag
ttaatttttg
aatttctttt
ctttggaaag
aaaaaaattt
tttcttttca
tgtagetttt
tt caaaaaaa
1 gggccgagt
ttaaccactc
gaat t at act
aaactcttct
aacatattaa
aatttttttg
agtttttttt
1 gaaaaacaa

cccctttaaa

aaaatttaaa
ttttcaattt
aatttttttt
gaaaat gaaa
tttttgtttt
tccaaaattc
aaacaaaaat
aggt aaaat g
tttcat gaaa
aaacacgt ct
taacatttac
ct ggaccagt
caactt cagc
aagct ccagc
tattatgatg
t aggt gat ac
atatttttaa
aaccattatt
tttagaattt
aaaaaggaaa
ttgttgaatc
t gaaat aaaa
cggatt cgaa
gggcat cggce
aaagattata
atttttttaa
aaaatatttt
aaaaattttg
gtttttttge

aaat aaacaa

gaggaagt at

0802WD1_ST25

agtttttttt
tcatt agcaa
tgacttttta
at agaaaat 1
atcttttcca
t at aaaaaat
cttgaattca
gaaaaaaat g
daaacaaagc
tttttttgga
tttaattcca
t act aaaatt
agcttttttt
agaact ccaa
t ccagcttga
ttttctagtt
atcattt gat
t ggaaagat t
tttatctaat
aaaaatttct
aaaaaaaaat
aagaaaaat 1
ccaacgt agg
ccatgctttt
tt aacaaaaa
aattctttgt
t aaaaaattt
ttttttttat
tttgctgett
tttgtgtttt

tttaaaaaaa

gatacttttg
ctttagettt
tttttttatt
t gt gaaacat
act aaagt cg
caaaaaatta
aaacaaaat a
tttttaaaaa
tttaaaaaaa
ggacgacat ¢
gctttaaaaa
tttgcttcat
gctgcaaatg
caaaggact t
at at aaacaa
t gt ct agcca
ttactatcta
tatttgttca
tttttaatgt
tttttttgaa
aagaaatt gt
caaactttca
cgt aaccagc
ttttgactca
atttttgaaa
tttgaatttt
tttgtattga
tctattgaaa
cttttgtttt
tagagttcta
aattat agtt
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t aaaaaat at
aat at t agct
ttgtttcttt
aaaaaaaaag
gcct ct aget
aaaaaaaaag
aagaatt caa
aattttttct
agaaaaaatt
cattatgtgg
tttcacgaat
ttaat gcaaa
ttgttgettt
caccacgaag
ttcctcgata
t at gt aaaaa
aaaaaaat aa
attcttttgt
tttgttcaaa
aaagt aaaaa
cctattttta
aacaat gt at
ggatttacaa
tttgatcatt
tttcaatttt
ttttttcaat
aaacttacaa
t gaacaaaac
t at caat aaa
aaat caagaa

t gt caat agt

14280
14340
14400
14460
14520
14580
14640
14700
14760
14820
14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
16080



ttcaaattca aatttgattt
tttacaagct gagcggataa
agcttgagta caagcttcta
agggt gt cct
t aaagct ggc atgtgccata

agaacaccag t cttgagtga

<210>
<211>
<212>
<213>

0802WD1_ST25
ctttccaaac ttcacaagca gcagctaatt

cat caccacc ttcacgagct aaatcacgac

aagcaacacg gttagcaaca gcaccaggag

aaagtacctc caccgaattg taaacaagcg tcatcaccaa

cgt gaat acc accagaagca actggcat ag

agt aaat acc acggcta

115
1553
DNA

Artificial Sequence

<220>
<223>

<400> 115
at gagt at at

gttttaatgg
attattccat
ttaccaaaac
ccagttgtta
ggt gt at t at
cgt gcacgtg
aacttatatt
gcagagaat g
aaaat t gaag
tct cct ggt t
acagaagt aa
tttgattcag
ccaggaggat
gctggttatc
gat gt t cagg
gttcgtttag
tttcctgeag
cgtgcattac
gt agct aat g

aacgaacct g

t at at gaaga
cacttcgtga
acgaat gt ga
aaat ggaaca
cacgt ggt gc
t agttat ggc
ttcaacctgg
acgct ccaga
ct ggt ggegt
t acaaacttt
ttgatttatt
ctgttaaatt
t t gaaaaagc
t agagat gat
cagt agat gc
aagact gt ga
cacaagat ga
t aggt cgt at
caggtgtttt
tatttcatgc

gtgagtttgc

acgttt agat
acacgt acct
tggattatca
agt tact gct
aggt acaggc
acgttttaaa
t gt t cgt aat
t cct agt agt
acactgttta
agacggt gag
agctttattc
acttccaaaa
aggat t agct
ggataactta
t gaagcaat t
gcgt gt aaac
agct gaacgt
ttcaccagac
agaaggt at t
t ggcgat ggt
t cgt gct gaa

ggtgctttac
ggct t agaga
gcttacagaa
atattagcag
t t aagt ggcg
gaaattttag
ttagcaattt
caaattgctt
aaat at ggt t
gctcttactt
acaggat cag
ccacctgttg
gt aggcgat a
tcaattcgtg
ttactttgtg
gacatattac
gtaagatttt
tattattgta
gcacgtcttt

aat atgcatc

gaacttggtg

codon optin zed sequence conprising CC 90

cagat gttga
ttttacatac
caagaccttt
tat gt cat ag
gtgcacttcc
at attaaccc
cacaagcagt
gttcaattgg
t aacagt aca
t aggt agt ga
aaggaat gt t
ctegtgtttt
tcattgcaaa
cagct gaaga
aattagat gg
tt aaagct gg

gggcaggt cg
t ggat ggt ac

ct caacaata
cattaatctt

gaaaaatctt
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ct ggagacca
cttcgttacg
cgttacccca
agat ttcaac

taccacccat

tcgtacttca
agat gaagaa
attagtagtt
attacgtgtt
tttagaaaaa
agt t ggt cgt
tgct cct cat
tggtaatgta
caacttatta
tgcat t agat
aggt gtt aca
attagcat ct
t ggt at aat t
ttttatacac
agt agagagt
t gct act gat
t aaaaat gct
aatt ccacgt
cgatttacgt
att cgat get
agagtt at gt

16140
16200
16260
16320
16380
16417

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260



gt agaagt ag

gtggttctat

0802WD1_ST25

t agt ggt gag cat ggaat cg gccgt gaaaa

atgt gt gct ¢ aattcaatag tgatgaaatt

actacatttc

acgct gt aaa

gat ccagacg gtttacttaa tcctggtaaa aatattccaa ctttacatcg

tttggtgcta tgcatgtaca tcacggccat ttaccttttc cagagcettga

t at aaagat g at gat gat aa aggacacaac caccgtcaca aacattaatc

<210>
<211>
<212>
<213>

116
1102
DNA
Arti

<220>
<223>

<400> 116
atgttacgtg

gacaaaact c
acaggccaaa
cttgtaatta
gct ggt caaa
atggtagett
gtattaggta
at gaaaaat g
ggcgttttaa
cgt cgt gaaa
ttaccaat aa
gaaggt agt g
t ggcaacaat
attagtttac
ggaggt gct ¢
cgt aat gct g
t ct gct ccat
tttaatccag
aaccaccgtc
<210>

<211>
<212>

117
1272
DNA

ficial

aatgtgatta
cattagtt at
ctttagacgt
ct gcacgt gt
tgttaccatg
gtggtttage
ct cgt at aat
tagctggtta
cagaaatttc
tatcattaca
gtggtttatg
tt aaagct gc
t acgt gaaca
cat ctgatgc
ttcgttggtt
gcggt cacgce
tattccgtta
gacgtatgta

acaaacatta

Sequence

t agt caagct
t caaggct ca
tcgtt gt cat
t ggt acacct
t gaaccacct
t ggt ccacgt
t acaggt gct
tgatttatca
aat gaaagt t
agaagcaat g
ttattttgat
tcgtgaatta
acagcttcca
accaat gatg
aaaat caact
aactcgtttc
t cat caacaa
cgctgagtta
gt

cttttagaac
aact caaaag
cgtggtattg
ttagtaacaa
cattacggtg
agaccttgga
ggt aaacat t
cgtttaatgg
ttaccacgtc
t cagaaattg
aatgctttat
ttaggt oot g
tttttctcat
gact t accag
gct gaagat a
t cagcaggt g
cttaaacaac

gatt at aaag

codon optinzed sequence conprising CC 91

aagttaat ca
cattcttagg
taaattat ga
tt gaagct gc
aagaagct ac
gt ggt t ct gt
tacgtttcgg
taggtagtta
caagagcttc
cagaat ggca
ggat cagat t
aggaagt agc
t accaggt ac
gagaacaact
at caaat cca
atggt ggt tt
aattagat cc

at gat gat ga
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aat caat caa
agctgetttt
tt gt gcagag
acgttttgat
t ag

agct at ct ct
acgt ccagt a
t ccaact gag
tttagaaagt
ttggggt ggt
tcgtgatttt
t ggt gaagt t
cggttgctta
tttatcatta
attacaacct
agaaggaggc
aggt cagttt
att at ggcgt
tattgattgg
tcgtattgca
cgcaccttta
ttgtggtgtt

t aaaggacac

1320
1380
1440
1500
1553

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1102



<213> Art

<220>
<223>

<400> 117
at gcaaacac

atcttacgtg
cttggtgatg
ggt aat gaag
t gt gaaact a
at cgt agaac
caagtagttc
ccatttttac
cgtcetcett
ttatctccaa
at gccagcaa
aaaggtttag
gct gaagct a
atgttaaaaa
gacttagtag
aaacttgett
gaaaaagttc
t gt ggtt cag
aacaaaatga
tgccaaactc
gaacaagcat
cacaaacatt
<210>
<211>

<212>
<213>

118
1179
DNA
Arti

<220>
<223>

<400> 118
aattcccgtt

ficial

agtt aacaga
cttgtgtaca
aat t agat gg
ttactttaaa
cttgtccaag
aaaaagttaa
caagaccagc
ct gaacaagt
t acgt cat aa
at acaaat gc
at gaagcagg
ct agagct cg
ttttacaaac
acgacgcttt
aattattacg
t ccactgtcc
ttttaagatt
ctggtacata
atgcacttga
acttagcttc
t agaaaaaga

aa

ficial

tt aagagct t

Sequence

agaaat gcgt
ttgtggettt
accaagaggt
aact caagaa
t ggagt acgt
acgtccttta
agttttccgt
acgtgct aaa
acgtcgt gt t
agcaact gct
ttgttgtggt
t aacaacat t
t gcat caggt
at at gct gat
t gaagaacct
atgtacttta
aggttttact
cgctcttaca
aagt ggaaaa
t gct ggt cgt

agattataaa

Sequence

ggt gagegct

0802WD1_ST25

caaaat gctc
tgtactgcta
cgtatttatt
cact t agacc
tatcataatt
ccagaacgta
gctttaactc
ttacctgcag
ttaatgttag
cgtgtattag
gctgttgatt
gacgct t ggt
t gcggt gecat
aaagcacgtc
cttgaaaaac
caacacgctc
ttaacagatg
cacccagact
ccagaaat ga

acaagtgttc

gatgatgatg

aggagt cact

codon optin zed sequence conprising CC 92

gtgctttaga
catgccct ac
t aat aaaaca
gttgtttaac
tactt gat at
ttttacgtga
aagtaggttt
aaact gttaa
aaggt t gcgce
atcgtttagg
atcacttaaa
ggccagcaat
ttgttaaaga
aagt aagt ga
ttgctattcg
aaaaacttaa
ttcctgattc
tagct cgt ca
ttgttacagc
gt cat t ggat

at aaaggaca

codon optim zed sequence conprising H S3

gccaggtatc

ggcattagtc agggaagtca taacacagtc ctttcccgeca attttcetttt
Page 69

agcagacagt
ataccaactt
agt att agaa
at gccgt aat
aggt cgt gat
aggact t cgt
agttttacgt
agcaaaacca
t caaccaaca
tatttcagtt
t gct caagaa
cgaagcaggt
at at ggccaa
acttgctgtt
t ggt gat aaa
t ggt gaagt a
acactt at gt
attacgt gac
taat attggc
tgaaattgta

caaccaccgt

gtttgaacac

tctattactc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1272

60
120



ttggcect cct
ttttccacct
ttatacatta
agat aaacga
accaagattc
ttcccagaaa
gt ccacacag
t ggt cgct aa
gact gcggga
aaaaggtttg
ctttcgaaca
ctctettgeg
ctccacgttg
gct cttgegg
accaaaggtg
acat gt gt at
t gaagat gac

ct agt acact
agcggat gac
t at aaagt aa
aggcaaagat
agat t gcgat
aagaggcaga
gt at agggt t
tcgttgagtyg
ttgctctcgg
gat caggat t
ggccgt acge
agat gat ccc
attgtctgeg
ttgccat aag
ttcttatgta
atatgtatac

aaggt aat gc

ctatattttt
tetttttttt
tgtgatttct
gacagagcag
ctctttaaag
agcagt agca
t ct ggaccat
cat t ggt gac
t caagctttt
tgcgectttyg
agtt gt cgaa
gcattttctt
aggcaagaat
agaagccacc
gt gacaccga
ct at gaat gt
atcattctat

ttttttttte

0802WD1_ST25

ttatgcctcg
tctt agcgat
t cgaagaat a
aaagccct ag
ggt ggt cccce
gaacaggcca
atgatacatg
ttacacat ag
aaagaggccc
gat gaggcac
cttggtttge
gaaagctttg
gat cat cacc
t cgcccaat g
ttatttaaag
cagt aagt at

acgtgtcatt

gt aat gat t t
tggcattatc
t act aaaaaa
t aaagcgt at
t agcgat aga
cacaat cgca
ct ctggccaa
acgaccat ca
t aggggceegt
tttccagagc
aaagggagaa
cagaggct ag
gt agt gagag
gt accaacga
ct gcagcat a
gt at acgaac

ct gaacgagg

ttttttettt ttgettttte

<210>
<211>
<212>
<213>

t ctt gaact

119
4879
DNA

Artificial Sequence

<220>
<223>

<400> 119

agcagttgct ttctcctatg ggaagagcett tctaagtctg

ctatttcaca
atat gt act t
tcgattttct
tt caat agt t
cgegt gt gac
t gaagacccg

aaaat ct gag

cttcctggtt
gttttetttt
tcttgctgac
ttgccagegg
t caat gt cga
ct gggagaag

tttattacct

gat ggt cact
ttgtgecttt
cgcttctaga
aattccactt
aat acctgcc
t t caagat at

ttcct ggaat

t gct gcctga
gttacgtcta
ggcat cgcac
gcaatt acat
t aat gaacat
at aagt aaca

tt cagt gaaa

codon optim zed sequence conprising LYS2

aagaagt aaa
aat at at ata
tattcattga
agttttagcg
aaaaaattcc
gaacat cgcc
agcagccaat

aact gct aat

Page 70

tcattttttt
acat aat gaa
t gagcaggca
t acaaat gaa
gcactcgatc
agt gatt aac
gcattccgge
caccact gaa
gcgt ggagt a
ggt ggt agat
agt aggagat
cagaattacc
tgcgttcaag
tgttccctce
cgat at at at
agt at gat ac

cgegcetttce

cagttctttg
tat gt at gac
aact gat t at
aggaaaact ¢
ggcggttttt
caaatgtatt
agt at aaaaa

t at agagaga

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1179

60
120
180
240
300
360
420
480



t at cacagag
caactctttc
aagct acat a
aat acgct gt
atattgttct
catttaatga
ccaatttttc
cccct cagt t
agcatcattt
acttaattta
ttactcaata
t gat caccgc
atttcgtggg
cctgtgttgt
acat caaccg
gt gat gt agt
t ct t gaaagc
ccatttactt
t ggat caact
ccat cgct at
ttttggctcc
ccaacccaac
gacatttttc
at gat aaat t
caccattatt
gccgtttage
t gggt caat t
ttgtgggtga
gccgt att gt
tt aaat caaa

gt aaaggt at
gt ggt att gg

ttactcacta
agtgttacca
ttcgttacag
cgct tt gagt
ttatattgcg
gctgtat t ct
ctttgacgag
gttcegtttg
agtggacttt
taacagctta
tttgact gct
at cat ccaag
gtgtattcac
ggagact cca
cacttctaac
gat gat ct at
cggcgcaacc
aggt gt t gct
agt agaagat
t caagaaaat
at at gat cac
cctatctttc
cttggettat
cacaatgctg
tttaggtgcc
ggaat ggat g
acttactgcce
cattttaaca
t aat atgtac
aaat gacgat
gttgaacgtt
cgaaat aggt

at gact aacg
catgactttt
ctacct cagc
gtatgggctg
aat aacaaaa
acaattaaca
ct agct gaaa
gcctttttgg
gctttgaatt
ctgtattcga
gcgct aageg
gatagtttac
gacattttcc
acact aaat t
atagttgccce
tcttctaggg
ttttcagtta
aaaccacgtg
t acat caat g
ggt accattg
t acaaagaca
acat ct ggt t
tatttcaatt
agcggtattg
caattgtatg
agt aagt at g
caagct act a
aaacgt gat t
ggt accact g
ccaaactttt
cagct act ag

gagatttatg

0802WD1_ST25

aaaaggtctg
t acgcccaca
t cgat gt gcc
cattgatata
t ctt aagatt
at gagttgaa
aaat t caaag
aaaaccaaga
t ggat accag
at gaaagagt
atccat ccaa
ct gat ccaac
aggacaat gc
ccgacaagtc
attatttgat
gtgtggattt
t cgaccctge
ggtt gat t gt
at gaatt gga
aaggt ggcaa
ccagaacagg
ccgaaggt at
ggat gt ccaa
cacat gatcc
tccctactca
gtt gcacagt
caccattccc
gt ct gaggt t
aaacacagcg
t gaaaaaat t

ttgttaacag
tt cgt gcagg

gat agagaag
acaagaacct
t cat gat agt
t agagt aacc
caat attcaa
caagct caat
t t gccaagat
tttcaaatta
t aat aat gcg
aaccattgtt
tt gcat aact
t aagaacttg
t gaagccttc
ccgttettte
t aaaacaggt
gat ggt at gt
at at ccccca
t at t agagct
gattgtttca
at t ggacaat
tgttgtagtt
t cct aagggt
aaggt t caac
aatt caaaga
agat gat at t
tacccattta
t aagt t acat
acaaaccttg
tgcagttt ct
gaaagat gt c
gaacgat cgt
tggtttggcce

