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Standard Cannabinoid Mix (70ug/mL)
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PRODUCTION OF CANNABINOIDS IN
YEAST

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit and priority of U.S.
Provisional Patent Application Ser. No. 62/024,099 filed Jul.
14, 2014, titled “Terpenophenolic Production in Microor-
ganisms,” which is incorporated by reference herein.

REFERENCE TO SEQUENCE LISTINGS

The present application is filed with sequence listing(s)
attached hereto and incorporated by reference, including
Appendix 1B titled “Sequence IDs”.

FIELD OF THE INVENTION

This invention relates to molecular biology, and more
specifically to the transformation of yeast cells and the
production of cannabinoids.

SUMMARY OF THE INVENTION

Exemplary embodiments provided herein include geneti-
cally engineering microorganisms, such as yeast or bacteria,
to produce cannabinoids by inserting genes that produce the
appropriate enzymes for the metabolic production of a
desired compound.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows exemplary experimental data achieved in
connection with Example 1 of Appendix 1A titled “Addi-
tional Examples” for cannabidiol (“CBD”)/cannabidiolic
acid (“CBDA”) production in S. cerevisiae.

FIG. 2 shows exemplary experimental data achieved in
connection with Example 2 of Appendix 1A titled “Addi-
tional Examples” for tetrahydrocannabinol (“THC”)/tetra-
hydrocannabinolic acid (“THCA”) production in S. cerevi-
siae.

FIG. 3 shows exemplary experimental data achieved in
connection with Example 3 of Appendix 1A titled “Addi-
tional Examples™ for cannabigerol (“CBG”)/cannabigerolic
acid (“CBGA”) production in S. cerevisiae.

FIG. 4 shows exemplary experimental data achieved in
connection with Example 4 of Appendix 1A titled “Addi-
tional Examples” for CBGA, CBDA, CBD, CBG and THC
production in K. marxianus.

FIG. 5 show exemplary experimental data achieved in
connection with Example 5 of Appendix 1A titled “Addi-
tional Examples”™ for galactose induced CBD production in
S. cerevisiae.

FIG. 6 shows exemplary experimental data achieved in
connection with Example 6 of Appendix 1A titled “Addi-
tional Examples” for secretion of CBD into media by S.
cerevisiae.

FIG. 7 shows an exemplary metabolic pathway for the
production of cannabinoids by Cannabis sativa.

FIG. 8 shows an exemplary biosynthetic route for the
production of CBDA from glucose.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The present application relates to the field of cannabinoid
production in yeasts. Cannabinoids are a general class of
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2

chemicals that act on cannabinoid receptors and other target
molecules to modulate a wide range of physiological behav-
ior such as neurotransmitter release. Cannabinoids are pro-
duced naturally in humans (called endocannabinoids) and by
several plant species (called phytocannabinoids) including
Cannabis sativa. Cannabinoids have been shown to have
several beneficial medical/therapeutic effects and therefore
they are an active area of investigation by the pharmaceu-
tical industry for use as pharmaceutical products for various
diseases.

Currently the production of cannabinoids for pharmaceu-
tical or other use is done by chemical synthesis or through
the extraction of cannabinoids from plants that are produc-
ing these cannabinoids, for example Cannabis sativa. There
are several drawbacks to the current methods of cannabinoid
production. The chemical synthesis of various cannabinoids
is a costly process when compared to the extraction of
cannabinoids from naturally occurring plants. The chemical
synthesis of cannabinoids also involves the use of chemicals
that are not environmentally friendly, which can be consid-
ered as an additional cost to their production. Furthermore,
the synthetic chemical production of various cannabinoids
has been classified as less pharmacologically active as those
extracted from plants such as Canrnabis sativa. Although
there are drawbacks to chemically synthesized cannabi-
noids, the benefit of this production method is that the end
product is a highly pure single cannabinoid. This level of
purity is preferred for pharmaceutical use. The level of
purity required by the pharmaceutical industry is reflected
by the fact that no plant extract based cannabinoid produc-
tion has received FDA approval yet and only synthetic
compounds have been approved.

In contrast to the synthetic chemical production of can-
nabinoids, the other method that is currently used to produce
cannabinoids is production of cannabinoids in plants that
naturally produce these chemicals; the most used plant for
this is Cannabis sativa. In this method, the plant Cannabis
sativa 1s cultivated and during the flowering cycle various
cannabinoids are produced naturally by the plant. The plant
can be harvested and the cannabinoids can be ingested for
pharmaceutical purposes in various methods directly from
the plant itself or the cannabinoids can be extracted from the
plant. There are multiple methods to extract the cannabi-
noids from the plant Cannabis sativa. All of these methods
typically involve placing the plant, Cannabis sativa that
contains the cannabinoids, into a chemical solution that
selectively solubilizes the cannabinoids into this solution.
There are various chemical solutions used to do this such as
hexane, cold water extraction methods, CO2 extraction
methods, and others. This chemical solution, now containing
all the different cannabinoids, can then be removed, leaving
behind the excess plant material. The cannabinoid contain-
ing solution can then be further processed for use.

There are several drawbacks of the natural production and
extraction of cannabinoids in plants such as Cannabis
sativa. Since there are numerous cannabinoids produced by
Cannabis sativa it is often difficult to reproduce identical
cannabinoid profiles in plants using an extraction process.
Furthermore, variations in plant growth will lead to different
levels of cannabinoids in the plant itself making reproduc-
ible extraction difficult. Different cannabinoid profiles will
have different pharmaceutical effects which are not desired
for a pharmaceutical product. Furthermore, the extraction of
cannabinoids from Cannabis sativa extracts produces a
mixture of cannabinoids and not a highly pure single phar-
maceutical compound. Since many cannabinoids are similar
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in structure it is difficult to purify these mixtures to a high
level resulting in cannabinoid contamination of the end
product.

Disclosed herein are strategies for creating cannabinoids
in microorganisms such as yeast and methods to produce
various cannabinoids in yeast from a simple sugar source.
The general methods involve genetically engineering yeast
to produce various cannabinoids, where the main carbon
source available to the yeast is a sugar (glucose, galactose,
fructose, sucrose, honey, molasses, raw sugar, etc.). Genetic
engineering of the microorganism involves inserting various
genes that produce the appropriate enzymes and/or altering
the natural metabolic pathway in the microorganism to
achieve the production of a desired compound. Through
genetic engineering of microorganisms these metabolic
pathways can be introduced into these microorganisms and
the same metabolic products that are produced in the plant
Cannabis sativa can be produced by the microorganisms.
The benefit of this method is that once the microorganism is
produced, the production of the cannabinoid is low cost and
reliable, only a specific cannabinoid is produced or a subset
is produced, depending on the organism. The purification of
the cannabinoid is straight forward since there is only a
single cannabinoid or a selected few cannabinoids present in
the microorganism. The process is a sustainable process
which is more environmentally friendly than synthetic pro-
duction.

FIG. 1 shows exemplary experimental data achieved in
connection with Example 1 of Appendix 1A titled “Addi-
tional Examples” for cannabidiol (“CBD”)/cannabidiolic
acid (“CBDA”) production in S. cerevisiae.

FIG. 1 shows gas chromatography-mass spectrometry of
cannabidiol (CBD) produced in S. cervisiae. After process-
ing the yeast cells, as described in Example 1 of Appendix
1A, the whole cell ethyl acetate extract is analyzed for the
presences of CBD. The samples were prepared in a way
similar to that shown in Appendix Al except that no MSTFA
derivatization was used in this sample (therefore CBDA
turns into CBD upon heating), the oven protocol was also
slightly different than that shown in Appendix 1A. Initially,
a standard CBD solution is run (100 ug/mL; TOP). After
running the standard the inventors determined the run time
of 17.5 minutes. After running the standard the inventors
repeated the GC-MS experiment with their whole cell
extract (BOTTOM). At a run time of 17.5 minutes, the
inventors saw the same peak as in the standard. Mass
spectrometry analysis of the peaks showed identical mass
for the two samples (standard and extract) indicating the
presence of CBD in their whole cell extract.

FIG. 2 shows exemplary experimental data achieved in
connection with Example 2 of Appendix 1A ftitled “Addi-
tional Examples” for tetrahydrocannabinol (“THC”)/tetra-
hydrocannabinolic acid (“THCA”) production in S. cerevi-
siae.

FIG. 2 shows gas chromatography-mass spectrometry of
tetrahydrocannabinol (THC) produced in S. cervisiae. After
processing the yeast cells, as described in Example 2 of
Appendix 1A, the whole cell ethyl acetate extract was
analyzed for the presences of THC. The samples were
prepared in a way similar to that shown in Appendix 1A
except that no MSTFA derivatization was used in this
sample (therefore THCA turns into THC upon heating), the
oven protocol was also slightly different than that shown in
Appendix 1A. Initially, a standard CBD solution was run
(100 ug/mL; TOP). After running the standard the inventors
determined the run time of 18.5 minutes. After running the
standard the inventors repeated the GC-MS experiment with
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their whole cell extract (BOTTOM). At a run time of 18.5
minutes, the inventors saw the same peak as in the standard.
Mass spectrometry analysis of the peaks showed identical
mass for the two samples (standard and extract) indicating
the presence of THC in their whole cell extract.

FIG. 3 shows exemplary experimental data achieved in
connection with Example 3 of Appendix 1A titled “Addi-
tional Examples” for cannabigerol (“CBG”)/cannabigerolic
acid (“CBGA”) production in S. cerevisiae.

FIG. 3 shows gas chromatography-mass spectrometry of
cannabigerolic acid (CBGA) produced in S. cervisiae. After
processing the yeast cells, as described in Example 3 of
Appendix 1A, the whole cell ethyl acetate extract was
analyzed for the presences of CBGA. The samples were
prepared in a way as described in Appendix 1A, but the oven
protocol was also slightly different than that shown in
Appendix 1A. Initially, a standard CBGA solution was run
(45 ug/mL; TOP). After running the standard, the inventors
determined the run time of 11.1 minutes. After running the
standard, the inventors repeated the GC-MS experiment
with their whole cell extract (BOTTOM). At a run time of
11.1 minutes, the inventors saw the same peak as in the
standard. Mass spectrometry analysis of the peaks showed
identical mass for the two samples (standard and extract)
indicating the presence of CBGA in their whole cell extract.

FIG. 4 shows exemplary experimental data achieved in
connection with Example 4 of Appendix 1A titled “Addi-
tional Examples” for CBGA, CBDA, CBD, CBG and THC
production in K. marxianus.

FIG. 4 shows gas chromatography-mass spectrometry of
cannabinoid production (CBGA, CBDA, CBD, CBG, THC)
produced in K. marxianus. After processing the yeast cells,
as described in Example 4 of Appendix 1A, the whole cell
ethyl acetate extract was analyzed for the presence of
cannabinoids. The samples were prepared in a way as
described in Appendix 1A, but the oven protocol was also
slightly different than that shown in Appendix 1A. Initially,
a standard solution containing CBD, CBG, THC, CBDA,
and CBGA was run (70 ug/mL each; TOP). After running the
standard, the inventors determined the run time for each
compounds. After running the standard, the inventors
repeated the GC-MS experiment with their whole cell
extract (BOTTOM). At each run time the inventors saw the
same peaks as in the standard. Mass spectrometry analysis
of the peaks showed identical mass for the two samples
(standard and extract) indicating the presence of cannabi-
noids in their whole cell extract.

FIG. 5 show exemplary experimental data achieved in
connection with Example 5 of Appendix 1A titled “Addi-
tional Examples” for galactose induced CBD production in
S. cerevisiae.

FIG. 5 shows gas chromatography-mass spectrometry of
induced cannabidiol (CBD) production in S. cervisiae. After
processing yeast cells, as described in Example 5 of Appen-
dix 1A, the whole cell ethyl acetate extract was analyzed for
the presences of CBD. The samples were prepared in a way
as described in Appendix 1A. Initially, a standard solution
containing CBD was run (1 ug/mL; TOP). After running the
standard the inventors determined the run time for CBD as
10.2 minutes. After running the standard, the inventors
repeated the GC-MS experiment with their whole cell
extract (BOTTOM). At 10.2 minutes, the inventors saw the
same peak as in the standard. Mass spectrometry analysis of
the peaks showed identical mass for the two samples (stan-
dard and extract) indicating the presence of CBD in their
whole cell extract.
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FIG. 6 shows exemplary experimental data achieved in
connection with Example 6 of Appendix 1A titled “Addi-
tional Examples” for secretion of CBD into media by S.
cerevisiae.

FIG. 6 shows gas chromatography-mass spectrometry of
induced cannabidiol production (CBD) produced in S. cer-
visiae and secreted into the media. After processing the
growth media, as described in Example 6 of Appendix 1A,
the media ethyl acetate extract was analyzed for the presence
of CBD. The samples were prepared in a way as described
in Appendix 1A. Initially, a standard solution containing
CBD was run (45 ug/mL; TOP). After running the standard
the inventors determined the run time for CBD as 10.2
minutes. After running the standard, the inventors repeated
the GC-MS experiment with their whole cell extract (BOT-
TOM). At 10.2 minutes, the inventors saw the same peak as
in the standard. Mass spectrometry analysis of the peaks
showed identical mass for the two samples (standard and
extract) indicating the presence of CBD in their whole cell
extract.

Biosynthetic Production of Cannabidiolic Acid (CBDA)
in S. cerevisiae.

Through genetic engineering the inventors have reconsti-
tuted the cannabidiolic acid (CBDA) metabolic pathway
found in Cannabis sativa into S. cerevisiae (a species of
yeast).

Producing CBGA is an initial step in producing many
cannabinoids from Canrnabis sativa in S. cerevisiae. Once
CBGA is produced a single additional enzymatic step is
required to turn CBGA into many other cannabinoids
(CBDA, THCA, CBCA, etc.). The acidic forms of the
cannabinoids can be used as a pharmaceutical product or the
acidic cannabinoids can be turned into their neutral form for
use, for example Cannabidiol (CBD) is produced from
CBDA through decarboxylation. The resulting cannabinoid
products will be used in the pharmaceutical/nutraceutical
industry to treat a wide range of health issues.

FIG. 7 shows an exemplary metabolic pathway for the
production of cannabinoids by Cannabis sativa.

The biosynthetic route for the production of cannabidiolic
acid in Cannabis sativa is shown in FIG. 7. The pathway
begins with the conversion of Hexanoic acid (a simple fatty
acid) to Hexanoyl-CoA by Hexanoyl-CoA Synthetase.
Hexanoyl-CoA is converted to Oleviolic acid (OA), a
polyketide, by a Polyketide synthase. OA is then prenylated
with the monoterpene geranyl diphosphate to cannabigerolic
acid by an Aromatic prenyltransferase. Finally, cannabid-
iolic acid (CBDA) is produced by cyclizing cannabigerolic
acid via CBDA synthase (CBDAs). In summary, it takes four
enzymatic steps to produce CBDA from Hexanoic acid. The
inventors have engineered this metabolic pathway into S.
cerevisiae (a species of yeast) for the production of CBDA.

There are a few key differences between plant polyketide
and terpene biosynthesis when compared to yeast. Yeast
does not contain many of the enzymes and fatty acids
required for the production of CBDA. Moreover, yeast do
not express high levels of geranyl diphosphate (GPP), a
chemical required for the production of cannabigerolic acid,
the precursor to CBDA. Yet, through genetic engineering
many of the required enzymes can be added and the pro-
duction of GPP can be increased. In order to add the required
enzymes for CBDA production in yeast the inventors created
plasmids that contain the essential genes in the CBDA
biosynthetic pathway. The inventors have transformed these
genes into S. cerevisiae.
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Synthesis of Fusion Genes Required for CBDA Produc-
tion in S. cerevisiae.

The genome of Cannabis sativa has been investigated and
the acyl-activating enzymes CsAAE1 was determined to
convert hexanoic acid to hexanoyl-CoA (Step 1 in FIG. 7).
The inventors have overexpressed CsAAE] in yeast while
simultaneously supplementing the growth media with
Hexanoic acid. By supplementing the media with hexanoic
acid, the inventors ensured that the yeast have the required
starting materials for the production of hexanoyl-CoA.

The next enzymatic step that was engineered into the
yeast strain was for the production of Olivetolic acid (OA)
from hexanoyl-CoA. This step requires the substrates
hexanoyl-CoA and 3 malonyl-CoA molecules, with the
malonyl-CoA molecule produced by yeast naturally.
Olivetolic acid production requires two enzymes for the
condensation and subsequent cyclization of malonyl-CoA
with hexanoyl-CoA. This process requires the tetraketide
synthase, olivetolic synthase (OS), and the polyketide
cyclase, olivetolic acid cyclase (OAC). In some embodi-
ments, stoichiometric amounts of both of these enzymes are
preferred; as it has been experimentally determined that
OAC binds a chemical intermediate made by OS. In various
embodiments, in order to ensure the proper amounts of OS
and OAC the inventors have created a single gene that is a
fusion of OS, a self cleaving T2 A peptide, and the OAC gene
(OS-T2A-0OAC) and in certain cases an HA tag was inserted
at the C-terminus of OAC to verify protein expression. This
entire fusion protein was produced in yeast and the self
cleaving peptide is spliced in vivo to produce OS and OAC.

The next enzymatic step requires the production of gera-
nyl pyrophosphate (GPP). In yeast the prenyltransferace
Erg20 condenses isopentenyl diphosphate (IPP) and dim-
ethylallyl diphosphate (DMAP) to geranyl pyrophosphate
(GPP) and feranyl pyrophosphate (FPP) naturally. While
only these two products are produced in yeast, a greater
quantity of FPP when compared to GPP is produced. More
GPP is required for the production of CBDA. In order to
increase the production of GPP compared to FPP the inven-
tors inserted a mutant prenyltransferase, Erg20(K179E) in
the yeast strain. This mutant has been shown to shift the ratio
of GPP:FPP to 70:30. This Erg20(K179E) mutant was
placed on a fusion gene with CsAAEL, the enzyme for
hexanoyl-CoA, and a self-cleaving peptide, T2A (CsAAE1-
T2A-Erg20(K179E). We also added a FLAG tag to the
C-terminus of the Erg20p (K197E) enzyme (CsAAE1-T2A-
Erg20(K179E)-FLAG) to verify expression of this fusion
protein in yeast in certain yeast strains. After production in
yeast the self-cleaving peptide was cut producing CsAAE1
and Erg20(K179E).

Once the inventors verified that they had enough GPP to
prenylate Olivetolic acid to cannabigerolic acid the inven-
tors inserted the aromatic prenyltransferase (CsPtl) gene
into the yeast. In this final enzymatic step the inventors
placed the cannabidiolic acid synthase (CBDAs) gene into
yeast for the conversion of cannabigerolic acid to CBDA.
Similar to the inventors’ previous approach, they introduced
a single gene containing CsPtl, a self-cleaving peptide T2A,
CBDs, and in certain cases a MYC tag was inserted at the
C-terminus of CBDs in order to verify production of each
enzyme (CsPt1-T2A-CBDs-MYC).

Creation of a Stable Yeast Strain Producing the Metabolic
Pathway for CBDA.

Three stable transformations of S. cerevesaie where cre-
ated utilizing selection for leucine, uracil and tryptophan.
The inventors first transformed an auxotrophic yeast strain
(his3D1/leu2/trp1-289/ura3-52) with the CsAAE1-T2A-
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Erg20(K197E)-FLAG gene in an integrating vector. 5 pg of
CsAAE1-T2A-Erg20(K197E)-FLAG in a vector containing
a gene for tryptophan depletion resistance was linearized
with the restriction enzyme EcoRY, transformed into chemi-
cally competent InVSc1, and grown on Yeast Nitrogen Base
without amino acids and 0.5% ammonium sulfate (YNBA)
agar plates supplemented with histidine, leucine, tryptophan,
1% glucose and 2% lactic acid are grown at 30° C. until
colonies are formed. Any yeast colonies that did not incor-
porate the plasmid, that contains the CSAAEL-T2A-Erg20
(K197E)-FLAG gene died since the starting yeast strain is a
tryptophan auxotroph. All colonies, with successful plasmid
incorporation, where picked and grown in YNBA supple-
mented with histidine, leucine and uracil, 1% glucose and
2% lactic acid. All colonies were screened for protein
production by taking whole cell extracts of each induced
clone and the total protein was subjected to SDS-PAGE
followed by western blotting against the c-terminal tag of
Erg20(K197E). Positive clones where stored at -80° C. in
glycerol stocks. The highest expressing clone was taken for
the second transformation and was be designated as VscG-
PHA.

Using the VscGPHA strains the inventors added 5 pg of
OS-T2A-OAC-HA in the a vector containing a gene for
leucine depletion resistance. This plasmid was linearized
with the restriction enzyme Asel and transformed into
chemically competent VscGPHA and grown on YNBA agar
plates supplemented with histidine and uracil, 1% glucose
and 2% lactic acid and grown at 30° C. until colonies were
formed. Any yeast colonies that did not incorporate the
plasmid that contains the OS-T2A-OAC-HA gene died since
the VscGPHA is a leucine auxotroph. All colonies, with
successful plasmid incorporation, were picked and grown in
YNBA supplemented with histidine, and leucine. All colo-
nies were screened for protein production by taking whole
cell extracts of each induced clone and subjected the total
protein to SDS-PAGE followed by western blotting against
the c-terminal HA tag of OAC. Positive clones were stored
at =80° C. in glycerol stocks. The highest expressing clone
was taken for the second stable transformation and was
designated VscGPHOA.

The final stable transformation was done in a similar way
as the previous transformation. The CsPT-T2A-CBDAs-
MYC gene was placed in the vector containing a gene for
uracil depletion resistance Spg of this plasmid was linearized
with EcorV and transformed into chemically competent
VscGPHOA. Transformed VscGPHOA was grown in
YNBA supplemented with histidine, 1% glucose and 2%
lactic acid. Any yeast colonies that did not incorporate the
plasmid that contains the CsPT-T2A-CBDAs-MYC gene
died since they lacked leucine. All colonies were picked and
grown in YNBA supplemented with histidine, 1% glucose
and 2% lactic acid. All colonies were screened for protein
production by taking whole cell extracts of each induced
clone and subjecting the total protein to SDS-PAGE fol-
lowed by western blotting against the c-terminal Myc tag of
CBDAs. Positive clones are stored at -80° C. in glycerol
stocks. The highest expressing CBDAs was taken for the
final strain and designated VscCBDA.

Production of CBDA in Yeast.

To initiate the reconstituted metabolic pathway of CBDA
a colony of VscCBDA was freshly streaked on a plate of a
frozen glycerol stock of VscCBDA. A small culture of
VscCBDA was grown in YNBA supplemented with 0.05%
histidine, 1% glucose, 2% lactic acid, and 0.03% hexanoic
acid overnight at 30° C. The overnight culture was trans-
ferred to 1 L of YNBA supplemented with 0.05% histidine,
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1% glucose, 2% lactic acid, and 0.03% hexanoic acid and
was grown at 30° C. until mid log phase. Cells were pelleted
by centrifugation then washed with 200 ml of phosphate
buffered saline (PBS) and repelleted. Pelleted cells were
resuspended with 1 L of YNBA supplemented with 0.05%
histidine, 2% galactose, and 0.03% hexanoic acid and grown
at 30° C. overnight.

Overnight 1 L cultures were pelleted by centrifugation,
resuspended, washed one time in PBS and pelleted. Cell
pellets were resuspended in 40% (wt/vol) KOH and 50%
(vol/vol) ethanol solution and boiled for 10 minutes.
Metabolite extraction was done by extracting from the
boiled extracts 3 times with hexane, then 3 times with ethyl
acetate. The spent supernatant broth was extracted in a
similar fashion as described above. Organic phases of
extracts of each sample were pooled then dried by a rotary
evaporator and stored for liquid chromatography mass spec-
trometry (LC-MS) and gas chromatography mass spectrom-
etry (GC-MS) analysis to confirm and quantitate how much
CBDA is produced from strain VscCBDA.

Biosynthetic Production of Cannabidiolic Acid (CBDA)
in K. marxianus

Through genetic engineering the inventors have reconsti-
tuted the cannabidiolic acid (CBDA) metabolic pathway
found in Cannabis sativa into K. marxianus (a species of
yeast). Producing CBGA is an initial step in producing many
cannabinoids from Cannabis sativa in K. marxianus. Once
CBGA is produced a single additional enzymatic step is
required to turn CBGA into many other cannabinoids
(CBDA, THCA, CBCA, etc.). The acidic forms of the
cannabinoids can be used as a pharmaceutical product or the
acidic cannabinoids can be turned into their neutral form for
use, for example Cannabidiol (CBD) is produced from
CBDA through decarboxylation. The resulting cannabinoid
products will be used in the pharmaceutical/nutraceutical
industry to treat a wide range of health issues.

Synthesis of Fusion Genes Required for CBDA Produc-
tion in k. Marxianus.

FIG. 8 shows an exemplary biosynthetic route for the
production of CBDA from glucose.

The biosynthetic route for the production of cannabidiolic
acid in Cannabis sativa, from glucose to CBDA is shown in
FIG. 8. The pathway begins with the conversion of glucose
to malonyl-CoA through a series of steps that are common
to many strains of yeast. The conversion of malonyl-CoA to
Acetoacetyl-CoA is conducted by the enzyme MCTI, an
acyl-carrier-protein. Acetoacetyl-CoA is converted to 3-Hy-
droxybutyryl-CoA by the enzyme 3-hydroxybutyryl-CoA
dehydrogenase (Hbd) from Clostridium acetobutylicum.
Next, 3-Hydroxybutyryl-CoA is converted into Crotonyl-
CoA by the enzyme crotonase (Crt) from Clostridium aceto-
butylicum and the conversion of Crotonyl-CoA to Butyryl-
CoA is controlled by the enzyme trans-enoyl-CoA
reducatase (Ter) from Treponema denticola. The Butyryl-
CoA is converted to 3-Ketonhexanoyl-CoA by the enzyme
[-ketothiolase (Bktb) from Ralstonia Eutropha. 3-Keton-
hexanoyl-CoA is converted to 3-Hydroxyhexanoyl-CoA by
the enzyme Hbd. Hydroxyhexanoyl-CoA is converted to
Trans-hexa-2-enoyl-CoA by the enzyme Crt. Trans-hexa-2-
enoyl-CoA is converted to Hexanoyl-CoA by the enzyme
Ter. Hexanoyl-CoA, with 3 malonyl-CoAs, is converted to
Oleviolic acid (OA) by a Polyketide synthase and cyclase,
OA and OAC respectively. OA is then prenylated with the
monoterpene geranyl diphosphate to cannabigerolic acid by
an Aromatic prenyltransferase, CsPT. Finally, cannabidiolic
acid (CBDA) is produced by cyclizing cannabigerolic acid
via CBDA synthase (CBDAS). We have engineered this
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metabolic pathway into K. marxianus (a species of yeast) for
the production of CBDA (FIG. 8).

There are a few key differences between plant polyketide
and terpene biosynthesis when compared to yeast. Yeast
does not contain many of the enzymes and fatty acids
required for the production of CBDA. Moreover, yeast do
not express high levels of geranyl diphosphate (GPP), a
chemical required for the production of cannabigerolic acid,
the precursor to CBDA. Yet, the inventors through genetic
engineering created many of the required enzymes that can
be added so the production of GPP was increased. In order
to add the required enzymes for CBDA production in yeast
the inventors created plasmids that contain the essential
genes in the CBDA biosynthetic pathway. The inventors
have transformed these genes into K. marxianus.

Creation of a Stable K. marxianus Strain Producing the
Metabolic Pathways for Hexonyl-coA and CBDA.

Two stable transformations of K. marxianus were created
utilizing selection for uracil and G418 (Genenticin). The
inventors first transformed an auxotrophic K. marxianus
strain (ATCC 17555 KM5) with 5 different genes needed to
produce high levels of hexanoyl-CoA. After functional
conformation of the genes required for hexanoyl-CoA the
inventors did a second transformation with the genes respon-
sible for CBDA production. The molecular biology methods
required for biosynthetic production of CBDA in K. marxi-
anus are outlined below.

Gene names Crt, Bkth, MCT1, TeR, Hbd, Erg20p(K179E)
were codon optimized, synthesized and subclonned into
puc57 and p426 ATCC with the restriction enzymes Spel
and Sall.

Genes Crt, Bktb, MCT1, TeR, Hbd, and Erg20p(K179E)
were amplified via PCR using the primers GPD_F and
URA_R and all 6 amplicons were electroporated into XK.
Marxianus ATCC 17555 KMS5 at a concentration of 200 nM
and selected onto yeast nitrogen base (YNB) supplemented
with amino acid dropout mix (DO supplement-Ura
Clonetech 630416) 2% glucose, and 2% Agar plates.

Gene integration and functional gene expression of Crt,
Bkth, MCT1, TeR, Hbd, and Erg20p(K179E) was validated
by genomic PCR and RT-PCR methods respectively. The
final strain produced containing the functional expression of
Crt, Bktb, MCT1, TeR, Hbd, and Erg20p(K179E) was
labeled kMarxHex!.

Gene names CBDAs, CsPt, OS, and OAC were codon
optimized and synthesized by Genscript. The codon opti-
mized gene sequences of CBDAs and CsPt were cloned in
frame with a nucleotide sequence containing a self cleaving
T2A peptide and designated as CstTChds. The codon opti-
mized gene sequences of OS and OAC were cloned in frame
with a nucleotide sequence containing a self cleaving T2A
peptide and designated as OSTOc. CsTCbds and OSTOc¢
were cloned in frame with an S. cerevisiae internal ribo-
somal entry site (IRES), Ure2, into a galactose inducible
vector and the final gene sequence pcen/arsGal-OSTOc-
IRES-CsTCbds plasmid can be seen below. The plasmid
peen/arsGal-OSTOc-IRES-CstTCbds was used to synthe-
size a functional gene fragment that expresses the enzymes
CBDAs, CsPt, OS, and OAC by using the primers Gall-
RES_F, GallIRES_R.

The Gibson Assembly method was used to subclone the
PCR fragment from [0057] into the plasmid HO-poly-
KanMx4-HO (ATCC 87804) vusing the primers KmX-
IRES_F and KmXIRES_R to create the plasmid pHOOSC-
stKnMxHO.

The plasmid pHOOSCstKnMxHO was digested with
Notl and transformed into kMarxHex1 using standard elec-
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troporation methods. The selection of stable integrants was
done with yeast nitrogen base (YNB) supplemented with
amino acid dropout mix (DO supplement-Ura Clonetech
630416) 2% glucose, Img/ml G418 (Gibco) and 2% Agar
plates.

Gene integration and functional gene expression of
pHOOSCstKnMxHO validated by genomic PCR and RT-
PCR methods respectively. The final strain produced con-
taining the functional expression of Crt, Bktb, MCT1, TeR,
Hbd, Erg20p(K179E) CBDAs, CsPt, OS, and OAC was
labeled k.MarxCBDA.

Production of CBDA in K. marxianus.

To initiate the reconstituted metabolic pathway of CBDA,
a colony from K. marx CBDA was freshly streaked onto an
agar plate from a frozen glycerol stock of k.MarxCBDA. A
small culture of VscCBDA was grown in YNBA base
(YNB) supplemented with amino acid dropout mix (DO
supplement-Ura Clonetech 630416) 2% glucose, 1 mg/ml
G418 (Gibco) and 2% Agar plates was grown overnight at
30° C. The overnight culture was transferred to 1 L of
YNBA supplemented with base (YNB) supplemented with
amino acid dropout mix (DO supplement-Ura Clonetech
630416) 2% glucose, and 1 mg/ml G418 (Gibco) and was
grown at 30° C. until mid log phase. Cells were pelleted by
centrifugation then washed with 200 ml of phosphate buff-
ered saline (PBS) and repelleted. Pelleted cells were resus-
pended with 1 L of YNBA supplemented with base (YNB)
supplemented with amino acid dropout mix (DO supple-
ment-Ura Clonetech 630416) 2% galactose, and 1 mg/ml
G418 (Gibco) and grown at 30° C. overnight.

Processing CBDA for Analysis of Cannabinoid Produc-
tion.

Overnight 1 L cultures were pelleted by centrifugation,
resuspended, washed one time in PBS and pelleted. The
process for extracting cannabinoids from the yeast generally
follows the following basic steps:

1. Remove the yeast cells from the media by centrifuga-

tion or filtration.

2. Lysis the cells using either chemical or mechanical
methods or a combination of methods. Mechanical
methods can include a French Press or glass bead
milling or other standard methods. Chemical methods
can include enzymatic cell lysis, solvent cell lysis, or
detergent based cell lysis.

3. Perform a liquid-liquid extraction of the cannabinoids
form the cell lysate using the appropriate chemical
solvent. An appropriate solvent is any solvent where
the cannabinoids are highly soluble in this solvent and
the solvent is not miscible in water. Examples of this
are hexane, ethyl acetate, and cyclohexane. Preferred
solvents can be straight or branched alkane chains
(C5-C8) work well; mixtures of these solvents can also
be use.

