US 20110318799A1

a2y Patent Application Publication o) Pub. No.: US 2011/0318799 A1

a9 United States

Feldman et al.

43) Pub. Date: Dec. 29, 2011

(54) YEAST ORGANISM PRODUCING

ISOBUTANOL AT A HIGH YIELD
(75) Inventors: Reid M. Renny Feldman, San
Francisco, CA (US); Uvini
Gunawardena, Irvine, CA (US);
Jun Urano, Aurora, CO (US);
Peter Meinhold, Denver, CO (US);
Aristos A. Aristidou, Highlands
Ranch, CO (US); Catherine
Asleson Dundon, Englewood, CO
(US); Christopher Smith,
Englewood, CO (US)

(73) Assignee: GEVO, INC., Englewood, CO (US)

(21) Appl. No.: 13/229,438

(22) Filed: Sep. 9,2011
Related U.S. Application Data

(63) Continuation of application No. 12/343,375, filed on
Dec. 23, 2008, now Pat. No. 8,017,375.

(60) Provisional application No. 61/016,483, filed on Dec.
23, 2007.

Publication Classification

(51) Int.CL

CI2P 7/16 (2006.01)
(CZ R VR & R 435/160
(57) ABSTRACT

There is disclosed a method of producing isobutanol. In an
embodiment, the method includes providing a microorgan-
ism transformed with an isobutanol producing pathway con-
taining at least one exogenous gene. The microorganism is
selected to produce isobutanol from a carbon source at a yield
of at least 10 percent theoretical. The method includes culti-
vating the microorganism in a culture medium containing a
feedstock providing the carbon source, until isobutanol is
produced. The method includes recovering the isobutanol. In
one embodiment, the microorganism is a yeast with a Crab-
tree-negative phenotype. In another embodiment, the micro-
organism is a yeast microorganism with a Crabtree-positive
phenotype. There is disclosed a microorganism for producing
isobutanol. In an embodiment, the microorganism includes an
isobutanol producing pathway containing at least one exog-
enous gene, and is selected to produce a recoverable quantity
of isobutanol from a carbon source at a yield of at least 10
percent theoretical.
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YEAST ORGANISM PRODUCING
ISOBUTANOL AT A HIGH YIELD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/343,375, filed Dec. 23, 2008, which claims,
as does the present application, the benefit of U.S. Provisional
Application Ser. No. 61/016,483, filed Dec. 23, 2007, the
contents of each of which are hereby incorporated by refer-
ence in their entireties.

DESCRIPTION OF THE TEXT FILE SUBMITTED
ELECTRONICALLY

[0002] The contents of the text file submitted electronically
herewith are incorporated herein by reference in their
entirety: A computer readable format copy of the Sequence
Listing (filename: GEVO_027_05US_SeqlList.txt, date
recorded: Aug. 25, 2011, file size 256 kilobytes).

TECHNICAL FIELD

[0003] Metabolically engineered microorganisms and
methods of producing such organisms are provided. Also
provided are methods of producing metabolites that are bio-
fuels by contacting a suitable substrate with metabolically
engineered microorganisms and enzymatic preparations
there from.

BACKGROUND

[0004] Biofuels have a long history ranging back to the
beginning of the 20th century. As early as 1900, Rudolf Diesel
demonstrated at the World Exhibition in Paris, France, an
engine running on peanut oil. Soon thereafter, Henry Ford
demonstrated his Model T running on ethanol derived from
corn. Petroleum-derived fuels displaced biofuels in the 1930s
and 1940s due to increased supply, and efficiency at a lower
cost.

[0005] Market fluctuations in the 1970s coupled to the
decrease in US oil production led to an increase in crude oil
prices and a renewed interest in biofuels. Today, many interest
groups, including policy makers, industry planners, aware
citizens, and the financial community, are interested in sub-
stituting petroleum-derived fuels with biomass-derived bio-
fuels. The leading motivations for developing biofuels are of
economical, political, and environmental nature.

[0006] One is the threat of ‘peak 0il’, the point at which the
consumption rate of crude oil exceeds the supply rate, thus
leading to significantly increased fuel cost results in an
increased demand for alternative fuels. In addition, instability
in the Middle East and other oil-rich regions has increased the
demand for domestically produced biofuels. Also, environ-
mental concerns relating to the possibility of carbon dioxide
related climate change is an important social and ethical
driving force which is starting to result in government regu-
lations and policies such as caps on carbon dioxide emissions
from automobiles, taxes on carbon dioxide emissions, and tax
incentives for the use of biofuels.