Page 71

ttggataatc
t at acgaaac
ttttctaaca
ggt gacgat g
ccaacgt ggt
tctattgagg
ct ggaaagga
gacgagttca
catgttttga
gcggaccaat
aaaatctctc
ggct ggt geg
ccagagagaa
acttatcgcg
at caaaagag
gt gat gggt g
gccagacaaa
gct ggacaat
agaat caat t
ggcgaggat g
ggaccagat t
gttcttggta
tt aacagaaa
gatatgttta
ggt acaccgg
acacct gcca
cat gcgt t ct
gcagaaaat t
tatttcgaag
atgcctgcetg
act caaat at

gaaggttata

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400



gaggattacc
actggaatta
gagat agat t
gttgcggt ag
t agat acgca
at gccgacaa
acttgtctaa
gct t aat cgg
ctagct atgc
gt aaagttga
aaaat acagt
acttat ggtt
tcgatttagg
tgcaagttga
cggaaattga
t cactgcaaa
cct ct cgaga
ttgttaccgg
ct ccaaagaa
catttgcaag
caaatattaa
agt ggat gga
gggtttatcce
gct tagecegce
acact gaat a
t agaat caga
aat gggct gc
t cagaccagg
t at t gagat t
t gaat at ggt

cCaaagaaaa

agaat t gaat
tttggat aag
gt acagaacg
ggct gat gat
catttcccaa
t gagccaaca
gttccaaagt
ttaccatctt
tatgccttcc
t aagcct aaa
tt ct gaaact
aagtatatta
t ggt cat t ct
tttaccattg
cagaat t aaa
ttat gcggaa
atattttgtt
t gt cacagga
ctacagtttc
attacaaaag
agttgtatta
tttggcaaac
at at gccaaa
cgt cggcaag
ctactttaat
cgatttaatg
t gagt acat c
ttacgt aaca
t tt gaaaggt
t ccagt agat

t gaat t ggcc

0802WD1_ST25

aaagaaaaat ttgtgaacaa ctggtttgtt

gat aat ggt g
ggt gattt ag

caagtt aaaa
cat ccattgg
ttgat cacat
gat gttccaa
ttatccaagg
ttgattgtgg
cttcaattcc
gacgactctc
cct accaagc
atcttggcta
ggcacaattt
t catcgggt g
gacgccaaga
gaacct aat a
tttctggget
aaagtgtttg
gcaggt at ca
ggcgattt at
acagttgata
tt gagggat ¢
ccaaagtt ct
ttgtcagata
aact ct gcaa
attagacgtg
ggtgectctg
t cagt ccaat
catgttgctc
gttgct caag

aaccttggag
gtcgttat ct
ttcgt gggt t
t aagagaaaa
ttatggtccc
aggaggt t ga
acat caggac
ttat ggat aa
caact cccaa
agtttaccaa
cagcat ct gt
ccaaaat gat
t caagtatcc
gatcatctca
aattggttga
gt gccgaagg
cct acat cct
cccacgt cag
cctatggtac
ct aaaagcca
taattatcca
caaat gt t at
ttgactttagt
aacttgttag
gcgggct cac
caggt gaaag
ccaatggttc
t aggt aagat
gtgttgttagt
t aacgggt ca

acaattctgg
accaaacggt
cagaat cgaa
cattacttta
aagatttgac
aact gaccct
tttcttaaag
actaccattg
gcaat t aaat
t gt t gagcgce
at caccagat
ttttacctta
aacgat aaag
aggt gaggt ¢
gacgct acca
aaaaacaaca
tgcagatttg
ggccaaggat
tt ggaacgaa
atttggtoctt
t aat ggt gcg
ttcaactatc
ttcctccact
cgaagggaag
t ggt ggat at
gggcct acgt

tt caaacaca
tccagatatc
t gct acgt ct

cccaagaata

Page 72

gaaaaagat ¢
ttaggtccaa
gact gt gaat
tt aggagaaa
gttcgcaaaa
aagccagat g
at agt t aagg
aaaagat t gg
aat ccaaatg
ttggtagctg
gaggt t agag
gattcgtttt
aagaaaaagcC
gcctttgecg
gt cgaaaatg
agtt cgt acc
att aat gt gt
ttaggacgtt
gaagaagct g
aaattt gcct
t cagat gaga
ttagttcact
aatgttatga
tctactcttg
ccaggcattt
ggt cagt cca
gggtgtattg
gatgatttct
gaaaattccg
ttgaatcctc

ttattcaaag

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260



actacttgta
ggaagaaat ¢
tgctacacat
ggaacgccgt
gaat aggt gt
ttttacctcc
cgcaaat aag
gttgagcatt
ttagcttcett
aaaat attag
ttcatcttgg
<210>
<211>

<212>
<213>

120

<220>
<223>

<400> 120

tactttacac
att ggaggcg
ggtcttagac
ggcatcttta
t act ccagaa
accaact cat
t ct agt t gct
acgtatgata
t t cgggt gat
ttattgaata
tttattgta

24607
DNA
Artificia

gattat ggt t
tctgttattg
aacttacctg
aagaaagaca
gaggttggta
aat gacaaac
t caggt gct g
tgtccatgta
gtcacttaaa

agaact gt aa

Sequence

0802WD1_ST25

acgat gt cga
acaggaat ga
aaagt accaa
ccgcat ggac
tatatattgc
ttccactgce
gtgctcgtgg
caat aattaa
aact ccgaga

at cagct ggc

cgtttaggtg taacacaatc ttggggtgga tggacaatta

ccaggtattt
ttcttagett
act ggaaaaa
cttttatgtt
gtttcagatc
gatgggtttg
ttaggtgttt
ggtttatcaa
gctgcettteg
tttggtccta
gttcaaacaa
aaattagctt
ggagct at ga
gat caagat g
gttttattaa

ggagttatga
cggtttggca
ctgcattaga
ttggttttgg
cttatggatt

atcctttcaa

t agcaggat t

t gggt agt at
ttgttgctgg
cacgttatca
gtttagcagg
tctatgatta
at agt ggaga
gtcgtgaat t

t t gat aaaga

aggt gt t gct
ctgggtttac
tttaccaaaa
tgctttccac
aacaggaagt
ccct ggt ggt
attccactta
cgaaacagt a
aact at gt gg
at gggaccaa
tggttcttca
t at t ggaaac
t ggt at t gt

at acgt acgt

tggtgttgta

gcatctcata
t gggatttag
attttcggaa
gt aacaggt t
gttcaaccag
attgcagcgc
tgtgtacgtc
ttatcaagta
tatggttcag
ggtttcttce
ctttctgatg
aaccct gcaa
gt t ggat ggt

cgtatgccta

cgt gct gacg

aat cgaaagc
agaaaat gcg
agct ccggaa
aggt gt t gat
atttttaaac
aagt at agaa
aagct ccgca
atatgaatta
at aat atata

gttagtctge

gcggt gaaac
ttattttatc
agttattccg
ttcacttatt
tatttggtcc
ttgctccttc
accacattgc
cttctattcg
gtattgctgc
cagct act cc

aacaagaaat

ct t gggcgaa

aaggt ggt ct
t aggt cacgc

ctttctttga
ttcctttceg
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tattctaaat
ttgtatcctt
ct agacgat a
tggtctaatg
aaggt t ggat
ctaact caag
gcagctt aag
ggagaaagac
at aagagaat

t aat ggcagc

codon optinized sequence conprising |1857-15116-1562-1561

agcaacaaat
tggtttatta
t gacccaaga

cttat caggt

tggtatttgg

ttggggtgct
tgct ggt at t

tttatacttt
tgttttctgg
aattgaatta
t caaaaacga
aatt ccagaa
tttccgtaca
agtatttaaa
aacattccca

t cgt gct gaa

4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4879

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



t caaaatata
ggat t aacat
gaaatttttg
cgt ggt t ggt
tggcat ggt g
gaaagtttag
ttctaattcg
ttattttgaa
ttttttttaa
gct att caaa
catttttttt
actttttgca
caattcaaaa
agcaaaagaa
attcttaaaa
ttttttatta
tcgtatggta
gct ccaaaag
aagatttttt
t ct at aaaaa
gttcttgttt
tttcatttta
cgaagcaaaa
t caaaaaaaa
ttttttcaaa
gagaaaaat t
ct aaaaaaaa
t gt gaccttg
taccagcat g
cccat aagt ¢

gtttatcaca

gt at t gaaca
t t aat gat cc
aatttgatcg
ttacttttgg
cacgt acaat
aatttggtaa
tttttttctce
ttttttgttt
t acaaaaact
at aaacaaga
gaattgtttt
aaaaagt gag
aagacaaaac
ttttgtattt
t caaaat at t
at cggaacat
aaat aagggc
atcttattta
ctatttataa
at caaaaaat
tttatcttct
cgcttttttt
aat gat aaaa
t gt at t gagt
aacgaagcac
gtatttttct
at gaaaaaaa
aaagt at aag
aact ggacga
at aat gt aca

tgttaattca

agttggtgta
agcaact gt t
ttcaacatta
tcacgtttgce
cttccgt gat
at acaaaaaa
ttttttttcet
agaactttac
tttttaaaat
gtttaaaaac
tgaacttttt
aaaaaacagc
ct aaaaaaat
t gt t gaaagt
t gt t aaccac
t aggaatt at
t cgagact ag
aaat t gaaat
tgttgtgatt
ttttaaagaa
cttgettttt
cttcttcatt
at gaaaagaa
tgattttttt
aaaaaaaat t
tttttgaaat
tggaaatttc
ttctcaccac
gct ccacttg
atttcttcaa

actactttga
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t cagt aactt
aaaaaat at g
caatctgatg
tttgctttat
gtatttgctg
cttggtgata
tttttctett
tgttettttt
gaatttaaaa
aaagtttttt
tcttctettg
aaagcaaaaa
at cact t gag
ttttcataaa
atttcattct
ctttttcgea
tttgtccaaa
aat at aaaaa
ttttgacttt
ttttctattg
cgcttttttt
ttttgcaaag
aagcaacaaa
t aat t caaca
caaaaaaaag
tttcatttca
t agat t aacc
ttttatcatc
at aat t gaac
gact t ggaga

agat gt ct aa

t ct acggt gg

ct cgt aaagc
gtgtattccg
tattcttctt
gt att gat ga
caagt t ct gt
t ggaaaaaga
ttattttaaa
aacacaaaaa
tctttagaaa
cttttatcgt
agt gaaaaaa
at gggt ct gg
aat acaaat t
at ggaagcat
attttcttta
ctatttctca
attataaatt
ttttactatt
tgtttttgaa
tctttgaaac
caaaaaat ga
gcaaaaaagt
aaatttttca
t aaagaat ca
t caagaaaaa
ggtgtgttta
atcatctttg
atttgcagca
agttact aat

gt at gaaat t
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t gaat t agat
acaat t aggt
t agt agt cca
t ggacat at t
t gat ct aaac
t cgt gaagct
aaaaacat gt
gtgtttctagt
aagagtt att
aaaacttctt
ttttttcttc
agtt caaaaa
attttttcca
tgcaatt att
tagtttatac
gagaaccacc
tattttttca
tttacaaaac
t ct cacaaat
caattttttt
tttttttett
t aaaaagcag
aaaaagaagt
aat aaaaagt
aaaaaaagt a
tacaactttt
t gacgat gat
t aat caccgg
t act cacgag
t catt acggt

ttctcgtcaa

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820



tgaacatttc
cacgaccagc
at gt aagaga
cacggt ct gg
gagct aat ac
taacaatttc
aacctttgtt
ggtgttttaa
at gcaccacc
tacattgaaa
tt gcaagt gg
tatctttacc
ct gtaact ac
gaat aatctc
attcattacg
t aacgtt aga
t gt ct aaagt
cat cccat ga
gttgctgttg
t acgacgacg
ct aaaaat ga
gaat aaat aa
aaaaat t aaa
ttttaaaaaa
caaaaatttt
ttttgct cat
agcaaaaaag
tttataggcc
aactgagtta
aacttcttta
gcggagcact

ctatgaattc

tacagctttc
t gcat aagca
tcctaattta
ccat gacatt
t gaagaat ct
aat at cgt cg
gaat aaagt t
t gcat caget
t gaagct gt t
aatt gct gaa
t aat acgaat
agcct caat a
t gt aact get
taatttgtag
aact gcaact
accagcagct
tt gagt accg
tt gt ctagga
ctgtactttt
t aaagaaaaa
aattgetttt
tttataattt
aaat t aaaaa
aagaaaaaat
tttaaacaga
gacaaat gat
tt at aaaaag
caaccggact
t gggcct aaa
gct agcact a
ct ggt aat gc
ccgttttaag

t cattagcag
agatccattg
cat aaatcta
gt at at aaaa
tgtgtttcaa
tattcagcac
gcactatcta
acttttacct
aatatgattt
t gt t cact gt
ggaccacctg
gct gcaact g
t ct ggat gac
tctaaatctg
aaagcaggt t
aat gcaact a
att gaaccag
gctt ct ggaa
acagagcat t
ccaccagat a
gattctgctg
tttctgtata
acttttattg
ttttttattt
at aat aaaaa
tttttactac
t gt at ggagc
t gaaccgat g
aaatattatt
ggagaaaat a

at at ggt cca

agcttggtga
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cagat aaaac
atggatattt
aacgt ggcca
t aggt aaacg
tcatactatg
cgaaaagat a
cagtaatttt
ctttaagttt
ttcttaatgce
ct gct ggaag
cgat t aat gt
taggttttaa
gagcaacttc
ctaatgcttc
t aaaacgacg
cacgaaattt
ttgatcctac
cagcacgacc
ttactccttt
atttaggaat
gagat aat ga
aaccaatttt
aact t aaaat
tggttttatt
aaattttatt
ttttatgett
aagcggtt aa
acct at t gct
tatattttat
gcct cgegga

caggacattc

gcgct aggag

accagtcata
tacgttgtca
agt aacttca
cat gt caggc
aat aat t gat
atgtgcttca
tttgcccata
ttctacaggc
acctt caggt
aatttttaca
ttetttattt
t ccagcacaa
aat t acacct
ttttaattca
tacct gat ca
atctggat t t
aat act aata
t ggccaagca
accaaaacca
t ggat t gaaa
atttaatgtt
ccaagt aact
aaaattttta
tatttctttt
t aaagaat gg
ttttttaaaa
attgacactt
t gt aaggcaa
aat agaat at
gccat gt gcc
gt cgcttceg

t cact gccag
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gtaccacctg
ggttttttga
ct gcaaggaa
cagcct aatt
t gt ggat gaa
ataacttcta
ttccagtttg
caat cacgaa
aagccttgaa
ttgtgtttagt
gct aaagcaa
ccaacaat ac
tgttctectg
ttaattaaag
gct aat aaag

tctgcaacaa

ggttt aggac
ggtggtggtt
cgacctt gat
cgagaagt at
ggt accat at
ttactttatc
acaaaattta
tttttacaaa
ttttttaata
aaagcagcaa
tttaaaagta
t cact ct acc
aaaat ct aac
at act cgt ct
ggt at gcgcet
gtatcgtttg

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740



aacacggcat
tactcttggc
tttttttttce
atgaattata
aggcaagat a
at gaaaccaa
cgatcttccce
ttaacgtcca
ccggcet ggt ¢
ct gaagact g
gagt aaaaag
tagatctttc
gagatctctc
ttaccctcca
t caaggct ct
cct ccaccaa
tat atacatg
gat act gaag
tttecettttt
t agt cct caa
t aagat ct cc
ttt gaaaaca
t gt aaaaaaa
cgct t aaaat
gaaaaaat aa
gat t aaccgg
aaatcttctg
aaaccacagt
cgt gt t aaac
aaaccattac

gt at cacgaa

t agt caggga

ctcctct agt
cacct agcgg
cattatataa
aacgaaggca
gatt cagat t
agaaaaagag
cacaggt ata
gctaatcgtt
cgggat t gct
gtttggatca
gaacaggccyg
ttgcgagatg
cgttgattgt
t gcggttgce
aggtgttctt
tgtatatatg
at gacaaggt
tctttttgcet
acgtt ct gct
t aggaaaat g
tttgatttct
gaaat aaaaa
ttttttttat
aaaaaagaaa
ttgtattttc
gacgt gt aac
attctaaagc
aat cat gt aa

gat caact gt

ct ggagcagc

agt cat aaca
acactctata
atgactcttt
agt aat gt ga
aagat gacag
gcgatctctt
gcagaagcag
gggtttctgg
gagtgcattg
ct cggt caag
ggatttgcgce
tacgcagttg
at cccgcat t
ct gcgaggca
at aagagaag
at gt agt gac
tatacctatg
aat gcat cat
ttttettttt
aaaccgtgtc
aattttaaaa
tttgtcaaaa
at aaat aaaa
tttttcettt
aaaact t aaa
tt gat gaat t
tttaatgtta
tgatgcttca
taattcacgt
at gagcaat a

t aaaat acca

0802WD1_ST25

cagtcctttc
tttttttatg
ttttttctta
tttcttcgaa
agcagaaagc
t aaagggt gg
t agcagaaca
accat at gat
gtgacttaca
cttttaaaga
ctttggatga
t cgaact t gg
ttcttgaaag
agaat gat ca
ccacct cgece
accgattatt
aat gt cagt a
tctatacgtg
ttttctcttg
aat cagtgtc
attattttgt
attttttatt
at aaaaaaaa
tetttttgtt
gtttaatttt
gtacgtgtta
t cagcacgac
tctgtaattg
ggaaaaaat t
gcatttttac
cctgtacgtg

ccgcaatttt
cct cggt aat
gcgat t ggca
gaat atacta
cct agt aaag
t ccect ageg
ggccacacaa
acatgctctg
cat agacgac
ggccct aggg
ggcactttcc
tttgcaaagg
ctttgcagag
t caccgt agt
caat ggt acc
t aaagct gca
agtatgtata
tcattctgaa
aact accact
tgcttcctga
gcaat t t gat
tttaaacttt
t gaaactt aa
aaat aaaat a
gaaagat gct
aat aaaattc
cttcaact aa
t agcaccttc
gtggtgttaa
ct ggt t cagc
atgtttctga
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ctttttctat
gattttcatt
ttatcacata
aaaaat gagc
cgtattacaa
at agagcact
t cgcaagt ga
gccaagcat t
cat cacacca
gcegtgegtg
agagcggt gg
gagaaagt ag
gct agcagaa
gagagt gcgt
aacgatgttc
gcat acgat a
cgaacagt at
cgaggcgcgce
caatttgacc
gt gaaacccg
gtttgcacga
ttttaagttt
aaacat aagt
aaaagaaaag
tttttttcta
agct aaagct
ttgtggatga
atttaaagca
agcgt gccat
acgtttcatt