Protocol Used for Cannabinoid Extraction from Yeast Cell
Lysate

1. After lysising the cells using any mechanical technique,
add 1 mL of 4M KCl, pH2.0 to each 1 mL of cell lysate.

2. Add 1-2 mLs of ethyl acetate for each 1 mL of cell
lysate.

3. Rigorously mix for 1 min.

4. Centrifuge the mixture for 5 min at 1000xg.

5. Remove the top ethyl acetate layer. Cannabinoids are
present in this layer.

a. The ethyl acetate can be removed under vacuum if
desired.

b. Cannabinoids can be further purified through liquid
chromatography methods if desired.
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Protocol Used for Cannabinoid Extraction from Growth 4. Briefly mix
Media (for Secreted Cannabinoid Samples) 5. Heat solution to 60° C. for 10-15 minutes
1. Add 1 mL of ethyl acetate for every 1 mL of growth 6. GC-MS Method
media. ) ) a. Instrument Agilent 6890-5975 GC-MS (Model Num-
2. Rigorously mix for 1 min. 5 ber: Agilent 190918-433)

3. Centrifuge the mixture for 5 min at 1000xg.

4. Remove the top ethyl acetate layer. Cannabinoids are
present in this layer.
a. The ethyl acetate can be removed under vacuum if

b. Column HP-5SMS 5% Phenyl Methyl Siloxane
c. OVEN:
1. Initial temp: 100 'C (On) Maximum temp: 300 'C

desired. " ii. Initial time: 3.00 min Equilibration time: 0.50 min
b. Cannabinoids can be further purified through liquid iii. Ramps:
chromatography methods if desired. # Rate Final temp Final time
Protocol Used for GC-MS Analysis of Cannabinoid Extracts 1—30.00 280 1.00
for k.Marx CBDA 270.00 300 5.00
1. Remove solvent from samples under vacuum.
2. Re-suspend dry samples in either 100 ul. of dry hexane 15 ) 300 (0ff) '
or dry ethyl acetate iv. Post temp: 0'C
3. Add 20 uL of N-Methyl-N-(trimethylsilyl)trifluoroac- v. Post time: 0.00 min
etamide (MSTFA) vi. Run time: 15.29 min
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 53
<210> SEQ ID NO 1
<211> LENGTH: 7969
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 1
tegegegttt cggtgatgac ggtgaaaace tetgacacat geagetcecey gagacggtea 60

cagcettgtet gtaageggat gecgggagca gacaageccg tcagggcgeg tcagegegtg 120
ttggegggtyg teggggetgg cttaactatg cggcatcaga geagattgta ctgagagtge 180

accataaatt cccgttttaa gagettggtg agegctagga gtcactgeca ggtategttt 240

gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tcttttteta 300
ttactcttgg cctectctag tacactctat atttttttat gecteggtaa tgattttcat 360
tttttttttt ccecctagegg atgactettt ttttttetta gecgattggca ttatcacata 420
atgaattata cattatataa agtaatgtga tttcttcgaa gaatatacta aaaaatgagce 480
aggcaagata aacgaaggca aagatgacag agcagaaagc cctagtaaag cgtattacaa 540
atgaaaccaa gattcagatt gcgatctcectt taaagggtgg tceccctageg atagagcact 600
cgatcttece agaaaaagag gcagaagcag tagcagaaca ggccacacaa tcgcaagtga 660
ttaacgtcca cacaggtata gggtttctgg accatatgat acatgctetg gccaagceatt 720
cecggetggte getaategtt gagtgcattg gtgacttaca catagacgac catcacacca 780

ctgaagactyg cgggattget cteggtcaag cttttaaaga ggecctactg gegegtggay 840
taaaaaggtt tggatcagga tttgcgectt tggatgaggce actttccaga gecggtggtag 900
atctttcgaa caggccgtac gecagttgtcg aacttggttt gcaaagggag aaagtaggay 260
atctctettg cgagatgatce ccgecatttte ttgaaagett tgcagagget agcagaatta 1020
cccteccacgt tgattgtetg cgaggcaaga atgatcatca ccgtagtgag agtgcgttea 1080
aggctcttge ggttgccata agagaagcca cctcgcccaa tggtaccaac gatgttccect 1140
ccaccaaagg tgttcttatg tagtgacacc gattatttaa agctgcagca tacgatatat 1200
atacatgtgt atatatgtat acctatgaat gtcagtaagt atgtatacga acagtatgat 1260

actgaagatg acaaggtaat gcatcattct atacgtgtca ttctgaacga ggcgcgcettt 1320
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-continued
ccttttttet ttttgetttt tcetttttttt tcectettgaac tcgacggatc tatgeggtgt 1380
gaaataccgce acagatgegt aaggagaaaa taccgcatca ggaaattgta aacgttaata 1440
ttttgttaaa attcgegtta aatttttgtt aaatcagete attttttaac caataggecyg 1500
aaatcggcaa aatcccttat aaatcaaaag aatagaccga gatagggttg agtgttgttc 1560
cagtttggaa caagagtcca ctattaaaga acgtggactc caacgtcaaa gggcgaaaaa 1620
ccgtctatca gggcgatgge ccactacgtg aaccatcacc ctaatcaagt tttttggggt 1680
cgaggtgcecg taaagcacta aatcggaacc ctaaagggag cccccgattt agagcettgac 1740
ggggaaagee ggcgaacgty gegagaaagy aagggaagaa agcgaaagga gegggegeta 1800
gggcgctgge aagtgtagceg gtcacgctge gcegtaaccac cacacccgee gegettaatg 1860
cgeccgetaca gggcgegteyg cgccattege cattcaggcet gegcaactgt tgggaagggc 1920
gatcggtgceg ggectcectteg ctattacgec agctggcgaa agggggatgt getgcaaggce 1980
gattaagttg ggtaacgcca gggttttceece agtcacgacg ttgtaaaacyg acggccagtg 2040
agcgegegta atacgactca ctatagggeg aattgggtac cggecgcaaa ttaaagectt 2100
cgagcgtcce aaaaccttcect caagcaaggt tttcagtata atgttacatg cgtacacgceg 2160
tctgtacaga aaaaaaagaa aaatttgaaa tataaataac gttcttaata ctaacataac 2220
tataaaaaaa taaataggga cctagacttc aggttgtcta actccttcect tttecggttag 2280
agcggatgtg gggggaggge gtgaatgtaa gecgtgacata actaattaca tgactcgagg 2340
tegactcatt cgaaatgact gaattgttgt ctcaaaacte ttetcatgat cttgtttgtt 2400
gcagttctag gtaaggatga caatgggaca actctagtaa ctttgaataa tgggttcaat 2460
ttcttttgca aacccaagtt aaaggataat ctcaattggt tcaaatcaat ggttgtgtcg 2520
tttgaatcct tcaatacgaa aaatatgacc aattgttctg gaccaccacc caaaggtgga 2580
acaccaatag cagtggtttc aaaaactctg tcatctactt cattacagac tcectttegatt 2640
tecgatagaac taattttgat accaccgatg ttcatagtgt catcecggetet accgtgtgea 2700
tggtagtaac cgttagaggt caattcgaaa atgtcaccat gtcttctcaa tacttcacca 2760
ttcaaggttyg gcataccctt gaaatagaca tcgtgatgat taccgtttaa caatgttttt 2820
gaggcaccaa acataacagg acctaatgcc aattcaccga tacctggctt atttttaggce 2880
attgggtaac cgttcttatc taatatgtac aaggtgcaac ccatacattg ggatgaaaaa 2940
gaacttaaag attgagcttg caaaaatgaa ccagcagaaa aagcaccacc gatttcectgta 3000
ccaccacaca tttctataac tggcttgtag ttagctctac ccattaacca caaatattcg 3060
tctacattag aggcttcacc ggatgaagaa aagcatctta tggtggacca atcgtaacct 3120
gaaacacaat ttgtggattt ccatgatctt acaatagatg gtacgacacc caacattgtg 3180
acctttgcat cttgaacaaa tttagcgaaa ccagagacta aaggactacc gttgtacaag 3240
gcaatagatg caccatttaa caaactagca taaaccaacc aaggacccat catccaaccce 3300
aaattagttg gccatactat aacgtcacct tttctaatat ccaaatgaga ccaaccatca 3360
geageagect tcecaatggggt ggettgtgte caaggaattg cttttggtte acctgtagta 3420
ccactggaga ataagatgtt agtataagca tcaacaggtt gttctctggce agtaaactcg 3480
cagtttttaa actccttgge tcetttcectaaa aagtaatcec aagatatgte accatctete 3540
aattctgcac caatgttaga accactacaa gggataacta ttgccattgg ggatttaget 3600
tcaactactce ttgaatacaa tggtattcte tttttaccte tgatgatgtg atcttgtgtg 35660
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-continued
aaaattgcect tagctttgga taatctcaat ctagttgaga tttcaggggc ggaaaatgaa 3720
tctgctatag agacaactac gtaaccagcc aatactatgg ccaaatatat aacaacagca 3780
tcaacatgca ttggcatatc gatggctatt gcacaacctt tttctaaacce catttettee 3840
aatgcataac caaccaacca aactctcttt ctcaattgat ctaatgtcaa cttattcaaa 3900
ggcaagtcat cgttaccctc gtctcetecaa acgatcatag tatcgttcaa tttettattyg 3960
gagtttacgt tcaagcaatt tttagctgag ttcaagtaac caccaggtaa ccattcagaa 4020
ccacctgggt tgttgatgtc atctcttctc aagatacatt ctgggtcctt agagaaacta 4080
attttcattt catccatcaa tactgttcte caatagactt cagggtttet aacagaaaat 4140
tcttggaagt gagaaaaaga agaaattgga tctttgtact ttacacccaa aaattcttta 4200
cctetetttt ccaacaaagc acccaaatta gttgacttga ctttttcagg gtctggaatce 4260
caagcaggtg gggctggacc gaaatccttg tagcaaccat aaaacaacat ttggtgtaag 4320
gagaaaggca aatctggtga caagatatgg ttagcgatgt tgatccaagt ttgaggggtt 4380
gecagcaccat aattacaaac gatttetgec aatctaccat gtaatgttte tgetacttet 4440
gaggtgatac ccaatgcgat gaaatctgag gcaacgactg aatccaagga cttatagttt 4500
ttacccatac tagttctaga tccgtcgaaa ctaagttctt ggtgttttaa aactaaaaaa 4560
aagactaact ataaaagtag aatttaagaa gtttaagaaa tagatttaca gaattacaat 4620
caatacctac cgtctttata tacttattag tcaagtaggg gaataatttc agggaactgg 4680
tttaaacctt ttttttcage tttttccaaa tcagagagag cagaaggtaa tagaaggtgt 4740
aagaaaatga gatagataca tgcgtgggtc aattgccttg tgtcatcatt tactccaggce 4800
aggttgcate actccattga ggttgtgece gttttttgee tgtttgtgee ctgttcectety 4860
tagttgcgct aagagaatgg acctatgaac tgatggttgg tgaagaaaac aatattttgg 4920
tgctgggatt cttttttttt ctggatgcca gcttaaaaag cgggctccat tatatttagt 4980
ggatgccagg aataaacctg ttcacccaag caccatcagt gttatatatt ctgtgtaacce 5040
cgcccectat tttggcatgt acgggttaca gcagaattaa aaggctaatt ttttgactaa 5100
ataaagttag gaaaatcact actattaatt atttacgtat tctttgaaat ggcagtattg 5160
ataatgataa actcgagagc tccagetttt gtteccttta gtgagggtta attgcgeget 5220
tggcgtaatc atggtcatag ctgtttcctg tgtgaaattg ttatccgctc acaattccac 5280
acaacatagg agccggaagc ataaagtgta aagectgggg tgcctaatga gtgaggtaac 5340
tcacattaat tgcgttgege tcactgcceg ctttccagtc gggaaacctg tegtgcecage 5400
tgcattaatg aatcggccaa cgcgcgggga gaggcggttt gegtattggyg cgctcttecg 5460
cttcecteget cactgacteg ctgcgetegg tegttegget geggcgageg gtatcagcetce 5520
actcaaaggc ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt 5580
gagcaaaagy ccagcaaaag gccaggaacce gtaaaaagge cgegttgetg gegtttttee 5640
ataggctecg cocccectgac gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa 5700
acccgacagg actataaaga taccaggegt ttceccctgg aagcetccecte gtgegetcete 5760
ctgtteccgac cctgecgett accggatacce tgtecgectt tetcecctteg ggaagegtgg 5820
cgctttctca tagctcacge tgtaggtatc tcagttcggt gtaggtcegtt cgctccaage 5880
tgggctgtgt gcacgaaccc cccgttcage ccgaccgectg cgecttatec ggtaactatce 5940
gtcttgagtc caacccggta agacacgact tatcgccact ggcagcagcc actggtaaca 6000
ggattagcag agcgaggtat gtaggeggtg ctacagagtt cttgaagtgg tggectaact 6060
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acggctacac
gaaaaagagt
ttgtttgcaa
tttctacggg
gattatcaaa
tctaaagtat
ctatctecage
taactacgat
cacgctcace
gaagtggtcce
gagtaagtag
tggtgtcacy
gagttacatg
ttgtcagaag
ctcttactgt
cattctgaga
ataccgegee
gaaaactete
ccaactgatce
ggcaaaatgc
tecetttttea
ttgaatgtat
cacctgggte
aatatataaa
tccgaagaty
tectgetete
gaaaatccetg
cttttettgt
ttgtttattt
tccaaataca
taaaagatac

atcatgacat

tagaaggaca
tggtagctcet
gcagcagatt
gtctgacgcet
aaggatcttc
atatgagtaa
gatctgtceta
acgggaggge
ggctccagat
tgcaacttta
ttcgecagtt
ctegtegttt
atcccecaty
taagttggce
catgccatce
atagtgtatg
acatagcaga
aaggatctta
ttcagcatct
cgcaaaaaayg
atattattga
ttagaaaaat
cttttcatca
ttaaaaatag
taaaagactc
aggtattaat
tgattttaca
ctaataaata
ttttttette
aaacataaaa
gaggegegtg

taacctataa

<210> SEQ ID NOQ 2
<211> LENGTH: 10004

<212> TYPE:

DNA

gtatttggta
tgatccggea
acgegcagaa
cagtggaacg
acctagatcc
acttggtetg
tttegtteat
ttaccatetyg
ttatcagcaa
tcegecteca
aatagtttgc
ggtatggett
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggegaccga
actttaaaag
cegetgttga
tttacttteca
ggaataaggg
agcatttatc
aaacaaatag
cgtgctataa
aaagtaaaaa
tagggggatc
gccgaattgt
ttttacttat
tatatgtaaa
attccgtaac
ataaataaac
taagttacag

aaataggegt

tctgegetet
aacaaaccac
aaaaaggate
aaaactcacg
ttttaaatta
acagttacca
ccatagttge
gececagtyge
taaaccagcce
tcecagtcetat
gcaacgttgt
cattcagete
aageggttag
cactcatggt
tttctgtgac
gttgctcttg
tgctcatcat
gatecagtte
ccagegttte
cgacacggaa
agggttattg
gggtteegeg
aaataattat
aagaaattaa
gccaacaaat
ttcatcttgt
cgttaatcga
gtacgetttt
tettectaccet
acagagtaaa
gcaagcgatc

atcacgagge

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized

<400> SEQUENCE: 2

gctgaagcca gttacctteg
cgetggtage ggtggttttt
tcaagaagat cctttgatcet
ttaagggatt ttggtcatga
aaaatgaagt tttaaatcaa
atgcttaatc agtgaggcac
ctgacteece gtegtgtaga
tgcaatgata cegegagace
agcecggaagg gcecgagegca
taattgttgc cgggaagcta
tgccattget acaggcatcg
cggttcecaa cgatcaagge
cteetteggt cetecgateg
tatggcagca ctgcataatt
tggtgagtac tcaaccaagt
cceggegtea atacgggata
tggaaaacgt tettcgggge
gatgtaacce actegtgeac
tgggtgagca aaaacaggaa
atgttgaata ctcatactct
tctecatgage ggatacatat
cacattteec cgaaaagtgce
aatttaaatt ttttaatata
agaaaaaata gtttttgttt
actacctttt atcttgctct
ctgtgtagaa gaccacacac
atgtatatct atttaatctg
tgttgaaatt ttttaaacct
tetttattta ctttctaaaa
ttcccaaatt attccatcat
cgtectaaga aaccattatt