[0007] Ethanol is the most abundant fermentatively pro-
duced fuel today but has several drawbacks when compared
to gasoline. Butanol, in comparison, has several advantages
over ethanol as a fuel: it can be made from the same feed-
stocks as ethanol but, unlike ethanol, it is compatible with
gasoline at any ratio and can also be used as a pure fuel in
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existing combustion engines without modifications. Unlike
ethanol, butanol does not absorb water and can thus be stored
and distributed in the existing petrochemical infrastructure.
Due to its higher energy content which is close to that of
gasoline, the fuel economy (miles per gallon) is better than
that of ethanol. Also, butanol-gasoline blends have lower
vapor pressure than ethanol-gasoline blends, which is impor-
tant in reducing evaporative hydrocarbon emissions.

[0008] Isobutanol has the same advantages as butanol with
the additional advantage of having a higher octane number
due to its branched carbon chain. Isobutanol is also useful as
a commodity chemical and is also a precursor to MTBE.
Isobutanol can be produced in microorganisms expressing a
heterologous metabolic pathway, but these microorganisms
are not of commercial relevance due to their inherent low
performance characteristics, which include low productivity,
low titer, low yield, and the requirement for oxygen during the
fermentation process.

SUMMARY OF THE INVENTION

[0009] In one embodiment, a method of producing isobu-
tanol is provided. The method includes providing a recombi-
nant microorganism comprising an isobutanol producing
metabolic pathway, the microorganism selected to produce
the isobutanol from a carbon source at a yield of at least 5
percent theoretical. The method further includes cultivating
the microorganism in a culture medium containing a feed-
stock providing the carbon source, until a recoverable quan-
tity of the isobutanol is produced and recovering the isobu-
tanol. In some aspects the microorganism is selected to
produce isobutanol at a yield of greater than about 10 percent,
20 percent or 50 percent theoretical.

[0010] In another embodiment, a method provided herein
includes a recombinant microorganism engineered to include
reduced pyruvate decarboxylase (PDC) activity as compared
to a parental microorganism. In one aspect, the recombinant
microorganism includes a mutation in at least one pyruvate
decarboxylase (PDC) gene resulting in a reduction of pyru-
vate decarboxylase activity of a polypeptide encoded by said
gene. In another aspect, the recombinant microorganism
includes a partial deletion of a pyruvate decarboxylase (PDC)
gene resulting in a reduction of pyruvate decarboxylase activ-
ity of a polypeptide encoded by the gene. In another aspect,
the recombinant microorganism comprises a complete dele-
tion of a pyruvate decarboxylase (PDC) gene resulting in a
reduction of pyruvate decarboxylase activity of a polypeptide
encoded by the gene. In yet another aspect, the recombinant
microorganism includes a modification of the regulatory
region associated with at least one pyruvate decarboxylase
(PDC) gene resulting in a reduction of pyruvate decarboxy-
lase activity of a polypeptide encoded by said gene. In another
aspect, the recombinant microorganism comprises a modifi-
cation of the transcriptional regulator resulting in a reduction
of pyruvate decarboxylase gene transcription. In another
aspect, the recombinant microorganism comprises mutations
in all pyruvate decarboxylase (PDC) genes resulting in a
reduction of pyruvate decarboxylase activity of a polypeptide
encoded by the gene.

[0011] In another embodiment, methods provided herein
utilize recombinant microorganisms that have been further
engineered to express a heterologous metabolic pathway for
conversion of pyruvate to isobutanol. In one aspect, the
recombinant microorganism is further engineered to increase
the activity of a native metabolic pathway for conversion of
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pyruvate to isobutanol. In another aspect, the recombinant
microorganism is further engineered to include at least one
enzyme encoded by a heterologous gene and at least one
enzyme encoded by a native gene. In yet another aspect, the
recombinant microorganism is selected to include a native
metabolic pathway for conversion of pyruvate to isobutanol.
[0012] In one embodiment, a method provided herein
includes a yeast recombinant microorganism of the Saccha-
romyces clade.

[0013] In another embodiment, a method provided herein
includes a recombinant organism that is a Saccharomyces
sensu stricto yeast microorganism. In one aspect, a Saccha-
romyces sensu stricto yeast microorganism is selected from
one of the species: S. cerevisiae, S. cerevisiae, S. kudriavzevii,
S. mikatae, S. bayanus, S. uvarum, S. carocanis or hybrids
thereof.