t aaagct aat

4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600



aaacgagct a
t gagcat cac
t caacaact g
ggt gaaat ag
tgttctaaaa
cgacgaccaa
tt gt cgt cat
ctttctccat
aaaaaaagaa
tttaaacttc
ttatatcata
ctctgcactt
aaaaattatc
tttcgacgaa
aaatgaattt
tttcttttgt
gcct ct ggat
aggcagaacg
aaaaaaat ac
aaaaat t aaa
aaatttttct
aaaaacaaat
gaaaaaaaat
aaactt aaaa
ttaaactatt
tttttatttt
tttat aggat
at accaccgt
ttgctcaatg
t aaagaaaaa
atgctcatcc

ttcacccttg

aatcatcttg
cagcagcttt
taatttgtgg
caat aacaac
ttgtttgatt
aaccagcagc
cgtctttata
ttttctettt
aaaaacaaat
tctatatttt
aaat t aaaac
ttettttttce
cttgacgttg
t t aaacgaca
t aaaaat t at
gct agcact a
aatttttctc
gcct ct ageg
aaaat aaaaa
acccaatttt
agtatttttt
agat gaaaat
ttagtttact
atttgct aaa
tttttatgtt
tttcaatttc
cgacaaaat g
t gat at at cc
t acct at aac
t aagcacaag
ggagtt ccgt

ttacaccgtt

at gt aaacat
t aaaccagct
at gat t agct
acgtttaaca
accaat t gat
aggaacaaca
at ccat at gg
aaaat gact t
gagaaaaat g
tttgttttgt
aaaaaaattt
ttttttaatg
tttatgttta
tttagtacaa
ttt gt gcaat
gaggccggec
gaact at gcc
gtttttttta
aaact aaaat
ttttttggaa
tcatattttg
t t agaaaaat
tgttccccaa
gttttgaatt
aaaaaaat ag
tttttttttt
ttctatgaac
caat ggcat c
cagaccgttc
ttttatccgg
at ggcaat ga

tt ccat gagc
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ggacgagcag
aaaact gaat
aat ggt aat t
cgt ggat gag
aagtattgtt
gcacaaacat
aattgttcaa
tttgettttt
aatttatgga
ttaaattttt
tttgtatctt
gaagaagt aa
ggatttgtac
atttttttaa
ttgatgtttg
act agt ct cg
t gcgegt tga
cttttgcttt
gaaaaaacaa
acttttccaa
aaactttttt
t at aaaccaa
gagcaagt gg
t at gtt aaaa
tttttattat
t caaagaaaa
ttttcataat
gt aaagaaca
agct ggat at
cctttattca
aagacggt ga

aaact gaaac

cat cat gaac
cagcacgttc
gagcaaaacg
ct aat aaagc
ttggacattc
ct aaat gt gt
aaaaagtt aa
tetttttttt
aat ct acctt
ttttcttctc
ttttttgatc
aaaacatttc
aaat aaccat
ct gaagaacg
cacgatttga
agcccgt get
taccaatcca
ttttgetttt
agaat t ct aa
at aat aaaaa
tgagtttata
t aaaaat gaa
taactttgaa
tttaaaaaaa
tttctataat
aagttttcca
ggagaaaaaa
ttttgaggca
tacggccttt
cattcttgcc
gctggtgata
gttttcatcg
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t aaaacccat
at caccacca
t gaat cacct
at gaact gaa
tgtttgcata
t gt agcacct
aaacttttat
ttgcaat gca
t aggt ct aaa
t gaaat agaa
aaaaaaaaag
ttccattaaa
tact gt acct
aactttcata
aaacatttga
ggttgtcatt
at ggat ct ac
gtt caaagaa
aatt cat aaa
aat caaaaaa
aaaaaat aga
gttttgegta
aaaaatattt
at aaaaattt
atagtttagt
cggat agat t
at cact ggat
tttcagt cag
t t aaagaccg
cgectgat ga
tgggatagtg
ctct ggagtg

6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520



aat accacga
t gaaaacct g
tccctgggt g
cccegtttte
gat t caggt t
acaacagt ac
ttaaaact ga
tttagtgtta
ttcttttaaa
aaagt gacca
t at gaaagt a
tt aaaaaaaa
ttcatttaaa
taactttgac
aact agaggc
tattttctcc
cttctagt at
acat caaaat
t caaaaacgt
t ggccgageg
at act caggt
caacat aacg
tttttgttaa
aaaaaggaaa
act aaat gct
tt ccaat agg
caat at at at
tegttttgec
aagctatttc
gt gct get at
aggct gat gc

cgat t ccggce
gcctatttce
agtttcacca
act at gggca
cat cat gccg
t gcgat gagt
aaaatttttg
t ct caagaaa
caggaaaat a
attttttact
ttacttaaaa
taaagttttt
gagt tat ctt
tttttatttc
cggccct gca
ttacgcat ct
at ct acat ac
ccacattctc
tatatttata
gt ct aaggcg
at cgt aagat
agaacacaca
ttt cagaggt
ggt gagagcg
t gcat cacaa
t ggt t agcaa
atatatattt
aggt gaccac
t gat gt t cgt
cgat gct aca

cgttttgtta

agtttctaca
ct aaagggt t
gttttgattt
aat attatac
tttgtgatgg
ggcagggcgg
aacgaact ct
gtttgttctt
aat aaagaaa
ttaaagtttt
tttcttaaaa
acgtattgtt
ttttatctcg
ttaaattttt
gttaattaag
gtgcggt at t
ctaatattat
ttcaaaatca
ggat aat t at
cctgattcaa
gcaagagttc
ggggegct at
cgcct gacgce
ccggaaccgg
tactt gaagt
t cgt ct t act
caaggat at a
gtt ggt caag
tccaatgtca

ggt gtt ccac
ggt gct gt gg
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catatattcg
t at t gagaat
aaacgt ggcc
gcaaggcgac
cttccatgtc
ggcgt aacct
tttcaaaaat
ttatttttta
aaagt gaat t
tttttattca
aaaaaagaat
taaaactttt
tgcaagtttt
ggctttt cat
gat ccact ag
t cacaccgca
tgccttatta
att gt cct gt
actctatttc
gaaat at ctt
gaatctctta
cgcacagaat
atataccttt
cttttcatat
t gacaat at t
ttctaacttt
ccat tct aat
aaat cacagc
agttcgattt
tt ccagat ga

gt ggt cct aa

caagat gt gg
atgtttttcg
aat at ggaca
aaggt gct ga
ggcagaat gc
agatatttga
attaaacttt
aaatttttaa
aaaaaaaagc
at aaaaaaat
gecttttttc
tttgaaaaaa
ggaaat t cat
tttttttggt
tatttaaatt
t at cgaccgg
aaaat ggaat
acttccttgt
t caacaagt a
gaccgcagt t
gcaaccatta
caaat t cgat
tt caact gaa
agaat agaga
at tt aaggac
tcttaccttt
gt ct gcccect
cgaagccat t
cgaaaat cat
ggcget ggaa
at ggggt acc
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cgtgttacgg
t cagcgccaa
acttcttcgce
t gccgcet gge
tt aat gaat t
gaat tt gt at
cttgagat ga
gaattttatt
tgggactttc
act aaaaaaa
aaaaaaaagt
gcattctttt
ttttgttaaa
ttacaaataa
cct gat gcgg
t cgaggagaa
cccaacaatt
t cat gt gt gt
attggttgtt
aact gt ggga
tttttttcct
gact ggaaat
aaat t gggag
agcgttcatg
ctattgtttt
tacatttcag
aagaagat cg
aaggttctta
ttaattggtg

gcct ccaaga

ggtagtgtta

8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380



gacct gaaca
cat gt aact t
aaggt act ga
aggaagacga
aaagaat cac
ggt cct t gga
aaaccat caa
ccat gat cct
tt ggt gat at
ctgegtcett
acggttctgc
ct gcaat gat
cagttaaaaa
ccaccgaagt
ctettttttt
cgaaattaca
catttatcaa
aat ggct caa
gggcaccaca
gtcggtttaa
ttctcatctg
aaaat at aaa
caat aggt ca
aaccgcttgce
gcat aaaagt
taaaattttt
t aaaaccaaa
tttaagttca
aattggttta
cgacaaaggt
aaatttatct

aattgttcgt

aggtttacta
t gcat ccgac
cttcgttgtt
t ggt gat ggt
aagaat ggcc
t aaagct aat
gaacgaattc
agtt aagaac
cat ct ccgat
ggcctctttg
tccagatttg
gttgaaattg

ggttttggat
cggt gat gct
atgatatttg
aaat ggaat a
gaaggagaaa
cgt gat aagg
caaaaagtta
gacaat ggga
tgatctccta
taatattttt
t cggtt caag
t ccat acact
agt aaaaaat
tttattattc
at aaaaaaat
at aaaagttt
t acagaaaaa
at gcacaagt
ccagt ggt ag

gacttaactg

aaaat ccgta
tctcttttag
gt cagagaat
gt cgct t ggg
gctttcatgg
gttttggeet
cctacattga
ccaacccacc
gaagcct ccg
ccagacaaga
ccaaagaat a
t catt gaact
gcaggt at ca
gt cgccgaag
t acat aaact
tgttcat agg
aaggaggat g
aaaaagaat t
ggt gt aacag
aaagt t agat
gtgctagcta
t aggcccat a
tccggt t ggg
ttttataact
catttgt cat
tgtttaaaaa
tttttetttt
tttaattttt
attataaatt
t cacaggt gt
ttgagcgcga
aagat ggt at
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aagaacttca
acttatctcc
t agt gggagg
at agt gaaca
ccct acaaca
cttcaagatt
aggt t caaca
t aaat ggt at
ttat cccagg
acaccgcat t
aggt caaccc
t gcct gaaga
gaact ggt ga
aagt t aagaa
tt at aaat ga
gt agacgaaa
t aaaggaat a
gcactttaac
aaaat cat ga
gcct agagt a
aagaagt t gt
act cagt t gg
cct at aaata
tttttgettt
gagcaaaat a
aatttttgtt
ttttaaaata
taatttttga
atttattcat
t aacgct aaa
acgt gaggaa

t ggt cat cca

at t gt acgcc
aat caagcca
tatttacttt
at acaccgt t
t gagccacca
at ggagaaaa
tcaat t gatt
t at aat cacc
ttcctt gggt
tggtttagtac
t at cgccact
aggt aaggcc
tttaggt ggt
aat cctt get
aatt cat aat
ct at at acgc
caggt aagca
attaatattg
aact at gatt
ttgattatcg
tagatttt at
t agagt gat t
cttttaaaaa
getgettttt
t t aaaaaacc
t gt aaaaaaa
aattttgtta
t aaagt aaag
atggattata
tt ccagcaac

tttgtaggat
gaagt aggt g
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aact t aagac
caatttgcta
ggt aagagaa
ccagaagt gc
ttgcctattt
act gt ggagg
gattctgceg
agcaacat gt
ttgttgccat
gaaccat gcc
atcttgtctg
attgaagatg
t ccaacagt a
t aaaaagat t
agaaacgaca
aat ctacata
aat t gat act
acaaggagga
cct aaggt aa
agcaaat at ¢
attctattat
gcct t acaag
gtgtcaattt
tt aaaaaaaa
attctttaaa
aagaaat aaa
aaaattttat
ttacttggaa
aagat gat ga
cagcatt aag
tctttccaca

acgct gt age

10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300



tcgtcttaaa
agttgttgca
ttgtgcttta
cgat at aat g
tgttggttta
t aaaaagt at
agcttaccaa
agatttaagc
ctattcattc
agaacat gaa
tgattattta
agat aacaaa
tcaactttta
att at at gag
tcgtcttcaa
tttagctcag
ccattttttt
aaaagaaaaa
tttgtgcttc
t caact caat
catttttatc
aagaaaaaaa
aagagaagat
aaaatttttt
acatt at aaa
ttttaaataa
cgagcccegt a
cgt t gaacgc
aagt ct gaag
t gcct gaaat

acgt ct at at

gaagtattac
gcttaccgtg
gcagt aggat
gaccagt cat
gat gcaat aa
t gccgt caac
acagaat t ag
catttctcag
tatttaccag
aacgcaaaag
gattgttttg
t gt t cat ggt
gaagat aat t
gctgtaggt a
gagttaattg
aaaat at aca
catttttttt
tacaattttt
gtttttgaaa
acattttttt
attttttgct
gcgt aaaat g
aaaaaacaag
gattttttat
t agaaaaaat
gatcttttgg
tgatattcta
t acacggacg
aagt aaacag
at at at at at

t catt gaaac

aat acaacgc
aactttctgg
ggt gt attga
t aact agacg
atgattcttt
gtccatatta
gacaaat gt t
aagaacgtta
tt gcagcagc
ctattttact
gcgat cct ge
tagttgtgca
acggt cgt aa
t gagagccgce
agaaacattc
aacgt caaaa
t agaaaagt t
ctctactttt
aaaacttttt
tgaacttctt
tcgetgettt
aaaaagaaaa
aacaaaaaaa
agaatttgtg
cttgttttgt
agct gaaaaa
aggcgt t acg
at acgaaagc
ttctttgcta
gt atgacat a

tgattattcg
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acct ggt ggt

accaggt caa
attattccaa
tggt caatta
tcttttagaa
tgtacattta
agatttaatc
caaagct at t
tatgtatatg
t gagat gggt
tttaacaggt
atgcttacaa
agaaccagaa
ctttcaacaa
taatcgttta
at caggt cca
gtatttttct
ttttgattct
atttgaaaaa
tttacttttt
ttatcatttt
aaagtttcaa
ttgttcaaaa
agaaat agt a
aaaaattt at
at at gagaaa
ctgat gaata
agttgetttc
tttcacactt
tgtacttgtt
attttcttct

aaatgcaata
aaagacgctg
gcctttttoct
tgttggtaca
agct ct gt gt
ttagagcet tt
actgctcctg
gttaagtata
gt t ggt at ag
gaatacttcc
aaagt aggt a
agagt aacac
aaagttgcta
t acgaagaaa
ccaaaagaaa
agat ctt aat
t gat gaaat g
ttactttttt
ttttgttgaa
tgctttgttg
ttgctttgca
agaaaaaaaa
acacaat aga
aaaaaagt ca
aattttttat
tagtttggac
ttctacagag
t cct at ggga
cctggttgat
ttettttttg
t gct gaccgce
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gaggtttaac
aaagtcttcg
tagttgctga
agaaagaagg
at cgcgt t ct
ttcttcaaac
t at ct aaggt
aaactgcttt
attctaaaga
aaat t caaga
ctgatattca
cagaacaacg
aagt t aaaga
gtagttaccg
ttttcttagg
ctagaaattt
aaaatttcaa
ttgaattttt
tt aaaaaaaa
cttttetttt
aaaaat gaag
gcgaaaaagc
aaattcttta
aaaaat caca
attatttcaa
aaact agt ct
tt gccat agg
agagctttct
ggt cacttgc
tgcctttagtt
tt ct agaggc

12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160



at cgcacagt
attacat aaa
t gaacat gaa
agt aacaagc
agt gaaaaac
aggt ct ggat
gcccacaaca
atgtgcctca
t gat at at ag
t aagat t caa
agt t gaacaa
ttcaaagttg
accaagattt
at accagt aa
aaagagt aac
cat ccaattg
at ccaact aa
acaat gct ga
acaagt cccg
atttgattaa
tggat t t gat
accctgcata
tgattgttat
aat t ggagat
gt ggcaaat t
gaacaggt gt
aaggtattcc
t gt ccaaaag
at gat ccaat
ct act caaga
gcacagttac

cattccctaa

tttagcgagg
aaatt ccggce
cat cgcccaa
agccaat agt
t gct aat t at
agagaagttg
agaacct t at
tgatagtttt
agt aaccggt
tattcaacca
gct caat t ct
ccaagatctg
caaattagac
t aat gcgcat
cattgttgceg
cat aact aaa
gaact t gggc
agccttccca
ttctttcact
aacaggtatc
ggtatgtgtg
t cccccagece
t agagct gct
tgtttcaaga
ggacaat ggc
t gt agtt gga
t aagggt gt t
gttcaactta
t caaagagat
t gat at t ggt
ccatttaaca

gttacat cat

aaaactcttc
ggtttttcge
atgtatttga
at aaaaaaaa
agagagat at
gat aat ccaa
acgaaacaag
t ct aacaaat
gacgat gat a
acgt ggt cat
att gaggcca
gaaaggaccc
gagtt caagc
gttttgaact
gaccaattta
atctctctga
t ggt gcgat t
gagagaacct
t at cgcgaca
aaaagaggt g
at gggt gt ct

agacaaacca

ggacaat t gg
atcaattcca
gaggat gttt
ccagattcca
cttggt agac
acagaaaat g
atgtttacac
acaccgggcc
cctgecat gg
gegttctttg
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aatagttttg
gt gt gact ca
agacccgctg
atctgagttt
cacagagtta
ctctttcagt
ctacatattc
acgct gt cgc
ttgttcttta
t t aat gagct
atttttcctt
ctcagttagtt
atcattt agt
taatttataa
ctcaatattt
t caccgcatc
tcgt gggat g
gtgttgtgga
t caaccgcac
at gt agt gat
t gaaagccgg
tttacttagg
at caact agt
tcgctattca
tggctccata
acccaaccct
atttttcctt
ataaattcac
cattattttt
gtttagcgga

gt caat t act

t gggt gacat

ccagcggaat
at gt cgaaat
ggagaagttc
attacctttc
ctcactaatg
gt taccacat
gttacagcta
tttgagtgta
tatt gcgaat
gtattctaca
t gacgagct a
ccgtttggcece
ggact ttgct
cagcttactg
gact gct gcg
at ccaaggat
tattcacgac
gact ccaaca
ttctaacata
gat ct at t ct
cgcaaccttt
tgttgctaaa
agaagatt ac
agaaaat ggt
t gat cact ac
atctttcaca
ggcttatt at
aat gct gagc
aggt gcccaa
at ggat gagt
tactgcccaa

tttaacaaaa
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tccacttgca
acct gcct aa
aagat at at a
ctggaatttc
act aacgaaa
gactttttac
cct cagct cg
t gggct gcat
aacaaaat ct
attaacaatg
gct gaaaaaa
tttttggaaa
ttgaatttgg
tattcgaatg
ct aagcgat ¢
agtttacctg
attttccagg
ctaaattccg
gttgcccatt