cctttegte

tcgegegttt cggtgatgac ggtgaaaacc tctgacacat geagetcceeg gagacggtca

cagettgtet gtaageggat gecgggagea gacaageceg teagggegeg teagegegtyg

6120

6180

6240

6300

6360

6420

6480

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7860

7920

7969

60

120



19

US 9,822,384 B2

20
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ttggcgggtyg teggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtgc 180
accataaatt cccgttttaa gagcttggtg agcgctagga gtcactgcca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tettttteta 300
ttactcttgg cctcctttca attcatcatt ttttttttat tcetttttttt gatttcggtt 360
tctttgaaat ttttttgatt cggtaatctc cgaacagaag gaagaacgaa ggaaggagca 420
cagacttaga ttggtatata tacgcatatg tagtgttgaa gaaacatgaa attgcccagt 480
attcttaacc caactgcaca gaacaaaaac ctgcaggaaa cgaagataaa tcatgtcgaa 540
agctacatat aaggaacgtg ctgctactca tcctagteet gttgetgeca agetatttaa 500
tatcatgcac gaaaagcaaa caaacttgtg tgcttcattg gatgttcgta ccaccaagga 560
attactggag ttagttgaag cattaggtcc caaaatttgt ttactaaaaa cacatgtgga 720
tatcttgact gatttttcca tggagggcac agttaagccg ctaaaggcat tatccgcecaa 780
gtacaatttt ttactcttcg aagacagaaa atttgctgac attggtaata cagtcaaatt 840
gcagtactct gegggtgtat acagaatage agaatgggca gacattacga atgcacacgg 900
tgtggtgggce ccaggtattyg ttagcggttt gaagcaggcg gcagaagaag taacaaagga 960
acctagaggc cttttgatgt tagcagaatt gtcatgcaag ggctccctat ctactggaga 1020
atatactaag ggtactgttg acattgcgaa gagcgacaaa gattttgtta tcggctttat 1080
tgctcaaaga gacatgggtg gaagagatga aggttacgat tggttgatta tgacacccgg 1140
tgtgggttta gatgacaagg gagacgcatt gggtcaacag tatagaaccyg tggatgatgt 1200
ggtctctaca ggatctgaca ttattattgt tggaagagga ctatttgcaa agggaaggga 1260
tgctaaggta gagggtgaac gttacagaaa agcaggctygg gaagcatatt tgagaagatyg 1320
cggccagcaa aactaatgac accgattatt taaagctgca gcatacgata tatatacatg 1380
tgtatatatg tatacctatg aatgtcagta agtatgtata cgaacagtat gatactgaag 1440
atgacaaggt aatgcatcat tctatacgtg tcattctgaa cgaggcgege ttteettttt 1500
tetttttget ttttcettttt ttttcectcttg aactcgacgg atctatgegg tgtgaaatac 1560
cgcacagatg cgtaaggaga aaataccgca tcaggaaatt gtaaacgtta atattttgtt 1620
aaaattcgcg ttaaattttt gttaaatcag ctcatttttt aaccaatagg ccgaaatcgg 1680
caaaatccct tataaatcaa aagaatagac cgagataggg ttgagtgttg ttccagtttg 1740
gaacaagagt ccactattaa agaacgtgga ctccaacgtc aaagggcgaa aaaccgtcta 1800
tcagggcgat ggcccactac gtgaaccatc accctaatca agttttttgg ggtcgaggtg 1860
ccgtaaagca ctaaatcgga accctaaagg gageccccga tttagagett gacggggaaa 1920
gccggcgaac gtggcgagaa aggaagggaa gaaagcgaaa ggagcegggeg ctagggegcet 1980
ggcaagtgta gcggtcacge tgcgcgtaac caccacaccce gcecgegetta atgegecget 2040
acagggcgceg tecgegecatt cgecattcag getgegeaac tgttgggaag ggcgateggt 2100
gcgggcectcet tegcetattac gecagetgge gaaaggggga tygtgctgcaa ggcgattaag 2160
ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca gtgagegege 2220
gtaatacgac tcactatagg gcgaattggg taccggccgce aaattaaagc cttcgagcegt 2280
cccaaaacct tctcaagcaa ggttttcagt ataatgttac atgcegtacac gegtctgtac 2340
agaaaaaaaa gaaaaatttg aaatataaat aacgttctta atactaacat aactataaaa 2400
aaataaatag ggacctagac ttcaggttgt ctaactcctt ccttttcggt tagagcggat 2460
gtggggggag ggcgtgaatg taagcgtgac ataactaatt acatgactcg aggtcgactt 2520
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acttgtcatc gtcatctttg tagtcaatat cgtggtcttt atagtcaccg tcatgatcct 2580
tgtaatcctt tgatctcttyg tagaccttat tcaagaaagce tgtcaaaacg tcggctttaa 2640
aacctettga tteatcaact tgactaatet ttgectttaa gtetttageg atggattett 2700
cgtattcatg gtacaattgt tcaatcttca aatcattaaa aattttctta cactttgcett 2760
cagcaactga gtccttttta ccgtagtttt catccaaagt ctttctttgt teggcagatyg 2820
ctaattccaa agccttgtta ataacccaac tgcacttatt gtcttgaata tctgtaccga 2880
ttttacctat ttgttctgga gtaccgaaac agtctaagta gtcatcttgg atttggaagt 2940
attcacccaa aggtatcaaa acatctettg cttgettcaa gtetttttea teagtaatac 3000
cagctacgta catagccaag gcgactggca aatagaagga gtaataagca gtttcaaagg 3060
tgacgatgaa tgaatgtttc ttcaaggaaa actttgacaa gtcaacttta tcettcaggtyg 3120
cagttatcaa atccatcaat tgacccaatt ctgtttggaa agtaacttcg tggaataatt 3180
cggtaatatc gatgtagtac ttttegttte tgaaatgtga cttcaacaat ttatagatag 3240
cggettccaa cataaaagca tcatttatgg ctatttcace aacttetgga actttgtace 3300
agcatggttg acctcttett gttatagact tatccatcat gtcatcggca accaaaaagt 3360
atgcttgcaa caattcaata caccaaccca agatagcgac cttttcgtat tettcttgac 3420
ctaattgttc aacggttttg ttagacaaga tagcataagt atcaactaca ctcaaacctc 3480
tattcaattt accacctgga gtattgtagt ttaaagagtg agcataccaa tcgcaggcett 3540
ctttaggcat accataaget aacaaactag cgttcaatte ttcaactaac tttgggaata 3500
cgttcaagaa tctttctett cttatttcct tttetgaage cataggacct ggattttett 3660
caacgtcacc acatgttaac aaagaacctc taccttcttc gaaatgactg aattgttgte 3720
tcaaaactct tctcatgatc ttgtttgttg cagttctagg taaggatgac aatgggacaa 3780
ctctagtaac tttgaataat gggttcaatt tcecttttgcaa acccaagtta aaggataatc 3840
tcaattggtt caaatcaatyg gttgtgtegt ttgaatcctt caatacgaaa aatatgacca 3900
attgttctgg accaccaccc aaaggtggaa caccaatagc agtggtttca aaaactctgt 3960
catctacttc attacagact ctttcgattt cgatagaact aattttgata ccaccgatgt 4020
tcatagtgtc atcggctcta ccgtgtgcat ggtagtaacc gttagaggtc aattcgaaaa 4080
tgtcaccatg tcttctcaat acttcaccat tcaaggttgg catacccttg aaatagacat 4140
cgtgatgatt accgtttaac aatgtttttg aggcaccaaa cataacagga cctaatgeca 4200
attcaccgat acctggctta tttttaggca ttgggtaacc gttcttatct aatatgtaca 4260
aggtgcaacc catacattgg gatgaaaaag aacttaaaga ttgagcttgc aaaaatgaac 4320
cagcagaaaa agcaccaccg atttctgtac caccacacat ttctataact ggcttgtagt 4380
tagctctacce cattaaccac aaatattegt ctacattaga ggcttcaccg gatgaagaaa 4440
agcatcttat ggtggaccaa tcgtaacctg aaacacaatt tgtggatttc catgatctta 4500
caatagatgg tacgacaccc aacattgtga cctttgcatc ttgaacaaat ttagcgaaac 4560
cagagactaa aggactaccyg ttgtacaagg caatagatge accatttaac aaactageat 4520
aaaccaacca aggacccatc atccaaccca aattagttgg ccatactata acgtcacctt 4680
ttctaatate caaatgagac caaccatcag cagcagectt caatggggtg gettgtgtece 4740
aaggaattgc ttttggttca cctgtagtac cactggagaa taagatgtta gtataagcat 4800
caacaggttyg ttetctggca gtaaactcge agtttttaaa ctecttgget ctttetaaaa 4860
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agtaatccca agatatgtca ccatctctca attctgcacc aatgttagaa ccactacaag 4920
ggataactat tgccattggg gatttagctt caactactct tgaatacaat ggtattctct 4980
ttttacctcet gatgatgtga tettgtgtga aaattgectt agetttggat aatctcaate 5040
tagttgagat ttcaggggcyg gaaaatgaat ctgctataga gacaactacg taaccagcca 5100
atactatggc caaatatata acaacagcat caacatgcat tggcatatcg atggctattyg 5160
cacaaccttt ttctaaaccc atttcttcca atgcataacc aaccaaccaa actctcttte 5220
tcaattgatc taatgtcaac ttattcaaag gcaagtcatc gttaccctcg tctctccaaa 5280
cgatcatagt atcgttcaat ttettattgg agtttacgtt caagcaattt ttagetgagt 5340
tcaagtaacc accaggtaac cattcagaac cacctgggtt gttgatgtca tctcecttctca 5400
agatacattc tgggtcctta gagaaactaa ttttcatttc atccatcaat actgttctcec 5460
aatagacttc agggtttcta acagaaaatt cttggaagtg agaaaaagaa gaaattggat 5520
ctttgtactt tacacccaaa aattctttac ctctcttttc caacaaagca cccaaattag 5580
ttgacttgac tttttcaggyg tctyggaatcec aagcaggtgg ggctggaceyg aaatecttgt 5640
agcaaccata aaacaacatt tggtgtaagg agaaaggcaa atctggtgac aagatatggt 5700
tagcgatgtt gatccaagtt tgaggggttg cagcaccata attacaaacg atttctgcca 5760
atctaccatg taatgtttct gctacttectg aggtgatacc caatgcgatg aaatctgagg 5820
caacgactga atccaaggac ttatagtttt tacccatact agttctagat ccgtcgaaac 5880
taagttcttg gtgttttaaa actaaaaaaa agactaacta taaaagtaga atttaagaag 5940
tttaagaaat agatttacag aattacaatc aatacctacc gtctttatat acttattagt 6000
caagtagggyg aataatttca gggaactggt ttaaaccttt tttttcaget ttttccaaat 6060
cagagagagc agaaggtaat agaaggtgta agaaaatgag atagatacat gcgtgggtca 6120
attgccttgt gtcatcattt actccaggca ggttgcatca ctccattgag gttgtgecccg 6180
ttttttgcect gtttgtgece tgttetetgt agttgegeta agagaatgga cctatgaact 6240
gatggttggt gaagaaaaca atattttggt gctgggattc tttttttttc tggatgccag 6300
cttaaaaagc gggctccatt atatttagtg gatgccagga ataaacctgt tcacccaagce 6360
accatcagtg ttatatattc tgtgtaaccc gcceccctatt ttggcatgta cgggttacag 6420
cagaattaaa aggctaattt tttgactaaa taaagttagg aaaatcacta ctattaatta 6480
tttacgtatt ctttgaaatyg gcagtattga taatgataaa ctcgagaget ccagettttg 6540
ttcagttgat tgtatgcttg gtatagcttg aaatattgtg cagaaaaaga aacaaggaag 6600
aaagggaacg agaacaatga cgaggaaaca aaagattaat aattgcaggt ctatttatac 6660
ttgatagcaa gacagcaaac ttttttttat ttcaaattca agtaactgga aggaaggccyg 6720
tataccgttg ctcattagag agtagtgtgc gtgaatgaag gaaggaaaaa gtttcgtgtg 6780
cttegagata ccectcatca getctggaac aacgacatet gttggtgetg tetttgtegt 6840
taattttttc ctttagtgtc ttcecatcatt tttttgtcat tgcggatatg gtgagacaac 6900
aacgggggag agagaaaaga aaaaaaaaga aaagaagttg catgcgcecta ttattactte 6960
aatagatggc aaatggaaaa agggtagtga aacttcgata tgatgatggc tatcaagtct 7020
agggctacag tattagttcg ttatgtacca ccatcaatga ggcagtgtaa ttggtgtagt 7080
cttgtttage ccattatgtc ttgtctggta tctgttctat tgtatatcte ccctecgeca 7140
cctacatgtt agggagacca acgaaggtat tataggaatc ccgatgtatg ggtttggttg 7200
ccagaaaaga ggaagtccat attgtacacc cggaaacaac aaaaggatgc gcegettggeg 7260
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taatcatggt catagctgtt tcctgtgtga aattgttatc cgctcacaat tccacacaac 7320
ataggagccg gaagcataaa gtgtaaagcc tggggtgect aatgagtgag gtaactcaca 7380
ttaattgegt tgegetcact gecegettte cagtegggaa acctgtegtyg ceagetgeat 7440
taatgaatcg gccaacgege ggggagaggce ggtttgegta ttgggcogete ttcegettece 7500
tegetecactyg actcgetgeyg cteggtegtt cggetgcgge gageggtatce agcectcactcea 7560
aaggcggtaa tacggttatc cacagaatca ggggataacg caggaaagaa catgtgagca 7620
aaaggccagce aaaaggccag gaaccgtaaa aaggccgedgt tgetggegtt tttecatagg 7680
cteegeeeee ctgacgagea tcacaaaaat cgacgetcaa gtcagaggtyg gegaaaccecey 7740
acaggactat aaagatacca ggcgtttccc cctggaagct ccctcgtgeg ctctectgtt 7800
ccgaccctge cgcttaccgg atacctgtcee gectttectee cttegggaag cgtggegett 7860
tctcatagcect cacgctgtag gtatctcagt tcggtgtagg tegttcgctce caagcetggge 7920
tgtgtgcacg aaccceccegt tcagcecgac cgectgegect tatccggtaa ctategtett 7980
gagtccaace cggtaagaca cgacttateg ccactggcag cagecactgg taacaggatt 8040
agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggec taactacggce 8100
tacactagaa ggacagtatt tggtatctgc gctetgctga agccagttac cttcggaaaa 8160
agagttggta gctcttgatc cggcaaacaa accaccgctg gtagcggtgg tttttttgtt 8220
tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttet 8280
acgggotetyg acgctcagty gaacgaaaac tcacgttaag ggattttggt catgagatta 8340
tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa 8400
agtatatatg agtaaacttyg gtctgacagt taccaatgct taatcagtga ggcacctatc 8460
tcagcgatct gtctatttcg ttcatccata gttgecctgac tcceccgtegt gtagataact 8520
acgatacggg agggcttacc atctggecce agtgetgcaa tgataccgeg agacccacge 8580
tcacecggete cagatttate agcaataaac cagecageeg gaagggcecga gegecagaagt 8640
ggtcctgcaa ctttatccge ctecatccag tctattaatt gttgeccggga agctagagta 8700
agtagttcge cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggty 8760
tcacgctegt cgtttggtat ggcttcattc agctceggtt cccaacgatc aaggcgagtt 8820
acatgatccce ccatgttgtyg caaaaaagcg gttagcetcct teggtcctece gategttgte 8880
agaagtaagt tggccgcagt gttatcacte atggttatgg cagcactgea taattctett 8940
actgtcatgc catccgtaag atgcttttct gtgactggtg agtactcaac caagtcattc 9000
tgagaatagt gtatgecggcyg accgagttgc tcecttgceccgg cgtcaatacg ggataatacc 9060
gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa 9120
ctctcaagga tcttaccget gttgagatce agttecgatgt aacccacteg tgcacccaac 9180
tgatcttcag catcttttac tttcaccagc gtttctgggt gagcaaaaac aggaaggcaa 9240
aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttcctt 9300
tttcaatatt attgaagecat ttatcagggt tattgtetcea tgagceggata catatttgaa 9360
tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct 9420
gggtecctttt catcacgtgc tataaaaata attataattt aaatttttta atataaatat 9480
ataaattaaa aatagaaagt aaaaaaagaa attaaagaaa aaatagtttt tgttttccga 9540
agatgtaaaa gactctaggg ggatcgccaa caaatactac cttttatett getettectg 9600
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ctctcaggta ttaatgccga attgtttcat cttgtcetgtg tagaagacca cacacgaaaa 9660
tcectgtgatt ttacatttta cttatcgtta atcgaatgta tatctattta atctgetttt 9720
cttgtctaat aaatatatat gtaaagtacg ctttttgttyg aaatttttta aacctttgtt 9780
tatttttttt tcttcattcc gtaactcttc taccttcecttt atttactttc taaaatccaa 9840
atacaaaaca taaaaataaa taaacacaga dtaaattccc aaattattcc atcattaaaa 9900
gatacgaggc gcgtgtaagt tacaggcaag cgatccgtce taagaaacca ttattatcat 9960
gacattaacc tataaaaata ggcgtatcac gaggcccttt cgte 10004
<210> SEQ ID NO 3
<211> LENGTH: 9508
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 3
tcgegegttt cggtgatgac ggtgaaaacc tctgacacat gecagetcceg gagacggtea 60
cagcttgtcet gtaagecggat gcecgggagca gacaagcecceg tcagggcegeg tcagegegtyg 120
ttggcgggty teggggctgg cttaactatyg cggcatcaga gcagattgta ctgagagtgc 180
accataaatt cccgttttaa gagcttggtg agcgctagga gtcactgcca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tetttttcta 300
ttactcttgg cctectaacg acattactat atatataata taggaagcat ttaatagaca 360
gcatcgtaat atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt 420
ctttattgaa aaatagcttyg tcaccttacg tacaatcttg atccggaget tttetttttt 480
tgccgattaa gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat 540
tggtgactat tgagcacgtg agtatacgtg attaagcaca caaaggcagc ttggagtatg 500
tctgttatta atttcacagg tagttctggt ccattggtga aagtttgegg cttgcagage 560
acagaggccg cagaatgtge tctagattcce gatgetgact tgetgggtat tatatgtgtg 720
c¢ccaatagaa agagaacaat tgacccggtt attgcaagga aaatttcaag tettgtaaaa 780
gcatataaaa atagttcagg cactccgaaa tacttggttg gegtgttteg taatcaacct 840
aaggaggatg ttttggctct ggtcaatgat tacggcattg atatcgtcca actgcatgga 900
gatgagtcegt ggcaagaata ccaagagttc ctecggtttge cagttattaa aagactcgta 960
tttccaaaag actgcaacat actactcagt gcagcttcac agaaacctca ttcgtttatt 1020
cccttgtttyg attcagaagc aggtgggaca ggtgaacttt tggattggaa ctcgatttcet 1080
gactgggttg gaaggcaaga gagccccgaa agcttacatt ttatgttage tggtggactg 1140
acgccagaaa atgttggtga tgcgcttaga ttaaatggceg ttattggtgt tgatgtaagce 1200
ggaggtgtgg agacaaatgg tgtaaaagac tctaacaaaa tagcaaattt cgtcaaaaat 1260
gctaagaaat agtgacaccyg attatttaaa gctygcagcat acgatatata tacatgtgta 1320
tatatgtata cctatgaatyg tcagtaagta tgtatacgaa cagtatgata ctgaagatga 1380
caaggtaatg catcattcta tacgtgtcat tctgaacgag gcgcgcttte cttttttett 1440
tttgcttttt cttttttttt ctcttgaact cgacggatct atgecggtgtg aaataccgca 1500
cagatgcgta aggagaaaat accgcatcag gaaattgtaa acgttaatat tttgttaaaa 1560
ttcgcgttaa atttttgtta aatcagctca ttttttaacc aataggccga aatcggcaaa 1620
atcccttata aatcaaaaga atagaccgag atagggttga gtgttgttcc agtttggaac 1680
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aagagtccac tattaaagaa cgtggactcc aacgtcaaag ggcgaaaaac cgtctatcag 1740
ggcgatggcece cactacgtga accatcaccce taatcaagtt ttttggggte gaggtgeegt 1800
aaagcactaa atcggaaccee taaagggage ceccegattta gagettgacyg gggaaagecy 1860
gcgaacgtgyg cgagaaagga agggaagaaa gcgaaaggag cgggcegetag ggcgetggca 1920
agtgtagegg tcacgctgcg cgtaaccacc acacccegecg cgcttaatge gecgctacag 1980
ggcgcgtege gccattcegeco attcaggctg cgcaactgtt gggaagggcyg atcggtgcgg 2040
gcctettege tattacgeca gectggegaaa gggggatgtg ctgcaaggeg attaagttgg 2100
gtaacgecag ggttttecca gtecacgacgt tgtaaaacga cggecagtga gegegegtaa 2160
tacgactcac tatagggcga attgggtacc ggccgcaaat taaagccttc gagegtccca 2220
aaaccttecte aagcaaggtt ttcagtataa tgttacatgc gtacacgcegt ctgtacagaa 2280
aaaaaagaaa aatttgaaat ataaataacg ttcttaatac taacataact ataaaaaaat 2340
aaatagggac ctagacttca ggttgtctaa ctecettectt tteggttaga geggatgtgg 2400
ggggagggceg tgaatgtaag cgtgacataa ctaattacat gactcgaggt cgacttacaa 2460
atcttcttca cttattaatt tttgttcgtg gtggtgaggt ggcaaaggtg ggatggattg 2520
ttcgtttetyg aaaaagttgt tagggtcggce tttagtcttt actttaacta atctgttgaa 2580
atttttacca aagtactttt caccccaaat tcttgcttgt gtatagttat ttggagattc 2640
agggttagtt ttacctaagt ccaaatctct gtagttcaaa tatgccaatc ttgggttttg 2700
actaacgtaa ggtgtagtga agttgtaaac ggatctgacce cagttgatat gettttegtt 2760
atcttecttge ttttcccatg aggctgtgta ccataattca tacatgatac cagctctgtg 2820
aggaaatggt atggctgatt cagatatttc ttccataata ccaccgtatg gatacaaaac 2880
gtacatgccg acacctacat cttcttcgta caacttttcc aatatcttga ccattgcagt 2940
ttcagggatt ggtttcttaa cgtagtccaa tttaatagaa aaagcggtct ttttaccage 3000
ggatctatce aacaagattt cctttttgaa gttageggtg ttgaagttta caacacctga 3060
atagaagatg gttgtgtcta tccaagaaaa ttccttgcaa tctgtctttt taatacccaa 3120
ttctgggaat gacttattca tcaaatcaac caaagaatct acaccaccat ggaaaattga 3180
agaaaaataa ccgtgaacag tggtcttatt tttaccatgg ttatctgtaa tatttttagt 3240
gatgaaatgg gtcatcaaaa ccaagtcctt atcgtacttg taagcgatgt tttgeccactt 3300
attaaacaac ttaaccaaac cgtggatttc catgttettt ttgacagaga aaatagtact 3360
tttggaagga acagcgacta acttaatttt ccaagcggca atgataccga aattttcacc 3420
accaccacct cttatggccc aaaacaaatc ttcacccata gactttcectgt ccaaaacttt 3480
accatctacg ttaaccaaat gggcgtctat aatattatct gcagctaaac cgtagtttcect 3540
catcaatgca ccataaccac caccagaaaa gtgaccaccg acacctactg ttggacagta 3600
accaccaggg aaagaaaagt tttcattctt ttcgttgatc cagtagtaaa cttcacccaa 3660
ggtggcacct gcttctacce atgctgtttg actgtgaacg tcgatcttta tggaatgcat 3720
atttcetcaaa tcgactacaa cgaatggaac ttgtgagatyg taagacatge cttetgeate 3780
atgaccacct gatctagttc tgatttgcaa acctactttc ttagagcaca atatagaagce 3840
ttgaatgtga ctaacattgg aaggtgtaac aatgactaaa ggttttggtg tagtgtcaga 3900
agtgaatctc aaattttgga tggtactgtt caaaacggac atgtacaatt gatcatgttyg 3960
agtatatata aactttgggt tagcagggtt gtttgggatg tattcggaga aacacttcaa 4020
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aaagttttct tgtggatttg cgatggagat ttggatgttg aaggacaaga agaagaagat 4080
tattttacag acgaaccaga aagagaatgc ggagcagttc ataggacctg gattttcttce 4140
aacgtcacca caggtcaaca aagaacctcet accttcaata aaaacgtata ccaaatatte 4200
agcgtagtac aatttccaca taaactcgta gaatcttcta cctgcttcag ggtcataatt 4260
tgtcaaagcyg aaatctctag tttgcaagat caaccagaaa gccaagatgg catgtgacaa 4320
caacataacg ttagaattaa aggcttgtgg ccaaatgata cctgccaaaa tggctgcgac 4380
gtaacttaac aaaacgatac cggagcagaa caaagtcaaa tttcttgaac cgtacttaga 4440
agccaaggta ctaataccga actttgtgtce accttcaacg tcagaggcat ccettgatcaa 4500
ggctaatgca gaacccatac ttttcatgaa tgccaacaaa aatgtgaatg aaggtctcaa 4560
ttcgaatgge aaacctaaag cagctcttga agcgtagtag aaggtgaagt ttgtgatgat 45620
atgagctaag aaattcaaca aaaaggcagt actagggttt tgtttccatc taaaaggtgg 4680
tacggaatag acaataccac cgaagatacc gaaacagtaa ccgaagatgt acaatggacc 4740
acccttecatt ttaattgtga tgatcaaacc gaacaaggcet actatgatag acatgatcca 4800
tgcagtattg acggatattt cacctgaagc caaaggcaaa tctggtttgt taattctgtce 4860
gatgtgcaaa tcgtatattt gattaattgt agtggtgaat gaagcgatgc acaagatggc 4920
aactaaaaag aaaaatgcct tgaacatcaa ggaccatgaa attaagttag tgttatgcaa 4980
caattcttta ccgaataaac cgcatgcaca agaagtaaaa gcgattatgg tgtatggtct 5040
ttgcaactte caacatgett taccgaagtt caaaattttt gtggcaacag agtgattate 5100
actttcaggt ggttcagttt gatttgtagt tgcagctctg atagagttct tagctataga 5160
caaactttcg gagcacttat tttgtaagtg gaaggacttg gttgaacaat gttttgatgyg 5220
aaagttgttg taagagtact taataggtgt ctttggatgt ctgtaacaca acaatgatgt 5280
ttttggattg ttgttgtgag gattcaataa ggtatgatag ttagtttgga aggagaaagt 5340
acagacggat gataaaccca tactagttcet agatccgtceg aaactaagtt cttggtgttt 5400
taaaactaaa aaaaagacta actataaaag tagaatttaa gaagtttaag aaatagattt 5460
acagaattac aatcaatacc taccgtcttt atatacttat tagtcaagta ggggaataat 5520
ttcagggaac tggtttaaac cttttttttc agectttttcee aaatcagaga gagcagaagyg 5580
taatagaagg tgtaagaaaa tgagatagat acatgcgtgg gtcaattgcc ttgtgtcatc 5640
atttactcca ggcaggttge atcactccat tgaggttgtg ccegtttttt gectgtttgt 5700
gcecectgttet ctgtagttge gctaagagaa tggacctatg aactgatggt tggtgaagaa 5760
aacaatattt tggtgctggg attctttttt tttcetggatg ccagcttaaa aagcgggctce 5820
cattatattt agtggatgcc aggaataaac ctgttcaccc aagcaccatc agtgttatat 5880
attctgtgta acccgcccce tattttggca tgtacgggtt acagcagaat taaaaggcta 5940
attttttgac taaataaagt taggaaaatc actactatta attatttacg tattctttga 6000
aatggcagta ttgataatga taaactcgag agctccaget tttgttcagt tgattgtatyg 6060
cttggtatag cttgaaatat tgtgcagaaa aagaaacaag gaagaaaggg aacgagaaca 6120
atgacgagga aacaaaagat taataattgc aggtctattt atacttgata gcaagacagc 6180
aaactttttt ttatttcaaa ttcaagtaac tggaaggaag gccgtatacc gttgctcatt 6240
agagagtagt gtgcgtgaat gaaggaagga aaaagtttcg tgtgcttcga gatacccctce 6300
atcagctctg gaacaacgac atctgttggt gctgtctttg tecgttaattt tttectttag 6360
tgtcttccat catttttttyg tcattgcgga tatggtgaga caacaacggg ggagagagaa 6420
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aagaaaaaaa aagaaaagaa gttgcatgcg cctattatta cttcaataga tggcaaatgg 6480
aaaaagggta gtgaaacttc gatatgatga tggctatcaa gtctaggget acagtattag 6540
ttegttatgt accaccatca atgaggcagt gtaattggtyg tagtettgtt tageccatta 6600
tgtcttgtct ggtatctgtt ctattgtata tctececctec gecacctaca tgttagggag 6660
accaacgaag gtattatagg aatccecgatg tatgggtttg gttgccagaa aagaggaagt 6720
ccatattgta cacccggaaa caacaaaagg atgcgcgctt ggcgtaatca tggtcatage 6780
tgttteccetgt gtgaaattgt tatccgetca caattccaca caacatagga gcecggaagca 6840
taaagtgtaa agectggggt gectaatgag tgaggtaact cacattaatt gegttgeget 6900
cactgcccge tttccagtcg ggaaacctgt cgtgccaget gcattaatga atcggccaac 6960
gcgeggggayg aggcggtttyg cgtattggge gcetcecttececge ttectegete actgactege 7020
tgcgcteggt cgtteggetyg cggcgagegg tatcagctca ctcaaaggceg gtaatacggt 7080
tatccacaga atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg 7140
ccaggaaccg taaaaaggcc gegttgetgg cgttttteca taggectecge cecectgacyg 7200
agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat 7260
accaggcgtt tccccectgga agetcecteg tgcgetctee tgttccgacce ctgecgetta 7320
ccggatacct gtccgecttt cteecttegg gaagegtgge getttctcat agctcacget 7380
gtaggtatct cagtteggtg taggtegtte gctceccaaget gggetgtgtg cacgaacccce 7440
cegttecagee cgacegetge gecttateeg gtaactateg tettgagtece aacceggtaa 7500
gacacgactt atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg 7560
taggcggtge tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag 7620
tatttggtat ctgcgctctyg ctgaagccag ttaccttcgg aaaaagagtt ggtagctcett 7680
gatcecggecaa acaaaccacc gctggtageg gtggtttttt tgtttgcaag cagcagatta 7740
cgegcagaaa aaaaggatct caagaagatc ctttgatctt ttetacgggg tetgacgete 7800
agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca 7860
cctagatcect tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa 7920
cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat 7980
ttecgttcate catagttgec tgactecceg tecgtgtagat aactacgata cgggagggcet 8040
taccatectgg cceccagtget gcaatgatac cgcgagaccee acgctcaceg getecagatt 8100
tatcagcaat aaaccagcca gccggaaggg ccgagcgcag aagtggtcct gcaactttat 8160
cecgectecat ccagtectatt aattgttgce gggaagctag agtaagtagt tcegccagtta 8220
atagtttgcg caacgttgtt gccattgcta caggcatcgt ggtgtcacgce tcgtegtttg 8280
gtatggette attcagctcco ggttcccaac gatcaaggeg agttacatga tceccccatgt 8340
tgtgcaaaaa agcggttagc tecttceggte ctcegatcgt tgtcagaagt aagttggecg 8400
cagtgttatc actcatggtt atggcagcac tgcataattc tcttactgtc atgccatccg 8460
taagatgett ttetgtgact ggtgagtact caaccaagte attetgagaa tagtgtatge 8520
ggcgaccgag ttgctcttgc ccggcgtcaa tacgggataa taccgcgcca catagcagaa 8580
ctttaaaagt gctcatcatt ggaaaacgtt ctteggggeg aaaactcetca aggatcttac 8640
cgctgttgag atccagtteg atgtaaccca ctegtgcacce caactgatct tcagcatctt 8700
ttactttcac cagcgtttet gggtgagcaa aaacaggaag gcaaaatgec gcaaaaaagg 8760
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gaataagggc gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa 8820
gcatttatca gggttattgt ctcatgagcg gatacatatt tgaatgtatt tagaaaaata 8880
aacaaatagg ggttccgege acatttcecec gaaaagtgec acctgggtec tttteatcac 8940
gtgctataaa aataattata atttaaattt tttaatataa atatataaat taaaaataga 9000
aagtaaaaaa agaaattaaa gaaaaaatag tttttgtttt ccgaagatgt aaaagactct 9060
agggggatcg ccaacaaata ctacctttta tcttgctctt cctgctctca ggtattaatyg 9120
ccgaattgtt tcatcttgtc tgtgtagaag accacacacg aaaatcctgt gattttacat 9180
tttacttatc gttaatcgaa tgtatatcta tttaatetge ttttettgte taataaatat 9240
atatgtaaag tacgcttttt gttgaaattt tttaaacctt tgtttatttt tttttcttca 9300
ttcegtaact cttcetacctt ctttatttac tttctaaaat ccaaatacaa aacataaaaa 9360
taaataaaca cagagtaaat tcccaaatta ttccatcatt aaaagatacg aggcgegtgt 9420
aagttacagg caagcgatcc gtcctaagaa accattatta tcatgacatt aacctataaa 9480
aataggcgta tcacgaggec ctttegte 9508
<210> SEQ ID NO 4
<211> LENGTH: 9505
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 4
tegegegttt cggtgatgac ggtgaaaacc tctgacacat gecagctceeccg gagacggtca 60
cagettgtet gtaagcggat gecgggagca gacaageccg tcagggegeg tcagegegty 120
ttggcgggtyg teggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtgc 180
accataaatt cccgttttaa gagcttggtg agcgctagga gtcactgcca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt ccecgcaattt tettttteta 300
ttactcttgg cctcctaacyg acattactat atatataata taggaagcat ttaatagaca 360
gcatcgtaat atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt 420
ctttattgaa aaatagcttg tcaccttacg tacaatcttg atccggagct tttetttttt 480
tgccgattaa gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat 540
tggtgactat tgagcacgtg agtatacgtg attaagcaca caaaggcagce ttggagtatg 500
tctgttatta atttcacagg tagttetggt ccattggtga aagtttgegg cttgcagage 560
acagaggccg cagaatgtgc tctagattcce gatgctgact tgctgggtat tatatgtgtyg 720
cccaatagaa agagaacaat tgacccggtt attgcaagga aaatttcaag tcttgtaaaa 780
gcatataaaa atagttcagg cactccgaaa tacttggttg gegtgttteg taatcaacct 840
aaggaggatg ttttggetet ggtcaatgat tacggcattg atatcgtcca actgecatgga 900
gatgagtcgt ggcaagaata ccaagagttc ctcggtttge cagttattaa aagactcgta 960
tttccaaaag actgcaacat actactcagt gcagettcac agaaacctca ttegtttatt 1020
ccettgtttyg attcagaage aggtgggaca ggtgaacttt tggattggaa ctcgatttcet 1080
gactgggttg gaaggcaaga gagccccgaa agcttacatt ttatgttage tggtggactg 1140
acgccagaaa atgttggtga tgcgcttaga ttaaatggcg ttattggtgt tgatgtaagce 1200
ggaggtgtgg agacaaatgg tgtaaaagac tctaacaaaa tagcaaattt cgtcaaaaat 1260
gctaagaaat agtgacaccg attatttaaa gctgcagcat acgatatata tacatgtgta 1320
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tatatgtata cctatgaatg tcagtaagta tgtatacgaa cagtatgata ctgaagatga 1380
caaggtaatg catcattcta tacgtgtcat tctgaacgag gegegettte cttttttett 1440
tttgettttt cttttttttt ctettgaact cgacggatet atgeggtgtyg aaataccgea 1500
cagatgcgta aggagaaaat accgcatcag gaaattgtaa acgttaatat tttgttaaaa 1560
ttcgcgttaa atttttgtta aatcagctca ttttttaacc aataggccga aatcggcaaa 1620
atcccttata aatcaaaaga atagaccgag atagggttga gtgttgttcc agtttggaac 1680
aagagtccac tattaaagaa cgtggactcc aacgtcaaag ggcgaaaaac cgtctatcag 1740
ggcgatggee cactacgtga accatcacce taatcaagtt ttttggggte gaggtgecegt 1800
aaagcactaa atcggaaccc taaagggagc cccegattta gagcettgacg gggaaagcecyg 1860
gcgaacgtgy cgagaaagga aggdaagaaa gcgaaaggag cgggcgcetag ggcgctggca 1920
agtgtagegg tcacgctgceg cgtaaccacc acacccgecg cgcttaatge gecgctacag 1980
ggcgegtege gecattegeco attcaggetg cgcaactgtt gggaagggceyg atcggtgegg 2040
gectettege tattacgeca getggegaaa gggggatgtg ctgcaaggeg attaagttgg 2100
gtaacgccag ggttttccca gtcacgacgt tgtaaaacga cggccagtga gegegcgtaa 2160
tacgactcac tatagggcga attgggtacc ggccgcaaat taaagccttc gagegtccca 2220
aaaccttctc aagcaaggtt ttcagtataa tgttacatgc gtacacgcgt ctgtacagaa 2280
aaaaaagaaa aatttgaaat ataaataacg ttcttaatac taacataact ataaaaaaat 2340
aaatagggac ctagacttca ggttgtctaa ctecettectt tteggttaga geggatgtgg 2400
ggggagggcg tgaatgtaag cgtgacataa ctaattacat gactcgaggt cgacttacaa 2460
atcttecttca cttattaatt tttgttecgtg tcectatgtcta ggtaaaggtg gaatggatty 2520
ttcgtttecta aagaagttgt ttgggtcaac caatgtctta acctttacta atctatcgaa 2580
atttttaccg aagtattttt caccccaaat tctagettgg gtatagttgt taggattcett 2640
tggatcgtta ataccgatgt ccaaatctcet gtagttcaaa tatgccaate tagggttttt 2700
agaaacgtat ggagtcatga agttatagat gtttctaatc cagtttaagt gcttttcgtt 2760
atcttecttge ttttceccatyg aacaaatgta ccacaattcg tataagatac cagctctatyg 2820
aggaaatgga atggcagatt cactgatttc gtccattata ccaccgtatg gatacaaggc 2880
gtacatgcct gcaccaatat cttcttegta caatttttet aagatttgga cgaaaactga 2940
ttcaggtatt ggctttttaa cgtagtctaa cttaatttta aaggcaccgt tttgacctge 3000
ggatctatcc aataatattt ctttgttgaa gttgtctgta tcgtagttga caacacctga 3060
ataaaagatg atggtgtcga tccaagacaa ttgtctacaa tcagttttct taatacctaa 3120
ttctggaaaa gacttattca tcaagtctac taaggaatcg acaccaccca agaaaactga 3180
agaaaagtat gtgtggatag cagtcttatt tttaccttgg ttatcggtga tgtttettgt 3240