t ct aggggt g
tcagttatcg

ccacgt gggt
atcaatgatg
accat t gaag
aaagacacca
tctggttccg
ttcaattgga
ggtattgcac
ttgtatgtce
aagt at ggt t
gct actacac

cgtgattgtec

14220
14280
14340
14400
14460
14520
14580
14640
14700
14760
14820
14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
16080



tgaggttaca
cacagcgt gc
aaaaat t gaa
tt aacaggaa
gt gcaggt gg
t gaacaact g
cttggagaca
gttatctacc
gt gggt t cag
gagaaaacat
t ggt cccaag
aggtt gaaac
t caggact tt
t ggat aaact
ct cccaagca
ttaccaat gt
catctgtatc
aaatgatttt
agt at ccaac
cat ct caagg
t ggt t gagac
ccgaaggaaa
acatccttgc
acgt cagggc
atggtacttg
aaagccaat t
ttatccataa
atgttatttc
actttgtttc
ttgttagcga
ggct cact gg

aaccttggca
agtttcttat
agatgtcatg
cgat cgt act
tttggccgaa
gtttgttgaa
attctggtta
aaacggt gac
aat cgaatta
tactttagtt
atttgacaag
tgaccctata
cttaaagaaa
accat t gaat
attaaatttg
t gagcgcgag
accagat gat
tacctt aaag
gat aaaggcc
t gaggtcgtc
gct accaagt
aacaacaat t
agatttgtta
caaggat gaa
gaacgaaaaa
tggtctttca
tggt gcgtta
aact at caat
ctccacttct

agggaagcca

t ggat at ggt

gaaaattgcc
ttcgaagtta
cctgctggta
caaatatgtg
ggt t at agag
aaagat cact
ggt ccaagag
t gt gaat gt t
ggagaaat ag
cgcaaaaatg
ccagat gact
gt t aagggct
agattggcta
ccaaat ggt a
gt agct gaaa
gt t agagact
tcgtttttcg
aaaaagct gc
tttgccgegg
gaaaat gt ca
t cgt acccct
aatgtgtttg
ggacgttctc
gaagct gcat
tttgcctcaa
gat gagaagt
gttcactggg
gttat gagct
act cttgaca
ggcattttag

cagt ccaaat
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gtattgttaa
aat caaaaaa
aaggtat gt t
gt attggcga
gattaccaga
ggaattattt
atagattgta
gcggt agggce
at acgcacat
ccgacaat ga
t gt ct aagt t
taat cggtta
gct at gct at
aagtt gat aa
atacagtttc
t at ggtt aag
atttaggtgg
aagttgattt
aaat t gacag
ctgcaaatta
ct cgagaat a
ttaccggt gt
caaagaact a
ttgcaagat t
at at t aaagt
ggat ggattt
tttatccata
t agccgecegt
ctgaatacta

aat cagacga

gggctgctga

t at gt acggt
t gacgat cca
gaacgttcag
aat aggt gag
att gaat aaa
ggat aaggat
cagaacgggt
t gat gat caa
ttcccaacat
gccaacattg
ccaaagt gat
ccatctttta
gccttcecttg
gcct aaact t
t gaaact gac
tatattacct
tcattctatc
accat t gggc
aattaaat ca
t gcggaagac
ttttgttgaa
cacaggat tt
cagtttcaaa
acaaaaggca
tgtattaggc
ggcaaacaca
tgccaaattg
cggcaagcca
ctttaatttg
tttaatgaac

gt acat catt
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accact gaaa
aactttttga
ctactagttg
atttatgttc
gaaaaatttg
aat ggt gaac
gatttaggtc
gttaaaattc
ccat t ggt aa
atcacattta
gttccaaagg
t ccaaggaca
attgtggtta
caattcccaa
gact ct cagt
accaagccag
ttggctacca
acaattttca
t cgggt ggat
gccaagaaat
cctaatagtg
ct gggct cct
gtgtttgece
ggt at cacct
gatttatcta
gttgatataa
agggat ccaa
aagttctttg
t cagat aaac
t ct gcaagcg
agacgt gcag

16140
16200
16260
16320
16380
16440
16500
16560
16620
16680
16740
16800
16860
16920
16980
17040
17100
17160
17220
17280
17340
17400
17460
17520
17580
17640
17700
17760
17820
17880
17940



gt gaaagggg
atggttcttc

gt aagattcc
ttgttgttgce
cgggt caccce
at gt cgaaat
ggaat gaaga
gt accaaagc
cat ggacagg
atattgcatt
cact gccaag
ct cgt ggaag
taattaaata
t ccgagaat a
agct ggegt t
aggagaaaag
tatttctttt
ttgtgttgat
caaaat t gat
ttttggtata
ttttgaaaac
t at at acaaa
aaatttcgtt
ccaaaagt ga
aaaaaatttt
aggttttatt
cat at ggt ac
tctgttgatec
cgt cgt agt g
gcagct gaaa
ggttcttcaa

aaaat acgtt

cct acgt ggg

aaacacagat
agat at cgaa
tacgtctttg
aagaatatta
cgaaagct at
aaat gcgttg
t ccggaact a
tgttgattgg
tttaaacaag
t at agaact a
ctccgcagea
t gaat t agga
at at at aata
agt ct gct aa
tattgacatg
t gaat t agat
t t acaaaaac
gaaaaat aga
at acaaaaaa
cagcgt ggct
aatttttaaa
ttttatttat
gttttttatt
tttatttttt
aaaaaatttt
caacat caat
gt gt t ggt gt
gatttagtac
ct gat acaga
t t aaccaact

tacaacttac

tgtattgtca
gatttcttat
aattccgtga
aat cct ccca
tt caaagact
t ct aaat gga
tatcctttge
gacgat agga
t ct aat ggaa
gttggatttt
act caagcgc
gct t aaggt t
gaaagactta
agagaat aaa
t ggcagcttc
agcgct cceg
aaat gagt gt
aat agaaaaa
cat gaacaaa
agaatttttg
ttacggt cac
gttttttgtt
t caaaaattc
caaat att ag
tcataattta
t acgt acaga
tcttaatact
tttaagttta
tcttatttac
t aaagt aaaa
tttaggaata

t aaaccagt a
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gaccaggtta
tgagattttt
atatggttcc
aagaaaat ga
acttgtatac
agaaat cat t
t acacat ggt
acgccgt ggc
taggtgttac
t acct ccacc
aaat aagt ct
gagcatt acg
gcttcttttc
atattagtta
atcttggttt
gcacaacggc
tctcaatttt
agaaaacaat
aaattttgaa
gaaaggt ggc
cgggggt tcg
tattttgtat
tgtttttttg
aaaaagtttt
aaaaattatg
t gaat t ct at
gt at caacta
agaaattctg
gaat cacct g
tctcaaactc
aaaggtgcta

acat ggccac

cgt aacaggt
gaaaggttca
agt agat cat
attggcegtt
tttacacgat
ggaggcgt ct
cttagacaac
atctttaaag
t ccagaagag
aact cat aat
agttgcttca
tat gat at gt
gggtgatgtc
tt gaat aaga
attgtacttt
caaagaagt ¢
tttttctttg
attttctttc
agttgacttt
agagtggttg
aat ccctcce
agat aaaaaa
aaaagaaaat
tgaaaaattt
ttataattta
aaaattattt
ttcacagttc
attcagttga
gt agacgt tt
ct gat aaagc
gt caagaaac

ctttagtatg
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gcct ctgeca
gt ccaatt ag
gttgctcgtg
gct caagt aa
tat ggttacg
gttattgaca
ttacct gaaa
aaagacaccg
gttggt at at
gacaaacttc
ggtgctggt g
ccat gt acaa
actt aaaaac
act gt aaatc
caacttctag
tccaatttct
cattttttgt
t aaaaaaaaa
tttaaaaaat
aat gct ct gg
tttccgataa
t ct gcaat aa
aaaaaaaat g
aaaaaaat ag
aatt acaaat
t ggagat cac
t cgt gt aact
atttacacgt
t gt agt acgt
t cct gcaggt

aaacaaat gg

gggt gtagtt

18000
18060
18120
18180
18240
18300
18360
18420
18480
18540
18600
18660
18720
18780
18840
18900
18960
19020
19080
19140
19200
19260
19320
19380
19440
19500
19560
19620
19680
19740
19800
19860



tgtggtgctg
ttatgtatga
t at gacagag
t cagaaccag
ggtatcttag
ggtagtttac
gttggt aat t
ctttttggca
ttaggt atcg
cagagtttac
gacat aacac
ttagctttag
gat cct gt aa
attttcgtaa
aaat caggt g
tctagatttt
tttgaagctc
taaatttctt
ttgttttett
tttgattcaa
act gt aat aa
aaaaaattga
actttttcag
tgtgttgett
tttgatgtgc
tgtttttatt
caaaaaattt
tatgaatttt
atttttgaag
t gaaggaggt

t aaaaaaaag

ct gcat cagg
t gat gt ct gg
acat t gat gc
aagttattac
at gt at gggc
tttcttacat
t cgctttagg
catt aacacc
caatt gt aaa
cagttgettt
aat t aagt gt
tagcttt aat
aat acgacgt
ctgctettge
aaaacttata
attttttatg
tgaaatttta
ctctgetgtyg
ctttgttttt
aaaaaaattt
aaaat aaaac
aaaatt caag
gagt t gaaat
tttttgctac
gtttttgtta
ttttttattc
t at acaaaaa
tt gaaaaat t
gcattttttt
ccaaaact ca

gt aaagaaaa

caactt ccat
tccttgttta
aat caat gaa
acaagtttgg
t ggt cat aca
ttact caget
tgctt cat at
agacgttgtt
tgactttaaa
t ggaacagaa
agcaggttac
cattcctcaa
aaaat at caa
aagt caacac
ctttcaaggt
aaaaact cag
aaatttctag
tttttetttt
ttatttcttt
agtccgatta
aaaaatttta
caaaacaaaa
ttctccttta
tttttgtttce
acct aaaat ¢
at aaaaaaaa
gttttttgat
catacctttt
tttaatcctc
cat agattga

aagcaggact
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t ggacaccag
acaggttata
ccttaccgtc
gttcttttac
acacct acag
ccacctttaa
atat cattac
gtacttactc
t cagt t gaag
act gct aaat
ttacttgcta
attgtttttc
gcat ctgctc
ggtaccggtg
cacaat catc
gcttaattta
tcttctttaa
tttttgaaaa
ttgttttgtt
ct ccat agga
tttetttttg
agaaacaaat
cttaaaacat
caagcatttt
t t gaaaagat
acaat acata
t aaaaact ca
atttttttgt
atgttcttca
atat cct gt t

gtccat aatt

aagat gt agc
cacaaact at
ct at accaag
tt ggt ggt ct
tattctatct
aactt aaaca
ct t ggt gggc
ttctttacag
gt gat agagc
ggat at gt gt
gt ggt aaacc
agttcaaata
aaccattttt
at t at aaaga
gt cacaaaca
ggct t gagt t
tgtttttaaa
aacaaagaaa
tattttttag
gcaagcagt a
ttttgcttga
aaaaaattta
attttgctaa
tt cgaat at t
ttactctttt
aaaat aaagt
gaaaaaat aa
aatttttage
aaaggatctc
gcacttaata

ctttcatgtt
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t aaaagt at t
t aat gat t gg
t ggt gct at t
t ggaat t gct
tgctttagga
aaat ggt t gg
aggt caagct
t at agct ggc
acttggttta
t ggcgcet at t
at at t acgct
ctttcttaaa
agttttaggt
cgat gat gac
caccggttaa
tttcattctt
ttttaaaaaa
aaaaattttt
tttcagaatc
aaaaat aaaa
acttttcaaa
tgaattttct
aaaaagcgct
tttttttgat
caaattttta
atttcggett
aaaaacaaag
ctttcaaaaa
tcaatttttt
at agaaacca

ttttgttcaa

19920
19980
20040
20100
20160
20220
20280
20340
20400
20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300
21360
21420
21480
21540
21600
21660
21720



atttattctc
aaat ggct ac
caggt at cgt
tattacctgg
tcttattaat
gt t gggaaac
ttttatcaaa
att agat aaa
tttttactgt
gt cagaat ca
t accagaagc
tcttcttatt
agtttttttt
tcattagcaa
tgacttttta
at agaaaat t
atcttttcca
t at aaaaaat
cttgaattca
gaaaaaaat g
aaaacaaagc
tttttttgga
tttaattcca
t act aaaat t
agcttttttt
agaact ccaa
tccagcttga
ttttctagtt
atcattt gat
t ggaaagat t
tttatctaat

aaaaatttct

caat aatt at
t ggaacaact
aactccttta
at ggggaaca
tattttagaa
tttagcettct
aatttttttt
attagtttca
t cat t aagag
attctatttt
ttat gcacct
attagccttt
gatacttttg
ctttagettt
tttttttatt
t gt gaaacat
act aaagt cg
caaaaaatta
aaacaaaat a
tttttaaaaa
tttaaaaaaa
ggacgacat ¢
gctttaaaaa
tttgctt cat
gctgcaaat g
caaaggact t
at at aaacaa
t gt ctagcca
ttactatcta
tatttgttca
tttttaatgt
tttttttgaa

attacgacaa
t caaaagct a
ggaact ttat
actgttttaa
atttataaca
taattcaata
gcaaaaat aa
agt t gaact a
caat aaaaaa
aagaat ccta
tttgatccta
gt at ggcaag
t aaaaaat at
aat at t agct
ttgtttettt
aaaaaaaaag
gcct ct aget
aaaaaaaaag
aagaat t caa
aattttttct
agaaaaaat t
cattat gt gg
ttt cacgaat
ttaat gcaaa
ttgttgettt
caccacgaag
ttcctcgata
t at gt aaaaa
aaaaaaat aa
attcttttgt
tttgttcaaa

aaagt aaaaa

0802WD1_ST25

aaagt aaaaa
aat caagct t
t aagaccgt t
tgggtgtttt
gttctttatt
gaat agtttt
agaat aaat a
agtt gt caat
aacttttggt
t ggaat ct at
t t gt agat gt
cat ct gt aag
caaaaaaaac
aaagttgctc
tttaaaagtt
aat gaaattt
agaggccggce
aaaaaacttt
aaagattttt
tttttttaaa
t t aaagcaaa
aattcctgtt
agctgtttcg
t t cacgt gat
tctttttcca
atttgct aat
tgtacgtttt
tttaactata
gattttgaat
attttttttce
cat aaaaaat

t aaaaaaagc

aaat caaaat
at ct gat gca
aaact ct gaa
cattgtactt
at t agat aat
attgettttt
aaatt caaaa
aaactttcaa
cttggcaatc
gtatttaatt
tttaccaatt
ttttagat aa
ttttaaattt
t caaaaat at
acaacat aaa
ttatgttcgt
caaatttttt
gttttgtgca
tttaagcaaa
getttgettt
aaaaagaat t
ttttctcgaa
cgaccttgtc
ttttttgcca
cggaaaccac
gt aat aat ag
ttaatttttg
aatttctttt
ctttggaaag
aaaaaaat tt
tttcttttca

tgtagetttt
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ttattcaaaa
cttcaagaac
t caggaaaag
tttgct gt at
gttactatga
ttatttttta
aaat t at aga
atttgttttc
ttttaaaaaa
tt agcaaaat
attcctattt
aaaattt aaa
ttttcaattt
aatttttttt
gaaaat gaaa
tttttgtttt
tccaaaattc
aaacaaaaat
aggt aaaat g
tttcat gaaa
aaacacgt ct
taacatttac
ct ggaccagt
caacttcagc
aagct ccagce
tattatgatg
t aggt gat ac
atatttttaa
aaccattatt
tttagaattt
aaaaaggaaa

ttgttgaatc

21780
21840
21900
21960
22020
22080
22140
22200
22260
22320
22380
22440
22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640



aaaaaaaaat
aagaaaaat 1
ccaacgt agg
ccatgctttt
tt aacaaaaa
aattctttagt
t aaaaaattt
ttttttttat
tttgctgett
tttgtgtttt
ttt aaaaaaa
it cacaagca
tt cacgagct
gtt agcaaca

t aaacaagcg

aagaaat t gt
caaactttca
cgt aaccagc
ttttgactca
atttttgaaa
tttgaatttt
tttgtattga
tctattgaaa
cttttgtttt
tagagttcta
aattat agt t
gcagct aat t
aaat cacgac
gcaccaggag

t cat caccaa

cctattttta
aacaat gt at
ggatttacaa
tttgat catt
tttcaatttt
ttttttcaat
aaacttacaa
t gaacaaaac
t at caat aaa
aaat caagaa
t gt caat agt
ct ggagacca
cttcgttacg
cgttacccca

agatttcaac

0802WD1_ST25

t gacaaaaga
tttgtatttt
t ccgecccca
tattttgcat
ttttaattaa
t t aaaaaaaa
taattttata
aaattttttt
t aaat gaaaa
aaaaat actt
ttcaaattca
tttacaagct
agct t gagt a
agggt gt cct
t aaagct ggc

tt caaaaaaa
t gggccgagt
ttaaccactc
gaatt at act
aaact cttct
aacat att aa
aatttttttg
agtttttttt
t gaaaaacaa
cccctttaaa
aatttgattt
gagcggat aa
caagcttcta
aaagt acctc

at gt gccata

accagaagca actggcatag taccacccat agaacaccag tcttgagtga
acggct a

<210> 121

<211> 1529

<212> DNA

<213> Artificial Sequence

<220>

<223> codon optim zed sequence conprising | S57

<400> 121

atggtaccaa cattaaattc attatctcca

acttctcgtt
caaggt cgt g
ccaccacctg
cct aaaccta
gttgcagaaa
ttattagctg
ttaattaatg

ggagaacaag

t caat ccaat
gttttggtaa
cttggccagg
ttagtat t gt
at ccagat aa
at caggt acg
aatt aaaaga

gt gt aattga

tcctaaatta
aggagt aaaa
tcgt got gt t
aggat caact
atttcgtgta
tcgttttaaa
agcat t agca

agt t gct cgt

gcagaat caa
t ct ggt ggt t
tgctctgtaa
ccagaagct ¢
ggt t caat cg
gttgcattag
cctgctttag
gattt agact

cat ccagaag

aagcaatttc
tttctttacg
aagt acagca
ct agacaat c
gt act caaac
ctgetggttce
ttgcagttcg
acaaattaga

cagtt acagt
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t gaaat aaaa
cggattcgaa
gggcat cggc
aaagattata
atttttttaa
aaaatatttt
aaaaattttg
gtttttttge
aaat aaacaa
gaggaagt at
ctttccaaac
cat caccacc
aagcaacacg
caccgaattg
cgt gaat acc

agt aaat acc

atttttagat
t cgt cgt aat
acagcaacaa
at gggat ggt
tttagacatt
taacgt t act
t aat gaat ct
gattattcca

agt t acaggt

23700
23760
23820
23880
23940
24000
24060
24120
24180
24240
24300
24360
24420
24480
24540
24600
24607

60
120
180
240
300
360
420
480
540



attgttggtt
gctttagcaa
aaacacaatg
caaggcttac
cgt gat t ggc
aactggaat a
gaagttattg
cat ccacaat
ttaggct ggc
ccttgcagtg
aaaaaacctg
ggt ggt act a
gacgagaaaa
cgt aat gaat
cgt gagt at g
ggt gattaca
catcgtcata
<210>
<211>

<212>
<213>

122
749
DNA

<220>
<223>

<400> 122
atggattata

gttcctgetg
attggtaatc
aaacgtgttg
aat cat ccac
ggt tt aaaag
ttacat caag
attttagetg
gct cat acag

gaattattac

Artificia

gtgct ggat t
at aaagaaac
t aaaaat t ct
ct gaaggt gc
ct gt agaaaa
t gggcaaaaa
aagcacatta
caattattca
ct gacat gcg
aagttacttg
acaacgt aaa
t gact ggt gt
tttcatactt
t agt aacttc
ct gcaaat gt
aagat gat ga

aacacaccgg

aagacgat ga
ctggttttgg
aaacaatttt
ttattgct at
aaat t acagt
ctgctggtga
atgatttagc
ctccagttcg
ttgat cgtaa
atgattgttt

aaaacctaca
att aat cgca
t ccagcagac
att aagaaaa
act t aaagag
aattactgta
tcttttcggt
t agt at gat t
tttacctatt
gccacgttta
atatccatca
tttatctget
agacatcttc
tccaagtctt
tcaattatca
t gat aaaagt

ttaatctag

Sequence

cgacaaaggt
tcgtcgtatg
agaacattca
tt caccaggt
t gt t gat ggt
t gct caat gg
tcgtttatta
tgatacaatg

tggtttatgg

aacacgt gct

0802WD1_ST25

gttgcagcta
ggt ggt ccat
agt gaacat t
atcatattaa
gt aaaagt ag
gat agt gcaa
gct gaat acg
gaaacacaag
ttatatacaa
gatttatgta
atggatcttg
gct aat gaga
aaagtagttg
gaagaaattg
agt ggagct ¢
ggt gagaact

gct acaacac
caaacagaat
gttcatgcett
gattcacgtt
ggt gat gaac
gttttagttc
gctttatcag
aaacgtgctg
cacgctttaa

t t aaat gaag

ttgaggct gg
tcgtattacc
cagcaatttt
cagct t cagg
ct gat gcatt
ctttattcaa
acgat attga
attcttcagt
t gt cat ggcce
aattaggatc
cttatgcagc
aagct gt aga
aattaacatg
tacattatga
gtccagttca

tatactttca

codon optinized sequence conprising |1S116

atttagat gt
gt ccaaaaca
tattagctca
ttgct caatt
gtgctgattc
at gat gct gc
aaacat cacg
aaccaggt aa
caccacaat t

gt gct acaat
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t aaagat at t
actt gcaaac
t caat gt at t
tggt gcat tt
aaaacaccca
caaaggttta
aattgttatt
attagct caa
agaccgt gtt
tcttacattc
t ggt cgt gca
aatgttcatt
t gat aaacac
cttatgggct
t gct ggt acc

aggt cacaat

ttgtgetgtt
atacttatca
tccacgtgtt
accat t agct
agttttagct
t cgt ccat gt
t acaggt ggt
aaat gct att
ttttccacgt

t acagat gaa

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1529

60
120
180
240
300
360
420
480
540
600



gcatcagctt tagaatactg tggttttcat

0802WD1_ST25

ccacaattag ttgaaggtcg tgctgataac

attaaagtta cacgtccaga agatttagct ttagctgaat

cat caagaaa atacaaccgg ttaatctag

<210>
<211>
<212>
<213>

123
1151
DNA
Arti

<220>
<223>

<400> 128
atatggatta

aattccagca
aatttgtagg
cagaagt agg
gt aaat gcaa
aaaaagacgc
aagccttttt
tatgttggta
aaagct ct gt
t at t agagct
tcactgctcc
ttgttaagta

tggttggt at
gt gaat act t
gt aaagt agg
aaagagt aac
aaaaagttgc
aat acgaaga
t accaaaaga
caagatctta
<210>
<211>

<212>
<213>

124
1257
DNA
Arti

ficial

t aaagat gat
accagcatta
attctttcca
t gacgctgta
tagaggttta
t gaaagt ct t
cttagttgct
caagaaagaa
gt at cgegt t
ttttcttcaa
t gt at ct aag
t aaaact gct
agattct aaa
ccaaattcaa
t act gat at t
accagaacaa
t aaagtt aaa
aagt agtt ac
aattttctta

a

ficial

Sequence

gacgacaaag
agaaat tt at
caaattgttc
gctcgtctta
acagttgttg
cgttgtgett
gacgat at aa
ggtgttggtt
ctt aaaaagt
acagcttacc
gtagatttaa
ttctattcat
gaagaacat g
gat gatt at t
caagat aaca
cgt caacttt
gaattatatg
cgtcgtcttce
ggtttagctc

Sequence

gt at gcacaa
ct ccagt ggt
gtgacttaac
aagaagt at t
cagcttaccg
t agcagt agg
t ggaccagt ¢
t agat gcaat
attgccgtca
aaacagaat t
gccatttctc
tctatttacc
aaaacgcaaa
tagattgttt
aatgttcatg
t agaagat aa
aggct gt agg
aagagt t aat

agaaaat ata

tttatttaac

codon optim zed sequence conprising |S62

gt t cacaggt
agtt gagcgce
t gaagat ggt
acaat acaac
tgaacttt ct
at ggt gt at t
attaactaga
aaat gatt ct
acgt ccat at
aggacaaat g
agaagaacgt
agttgcagca
agctatttta
t ggcgat cct
gttagttgtg
ttacggt cgt
t at gagagcc
t gagaaacat

caaacgtcaa
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acgt acaatt

gttaacgcta
gaacgt gagg
attggtcatc
gcacctggtg
ggaccaggt ¢

gaattattcc
cgt ggt caat
tttcttttag
tat gt acat t
ttagatttaa
t acaaagct a
gctatgtata
cttgagat gg
gctttaacag
caat gcttac
aaagaaccag
gcctttcaac
t ct aat cgt t

aaat caggt ¢

660
720
749

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1151



<220>
<223>

<400> 124
at ggt accaa

gttgatcgtg
cgt agt ggat
gct gaaact g
tcttcaatta
atacgtttac
ggt gctgct g
t gt at gat ga
gacagagaca
gaaccagaag
atcttagatg
agtttacttt
ggtaatttcg
tttggcacat
ggt at cgcaa
agtttaccag
at aacacaat
gctttagtag
cct gt aaaat
ttcgtaactg
t caggt gaaa
<210>
<211>

<212>
<213>

125

<400> 125

5240
DNA
Scenedesnus di norphus

cat caatt ct
ttggtgtttt
t t agt act ct
at acagat aa
accaactttt
aacttact aa
cat caggcaa
t gt ctggt cc
t t gat gcaat
ttattacaca
t at gggct gg
cttacattta
ctttaggtgc
t aacaccaga
tt gt aaat ga
ttgcttttgg
t aagt gt agc
ctttaatcat
acgacgt aaa
ctcttgcaag

acttatactt

taatactgta
aagtttaaga
tatttacgaa
agt aaaat ct
aggaat aaaa
accagt aaca
cttccattgg
ttgtttaaca
caat gaacct
agtttgggtt
t cat acaaca
ct cagctcca
ttcatatata
cgttgttgta
ctttaaatca
aacagaaact
aggttactta
tcct caaatt
at at caagca
t caacacggt

t caaggt cac

cgtttaggtg taacacaatc ttggggtgga

ccaggtattt ggagttatga aggtgttgcet

ttcttagett

cggtttggcea

ctgggtttac

act ggaaaaa ctgcattaga tttaccaaaa

cttttatgtt ttggttttgg tgctttccac

0802WD1_ST25

tcaactattc
aattctgatt
t cacctggta
caaactcctg
ggtgctagtc
t ggccacct t
acaccagaag
ggtt atacac
taccgtccta
cttttacttg
cct acagt at
cctttaaaac
tcattacctt
cttactcttc
gttgaaggt g
gct aaat gga
cttgctagtg
gtttttcagt
t ct gct caac
accggt gat t

aatcatcgtc

t ggacaatta
gcatctcata
t gggatttag
attttcggaa
gt aacaggt t

codon optin zed sequence conprising |S61

acagttctcg
cagttgaatt
gacgttttgt
at aaagct cC
dagaaacaaa
t agt at gggg
at gt agct aa
aaact att aa
t accaagt gg
gt ggt ctt gg
tctatcttge
tt aaacaaaa
ggt gggcagyg
tttacagt at
at agagcact
tatgtgttgg
gt aaaccata
tcaaat actt
catttttagt
at aaagacga

acaaacacac

gcggt gaaac
ttattttatc
agttattccg
ttcacttatt

tatttggtcc
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t gt aact t ct
t acacgt cgt
agt acgt gca
t gcaggt ggt
caaat ggaaa
tgtagtttgt
aagtatttta
t gat t ggt at
tgctatttca
aat t gct ggt

tttaggaggt
tggttggatt

t caagctct t
agct ggctta
tggtttacag
cgct att gac
ttacgcttta
tctt aaagat
tttaggt att
t gat gacaaa

cggttaa

agcaacaaat
tggtttatta
t gacccaaga

cttat caggt
tggtatttgg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1257

60
120
180
240
300



gtttcagatc
gatgggtttg
ttaggtgttt
ggtttatcaa
gctgcettteg
tttggtccta
gttcaaacaa
aaattagctt
ggagct at ga
gat caagat g
gttttattaa
t caaaatata
ggatt aacat
gaaatttttg
cgt ggt t ggt
tggcatggtg
gaaagtttag
ttctaattcg
ttattttgaa
ttttttttaa
tgctattcaa
tcattttttt
cactttttge
acaatt caaa
aagcaaaaga
tattcttaaa
cttttttatt
ct cgt at ggt
attcatttct
tttttctcta
att aaaaact

ttattttttt

cttatggatt
atcctttcaa

t agcaggat t

t gggt agt at
ttgttgctgg
cacgttatca
gtttagcagg
tctatgatta
at agt ggaga
gt cgt gaat t
t t gat aaaga
gt at t gaaca
t t aat gat cc
aatttgatcg
ttacttttgg
cacgt acaat
aatttggtaa
tttttttctce
ttttttgttt
t acaaaaact
aat aaacaag
tgaattgttt
aaaaaagt ga
aaagacaaaa
attttgtatt
at caaaat at
aat cggaaca
aaaat aattg
tttatccatt
aaaat caaaa
cagaaaaaag

tgtaattttt

aacaggaagt
ccct ggt ggt
attccactta
cgaaacagt a
aact at gt gg
at gggaccaa
tggttcttca
t at t ggaaac
t ggt at t gt
at acgt acgt
tggtgttgta
agttggtgta
agcaact gt t
ttcaacatta
tcacgtttgce
cttccgt gat
at acaaaaaa
ttttttttcet
agaactttac
tttttaaaat
agttt aaaaa
ttaaactttt
gaaaaaacag
cct aaaaaaa
tt gttgaaag
ttgttaacca
ttaggaatta
aaattttget
tttttgaaaa
attcaatttt
aaaaaaacaa

agcctttcaa

0802WD1_ST25

gttcaaccag
attgcagcgc
tgtgtacgtc
ttat caagta
t at ggtt cag
ggtttcttce
ctttctgatg
aaccct gcaa
gt t ggat ggt
cgtatgccta
cgt gct gacg
t cagt aactt
aaaaaat at g
caatctgatg
tttgctttat
gtatttgctg
cttggtgata
tttttctett
tgttettttt
gaatttaaaa
caaagttttt
ttcttctett
caaagcaaaa
t atcacttga
tttttcataa
catttcattc
tctttttcge
ttttttttat
tagtttttct
gagaaaaaat
agt at gaat t
aaaatttttg

ttgctccttc
accacattgc
cttctattcg
gtattgctgc
cagct act cc
aacaagaaat
ctt ggt cgaa
aaggt ggt ct
t aggt cacgc
ctttctttga
ttcctttceg
t ct acggt gg
ct cgt aaagc
gtgtattccg
tattcttctt
gt att gat ga
caagt t ct gt
t ggaaaaaga
ttattttaaa
aacacaaaaa
ttct aaagaa
gcttttagag
aagt gaaaaa
gatgggtctg
aaat acaaat
t at ggaagca
aattttcttt
ggat aaaaga
caatttttta
tttatacaaa
ttttgaaaaa

aaggcatttt
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ttggggt gct
t gct ggt at t
tttatacttt
tgttttctgg
aattgaatta
t caaaaacga
aatt ccagaa
tttccgtaca
agtatttaaa
aacattccca
t cgt gct gaa
t gaat t agat
acaat t aggt
t agt agt cca
t ggacat at t
t gat ct aaac
t cgt gaagct
aaaaacat gt
gtgtttttagt
aaagagt t at
aaaaact t ct
tttttttett
aagt t caaaa
gattttttce
ttgcaatt at
ttagtttata
agagaaccac
aatgatttca
ttttttttgt
aagttttttg
ttcatacctt

ttttttaatc

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220



ctcatgttct
t gaat at cct
actgtccata
cagaaagt aa
ct aaat caag
t at t aagacc
t aat gggt gt
acagttcttt
at agaat agt
t aaagaat aa
ctaagttgtc
aaaaactttt
ct at ggaat ¢
ctattgtaga
aagcat ct gt
t at caaaaaa
gct aaagttg
ttttttaaaa
aagaat gaaa
ttccaaaatt
aaacaaaaat
aggt aaaat g
ttttttcatg
att aaacacg
gaat aacat t
gt cct ggacc
ccacaacttc
cacaagct cc
tagtattatg
tt gt aggt ga
tttatatttt

t caaaaggat
gttgcactta
attctttcat
aaaaaat caa
cttat ct gat
gttaaact ct
tttcattgta
attatt agat
tttattgcett
at aaaattca
aat aaacttt
ggt cttggca
tatgtattta
tgttttacca
aagttttaga
aacttttcaa
ctct caaaaa
gttacaacat
tttttatgtt
ct at aaaaaa
cttgaattca
gaaaaaaat g
aaaaaaacaa
tetttttttt
tactttaatt
agttact aaa
agcagcetttt
agcagaact ¢
at gt ccagct
tacttttcta

taaatcattt

ctctcaattt
at aat agaaa
gttttttgtt
aatttattca
gcactt caag
gaat caggaa
ctttttgetg
gatgttacta
tttttatttt
aaaaaatt at
caaatttgtt
atcttttaaa
attttagcaa
attattccta
t aaaaaattg
tttttttcaa
tataattttt
aaagaaaat g
cgttttttgt
t caaaaaat t
aaacaaaat a
ttttttgett
agctttaaaa
ggaggacgac
ccagctttaa
atttttgett
tttgctgcaa
caacaaagga
t gaat at aaa
gtttgtctag
gatttact at

0802WD1_ST25

ttttgaagga
ccat aaaaaa
caaatttatt
aaaaaat ggc
aaccaggt at
aagt att acc
tattcttatt
t gagt t ggga
ttattttatc
agaat t agat
ttctttttac
aaagt cagaa
aatt accaga
ttttcettett
aaaagttttt
ttttcattcg
ttttgacttt
aaaat agaaa
tttatctttt
aaaaaaaaag
aagaat t caa
taaaattttt
aaaagaaaaa
atccattatg
aaatttcacg
catttaatgc
atgttgttge
cttcaccacg
caattcctcg
ccat at gt aa

ct aaaaaaaa

ggt ccaaaac
aaggt aaaga
ct ccaat aat
t act ggaaca
cgt aact cct
t ggat gggga
aattatttta
aactttagct
aaaaattttt
aaaat t agt t
tgttcattaa
tcaattctat
agctt atgca
attattagcc
tttgatactt
caactttagc
ttattttttt
atttgtgaaa
ccaact aaag
aaaaaacttt
aaagattttt
tetttttttt
attttaaagc
t ggaat t cct
aat agct gt t
aaat t cacgt
ttttettttt
aagat tt gct
at at gt acgt
aaatttaact

taaaattttg
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t cacat agat
aaaaagcagg
tatattacga
actt caaaag
ttaggaactt
acaactgttt
gaaatttata
tcttaattca
tttgcaaaaa
t caagtt gaa
gagcaat aaa
tttaagaatc
ccttttgatc
tttgtatgge
tt gt aaaaaa
tttaatatta
attttgtttc
cat aaaaaaa
taaatttttt
gttttgtgca
tttaagcaaa
aaagctttge
aaaaaaaaga
gttttttctc
t cgcgeccet t
gatttttttg
ccacggaaac
aat gt aat aa
tttttaattt
ataaatttct

aatctttgga

2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080



aagaaccatt
ttttttagaa
t caaaaaaga
tttttgttga
aaat gaaat a
agt cggattc
ctcgggceat ¢
act aaagatt
tctatttttt
t aaaaaat at
tt gaaaaatt
tttotttttt
caaaaat aaa
aaagaggaag
tttctttcca
taacat cacc
ct aaagcaac
ctccaccgaa
at acgt gaat
t gaagt aaat
<210>
<211>