gatgaaatga gtcatcaaca acaagtcctt atcgtacttg tatgcgatgt tttgccactt 3300
attgaccaat ttaactaatt catggatttc cattatcttt ttgactgaga acatagtaga 3360
ctttggtact gegactaate ttatetteca agcaactatyg ataccgaatyg attetgeace 3420
accacctcte aaagcccaaa ataagtcttce acccatagac tttctatcca aaactttacce 3480
gtgaacattt accaaatgag cgtcgattat gttatcageg gccaaaccgt agtttcetceat 3540
taaaggacca taaccaccac caccaaaatg accacctgcg caaactgttg gacagtaacc 3600
agcagccaat gataagtttt cattettttce gttaacccag tagtatactt cacccaatgt 35660
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tgcaccagct tcaacccaag cagtttgtga gtgtacgtct attttaattg atctcatgtt 3720
tctcaaatca acgataacga atggaacttg ggagatgtat gacatgcctt cactatcatg 3780
accaccggat ctagttctaa tttgcaaacc aaccttttta gaacataaga tagtaccttg 3840
gatgtgagat acatgactag gggttacaat gaccaaaggt tttggagtgg tatcagaagt 3900
gaatctcaaa ttatggattg tactgttcaa gacggacatg tacaatgggt tgttttgagt 3960
gtaaaccaac ttcaaattgg tggcgttatt aggtatgtat tgtgagaagc acttcaaaaa 4020
gttttctett gggtttgcga tacttgtttg gatgttaaag gaaaagaaaa agaagatgat 4080
cttgcatacg aaccaaaagg agaaagttga acatttcata ggacctggat tttettcaac 4140
gtcaccacag gtcaacaaag aacctctacc ttcaataaaa acgtatacca aatattcagc 4200
gtagtacaat ttccacataa actcgtagaa tcttctacct gcttcagggt cataatttgt 4260
caaagcgaaa tctctagttt gcaagatcaa ccagaaagcc aagatggcat gtgacaacaa 4320
cataacgtta gaattaaagg cttgtggcca aatgatacct gccaaaatgg ctgcgacgta 4380
acttaacaaa acgatacecgg agcagaacaa agtcaaattt cttgaaccgt acttagaage 4440
caaggtacta ataccgaact ttgtgtcacc ttcaacgtca gaggcatcct tgatcaaggc 4500
taatgcagaa cccatacttt tcatgaatgc caacaaaaat gtgaatgaag gtctcaattc 4560
gaatggcaaa cctaaagcag ctcttgaagce gtagtagaag gtgaagtttg tgatgatatg 4620
agctaagaaa ttcaacaaaa aggcagtact agggttttgt ttccatctaa aaggtggtac 4680
ggaatagaca ataccaccga agataccgaa acagtaaccg aagatgtaca atggaccacc 4740
cttcatttta attgtgatga tcaaaccgaa caaggctact atgatagaca tgatccatgce 4800
agtattgacg gatatttcac ctgaagccaa aggcaaatct ggtttgttaa ttctgtcgat 4860
gtgcaaatcg tatatttgat taattgtagt ggtgaatgaa gcgatgcaca agatggcaac 4920
taaaaagaaa aatgccttga acatcaagga ccatgaaatt aagttagtgt tatgcaacaa 4980
ttctttaccg aataaaccgce atgcacaaga agtaaaagceg attatggtgt atggtetttg 5040
caacttccaa catgctttac cgaagttcaa aatttttgtg gcaacagagt gattatcact 5100
ttcaggtggt tcagtttgat ttgtagttgc agctctgata gagttcttag ctatagacaa 5160
actttcggag cacttatttt gtaagtggaa ggacttggtt gaacaatgtt ttgatggaaa 5220
gttgttgtaa gagtacttaa taggtgtctt tggatgtctg taacacaaca atgatgtttt 5280
tggattgttg ttgtgaggat tcaataaggt atgatagtta gtttggaagg agaaagtaca 5340
gacggatgat aaacccatac tagttctaga tccgtcgaaa ctaagttctt ggtgttttaa 5400
aactaaaaaa aagactaact ataaaagtag aatttaagaa gtttaagaaa tagatttaca 5460
gaattacaat caatacctac cgtctttata tacttattag tcaagtaggg gaataatttc 5520
agggaactgg tttaaacctt ttttttcagc tttttccaaa tcagagagag cagaagdtaa 5580
tagaaggtgt aagaaaatga gatagataca tgcgtgggtce aattgccttyg tgtcatcatt 5640
tactccagge aggttgcatc actccattga ggttgtgece gttttttgece tgtttgtgec 5700
ctgttectetg tagttgeget aagagaatgg acctatgaac tgatggttgg tgaagaaaac 5760
aatattttgg tgctgggatt cttttttttt ctggatgcca gcttaaaaag cgggctccat 5820
tatatttagt ggatgccagg aataaacctg ttcacccaag caccatcagt gttatatatt 5880
ctgtgtaacc cgccccctat tttggcatgt acgggttaca gcagaattaa aaggctaatt 5940
ttttgactaa ataaagttag gaaaatcact actattaatt atttacgtat tctttgaaat 6000
ggcagtattg ataatgataa actcgagagc tccagctttt gttcagttga ttgtatgett 6060
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ggtatagctt gaaatattgt gcagaaaaag aaacaaggaa gaaagggaac gagaacaatg 6120
acgaggaaac aaaagattaa taattgcagg tctatttata cttgatagca agacagcaaa 6180
ctttttttta tttcaaatte aagtaactgg aaggaaggec gtatacegtt getcattaga 6240
gagtagtgtg cgtgaatgaa ggaaggaaaa agtttcgtgt gcttcgagat acccctcatc 6300
agctctggaa caacgacatc tgttggtgct gtctttgteg ttaatttttt cctttagtgt 6360
cttccatcat ttttttgtca ttgcggatat ggtgagacaa caacggggga gagagaaaag 6420
aaaaaaaaag aaaagaagtt gcatgegect attattactt caatagatgg caaatggaaa 6480
aagggtagtg aaacttcgat atgatgatgg ctatcaagte tagggctaca gtattagtte 6540
gttatgtacc accatcaatg aggcagtgta attggtgtag tcttgtttag cccattatgt 6600
cttgtctggt atctgttcta ttgtatatct cccctecgee acctacatgt tagggagacc 6660
aacgaaggta ttataggaat cccgatgtat gggtttggtt gccagaaaag aggaagtcca 6720
tattgtacac ccggaaacaa caaaaggatg cgcgettgge gtaatcatgg tcatagetgt 6780
tteetgtgtg aaattgttat cegctcacaa ttccacacaa cataggagec ggaagcataa 6840
agtgtaaagc ctggggtgcc taatgagtga ggtaactcac attaattgeg ttgcgctcac 6900
tgcccgettt ccagteggga aacctgtegt geccagetgca ttaatgaatc ggccaacgeyg 6960
cggggagagg cggtttgcgt attgggcgct cttecgcette ctecgctcact gactcgetge 7020
gcteggtegt teggetgegg cgagcggtat cagcetcacte aaaggcggta atacggttat 7080
ccacagaate aggggataac gcaggaaaga acatgtgage aaaaggcecag caaaaggeca 7140
ggaaccgtaa aaaggccgcg ttgctggegt tttteccatag gctecgecce cectgacgage 7200
atcacaaaaa tcgacgctca agtcagaggt ggcgaaaccce gacaggacta taaagatacc 7260
aggcgtttce ccctggaage tccctegtge getetectgt tecgaccctg cegettaccyg 7320
gatacctgte cgectttete ccttecgggaa gcegtggeget ttetcatage tcacgetgta 7380
ggtatctcag ttcggtgtag gtegtteget ccaagetggg ctgtgtgecac gaaccceceecy 7440
ttcagcccga ccgctgegece ttatccggta actatcgtcet tgagtccaac ceggtaagac 7500
acgacttatc gccactggca gcagccactg gtaacaggat tagcagagcg aggtatgtag 7560
gcggtgctac agagttcttg aagtggtgge ctaactacgg ctacactaga aggacagtat 7620
ttggtatctg cgctetgetyg aagccagtta cctteggaaa aagagttggt agetcttgat 7680
ccggcaaaca aaccaccget ggtageggtg gtttttttgt ttgcaagcag cagattacge 7740
gcagaaaaaa aggatctcaa gaagatcctt tgatcttttc tacggggtct gacgctcagt 7800
ggaacgaaaa ctcacgttaa gggattttgg tcatgagatt atcaaaaagg atcttcacct 7860
agatcctttt aaattaaaaa tgaagtttta aatcaatcta aagtatatat gagtaaactt 7920
ggtctgacag ttaccaatgc ttaatcagtg aggcacctat ctcagcgatc tgtctattte 7980
gttcatccat agttgecctga ctecccegteg tgtagataac tacgatacgg gagggcttac 8040
catctggeccc cagtgctgca atgataccgc gagacccacg ctcaccggct ccagatttat 8100
cagcaataaa ccagecagee ggaagggecy agegcagaag tggtectgea actttatecy 8160
cctccateca gtctattaat tgttgecggg aagctagagt aagtagttcg ccagttaata 8220
gtttgcgecaa cgttgttgec attgctacag gcategtggt gtcacgeteg tegtttggta 8280
tggcttcatt cagctecggt tceccaacgat caaggcgagt tacatgatcc cccatgttgt 8340
gcaaaaaagc ggttagcetcec tteggtecte cgategttgt cagaagtaag ttggccgeag 8400
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tgttatcact catggttatg gcagcactgc ataattctct tactgtcatg ccatccgtaa 8460
gatgcttttc tgtgactggt gagtactcaa ccaagtcatt ctgagaatag tgtatgcggce 8520
gaccgagttyg ctecttgecceg gegtcaatac gggataatac cgcgcecacat agcagaactt 8580
taaaagtgct catcattgga aaacgttctt cggggcgaaa actctcaagg atcttaccgce 8640
tgttgagatc cagttcgatyg taacccactc gtgcacccaa ctgatcttca geatctttta 8700
ctttcaccag cgtttctggg tgagcaaaaa caggaaggca aaatgccgca aaaaagggaa 8760
taagggcgac acggaaatgt tgaatactca tactcttcct ttttcaatat tattgaagca 8820
tttatcaggg ttattgtetc atgagcggat acatatttga atgtatttag aaaaataaac 8880
aaataggggt tccgcgcaca tttccccgaa aagtgccacc tgggtccttt tcatcacgtg 8940
ctataaaaat aattataatt taaatttttt aatataaata tataaattaa aaatagaaag 9000
taaaaaaaga aattaaagaa aaaatagttt ttgttttccg aagatgtaaa agactctagg 9060
gggatcgcca acaaatacta ccttttatct tgctcttcect gctcectcaggt attaatgecg 9120
aattgtttca tcttgtetgt gtagaagacc acacacgaaa atcctgtgat tttacatttt 9180
acttatcgtt aatcgaatgt atatctattt aatctgcttt tcttgtctaa taaatatata 9240
tgtaaagtac gctttttgtt gaaatttttt aaacctttgt ttattttttt ttcttcattc 9300
cgtaactctt ctaccttett tatttacttt ctaaaatcca aatacaaaac ataaaaataa 9360
ataaacacag agtaaattcc caaattattc catcattaaa agatacgagg cgcgtgtaag 9420
ttacaggcaa gcgatcegte ctaagaaacc attattatca tgacattaac ctataaaaat 9480
aggcgtatca cgaggccctt tegtce 9505
<210> SEQ ID NO 5
<211> LENGTH: 8696
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 5
tcgegegttt cggtgatgac ggtgaaaacc tctgacacat gecagcetcececg gagacggtca 60
cagcttgtet gtaagcggat gccgggagca gacaageccg tcagggcegeg tcagcgegtg 120
ttggcgggtyg tcggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaatt cccgttttaa gagettggtg agegetagga gtcactgceca ggtategttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tettttteta 300
ttactcttgg cctectaact gtgggaatac tcaggtatcg taagatgcaa gagttcgaat 360
ctcttagcaa ccattatttt tttcctcaac ataacgagaa cacacagggg cgctatcgca 420
cagaatcaaa ttcgatgact ggaaattttt tgttaatttc agaggtcgcc tgacgcatat 480
accttttteca actgaaaaat tgggagaaaa aggaaaggtg agaggccgga accggetttt 540
catatagaat agagaagcgt tcatgactaa atgcttgcat cacaatactt gaagttgaca §00
atattattta aggacctatt gttttttcca ataggtggtt agcaatcgtce ttactttcta 560
acttttctta ccttttacat ttcagcaata tatatatata tttcaaggat ataccattct 720
aatgtctgce cctatgtctg cccctaagaa gatcgtegtt ttgecaggtg accacgttgg 780
tcaagaaatc acagccgaag ccattaaggt tcttaaaget atttctgatg ttegttccaa 840
tgtcaagttc gatttcgaaa atcatttaat tggtggtgct gctatcgatg ctacaggtgt 900
cccactteca gatgaggcge tggaagectce caagaaggtt gatgcecgttt tgttaggtge 960
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tgtgggtggt cctaaatggg gtaccggtag tgttagacct gaacaaggtt tactaaaaat 1020
ccgtaaagaa cttcaattgt acgccaactt aagaccatgt aactttgecat ccgactctet 1080
tttagactta tctccaatca agecacaatt tgctaaaggt actgactteg ttgttgteag 1140
agaattagtg ggaggtattt actttggtaa gagaaaggaa gacgatggtg atggtgtcgce 1200
ttgggatagt gaacaataca ccgttccaga agtgcaaaga atcacaagaa tggccgcettt 1260
catggcccta caacatgagc caccattgcc tatttggtcc ttggataaag ctaatgtttt 1320
ggcctcttca agattatgga gaaaaactgt ggaggaaacc atcaagaacg aattccctac 1380
attgaaggtt caacatcaat tgattgatte tgcegecatyg atectagtta agaacccaac 1440
ccacctaaat ggtattataa tcaccagcaa catgtttggt gatatcatct ccgatgaagce 1500
ctecegttate ccaggttect tgggtttgtt gecatcetgeg tecttggect ctttgccaga 1560
caagaacacc gcatttggtt tgtacgaacc atgccacggt tctgctccag atttgccaaa 1620
gaataaggtt gaccctatcg ccactatcett gtctgetgeca atgatgttga aattgtcatt 1680
gaacttgect gaagaaggta aggccattga agatgcagtt aaaaaggttt tggatgcagg 1740
tatcagaact ggtgatttag gtggttccaa cagtaccacc gaagtcggtg atgctgtcge 1800
cgaagaagtt aagaaaatcc ttgcttaatg acaccgatta tttaaagctg cagcatacga 1860
tatatataca tgtgtatata tgtataccta tgaatgtcag taagtatgta tacgaacagt 1920
atgatactga agatgacaag gtaatgcatc attctatacg tgtcattctg aacgaggegce 1980
gettteettt tttetttttyg ctttttettt ttttttetet tgaactegac ggatctatge 2040
ggtgtgaaat accgcacaga tgcgtaagga gaaaataccg catcaggaaa ttgtaaacgt 2100
taatattttg ttaaaattcg cgttaaattt ttgttaaatc agctcatttt ttaaccaata 2160
ggccgaaatc ggcaaaatcc cttataaatc asaagaatag accgagatag ggttgagtgt 2220
tgttccagtt tggaacaaga gtccactatt aaagaacgtg gactccaacg tcaaagggcyg 2280
aaaaaccgte tatcagggcg atggeccact acgtgaacca tcaccctaat caagtttttt 2340
ggggtcgagg tgccgtaaag cactaaatcg gaaccctaaa gggagccccee gatttagage 2400
ttgacgggga aagccggcga acgtggcgag aaaggaaggg aagaaagcga aaggagcggg 2460
cgctagggeg ctggcaagtg tagcggtcac gctgcgegta accaccacac ccgccgeget 2520
taatgcgeecg ctacagggeyg cgtegegeca ttegecatte aggetgegeca actgttggga 2580
agggcgatceg gtgcgggect cttegetatt acgecagetg gegaaagggg gatgtgetge 2640
aaggcgatta agttgggtaa cgccagggtt ttcccagtca cgacgttgta aaacgacggce 2700
cagtgagege gcgtaatacyg actcactata gggcgaattyg ggtaccggcce gcaaattaaa 2760
gccttcgage gtcccaaaac cttctcaage aaggttttca gtataatgtt acatgcgtac 2820
acgcgtetgt acagaaaaaa aagaaaaatt tgaaatataa ataacgttct taatactaac 2880
ataactataa aaaaataaat agggacctag acttcaggtt gtctaactcc ttccttttceg 2940
gttagagcgg atgtgggggg agggcgtgaa tgtaagcgtg acataactaa ttacatgact 3000
cgaggtegace ttatgcatag tetggaacat cgtaagggta ctttettggyg gtgtaatega 3060
agatcaacaa tttttcccag aaggatctgt aaacgtcacc aaaaccaacg tgagctggat 3120
gaatgatgta atcttggata gtttcaactg attcgaaggt tacttcgaca atgtgtgtat 3180
aaccttctte tttcttttgt gtaacgtctt taccccagta tacatctttc atagcaggta 3240
taatgttgac caaattaacyg taggtcttga aaaattette cttttgaget tetgtgattt 3300
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catctttaaa cttcaatact atcaaatgct tgacggccat aggacctggg ttttcttcaa 3360
cgtcaccaca agttaacaag gaacctctac cttcatattt aattggtact gatctgacaa 3420
ctactettte gacggtcaaa ccaggaccga aaccaaataa gacaccccat tcaaaaccegt 3480
caccagtagt agatttaccc tcttctaatg atctctttcet caattcatcc attacgaaca 3540
agacagtgga tgaagacatyg ttaccgtygtt cagataaaac atgtctacta tctacaaact 3600
tttctttett caaatccaat ttttcttcaa ccttatccaa aatggcttta ccacctggat 3660
gtgttatcca gaaaatagag ttccaatctg agatacctat aggagtgaat gcttctatca 3720
aacactttte tatgttgtta gagattaaca ttggaacgtc tttgtgcaaa tcegaagatca 3780
aacctgcttce tcttatatga ccaccaattg taccttcaga attaggcaag atggtttgac 3840
ctgtactgac taattcaaat attggtcttt caccaacaga ttcgtcaggt tcetgcaccaa 3900
caataacagc agcagcaccg tcaccgaaga tagcttgacc aactaacaat tccaagtcag 3960
aatcacttgg acctctaaac aagcaagcca taatgtcgca acaaacagct aatactctgg 4020
cacccttgtt gttttetgeca atatecttag cgattctcaa aacagtacca ccaccgtage 4080
aacctaattg atacatcatg actctcttaa cggatggtga caaacctaac aatttggcac 4140
agtggtagtc tgcaccaggc atatctgtag tagatgcact tgtaaaaatc aaatgagtga 4200
tctttgactt tggttgaccc cattccttaa tggettttge acaagcatct ttacccaatt 4260
taggaacttc gacaactaac atgtcttgtc tggcatccaa tgtttgcatt tcgtgttcta 4320
ccaatcttgg attttgette aaatgttett cgttcaagaa gecagtttete tttetgatca 4380
tagacttatc acatattttt ctaaactttt ccttcaattg agtcatgtgt tcactcttgg 4440
taactctgaa gtaataatca ggaaattcat cttggatcaa tatgttttct gggttggcetyg 4500
tacctatggc taatacggag gcaggacctt cggctctcaa atggttcata ctagttctag 4560
atccgtcgaa actaagttct tggtgtttta aaactaaaaa aaagactaac tataaaagta 4620
gaatttaaga agtttaagaa atagatttac agaattacaa tcaataccta cecgtctttat 4580
atacttatta gtcaagtagg ggaataattt cagggaactg gtttaaacct tttttttcag 4740
ctttttccaa atcagagaga gcagaaggta atagaaggtg taagaaaatg agatagatac 4800
atgcgtgggt caattgcctt gtgtcatcat ttactccagg caggttgcat cactccattg 4860
aggttgtgcce cgttttttge ctgtttgtge cctgttctet gtagttgcge taagagaatg 4920
gacctatgaa ctgatggttg gtgaagaaaa caatattttg gtgetgggat tetttttttt 4980
tctggatgce agcttaaaaa gcgggctcca ttatatttag tggatgccag gaataaacct 5040
gttcacccaa gcaccatcag tgttatatat tctgtgtaac ccgcccecta ttttggcatyg 5100
tacgggttac agcagaatta aaaggctaat tttttgacta aataaagtta ggaaaatcac 5160
tactattaat tatttacgta ttctttgaaa tggcagtatt gataatgata aactcgagag 5220
ctccagettt tgttcagttyg attgtatget tggtataget tgaaatattyg tgcagaaaaa 5280
gaaacaagga agaaagggaa cgagaacaat gacgaggaaa caaaagatta ataattgcag 5340
gtctatttat acttgatagc aagacagcaa actttttttt atttcaaatt caagtaactg 5400
gaaggaaggc cgtataccgt tgctcattag agagtagtgt gcgtgaatga aggaaggaaa 5460
aagtttcgtg tgcttcgaga tacccctcat cagectctgga acaacgacat ctgttggtge 5520
tgtctttgte gttaattttt tectttagtg tcttccatca tttttttgtce attgcggata 5580
tggtgagaca acaacggggg agagagaaaa gaaaaaaaaa gaaaagaagt tgcatgcgcc 5640
tattattact tcaatagatg gcaaatggaa aaagggtagt gaaacttcga tatgatgatg 5700
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gctatcaagt ctagggctac agtattagtt cgttatgtac caccatcaat gaggcagtgt 5760
aattggtgta gtcttgttta gcccattatg tcecttgtcectgg tatctgttet attgtatatce 5820
teceeteege cacctacatyg ttagggagac caacgaaggt attataggaa tecegatgta 5880
tgggtttggt tgccagaaaa gaggaagtcc atattgtaca cccggaaaca acaaaaggat 5940
gcgegettgyg cgtaatcatyg gtcatagetg tttectgtgt gaaattgtta tecgctcaca 6000
attccacaca acataggagc cggaagcata aagtgtaaag cctggggtgc ctaatgagtg 6060
aggtaactca cattaattge gttgecgetca ctgeccegett tecagtceggg aaacctgteg 6120
tgccagetge attaatgaat cggecaacge geggggagag geggtttgeg tattgggege 6180
tctteegett cctegetecac tgactcegetg cgcteggteg tteggctgeg gegageggta 6240
tcagctcact caaaggcggt aatacggtta tccacagaat caggggataa cgcaggaaag 6300
aacatgtgag caaaaggcca gcaaaaggcc aggaaccgta aaaaggccgc gttgctggceg 6360
ttttteccata ggctcegece ccctgacgag catcacaaaa atcgacgcetce aagtcagagg 6420
tggcgaaace cgacaggact ataaagatac caggegttte cceccectggaag cteectegtyg 6480
cgctctectg ttecgacect gecgettace ggatacctgt cegectttet cectteggga 6540
agcgtggege tttctcatag ctcacgetgt aggtatctca gtteggtgta ggtegttege 65600
tccaagetgg gctgtgtgeca cgaaccccce gttcageccceg accgctgege cttatceggt 6660
aactatcgtce ttgagtccaa cccggtaaga cacgacttat cgccactgge agcagccact 6720
ggtaacagga ttagcagagce gaggtatgta ggeggtgeta cagagttett gaagtggtay 6780
cctaactacg gctacactag aaggacagta tttggtatct gecgctctget gaageccagtt 6840
accttcggaa aaagagttgg tagctcettga tecggcaaac aaaccaccgce tggtageggt 6900
ggtttttttg tttgcaagca gcagattacg cgcagaaaaa aaggatctca agaagatcct 6960
ttgatctttt ctacggggtc tgacgctcag tggaacgaaa actcacgtta agggattttg 7020
gtcatgagat tatcaaaaag gatcttcacc tagatccttt taaattaaaa atgaagtttt 7080
aaatcaatct aaagtatata tgagtaaact tggtctgaca gttaccaatg cttaatcagt 7140
gaggcaccta tctcagcgat ctgtctattt cgttcatcca tagttgectg actccccegte 7200
gtgtagataa ctacgatacg ggagggctta ccatctggcc ccagtgctgc aatgataccg 7260
cgagacccac getcaccgge tccagattta tcagcaataa accagccage cggaagggcece 7320
gagcgcagaa gtggtectge aactttatce gectecatec agtcetattaa ttgttgeegg 7380
gaagctagag taagtagttc gccagttaat agtttgcgca acgttgttgc cattgctaca 7440
ggcatcgtgyg tgtcacgetc gtecgtttggt atggcttcat tcagctceccgg tteccaacga 7500
tcaaggcgag ttacatgatc ccccatgttg tgcaaaaaag cggttagctc cttecggtect 7560
ccgategttg tcagaagtaa gttggecgca gtgttatcac tcatggttat ggcagcactg 7620
cataattctc ttactgtcat gccatccgta agatgctttt ctgtgactgg tgagtactca 7680
accaagtcat tctgagaata gtgtatgcgg cgaccgagtt gectcttgccc ggcgtcaata 7740
cgggataata cecgegecaca tagcagaact ttaaaagtge tcatcattgg aaaacgttet 7800
tecggggcgaa aactctcaag gatcttaccg ctgttgagat ccagttcgat gtaacccact 7860
cgtgcaccca actgatctte agecatcetttt actttcacca gegtttetgg gtgagcaaaa 7920
acaggaaggc aaaatgccgc aaaaaagggda ataagggcga cacggaaatg ttgaatactce 7980
atactcttee tttttcaata ttattgaage atttatcagg gttattgtet catgagegga 8040
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tacatatttg aatgtattta gaaaaataaa caaatagggg ttccgcgcac atttccccga 8100
aaagtgccac ctgggtcctt ttcatcacgt gctataaaaa taattataat ttaaattttt 8160
taatataaat atataaatta aaaatagaaa gtaaaaaaag aaattaaaga aaaaatagtt 8220
tttgttttce gaagatgtaa aagactctag ggggatcgcc aacaaatact accttttatc 8280
ttgctettee tgctetcagyg tattaatgce gaattgttte atcttgtetg tgtagaagac 8340
cacacacgaa aatcctgtga ttttacattt tacttatcgt taatcgaatg tatatctatt 8400
taatctgctt ttcttgtcta ataaatatat atgtaaagta cgctttttgt tgaaattttt 8460
taaacctttg tttatttttt tttcttcatt ccgtaactet tectaccttet ttatttactt 8520
tctaaaatcc aaatacaaaa cataaaaata aataaacaca gagtaaattc ccaaattatt 8580
ccatcattaa aagatacgag gcgcgtgtaa gttacaggca agcgatccgt cctaagaaac 8640
cattattatc atgacattaa cctataaaaa taggcgtatc acgaggccct ttegte 8696
<210> SEQ ID NO ¢
<211> LENGTH: 4322
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 6
aggaaacgaa gataaatctc gagtttatca ttatcaatac tgccatttca aagaatacgt 60
aaataattaa tagtagtgat tttcctaact ttatttagtc aaaaaattag ccttttaatt 120
ctgctgtaac ccgtacatge caaaataggg ggcgggttac acagaatata taacactgat 180
ggtgcttggy tgaacaggtt tattcctgge atccactaaa tataatggag cecgettttt 240
aagctggecat ccagaaaaaa aaagaatccc agcaccaaaa tattgttttce ttcaccaacc 300
atcagttcat aggtccattc tcttagcgca actacagaga acagggcaca aacaggcaaa 360
aaacgggcac aacctcaatg gagtgatgca acctgectgg agtaaatgat gacacaaggce 420
aattgaccca cgcatgtatc tatctcattt tcttacacct tctattacct tetgetctet 480
ctgatttgga aaaagctgaa aaaaaaggtt taaaccagtt ccctgaaatt attcccctac 540
ttgactaata agtatataaa gacggtaggt attgattgta attctgtaaa tctatttcett 500
aaacttctta aattctactt ttatagttag tctttttttt agttttaaaa caccaagaac 560
ttagtttega cggatctaga actagtatgg gtaaaaacta taagtccttg gattcagtceg 720
ttgcctcaga tttcatcgeca ttgggtatca cctcagaagt agcagaaaca ttacatggta 780
gattggcaga aatcgtttgt aattatggtg ctgcaaccce tcaaacttgg atcaacatcg 840
ctaaccatat cttgtcacca gatttgecctt tctecttaca ccaaatgttg ttttatggtt 900
gctacaagga tttcggteca gecccacctg cttggattce agaccctgaa aaagtcaagt 960
caactaattt gggtgctttyg ttggaaaaga gaggtaaaga atttttgggt gtaaagtaca 1020
aagatccaat ttcttetttt tcetcacttee aagaatttte tgttagaaac cctgaagtet 1080
attggagaac agtattgatg gatgaaatga aaattagttt ctctaaggac ccagaatgta 1140
tcttgagaag agatgacatc aacaacccag gtggttctga atggttacct ggtggttact 1200
tgaactcagc taaaaattgc ttgaacgtaa actccaataa gaaattgaac gatactatga 1260
tegtttggag agacgagggt aacgatgact tgcctttgaa taagttgaca ttagatcaat 1320
tgagaaagag agtttggttg gttggttatg cattggaaga aatgggttta gaaaaaggtt 1380
gtgcaatagc catcgatatg ccaatgcatg ttgatgctgt tgttatatat ttggccatag 1440
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tattggctgg ttacgtagtt gtctctatag cagattcatt ttccgcccct gaaatctcaa 1500
ctagattgag attatccaaa gctaaggcaa ttttcacaca agatcacatc atcagaggta 1560
aaaagagaat accattgtat tcaagagtag ttgaagctaa atcceccaatyg geaatagtta 1620
tcecettgtag tggttctaac attggtgcag aattgagaga tggtgacata tcttgggatt 1680
actttttaga aagagccaag gagtttaaaa actgcgagtt tactgccaga gaacaacctyg 1740
ttgatgctta tactaacatc ttattctcca gtggtactac aggtgaacca aaagcaattc 1800
cttggacaca agccacccca ttgaaggetg ctgetgatgg ttggtctcat ttggatatta 1860
gaaaaggtga cgttatagta tggccaacta atttgggttg gatgatgggt cettggttgy 1920
tttatgctag tttgttaaat ggtgcatcta ttgccttgta caacggtagt cctttagtct 1980
ctggtttege taaatttgtt caagatgcaa aggtcacaat gttgggtgtc gtaccatcta 2040
ttgtaagatc atggaaatcc acaaattgtg tttcaggtta cgattggtcc accataagat 2100
gcttttette atcecggtgaa gectctaatg tagacgaata tttgtggtta atgggtagag 2160
ctaactacaa gccagttata gaaatgtgtg gtggtacaga aatcggtggt getttttetg 2220
ctggttcatt tttgcaagct caatctttaa gttetttttc atcccaatgt atgggttgca 2280
ccttgtacat attagataag aacggttacc caatgcctaa aaataagcca ggtatcggtyg 2340
aattggcatt aggtcctgtt atgtttggtg cctcaaaaac attgttaaac ggtaatcatc 2400
acgatgtcta tttcaagggt atgccaacct tgaatggtga agtattgaga agacatggtg 2460
acattttega attgacctet aacggttact accatgeaca cggtagagec gatgacacta 2520
tgaacatcgg tggtatcaaa attagttcta tcgaaatcga aagagtctgt aatgaagtag 2580
atgacagagt ttttgaaacc actgctattg gtgttccacc tttgggtggt ggtccagaac 2640
aattggtcat atttttcgta ttgaaggatt caaacgacac aaccattgat ttgaaccaat 2700
tgagattatc ctttaacttg ggtttgcaaa agaaattgaa cccattattc aaagttacta 2760
gagttgtece attgtcatcc ttacctagaa ctgcaacaaa caagatcatg agaagagttt 2820
tgagacaaca attcagtcat ttcgaagaag gtagaggttc tttgttaaca tgtggtgacg 2880
ttgaagaaaa tccaggtcect atggcttcag aaaaggaaat aagaagagaa agattcttga 2940
acgtattccc aaagttagtt gaagaattga acgctagttt gttagcttat ggtatgccta 3000
aagaagcctg cgattggtat gctcactcett taaactacaa tactccaggt ggtaaattga 3060
atagaggttt gagtgtagtt gatacttatg ctatcttgtc taacaaaacc gttgaacaat 3120
taggtcaaga agaatacgaa aaggtcgcta tcttgggttg gtgtattgaa ttgttgcaag 3180
catacttttt ggttgccgat gacatgatgg ataagtctat aacaagaaga ggtcaaccat 3240
gctggtacaa agttccagaa gttggtgaaa tagccataaa tgatgctttt atgttggaag 3300
ccgectateta taaattgttyg aagtcacatt tcagaaacga aaagtactac atcgatatta 3360
ccgaattatt ccacgaagtt actttccaaa cagaattggg tcaattgatg gatttgataa 3420
ctgcacctga agataaagtt gacttgtcaa agttttcctt gaagaaacat tcattcatcg 3480
tecacctttga aactgettat tactecttet atttgecagt cgecttgget atgtacgtag 3540
ctggtattac tgatgaaaaa gacttgaagc aagcaagaga tgttttgata cctttgggtg 3600
aatacttcca aatccaagat gactacttag actgtttcgg tactccagaa caaataggta 3660
aaatcggtac agatattcaa gacaataagt gcagttgggt tattaacaag gctttggaat 3720
tagcatctge cgaacaaaga aagactttgg atgaaaacta cggtaaaaag gactcagttg 3780
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ctgaagcaaa gtgtaagaaa atttttaatg atttgaagat tgaacaattg taccatgaat 3840
acgaagaatc catcgctaaa gacttaaagg caaagattag tcaagttgat gaatcaagag 3900
gttttaaage cgacgttttyg acagctttet tgaataaggt ctacaagaga tcaaaggatt 3960
acaaggatca tgacggtgac tataaagacc acgatattga ctacaaagat gacgatgaca 4020
agtaagtcga cctcgagtca tgtaattagt tatgtcacge ttacattcac gecctecccc 4080
cacatccgct ctaaccgaaa aggaaggagt tagacaacct gaagtctagg tccctattta 4140
tttttttata gttatgttag tattaagaac gttatttata tttcaaattt ttcttttttt 4200
tctgtacaga cgcgtgtacyg catgtaacat tatactgaaa accttgettyg agaaggtttt 4260
gggacgctcg aaggctttaa tttgcgtgac ataactaatt acatgacttg actgattttt 4320
cc 4322
<210> SEQ ID NO 7
<211> LENGTH: 2522
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 7
aggaaacgaa gataaatctc gagtttatca ttatcaatac tgccatttca aagaatacgt 60
aaataattaa tagtagtgat tttcctaact ttatttagtc aaaaaattag ccttttaatt 120
ctgetgtaac cegtacatge caaaataggg ggcgggttac acagaatata taacactgat 180
ggtgcttggg tgaacaggtt tattcctgge atccactaaa tataatggag cccgettttt 240
aagctggeat ccagaaaaaa aaagaatccc agcaccaaaa tattgtttte ttcaccaacc 300
atcagttcat aggtccattc tcttagcgca actacagaga acagggcaca aacaggcaaa 360
aaacgggcac aacctcaatg gagtgatgca acctgectgg agtaaatgat gacacaaggc 420
aattgaccca cgcatgtatc tatctcattt tcttacacct tcetattacet tetgetetet 480
ctgatttgga aaaagctgaa aaaaaaggtt taaaccagtt ccctgaaatt attccectac 540
ttgactaata agtatataaa gacggtaggt attgattgta attctgtaaa tctatttcett 500
aaacttctta aattctactt ttatagttag tctttttttt agttttaaaa caccaagaac 560
ttagtttcga cggatctaga actagtatga accatttgag agccgaaggt cctgectecg 720
tattagececat aggtacagec aacccagaaa acatattgat ccaagatgaa tttectgatt 780
attacttcag agttaccaag agtgaacaca tgactcaatt gaaggaaaag tttagaaaaa 840
tatgtgataa gtctatgatc agaaagagaa actgcttctt gaacgaagaa catttgaage 900
aaaatccaag attggtagaa cacgaaatgc aaacattgga tgccagacaa gacatgttag 960
ttgtcgaagt tcctaaattg ggtaaagatg cttgtgcaaa agccattaag gaatggggtce 1020
aaccaaagtc aaagatcact catttgattt ttacaagtgc atctactaca gatatgectg 1080
gtgcagacta ccactgtgcc aaattgttag gtttgtcacc atccgttaag agagtcatga 1140
tgtatcaatt aggttgctac ggtggtggta ctgttttgag aatcgctaag gatattgcag 1200
aaaacaacaa gggtgccaga gtattagctg tttgttgcga cattatggct tgcttgttta 1260
gaggtccaag tgattctgac ttggaattgt tagttggtca agctatcttc ggtgacggtg 1320
ctgctgetgt tattgttggt gcagaacctg acgaatctgt tggtgaaaga ccaatatttg 1380
aattagtcag tacaggtcaa accatcttgc ctaattctga aggtacaatt ggtggtcata 1440
taagagaagc aggtttgatc ttcgatttgc acaaagacgt tccaatgtta atctctaaca 1500
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acatagaaaa gtgtttgata gaagcattca ctcctatagg tatctcagat tggaactcta 1560
ttttctggat aacacatcca ggtggtaaag ccattttgga taaggttgaa gaaaaattgg 1620
atttgaagaa agaaaagttt gtagatagta gacatgtttt atctgaacac ggtaacatgt 1680
cttcatccac tgtcttgttc gtaatggatg aattgagaaa gagatcatta gaagagggta 1740
aatctactac tggtgacggt tttgaatggg gtgtcttatt tggtttcecggt cctggtttga 1800
ccgtcgaaag agtagttgtc agatcagtac caattaaata tgaaggtaga ggttccttgt 1860
taacttgtgg tgacgttgaa gaaaacccag gtcctatgge cgtcaagcat ttgatagtat 1920
tgaagtttaa agatgaaatc acagaagctc aaaaggaaga atttttcaag acctacgtta 1980
atttggtcaa cattatacct gctatgaaag atgtatactg gggtaaagac gttacacaaa 2040
agaaagaaga aggttataca cacattgtcg aagtaacctt cgaatcagtt gaaactatcc 2100
aagattacat cattcatcca gctcacgttg gttttggtga cgtttacaga tccttcectggg 2160
aaaaattgtt gatcttcgat tacaccccaa gaaagtaccce ttacgatgtt ccagactatg 2220
cataagtcga cctcecgagtca tgtaattagt tatgtcacge ttacattcac gecctecece 2280
cacatccgcet ctaaccgaaa aggaaggagt tagacaacct gaagtctagg tccctattta 2340
tttttttata gttatgttag tattaagaac gttatttata tttcaaattt ttcttttttt 2400
tctgtacaga cgcgtgtacyg catgtaacat tatactgaaa accttgcttg agaaggtttt 2460
gggacgcteg aaggctttaa tttgcgtgac ataactaatt acatgacttg actgattttt 2520
[e2¢] 2522
<210> SEQ ID NO 8
<211> LENGTH: 3887
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 8
aggaaacgaa gataaatctc gagtttatca ttatcaatac tgccatttca aagaatacgt 60
aaataattaa tagtagtgat tttcctaact ttatttagtc aaaaaattag ccttttaatt 120
ctgctgtaac ccgtacatgc caaaataggg ggcgggttac acagaatata taacactgat 180
ggtgcttggy tgaacaggtt tattcetgge atccactaaa tataatggag cecgettttt 240
aagetggeat ccagaaaaaa aaagaatcce ageaccaaaa tattgtttte ttcaccaace 300
atcagttcat aggtccattc tcttagegca actacagaga acagggcaca aacaggcaaa 360
aaacgggcac aacctcaatg gagtgatgca acctgcctgg agtaaatgat gacacaaggc 420
aattgaccca cgcatgtatc tatctcattt tcttacacct tctattacct tcectgctctet 480
ctgatttgga aaaagctgaa aaaaaaggtt taaaccagtt ccctgaaatt attccectac 540
ttgactaata agtatataaa gacggtaggt attgattgta attctgtaaa tctatttctt 500
aaacttctta aattctactt ttatagttag tctttttttt agttttaaaa caccaagaac 560
ttagtttega cggatctaga actagtatgg gtttatcate cgtetgtact ttetecttee 720
aaactaacta tcatacctta ttgaatcctc acaacaacaa tccaaaaaca tcattgttgt 780
gttacagaca tccaaagaca cctattaagt actcettacaa caacttteca tcaaaacatt 840
gttcaaccaa gtccttecac ttacaaaata agtgctccga aagtttgtet atagctaaga 9200
actctatcag agctgcaact acaaatcaaa ctgaaccacc tgaaagtgat aatcactcetg 960