<212>
<213>

126

<400> 126

5240
DNA
Scenedesnus di norphus

atttggaaag
ttttttatct
aaaaaaaat t
at caaaaaaa
aaaaagaaaa
gaaccaacgt
ggcccat get
at att aacaa
aaaattcttt
ttttaaaaaa
ttogttttttt
tgttttgctg
caatttat gt
tattttaaaa
aact t cacaa
accttcacga
acggttagca
tt gt aaacaa
accaccagaa

accacggct a

atttatttgt
aattttttaa
tetttttttt
aat aagaaat
attcaaactt
aggcgt aacc
tttttttgac
aaaatttttg
gttttgaatt
ttttttgtat
tattctattg
cttcttttgt
ttttagagtt
aaaaattata
gcagcagct a
gct aaat cac
acagcaccag
gcgt cat cac

gcaact ggca

cgtttaggtg taacacaatc ttggggtgga

ccaggtattt
ttcttagett
act ggaaaaa
cttttatgtt
gtttcagatc

gatgggtttg
ttaggtgttt

ggagttatga
cggtttggca
ctgcattaga
ttggttttgg
cttatggatt

atcctttcaa

t agcaggat t

aggt gt t gct
ctgggtttac
tttaccaaaa
tgctttccac
aacaggaagt

ccct ggt ggt

attccactta

0802WD1_ST25

tcaattcttt
tgttttgttc
gaaaaaggaa
tgtcctattt
t caaacaat g
agcggattta
tcatttaatc
aaat ttcaat
tttttttcaa
t gaaaactta
aaat gaacaa
ttttatcaat
ct aaaat caa
gtttgtcaat
attctggaga
gaccttcgtt
gagcgtt acc
caaagatttc

t agt accacc

t ggacaatta
gcatctcata
t gggatttag
attttcggaa
gt aacaggt t
gttcaaccag
attgcagcgc
tgtgtacgtc

tgtatttttt
aaacat aaaa
aaat aaaaaa
tt at gacaaa
tattttgtat
caat ccgecce
atttattttg
tttttttaat
tttaaaaaaa
caataatttt
aacaaatttt
aaat aaat ga
gaaaaaaat a
agttt caaat
ccatttacaa
acgagcttga
ccaagggt gt
aact aaagct

cat agaacac

gcggt gaaac
ttattttatc
agttattccg
ttcacttatt
tatttggtcc
ttgctccttc
accacattgc

cttctattcg

Page 92

tt caaaaaaa
aattttcttt
agct gt agct
agat t caaaa
ttttgggceg
ccat t aacca
cat gaatt at
t aaaaact ct
aaaaacat at
ataaattttt
tttagttttt
aaat gaaaaa
cttcccecttt
tcaaatttga
gct gagcgga
gt acaagct t
cct aaagt ac
ggcat gt gcc
cagt ctt gag

agcaacaaat
tggtttatta
t gacccaaga

cttat caggt

tggtatttgg

tt ggggt gct
tgct ggt at t

tttatacttt

4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5240

60
120
180
240
300
360
420
480



ggtttatcaa
gctgectttcg
tttggtccta
gtt caaacaa
aaattagctt
ggagct at ga
gat caagat g
gttttattaa
t caaaatata
ggat t aacat
gaaatttttg
cgt ggt t ggt
tggcatggtg
gaaagtttag
ttctaattcg
ttattttgaa
ttttttttaa
tgctattcaa
tcattttttt
cactttttge
acaatt caaa
aagcaaaaga
tattcttaaa
cttttttatt
ct cgt at ggt
attcatttct
tttttctcta
at t aaaaact
ttattttttt
ctcatgttct
t gaat at cct

actgtccata

t gggt agt at
ttgttgctgg
cacgttatca
gtttagcagg
tctatgatta
at agt ggaga
gt cgt gaat t
t t gat aaaga
gt at t gaaca
t t aat gat cc
aatttgatcg
ttacttttgg
cacgt acaat
aatttggtaa
tttttttctce
ttttttgttt
t acaaaaact
aat aaacaag
tgaattgttt
aaaaaagt ga
aaagacaaaa
attttgtatt
at caaaat at
aat cggaaca
aaaat aattg
tttatccatt
aaaat caaaa
cagaaaaaag
tgtaattttt
t caaaaggat
gttgcactta

attctttcat

cgaaacagt a
aact at gt gg
at gggaccaa
tggttcttca
t at t ggaaac
t ggt at t gt
at acgt acgt
tggtgttgta
agttggtgta
agcaact gt t
ttcaacatta
tcacgtttgce
cttccgt gat
at acaaaaaa
ttttttttcet
agaactttac
tttttaaaat
agttt aaaaa
ttaaactttt
gaaaaaacag
cct aaaaaaa
tt gttgaaag
ttgttaacca
ttaggaatta
aaattttget
tttttgaaaa
attcaatttt
aaaaaaacaa
agcctttcaa
ctctcaattt
at aat agaaa

gttttttgtt

0802WD1_ST25

ttat caagta
t at ggtt cag
ggtttcttce
ctttctgatg
aaccct gcaa
gt t ggat ggt
cgtatgccta
cgt gct gacg
t cagt aactt
aaaaaat at g
caatctgatg
tttgctttat
gtatttgctg
cttggtgata
tttttctett
tgttettttt
gaatttaaaa
caaagttttt
ttcttctett
caaagcaaaa
t atcacttga
tttttcataa
catttcattc
tctttttcge
ttttttttat
tagtttttct
gagaaaaaat
agt at gaat t
aaaatttttg
ttttgaagga
ccat aaaaaa

caaatttatt

gtattgctge
cagct act cc
aacaagaaat
cttggtcgaa
aaggt ggt ct
t aggt cacgc
ctttctttga
ttcctttceg
t ct acggt gg
ct cgt aaagc
gtgtattccg
tattcttctt
gt attgatga
caagt t ct gt
t ggaaaaaga
ttattttaaa
aacacaaaaa
ttctaaagaa
gcttttagag
aagt gaaaaa
gatgggtctg
aaat acaaat
t at ggaagca
aattttcttt
ggat aaaaga
caatttttta
tttatacaaa
ttttgaaaaa
aaggcatttt
ggt ccaaaac
aaggt aaaga

ct ccaat aat
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tgttttctgg
aattgaatta
t caaaaacga
aatt ccagaa
tttccgtaca
agtatttaaa
aacattccca
t cgt gct gaa
t gaat t agat
acaat t aggt
t agt agt cca
t ggacat at t
t gat ct aaac
t cgt gaagct
aaaaacat gt
gtgtttttagt
aaagagt t at
aaaaact t ct
tttttttett
aagt t caaaa
gattttttce
ttgcaatt at
ttagtttata
agagaaccac
aatgatttca
ttttttttgt
aagttttttg
ttcatacctt
ttttttaatc
t cacat agat
aaaaagcagg

tatattacga

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400



cagaaagt aa
ct aaat caag
t at t aagacc
t aat gggt gt
acagttcttt
at agaat agt
t aaagaat aa
ctaagttgtc
aaaaactttt
ct at ggaat ¢
ctattgtaga
aagcat ct gt
t at caaaaaa
gct aaagttg
ttttttaaaa
aagaat gaaa
ttccaaaatt
aaacaaaaat
aggt aaaat g
ttttttcatg
att aaacacg
gaat aacat t
gt cct ggacc
ccacaacttc
cacaagct cc
tagtattatg
tt gt aggt ga
tttatatttt
aagaaccat t
ttttttagaa

t caaaaaaga

aaaaaat caa
cttat ct gat
gttaaact ct
tttcattgta
attatt agat
tttattgcett
at aaaattca
aat aaacttt
ggt cttggca
tatgtattta
tgttttacca
aagttttaga
aacttttcaa
ctct caaaaa
gttacaacat
tttttatgtt
ct at aaaaaa
cttgaattca
gaaaaaaat g
aaaaaaacaa
tetttttttt
tactttaatt
agttact aaa
agcagcetttt
agcagaact ¢
at gt ccagct
tacttttcta
taaatcattt
atttggaaag
ttttttatct

aaaaaaaatt

aatttattca
gcactt caag
gaat caggaa
ctttttgetg
gatgttacta
tttttatttt
aaaaaatt at
caaatttgtt
atcttttaaa
attttagcaa
attattccta
t aaaaaattg
tttttttcaa
tataattttt
aaagaaaat g
cgttttttgt
t caaaaaat t
aaacaaaat a
ttttttgett
agctttaaaa
ggaggacgac
ccagctttaa
atttttgett
tttgctgcaa
caacaaagga
t gaat at aaa
gtttgtctag
gatttact at
atttatttgt
aattttttaa

tetttttttt

0802WD1_ST25

aaaaaat ggc
aaccaggt at
aagt att acc
tattcttatt
t gagttggga
ttattttatc
agaat t agat
ttctttttac
aaagt cagaa
aatt accaga
ttttcettett
aaaagttttt
ttttcattcg
ttttgacttt
aaaat agaaa
tttatctttt
aaaaaaaaag
aagaat t caa
taaaattttt
aaaagaaaaa
atccattatg
aaatttcacg
catttaatgc
atgttgttge
cttcaccacg
caattcctcg
ccat at gt aa
ct aaaaaaaa
tcaattcttt
tgttttgttc

gaaaaaggaa

t act ggaaca
cgt aact cct
t ggat gggga
aattatttta
aactttagct
aaaaattttt
aaaat t agt t
tgttcattaa
tcaattctat
agctt atgca
attattagcc
tttgatactt
caactttagc
ttattttttt
atttgtgaaa
ccaact aaag
aaaaaacttt
aaagattttt
tetttttttt
attttaaagc
t ggaat t cct
aat agct gt t
aaat t cacgt
ttttettttt
aagat tt gct
at at gt acgt
aaatttaact
taaaattttg
tgtatttttt
aaacat aaaa

aaat aaaaaa
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actt caaaag
ttaggaactt
acaactgttt
gaaatttata
tcttaattca
tttgcaaaaa
t caagtt gaa
gagcaat aaa
tttaagaatc
ccttttgatc
tttgtatgge
tt gt aaaaaa
tttaatatta
attttgtttc
cat aaaaaaa
taaatttttt
gttttgtgca
tttaagcaaa
aaagctttge
aaaaaaaaga
gttttttctc
t cgcgeccet t
gatttttttg
ccacggaaac
aat gt aat aa
tttttaattt
ataaatttct
aatctttgga
tt caaaaaaa
aattttcttt

agct gt agct

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260



tttttgttga
aaat gaaat a
agt cggattc
ct cgggcat ¢
act aaagat t
tctatttttt
t aaaaaat at
tt gaaaaat t
tttgtttttt
caaaaat aaa
aaagaggaag
tttctttcca
t aacat cacc
ct aaagcaac
ct ccaccgaa
at acgt gaat

t gaagt aaat

<210> 127
<211> 876
<212> DNA
<213>

<400> 127

ttgaactatc
aact ct gcga
caatctttat
tgagctttac
tagtttaaac
tttgtttttt
ttcccecgage
t at caaaaat
ataaattttt
atttgaattt

actttaatta

at caaaaaaa
aaaaagaaaa
gaaccaacgt
ggcccat get
at att aacaa
aaaattcttt
ttttaaaaaa
ttogttttttt
tgttttgctg
caatttat gt
tattttaaaa
aact t cacaa
accttcacga
acggttagca
tt gt aaacaa
accaccagaa

accacggct a

aagt t t aggt
gctttgcgag
ttatttgtat
aaagact ggt
tatctaattt
agtttgaaat
ccctcttggg
aatttttttg
ttttattttt
aagaattttt

acttttttaa

aat aagaaat
attcaaactt
aggcgt aacc
tttttttgac
aaaatttttg
gttttgaatt
ttttttgtat
tattctattg
cttcttttgt
ttttagagtt
aaaaattata
gcagcagct a
gct aaat cac
acagcaccag
gcgt cat cac

gcaact ggca

Scenedesnus di norphus

tttaaaat ct
cactgatttc
tttcaaacta
ttcaaatttt
gaatt at aag
tctatgattt
attctttttt
tcaatttttt
agattttaat
taatttgatg

aaaatgatta

0802WD1_ST25

tgtcctattt
t caaacaat g
agcggattta
tcatttaatc
aaat ttcaat
tttttttcaa
t gaaaactta
aaat gaacaa
ttttatcaat
ct aaaat caa
gtttgtcaat
attctggaga
gaccttcgtt
gagcgtt acc
caaagatttc

t agt accacc

ttatttattt
aaaat ctt ag
aaagtttgaa
ttetttgttt
tttgtatttt
t ggacat t ag
tttattttcc
ttaatatttt
ttttatttgt
aaaaaaattg

aaaatttgaa

tt at gacaaa
tattttgtat
caat ccgecce
atttattttg
tttttttaat
tttaaaaaaa
caataatttt
aacaaatttt
aaat aaat ga
gaaaaaaat a
agttt caaat
ccatttacaa
acgagcttga
ccaagggt gt
aact aaagct

cat agaacac

actttatttt
tttcaagt aa
ttatctaatt
agtttgtttt
caaactcttt
aaggctttgc
tttcaggact
aaaaattttt
aagtttaata
tttttgaatt

gtttttaaaa
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agat t caaaa
ttttgggceg
ccat t aacca
cat gaatt at
t aaaaact ct
aaaaacat at
ataaattttt
tttagttttt
aaat gaaaaa
cttcccecttt
tcaaatttga
gct gagcgga
gt acaagct t
cct aaagt ac
ggcat gt gcc
cagt ctt gag

ttaatttgaa
aacttatttt
tgaaacttta
tt caaact at
atttgttaac
cttaatgatt
tattataata
t aaatt aaaa
tttctaaaaa
tttttttttt

aactatcttt

4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5240

60
120
180
240
300
360
420
480
540
600
660



ttttttgtaa aaatggtatt

0802WD1_ST25
attttgtgta aaatacaaca aaaataacaa ttttcacctt

attttaagtt taatttttca atgcaaaatt tattttcaac aaaatgaaaa atattttttt

agaatatatt ttatggcggg cgtagccaag tggtaaggca atggattgtg actccat cat

t cgcgggtt c gaacccegtc gttcgeccat

<210>
<211>
<212>
<213>

aat aaa

128
1724
DNA

Artificial Sequence

<220>
<223>

<400> 128
cogttttttt

aaaaact aaa
ttttttttgg
tttcatattt
atttagaaaa
cttgttccce
aagttttgaa
t t aaaaaaat
tetttttttt
tgttctatga
cccaat ggca
accagaccgt
agttttatcc
gt at ggcaat
ttttccatga
gcagtttcta
ccct aaaggg
cagttttgat
caaat att at
cgtttgtgat
gt ggcagggc
t gaacgaact

aagtttgttc

tacttttgct
at gaaaaaac
aaacttttcc
t gaaact ttt
att at aaacc
aagagcaagt
tttatgttaa
agtttttatt
tttcaaagaa
acttttcata
t cgt aaagaa
t cagct ggat
ggcctttatt
gaaagacggt
gcaaact gaa
cacat at at t
tttattgaga
t t aaacgt gg
acgcaaggcg
ggcttccatg
ggggcgt aac
cttttcaaaa

ttttattttt

ttttttgett
aaagaatt ct
aaat aat aaa
tttgagttta
aat aaaaat g
ggt aactttg
aat tt aaaaa
attttctata
aaaagttttc
at ggagaaaa
cattttgagg
att acggcct
cacattcttg
gagctggtga
acgttttcat
cgcaagat gt
atatgttttt
ccaat at gga
acaaggt gct
t cggcagaat
ctagatattt
at at t aaact

taaaattttt

ttgttcaaag
aaaattcata
aaaat caaaa
t aaaaaaat a
aagttttgcg
aaaaaaat at
aaat aaaaat
atatagttta
cacggat aga
aaat cact gg
catttcagtc
ttttaaagac

cccgcect gat

t at gggat ag
cgct ct ggag
ggcgtgttac
cgt cagcgcece
caacttcttc
gat gccgcet g
gctt aat gaa
gagaatttgt
ttcttgagat

aagaatttta

aaaaaaaaat
aaaaaaatta
aaaaattttt
gaaaaaacaa
t agaaaaaaa
ttaaacttaa
ttttaaacta
gttttttatt
tttttatagg
at at accacc
agttgctcaa
cgt aaagaaa
gaat gct cat
tgttcaccct
t gaat accac
ggt gaaaacc
aat ccct ggg
gcceccegttt
gcgat t cagg
tt acaacagt
atttaaaact
gattt agt gt
ttttctttta
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codon optinized sequence conprising rbilL- CAT- psbE

acaaaat aaa
aaacccaatt
ctagtatttt
at agat gaaa
atttagttta
aaatttgcta
tttttttatg
tttttcaatt
at cgacaaaa
gttgat at at
tgtacctata
aat aagcaca
ccggagttcce
t gttacaccg
gacgat t ccg
tggcctattt
tgagtttcac
t cact at ggg
ttcatcatgc
act gcgat ga
gaaaaatttt
t at ct caaga

aacaggaaaa

720
780
840
876

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380



0802WD1_ST25

t aaat aaaga aaaaagt gaa ttaaaaaaaa gctgggactt tcaaagtgac

ctttaaagtt tttttttatt caataaaaaa atactaaaaa aatatgaaag

aatttcttaa aaaaaaaaga atgccttttt tcaaaaaaaa gtttaaaaaa

ttacgtattg tttaaaactt tttttgaaaa aagcattctt ttttcattta

ttttttatct cgtgcaagtt ttggaaattc atttttgtta aataactttg

tcttaaattt ttggcttttc attttttttg gtttacaaat aaaa

<210> 129

<211> 25

<212> DNA

<213> Artificial Sequence
<220>
<223> PCR primer

<400> 129

at ggghytnc cwtggtaycg tgthc

<210> 130

<211> 25

<212> DNA

<213> Artificial Sequence
<220>
<223> PCR primer
<400> 130

ccratgtggce grcaaggdat gttyg

<210> 131

<211> 25

<212> DNA

<213> Artificial Sequence
<220>
<223> PCR primer
<400> 131

tttgwarrat rathavdarr aawrg

<210> 132

<211> 24

<212> DNA

<213> Artificial Sequence
<220>
<223> PCR primer

<400> 132

kccwggdrmh actttweedk nttc

<210> 138
Page 97

caatttttta
tattacttaa
aat aaagttt
aagagttatc

actttttatt

1440
1500
1560
1620
1680
1724

25

25

25

24



<211>
<212>
<213>

2805
DNA

<400> 133
tctgtgcatt
gaaatt gcag
ttcgttcttce
agt ggt gaaa
attgttcttt
gaattattcc
attcatcttt
gtttttggac
gtagctcctt
caccatattg
ccatcaattc
agt att gcag
gcagcaact ¢
caacaagaaa
gcacaaagt a
ttagctttct
gct at gaaca
caagaaggt ¢
gttttaattg
aaat actcaa
ttaacattta
atctttgaat
ggttggttca
cat ggttcaa
caattagaat
taat cact at
ttaaattcat
ctetttttgg
gattcattta

t aat gcacac
tttttgatcc
ctttccttac
catcttcaaa
caggtttatt
gt gat ccacg
t ctt agcagg
ctggtatttg
cttggggtgce
ctgct ggt at
gtttatattt
ccgtattctg
caattgaatt
t t caaaaacg
cat ct gaagg
at gattacat
gt ggt gat gg
gtgaactttt
at aaagacgg
t t gaacaagt
ctgacccttc
ttgaccgttc
cttttggaca
gaactatttt
t cggt aaat a
attaagtttt
at agaaaaaa
cggact aaac

acaaagttca

Dunaliella aertiolecta

agct ct agt a
at cagat cca
acgttt aggt
cccaggtatc
attccttget
t acaggt aaa
acttctttgt
ggt at cagat
t gaaggtttt
tttaggtgta
tggtttatca
ggcagctttc
atttggtcca
agt agcacaa
tttatctgtt
t ggt aat aac
tatcgctgta
tgttcgt cgt
tgttgttecgt
tggtgtttca
aactgttaaa
gactttacaa
cttatctttt
ccgt gacgt t
t aagaaact t
attccaat at
tctattagaa
acttttcttt

catattttagt

0802WD1_ST25

gctgattggg

gt at t aaacc
gt aacacaat
tggagttatg
tcagtttggc
actgcattag
tttggttttg
ccat at ggat
gacccttaca
ttagcaggt t
atgggttcta
gt agt agcag
acacgttacc
agtacatctg
t cagaagct t
ccagct aaag
ggttggttag
atgcctact t
gct gacgt ac
gttacattct
aaat at gcac
t ct gacggtg
gccttatt at
ttcgctggta
ggt gatact t
t ct accaaga
tttccgtcga
gtttttttagt
aatgtgattt

ct ggt gct at
ct at gt ggcg
cat ggggt g9
aaggt gct gc
actgggttta
atttaccaaa
gtgctttcca
t aacaggt ag
acccaggt gg
tattccacct
tt gaat cagt
gtactatgtg
aat gggat ca
aaaggttt at
gggcaaaaat
gtggattatt
gacacgct ag
tctttgaaac
cattccgt aa
at ggt ggt ga
gt aaagct ca
tattccgt ag
tcttctttgg
tt gat gaaga
catctgttcg
atatttagaa
gaaattctaa
tttccgacta

ttttgtaatg
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gacattattt
t caagggat g
ttggacaatt
agct t cgcac
ctgggattta
aatttttggt
cgt aacaggt
t gt acaacca
t gt accagct
ttgtgttcgt
tttat caagt
gt at ggt t ct
aggtttcttc
ctgtttcgta
t cct gaaaaa
ccgt acaggt
ttttaaagat
tttccctgtt
agct gaat ca
at t aaat ggt
att aggt gaa
t agcccacgt
tcatatttgg
catt aat gat
tgaagctttc
attcttgttt
tagatttttt
gaaaat agaa

tgatttttct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



tatctttatt
ttttagatgg
at caaagttt
taaattttat
aaat ct aaga
t t aggt aagt
gt aattcgga
atttgaaaag
tacactttct
cct ccacgt a
aacaat aaag
tacgtttcaa
accctt agaa
t caaaaggat
gtagcactta
aat tt aaaat
aggaaaaaaa

caaacttcaa

<210> 134

agattttcta
gcttagattt
atttcat aaa
gttcttcegt
taatattttt
cgtt agat at
agaaaat tct
actagtcttt
tattaattgg
it gcaaaat a
ttgtttttte
at gaagt att
t act t aaaat
ctctcaattt
at daaagaaa
ttttgacaag
caaaaagat 1

cat cacaaga

<211>
<212>
<213>

3561
DNA
Dunaliella

<400> 134
catttaatgc

gccgtatttg
cttcctttct
gaat cagcat
ctttcaggtt
ttccgt gacc
ctattcttat
ggacct ggt a
ccttcttggg
attgcagcag

acact gct ct
acccttcaga
t aacacgt ct
caaacccagg
tattattcct
cacgt acagg
caggact t ct
tttgggtatc
gt gcagaagg
gtattttagg

tcttaccgta
t ct ct gagca
aagaattttt
tttattttta
tttaactcct
tttaaattta
ttttgtttta
t caat aaat t
aacgt t aggt
gt aat agaat
cgat acgaaa
at aagggttg
ttttacttaa
t ct t gaagga
ccat aaaaag
acaaaatt at
ttattaacta

accaggaat t

agt agcaggt
ccctgtatta
aggt gt aaca
t at ct ggagt
tgcat cagtt
t aaaacagca
ttgttttggt
agat ccat at
ttttgatcct
t gt at t agct

0802WD1_ST25

gattttaata
aaagaatttg
ttttataaat
t aaaatgtta
t att ggaat t
tcttctgacc
cact aatgta
t att aaacac
attatctttt
aattttttat
at ct acgaga
gatttcatta
ct aagatt at
ggt ccaaaac
aaggt aaaga
tctccatata
t caattat gg

gttacaccat

t gggct ggt t

aaccct at gt
caat cat ggg
t at gaaggt g
tggcact ggg
ttagatttac
tttggtgcett
ggtttaacag
t acaacccag

gotttattce

cggt at aatt
agttagtgta
acggaagaaa
atattttatt
aaattttatc
gcttegttta
aaatttggta
ctttcatgga
tctctatctt
t aaaat t act
aattctat at
acattaatta
taatttaatc
t aacat aaac
aaaaagccgg
tattatacaa
ct acaggaaa

t agaa

caat gacatt

ggcgt caagg
gt ggt t ggac
ctgcagcttc
tttactggga
caaaaatttt
t ccat act ac
gt agt gt aca
gt ggt gt acc
acct at gt gt

Page 99

gttttttttt
aacaaatttg
at at acgagc
tttgttaaaa
ttttataact
ttttcttttc
ttatgttcct
agctttagtt
ttttagagag
t gt cggacca
ttatcgt aaa
gt gaagt cca
ttcatgttct
t gaat aacct
actttccata
t att acagaa

aaat agt aca

attcgaaatc
gatgttcgta
aatt act ggt
tcacattgtt
tttagaatta
tggtattcac
aggtgttttt
accagt agct
t gct caccat

t cgt ccat ct

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2805

60
120
180
240
300
360
420
480
540
600



attcgtttat
gcagcagt at
actccaattg
gaaatt caaa
t caaaaattc
ggtttattce
cacgct agt t
ttcgaaact t
tt ccgt aaag
ggt ggt gaat
aaagct caat
ttccgtagta
ttctttggtec
gacgaagat a
tctgttegtg
t acaaaaat a
tagttcgt ct
atttgatttt
ttcgaagttt
gagaaaattc
gaagt ccgec
gaaaaaacat
ttt aagaaaa
aaat ctt aaa
cgattttcta
gaaatttaaa
ttgt aaaat a
aaaagttttt
aaaaacaaat
agaatttctc
aaaaat ct aa

ttcctatttg

actttggttt
t ct gggcagce
aattatttgg
aacgagt agc
ct gaaaaat t
gt acaggt gc
t caaagat ca
tccetgtt gt
cggaat ct aa
t aaat ggt t t
t aggt gaaat
gt ccacgt gg
acatttggca
tt aat gacca
aagctttcta
attttataaa
ggagaccaag
cttcgat aaa
tcttttttta
ct at aggaat
tattaaattt
tttttcgtgt
agaatatttt
att cgaaaat
aatttaactt
t aaaaaattt
tcttttaaag
tctccttaaa
atttcaataa
t gagcaaaag
ttttgtaaat

daaagcaaca

at caat gggt

0802WD1_ST25

t ctatt gaat

cagttttatc

attcgttgtt tcaggtacta tgtggtacgg

t ccaact cgt
acaaagt aca
agctttct at
t at gaat agt
agaaggacgt
tttaattgat
atactctatt
aacatttact
cttcgaattt
ttggtttact
t ggt t caaga
attagaattc
atcaattttt
act ctctgaa
gt caaagt aa
tactcatata
agat accgcc
tttctctgee
tt aaaagaaa
aggatttaaa
tt ct aaggat
atttttgatt
tagat t ct at
tatgtggttt
attttttaaa
agttttattt
aat ataatta
aat tt aaact
t at at gegt t
gctttt caat

t accaat ggg
t ct gacggt t
gattacattg
ggt gatggt a
gaactttttg
aaagat ggt a
gaacaagt ag
gatccttcta
gaccgttcta
tt cggacact
actattttcc
ggt aaat aca
tgatttaatc
attatttctc
agttcttgta
aaaat aaaaa
agtttaaaat
gcgtttcgaa
atttttattg
agaaat t caa
ttacaaaatt
tttaaagaaa
ttttacttac
ttttgacgaa
cttctatatg
atacttttaa
tattttataa
aat gt gaaaa
ttttacatta

aaatttatta

at caaggt tt
tatctecttte
gt daacaaccc
ttgccgt agg
ttcgt cgt at
ttgttcgtgce
gt gtttcagt
cagt t aaaaa
ctttacaatc
tatcttttge
gtgatgtttt
agaaact t gg
attt cgccac
cacacttt ga
tgatatttct
at cgaaggga
ctaacaattt
gaaacgcgt a
aatgtttttc
gatttctatc
attattcaat
gagat t aaaa
ct aact aata
aaccct aaat
taaaatttta
agtattattt
aat aaat aaa
acgtaagtta
agtttaaatt

aacatttcgc
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aagt agt att
ttcagcaaca
cttccaacaa
t gaagct t gg
t gct aaaggt
ttggttaggc
gcctactttce
tgacgttcca
tacattctac
at acgct cgt
tgat ggtgta
tttattattc
cgcet ggt att
tgatacttca
agagaact tt
ccttggtcte
agaagaaaaa
agaaaacttc
tattcctaag
ggacttctta
tt agacaaaa
ctagtcttaa
tgttgattta
aaaaaaaaaa
aagtttttta
cttgaacact
ttttatttat
ttcgat aaaa
agat gggct t
attttataaa
tggttttatg
at ggaagct t

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520



tagtttacac
gagaacct cc
tttaataatt
cttcaggett
ct caaaaggt
ttgtacctta
cgcgaagcaa
ctattttttt
tetttttgece
ttaactataa
aaattttcat
ttctaaagga
aaat acagat
attttttaat
ct aat at aaa
aaaaaagccyg
attattatac
gct acaggt a
<210>
<211>

<212>
<213> N.

135
273

<220>
<221>
<222>
<223>

m s
(14
N

<400> 135
gct gt acatt

gagcttgcetg
tttgttttac

tttcttatta
acgt at t gct
actt t gggat
t gcacggttt
gct caaagaa
gaaaaaaact
cat aggaaaa
aattctagtt
gaaggcgaaa
attttttaaa
t gtt agt aaa
ttttttaaat
at at ctt gaa
cttcatgttc
ct gaat aacc
gactttccat
aat att acag

aaaat aat ac

0

DNA

abundans

S

t aat gcat ac
tttttgatce
cttttatgac

c_feature
77)..(1488)
A G Tor

gt t ggaacat
aaat aat aaa
tt gt gt aaaa
aaattttcgt
aaaaaaaaaa
tttaattttt
aaaatt ccgce
ttttttgtcg
agcccgcect t
aaat gatt at
tcaattattt
cttctatatt
aat caaagat
t t caaaagga
t gt agcact t
aaatttaaaa
aaaggaaaaa

a

G

ttcattagtt
ttctgatcca

acgt tt aggt

agt ggt gaaa cggcttcaaa tccgggtatc

atcgttttat
gaactttttc

atccatttat

caggtttact
gt gat ccaag
ttttatctgg

ctttgetgeg
aact t caaat

tgttctttgt

0802WD1_ST25

t aggt at t at
aaaacatttc
ct cgcct aag
aggt cgectc
aaaaaagaaa
tttcctacta
t agggaagaa
gaaaaaaacc
attat aaaca
ttttgttaaa
attaacat ga
t ct cgaagaa
tttcaagata
tctctcaatt
aat aaaagaa
tttttgacaa

at at aaagat

tct ggt 1 Jgg
gttttaaatc

at cact caat
tggagttatg
t ct at ct ggc

ccagctttag

tttggttttg

tttcttctcet
t caacgt aaa
aaatctgttg
act gaggcga
gacaaaaaac
aaaattattt
aaatttcctt
ttaggttttt
gtttattaat
t cct aat aat
aaaat ttgaa
aat caaagat
ctttatcgtg
ttcttgaagg
accat aaaaa
gacaaaatta

ttaatttatt

ccggt t caat
caat gt ggcg
cctggggt gg
agggt gt age
actgggttta
atcttccaaa

gagctttcca

Page 101

attttcttta
ttacaaataa
tatctttaat
cctcgt gect
ctttggtttt
t aggcggt gt
aggaaatttt
ttcctaaggg
aaggt t gaat
tttatgtatg
gttt aaaaaa
tttctccgag
aat aaagat t
t ggt ccaaaa
gaaggt aaag
ttctccataa

ttttattatg

ggctttttat
t caaggt atg
ttggactatc
cgcagct cac
tt gggat ct t
aatttttggt
cgt aacaggt

2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3561

60
120
180
240
300
360
420



atttttggtc
gttgcgecett
catcatattg
ccgccacaac
agt att gcag
gcggcaacac
caacaagaaa
gcgtgggcag
aaaggt ggt ¢
ttaggtcatg
actttctttg
gttcctttce
ttctatggtg
gct cgacgt g
ggtgttttce
cttttcttct
ggt atcgat g
acttctactc
actactattt
gaagcggaga
t gagat agat
cagtttcatt
caaaaaaaga
gaccaaaacc
t ggt aaagaa
acaaaacgt t
t ggt accaat
aattttataa
aacacgaaaa
t gggacct aa

aacacatttt

ctggtatttg
cttgggatgc
ct gccggceat
gattatacaa
cagttttttg
caat t gaact
t t gaacgt cg
aaat t ccaga
ttttccgtgce
ctgttttcaa
aaaccttccc
gtcgttctga
gagagtt aga
ctcaattagg
gt acaagt cc
t t ggt cat at
cagactt aga
gtcgtcaatc
t t ggaaaagg
aaagaaat ag
tttttgaaaa
tttttagaaa
agcttaatcc
t acgt aaata
aaaagct ggg
tttaaaaaca
tttcttttcg
aaagttt agt
t aagat cttt
aatcttttag

gt aatt aaat

ggtttctgat
tacagggttt
tttaggtgta
t ggt ct ccgt
ggcagctttt
ttttggtcct
t gt acaaaca
aaaat t agct
gggtgctat g
agat aaacaa
tgtcgttett
at caaagt ac
t agt gt aact
agaaattttc
tcgtggttgg
tt ggcat ggt
t gaacaagt a
ggt tt aaagg
aaataccttt
aaccagt gag
ttttatctaa
aaat gaagaa
tcatgttctt
gaat aaccgg
ctttccatac
gagttgttcc
gaaggaaat a
cttcggccca
acatttccca
tttaatttta

gagaat t aga

0802WD1_ST25

ccttatggaa
gatccctata
ttagctgott
at ggggaat a
gttgtttctg
actcgttatc
agtctttetg
ttttacgatt
aacagt ggag
ggt aacgaac
gt agat aaag
agt at cgaac
tttaatgatc
gaatttgatc
tttacatttg
gctcgcacaa
gagtttgotg
ttcgggnnnn
cacaaact ag
ttttaaaact
t ctacaaaaa
agaagtatcc
caaatggatc
taatacttaa
tgatttaatt
acaaaaagcc
cattgaccgce
aaat agactc
aaaat aaaat
gcaaaaacct

t gaatt gaaa

ttacaggaac
at ccgggat g9
tattccacct
t t gaaacagt
gtactatgtg
aatgggattt
agggcaaat ¢
acatt ggaaa
atggtattgc
tttttgtacg
at ggt gt t gt
aagtt ggt gt
cagcaact gt
gt gcaact ct
ctcatttatg
tcttccgaga
cattcttaaa
nnnnnnnnag
act ccaaggt
cactggtt ct
ttttttgaaa
actcaaatta
acgaagtt gt
t aat aaacac
tttagttact
cttttgggcce
ttatttgtat
aaaacct aat
ttttgggaac
tgttttettt

tcatt aaaaa

Page 102

agtt caagca
aatttcagca
ttgtgttcgt
actttctagc
gtatggttcg
aggcttcttc
tgcttcgcaa
t aat ccagca
agt gggct gg
tcgt atgcca
t cgt gcagat
ttct gt aact
gaaaaaat at
t caat cagac
ttttgctctt
tgtatttgct
act t ggt gat
ttagtacaaa
ttctattcca
t aaaggct cg
ct aact aagc
t ccaacagaa
tgtgatggtg
cat aaaaaaa
t aat act gag
t aaat ggaat
attttcccga
tttttagtcg
aacaagtttt
ctttaagtaa

gt caat t agg

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280



ttcgagttta
ctatataata
tggggtcttt
ttagttttga
agaagt t aat
gcccaaact g
tttettttta
gaact acat c
<210>
<211>

<212>
<213>

136

<400> 136
t acgat cggg

tggttcaatg
aat gt ggcgt
ttggggt ggt

99999t t gct
ctgggt ttat

ccttccaaaa
agctttccat
t acaggaact
cccaggt gga
attccacctt
t gaaacagt t
aact at gt gg
atgggattta
aggaaaat ca
t at t ggaaac
tggtattgca
ttttgttcgt
cggtgttgtt
agt gggt gt t