59

US 9,822,384 B2

60

-continued
ttgccacaaa aattttgaac ttcggtaaag catgttggaa gttgcaaaga ccatacacca 1020
taatcgcttt tacttcttgt gcatgeggtt tattcggtaa agaattgttg cataacacta 1080
acttaatttce atggtcettyg atgttcaagg catttttett tttagttgec atcttgtgea 1140
tegettcatt caccactaca attaatcaaa tatacgattt gcacatcgac agaattaaca 1200
aaccagattt gectttgget tcaggtgaaa tatccgtcaa tactgcatgg atcatgtcta 1260
tcatagtagc cttgttcggt ttgatcatca caattaaaat gaagggtggt ccattgtaca 1320
tcttecggtta ctgtttecggt atctteggtg gtattgtcta ttcecgtacca ccttttagat 1380
ggaaacaaaa ccctagtact geetttttgt tgaatttett agctcatatce atcacaaact 1440
tcaccttcta ctacgcttca agagctgctt taggtttgcc attcgaattg agaccttcat 1500
tcacattttt gttggcattc atgaaaagta tgggttctgc attagccttg atcaaggatg 1560
cctctgacgt tgaaggtgac acaaagttcg gtattagtac cttggcttct aagtacggtt 1620
caagaaattt gactttgttc tgctcecggta tcgttttgtt aagttacgtc gcagccattt 1680
tggcaggtat catttggeca caagecttta attctaacgt tatgttgttg tcecacatgeca 1740
tcttggettt ctggttgatc ttgcaaacta gagatttcge tttgacaaat tatgaccctg 1800
aagcaggtag aagattctac gagtttatgt ggaaattgta ctacgctgaa tatttggtat 1860
acgtttttat tgaaggtaga ggttctttgt tgacctgtgg tgacgttgaa gaaaatccag 1920
gtcctatgaa atgttcaact ttctcctttt ggttcgtatg caagatcatc ttectttttet 1980
tttectttaa catccaaaca agtatcgcaa acccaagaga aaactttttg aagtgettet 2040
cacaatacat acctaataac gccaccaatt tgaagttggt ttacactcaa aacaacccat 2100
tgtacatgtc cgtcttgaac agtacaatcc ataatttgag attcacttct gataccactce 2160
caaaaccttt ggtcattgta acccctagtc atgtatctca catccaaggt actatcttat 2220
gttctaaaaa ggttggtttyg caaattagaa ctagatccgg tggtcatgat agtgaaggca 2280
tgtcatacat ctecccaagtt ccattcegtta tcgttgattt gagaaacatg agatcaatta 2340
aaatagacgt acactcacaa actgcttggg ttgaagctgg tgcaacattg ggtgaagtat 2400
actactgggt taacgaaaag aatgaaaact tatcattggc tgctggttac tgtccaacag 2460
tttgcgcagg tggtcatttt ggtggtggtg gttatggtcece tttaatgaga aactacggtt 2520
tggccgcetga taacataatc gacgctcatt tggtaaatgt tcacggtaaa gttttggata 2580
gaaagtctat gggtgaagac ttattttggg ctttgagagg tggtggtgca gaatcatteg 2540
gtatcatagt tgcttggaag ataagattag tcgcagtacc aaagtctact atgttctcag 2700
tcaaaaagat aatggaaatc catgaattag ttaaattggt caataagtgg caaaacatcg 2760
catacaagta cgataaggac ttgttgttga tgactcattt catcacaaga aacatcaccyg 2820
ataaccaagg taaaaataag actgctatcc acacatactt ttcttcagtt ttcttgggtg 2880
gtgtcgatte cttagtagac ttgatgaata agtcttttec agaattaggt attaagaaaa 2940
ctgattgtag acaattgtct tggatcgaca ccatcatctt ttattcaggt gttgtcaact 3000
acgatacaga caacttcaac aaagaaatat tattggatag atccgcaggt caaaacggtg 3060
cctttaaaat taagttagac tacgttaaaa agccaatacc tgaatcagtt ttcgtccaaa 3120
tcttagaaaa attgtacgaa gaagatattg gtgcaggcat gtacgccttg tatccatacg 3180
gtggtataat ggacgaaatc agtgaatctg ccattccatt tcctcataga gectggtatct 3240
tatacgaatt gtggtacatt tgttcatggg aaaagcaaga agataacgaa aagcacttaa 3300
actggattag aaacatctat aacttcatga ctccatacgt ttctaaaaac cctagattgg 3360
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catatttgaa ctacagagat ttggacatcg gtattaacga tccaaagaat cctaacaact 3420
atacccaagce tagaatttgg ggtgaaaaat acttcggtaa aaatttcgat agattagtaa 3480
aggttaagac attggttgac ccaaacaact tctttagaaa cgaacaatece attcecacctt 3540
tacctagaca tagacacgaa caaaaattaa taagtgaaga agatttgtaa gtcgacctcg 3600
agtcatgtaa ttagttatgt cacgcttaca ttcacgccct cecccccacat ccegctctaac 3660
cgaaaaggaa ggagttagac aacctgaagt ctaggtccct atttattttt ttatagttat 3720
gttagtatta agaacgttat ttatatttca aatttttctt ttttttetgt acagacgegt 3780
gtacgcatgt aacattatac tgaaaacctt gettgagaag gttttgggac getegaagge 3840
tttaatttge gtgacataac taattacatg acttgactga tttttecc 3887
<210> SEQ ID NO 9
<211> LENGTH: 8963
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 9
tcgegegttt cggtgatgac ggtgaaaacc tctgacacat gcagcteccg gagacggtca 60
cagcttgtct gtaageggat gccgggagca gacaagcceg tcagggegeg tcagcegggtg 120
ttggcgggty teggggcetgyg cttaactatg cggeatcaga gcagattgta ctgagagtge 180
accataaacyg acattactat atatataata taggaagcat ttaatagaca geatcgtaat 240
atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt ctttattgaa 300
aaatagcttg tcaccttacyg tacaatcttg atcecggaget tttetttttt tgccgattaa 360
gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat tggtgactat 420
tgagcacgtyg agtatacgtyg attaagcaca caaaggcagc ttggagtatg tctgttatta 480
atttcacagg tagttetggt ccattggtga aagtttgegg cttgcagage acagaggecg 540
cagaatgtgc tctagattcc gatgctgact tgctgggtat tatatgtgtg cccaatagaa 6§00
agagaacaat tgacccggtt attgcaagga aaatttcaag tcttgtaaaa gcatataaaa 660
atagttcagg cactccgaaa tacttggttg gcegtgttteg taatcaacct aaggaggatg 720
ttttggetet ggtcaatgat tacggcattg atatcgteca actgcatgga gatgagtegt 780
ggcaagaata ccaagagttc cteggtttge cagttattaa aagactcgta tttecaaaag 840
actgcaacat actactcagt gcagcttcac agaaacctca ttegtttatt cccttgtttyg 900
attcagaagc aggtgggaca ggtgaacttt tggattggaa ctcgatttet gactgggttg 960
gaaggcaaga gagccccgaa agcttacatt ttatgttage tggtggactg acgccagaaa 1020
atgttggtga tgcgcttaga ttaaatggceg ttattggtgt tgatgtaagce ggaggtgtgg 1080
agacaaatgg tgtaaaagac tctaacaaaa tagcaaattt cgtcaaaaat gctaagaaat 1140
aggttattac tgagtagtat ttatttaagt attgtttgtg cacttgccta tgcggtgtga 1200
aataccgcac agatgcgtaa ggagaaaata ccgcatcagg aaattgtaaa cgttaatatt 1260
ttgttaaaat tcgcgttaaa tttttgttaa atcagctcat tttttaacca ataggccgaa 1320
atcggcaaaa tcecttataa atcaaaagaa tagaccgaga tagggttgag tgttgtteca 1380
gtttggaaca agagtccact attaaagaac gtggactcca acgtcaaagyg gcgaaaaacc 1440
gtctatcagg gcgatggecc actacgtgaa ccatcaccet aatcaagttt tttggggteg 1500
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aggtgccgta aagcactaaa tcggaaccct aaagggagcec cccgatttag agecttgacgg 1560
ggaaagccgy cgaacgdtgge gagaaaggaa gggaagaaag cgaaaggagce gggcgctagg 1620
gcgetggeaa gtgtageggt cacgetgege gtaaccacca cacecgecge gettaatgeg 1680
ccgetacagg gcgcgtegeg ccattcegeca ttcaggetge gcaactgttg ggaagggcga 1740
teggtgceggyg cctetteget attacgecag ctggcgaaag ggggatgtge tgcaaggcga 1800
ttaagttggg taacgccagg gttttecccag tcacgacgtt gtaaaacgac ggccagtgag 1860
cgcgcgtaat acgactcact atagggcgaa ttgggtaccg geccgcaaatt aaagectteg 1920
agcgteccaa aaccttetca agcaaggttt tcagtataat gttacatgeg tacacgegte 1980
tgtacagaaa aaaaagaaaa atttgaaata taaataacgt tcttaatact aacataacta 2040
taaaaaaata aatagggacc tagacttcag gttgtctaac tccttocttt teggttagag 2100
cggatgtggyg gggagggcgt gaatgtaagc gtgacataac taattacatg actcgaggtce 2160
gacttacttg tcatcgtcat ctttgtagtc aatatcgtgg tctttatagt caccgtcatg 2220
atccttgtaa tcetttgate tettgtagac cttattcaag aaagctgtea aaacgtegge 2280
tttaaaacct cttgattcat caacttgact aatctttgcc tttaagtctt tagcgatgga 2340
ttcttecgtat tcatggtaca attgttcaat cttcaaatca ttaaaaattt tcttacactt 2400
tgcttcagca actgagtcct ttttaccgta gttttcatcc aaagtcttte tttgttegge 2460
agatgctaat tccaaagcct tgttaataac ccaactgcac ttattgtctt gaatatctgt 2520
accgatttta cctatttgtt ctggagtacc gaaacagtct aagtagtcat cttggatttg 2580
gaagtattca cccaaaggta tcaaaacatc tcttgcttge ttcaagtctt tttcatcagt 2640
aataccagct acgtacatag ccaaggcgac tggcaaatag aaggagtaat aagcagtttce 2700
aaaggtgacg atgaatgaat gtttcttcaa ggaaaacttt gacaagtcaa ctttatcttce 2760
aggtgcagtt atcaaatcca tcaattgacc caattctgtt tggaaagtaa cttcgtggaa 2820
taattcggta atatcgatgt agtacttttc gtttctgaaa tgtgacttca acaatttata 2880
gatagcggct tccaacataa aagcatcatt tatggctatt tcaccaactt ctggaacttt 2940
gtaccagcat ggttgacctc ttcttgttat agacttatcc atcatgtcat cggcaaccaa 3000
aaagtatgct tgcaacaatt caatacacca acccaagata gcgacctttt cgtattcttce 3060
ttgacctaat tgttcaacgg ttttgttaga caagatagca taagtatcaa ctacactcaa 3120
acctctatte aatttaccac ctggagtatt gtagtttaaa gagtgagcat accaatcgca 3180
ggcttcttta ggcataccat aagctaacaa actagcgttc aattcttcaa ctaactttgg 3240
gaatacgttc aagaatcttt ctcttettat ttccttttet gaagccatag gacctggatt 3300
ttcttcaacg tcaccacatyg ttaacaaaga acctctacct tcttcgaaat gactgaattg 3360
ttgtctcaaa actcttctca tgatcttgtt tgttgcagtt ctaggtaagg atgacaatgg 3420
gacaactcta gtaactttga ataatgggtt caatttcttt tgcaaaccca agttaaagga 3480
taatctcaat tggttcaaat caatggttgt gtcgtttgaa tecttcaata cgaaaaatat 3540
gaccaattgt tctggaccac cacccaaagg tggaacacca atagcagtgg tttcaaaaac 3600
tctgtcatcet acttcattac agactctttc gatttcgata gaactaattt tgataccacc 3660
gatgttcata gtgtcatcgg ctctaccgtg tgcatggtag taaccgttag aggtcaattc 3720
gaaaatgtca ccatgtcttc tcaatacttc accattcaag gttggcatac ccttgaaata 3780
gacatcgtga tgattaccgt ttaacaatgt ttttgaggca ccaaacataa caggacctaa 3840
tgccaattca ccgatacctg gcttattttt aggcattggg taaccgttcet tatctaatat 3900
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gtacaaggtg caacccatac attgggatga aaaagaactt aaagattgag cttgcaaaaa 3960
tgaaccagca gaaaaagcac caccgatttc tgtaccacca cacatttcta taactggett 4020
gtagttaget ctacccatta accacaaata ttegtcetaca ttagaggett cacceggatga 4080
agaaaagcat cttatggtgg accaatcgta acctgaaaca caatttgtgg atttccatga 4140
tcttacaata gatggtacga cacccaacat tgtgaccttt gcatcttgaa caaatttage 4200
gaaaccagag actaaaggac taccgttgta caaggcaata gatgcaccat ttaacaaact 4260
agcataaacc aaccaaggac ccatcatcca acccaaatta gttggccata ctataacgtce 4320
acctttteta atatccaaat gagaccaacce atcagcagea gectteaatyg gggtggettyg 4380
tgtccaagga attgcttttg gttcacctgt agtaccactg gagaataaga tgttagtata 4440
agcatcaaca ggttgttcte tggcagtaaa ctcgcagttt ttaaactcect tggcetcttte 4500
taaaaagtaa tcccaagata tgtcaccatc tctcaattct gcaccaatgt tagaaccact 4560
acaagggata actattgcca ttggggattt agcttcaact actcttgaat acaatggtat 4620
tectettttta cctetgatga tgtgatettg tgtgaaaatt gecttagett tggataatcet 4580
caatctagtt gagatttcag gggcggaaaa tgaatctgct atagagacaa ctacgtaacc 4740
agccaatact atggccaaat atataacaac agcatcaaca tgcattggca tatcgatgge 4800
tattgcacaa cctttttcta aacccatttc ttccaatgca taaccaacca accaaactct 4860
ctttctcaat tgatctaatg tcaacttatt caaaggcaag tcatcgttac cctegtctet 4920
ccaaacgate atagtategt tcaatttett attggagttt acgttcaage aatttttage 4980
tgagttcaag taaccaccag gtaaccattc agaaccacct gggttgttga tgtcatctct 5040
tctcaagata cattctgggt ccttagagaa actaattttc atttcatcca tcaatactgt 5100
tctccaatag acttcagggt ttctaacaga aaattcttgg aagtgagaaa aagaagaaat 5160
tggatctttg tactttacac ccaaaaattc tttacctcte ttttccaaca aagcacccaa 5220
attagttgac ttgacttttt cagggtctgg aatccaageca ggtggggcetg gaccgaaatce 5280
cttgtagcaa ccataaaaca acatttggtg taaggagaaa ggcaaatctg gtgacaagat 5340
atggttagcg atgttgatcc aagtttgagg ggttgcagca ccataattac aaacgattte 5400
tgccaatcta ccatgtaatg tttctgctac ttctgaggtg atacccaatg cgatgaaatc 5460
tgaggcaacg actgaatcca aggacttata gtttttaccc atactagttc tagatccegtce 5520
gaaactaagt tcecttggtgtt ttaaaactaa aaaaaagact aactataaaa gtagaattta 5580
agaagtttaa gaaatagatt tacagaatta caatcaatac ctaccgtctt tatatactta 5640
ttagtcaagt aggggaataa tttcagggaa ctggtttaaa cctttttttt cagcttttte 5700
caaatcagag agagcagaag gtaatagaag gtgtaagaaa atgagataga tacatgcgtg 5760
ggtcaattgc cttgtgtcat catttactcc aggcaggttg catcactcca ttgaggttgt 5820
gececegttttt tgcctgtttg tgccctgtte tetgtagttg cgctaagaga atggacctat 5880
gaactgatgg ttggtgaaga aaacaatatt ttggtgctgg gattcttttt ttttctggat 5940
gecagcettaa aaageggget ccattatatt tagtggatge caggaataaa cetgtteace 6000
caagcaccat cagtgttata tattctgtgt aacccgcccc ctattttgge atgtacgggt 6060
tacagcagaa ttaaaaggct aattttttga ctaaataaag ttaggaaaat cactactatt 6120
aattatttac gtattctttyg aaatggcagt attgataatg ataaactcga gagctccage 6180
ttttgttece tttagtgagyg gttaattgeg cgettggegt aatcatggte atagetgttt 6240
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cctgtgtgaa attgttatcc gctcacaatt ccacacaaca taggagccgg aagcataaag 6300
tgtaaagcct ggggtgccta atgagtgagg taactcacat taattgcegtt gegctcactg 6360
ccegetttee agtcgggaaa cctgtegtge cagetgeatt aatgaategg ccaacgegeg 6420
gggagaggcg gtttgegtat tgggcgctcet tecgettect cgctcactga ctegetgege 6480
teggtegtte ggctgeggey ageggtatca getcactcaa aggceggtaat acggttatcec 6540
acagaatcag gggataacgc aggaaagaac atgtgagcaa aaggccagca aaaggccagg 6600
aaccgtaaaa aggccgcgtt gctggegttt ttccataggce tccgccccecce tgacgagceat 6660
cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga caggactata aagataccag 6720
gegtttecee ctggaagetc cctegtgege tetectgtte cgaccctgece gettaccgga 6780
tacctgtccg cectttetece ttecgggaage gtggegettt ctcatagecte acgetgtagg 6840
tatctcagtt cggtgtaggt cgttcgectcec aagetgggcet gtgtgcacga acccccegtt 6900
cagccecgacce gctgegectt atccggtaac tatcgtcttg agtccaaccc ggtaagacac 6960
gacttatege cactggcagc agecactggt aacaggatta gcagagegag gtatgtagge 7020
ggtgctacag agttcttgaa gtggtggcct aactacggct acactagaag gacagtattt 7080
ggtatctgcg ctctgctgaa gccagttacc ttcggaaaaa gagttggtag ctettgatcc 7140
ggcaaacaaa ccaccgctgg tagcggtggt ttttttgttt gcaagcagca gattacgege 7200
agaaaaaaag gatctcaaga agatcctttg atcttttcta cggggtctga cgctcagtgg 7260
aacgaaaact cacgttaagg gattttggtc atgagattat caaaaaggat cttcacctag 7320
atccttttaa attaaaaatg aagttttaaa tcaatctaaa gtatatatga gtaaacttgg 7380
tctgacagtt accaatgcett aatcagtgag gcacctatct cagegatctg tetatttegt 7440
tcatccatag ttgcctgact ccccgtegtg tagataacta cgatacggga gggcttacca 7500
tctggeccca gtgctgcaat gataccgcga gacccacgct caccggctcc agatttatca 7560
gcaataaacc agecagecgg aagggecgag cgcagaagtg gtectgeaac tttatcegec 7620
tccatccagt ctattaattg ttgccgggaa gctagagtaa gtagttcgec agttaatagt 7680
ttgcgcaacg ttgttgccat tgctacaggc atcgtggtgt cacgctegte gtttggtatg 7740
gcttcattca gectececggtte ccaacgatca aggcgagtta catgatccce catgttgtge 7800
aaaaaagcgg ttagcectcctt cggtecctecg atcgttgtca gaagtaagtt ggccgcagtyg 7860
ttatcactca tggttatggc agcactgcat aattctetta ctgtcatgec atcegtaaga 7920
tgcttttctg tgactggtga gtactcaacc aagtcattct gagaatagtg tatgcggcga 7980
ccgagttget cttgcccgge gtcaatacgg gataataccg cgccacatag cagaacttta 8040
aaagtgctca tcattggaaa acgttcttcg gggcgaaaac tctcaaggat cttaccgctyg 8100
ttgagatcca gttcgatgta acccactcgt gcacccaact gatcttcagc atcttttact 8160
ttcaccageg tttetgggtyg agcaaaaaca ggaaggcaaa atgecgcaaa aaagggaata 8220
agggcgacac ggaaatgttyg aatactcata ctcttecttt ttcaatatta ttgaagcatt 8280
tatcagggtt attgtctcat gagcggatac atatttgaat gtatttagaa aaataaacaa 8340
ataggggttc cgcgcacatt tccccgaaaa gtgccacctg ggtcectttte atcacgtgcet 8400
ataaaaataa ttataattta aattttttaa tataaatata taaattaaaa atagaaagta 8460
aaaaaagaaa ttaaagaaaa aatagttttt gttttccgaa gatgtaaaag actctagggg 8520
gatcgccaac aaatactacc ttttatcttg ctcttectge tctcaggtat taatgccgaa 8580
ttgtttcatc ttgtctgtgt agaagaccac acacgaaaat cctgtgattt tacattttac 8640
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ttatcgttaa tcgaatgtat atctatttaa tctgcttttc ttgtctaata aatatatatg 8700
taaagtacgc tttttgttga aattttttaa acctttgttt attttttttt cttcattceg 8760
taactcttet accttettta tttactttet asaatccaaa tacaaaacat aaaaataaat 8820
aaacacagag taaattccca aattattcca tcattaaaag atacgaggcg cgtgtaagtt 8880
acaggcaagc gatccgtcect aagaaaccat tattatcatg acattaacct ataaaaatag 8940
gcgtatcacg aggcccttte gtce 8963
<210> SEQ ID NO 10
<211> LENGTH: 7163
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 10
tcgegegttt cggtgatgac ggtgaaaacc tctgacacat gecagetcceceg gagacggtca 60
cagettgtet gtaageggat gecgggagcea gacaageceg tcagggegeg tcagegggty 120
ttggcgggtyg tecggggctgyg cttaactatg cggcatcaga gecagattgta ctgagagtge 180
accataaacg acattactat atatataata taggaagcat ttaatagaca gcatcgtaat 240
atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt ctttattgaa 300
aaatagcttg tcaccttacg tacaatcttg atceggaget tttetttttt tgccgattaa 360
gaattaatte ggtcgaaaaa agaaaaggag agggccaaga gggagggeat tggtgactat 420
tgagcacgtg agtatacgtyg attaagcaca caaaggcagc ttggagtatg tctgttatta 480
atttcacagg tagttctggt ccattggtga aagtttgcgg cttgcagagc acagaggccy 540
cagaatgtgc tctagattcc gatgctgact tgctgggtat tatatgtgtg cccaatagaa 500
agagaacaat tgacccggtt attgcaagga aaatttcaag tcttgtaaaa gcatataaaa 660
atagttcagg cactccgaaa tacttggttyg gegtgttteg taatcaaccet aaggaggatg 720
ttttggctct ggtcaatgat tacggcattg atatcgtcca actgcatgga gatgagtegt 780
ggcaagaata ccaagagttc ctcggtttgc cagttattaa aagactcgta tttccaaaag 840
actgcaacat actactcagt gcagcttcac agaaacctca ttcgtttatt cccttgtttg 900
attcagaage aggtgggaca ggtgaacttt tggattggaa ctcgatttet gactgggtty 960
gaaggcaaga gagccccgaa agcettacatt ttatgttage tggtggactg acgecagaaa 1020
atgttggtga tgcgcttaga ttaaatggcg ttattggtgt tgatgtaagc ggaggtgtgg 1080
agacaaatgg tgtaaaagac tctaacaaaa tagcaaattt cgtcaaaaat gctaagaaat 1140
aggttattac tgagtagtat ttatttaagt attgtttgtg cacttgccta tgcggtgtga 1200
aataccgcac agatgcgtaa ggagaaaata ccgcatcagg aaattgtaaa cgttaatatt 1260
ttgttaaaat tcgcgttaaa tttttgttaa atcagctcat tttttaacca ataggccgaa 1320
atcggcaaaa tcccttataa atcaaaagaa tagaccgaga tagggttgag tgttgttcca 1380
gtttggaaca agagtecact attaaagaac gtggactceca acgtcaaagg gegaaaaace 1440
gtctatcagg gcgatggecc actacgtgaa ccatcaccct aatcaagttt tttggggteg 1500
aggtgccgta aagcactaaa tecggaaccct aaagggagec cccgatttag agettgacgg 1560
ggaaagccgy cgaacgtggc gagaaaggaa gggaagaaag cgaaaggagc gggcgctagg 1620
gcgetggeaa gtgtageggt cacgetgege gtaaccacca cacecgecge gettaatgeg 1680
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ccgctacagg gegcegtegeg ccattegeca ttcaggcectge gcaactgttg ggaagggcega 1740
tecggtgeggg cctcectteget attacgeccag ctggcgaaag ggggatgtge tgcaaggcga 1800
ttaagttggg taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgag 1860
cgcgegtaat acgactcact atagggcgaa ttgggtaccg geccgcaaatt aaagecttceg 1920
agcgteccaa aaccttctceca agcaaggttt tcagtataat gttacatgeg tacacgegtce 1980
tgtacagaaa aaaaagaaaa atttgaaata taaataacgt tcttaatact aacataacta 2040
taaaaaaata aatagggacc tagacttcag gttgtctaac tccttccttt tcggttagag 2100
cggatgtggg gggagggegt gaatgtaage gtgacataac taattacatg actcgaggte 2160
gacttatgca tagtctggaa catcgtaagg gtactttctt ggggtgtaat cgaagatcaa 2220
caatttttce cagaaggatc tgtaaacgtc accaaaacca acgtgagctg gatgaatgat 2280
gtaatcttgg atagtttcaa ctgattcgaa ggttactteg acaatgtgtg tataacctte 2340
ttctttettt tgtgtaacgt ctttacccca gtatacatct ttcatagcag gtataatgtt 2400
gaccaaatta acgtaggtct tgaaaaattec ttecttttga gettetgtga ttteatettt 2460
aaacttcaat actatcaaat gcttgacggc cataggacct gggttttctt caacgtcacc 2520
acaagttaac aaggaacctc taccttcata tttaattggt actgatctga caactactct 2580
ttcgacggte aaaccaggac cgaaaccaaa taagacaccc cattcaaaac cgtcaccagt 2640
agtagattta ccctcttcta atgatctctt tctcaattca tccattacga acaagacagt 2700
ggatgaagac atgttaccgt gttcagataa aacatgtcta ctatctacaa acttttettt 2760
cttcaaatcc aatttttectt caaccttatc caaaatggct ttaccacctg gatgtgttat 2820
ccagaaaata gagttccaat ctgagatacc tataggagtg aatgcttcta tcaaacactt 2880
ttctatgttg ttagagatta acattggaac gtctttgtgce aaatcgaaga tcaaacctgce 2940
ttctcttata tgaccaccaa ttgtaccttc agaattaggc aagatggttt gacctgtact 3000
gactaattca aatattggtc tttcaccaac agattcgteca ggttcetgcac caacaataac 3060
agcagcagca ccgtcaccga agatagcttg accaactaac aattccaagt cagaatcact 3120
tggacctcta aacaagcaag ccataatgtc gcaacaaaca gctaatactc tggcaccctt 3180
gttgttttct gcaatatcct tagcgattct caaaacagta ccaccaccgt agcaacctaa 3240
ttgatacatc atgactctct taacggatgg tgacaaacct aacaatttgg cacagtggta 3300
gtectgcacca ggcatatetg tagtagatge acttgtaaaa atcaaatgag tgatctttga 3360
ctttggttga ccccattect taatggecttt tgcacaagca tctttaccca atttaggaac 3420
ttcgacaact aacatgtctt gtctggcatc caatgtttgc atttcgtgtt ctaccaatct 3480
tggattttgc ttcaaatgtt cttcgttcaa gaagcagttt ctctttctga tcatagactt 3540
atcacatatt tttctaaact tttccttcaa ttgagtcatg tgttcactct tggtaactcect 3600
gaagtaataa tcaggaaatt catcttggat caatatgttt tctgggttgg ctgtacctat 35660
ggctaatacyg gaggcaggac cttcegygctcect caaatggttc atactagtte tagatccgte 3720
gaaactaagt tcttggtgtt ttaaaactaa aaaaaagact aactataaaa gtagaattta 3780
agaagtttaa gaaatagatt tacagaatta caatcaatac ctaccgtctt tatatactta 3840
ttagtcaagt aggggaataa tttcagggaa ctggtttaaa cctttttttt cagctttttce 3900
caaatcagag agagcagaag gtaatagaag gtgtaagaaa atgagataga tacatgcgtg 3960
ggtcaattgc cttgtgtcat catttactcc aggcaggttg catcactcca ttgaggttgt 4020
gececegttttt tgcctgtttg tgccctgtte tetgtagttg cgctaagaga atggacctat 4080
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gaactgatgg ttggtgaaga aaacaatatt ttggtgctgg gattcttttt ttttctggat 4140
gccagcttaa aaagcgggcet ccattatatt tagtggatge caggaataaa cctgttcacce 4200
caagcaccat cagtgttata tattetgtgt aacccegeccee ctattttgge atgtacgggt 4260
tacagcagaa ttaaaaggct aattttttga ctaaataaag ttaggaaaat cactactatt 4320
aattatttac gtattctttyg aaatggcagt attgataatg ataaactcga gagctccage 4380
ttttgttcece tttagtgagg gttaattgcg cgcttggcgt aatcatggtc atagetgttt 4440
cctgtgtgaa attgttatce gctcacaatt ccacacaaca taggagccgg aagcataaag 4500
tgtaaagect ggggtgcecta atgagtgagg taactcacat taattgegtt gegetcactyg 4560
ccegetttee agtcgggaaa cctgtegtge cagetgcatt aatgaatcgg ccaacgcgeg 4620
gggagaggcyg gtttgcgtat tgggcgctct tcecgettoct cygctcactga ctegetgege 4680
tecggtegtte ggctgeggeyg agcggtatca gctcactcaa aggcggtaat acggttatcc 4740
acagaatcag gggataacgc aggaaagaac atgtgagcaa aaggccagca aaaggccagg 4800
aaccgtaaaa aggccgegtt getggegttt ttccatagge teegececece tgacgageat 4860
cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga caggactata aagataccag 4920
gcgttteecce ctggaagete cctegtgege tcetectgtte cgaccctgcee gettaccgga 4980
tacctgteecg ccttteteee ttcgggaage gtggegettt ctcatagctc acgectgtagg 5040
tatctcagtt cggtgtaggt cgttcgetcee aagetggget gtgtgcacga acccccegtt 5100
cageccgace getgegeett atecggtaac tategtettyg agtecaacee ggtaagacac 5160
gacttatcge cactggcagc agccactggt aacaggatta gcagagcgag gtatgtagge 5220
ggtgctacag agttcttgaa gtggtggect aactacggct acactagaag gacagtattt 5280
ggtatctgcg ctectgctgaa gccagttacce ttcggaaaaa gagttggtag ctcttgatcce 5340
ggcaaacaaa ccaccgctgg tagceggtggt ttttttgttt gcaagcagca gattacgege 5400
agaaaaaaag gatctcaaga agatcctttg atcttttcta cggggtetga cgetcagtgg 5460
aacgaaaact cacgttaagg gattttggtc atgagattat caaaaaggat cttcacctag 5520
atccttttaa attaaaaatyg aagttttaaa tcaatctaaa gtatatatga gtaaacttgg 5580
tctgacagtt accaatgctt aatcagtgag gcacctatct cagcgatctg tcectatttegt 5640
tcatccatag ttgcctgact cccegtegtg tagataacta cgatacggga gggcettacca 5700
tetggeccca gtgctgcaat gataccgega gacccacget caccggetece agatttatca 5760
gcaataaacc agccagcegg aagggcecgag cgcagaagtg gtcctgecaac tttatccegece 5820
tccatccagt ctattaattyg ttgccgggaa gctagagtaa gtagttcgec agttaatagt 5880
ttgcgcaacyg ttgttgccat tgctacaggc atcgtggtgt cacgctcegtc gtttggtatg 5940
gcttecattca geteceggtte ccaacgatca aggcgagtta catgatccce catgttgtge 6000
aaaaaagcgg ttagctcett cggtectceg atcgttgtca gaagtaagtt ggccgcagtg 6060
ttatcactca tggttatggc agcactgcat aattctctta ctgtcatgcc atccgtaaga 6120
tgettttetyg tgactggtga gtactcaace aagtcattet gagaatagtyg tatgeggega 6180
ccgagttget cttgceccgge gtcaatacgg gataataccg cgccacatag cagaacttta 6240
aaagtgctca tcattggaaa acgttcetteg gggegaaaac tcetcaaggat cttaccgetg 6300
ttgagatcca gttcgatgta acccactegt gcacccaact gatcttcage atcttttact 6360
ttcaccageg tttetgggtyg agcaaaaaca ggaaggcaaa atgecgcaaa aaagggaata 6420
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agggcgacac ggaaatgttg aatactcata ctcttecttt ttcaatatta ttgaagcatt 6480
tatcagggtt attgtctcat gagcggatac atatttgaat gtatttagaa aaataaacaa 6540
ataggggtte cgecgcacatt tecccgaaaa gtgecacctyg ggtcectttte atcacgtget 65600
ataaaaataa ttataattta aattttttaa tataaatata taaattaaaa atagaaagta 6660
aaaaaagaaa ttaaagaaaa aatagttttt gttttccgaa gatgtaaaag actctagggy 6720
gatcgccaac aaatactacc ttttatcttg ctcttectge tctcaggtat taatgccgaa 6780
ttgtttcatc ttgtctgtgt agaagaccac acacgaaaat cctgtgattt tacattttac 6840
ttatcgttaa tcgaatgtat atctatttaa tctgetttte ttgtctaata aatatatatg 6900
taaagtacgc tttttgttga aattttttaa acctttgttt attttttttt cttcattccg 6960
taactcttet accttettta tttactttct aaaatccaaa tacaaaacat aaaaataaat 7020
aaacacagag taaattccca aattattcca tcattaaaag atacgaggcg cgtgtaagtt 7080
acaggcaagc gatccgtcct aagaaaccat tattatcatg acattaacct ataaaaatag 7140
gegtatcacyg aggecettte gte 7163
<210> SEQ ID NO 11
<211> LENGTH: 8710
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 11
tegegegttt cggtgatgac ggtgaaaacc tctgacacat gecagctceeccg gagacggtca 60
cagettgtet gtaagcggat gecgggagca gacaageccg tcagggegeg tcagegegty 120
ttggcgggtyg teggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtgc 180
accataaatt cccgttttaa gagcttggtg agcgctagga gtcactgcca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt ccecgcaattt tettttteta 300
ttactcttgg cctcctctag tacactctat atttttttat gectcggtaa tgattttcat 360
tttttttttt ccecctagegyg atgactcttt ttttttectta gcgattggca ttatcacata 420
atgaattata cattatataa agtaatgtga tttcttcgaa gaatatacta aaaaatgagc 480
aggcaagata aacgaaggca aagatgacag agcagaaagc cctagtaaag cgtattacaa 540
atgaaaccaa gattcagatt gcgatctett taaagggtgg tecectageg atagageact 500
cgatcttece agaaaaagag gcagaagcag tagcagaaca ggccacacaa tcgcaagtga 560
ttaacgtcca cacaggtata gggtttctgg accatatgat acatgectctg gecaagcatt 720
ccggetggte gectaatcgtt gagtgcattg gtgacttaca catagacgac catcacacca 780
ctgaagactg cgggattgct ctcggtcaag cttttaaaga ggccctactg gcgcgtggag 840
taaaaaggtt tggatcagga tttgcgectt tggatgagge actttccaga geggtggtag 900
atctttcgaa caggecgtac gcagttgtcg aacttggttt gcaaagggag aaagtaggag 960
atctctettg cgagatgatc ccgecatttte ttgaaagett tgcagagget agcagaatta 1020
ccctecacgt tgattgtetyg cgaggcaaga atgatcatca ccgtagtgag agtgcgttca 1080
aggctcttge ggttgccata agagaagcca cctcgcccaa tggtaccaac gatgttccect 1140
ccaccaaagg tgttcttatg tagtgacacc gattatttaa agctgcagca tacgatatat 1200
atacatgtgt atatatgtat acctatgaat gtcagtaagt atgtatacga acagtatgat 1260
actgaagatg acaaggtaat gcatcattct atacgtgtca ttctgaacga ggcgcgcettt 1320
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ccttttttet ttttgetttt tcetttttttt tcectettgaac tcgacggatc tatgeggtgt 1380
gaaataccgce acagatgegt aaggagaaaa taccgcatca ggaaattgta aacgttaata 1440
ttttgttaaa attcgegtta aatttttgtt aaatcagete attttttaac caataggecyg 1500
aaatcggcaa aatcccttat aaatcaaaag aatagaccga gatagggttg agtgttgttc 1560
cagtttggaa caagagtcca ctattaaaga acgtggactc caacgtcaaa gggcgaaaaa 1620
ccgtctatca gggcgatgge ccactacgtg aaccatcacc ctaatcaagt tttttggggt 1680
cgaggtgcecg taaagcacta aatcggaacc ctaaagggag cccccgattt agagcettgac 1740
ggggaaagee ggcgaacgty gegagaaagy aagggaagaa agcgaaagga gegggegeta 1800
gggcgctgge aagtgtagceg gtcacgctge gcegtaaccac cacacccgee gegettaatg 1860
cgeccgetaca gggcgegteyg cgccattege cattcaggcet gegcaactgt tgggaagggc 1920
gatcggtgceg ggectcectteg ctattacgec agctggcgaa agggggatgt getgcaaggce 1980
gattaagttg ggtaacgcca gggttttceece agtcacgacg ttgtaaaacyg acggccagtg 2040
agcgegegta atacgactca ctatagggeg aattgggtac cggecgcaaa ttaaagectt 2100
cgagcgtcce aaaaccttcect caagcaaggt tttcagtata atgttacatg cgtacacgceg 2160
tctgtacaga aaaaaaagaa aaatttgaaa tataaataac gttcttaata ctaacataac 2220
tataaaaaaa taaataggga cctagacttc aggttgtcta actccttcect tttecggttag 2280
agcggatgtg gggggaggge gtgaatgtaa gecgtgacata actaattaca tgactcgagg 2340
tegacttaca aatcttette acttattaat ttttgttegt gtetatgtet aggtaaaggt 2400
ggaatggatt gttcgtttct aaagaagttg tttgggtcaa ccaatgtctt aacctttact 2460
aatctatcga aatttttacc gaagtatttt tcaccccaaa ttctagettg ggtatagtty 2520
ttaggattct ttggatcgtt aataccgatg tccaaatctc tgtagttcaa atatgccaat 2580
ctagggtttt tagaaacgta tggagtcatg aagttataga tgtttctaat ccagtttaag 2640
tgettttegt tatcttettyg ctttteccat gaacaaatgt accacaatte gtataagata 2700
ccagctctat gaggaaatgg aatggcagat tcactgattt cgtccattat accaccgtat 2760
ggatacaagg cgtacatgcc tgcaccaata tcttcttcegt acaattttte taagatttgg 2820
acgaaaactg attcaggtat tggcttttta acgtagtcta acttaatttt aaaggcaccg 2880
ttttgacctg cggatctatc caataatatt tctttgttga agttgtcetgt atcgtagttg 2940
acaacacctg aataaaagat gatggtgteg atccaagaca attgtctaca atcagtttte 3000
ttaataccta attctggaaa agacttattc atcaagtcta ctaaggaatc gacaccaccc 3060
aagaaaactg aagaaaagta tgtgtggata gcagtcttat ttttaccttg gttatcggtyg 3120
atgtttcttg tgatgaaatyg agtcatcaac aacaagtcct tatcgtactt gtatgcgatg 3180
ttttgccact tattgaccaa tttaactaat tcatggattt ccattatctt tttgactgag 3240
aacatagtag actttggtac tgcgactaat cttatcttcc aagcaactat gataccgaat 3300
gattctgcac caccacctct caaagcccaa aataagtctt cacccataga ctttctatcce 3360
aaaactttac cgtgaacatt taccaaatga gcgtcegatta tgttatcage ggcecaaaccey 3420
tagtttctca ttaaaggacc ataaccacca ccaccaaaat gaccacctgc gcaaactgtt 3480
ggacagtaac cagcagccaa tgataagttt tcattetttt cgttaaccca gtagtatact 3540
tcacccaatg ttgcaccagce ttcaacccaa gcagtttgtg agtgtacgtc tattttaatt 3600
gatctcatgt ttctcaaatc aacgataacg aatggaactt gggagatgta tgacatgect 35660
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tcactatcat gaccaccgga tctagttcta atttgcaaac caaccttttt agaacataag 3720
atagtacctt ggatgtgaga tacatgacta ggggttacaa tgaccaaagg ttttggagtg 3780
gtatcagaag tgaatctcaa attatggatt gtactgttca agacggacat gtacaatggg 3840
ttgttttgag tgtaaaccaa cttcaaattg gtggcgttat taggtatgta ttgtgagaag 3900
cacttcaaaa agttttctet tgggtttgcg atacttgttt ggatgttaaa ggaaaagaaa 3960
aagaagatga tcttgcatac gaaccaaaag gagaaagttg aacatttcat aggacctgga 4020
ttttcttcaa cgtcaccaca ggtcaacaaa gaacctctac cttcaataaa aacgtatacc 4080
aaatattcag cgtagtacaa tttccacata aactcgtaga atcttctacce tgcettcaggg 4140
tcataatttg tcaaagcgaa atctctagtt tgcaagatca accagaaagc caagatggca 4200
tgtgacaaca acataacgtt agaattaaag gcttgtggcc aaatgatacc tgccaaaatg 4260
gctgcgacgt aacttaacaa aacgataccg gagcagaaca aagtcaaatt tcecttgaaccg 4320
tacttagaag ccaaggtact aataccgaac tttgtgtcac cttcaacgtc agaggcatcc 4380
ttgatcaagg ctaatgcaga acccatactt ttcatgaatg ccaacaaaaa tgtgaatgaa 4440
ggtctcaatt cgaatggcaa acctaaagca gctcttgaag cgtagtagaa ggtgaagttt 4500
gtgatgatat gagctaagaa attcaacaaa aaggcagtac tagggttttg tttccatcta 4560
aaaggtggta cggaatagac aataccaccg aagataccga aacagtaacc gaagatgtac 4620
aatggaccac ccttcatttt aattgtgatg atcaaaccga acaaggctac tatgatagac 4680
atgatccatg cagtattgac ggatatttca cctgaagcca aaggcaaatce tggtttgtta 4740
attctgtcga tgtgcaaatc gtatatttga ttaattgtag tggtgaatga agcgatgcac 4800
aagatggcaa ctaaaaagaa aaatgcecttg aacatcaagg accatgaaat taagttagtyg 4860
ttatgcaaca attctttacc gaataaaccg catgcacaag aagtaaaagc gattatggtg 4920
tatggtcttt gcaacttcca acatgcttta ccgaagttca aaatttttgt ggcaacagag 4980
tgattatcac tttcaggtgg ttcagtttga tttgtagttyg cagctctgat agagttctta 5040
gctatagaca aactttcgga gcacttattt tgtaagtgga aggacttggt tgaacaatgt 5100
tttgatggaa agttgttgta agagtactta ataggtgtct ttggatgtct gtaacacaac 5160
aatgatgttt ttggattgtt gttgtgagga ttcaataagg tatgatagtt agtttggaag 5220
gagaaagtac agacggatga taaacccata ctagttctag atccgtcgaa actaagttct 5280
tggtgtttta aaactaaaaa aaagactaac tataaaagta gaatttaaga agtttaagaa 5340
atagatttac agaattacaa tcaataccta ccgtctttat atacttatta gtcaagtagg 5400
ggaataattt cagggaactg gtttaaacct tttttttcag ctttttccaa atcagagaga 5460
gcagaaggta atagaaggtg taagaaaatg agatagatac atgcgtgggt caattgcctt 5520
gtgtcatcat ttactccagg caggttgcat cactccattg aggttgtgce cgttttttge 5580
ctgtttgtge cctgttetet gtagttgege taagagaatg gacctatgaa ctgatggttg 5640
gtgaagaaaa caatattttg gtgctgggat tctttttttt tctggatgce agcttaaaaa 5700
gcgggcteca ttatatttag tggatgccag gaataaacct gttcacccaa gecaccatcag 5760
tgttatatat tctgtgtaac ccgcccccta ttttggcatg tacgggttac agcagaatta 5820
aaaggctaat tttttgacta aataaagtta ggaaaatcac tactattaat tatttacgta 5880
ttctttgaaa tggcagtatt gataatgata aactcgagag ctccagettt tgttcccttt 5940
agtgagggtt aattgcgcgc ttggcgtaat catggtcata gectgtttcecct gtgtgaaatt 6000
gttatccget cacaattcca cacaacatag gagccggaag cataaagtgt aaagcctggg 6060
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gtgcctaatg agtgaggtaa ctcacattaa ttgcgttgeg ctcactgcce getttccagt 6120
cgggaaacct gtcgtgccag ctgcattaat gaatcggcca acgegegggg agaggeggtt 6180
tgegtattgg gegetettee gettectege tcecactgacte getgegeteg gtegttegge 6240
tgcggcgage ggtatcagcect cactcaaagg cggtaatacg gttatccaca gaatcagggg 6300
ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagy 6360
ccgegttget ggegttttte cataggctce gececccectga cgagcatcac aaaaatcgac 6420
gctcaagtca gaggtggega aacccgacag gactataaag ataccaggeg tttceccectg 6480
gaageteceet cgtgegetet ccetgttecga cectgecget taceggatac ctgtecegect 6540
ttctcectte gggaagegtyg gegectttete atagectcacg ctgtaggtat ctcagttcgg 6600
tgtaggtegt tcegctecaag ctgggctgtg tgcacgaacce ceccegttcecag cecgaccget 6660
gcgccttate cggtaactat cgtcttgagt ccaacccggt aagacacgac ttatcgccac 6720
tggcagcagce cactggtaac aggattagca gagcgaggta tgtaggceggt getacagagt 6780
tecttgaagtyg gtggectaac tacggctaca ctagaaggac agtatttggt atctgegete 6840
tgctgaagce agttaccttc ggaaaaagag ttggtagctc ttgatccgge aaacaaacca 6900
cecgetggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga aaaaaaggat 6960
ctcaagaaga tcctttgatc ttttctacgg ggtctgacgce tcagtggaac gaaaactcac 7020
gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc cttttaaatt 7080
aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtet gacagttace 7140
aatgcttaat cagtgaggca cctatctcag cgatctgtct atttcgttca tccatagttg 7200
cctgactece cgtcegtgtag ataactacga tacgggaggg cttaccatct ggccccagtyg 7260
ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca ataaaccagce 7320
cagccggaag ggccgagcege agaagtggtce ctgcaacttt atccegectec atccagtceta 7380
ttaattgttg ccgggaagcet agagtaagta gttegecagt taatagtttg cgcaacgttg 7440
ttgccattge tacaggcatc gtggtgtcac gctegtegtt tggtatgget tcattcaget 7500
cecggttceecca acgatcaagyg cgagttacat gatcccccat gttgtgcaaa aaagcggtta 7560
gctcettegg tecteccgate gttgtcagaa gtaagttgge cgcagtgtta tcactcatgg 7620
ttatggcagc actgcataat tctcettactg tcatgcecatce cgtaagatge ttttetgtga 7680
ctggtgagta ctcaaccaag tcattcectgag aatagtgtat geggcgaceg agttgetett 7740
gcceggegte aatacgggat aataccgcge cacatagcag aactttaaaa gtgctcatca 7800
ttggaaaacg ttcttegggyg cgaaaactct caaggatctt accgctgttg agatccagtt 7860
cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttactttc accagcgttt 7920
ctgggtgage aaaaacagga aggcaaaatg ccgcaaaaaa gggaataagg gcgacacgga 7980
aatgttgaat actcatactc ttcctttttc aatattattg aagcatttat cagggttatt 8040
gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata ggggttccgce 8100
geacatttee cegaaaagtyg ccacctgggt ccetttteate acgtgetata aaaataatta 8160
taatttaaat tttttaatat aaatatataa attaaaaata gaaagtaaaa aaagaaatta 8220
aagaaaaaat agtttttgtt ttecgaagat gtaaaagact ctagggggat cgccaacaaa 8280
tactaccttt tatcttgctc ttectgctcet caggtattaa tgccgaattg tttcatctty 8340
tctgtgtaga agaccacaca cgaaaatcct gtgattttac attttactta tegttaatceg 8400
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aatgtatatc tatttaatct gcttttecttg tctaataaat atatatgtaa agtacgcttt 8460
ttgttgaaat tttttaaacc tttgtttatt tttttttctt cattccgtaa ctcttctacc 8520
ttctttattt actttctaaa atccaaatac aaaacataaa aataaataaa cacagagtaa 8580
attcccaaat tattccatca ttaaaagata cgaggcgcgt gtaagttaca ggcaagcgat 8640
ccgtectaag aaaccattat tatcatgaca ttaacctata aaaataggcg tatcacgagyg 8700
cecectttegte 8710
<210> SEQ ID NO 12
<211> LENGTH: 9617
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 12
ttatcatgac attaacctat aaaaataggc gtatcacgag gccctttegt ctcgegegtt 60
tcggtgatga cggtgaaaac ctctgacaca tgecagetecec ggagacggte acagettgte 120
tgtaagcgga tgccgggage agacaagcecce gtcagggege gtcagcegggt gttggegggt 180
gtcggggety gettaactat goggcatcag agcagattgt actgagagtyg caccacgett 240
ttcaattcaa ttcatcattt tttttttatt cttttttttg atttcggttt ctttgaaatt 300
tttttgattc ggtaatctcc gaacagaagg aagaacgaag gaaggagcac agacttagat 360
tggtatatat acgcatatgt agtgttgaag aaacatgaaa ttgecccagta ttcttaacce 420
aactgcacag aacaaaaacc tgcaggaaac gaagataaat catgtcgaaa gctacatata 480
aggaacgtge tgctactcat cctagtcctg ttgctgccaa getatttaat atcatgcacy 540
aaaagcaaac aaacttgtgt gcttcattgg atgttcgtac caccaaggaa ttactggagt 500
tagttgaagc attaggtccc aaaatttgtt tactaaaaac acatgtggat atcttgactg 660
attttteccat ggagggcaca gttaagccge taaaggcatt atcegccaag tacaattttt 720
tactcttecga agacagaaaa tttgctgaca ttggtaatac agtcaaattg cagtactctg 780
cgggtgtata cagaatagca gaatgggcag acattacgaa tgcacacggt gtggtgggcec 840
caggtattgt tagcggtttg aagcaggcgg cagaagaagt aacaaaggaa cctagaggcc 900
ttttgatgtt agcagaattg tcatgcaagg gctccctatc tactggagaa tatactaagg 960
gtactgttga cattgcgaag agcgacaaag attttgttat cggetttatt getcaaagag 1020
acatgggtgg aagagatgaa ggttacgatt ggttgattat gacacccggt gtgggtttag 1080
atgacaaggg agacgcattyg ggtcaacagt atagaaccgt ggatgatgtg gtctctacag 1140
gatctgacat tattattgtt ggaagaggac tatttgcaaa gggaagggat gctaaggtag 1200
agggtgaacg ttacagaaaa gcaggctggg aagcatattt gagaagatgc ggccagcaaa 1260
actaaaaaac tgtattataa gtaaatgcat gtatactaaa ctcacaaatt agagcttcaa 1320
tttaattata tcagttatta ccctgegygtyg tgaaataccg cacagatgcg taaggagaaa 1380
ataccgcatc aggaaattgt aaacgttaat attttgttaa aattcgcegtt aaatttttgt 1440
taaatcagct cattttttaa ccaataggcc gaaatcggca aaatccctta taaatcaaaa 1500
gaatagaccg agatagggtt gagtgttgtt ccagtttgga acaagagtcc actattaaag 1560
aacgtggact ccaacgtcaa agggcgaaaa accgtctatc agggcgatgg cccactacgt 1620
gaaccatcac cctaatcaag ttttttgggg tcgaggtgcc gtaaagcact aaatcggaac 1680
cctaaaggga gcccccgatt tagagettga cggggaaage cggcgaacgt ggcgagaaag 1740
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gaagggaaga aagcgaaagg agcgggcgct agggcgctgg caagtgtage ggtcacgcetg 1800
cgegtaacca ccacaccege cgegettaat gegecgetac agggegegte gegecattceg 1860
ccattcagge tgegcaacty ttgggaaggg cgateggtge gggectette getattacge 1920
cagctggcga aggggggatg tgctgcaagg cgattaagtt gggtaacgecc agggttttcc 1980
cagtcacgac gttgtaaaac gacggccagt gaattgtaat acgactcact atagggcgaa 2040
ttggagctcet agtacggatt agaagccgcc gagcgggcga cagecctcceg acggaagact 2100
cteccteegtyg cgtcectegte ttcaceggte gegttectga aacgcagatg tgcctegege 2160
cgcactgete cgaacaataa agattcectaca atactagett ttatggttat gaagaggaaa 2220
aattggcagt aacctggccc cacaaacctt caaattaacg aatcaaatta acaaccatag 2280
gatgataatg cgattagttt tttagcctta tttctggggt aattaatcag cgaagcgatg 2340
atttttgatc tattaacaga tatataaatg gaaaagctgc ataaccactt taactaatac 2400
tttcaacatt ttcagtttgt attacttctt attcaaatgt cataaaagta tcaacaaaaa 2460
attgttaata tacctctata ctttaacgtc aaggagaaaa aaccccggat tetagaacta 2520
gtggatccce catcatgaac catttgagag ccgaaggtcc tgcctccgta ttagccatag 2580
gtacagccaa cccagaaaac atattgatcc aagatgaatt tcctgattat tacttcagag 2640
ttaccaagag tgaacacatg actcaattga aggaaaagtt tagaaaaata tgtgataagt 2700
ctatgatcag aaagagaaac tgcttcettga acgaagaaca tttgaagcaa aatccaagat 2760
tggtagaaca cgaaatgcaa acattggatg ccagacaaga catgttagtt gtcgaagtte 2820
ctaaattggg taaagatgct tgtgcaaaag ccattaagga atggggtcaa ccaaagtcaa 2880
agatcactca tttgattttt acaagtgcat ctactacaga tatgcctggt gcagactacc 2940
actgtgccaa attgttaggt ttgtcaccat ccgttaagag agtcatgatg tatcaattag 3000
gttgctacgg tggtggtact gttttgagaa tcgctaagga tattgcagaa aacaacaagg 3060
gtgeccagagt attagetgtt tgttgegaca ttatggettg cttgtttaga ggtccaagtyg 3120
attctgactt ggaattgtta gttggtcaag ctatcttcgg tgacggtgct gctgctgtta 3180
ttgttggtgc agaacctgac gaatctgttg gtgaaagacc aatatttgaa ttagtcagta 3240
caggtcaaac catcttgcct aattctgaag gtacaattgg tggtcatata agagaagcag 3300
gtttgatctt cgatttgcac aaagacgttc caatgttaat ctctaacaac atagaaaagt 3360
gtttgataga agcattcact cctataggta tctcagattg gaactctatt ttctggataa 3420
cacatccagg tggtaaagcc attttggata aggttgaaga aaaattggat ttgaagaaag 3480
aaaagtttgt agatagtaga catgttttat ctgaacacgg taacatgtct tcatccactyg 3540
tcttgttegt aatggatgaa ttgagaaaga gatcattaga agagggtaaa tctactactg 3600
gtgacggttt tgaatggggt gtcttatttg gtttceggtee tggtttgace gtcgaaagag 3660
tagttgtcag atcagtacca attaaatatg aaggtagagg ttccttgtta acttgtggtg 3720
acgttgaaga aaacccaggt cctatggccg tcaagcattt gatagtattg aagtttaaag 3780
atgaaatcac agaagctcaa aaggaagaat ttttcaagac ctacgttaat ttggtcaaca 3840
ttatacctgc tatgaaagat gtatactggg gtaaagacgt tacacaaaag aaagaagaag 3900
gttatacaca cattgtcgaa gtaacctteg aatcagttga aactatccaa gattacatca 3960
ttcatccage tcacgttggt tttggtgacg tttacagatc cttcetgggaa aaattgttga 4020
tettegatta caccccaaga aagttaaage caaaataatyg ataacgagaa taatatcaag 4080
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aataccttag aacaacatcg acaacaacaa caggcatttt cggatatgag tcacgtggag 4140
tattccagaa ttacaaaatt ttttcaagaa caaccactgg agggatatac ccttttctcet 4200
cacaggtetg cgccatgggt ttatcatceg tctgtacttt ctecttecaa actaactate 4260
ataccttatt gaatcctcac aacaacaatc caaaaacatc attgttgtgt tacagacatc 4320
caaagacacc tattaagtac tcttacaaca actttcecatc aaaacattgt tcaaccaagt 4380
ccttceccactt acaaaataag tgctcecgaaa gtttgtctat agctaagaac tctatcagag 4440
ctgcaactac aaatcaaact gaaccacctg aaagtgataa tcactctgtt gccacaaaaa 4500
ttttgaactt cggtaaagca tgttggaagt tgcaaagacc atacaccata atcgetttta 4560
cttettgtge atgcggttta ttcggtaaag aattgttgca taacactaac ttaatttcat 45620
ggtccttgat gttcaaggca tttttetttt tagttgccat cttgtgcatc gettcattcea 4680
ccactacaat taatcaaata tacgatttgc acatcgacag aattaacaaa ccagatttgce 4740
ctttggcttc aggtgaaata tccgtcaata ctgcatggat catgtctatc atagtagect 4800
tgtteggttt gatcatcaca attaaaatga agggtggtec attgtacate tteggttact 4860
gtttcggtat cttecggtggt attgtctatt ccgtaccacc ttttagatgg aaacaaaacc 4920
ctagtactgc ctttttgttyg aatttcttag ctcatatcat cacaaacttc accttctact 4980
acgcttcaag agctgcttta ggtttgccat tcgaattgag accttcattc acatttttgt 5040
tggcattcat gaaaagtatg ggttctgcat tagccttgat caaggatgcc tctgacgttg 5100
aaggtgacac aaagttcggt attagtacct tggettectaa gtacggtteca agaaatttga 5160
ctttgttctg cteccggtatc gttttgttaa gttacgtcge agccattttg gcaggtatca 5220
tttggccaca agcectttaat tctaacgtta tgttgttgte acatgccatc ttggetttet 5280
ggttgatctt gcaaactaga gatttcgctt tgacaaatta tgaccctgaa gcaggtagaa 5340
gattctacga gtttatgtgg aaattgtact acgctgaata tttggtatac gtttttattg 5400
aaggtagagg ttectttgttyg acctgtggtg acgttgaaga aaatccaggt cctatgaaat 5460
gttcaacttt ctccttttgg ttcgtatgca agatcatctt ctttttcttt tectttaaca 5520
tccaaacaag tatcgcaaac ccaagagaaa actttttgaa gtgcttctca caatacatac 5580
ctaataacgc caccaatttg aagttggttt acactcaaaa caacccattg tacatgtccg 5640
tcttgaacag tacaatccat aatttgagat tcacttctga taccactcca aaacctttgg 5700
tcattgtaac ccctagtecat gtatectcaca tccaaggtac tatcttatgt tcetaaaaagg 5760
ttggtttgca aattagaact agatccggtg gtcatgatag tgaaggcatg tcatacatct 5820
cccaagttce attcgttatc gttgatttga gaaacatgag atcaattaaa atagacgtac 5880
actcacaaac tgcttgggtt gaagctggtg caacattggg tgaagtatac tactgggtta 5940
acgaaaagaa tgaaaactta tcattggctg ctggttactg tccaacagtt tgcgcaggtyg 6000
gtcattttgg tggtggtggt tatggtcctt taatgagaaa ctacggtttg gecgctgata 6060
acataatcga cgctcatttyg gtaaatgttc acggtaaagt tttggataga aagtctatgyg 6120
gtgaagactt attttgggct ttgagaggtg gtggtgcaga atcattcggt atcatagttg 6180
cttggaagat aagattagtc gcagtaccaa agtctactat gttctcagtc aaaaagataa 6240
tggaaatcca tgaattagtt aaattggtca ataagtggca aaacatcgca tacaagtacg 6300
ataaggactt gttgttgatg actcatttca tcacaagaaa catcaccgat aaccaaggta 6360
aaaataagac tgctatccac acatactttt cttcagtttt cttgggtggt gtcgattcct 6420
tagtagactt gatgaataag tcttttccag aattaggtat taagaaaact gattgtagac 6480
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aattgtcttg gatcgacacc atcatctttt attcaggtgt tgtcaactac gatacagaca 6540
acttcaacaa agaaatatta ttggatagat ccgcaggtca aaacggtgcec tttaaaatta 65600
agttagacta cgttaaaaag ccaatacctg aatcagtttt cgtcecaaate ttagaaaaat 6660
tgtacgaaga agatattggt gcaggcatgt acgccttgta tccatacggt ggtataatgg 6720
acgaaatcag tgaatctgcc attccatttc ctcatagagce tggtatctta tacgaattgt 6780
ggtacatttg ttcatgggaa aagcaagaag ataacgaaaa gcacttaaac tggattagaa 6840
acatctataa cttcatgact ccatacgttt ctaaaaaccc tagattggca tatttgaact 6900
acagagattt ggacatcggt attaacgate caaagaatcec taacaactat acccaageta 6960
gaatttgggg tgaaaaatac ttcggtaaaa atttcgatag attagtaaag gttaagacat 7020
tggttgacce aaacaacttc tttagaaacg aacaatccat tecaccttta cctagacata 7080
gacactgatg ggctgcagga attcgatatc aagcttatcg ataccgtcga cctcgagtca 7140
tgtaattagt tatgtcacgec ttacattcac gccctceccce cacatcceget ctaaccgaaa 7200
aggaaggagt tagacaacct gaagtctagg tccctattta tttttttata gttatgttag 7260
tattaagaac gttatttata tttcaaattt ttcttttttt tctgtacaga cgcgtgtacg 7320
catgtaacat tatactgaaa accttgcttg agaaggtttt gggacgctcg aaggctttaa 7380
tttgcggecyg gtacccaget tttgttccct ttagtgaggg ttaattccga gettggegta 7440
atcatggtca tagctgttte ctgtgtgaaa ttgttatccg ctcacaattc cacacaacat 7500
aggagccgga agcataaagt gtaaagectg gggtgectaa tgagtgaggt aactcacatt 7560
aattgcgttg cgctcactge cegctttcca gtcgggaaac ctgtcgtgec agetgcatta 7620
atgaatcgge caacgegcegg ggagaggcgg tttgcgtatt gggegctcett cegettecte 7680
gctcactgac tcgctgceget cggtcegtteg gctgcggcega gecggtatcag ctcactcaaa 7740
ggcggtaata cggttatcca cagaatcagg ggataacgca ggaaagaaca tgtgagcaaa 7800
aggccagcaa aaggccagga accgtaaaaa ggeegegttg ctggegtttt tecatagget 7860
cggccecect gacgagcate acaaaaatcg acgctcaagt cagaggtggce gaaacccgac 7920
aggactataa agataccagg cgttceccccce tggaagcectcece ctegtgceget ctectgttec 7980
gaccctgecg cttaccggat acctgtccge ctttectecect tcecgggaagceg tggegettte 8040
tcaatgctca cgctgtaggt atctcagtte ggtgtaggte gttegctceca agetgggetyg 8100
tgtgcacgaa cceccecgtte ageccgaceg ctgegectta tecggtaact ategtettga 8160
gtccaacccg gtaagacacg acttatcgcc actggcagca gccactggta acaggattag 8220
cagagcgagg tatgtaggcyg gtgctacaga gttecttgaag tggtggcecta actacggcta 8280
cactagaagg acagtatttg gtatctgcgc tctgctgaag ccagttacct tcggaaaaag 8340
agttggtage tcttgatceg gcaaacaaac caccgetggt ageggtggtt tttttgtttg 8400
caagcagcag attacgcgca gaaaaaaagg atctcaagaa gatcctttga tcecttttctac 8460
ggggtctgac gctcagtgga acgaaaactc acgttaaggg attttggtca tgagattatc 8520
aaaaaggate ttcacctaga tecttttaaa ttaaaaatga agttttaaat caatctaaag 8580
tatatatgag taaacttggt ctgacagtta ccaatgctta atcagtgagg cacctatctce 8640
agcgatctgt ctatttegtt catccatagt tgcctgactg ccegtegtgt agataactac 8700
gatacgggag ggcttaccat ctggccccag tgctgcaatyg ataccgcgag acccacgcete 8760
accggcteca gatttatcag caataaacca gecagecgga agggcecgage gcagaagtgg 8820
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tcectgcaact ttatcecgect ccatccagte tattaattgt tgccgggaag ctagagtaag 8880
tagttcgcca gttaatagtt tgcgcaacgt tgttgccatt gctacaggca tcegtggtgtce 8940
acgctegteg tttggtatgg cttcattcag ctceggttec caacgatcaa ggcgagttac 9000
atgatcccce atgttgtgaa aaaaagcggt tagctcctte ggtcctecga tegttgtcag 9060
aagtaagttg gccgcagtgt tatcactcat ggttatggca gcactgcata attctettac 9120
tgtcatgcca tccgtaagat gettttetgt gactggtgag tactcaacca agtcattcetg 9180
agaatagtgt atgcggcgac cgagttgctc ttgcccggeg tcaatacggg ataataccge 9240
geccacatage agaactttaa aagtgetcat cattggaaaa cgttcttegg ggcgaaaact 9300
ctcaaggatc ttaccgctgt tgagatccag ttcgatgtaa cccactcgtg cacccaactg 9360
atcttcagca tcttttactt tcaccagegt ttctgggtga gcaaaaacag gaaggcaaaa 9420
tgccgcaaaa aagggaataa gggcgacacg gaaatgttga atactcatac tcecttectttt 9480
tcaatattat tgaagcattt atcagggtta ttgtctcatg agcggataca tatttgaatg 9540
tatttagaaa aataaacaaa taggggttcc gcgcacattt cececcgaaaag tgccacctga 9600
cgtctaagaa accatta 9617
<210> SEQ ID NO 13
<211> LENGTH: 7879
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 13
aacctataaa aataggcgta tcacgaggcc ctttegtote gegegtttceg gtgatgacgy 60
tgaaaacctc tgacacatgc agctcccgga gacggtcaca gettgtetgt aagcggatge 120
cgggagcaga caagcccgtc agggcgcgtce agegggtgtt ggegggtgtce ggggctgget 180
taactatgeg gecatcagagec agattgtact gagagtgcac cacgetttte aattcaatte 240
atcatttttt ttttattctt ttttttgatt tcggtttctt tgaaattttt ttgattcggt 300
aatctccgaa cagaaggaag aacgaaggaa ggagcacaga cttagattgg tatatatacg 360
catatgtagt gttgaagaaa catgaaattg cccagtattc ttaacccaac tgcacagaac 420
aaaaacctgc aggaaacgaa gataaatcat gtcgaaagct acatataagg aacgtgctge 480
tactcateet agtecetgttg ctgccaaget atttaatatce atgcacgaaa agcaaacaaa 540
cttgtgtget tcattggatg ttcgtaccac caaggaatta ctggagttag ttgaagcatt 500
aggtcccaaa atttgtttac taaaaacaca tgtggatatc ttgactgatt tttccatgga §60
gggcacagtt aagccgctaa aggcattatc cgccaagtac aattttttac tcttcgaaga 720
cagaaaattt gctgacattg gtaatacagt caaattgcag tactctgcgg gtgtatacag 780
aatagcagaa tgggcagaca ttacgaatgce acacggtgtg gtgggcccag gtattgttag 840
cggtttgaag caggcggcag aagaagtaac aaaggaacct agaggecttt tgatgttage 200
agaattgtca tgcaagggcet ccctatctac tggagaatat actaagggta ctgttgacat 960
tgcgaagagce gacaaagatt ttgttatcgg ctttattgct caaagagaca tgggtggaag 1020
agatgaaggt tacgattggt tgattatgac accecggtgtg ggtttagatg acaagggaga 1080
cgcattgggt caacagtata gaaccgtgga tgatgtggtc tctacaggat ctgacattat 1140
tattgttgga agaggactat ttgcaaaggg aagggatgct aaggtagagg gtgaacgtta 1200
cagaaaagca ggctgggaag catatttgag aagatgcggc cagcaaaact aaaaaactgt 1260
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attataagta aatgcatgta tactaaactc acaaattaga gcttcaattt aattatatca 1320
gttattacce tgecggtgtga aataccgcac agatgcgtaa ggagaaaata ccgcatcagg 1380
aaattgtaaa cgttaatatt ttgttaaaat tcgegttaaa tttttgttaa atcagetceat 1440
tttttaacca ataggccgaa atcggcaaaa tcccttataa atcaaaagaa tagaccgaga 1500
tagggttgag tgttgttcca gtttggaaca agagtccact attaaagaac gtggactcca 1560
acgtcaaagg gcgaaaaacc gtctatcagg gcgatggccc actacgtgaa ccatcaccct 1620
aatcaagttt tttggggtcg aggtgccgta aagcactaaa tceggaaccct aaagggagcec 1680
ceegatttag agettgacgy ggaaagecegy cgaacgtygge gagaaaggaa gggaagaaay 1740
cgaaaggagc gggcgctagyg gegetggcaa gtgtageggt cacgctgege gtaaccacca 1800
caccegeege gcettaatgeg cegctacagg gegegtcegeg ccattcgeca ttcaggetge 1860
gcaactgttg ggaagggcga tcggtgcggg cctcectteget attacgccag ctggcgaagg 1920
ggggatgtgce tgcaaggcga ttaagttggg taacgccagg gttttceeccag tcacgacgtt 1980
gtaaaacgac ggccagtgaa ttgtaatacg actcactata gggcgaattg gagetctagt 2040
acggattaga agccgecgag cgggcgacag ccctecgacg gaagactcecte cteegtgegt 2100
cctegtette accggtegeyg ttectgaaac gcagatgtge ctegegecge actgctecga 2160
acaataaaga ttctacaata ctagctttta tggttatgaa gaggaaaaat tggcagtaac 2220
ctggcecccac aaaccttcaa attaacgaat caaattaaca accataggat gataatgcga 2280
ttagtttttt agecttattt ctggggtaat taatcagcga agegatgatt tttgatctat 2340
taacagatat ataaatggaa aagctgcata accactttaa ctaatacttt caacattttc 2400
agtttgtatt acttcttatt caaatgtcat aaaagtatca acaaaaaatt gttaatatac 2460
ctctatactt taacgtcaag gagaaaaaac cccggattct agaactagtg gatcatgaac 2520
catttgagag ccgaaggtcc tgcctecgta ttageccatag gtacagccaa cccagaaaac 2580
atattgatce aagatgaatt tcecctgattat tacttcagag ttaccaagag tgaacacatg 2640
actcaattga aggaaaagtt tagaaaaata tgtgataagt ctatgatcag aaagagaaac 2700
tgcttettga acgaagaaca tttgaagcaa aatccaagat tggtagaaca cgaaatgcaa 2760
acattggatg ccagacaaga catgttagtt gtcgaagttc ctaaattggg taaagatgct 2820
tgtgcaaaag ccattaagga atggggtcaa ccaaagtcaa agatcactca tttgattttt 2880
acaagtgcat ctactacaga tatgectggt gcagactacc actgtgecaa attgttaggt 2940
ttgtcaccat ccgttaagag agtcatgatg tatcaattag gttgctacgg tggtggtact 3000
gttttgagaa tcgctaagga tattgcagaa aacaacaagg gtgccagagt attagctgtt 3060
tgttgcgaca ttatggcttg cttgtttaga ggtccaagtg attctgactt ggaattgtta 3120
gttggtcaag ctatcttegg tgacggtget getgetgtta ttgttggtge agaacctgac 3180
gaatctgttg gtgaaagacc aatatttgaa ttagtcagta caggtcaaac catcttgect 3240
aattctgaag gtacaattgg tggtcatata agagaagcag gtttgatctt cgatttgcac 3300
aaagacgtte caatgttaat ctctaacaac atagaaaagt gtttgataga agcattcact 3360
cctataggta tctcagattg gaactctatt ttctggataa cacatccagg tggtaaagec 3420
attttggata aggttgaaga aaaattggat ttgaagaaag aaaagtttgt agatagtaga 3480
catgttttat ctgaacacgg taacatgtct tcatccactg tecttgttegt aatggatgaa 3540
ttgagaaaga gatcattaga agagggtaaa tctactactg gtgacggttt tgaatggggt 3500
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gtcttatttg gttteggtee tggtttgacce gtcgaaagag tagttgtcag atcagtacca 3660
attaaatatg aaggtagagg ttccttgtta acttgtggtg acgttgaaga aaacccaggt 3720
cctatggecg tcaagcattt gatagtattg aagtttaaag atgaaatcac agaagctcaa 3780
aaggaagaat ttttcaagac ctacgttaat ttggtcaaca ttatacctgc tatgaaagat 3840
gtatactggyg gtaaagacgt tacacaaaayg aaagaagaag gttatacaca cattgtcgaa 3900
gtaaccttcg aatcagttga aactatccaa gattacatca ttcatccage tcacgttggt 3960
tttggtgacg tttacagatc cttctgggaa aaattgttga tcttcgatta caccccaaga 4020
aagtgataac gagaataata tcaagaatac cttagaacaa catcgacaac aacaacaggce 4080
attttcggat atgagtcacg tggagtattc cagaattaca aaattttttc aagaacaacc 4140
actggaggga tatacccttt tctctcacag gtctgcgecca tgggtttate atcegtetgt 4200
actttctect tccaaactaa ctatcatacc ttattgaatc ctcacaacaa caatccaaaa 4260
acatcattgt tgtgttacag acatccaaag acacctatta agtactctta caacaacttt 4320
ccatcaaaac attgttcaac caagtccttce cacttacaaa ataagtgete cgaaagtttg 4380
tctatagcta agaactctat cagagctgca actacaaatc aaactgaacc acctgaaagt 4440
gataatcact ctgttgccac aaaaattttg aacttcggta aagcatgttg gaagttgcaa 4500
agaccataca ccataatcgce ttttacttct tgtgcatgceg gtttattcgg taaagaattg 4560
ttgcataaca ctaacttaat ttcatggtcc ttgatgttca aggcattttt ctttttagtt 4620
gecatcttgt gecategette attcaccact acaattaatc aaatatacga tttgcacate 4580
gacagaatta acaaaccaga tttgcctttg gcttcaggtg aaatatccgt caatactgca 4740
tggatcatgt ctatcatagt agcecttgttc ggtttgatca tcacaattaa aatgaagggt 4800
ggtccattgt acatcttecgg ttactgtttc ggtatctteg gtggtattgt ctattccegta 4860
ccacctttta gatggaaaca aaaccctagt actgcctttt tgttgaattt cttagctcat 4920
atcatcacaa acttcacctt ctactacget tcaagagctg ctttaggttt gecattecgaa 4980
ttgagacctt cattcacatt tttgttggca ttcatgaaaa gtatgggttc tgcattagcc 5040
ttgatcaagg atgcctctga cgttgaaggt gacacaaagt tcggtattag taccttggcet 5100
tctaagtacg gttcaagaaa tttgactttg ttctgctccg gtatcgtttt gttaagttac 5160
gtcgcageca ttttggcagg tatcatttgg ccacaagcect ttaattctaa cgttatgttg 5220
ttgtcacatg ccatcttgge tttetggttg atcttgcaaa ctagagattt cgetttgaca 5280
aattatgacc ctgaagcagg tagaagattc tacgagttta tgtggaaatt gtactacgct 5340
gaatatttgg tatacgtttt tatttaacga taccgtcgac ctcgagtcat gtaattagtt 5400
atgtcacgct tacattcacg ccctceccccee acatccgete taaccgaaaa ggaaggagtt 5460
agacaacctg aagtctaggt ccctatttat ttttttatag ttatgttagt attaagaacg 5520
ttatttatat ttcaaatttt tetttttttt ctgtacagac gegtgtacge atgtaacatt 5580
atactgaaaa ccttgcttga gaaggttttg ggacgctcga aggcetttaat ttgeggecgyg 5640
tacccagett ttgttecctt tagtgagggt taattccgag cttggcgtaa tcatggtceat 5700
agctgtttce tgtgtgaaat tgttatccgce tcacaattcc acacaacata ggagccggaa 5760
gcataaagtg taaagcctgg ggtgcctaat gagtgaggta actcacatta attgcgttge 5820
gctcactgee cgcttteccag tcgggaaacc tgtcegtgcca gctgcattaa tgaatcggec 5880
aacgcgceggg gagaggcggt ttgcgtattg ggcgetctte cgettccteg ctcactgact 5940
cgctgegete ggtegttegg ctgcggcgag cggtatcage tcactcaaag geggtaatac 6000
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ggttatccac
aggccaggaa
acgagcatca
gataccaggce
ttaccggata
gctgtaggta
ceecegttea
taagacacga
atgtaggegg
cagtatttgyg
cttgatcegy
ttacgegecay
ctcagtggaa
tcacctagat
aaacttggte
tatttcgtte
gcttaccate
atttatcage
tatcegecete
ttaatagttt
ttggtatgge
tgttgtgaaa
cegeagtgtt
ccgtaagatyg
tgcggegace
gaactttaaa
taccgetgtt
cttttacttt
agggaataag
gaagcattta
ataaacaaat