2996
DNA
Chl anydononas vul gari s

ttttttttgt
gatttagaaa
ctgttttttg
gaacaaaaac
t cat act agt
tgtttttgag
tt acagaaag

aaaagt aaaa

tcgtttattg
gctttttatg
caagggat gt
t ggact at ca
gctgct caca
t gggaccttg
atttttggta
gt aact ggat
gttcaagcag
atttcagcac
tgtgttcgtc
ctttctagca
tatggttctg
ggtttcttce
gctt cacaag
aacccagcaa
gt aggt t ggt
cgtatgccaa
cgt gcagacg
tctgttacat

agaaaaat tt
aaagtcttga
tt aaacaaac
attgttttta
ttggttcatc
cgcact aaaa
t aaaaaaaaa

t ct gacgaca

ctgtgcattt
aacttgct gt
ttgttcttce
gt ggt gaaac
tcattttatc
agcttttccg
ttcacttatt
tatttggtce
ttgctccttc
at cacattgc
caccacaaag
gt attgcagc
ct gcaacacc

aacaagaaat

cttgggcaga

aaggt ggt ct
t aggccat gc

ctttectttga
tgcctttecg

t ct acggt gg

0802WD1_ST25

agct aaaagt
aatttttgaa
aaat ggaacg
atttttattt
t cggcccttt
attttgttaa

attat at cat

aat gcat act
ttttgat cct
ttttatgaca
agcat caaat
tggattactt
t gacccacgt

tttatcaggt

tggtatttgg

t t gggat get
t gcaggt at t

attat acaat
agttttctgg
aatt gaactt
t gaacgt cgt
aatt ccagaa
tttcecgtgee
tgttttcaaa
aacattccct
tcgttctgaa
t gaat t agat

tttttctaat
agccaattac
gt tact cagt
ttgecteottt
cctttagaca
taaatttttt

t gt aaaaact

tctttagttt
tctgatccag
cgtttaggca
ccaggtattt
tttgetgett
acgtcaaatc
cttctttget
gtttcagatc
acaggatttg
ttaggcgt ct
ggact tcgca
gcagcatttg
tttggtccaa
gt acaaacaa
aaattagctt
ggtgct at ga
gat aaacaag
gtagttcttc
tct aaat aca

ggt gt aacat

Page 103

ttaaaagttc
aaaaaaaatt
cct aaaaatc
aat gt caaat
agat gt t gag
gtttttcggt
at ggcaactg

ctggttgggc

ttttaaaccc
tcactcaatc
ggagttatga
ctatttggca
cagcatt aga
ttggttttygg
cttatggt at
atccttacaa
tagctggttt
t gggt aacat
ttgtatcggg
ctcgttacca
gtcttgctga
tttacgatta
at agt ggcga
gt aat gaact
tt gacaaaga
gt att gaaca

ttagtgatcc

2340
2400
2460
2520
2580
2640
2700
2730

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200



agcaacagt g
tgccactcta
tcattt at gt
cttccgagat
attcttaaaa
tacttcctct
agcctctatc
ccaaactttt
ggaaaggaag
caacaaaaca
gt att agcat
atgatttttc
tatacttttt
ccaccacgt a
atttttcatt
ttttttccca
aagcttattc
cgaat ggt ct
aat t aaaaag
t agt gaagaa
atagttctaa
tgaaatttga
gt gacggt gg
at aaaaaaat
aatttcttta
ttatcttcga
gtattctact
attct aaaac
gct t aaaagce
at ggcaact g

<210>
<211>

137
1982

aaaaaat at g
caatctgatg
tttgcactcc
gtatttgcag
cttggtgata
ctcaaatttt
atcttaaaaa
tttcgaagtt
tattttttcg
gtattgttgg
gaaaaaaaat
at ct agt t gg
tattagttgg
tt gt aaaata
tatttcaaaa
aaaactttgt
t aaaacaat a
taatatttac
ggttaatata
ctagtttggg
atttagttgg
tttactagag
cccaaagcca
ggt aaagaaa
gaagat aaaa
tctattcttg
t t at agaaaa
ttttgagaaa
tttttctett

gaact acatc

ct cgacgcgce
gggttttccg
ttttcttett
gtattgatgc
cttcaactcg
tcaaatttgg
tattgtttgt
tttagagaaa
ttttcttccce
agaaat cgaa
gat agaaaaa
ttact aacaa
aacat t aggt
aaagt accat
gtt at aaaat
ttttgggatt
atagttttag
tgactttgtg
tttccttett
aatttatttt
tcacttttga
cattaatctt
acatagattg
aaagct ggac
ctttttttaa
ttttcatttt
gaactttttt
cttaaactta
ttttacagaa

aaaagt aaaa

0802WD1_ST25

gcaat t agga
t acaagccct
t ggt cat at t
agat ttagac
t cgt caatca
gagaatttac
aagaaaaaaa
aaagtttggt
tttttctgta
ttagtcccaa
ggt aaacagt
acagaacttt
attatctttt
ttttggtttt
t t ggaat aaa
gggagaatta
caccaaggaa
agttttaaaa
atttctattt
aatctttttc
aaaaaagt aa
catgttcttc
aat aaccagt
tttccatagg
ctgtttagtt
accaaaaaat
acttttgtaa
ctatataata
agt aaaaaaa

t cagaagat a

gaaattttcg
cgt ggt t ggt
t ggcacggt g
gaacaagt ag
gtataattca
caaaact gaa
agaggt cggt
cccaaaaacg
ttttttttac
aatttaaatt
gcacttttct
tttctatgga
ttgccatttt
cgttgaaaaa
gggttaattt
ttactgtttt
aattcacatt
ct cacaaagt
agtagtttaa
ttattaaagg
taataatt aa
aaaaggat ca
aat act t aat
t aaaaatt ac
tttat gaaaa
aagcaaaaag
aat gaaaat a
aagat aagag
attcttttat

ct ggaattca

Page 104

aatttgatcg
ttacttttge
ct cgt acaat
aatttggtgc
ttttttettt
ataatttgca
tatttgttct
tagtttttgg
ctttgetttc
tt gggact ag
cccaaact aa
agcgttagtt
ctttagagaa
aacttttgat
t cagaccaga
agaaacacca
cccgaaaatt
tatttaaacg
t gt aaaacag
acttttgtga
agaaaact aa
cgaagttttt
aaaagacacc
aaaact aaga
cagaaaaaaa
ttatgttaaa
tettttttgt
ggagaaaaaa
ttcaaaaatt

actcca

1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
2996



<212>
<213>

DNA

<220>

<221> msc
<222> (105
<223> Nis

<400> 137
gtcgtttatt

ggccttttat
t caaggtat g
ttggacaat t
t gcggct cac
ttgggattta
aatttttggt
t gt aacaggt
tgttcaacca
tat t gcat ct
atgtgttcgt
tctttctagt
gt at ggt t gt
agggtatttc
tttatcagaa
caacccagct
ctgttgggtt
tcgtcgtatg
ttaagaaat a
attacaaatc
atcatttgct
tgatgttttt
aaaat t agga
cctcggattce
tcttgtttac
t agagaacca

ttgtgaattg

_feature
0).. (1052

A G T
gcggtgeat t
gaacttgctg
tttgttttac
agt ggt gaaa
atcgttttat
gaattattcc
attcacttat
ttatttggac
gt at ct ccat
caccatattg
cctccacaac
agt at t gcgg
gcggcaacac
caagaggaaa
gcttggtcetce
aagggt ggat
ggt t agt cat
cccacgtt ct
t gct cgt cgt
agat ggt gt t
ttattatttt
gcagggattg
gat acaacga
aattatatcc
acatttttac
cctegtattg
gggatt aacc

Tetrasel m s suecica

t aat gcacac
tttttgatce
ctttcatgac
cggctt caaa
ct ggagct ct
gt gacccaag

tcttatcagg

ctgggatttg

cat ggggagc
ccgcaggt at

gtttatataa
ctgttttctg
caattgaatt
ttacaaaacg
aaattcctga
ttattccgta
gcagttttcc
tgaacttttn
gctcaattta
ttccgaagca
tctttggtca
atccagat tt
ctcgtcgtca
gct t aaat ca
t t gt aggaac
caaaat aaat

caattcacaa

0802WD1_ST25

atcattagtt
at cagat cca
t cgtttaggt
cccaggt atc
ttttggggca
aacaggt aac
gttattatgt
ggtttctgat
cgatgggttt
tttaggtatt
t ggt ctt cgt
ggcagetttt
atttggccca
t gt agaaaaa
aaaatt agct
ct ggggct at
cagatttaga
nnagt t aaat
ggagaaaat t
gt ccacgt gg
tatttggcac
agat gagcaa
atctgtttag
attattcttt
tttaggtatc
agtttaactt

caatt caaat

tctggttggg

gttttaaacc
at cacccaat
tggagttatg
gctatttgge
cctgcattag
tttggttttg
ccttat ggat
gat ccat aca
attgctggtt
at ggggaaca
gttgttgcag
actcgttacc
tctttatctg
ttctatgatt
gaacagt ggc
tggt att gag
ttacggat cc
ttgaaatttg
ttggtttact
ggagctcgta
gtagaatttg
tttttcattt
taaaaattta
atcttttttg
caaacttatt

attaatcaaa
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ctggttcaat
caat gt ggcg
cttggggtgg
aaggtgttgc
attgggtttt
atttaccaaa
gagcattcca
t aacaggaag
at ccgggt gg
tattccattt
tt gaaacagt
gaacaat gtg
aat gggat ca
aagggcaat ¢
acat t ggaaa
gatggtattg
tttatcagtt
cagcaacccg
accgt gccac
ttgggcattt
caatcttccg
gggcattcca
tgaattcatt
ttat ggaagc
caatcttttt
atcaaaattg

aatagtttgg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620



ttaatcttca tgctcttcaa
at aaactgaa taccctgtaa
agcaggactt tccataagta
taacttattg aatttataaa
t gaaaaatt c aagaaagt aa
t caaaagcat ctaaaaatac
aa

<210> 138

<211> 24
<212> DNA

0802WD1_ST25
acggat cacg aagatccttt gaaggtggac
tacttaaaag taaacaccat aagaaaacag
aattttttta atcttttaag ttaaattcaa
actctattat tgttatatca taagtgaaag
aaaataattc ctacgtttat atattatggc

acct gt aaat acagcaat gg cgacacaatt

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 138
ccacct cgta tggtaaaata

<210> 139
<211> 24
<212> DNA

attg

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 139
gaaagaatta tggacagtcc

<210> 140
<211> 21
<212> DNA

t gt

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 140
gaaggaggt ¢ caaaact cac

<210> 141
<211> 20
<212> DNA

a

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 141
cctggttctt gaagtgcatc
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caaacccaac
t aaaaaaaaa
t agcaat aac
aacttttgac
aacaggaaca

agaacgct at

1680
1740
1800
1860
1920
1980
1982

24

24

21

20



<210> 142

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> PCr prinmer

<400> 142
tgagttggga aactttagcet tctt

<210> 143

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 143
aaaagattgc caagaccaaa

<210> 144

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 144
aaaaagaatg aaatttttat gttcg

<210> 145

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 145
atggat gt cg tcctccaaaa

<210> 1486
<211> 762
<212> DNA
<213> Artificial Sequence

<220>

0802WD1_ST25

<223> codon optinized sequence conprising BD11

<400> 146

atggtaccag tatctttcac aagtctttta gcagcatctc caccttcacg tgcaagttge
cgt ccaget g ctgaagt gga atcagttgca gtagaaaaac gt caaacaat

acaggttaca ataacggtta cttttattct tactggaatg atggacacgg tggtgttaca
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t caaccaggt

24

20

25

20

60
120
180



tat act aatg
ggaggaaaag
aaccct aatg
tattatattg
gaagttactt
tctataattg
agt ggt agt g
ggt acaat gg

gacct ggt gg
gt t ggcaacc

gtaattctta
t agagaact t
cagat ggat ¢
gaact gccac
t t aat acagc

act at caaat

tcaatttagt
t ggt acaaag
tttaagtgta
tggt acat ac
agtttatgat
tttctaccaa
aaaccacttt

tgtaget gt t

0802WD1_ST25

gt aaattgga
aat aaggt aa
t acggtt gga
aacccttcaa
atttatcgta
t act ggagt g
aat gcat ggg
gaaggttatt

gt aact cagg
tcaatttctc
gccgt aaccce
caggt gct ac
ct caacgcegt
t aagacgt aa
ct caacaagg

tttcatcagg

atcactgtta gcggtaccgg tgattacaaa gatgatgacg ataaaagtgg
tattttcaag gccataatca ccgtcacaaa cacactggtt aa

<210> 147

<211> 1332

<212> DNA

<213> Artificial Sequence

<220>

<223> codon optim zed sequence conprising | S99

<400> 147

at gacagt at
ggt aaacgt g
caagacgact
ttatggttaa
gacttacgtc
caat ggaaat
t cagctgetg
t caacat cag
ttcggt ggt t
gtacaaattg
gacatt aaaa
ttattcaaag
att gt agaaa
cacgct acat
attatttcat

ttcgacgct g

acacagcttc
acacaaaatt
tacgtacatt
acggt gaacc
aatt acgt aa
t acacatt gt
gtttcgetge
aaatttcacg
acgtagcttg
ctgactcatc
aagacgt at ¢
aacgt attga
aagact t cgc
gtttagactc
ggt gt cacac

gt ccaaacgc

agt aacagct
aaacttacca
aacat cagct
acact caat t
agaaat ggaa
at cagaaaac
tttagtatca
tatt gct cgt
ggaaat gggt
agact ggcca
at caacacaa
acacgt agt a
tacatt cgct
attcccacca
aat t aaccaa

tgtattatac

ccagt aaaca
acaaact cat
gct acagctc
gacaacgaac
t caaaagacg
aacttcccaa
gctattgcta
aaaggt t cag
aaagct gaag
caaat gaaag
ggt at gcaat
ccaaaacgtt
aaagaaacaa
attttctaca
ttctacggtyg
tacttagctg

ttgct acat t
caatttcagt
cagaattcga
gt acacaaaa
cttcattacc
cagct gct gg
aattatacca
gttcagcttg
acggt cacga
cttgtgtatt
t aacagt agc
t cgaagt aat
t gat ggactc
t gaacgacac
aaacaatt gt

aaaacgaatc

Page 108

caattttgtt
t ggt agttac
attaattgaa
t aaat t aggt
aaat caacca
tcatcgttca
tttaacatta
t agt gct t ct

t gaaaacctt

aaaat act gg
aacattatca
acgt gacaca
ctgtttacgt
aacattatca
tttagcttca
attaccacaa
tcgttcatta
ct caat ggct
agt agt at ca
t acat cagaa
gcgt aaagct
aaactcattc
at caaaacgt
agct tacaca

aaaattattc

240
300
360
420
480
540
600
660
720
762

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



gctttcattt
caatt agaag
ttagaattac
gaaacaaacg
t acgacgt ac
gt accagact
ccaccaggt t
<210>
<211>

<212>
<213>

148
660
DNA
Arti

<220>
<223>

<400> 148
at ggagaaaa

cattttgagg
att acggect
cacattcttg
gagctggtga
acgttttcat
t cgcaagat g
aatatgtttt
gccaat at gg
gacaaggt gc
gt cggcagaa
<210> 149
<211> 90

<212> DNA
<213> Art

<220>

<223> PCR

<400> 149
agtttttcte

agaaaacgt a

<210> 150
<211> 90

acaaattatt

cggttcagta

ctttcaacca ccaattcgaa

aaaaagacgt

aatcatt aat

agctcgtgta

t gacgct aaa

ctgactatgc ttacccttac

acgctgaaaa cttatacttc

aa

ficial

Sequence

aaat cactgg at at accacc

catttcagtc
ttttaaagac

cccgcect gat

t at gggat ag
cgct ct ggag
tggcgtgtta
t cgt ct cage
acaacttctt
t gat gccgct
tgcttaatga

ficial

pri mer

aattttttat

agttgct caa
cgt aaagaaa
gaat gct cat
t gt t caccct
t gaat accac
cggt gaaaac
caat ccct gg
cgceccecegt t

ggcgat t cag

attacaacag

Sequence

agat ct cct a ggaaaat gaa

0802WD1_ST25

ccaggttggag

t cat caaact
attttaacac
acaggtttac
gacgt accag

caaggt cacc

gttgat at at
tgtacctata
aat aagcaca
ccggaattcc
tgttacaccg
gacgatttcc
ctggcctatt
gtgagtttca
ttcaccat gg
gttcatcatg
t act gcgat g

acaaaaaatt
t cacagct cg
aagtaggttc
caaaagaaac
actatgctta

accaccacca

codon optimzed sequence conprising CAT

cccaat ggca
accagaccgt
agttttatcc
gt at ggcaat
ttttccatga
ggcagttt ct
t ccct aaagg
ccagttttga
gcaaatatta
ccgtttgtga
agt ggcaggg
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cacaacagaa
t gaat t agac
aggt ccacaa
cggt taccca
t ccat acgac

ccat caccac

t cgt aaagaa
t cagct ggat
ggcctttatt
gaaagacggt
gcaaact gaa
acacat at at
gtttattgag
tttaaacgtg
t acgcaaggc

t ggcttccat
cggggcgt aa

tttttttgtt ttttctctaa aaatcaaaaa ttcaattttg

1020
1080
1140
1200
1260
1320
1332

60
120
180
240
300
360
420
480
540
600
660

60
90



<212> DNA
<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 150

tcggtttaag acaatgggaa aagttagatg cctagagt at

tct cat ct gt gacgggct cg agact agt gg

<210> 151

<211> 90

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 151

tggattggta tcaacgcgca ggcatagttc gagaaaaatt

agcat ctcct agtgctagcet aaagaagttg

<210> 1562

<211> 90

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 152

tcaaaaaatt catactttgt ttttttattt tttctgagtt

t at aaaatt g ggct cgagac tagtttgtcce

<210> 158

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 153
tcttactgga atgatggaca cg

<210> 154

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR pri ner

<400> 154
gtgtttgtga cggtgattat gg

0802WD1_ST25
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tgattatcga gcaaat at ct

at ccagaggc aat gacaacc

tttaatcaaa aaactttttg

60
90

60
90

60
90

22

22



<210> 155

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 155
t gt ggacct g aacctacttg tg

<210> 156

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 156
gaaat gggt a aagctgaaga cg

<210> 157

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 157
cttccaaaac cacctgttgce

<210> 158

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 158
accgt ctgga t caaaagcag

<210> 159

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 159
ttggagtggt tctgttcgtg

<210> 160
<211> 21

0802WD1_ST25

22

22

20

20

20



0802WD1_ST25

<212> DNA

<213> Artificial Sequence
<220>

<223> PCR primer

<400> 160

cagcgt acat acgtcctgga t

<210> 161

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 161
gttgcgctca accaacatta

<210> 162

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 162
gtgacggtgg ttgtgtcctt

<210> 163

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 163
cctgcaggtg gttcttcaat

<210> 164

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 164
at gt caat ag cgccaacaca

<210> 165

<211> 25

<212> DNA

<213> Artificial Sequence
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0802WD1_ST25
<220>
<223> PCR primer

<400> 165
tggatt ataa agat gat gac gacaa 25

<210> 166

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 166
gctgctgcaa ctggtaaata ga 22

<210> 167

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 167
t ccagcagaa t caaaagcaa 20

<210> 168

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 168
gcaccttcag gtaagccttg 20

<210> 169

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 169
aagacgatga cgacaaaggt ¢ 21

<210> 170

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer
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<400> 170
tgttatcagc acgaccttca a

0802WD1_ST25
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