ccattattat

agaatcaggg
ccgtaaaaag
caaaaatcga
gttcecceccet
cectgtecgee
tctcagtteg
gceegacege
cttategeca
tgctacagag
tatctgcgcet
caaacaaacc
aaaaaaagga
cgaaaactca
ccttttaaat
tgacagttac
atccatagtt
tggccecagt
aataaaccag
catccagtct
gcgcaacgtt
ttcattcage
aaaageggtt
atcactcatg
cttttetgtyg
gagttgctet
agtgctcatce
gagatccagt
caccagegtt
ggcgacacgg
tcagggttat

aggggttccg

catgacatt

<210> SEQ ID NO 14
<211> LENGTH: 3353

<212> TYPE:

DNA

gataacgcag
gcegegttge
cgeteaagte
ggaagctccce
tttctecctt
gtgtaggtcg
tgcgecettat
ctggeageay
ttcttgaagt
ctgctgaagce
accgctggta
tctcaagaag
cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactge
gctgcaatga
ccageeggaa
attaattgtt
gttgccattg
tcecggttece
agctectteg
gttatggecag
actggtgagt
tgcceggegt
attggaaaac
tcgatgtaac
tetgggtgag
aaatgttgaa
tgtctcatga

cgcacattte

gaaagaacat
tggegttttt
agaggtggey
tcgtgegete
cgggaagegt
ttcgctccaa
ccggtaacta
ccactggtaa
ggtggcctaa
cagttacctt
geggtggeet
atcctttgat
ttttggteat
gttttaaatce
tcagtgagge
ccgtegtgta
taccgcgaga
gggecgageg
geegggaage
ctacaggcat
aacgatcaag
gtecctecgat
cactgcataa
actcaaccaa
caatacggga
gttcttcggy
ccactegtge
caaaaacagg
tactcatact
gcggatacat

cccgaaaagt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized

<400> SEQUENCE: 14

gtgagcaaaa ggccagcaaa
ccataggete ggccceectg
aaacccgaca ggactataaa
tecetgtteeg accctgeege
ggcgetttet caatgctcac
gctgggetgt gtgcacgaac
tcegtettgag tecaaccegg
caggattage agagcgaggt
ctacggctac actagaagga
cggaaaaaga gttggtagct
ttttgtttge aagcagcaga
cttttctacg gggtctgacg
gagattatca aaaaggatct
aatctaaagt atatatgagt
acctatcteca gegatctgte
gataactacg atacgggagg
ccecacgetea ceggetecag
cagaagtggt ccetgcaactt
tagagtaagt agttcgccag
cgtggtgtea cgctegtegt
gcgagttaca tgatccceca
cgttgtcaga agtaagttgg
ttetettact gtecatgecat
gtcattctga gaatagtgta
taataccgeg ccacatagca
gcgaaaactc tcaaggatct
acccaactga tettcageat
aaggcaaaat gecgcaaaaa
cttecttttt caatattatt
atttgaatgt atttagaaaa

gccacctgac gtctaagaaa

actagtatgyg gtaaaaacta taagtccttg gattcagtcg ttgcctcaga tttcatcgea

ttgggtatca cctcagaagt agcagaaaca ttacatggta gattggcaga aatcegtttgt

6060

6120

6180

6240

6300

6360

6420

6480

6540

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7800

7860

7879

60

120
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aattatggtg ctgcaacccc tcaaacttgg atcaacatcg ctaaccatat cttgtcacca 180
gatttgcett tctcecttaca ccaaatgttg ttttatggtt gctacaagga tttceggteca 240
gccccacety cttggattec agaccetgaa aaagtcaagt caactaattt gggtgetttg 300
ttggaaaaga gaggtaaaga atttttgggt gtaaagtaca aagatccaat ttcttetttt 360
tctecacttee aagaattttc tgttagaaac cctgaagtct attggagaac agtattgatyg 420
gatgaaatga aaattagttt ctctaaggac ccagaatgta tcttgagaag agatgacatc 480
aacaacccag gtggttctga atggttacct ggtggttact tgaactcagc taaaaattgce 540
ttgaacgtaa actccaataa gaaattgaac gatactatga tegtttggag agacgagggt 500
aacgatgact tgcctttgaa taagttgaca ttagatcaat tgagaaagag agtttggttg 560
gttggttatg cattggaaga aatgggttta gaaaaaggtt gtgcaatagc catcgatatg 720
ccaatgcatg ttgatgctgt tgttatatat ttggccatag tattggctgg ttacgtagtt 780
gtctctatag cagattcatt ttcegeccct gaaatctcaa ctagattgag attatccaaa 840
gctaaggcaa ttttcacaca agatcacatc atcagaggta aaaagagaat accattgtat 900
tcaagagtag ttgaagctaa atccccaatg gcaatagtta teccttgtag tggttctaac 960
attggtgcag aattgagaga tggtgacata tcttgggatt actttttaga aagagccaag 1020
gagtttaaaa actgcgagtt tactgccaga gaacaacctg ttgatgctta tactaacatc 1080
ttattctcca gtggtactac aggtgaacca aaagcaattc cttggacaca agccacccca 1140
ttgaaggctg ctgctgatgg ttggtctcat ttggatatta gaaaaggtga cgttatagta 1200
tggccaacta atttgggttg gatgatgggt ccttggttgg tttatgctag tttgttaaat 1260
ggtgcatcta ttgccttgta caacggtagt cctttagtet ctggtttege taaatttgtt 1320
caagatgcaa aggtcacaat gttgggtgtc gtaccatcta ttgtaagatc atggaaatcc 1380
acaaattgtg tttcaggtta cgattggtcc accataagat gcttttcttc atccggtgaa 1440
gectectaatyg tagacgaata tttgtggtta atgggtagag ctaactacaa gecagttata 1500
gaaatgtgtg gtggtacaga aatcggtggt gctttttctg ctggttcatt tttgcaaget 1560
caatctttaa gttctttttc atcccaatgt atgggttgca ccttgtacat attagataag 1620
aacggttacc caatgcctaa aaataagcca ggtatcggtg aattggcatt aggtcctgtt 1680
atgtttggtg cctcaaaaac attgttaaac ggtaatcatc acgatgtcta tttcaagggt 1740
atgccaacct tgaatggtga agtattgaga agacatggtg acattttega attgacctcet 1800
aacggttact accatgcaca cggtagagcc gatgacacta tgaacatcgg tggtatcaaa 1860
attagttcta tcgaaatcga aagagtctgt aatgaagtag atgacagagt ttttgaaacc 1920
actgctattg gtgttccacc tttgggtggt ggtccagaac aattggtcat atttttcgta 1980
ttgaaggatt caaacgacac aaccattgat ttgaaccaat tgagattatc ctttaacttg 2040
ggtttgcaaa agaaattgaa cccattattc aaagttacta gagttgtccc attgtcatece 2100
ttacctagaa ctgcaacaaa caagatcatg agaagagttt tgagacaaca attcagtcat 2160
ttcgaagaag gtagaggtte tttgttaaca tgtggtgacg ttgaagaaaa tccaggtect 2220
atggcttcag aaaaggaaat aagaagagaa agattcttga acgtattccc aaagttagtt 2280
gaagaattga acgctagttt gttagcttat ggtatgccta aagaagcctg cgattggtat 2340
gctcactcett taaactacaa tactccaggt ggtaaattga atagaggttt gagtgtagtt 2400
gatacttatg ctatcttgtc taacaaaacc gttgaacaat taggtcaaga agaatacgaa 2460
aaggtcgcta tcttgggttg gtgtattgaa ttgttgcaag catacttttt ggttgccgat 2520
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gacatgatgg ataagtctat aacaagaaga ggtcaaccat gctggtacaa agttccagaa 2580
gttggtgaaa tagccataaa tgatgcetttt atgttggaag ccgctatcta taaattgttg 2640
aagtcacatt tcagaaacga aaagtactac atcgatatta ccgaattatt ccacgaagtt 2700
actttccaaa cagaattggg tcaattgatg gatttgataa ctgcacctga agataaagtt 2760
gacttgtcaa agttttcctt gaagaaacat tcattcatcg tcacctttga aactgcttat 2820
tactccttct atttgccagt cgccttggct atgtacgtag ctggtattac tgatgaaaaa 2880
gacttgaagc aagcaagaga tgttttgata cctttgggtg aatacttcca aatccaagat 2940
gactacttag actgtttegg tactccagaa caaataggta aaatcggtac agatattcaa 3000
gacaataagt gcagttgggt tattaacaag gctttggaat tagcatctgc cgaacaaaga 3060
aagactttgg atgaaaacta cggtaaaaag gactcagttyg ctgaagcaaa gtgtaagaaa 3120
atttttaatg atttgaagat tgaacaattg taccatgaat acgaagaatc catcgctaaa 3180
gacttaaagg caaagattag tcaagttgat gaatcaagag gttttaaagc cgacgttttg 3240
acagctttet tgaataaggt ctacaagaga tcaaaggatt acaaggatca tgacggtgac 3300
tataaagacc acgatattga ctacaaagat gacgatgaca agtaagcggc cgc 3353
<210> SEQ ID NO 15
<211> LENGTH: 1553
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 15
actagtatga accatttgag agccgaaggt cctgccteeg tattagecat aggtacagcec 60
aacccagaaa acatattgat ccaagatgaa tttectgatt attacttcag agttaccaag 120
agtgaacaca tgactcaatt gaaggaaaag tttagaaaaa tatgtgataa gtctatgatc 180
agaaagagaa actgettcett gaacgaagaa catttgaage aaaatccaag attggtagaa 240
cacgaaatgc aaacattgga tgccagacaa gacatgttag ttgtcgaagt tcctaaattg 300
ggtaaagatg cttgtgcaaa agccattaag gaatggggtc aaccaaagtc aaagatcact 360
catttgattt ttacaagtgc atctactaca gatatgcctg gtgcagacta ccactgtgcec 420
aaattgttag gtttgtcacc atccgttaag agagtcatga tgtatcaatt aggttgetac 480
ggtggtggta ctgttttgag aatcgctaag gatattgcag aaaacaacaa gggtgccaga 540
gtattagctg tttgttgcga cattatggct tgcttgttta gaggtccaag tgattctgac 6§00
ttggaattgt tagttggtca agctatcttc ggtgacggtyg ctgcetgcetgt tattgttggt 560
gcagaacctg acgaatctgt tggtgaaaga ccaatatttg aattagtcag tacaggtcaa 720
accatcttge ctaattctga aggtacaatt ggtggtcata taagagaagc aggtttgatc 780
ttecgatttge acaaagacgt tccaatgtta atctctaaca acatagaaaa gtgtttgata 840
gaagcattca ctcctatagg tatctcagat tggaactcta ttttectggat aacacatcca 900
ggtggtaaag ccattttgga taaggttgaa gaaaaattgg atttgaagaa agaaaagttt 960
gtagatagta gacatgtttt atctgaacac ggtaacatgt cttcatccac tgtcttgtte 1020
gtaatggatg aattgagaaa gagatcatta gaagagggta aatctactac tggtgacggt 1080
tttgaatggg gtgtcttatt tggtttecggt cctggtttga cecgtcgaaag agtagttgte 1140
agatcagtac caattaaata tgaaggtaga ggttccttgt taacttgtgg tgacgttgaa 1200
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gaaaacccag gtcctatggc cgtcaagcat ttgatagtat tgaagtttaa agatgaaatc 1260
acagaagctc aaaaggaaga atttttcaag acctacgtta atttggtcaa cattatacct 1320
gctatgaaag atgtatactg gggtaaagac gttacacaaa agaaagaaga aggttataca 1380
cacattgtcg aagtaacctt cgaatcagtt gaaactatcc aagattacat cattcatcca 1440
gctcacgttg gttttggtga cgtttacaga tcecttetggg aaaaattgtt gatcttegat 1500
tacaccccaa gaaagtaccc ttacgatgtt ccagactatg cataagcggce cgc 1553
<210> SEQ ID NO 16
<211> LENGTH: 2918
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 16
actagtatgg gtttatcatc cgtctgtact ttctccttec aaactaacta tcatacctta 60
ttgaatcete acaacaacaa tccaaaaaca tcattgttgt gttacagaca tccaaagaca 120
cctattaagt actcttacaa caactttcca tcaaaacatt gttcaaccaa gtccttccac 180
ttacaaaata agtgctccga aagtttgtct atagctaaga actctatcag agctgcaact 240
acaaatcaaa ctgaaccacc tgaaagtgat aatcactctg ttgccacaaa aattttgaac 300
ttcggtaaag catgttggaa gttgcaaaga ccatacacca taatcgcttt tacttcttgt 360
gcatgcggtt tattecggtaa agaattgttg cataacacta acttaattte atggtecttg 420
atgttcaagg catttttctt tttagttgcc atcttgtgca tcgcttcatt caccactaca 480
attaatcaaa tatacgattt gcacatcgac agaattaaca aaccagattt gectttgget 540
tcaggtgaaa tatccgtcaa tactgcatgg atcatgtcta tcatagtagce cttgttcggt 500
ttgatcatca caattaaaat gaagggtggt ccattgtaca tcttcggtta ctgtttcggt 660
atcttcggtg gtattgtceta ttcegtacca ccttttagat ggaaacaaaa ccctagtact 720
gectttttgt tgaatttctt agctcatatc atcacaaact tcaccttcta ctacgcttca 780
agagctgctt taggtttgcc attcgaattg agaccttcat tcacattttt gttggcattce 840
atgaaaagta tgggttctgc attagccttg atcaaggatg cctetgacgt tgaaggtgac 900
acaaagttcg gtattagtac cttggcttct aagtacggtt caagaaattt gactttgttce 960
tgcteecggta tegttttgtt aagttacgte gcagecattt tggcaggtat catttggeca 1020
caagccttta attctaacgt tatgttgttg tcacatgcca tcttggettt ctggttgatce 1080
ttgcaaacta gagatttcgc tttgacaaat tatgaccctg aagcaggtag aagattctac 1140
gagtttatgt ggaaattgta ctacgctgaa tatttggtat acgtttttat tgaaggtaga 1200
ggttctttgt tgacctgtgg tgacgttgaa gaaaatccag gtcctatgaa atgttcaact 1260
ttctectttt ggttcegtaty caagatcatce ttetttttet tttectttaa catccaaaca 1320
agtatcgcaa acccaagaga aaactttttg aagtgcttcet cacaatacat acctaataac 1380
gccaccaatt tgaagttggt ttacactcaa aacaacccat tgtacatgte cgtcttgaac 1440
agtacaatcc ataatttgag attcacttct gataccactc caaaaccttt ggtcattgta 1500
acccctagtce atgtatctca catccaaggt actatcttat gttctaaaaa ggttggtttg 1560
caaattagaa ctagatccgg tggtcatgat agtgaaggca tgtcatacat ctcccaagtt 1620
ccattcgtta tcgttgattt gagaaacatg agatcaatta aaatagacgt acactcacaa 1680
actgcttggg ttgaagctgg tgcaacattg ggtgaagtat actactgggt taacgaaaag 1740
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aatgaaaact
ggtggtggty
gacgcteatt
ttattttggg
ataagattag
catgaattag
ttgttgttga
actgetatee
ttgatgaata
tggatcgaca
aaagaaatat
tacgttaaaa
gaagatattg
agtgaatctg
tgttcatggy
aacttcatga
ttggacatcg
ggtgaaaaat
ccaaacaact

caaaaattaa

tatcattggce
gttatggtec
tggtaaatgt
ctttgagagg
tcgcagtace
ttaaattggt
tgactcattt
acacatactt
agtcttttee
ccatcatctt
tattggatag
agccaatace
gtgcaggeat
ccattecatt
aaaagcaaga
ctccatacgt
gtattaacga
actteggtaa
tctttagaaa

taagtgaaga

<210> SEQ ID NO 17
«211> LENGTH: 167

<212> TYPE:

DNA

tgctggttac
tttaatgaga
tcacggtaaa
tggtggtgcea
aaagtctact
caataagtgg
catcacaaga
ttetteagtt
agaattaggt
ttattcaggt
atcegcaggt
tgaatcagtt
gtacgecttg
tcctecataga
agataacgaa
ttctaaaaac
tccaaagaat
aaatttcgat
cgaacaatcc

agatttgtaa

tgtccaacag
aactacggtt
gttttggata
gaatcatteg
atgttctcag
caaaacatcg
aacatcaccg
ttettgggty
attaagaaaa
gttgtcaact
caaaacggtg
ttegtcecaaa
tatccatacg
gctggtatcet
aagcacttaa
cctagattgg
cctaacaact
agattagtaa

attccacctt

gcggecge

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized

<400> SEQUENCE: 17

tttgcgcagg tggtcatttt
tggecgetga taacataatce
gaaagtctat gggtgaagac
gtatcatagt tgcttggaag
tcaaaaagat aatggaaatc
catacaagta cgataaggac
ataaccaagg taaaaataag
gtgtegatte cttagtagac
ctgattgtag acaattgtct
acgatacaga caacttcaac
cctttaaaat taagttagac
tcttagaaaa attgtacgaa
gtggtataat ggacgaaatc
tatacgaatt gtggtacatt
actggattag aaacatctat
catatttgaa ctacagagat
atacccaagc tagaatttgg
aggttaagac attggttgac

tacctagaca tagacacgaa

agccaaaata atgataacga gaataatatc aagaatacct tagaacaaca tcgacaacaa

caacaggcat tttcggatat gagtcacgtg gagtattcca gaattacaaa attttttcaa

gaacaaccac tggagggata taccetttte tctcacaggt ctgegee

<210> SEQ ID NO 18
<211> LENGTH: 1518

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized

<400> SEQUENCE: 18

atggttteca

ataagaatag

atagcatcag

gaaaaatceg

ttgccattyga

cctagattgg

atcacttgtt

ataatactag

ctatggatge

ctgaageatt

atactgccta

ttgtagtege

tgacgcaatg

aacttggaca

tttgggtate

gatettgtat

cacattagct

ctetteagece

agagcegetg

tacgatgacy

agaccaggtg

ttggettgtt

gaattggatt

agagetggtg

ccectggtaa cgceccttte

cetttgettt atetggtaga

acagagtcge agttcaagta

tgagaagtgg tgcagtttat

acttcatagyg tgacgcagaa

tagaaacaat tgctaaacca

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2700

2760

2820

2880

2918

60

120

167

60

120

180

240

300

360
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agaggtgcaa tagtcgaaac cttagatgct gctggttetg gtagtttgtt agatttggec 420
agagacgaac ctgctgattt tgttgacgct tcaagatcag ccgatgactt agccgctatt 480
ttgtacacct ctggtactac aggtagatca aagggtgcta tgttgactca tggtaatttg 540
ttgtcaaacg cattaacctt gagagatttc tggagagtta ctgccggtga cagattaatc 500
cacgctttge caatttttca tactcacggt ttattcegttg ctaccaacgt aactttgtta 660
gcaggtgect ccatgttett gttgagtaag ttcgatccag aagaaatatt atctttgatg 720
cctcaagcta ctatgttgat gggtgtccca acattctacg ttagattgtt acaatcacct 780
agattagata agcaagctgt tgcaaacatc agattgttta tateccggtag tgctccattg 840
ttagcagaaa cccatactga atttcaagca agaacaggtc acgccatttt agaaagatac 900
ggtatgacag aaaccaatat gaacacttct aacccttatg aaggtaaaag aatagetggt 960
acagttggtt ttccattgcc tgatgtcaca gttagagtaa ccgacccagc cactggttta 1020
gctttgccac ctgaacaaac tggtatgatc gaaattaaag gtccaaacgt ttttaagggt 1080
tactggagaa tgcctgaaaa gactgcetget gagtttactg ctgatggttt ctttatectet 1140
ggtgacttag gtaaaattga tagagacggt tatgtccata ttgttggtcg tggtaaagat 1200
ttggttatat ccggtggtta taacatctac cctaaggaag tagaaggtga aatagatcaa 1260
atcgaaggtg ttgtagaatc agctgtaata ggtgtcccac atcctgattt tggtgaaggt 1320
gttacagcag tcgttgtaag aaaaccaggt gctgcattag atgaaaaggc aattgtttct 1380
gecttacaag acagattggce tagatacaag caaccaaaga gaataatctt cgcagaagat 1440
ttgcctagaa atactatggg taaagtacaa aagaacatct tgagacaaca atacgccgac 1500
ttatacacca gaacctga 1518
<210> SEQ ID NO 19
<211> LENGTH: 2092
«<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 19
actagtatgg gtttatcatc cgtctgtact ttctecttec aaactaacta tcatacctta 60
ttgaatccte acaacaacaa tccaaaaaca tcattgttgt gttacagaca tccaaagaca 120
cctattaagt actcttacaa caactttceca tcaaaacatt gttcaaccaa gtecttecac 180
ttacaaaata agtgctccga aagtttgtct atagctaaga actctatcag agetgcaact 240
acaaatcaaa ctgaaccacc tgaaagtgat aatcactctg ttgccacaaa aattttgaac 300
ttcggtaaag catgttggaa gttgcaaaga ccatacacca taatcgettt tacttettgt 360
gcatgcggtt tattcggtaa agaattgttg cataacacta acttaatttc atggtcctat 420
gaactgctee geattetett tectggttegt ctgtaaaata atcttettet tettgtecett 480
caacatccaa atctecatcg caaatccaca agaaaacttt ttgaagtgtt tcetccgaata 540
catcccaaac aaccetgeta acccaaagtt tatatatact caacatgatc aattgtacat 600
gtecegttttg aacagtacca tccaaaattt gagattcact tcetgacacta caccaaaacce 660
tttagtcatt gttacacctt ccaatgttag tcacattcaa gcttctatat tgtgctctaa 720
gaaagtaggt ttgcaaatca gaactagatc aggtggtcat gatgcagaag gcatgtctta 780
catctcacaa gttccattcyg ttgtagtcga tttgagaaat atgcattcca taaagatcga 840
cgttcacagt caaacagcat gggtagaagc aggtgccacc ttgggtgaag tttactactg 900
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gatcaacgaa aagaatgaaa acttttcttt ccctggtggt tactgtccaa cagtaggtgt 960
cggtggtcac ttttetggtyg gtggttatgg tgcattgatg agaaactacg gtttagetge 1020
agataatatt atagacgecc atttggttaa cgtagatggt aaagttttgg acagaaagte 1080
tatgggtgaa gatttgtttt gggccataag aggtggtggt ggtgaaaatt tcggtatcat 1140
tgccgettgyg aaaattaagt tagtcgetgt tecttcecaaa agtactattt tetcectgtcaa 1200
aaagaacatg gaaatccacg gtttggttaa gttgtttaat aagtggcaaa acatcgctta 1260
caagtacgat aaggacttgg ttttgatgac ccatttcatc actaaaaata ttacagataa 1320
ccatggtaaa aataagacca ctgttcacgg ttatttttet tcaattttec atggtggtgt 1380
agattctttg gttgatttga tgaataagtc attcccagaa ttgggtatta aaaagacaga 1440
ttgcaaggaa ttttcttgga tagacacaac catcttctat tcaggtgttg taaacttcaa 1500
caccgctaac ttcaaaaagg aaatcttgtt ggatagatcc gctggtaaaa agaccgcttt 1560
ttctattaaa ttggactacyg ttaagaaacc aatccctgaa actgcaatgg tcaagatatt 1620
ggaaaagttg tacgaagaag atgtaggtgt cggcatgtac gttttgtatce catacggtgg 1680
tattatggaa gaaatatctg aatcagccat accatttcct cacagagctg gtatcatgta 1740
tgaattatgg tacacagcct catgggaaaa gcaagaagat aacgaaaagc atatcaactyg 1800
ggtcagatcc gtttacaact tcactacacc ttacgttagt caaaacccaa gattggcata 1860
tttgaactac agagatttgg acttaggtaa aactaaccct gaatctccaa ataactatac 1920
acaagcaaga atttggggty aaaagtactt tggtaaaaat ttcaacagat tagttaaagt 1980
aaagactaaa gccgacccta acaacttttt cagaaacgaa caatccatcc cacctttgec 2040
acctcaccac cacgaacaaa aattaataag tgaagaagat ttgtaagtcg ac 2092
<210> SEQ ID NO 20
<211> LENGTH: 7904
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 20
tcgegegttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca 60
cagettgtet gtaageggat gecgggagca gacaagecceg tcagggegeg tcagegggtyg 120
ttggegggty teggggetgy cttaactatyg cggeatcaga geagattgta ctgagagtge 180
accatatcga ctacgtcgta aggccgttte tgacagagta aaattcttga gggaactttce 240
accattatgg gaaatggttc aagaaggtat tgacttaaac tccatcaaat ggtcaggtca 300
ttgagtgttt tttatttgtt gtattttttt ttttttagag aaaatcctcc aatatcaaat 360
taggaatcgt agtttcatga ttttectgtta cacctaactt tttgtgtggt gecctectec 420
ttgtcaatat taatgttaaa gtgcaattct ttttccttat cacgttgagc cattagtatc 480
aatttgctta cctgtattcc tttactatcc tecctttttet ccttcttgat aaatgtatgt 540
agattgegta tatagttteg tetaccectat gaacatatte cattttgtaa tttegtgteg 500
tttctattat gaatttcatt tataaagttt atgtacaaat atcataaaaa aagagaatct 560
ttttaagcaa ggattttett aacttetteg gegacageat caccgactte ggtggtactyg 720
ttggaaccac ctaaatcacc agttctgata cctgcatcca aaaccttttt aactgcatct 780
tcaatggect taccttcette aggcaagtte aatgacaatt tcaacatcat tgcagcagac 840
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aagatagtgg cgatagggtc aaccttattc tttggcaaat ctggagcaga accgtggcat 900
ggttcgtaca aaccaaatgc ggtgttcttg tctggcaaag aggccaagga cgcagatgge 960
aacaaaccca aggaacctgg gataacggag gettecatcgg agatgatatce accaaacatg 1020
ttgctggtga ttataatacc atttaggtgg gttgggttct taactaggat catggcggca 1080
gaatcaatca attgatgttg aaccttcaat gtagggaatt cgttcttgat ggtttcctece 1140
acagtttttc tccataatct tgaagaggcc aaaacattag ctttatccaa ggaccaaata 1200
ggcaatggtg gctcatgttg tagggccatg aasagcggcca ttcttgtgat tetttgcact 1260
tctggaacgg tgtattgtte actatcccaa gcgacaccat caccategte tteetttete 1320
ttaccaaagt aaatacctcc cactaattct ctgacaacaa cgaagtcagt acctttagca 1380
aattgtggct tgattggaga taagtctaaa agagagtcgg atgcaaagtt acatggtcett 1440
aagttggegt acaattgaag ttctttacgg atttttagta aaccttgttc aggtctaaca 1500
ctaccggtac cccatttagg accacccaca gcacctaaca aaacggcatc aaccttcttg 1560
gaggctteca gegectcate tggaagtggg acacctgtag catcegatage agcaccacca 1620
attaaatgat tttcgaaatc gaacttgaca ttggaacgaa catcagaaat agctttaaga 1680
accttaatgg cttcggctgt gatttcttga ccaacgtggt cacctggcaa aacgacgatc 1740
ttcttagggyg cagacatagg ggcagacatt agaatggtat atccttgaaa tatatatata 1800
tattgctgaa atgtaaaagg taagaaaagt tagaaagtaa gacgattgct aaccacctat 1860
tggaaaaaac aataggtect taaataatat tgtcaacttc aagtattgtg atgcaagcat 1920
ttagtcatga acgcttctct attctatatg aaaagccggt tcecggcctet cacctttect 1980
ttttctecca atttttcagt tgaaaaaggt atatgegtca ggcgacctct gaaattaaca 2040
aaaaatttcc agtcatcgaa tttgattctg tgcgatageg cececctgtgtg ttetegttat 2100
gttgaggaaa aaaataatgg ttgctaagag attcgaactc ttgcatctta cgatacctga 2160
gtattcccac agttaactgc ggtcaagata tttcecttgaat caggegectt agaccgeteg 2220
gccaaacaac caattacttg ttgagaaata gagtataatt atcctataaa tataacgttt 2280
ttgaacacac atgaacaagg aagtacagga caattgattt tgaagagaat gtggattttg 2340
atgtaattgt tgggattcca tttttaataa ggcaataata ttaggtatgt ggatatacta 2400
gaagttctce tcgagggtcg atatgcggtg tgaaataccg cacagatgcg taaggagaaa 2460
ataccgcatce aggaaattgt aaacgttaat attttgttaa aattcgegtt aaatttttgt 2520
taaatcagct cattttttaa ccaataggcc gaaatcggca aaatccctta taaatcaaaa 2580
gaatagaccg agatagggtt gagtgttgtt ccagtttgga acaagagtcc actattaaag 2640
aacgtggact ccaacgtcaa agggcgaaaa accgtctatc agggcgatgg cccactacgt 2700
gaaccatcac cctaatcaag ttttttgggg tcgaggtgcc gtaaagcact aaatcggaac 2760
cctaaaggga geccccgatt tagagettga cggggaaage cggegaacgt ggcgagaaag 2820
gaagggaaga aagcgaaagg agcgggcgct agggcgctgg caagtgtage ggtcacgetg 2880
cgegtaacca ccacaccege cgegettaat gegecgetac agggcegegte gegecattcg 2940
ccattcaggce tgcgcaactyg ttgggaaggg cgatcggtgc gggcectcette getattacge 3000
cagctggcga aggggggatg tgctgcaagg cgattaagtt gggtaacgcc agggttttec 3060
cagtcacgac gttgtaaaac gacggccagt gaattgtaat acgactcact atagggcgaa 3120
ttggagctcet agtacggatt agaagccgcc gagcgggcga cagecctcceg acggaagact 3180
ctccteegtyg cgtectegte ttcaccggte gcgttectga aacgcagatg tgcctcegege 3240
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cgcactgctc cgaacaataa agattctaca atactagctt ttatggttat gaagaggaaa 3300
aattggcagt aacctggccc cacaaacctt caaattaacg aatcaaatta acaaccatag 3360
gatgataatg cgattagttt tttagectta tttetggggt aattaatcag cgaagegaty 3420
atttttgatc tattaacaga tatataaatg gaaaagctgc ataaccactt taactaatac 3480
tttcaacatt ttcagtttgt attacttctt attcaaatgt cataaaagta tcaacaaaaa 3540
attgttaata tacctctata ctttaacgtc aaggagaaaa aaccccggat tctagaacta 3600
gtggatcecce catcacaagt ttgtacaaaa aagctgaacg agaaacgtaa aatgatataa 3660
atatcaatat attaaattag attttgcata aasaaacagac tacataatac tgtaaaacac 3720
aacatatcca gtcactatgg cggccgcatt aggcacccca ggctttacac tttatgettce 3780
cggctegtat aatgtgtgga ttttgagtta ggatccegtceg agattttcag gagctaagga 3840
agctaaaatg gagaaaaaaa tcactggata taccaccgtt gatatatccc aatggcatcg 3900
taaagaacat tttgaggcat ttcagtcagt tgctcaatgt acctataacc agaccgttca 3960
getggatatt acggectttt taaagaccgt aaagaaaaat aagcacaagt tttatceggce 4020
ctttattcac attcttgecc gectgatgaa tgctcatccg gaattccgta tggcaatgaa 4080
agacggtgag ctggtgatat gggatagtgt tcacccttgt tacaccgttt tcecatgagca 4140
aactgaaacg ttttcatcge tctggagtga ataccacgac gatttccggce agtttctaca 4200
catatattcg caagatgtgg cgtgttacgg tgaaaacctg gectatttecce ctaaagggtt 4260
tattgagaat atgttttteyg tetcagecaa tecetgggty agttteacca gttttgattt 4320
aaacgtggcc aatatggaca acttcttcge cccegttttc accatgggca aatattatac 4380
gcaaggcgac aaggtgctga tgccgcetgge gattcaggtt catcatgecg tetgtgatgg 4440
cttccatgtc ggcagaatgc ttaatgaatt acaacagtac tgcgatgagt ggcagggcgg 4500
ggcgtaaacg ccgcegtggat ccggcttact aaaagccaga taacagtatg cgtatttgeg 4560
cgetgatttt tgecggtataa gaatatatac tgatatgtat acccgaagta tgtcaaaaag 45620
aggtatgcta tgaagcagcg tattacagtg acagttgaca gcgacagcta tcagttgctce 4680
aaggcatata tgatgtcaat atctceggtc tggtaagcac aaccatgcag aatgaagccc 4740
gtcgtctgeyg tgccgaacge tggaaagcgg aaaatcagga agggatgget gaggtcegecce 4800
ggtttattga aatgaacggc tcttttgetg acgagaacag gggctggtga aatgcagttt 4860
aaggtttaca cctataaaag agagagccgt tategtetgt ttgtggatgt acagagtgat 4920
attattgaca cgcccgggceg acggatggtg atcccectgg ccagtgcacg tetgctgtcea 4980
gataaagtct cccgtgaact ttacceggtg gtgcatatcg gggatgaaag ctggcgcatyg 5040
atgaccaccg atatggccag tgtgcecggtc tccgttatcg gggaagaagt ggctgatctce 5100
agccaccgeg aaaatgacat caaaaacgcc attaacctga tgttctgggg aatataaatg 5160
tcaggctcce ttatacacag ccagtctgca ggtecgaccat agtgactgga tatgttgtgt 5220
tttacagtat tatgtagtct gttttttatg caaaatctaa tttaatatat tgatatttat 5280
atcattttac gtttetegtt cagetttett gtacaaagtyg gtgatggget geaggaatte 5340
gatatcaagc ttatcgatac cgtcgacctc gagtcatgta attagttatg tcacgcttac 5400
attcacgece tecceccaca tecgetetaa ccgaaaagga aggagttaga caacctgaag 5460
tctaggtece tatttatttt tttatagtta tgttagtatt aagaacgtta tttatatttce 5520
aaatttttet tttttttetyg tacagacgeg tgtacgcatyg taacattata ctgaaaacct 5580
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tgcttgagaa ggttttggga cgctcgaagg ctttaatttg cggccggtac ccagettttyg 5640
ttcecctttag tgagggttaa ttccgagett ggcgtaatca tggtcatage tgtttectgt 5700
gtgaaattgt tatcecgctca caattcecaca caacatagga gccggaagca taaagtgtaa 5760
agcctggggt gcctaatgag tgaggtaact cacattaatt gegttgeget cactgeccge 5820
tttccagtcyg ggaaacctgt cgtygccagcet gcattaatga atcggccaac goegeggggay 5880
aggcggtttg cgtattggge gctcecttecge ttecectegete actgactege tgcgeteggt 5940
cgttcggetyg cggcgagegyg tatcagctca ctcaaaggcg gtaatacggt tatccacaga 6000
atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccyg 6060
taaaaaggcc gcgttgctgg cgtttttcca taggctecgge ccccctgacg agcatcacaa 6120
aaatcgacge tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggegtt 6180
ccececectgga ageteecteg tgcgectetee tgttecgace ctgecgetta ceggatacct 6240
gtccgecttt ctececttegg gaagecgtgge gctttetcaa tgctcacget gtaggtatct 6300
cagttecggtg taggtcegtte getccaaget gggetgtgtyg cacgaaccece cegtteagece 6360
cgaccgetge gecttatecg gtaactatceg tcttgagtcec aacccggtaa gacacgactt 6420
atcgccactg gcagcagceca ctggtaacag gattagcaga gcgaggtatg taggcggtgce 6480
tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag tatttggtat 6540
ctgcgectetyg ctgaagccag ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa 65600
acaaaccacc gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa 6660
aaaaggatct caagaagatc ctttgatctt ttctacgggg tctgacgctc agtggaacga 6720
aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcect 6780
tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa cttggtctga 6840
cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat ttcgttcatce 6900
catagttgcee tgactgeecyg tegtgtagat aactacgata cgggaggget taccatetgg 6960
ccccagtget gcaatgatac cgcgagaccce acgctcaccg gctccagatt tatcagcaat 7020
aaaccagceca gocggaaggg ccgagegcag aagtggtect geaactttat cegectecat 7080
ccagtctatt aattgttgcc gggaagctag agtaagtagt tcgccagtta atagtttgeg 7140
caacgttgtt gccattgcta caggcatcgt ggtgtcacgc tcgtcgtttg gtatggettce 7200
attcagetee ggtteccaac gatcaaggeg agttacatga teccccatgt tgtgaaaaaa 7260
agcggttage tccttceggte ctecgatcegt tgtcagaagt aagttggccg cagtgttatce 7320
actcatggtt atggcagcac tgcataattc tcttactgtc atgccatccg taagatgcett 7380
ttectgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatgc ggcgaccgag 7440
ttgctecttge ccggcgtcaa tacgggataa taccgcegcca catagcagaa ctttaaaagt 7500
getecatcatt ggaaaacgtt cttcggggeg aaaactctcea aggatcttac cgetgttgag 7560
atccagttcg atgtaaccca ctegtgcacce caactgatcet tcagcatctt ttactttceac 7620
cagegtttet gggtgagcaa aaacaggaag gcaaaatgec gcaaaaaagg gaataagggce 7680
gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa gcatttatca 7740
gggttattgt ctcatgagcg gatacatatt tgaatgtatt tagaaaaata aacaaatagg 7800
ggttccgege acatttcccc gaaaagtgcc acctgacgtc taagaaacca ttattatcat 7860
gacattaacc tataaaaata ggcgtatcac gaggcccttt cgte 7904
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<210> SEQ ID NO 21

<211> LENGTH: 6773

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Codon optimized

<400> SEQUENCE: 21

tcgegegttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca
cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggegeg tcagegggtg
ttggegggtyg teggggetgg cttaactatg cggcatcaga gecagattgta ctgagagtge
accacgettt tcecaattcaat tceatcatttt ttttttatte ttttttttga ttteggttte
tttgaaattt ttttgattcg gtaatctccg aacagaagga agaacgaagg aaggagcaca
gacttagatt ggtatatata cgcatatgta gtgttgaaga aacatgaaat tgcccagtat
tcttaaccca actgcacaga acaaaaacct gcaggaaacg aagataaatc atgtcgaaag
ctacatataa ggaacgtgct gctactcatc ctagtectgt tgetgccaag ctatttaata
tcatgcacga aaagcaaaca aacttgtgtg cttcattgga tgttcegtace accaaggaat
tactggagtt agttgaagca ttaggtccca aaatttgttt actaaaaaca catgtggata
tcttgactga tttttccatg gagggcacag ttaagecgct aaaggcatta tecgccaagt
acaatttttt actcttcgaa gacagaaaat ttgctgacat tggtaataca gtcaaattgce
agtactctge gggtgtatac agaatagcag aatgggcaga cattacgaat gcacacggtg
tggtgggece aggtattgtt ageggtttyga agecaggegge agaagaagta acaaaggaac
ctagaggect tttgatgtta gcagaattgt catgcaaggg ctccctatct actggagaat
atactaaggg tactgttgac attgcgaaga gcgacaaaga ttttgttatc ggctttattg
ctcaaagaga catgggtgga agagatgaag gttacgattg gttgattatg acacccggtg
tgggtttaga tgacaaggga gacgcattgg gtcaacagta tagaaccgtg gatgatgtgg
tctetacagg atctgacatt attattgttg gaagaggact atttgcaaag ggaagggatg
ctaaggtaga gggtgaacgt tacagaaaag caggctggga agcatatttg agaagatgecg
gccagcaaaa ctaaaaaact gtattataag taaatgcatg tatactaaac tcacaaatta
gagcttcaat ttaattatat cagttattac cctgcggtgt gaaataccgc acagatgcgt
aaggagaaaa taccgcatca ggaaattgta aacgttaata ttttgttaaa attcgegtta
aatttttgtt aaatcagetc attttttaac caataggceg aaatcggcaa aatcccttat
aaatcaaaag aatagaccga gatagggttg agtgttgttc cagtttggaa caagagtcca
ctattaaaga acgtggactc caacgtcaaa gggcgaaaaa ccgtctatca gggcgatgge
ccactacgtg aaccatcacc ctaatcaagt tttttggggt cgaggtgccg taaagcacta
aatcggaacc ctaaagggag cccccgattt agagcttgac ggggaaagcc ggcgaacgtg
gcgagaaagg aagggaagaa agcgaaagga gcgggegcta gggegetgge aagtgtagey
gtcacgctge gcgtaaccac cacacccgcc gcgcttaatg cgccgctaca gggegegtcg
cgecattege cattecagget gegcaactygt tgggaaggge gateggtgey ggectetteg
ctattacgcc agctggcgaa ggggggatgt gctgcaagge gattaagttg ggtaacgcca
gggttttece agtcacgacy ttgtaaaacg acggccagtg aattgtaata cgactcacta
tagggcgaat tggagctcta gtacggatta gaagccgccg agcgggcgac agccctecga

cggaagacte tecteegtge gtectegtet tcaceggteg cgttectgaa acgeagatgt

60

120

180

240

300

360

420

480

540

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1920

1980

2040

2100
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gcctegegee gecactgctece gaacaataaa gattctacaa tactagettt tatggttatg 2160
aagaggaaaa attggcagta acctggcccc acaaaccttc aaattaacga atcaaattaa 2220
caaccatagg atgataatgc gattagtttt ttagecttat ttetggggta attaatcage 2280
gaagcgatga tttttgatct attaacagat atataaatgg aaaagctgca taaccacttt 2340
aactaatact ttcaacattt tcagtttgta ttacttctta ttcaaatgtc ataaaagtat 2400
caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa accccggatt 2460
ctagaactag tggatccccc atcacaagtt tgtacaaaaa agctgaacga gaaacgtaaa 2520
atgatataaa tatcaatata ttaaattaga ttttgcataa aaaacagact acataatact 2580
gtaaaacaca acatatccag tcactatggc ggccgcatta ggcaccccag getttacact 2640
ttatgcttce ggctcegtata atgtgtggat tttgagttag gatccgtcga gattttcagg 2700
agctaaggaa gctaaaatgg agaaaaaaat cactggatat accaccgttg atatatccca 2760
atggcatcgt aaagaacatt ttgaggcatt tcagtcagtt gctcaatgta cctataacca 2820
gaccgtteag ctggatatta cggecttttt aaagaccgta aagaaaaata agcacaagtt 2880
ttatccggee tttattcaca ttcttgcceg cctgatgaat gectcatcegg aattccgtat 2940
ggcaatgaaa gacggtgagc tggtgatatg ggatagtgtt cacccttgtt acaccgtttt 3000
ccatgagcaa actgaaacgt tttcatcgct ctggagtgaa taccacgacg atttccggeca 3060
gtttctacac atatattcgc aagatgtggc gtgttacggt gaaaacctgg cctatttccce 3120
taaagggttt attgagaata tgtttttcegt ctcagccaat cectgggtga gtttcaccag 3180
ttttgattta aacgtggcca atatggacaa cttcettecgec ccecgtttteca ccatgggcaa 3240
atattatacg caaggcgaca aggtgctgat gecgetggeg attcaggttce atcatgecgt 3300
ctgtgatggce ttccatgtecg gcagaatgct taatgaatta caacagtact gcgatgagtg 3360
gcagggcggy gcgtaaacge cgcgtggatc cggcttacta aaagccagat aacagtatge 3420
gtatttgege getgattttt gecggtataag aatatatact gatatgtata cccgaagtat 3480
gtcaaaaaga ggtatgctat gaagcagcgt attacagtga cagttgacag cgacagctat 3540
cagttgctca aggcatatat gatgtcaata tctecggtcet ggtaagcaca accatgcaga 3600
atgaagcecg tegtetgegt gecgaacgct ggaaagcgga aaatcaggaa gggatggctg 3660
aggtcgcecg gtttattgaa atgaacggct cttttgctga cgagaacagg ggctggtgaa 3720
atgcagttta aggtttacac ctataaaaga gagagccgtt ategtcetgtt tgtggatgta 3780
cagagtgata ttattgacac gcccgggcga cggatggtga tccccctgge cagtgcacgt 3840
ctgctgtcag ataaagtctc ccgtgaactt tacccggtgg tgcatatcgg ggatgaaagce 3900
tggcgecatga tgaccaccga tatggccagt gtgccggtcet cegttatcgg ggaagaagtyg 3960
gctgatctca gccaccgcga aaatgacatc aasaaacgcca ttaacctgat gttctgggga 4020
atataaatgt caggctcect tatacacagce cagtctgcag gtecgaccata gtgactggat 4080
atgttgtgtt ttacagtatt atgtagtctg ttttttatgce aaaatctaat ttaatatatt 4140
gatatttata tcattttacg tttctegtte agetttettyg tacaaagtgg tgatgggetg 4200
caggaattcg atatcaagct tatcgatacc gtcgacctceg agtcatgtaa ttagttatgt 4260
cacgcttaca ttcacgccct ccccccacat ccgctctaac cgaaaaggaa ggagttagac 4320
aacctgaagt ctaggtccct atttattttt ttatagttat gttagtatta agaacgttat 4380
ttatatttca aatttttctt ttttttctgt acagacgcgt gtacgcatgt aacattatac 4440
tgaaaacctt gcttgagaag gttttgggac gctcgaaggc tttaatttgc ggccggtacc 4500
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cagcttttgt tccctttagt gagggttaat tccgagcttg gegtaatcat ggtcataget 4560
gtttecctgtg tgaaattgtt atccgcetcac aattccacac aacataggag ccggaagcat 4620
aaagtgtaaa gcetggggty cctaatgagt gaggtaacte acattaattyg cgttgegete 45680
actgcccget tteccagtegg gaaacctgtce gtgccagectg cattaatgaa tceggccaacg 4740
cgcggggaga ggcggtttge gtattgggcg ctettecget tectcecgetca ctgacteget 4800
gcgctcggte gtteggctge ggcgagceggt atcagctcac tcaaaggcgg taatacggtt 4860
atccacagaa tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc agcaaaaggc 4920
caggaacegt aaaaaggecy cgttgetgge gtttttecat aggeteggee ceccetgacga 4980
gcatcacaaa aatcgacgct caagtcagag gtggcgaaac ccgacaggac tataaagata 5040
ccaggegtte ccccctggaa getececetegt gegetetect gttecgacce tgccgettac 5100
cggatacctg tccgecttte teectteggg aagegtggeg ctttctcaat getcacgetyg 5160
taggtatctc agttcggtgt aggtecgtteg ctccaagetg ggetgtgtge acgaacccecc 5220
cgttcagece gaccgetgeg ccttatcegg taactategt cttgagteca acceggtaag 5280
acacgactta tcgccactgg cagcagccac tggtaacagg attagcagag cgaggtatgt 5340
aggcggtgct acagagttct tgaagtggtg gcctaactac ggctacacta gaaggacagt 5400
atttggtatc tgcgctctge tgaagccagt taccttcgga aaaagagttg gtagctcttg 5460
atccggcaaa caaaccaccyg ctggtagegg tggttttttt gtttgcaage agcagattac 5520
gegecagaaaa aaaggatete aagaagatcece tttgatcettt tetacggggt ctgacgetcea 5580
gtggaacgaa aactcacgtt aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac 5640
ctagatcctt ttaaattaaa aatgaagttt taaatcaatc taaagtatat atgagtaaac 5700
ttggtctgac agttaccaat gcttaatcag tgaggcacct atctcagcga tctgtctatt 5760
tegttecatece atagttgect gactgecegt cgtgtagata actacgatac gggagggcett 5820
accatctgge cccagtgetyg caatgatace gcgagacccea cgctcaccgg ctecagattt 5880
atcagcaata aaccagccag ccggaagggc cgagcgcaga agtggtcectg caactttatce 5940
cgectecate cagtctatta attgttgccg ggaagctaga gtaagtagtt cgccagttaa 6000
tagtttgcge aacgttgttyg ccattgctac aggcatcgtg gtgtcacgct cgtecgtttgg 6060
tatggcttca ttcagetceg gtteccaacg atcaaggcga gttacatgat cccccatgtt 6120
gtgaaaaaaa gcggttaget cctteggtece tecgategtt gtcagaagta agttggecge 6180
agtgttatca ctcatggtta tggcagcact gcataattct cttactgtca tgccatccgt 6240
aagatgcttt tctgtgactyg gtgagtactc aaccaagtca ttctgagaat agtgtatgeg 6300
gcgaccgagt tgctcttgec cggcgtcaat acgggataat accgcgccac atagcagaac 6360
tttaaaagtg ctcatcattg gaaaacgttc ttcggggcga aaactctcaa ggatcttacce 6420
gctgttgaga tccagttcga tgtaacccac tcgtgcacce aactgatctt cagcatcttt 6480
tactttcacc agcgtttctyg ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg 6540
aataagggeg acacggaaat gttgaatact catactette ctttttcaat attattgaag 6600
catttatcag ggttattgtc tcatgagcgg atacatattt gaatgtattt agaaaaataa 6660
acaaataggg gttccgegea catttecceg aaaagtgcca cctgacgtet aagaaaccat 6720
tattatcatg acattaacct ataaaaatag gcgtatcacg aggcecctttc gtce 6773

<210> SEQ ID NO 22
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<211> LENGTH: 7690

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Codon optimized

<400> SEQUENCE: 22

ttatcatgac attaacctat aaaaataggc gtatcacgag gecctttcgt ctcgegegtt
tcggtgatga cggtgaaaac ctctgacaca tgcagctccc ggagacggtce acagcttgte
tgtaagcgga tgccgggage agacaagccc gtcagggcege gtcagcgggt gttggegggt
gtcggggety gettaactat geggcatcag agcagattgt actgagagty caccacgett
ttcaattcaa ttcatcattt tttttttatt cttttttttg atttcggttt ctttgaaatt
tttttgattc ggtaatctcc gaacagaagg aagaacgaag gaaggagcac agacttagat
tggtatatat acgcatatgt agtgttgaag asacatgaaa ttgcccagta ttcttaacce
aactgcacag aacaaaaacc tgcaggaaac gaagataaat catgtcgaaa gctacatata
aggaacgtygc tgctactcat cctagtectg ttgetgecaa getatttaat atcatgeacg
aaaagcaaac aaacttgtgt gcttcattgg atgttcgtac caccaaggaa ttactggagt
tagttgaagc attaggtccc aaaatttgtt tactaaaaac acatgtggat atcttgactg
atttttccat ggagggcaca gttaagccgc taaaggcatt atccgccaag tacaattttt
tactcttcga agacagaaaa tttgctgaca ttggtaatac agtcaaattg cagtactctg
cgggtgtata cagaatagca gaatgggcag acattacgaa tgcacacggt gtggtgggece
caggtattgt tagcggtttg aagcaggcgg cagaagaagt aacaaaggaa cctagaggcec
ttttgatgtt agcagaattg tcatgcaagg gctccctatce tactggagaa tatactaagg
gtactgttga cattgcgaag agcgacaaag attttgttat cggctttatt gctcaaagag
acatgggtgg aagagatgaa ggttacgatt ggttgattat gacacccggt gtgggtttag
atgacaaggg agacgcattg ggtcaacagt atagaaccgt ggatgatgtg gtctctacag
gatctgacat tattattgtt ggaagaggac tatttgcaaa gggaagggat gctaaggtag
agggtgaacg ttacagaaaa gcaggctggg aagcatattt gagaagatgc ggccagcaaa
actaaaaaac tgtattataa gtaaatgcat gtatactaaa ctcacaaatt agagcttcaa
tttaattata tcagttatta ccctgcggtg tgaaataccg cacagatgcg taaggagaaa
ataccgcatc aggaaattgt aaacgttaat attttgttaa aattcgegtt aaatttttgt
taaatcagct cattttttaa ccaataggcc gaaatcggca aaatccctta taaatcaaaa
gaatagaccg agatagggtt gagtgttgtt ccagtttgga acaagagtcc actattaaag
aacgtggact ccaacgtcaa agggcgaaaa accgtctatc agggcgatgg cccactacgt
gaaccatcac cctaatcaag ttttttgggg tcgaggtgcc gtaaagcact aaatcggaac
cctaaaggga gcccccgatt tagagettga cggggaaage cggcgaacgt ggcgagaaag
gaagggaaga aagcgaaagg agcgggcgct agggegctgg caagtgtage ggtcacgetyg
cgcgtaacca ccacacccge cgegcettaat gegecgetac agggcegegte gegecatteg
ccattcagge tgcgcaactg ttgggaaggg cgatcggtge gggectette getattacge
cagctggcga aggggggatg tgctgcaagg cgattaagtt gggtaacgcc agggttttce
cagtcacgac gttgtaaaac gacggccagt gaattgtaat acgactcact atagggcgaa
ttggagctct agtacggatt agaagccgcc gagcgggcga cagcecctccg acggaagact

ctecteegtg cgtectegte ttcaceggte gegttectga aacgcagatg tgectegege

60

120

180

240

300

360

420

480

540

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1860

1920

1980

2040

2100

2160



125

US 9,822,384 B2

126

-continued
cgcactgctc cgaacaataa agattctaca atactagctt ttatggttat gaagaggaaa 2220
aattggcagt aacctggccc cacaaacctt caaattaacg aatcaaatta acaaccatag 2280
gatgataatg cgattagttt tttagectta tttetggggt aattaatcag cgaagegaty 2340
atttttgatc tattaacaga tatataaatg gaaaagctgc ataaccactt taactaatac 2400
tttcaacatt ttcagtttgt attacttctt attcaaatgt cataaaagta tcaacaaaaa 2460
attgttaata tacctctata ctttaacgtc aaggagaaaa aaccccggat tctagaacta 2520
gtggatcecce catcatggtt tccaatcact tgtttgacge aatgagagcce getgcecectg 2580
gtaacgecece tttcataaga atagataata ctagaacttg gacatacgat gacgecttty 2640
ctttatctgg tagaatagca tcagctatgg atgctttggg tatcagacca ggtgacagag 2700
tecgcagttca agtagaaaaa tccgctgaag cattgatctt gtatttgget tgtttgagaa 2760
gtggtgcagt ttatttgcca ttgaatactg cctacacatt agctgaattg gattacttca 2820
taggtgacgc agaacctaga ttggttgtag tcgectcette agccagaget ggtgtagaaa 2880
caattgctaa accaagaggt gcaatagtceg aaaccttaga tgctgetggt tetggtagtt 2940
tgttagattt ggccagagac gaacctgctg attttgttga cgcttcaaga tcagccgatg 3000
acttagcege tattttgtac acctctggta ctacaggtag atcaaagggt gcetatgttga 3060
ctcatggtaa tttgttgtca aacgcattaa ccttgagaga tttctggaga gttactgccg 3120
gtgacagatt aatccacgct ttgccaattt ttcatactca cggtttatte gttgctacca 3180
acgtaacttt gttagcaggt gectecatgt tettgttgag taagttegat ccagaagaaa 3240
tattatcttt gatgcctcaa gctactatgt tgatgggtgt cccaacattc tacgttagat 3300
tgttacaatc acctagatta gataagcaag ctgttgcaaa catcagattg tttatatccyg 3360
gtagtgctcce attgttagca gaaacccata ctgaatttca agcaagaaca ggtcacgcca 3420
ttttagaaag atacggtatg acagaaacca atatgaacac ttctaaccct tatgaaggta 3480
aaagaatage tggtacagtt ggttttccat tgecctgatgt cacagttaga gtaaccgacce 3540
cagccactgg tttagctttyg ccacctgaac aaactggtat gatcgaaatt aaaggtccaa 3600
acgtttttaa gggttactgg agaatgcctg aaaagactgc tgctgagttt actgctgatyg 3660
gtttctttat ctctggtgac ttaggtaaaa ttgatagaga cggttatgtc catattgttg 3720
gtcgtggtaa agatttggtt atatcecggtg gttataacat ctaccctaag gaagtagaag 3780
gtgaaataga tcaaatcgaa ggtgttgtag aatcagetgt aataggtgtce ccacatcectg 3840
attttggtga aggtgttaca gcagtcgttg taagaaaacc aggtgctgca ttagatgaaa 3900
aggcaattgt ttctgcctta caagacagat tggctagata caagcaacca aagagaataa 3960
tcttcgcaga agatttgcct agaaatacta tgggtaaagt acaaaagaac atcttgagac 4020
aacaatacgc cgacttatac accagaaccg aaggtagagg ttcetttgtta acatgtggtg 4080
acgttgaaga aaatccaggt cctatggctt cagaaaagga aataagaaga gaaagattct 4140
tgaacgtatt cccaaagtta gttgaagaat tgaacgctag tttgttagct tatggtatge 4200
ctaaagaage ctgcgattygyg tatgetcact ctttaaacta caatacteca ggtggtaaat 4260
tgaatagagg tttgagtgta gttgatactt atgctatctt gtctaacaaa accgttgaac 4320
aattaggtca agaagaatac gaaaaggtcg ctatcttggg ttggtgtatt gaattgttge 4380
aagcatactt tttggttgcc gatgacatga tggataagtc tataacaaga agaggtcaac 4440
catgctggta caaagtteca gaagttggtg aaatagecat aaatgatget tttatgttgg 4500
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aagccgctat ctataaattg ttgaagtcac atttcagaaa cgaaaagtac tacatcgata 4560
ttaccgaatt attccacgaa gttactttcc aaacagaatt gggtcaattg atggatttga 4620
taactgcacce tgaagataaa gttgacttgt caaagtttte cttgaagaaa cattcattca 4580
tegtcacctt tgaaactgct tattactcct tctatttgec agtcgccttg getatgtacg 4740
tagctggtat tactgatgaa aaagacttga agcaagcaag agatgttttg atacctttgyg 4800
gtgaatactt ccaaatccaa gatgactact tagactgttt cggtactcca gaacaaatag 4860
gtaaaatcgg tacagatatt caagacaata agtgcagttg ggttattaac aaggctttgg 4920
aattagcatce tgccgaacaa agaaagactt tggatgaaaa ctacggtaaa aaggactcag 4980
ttgctgaagc aaagtgtaag aaaattttta atgatttgaa gattgaacaa ttgtaccatg 5040
aatacgaaga atccatcgct aaagacttaa aggcaaagat tagtcaagtt gatgaatcaa 5100
gaggttttaa agccgacgtt ttgacagctt tcttgaataa ggtctacaag agatcaaagt 5160
gatgggctgce aggaattcga tatcaagctt atcgataccg tcgacctcga gtcatgtaat 5220
tagttatgtce acgcttacat tecacgcccte cccecacate cgetctaace gaaaaggaag 5280
gagttagaca acctgaagtc taggtcccta tttatttttt tatagttatg ttagtattaa 5340
gaacgttatt tatatttcaa atttttcttt tttttctgta cagacgcgtg tacgcatgta 5400
acattatact gaaaaccttyg cttgagaagg ttttgggacg ctcgaaggct ttaatttgeg 5460
gccggtacce agettttgtt ccectttagtg agggttaatt ccgagettgg cgtaatcatg 5520
gtcatagetyg tttectgtgt gaaattgtta tecgetcaca attecacaca acataggage 5580
cggaagcata aagtgtaaag cctggggtgc ctaatgagtg aggtaactca cattaattgce 5640
gttgcgetca ctgcccgett tecagteggyg aaacctgteg tygccagetge attaatgaat 5700
cggccaacge gcggggagag gceggtttgeg tattgggege tetteccgett cctegetceac 5760
tgactcgetg cgcteggteg ttcecggetgceg gcgageggta tcagctcact caaaggeggt 5820
aatacggtta tccacagaat caggggataa cgcaggaaag aacatgtgag caaaaggcca 5880
gcaaaaggcce aggaaccgta aaaaggccgce gttgctggeg ttttteccata ggctcggecce 5940
ccectgacgag catcacaaaa atcgacgete aagtcagagg tggcgaaacce cgacaggact 6000
ataaagatac caggcgttcc cccctggaag ctcectegtg cgectctectg ttecgacect 6060
gccgettace ggatacctgt ccgectttet ccctteggga agecgtggege tttcetcaatg 6120
ctcacgetgt aggtatctca gtteggtgta ggtegttege tecaagetgyg getgtgtgea 6180
cgaaccccce gttcagececg accgectgcege cttatcecggt aactatcegte ttgagtccaa 6240
cccggtaaga cacgacttat cgccactgge agcagecact ggtaacagga ttagcagage 6300
gaggtatgta ggcggtgcta cagagttctt gaagtggtgg cctaactacg gctacactag 6360
aaggacagta tttggtatct gcgctctgct gaagccagtt accttcggaa aaagagttgg 6420
tagctettga tcecggcaaac aaaccaccge tggtageggt ggtttttttg tttgcaagca 6480
gcagattacg cgcagaaaaa aaggatctca agaagatcct ttgatctttt ctacggggte 6540
tgacgctcag tggaacgaaa actcacgtta agggattttg gtcatgagat tatcaaaaag 65600
gatcttcacc tagatccttt taaattaaaa atgaagtttt aaatcaatct aaagtatata 6660
tgagtaaact tggtctgaca gttaccaatg cttaatcagt gaggcaccta tctcagcgat 6720
ctgtctattt cgttcatcca tagttgcctg actgccecgte gtgtagataa ctacgatacg 6780
ggagggctta ccatctggec ccagtgctgc aatgataccg cgagacccac gctcaccggce 6840
tccagattta tcagcaataa accagccage cggaagggcece gagcegcagaa gtggtectge 6900
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aactttatcc gcctccatce agtctattaa ttgttgccgg gaagctagag taagtagttce 6960
gccagttaat agtttgcgca acgttgttge cattgctaca ggcatcgtgg tgtcacgete 7020
gtegtttggt atggetteat tcageteegyg tteccaacga tcaaggegag ttacatgate 7080
ccccatgttyg tgaaaaaaag cggttagctc ctteggtcct ccgatcgttg tcagaagtaa 7140
gttggccgca gtgttatcac tcatggttat ggcagcactyg cataattcte ttactgtcat 7200
gccatccgta agatgctttt ctgtgactgg tgagtactca accaagtcat tctgagaata 7260
gtgtatgegg cgaccgagtt getcttgece ggcecgtcaata cgggataata cegegecaca 7320
tagcagaact ttaasaagtgce tcatcattgg aaaacgttet teggggegaa aactetcaag 7380
gatcttaccg ctgttgagat ccagttcgat gtaacccact cgtgcaccca actgatcttce 7440
agcatctttt actttcacca gegtttetgg gtgagcaaaa acaggaaggc aaaatgccge 7500
aaaaaaggga ataagggcga cacggaaatg ttgaatactc atactcttcc tttttcaata 7560
ttattgaagc atttatcagg gttattgtct catgagcgga tacatatttg aatgtattta 7620
gaaaaataaa caaatagggg tteccgegecac attteccccga aaagtgecac ctgacgtceta 7680
agaaaccatt 7690
<210> SEQ ID NO 23
<211> LENGTH: 2163
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 23
atgggtaaaa actataagtc cttggattca gtcgttgect cagatttcat cgcattgggt 60
atcacctcag aagtagcaga aacattacat ggtagattgg cagaaatcgt ttgtaattat 120
ggtgctgcaa ccectcaaac ttggatcaac atcgctaacc atatcttgte accagatttg 180
ccttteteet tacaccaaat gttgttttat ggttgetaca aggatttegg tecagececa 240
cctgettgga ttccagacce tgaaaaagtc aagtcaacta atttgggtgce tttgttggaa 300
aagagaggta aagaattttt gggtgtaaag tacaaagatc caatttcttc tttttctcac 360
ttccaagaat tttctgttag aaaccctgaa gtctattgga gaacagtatt gatggatgaa 420
atgaaaatta gtttctctaa ggacccagaa tgtatcttga gaagagatga catcaacaac 480
ccaggtggtt ctgaatggtt acctggtggt tacttgaact cagetaaaaa ttgettgaac 540
gtaaactcca ataagaaatt gaacgatact atgatcgttt ggagagacga gggtaacgat 6§00
gacttgcctt tgaataagtt gacattagat caattgagaa agagagtttg gttggttggt 6§60
tatgcattgg aagaaatggg tttagaaaaa ggttgtgcaa tagccatcga tatgccaatg 720
catgttgatg ctgttgttat atatttggcc atagtattgg ctggttacgt agttgtctcet 780
atagcagatt cattttccge ccctgaaatc tcaactagat tgagattatc caaagctaag 840
gcaattttca cacaagatca catcatcaga ggtaaaaaga gaataccatt gtattcaaga 900
gtagttgaay ctaaatccece aatggcaata gttatcecctt gtagtggtte taacattggt 960
gcagaattga gagatggtga catatcttgg gattactttt tagaaagagc caaggagttt 1020
aaaaactgeg agtttactge cagagaacaa cctgttgatg cttatactaa catcttatte 1080
tccagtggta ctacaggtga accaaaagca attecttgga cacaagcecac cccattgaag 1140
getgetgetyg atggttggte tcatttggat attagaaaag gtgacgttat agtatggeca 1200
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actaatttgg gttggatgat gggtcecttgg ttggtttatg ctagtttgtt aaatggtgca 1260
tctattgect tgtacaacgg tagtccttta gtctectggtt tecgctaaatt tgttcaagat 1320
gcaaaggtca caatgttggg tgtcgtacca tctattgtaa gatcatggaa atccacaaat 1380
tgtgtttcag gttacgattyg gtccaccata agatgctttt cttcatccgg tgaagectcet 1440
aatgtagacg aatatttgtyg gttaatgggt agagctaact acaagccagt tatagaaatyg 1500
tgtggtggta cagaaatcgg tggtgctttt tctgetggtt catttttgca agctcaatcet 1560
ttaagttctt tttcatccca atgtatgggt tgcaccttgt acatattaga taagaacggt 1620
tacccaatge ctasaaataa gccaggtatc ggtgaattgg cattaggtec tgttatgttt 1680
ggtgcctcaa aaacattgtt aaacggtaat catcacgatg tctatttcaa gggtatgcca 1740
accttgaatg gtgaagtatt gagaagacat ggtgacattt tcgaattgac ctctaacggt 1800
tactaccatg cacacggtag agccgatgac actatgaaca tcggtggtat caaaattagt 1860
tctatcgaaa tcgaaagagt ctgtaatgaa gtagatgaca gagtttttga aaccactgct 1920
attggtgtte cacctttggg tggtggtcca gaacaattgg tcatattttt cgtattgaag 1980
gattcaaacg acacaaccat tgatttgaac caattgagat tatcctttaa cttgggtttg 2040
caaaagaaat tgaacccatt attcaaagtt actagagttg tcccattgtc atccttacct 2100
agaactgcaa caaacaagat catgagaaga gttttgagac aacaattcag tcatttcgaa 2160
tga 2163
<210> SEQ ID NO 24
<211> LENGTH: 1059
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 24
atggcttecag aaaaggaaat aagaagagaa agattcttga acgtattccce aaagttagtt 60
gaagaattga acgctagttt gttagcttat ggtatgeccta aagaagectg cgattggtat 120
gctcactett taaactacaa tactccaggt ggtaaattga atagaggttt gagtgtagtt 180
gatacttatg ctatcttgtc taacaaaacc gttgaacaat taggtcaaga agaatacgaa 240
aaggtcgcta tcttgggttg gtgtattgaa ttgttgcaag catacttttt ggttgccgat 300
gacatgatgy ataagtctat aacaagaaga ggtcaaccat gctggtacaa agttccagaa 360
gttggtgaaa tagccataaa tgatgctttt atgttggaag ccgctatcta taaattgttg 420
aagtcacatt tcagaaacga aaagtactac atcgatatta ccgaattatt ccacgaagtt 480
actttccaaa cagaattggg tcaattgatg gatttgataa ctgcacctga agataaagtt 540
gacttgtcaa agttttcctt gaagaaacat tcattcatcg tcacctttga aactgcttat 500
tacteccttet atttgecagt cgecttgget atgtacgtag ctggtattac tgatgaaaaa 560
gacttgaagc aagcaagaga tgttttgata cctttgggtg aatacttcca aatccaagat 720
gactacttag actgtttegg tactccagaa caaataggta aaatcggtac agatattcaa 780
gacaataagt gcagttgggt tattaacaag gctttggaat tagcatctge cgaacaaaga 840
aagactttgg atgaaaacta cggtaaaaag gactcagttg ctgaagcaaa gtgtaagaaa 900
atttttaatg atttgaagat tgaacaattg taccatgaat acgaagaatc catcgctaaa 960
gacttaaagg caaagattag tcaagttgat gaatcaagag gttttaaagc cgacgttttg 1020
acagctttct tgaataaggt ctacaagaga tcaaagtag 1059
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<210> SEQ ID NO 25
<211> LENGTH: 1158
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 25
atgaaccatt tgagagccga aggtcctgec tcegtattag ccataggtac agccaaccca 60
gaaaacatat tgatccaaga tgaatttcct gattattact tcagagttac caagagtgaa 120
cacatgacte aattgaagga aaagtttaga aaaatatgtg ataagtctat gatcagaaag 180
agaaactgct tcttgaacga agaacatttg aagcaaaatc caagattggt agaacacgaa 240
atgcaaacat tggatgccag acaagacatg ttagttgtcg aagttcctaa attgggtaaa 300
gatgcttgtg caaaagccat taaggaatgg ggtcaaccaa agtcaaagat cactcatttg 360
atttttacaa gtgcatctac tacagatatg cctggtgcag actaccactg tgccaaattg 420
ttaggtttgt caccatcegt taagagagtc atgatgtatc aattaggttg ctacggtggt 480
ggtactgttt tgagaatcgc taaggatatt gcagaaaaca acaagggtgc cagagtatta 540
gctgtttgtt gcgacattat ggcttygcttg tttagaggtc caagtgatte tgacttggaa 500
ttgttagttg gtcaagctat cttcggtgac ggtgctgctg ctgttattgt tggtgcagaa 560
cctgacgaat ctgttggtga aagaccaata tttgaattag tcagtacagg tcaaaccatc 720
ttgectaatt ctgaaggtac aattggtggt catataagag aageaggttt gatcettegat 780
ttgcacaaag acgttccaat gttaatctct aacaacatag aaaagtgttt gatagaagca 840
ttcactecta taggtatctc agattggaac tctattttet ggataacaca tcecaggtggt 900
aaagccattt tggataaggt tgaagaaaaa ttggatttga agaaagaaaa gtttgtagat 960
agtagacatg ttttatctga acacggtaac atgtcttcat ccactgtctt gttecgtaatg 1020
gatgaattga gaaagagatc attagaagag ggtaaatcta ctactggtga cggttttgaa 1080
tggggtgtct tatttggttt cggtcctggt ttgaccgtcg aaagagtagt tgtcagatca 1140
gtaccaatta aatattag 1158
<210> SEQ ID NO 26
<211> LENGTH: 315
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 26
atggcecgtca agcatttgat agtattgaag tttaaagatg aaatcacaga agctcaaaag 60
gaagaatttt tcaagaccta cgttaatttg gtcaacatta tacctgctat gaaagatgta 120
tactggggta aagacgttac acaaaagaaa gaagaaggtt atacacacat tgtcgaagta 180
accttcgaat cagttgaaac tatccaagat tacatcattc atccagctca cgttggtttt 240
ggtgacgttt acagatcett ctgggaaaaa ttgttgatet tegattacac cecaagaaag 300
ttaaagccaa aataa 315

<210> SEQ ID NO 27
<211> LENGTH: 1188

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Codon optimized

<400> SEQUENCE: 27

atgggtttat catcegtetyg tactttetec ttecaaacta actatcatac cttattgaat 60
cctcacaaca acaatccaaa aacatcattg ttgtgttaca gacatccaaa gacacctatt 120
aagtactctt acaacaactt tccatcaaaa cattgttcaa ccaagtcctt ccacttacaa 180
aataagtgct ccgaaagttt gtctatagct aagaactcta tcagagetgc aactacaaat 240
caaactgaac cacctgaaag tgataatcac tctgttgcca caaaaatttt gaactteggt 300
aaagcatgtt ggaagttgca aagaccatac accataateg cttttactte ttgtgeatge 360
ggtttattcg gtaaagaatt gttgcataac actaacttaa tttcatggtc cttgatgttc 420
aaggcatttt tctttttagt tgccatcttg tgcatcgctt cattcaccac tacaattaat 480
caaatatacg atttgcacat cgacagaatt aacaaaccag atttgccttt ggcttcaggt 540
gaaatatccg tcaatactgc atggatcatg tctatcatag tagcecttgtt cggtttgatce 600
atcacaatta aaatgaaggg tggtccattg tacatctteg gttactgttt cggtatette 560
ggtggtattg tctattcegt accacctttt agatggaaac aaaaccctag tactgecttt 720
ttgttgaatt tcttagctca tatcatcaca aacttcacct tctactacge ttcaagaget 780
gctttaggtt tgccattecga attgagacct tcattcacat ttttgttgge attcatgaaa 840

agtatgggtt ctgcattagc cttgatcaag gatgcctctg acgttgaagg tgacacaaag 900
ttcggtatta gtaccttgge ttctaagtac ggttcaagaa atttgacttt gttetgetcee 960
ggtatcgttt tgttaagtta cgtcgcagcc attttggcag gtatcatttg geccacaagec 1020
tttaattcta acgttatgtt gttgtcacat gccatcttgg ctttectggtt gatcttgcaa 1080
actagagatt tcgctttgac aaattatgac cctgaagcag gtagaagatt ctacgagttt 1140
atgtggaaat tgtactacgc tgaatatttg gtatacgttt ttatttag 1188
<210> SEQ ID NO 28

<211> LENGTH: 1635

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Codon optimized

<400> SEQUENCE: 28

atgaaatgtt caactttcte cttttggtte gtatgcaaga tcatcttett tttettttee 60
tttaacatcc aaacaagtat cgcaaaccca agagaaaact ttttgaagtg cttctcacaa 120
tacataccta ataacgccac caatttgaag ttggtttaca ctcaaaacaa cccattgtac 180
atgtcegtct tgaacagtac aatccataat ttgagattca cttctgatac cactccaaaa 240
cctttggtca ttgtaaccce tagtcatgta tctcacatcc aaggtactat cttatgttcet 300

aaaaaggttyg gtttgcaaat tagaactaga tcecggtggte atgatagtga aggcatgtca 360

tacatctcce aagttccatt cgttatcgtt gatttgagaa acatgagatc aattaaaata 420
gacgtacact cacaaactgc ttgggttgaa gctggtgcaa cattgggtga agtatactac 480
tgggttaacg aaaagaatga aaacttatca ttggctgctg gttactgtcce aacagtttge 540
gcaggtggtc attttggtgg tggtggttat ggtcctttaa tgagaaacta cggtttggcec 500
gctgataaca taatcgacgc tcatttggta aatgttcacg gtaaagtttt ggatagaaag 5§60
tctatgggtg aagacttatt ttgggctttg agaggtggtg gtgcagaatc attcggtatce 720

atagttgcett ggaagataag attagtcgca gtaccaaagt ctactatgtt ctcagtcaaa 780
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aagataatgg aaatccatga attagttaaa ttggtcaata agtggcaaaa catcgcatac 840
aagtacgata aggacttgtt gttgatgact catttcatca caagaaacat caccgataac 900
caaggtaaaa ataagactge tatccacaca tacttttett cagttttett gggtggtgte 960
gattccttag tagacttgat gaataagtct tttccagaat taggtattaa gaaaactgat 1020
tgtagacaat tgtcttggat cgacaccatc atcttttatt caggtgttgt caactacgat 1080
acagacaact tcaacaaaga aatattattg gatagatccg caggtcaaaa cggtgccttt 1140
aaaattaagt tagactacgt taaaaagcca atacctgaat cagttttcegt ccaaatctta 1200
Jgaaaaattgt acgaagaaga tattggtgca ggcatgtacg ccecttgtatee atacggtggat 1260
ataatggacg aaatcagtga atctgccatt ccatttcctc atagagctgg tatcttatac 1320
gaattgtggt acatttgttc atgggaaaag caagaagata acgaaaagca cttaaactgg 1380
attagaaaca tctataactt catgactcca tacgtttcta aaaaccctag attggcatat 1440
ttgaactaca gagatttgga catcggtatt aacgatccaa agaatcctaa caactatacc 1500
caagctagaa tttggggtga aaaatacttc ggtaaaaatt tcgatagatt agtaaaggtt 1560
aagacattgg ttgacccaaa caacttcttt agaaacgaac aatccattcc acctttacct 1620
agacatagac actga 1635
<210> SEQ ID NO 29
«<211> LENGTH: 1638
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized
<400> SEQUENCE: 29
atgaactgct cecgcattcte tttetggtte gtectgtaaaa taatcttett cttettgtec 60
ttcaacatce aaatctccat cgcaaatcca caagaaaact ttttgaagtg tttcetecgaa 120
tacatcccaa acaaccctge taacccaaag tttatatata ctcaacatga tcaattgtac 180
atgtcegttt tgaacagtac catccaaaat ttgagattca cttctgacac tacaccaaaa 240
cctttagtca ttgttacacc ttccaatgtt agtcacattc aagcettctat attgtgctet 300
aagaaagtag gtttgcaaat cagaactaga tcaggtggtc atgatgcaga aggcatgtct 360
tacatctcac aagttccatt cgttgtagtc gatttgagaa atatgcattc cataaagatc 420
gacgttcaca gtcaaacage atgggtagaa gcaggtgcca ccttgggtga agtttactac 480
tggatcaacg aaaagaatga aaacttttct ttcectggtg gttactgtcc aacagtaggt 540
gtcggtggte acttttectgyg tggtggttat ggtgcattga tgagaaacta cggtttaget 600
gcagataata ttatagacgc ccatttggtt aacgtagatg gtaaagtttt ggacagaaag 660
tctatgggty aagatttgtt ttgggecata agaggtggtg gtggtgaaaa ttteggtatce 720
attgccgett ggaaaattaa gttagtcgct gttecttcca aaagtactat tttcetctgte 780
aaaaagaaca tggaaatcca cggtttggtt aagttgttta ataagtggca aaacatcgct 840
tacaagtacyg ataaggactt ggttttgatg acccatttea tcactaaaaa tattacagat 900
aaccatggta aaaataagac cactgttcac ggttattttt cttcaatttt ccatggtggt 960
gtagattett tggttgattt gatgaataag tcattcccag aattgggtat taaaaagaca 1020
gattgcaagg aattttcttyg gatagacaca accatcttct attcaggtgt tgtaaacttce 1080
aacaccgcta acttcaaaaa ggaaatcttg ttggatagat cecgetggtaa aaagaccgcet 1140
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ttttctatta aattggacta cgttaagaaa ccaatccctg aaactgcaat ggtcaagata 1200
ttggaaaagt tgtacgaaga agatgtaggt gtcggcatgt acgttttgta tccatacggt 1260
ggtattatgg aagaaatatc tgaatcagec ataccatttc ctcacagagce tggtatcatg 1320
tatgaattat ggtacacagc ctcatgggaa aagcaagaag ataacgaaaa gcatatcaac 1380
tgggtcagat ccgtttacaa cttcactaca ccttacgtta gtcaaaaccce aagattggca 1440
tatttgaact acagagattt ggacttaggt aaaactaacc ctgaatctcc aaataactat 1500
acacaagcaa gaatttgggg tgaaaagtac tttggtaaaa atttcaacag attagttaaa 1560
gtaaagacta aagccgacce taacaacttt ttcagaaacg aacaateccat cceccacctttyg 1620
ccacctcacc accactaa 1638
<210> SEQ ID NO 30
<211> LENGTH: 42
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 30
aggaaacgaa gataaatctc gagtttatca ttatcaatac tg 42
<210> SEQ ID NO 31
<211> LENGTH: 37
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 31
ggaaaaatca gtcaaggcaa attaaagcct tcgagceg 37
<210> SEQ ID NO 32
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 32
gatgggggat ccactagttc tagaatc 27
<210> SEQ ID NO 33
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 33
tgatgggcetg caggaatteg atatce 25
<210> SEQ ID NO 34
<211> LENGTH: 38
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 34
gaactagtgg atcccccatc atgaaccatt tgagagcc 38
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<210> SEQ ID NO 35

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 35

tattttggct ttaactttct tggggtgtaa tce 32

<210> SEQ ID NO 36

«<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 36

agaaagttaa agccaaaata atgataacga gaataatatc aag 43

<210> SEQ ID NO 37

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 37

ataaacccat ggcgcagacc tgtgagag 28

<210> SEQ ID NO 38

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

«<400> SEQUENCE: 38

ggtectgegee atgggtttat catcegte 28

<210> SEQ ID NO 39

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 39

cgaattcetg cagcccatca gtgtctatgt ctaggtaaag g 41

<210> SEQ ID NO 40

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 40

tgatgggetyg caggaatteg atate 25

<210> SEQ ID NO 41

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
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<400> SEQUENCE: 41

gatgggggat ccactagttc tagaatc 27

<210> SEQ ID NO 42

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 42

caccagaacce gaaggtagag gttetttgtt aac 33

<210> SEQ ID NO 43

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 43

cgaattcetg cagcccatca ctttgatcecte ttgtagacct tattce 45

<210> SEQ ID NO 44

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 44

gaactagtgg atcccccatc atggttteca atcacttgtt tg 42

<210> SEQ ID NO 45

<211> LENGTH: 29

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

ctctacctte ggttcectggtyg tataagtcg 29

<210> SEQ ID NO 46

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 46

gatccactag ttctagaatc cg 22
<210> SEQ ID NO 47

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 47

tctagaacta gtggatcatg aaccatttga gagcec 35

<210> SEQ ID NO 48
<211> LENGTH: 28
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«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 48

tcgttatcac tttcttgggy tgtaatcy 28

<210> SEQ ID NO 49

«211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 49

ccaagaaagt gataacgaga ataatatcaa gaatac 36

<210> SEQ ID NO 50

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 50

aggtegacgy tategttaaa taaaaacgta taccaaatat teag 44

<210> SEQ ID NO 51

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 51

cgataccgte gacctega 18

<210> SEQ ID NO 52

<211l> LENGTH: 32

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 52

ggttaaacta gtatgggtaa aaactataag tc 32
<210> SEQ ID NO 53

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 53

gtgcccgteg actcattcga aatgactgaa ttg 33
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What is claimed is:
1. A method for making cannabigerolic acid, the method
comprising:

transforming S. cervisiae with a first nucleotide sequernce
comprising the nucleotide sequence of SEQ. ID. NO.2
expressing an acyl-activating enzyme and expressing a
mutant prenyltransferase; and

transforming the S. cervisiae with a second nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.13 expressing olivetolic synthase, expressing
olivetolic acid cyclase and expressing aromatic prenyl-
transferase.

2. A method for making cannabigerolic acid, the method

comprising:

transforming a S. cervisiae with a first nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.1 expressing an acyl-activating enzyme;

transforming the S. cervisiae with a second nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.22 expressing a mutant prenyltransferase;

transforming the S. cervisiae with a third nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.10 expressing olivetolic synthase;
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transforming the S. cervisiae with a fourth nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.5 expressing olivetolic acid cyclase; and

transforming the S. cervisiae with a fifth nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.13 expressing aromatic prenyltransferase.

3. A method for making cannabigerolic acid, the method

comprising:

transforming S. cervisiae with a first nucleotide sequence
comprising the nucleotide sequence of SEQ. ID. NO.23
expressing an acyl-activating enzyme;

transforming the S. cervisiae with a second nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.24 expressing a mutant prenyltransferase;

transforming the S. cervisiae with a third nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.25 expressing olivetolic synthase;

transforming the S. cervisiae with a fourth nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.26 expressing olivetolic acid cyclase; and

transforming the S. cervisiae with a fifth nucleotide
sequence comprising the nucleotide sequence of SEQ.
ID. NO.27 expressing aromatic prenyltransferase.
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