[0014] In another embodiment, a method provided herein
includes a Crabtree-positive recombinant yeast microorgan-
ism. In one aspect, a Crabtree-positive yeast microorganism
is selected from one of the genera: Saccharomyces, Kluyvero-
myces, Zygosaccharomyces, Debaryomyces, Pichia or
Schizosaccharomyces. In other aspects, a Crabtree-positive
yeast microorganism is selected from Saccharomyces cerevi-
siae, Saccharomyces uvarum, Saccharomyces bayanus, Sac-
charomyces paradoxus, Saccharomyces castelli, Saccharo-
myces kluyveri, Kluyveromyces thermotolerans, Candida
glabrata, Z. bailli, Z. rouxii, Debaryomyces hansenii, Pichia
pastorius, Schizosaccharomyces pombe, or Saccharomyces
uvarum.

[0015] In another embodiment, a method provided herein
includes a post-WGD (whole genome duplication) yeast
microorganism. In one aspect, a post-WGD yeast is selected
from one of the genera Saccharomyces or Candida. In another
aspect, a post-WGD yeast is selected from Saccharomyces
cerevisiae, Saccharomyces uvarum, Saccharomyces baya-
nus, Saccharomyces paradoxus, Saccharomyces castelli, and
Candida glabrata.

[0016] In another embodiment, a method of producing
isobutanol is provided. The method includes providing a
recombinant microorganism that includes an isobutanol pro-
ducing metabolic pathway and is selected to produce the
isobutanol from a carbon source. The recombinant further
includes a reduction in pyruvate decarboxylase (PDC) activ-
ity as compared to a parental microorganism. The method
includes cultivating the microorganism in a culture medium
containing a feedstock providing the carbon source until a
recoverable quantity of the isobutanol is produced and recov-
ering the isobutanol. In some aspects, the microorganism is a
yeast of the Saccharomyces clade. In other aspects, the micro-
organism is engineered to grow on glucose independently of
C2-compounds at a growth rate substantially equivalent to the
growth rate of a parental microorganism without altered PDC
activity. In one aspect, the microorganism is a Saccharomyces
sensu stricto yeast. In other aspects, the microorganism is
engineered to grow on glucose independently of C2-com-
pounds at a growth rate substantially equivalent to the growth
rate of a parental microorganism without altered PDC activ-
ity.

[0017] In other aspects, the microorganism is a Crabtree-
negative yeast microorganism selected from one of the gen-
era: Kluyveromyces, Pichia, Hansenula, or Candida. In other
aspects, the Crabtree-negative yeast microorganism is
selected from Kluyveromyces lactis, Kluyveromyces marx-
ianus, Pichia anomala, Pichia stipitis, Hanensula., Candida
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utilis, or Kluyveromyces waltii. In other aspects, a the Crab-
tree-negative yeast microorganism is selected from 77i-
cosporon pullulans, Rhodotorula lignophila, or Myxozyma
vanderwaltii, Candida ethanolica, Debaromyces carsonii,
Pichia castillae.

[0018] In another aspect, the microorganism is a Crabtree-
positive yeast microorganism. In some aspects, the microor-
ganism is engineered to grow on glucose independently of
C2-compounds at a growth rate substantially equivalent to the
growth rate of a parental microorganism without altered PDC
activity. A Crabtree-positive yeast microorganism may be
selected from one of the genera: Saccharomyces, Kluyvero-
myces, Zygosaccharomyces, Debaryomyces, Pichia or
Schizosaccharomyces. In other aspects, the Crabtree-positive
yeast microorganism is selected from Saccharomyces cerevi-
siae, Saccharomyces uvarum, Saccharomyces bayanus, Sac-
charomyces paradoxus, Saccharomyces castelli, Saccharo-
myces kluyveri, Kluyveromyces thermotolerans, Candida
glabrata, Z. bailli, Z. rouxii, Debaryomyces hansenii, Pichia
pastorius, Schizosaccharomyces pombe, or Saccharomyces
uvarum. In other aspects, the microorganism is engineered to
grow on glucose independently of C2-compounds at a growth
rate substantially equivalent to the growth rate of a parental
microorganism without altered PDC activity.

[0019] In other aspects, the microorganism is a post-WGD
(whole genome duplication) yeast selected from one of the
genera Saccharomyces or Candida. In other aspects, the post-
WGD yeast is selected from Saccharomyces cerevisiae, Sac-
charomyces uvarum, Saccharomyces bayanus, Saccharomy-
ces paradoxus, Saccharomyces castelli, and Candida
glabrata. In other aspects, the microorganism is engineered to
grow on glucose independently of C2-compounds at a growth
rate substantially equivalent to the growth rate of a parental
microorganism without altered PDC activity

[0020] Inanotheraspect, the microorganism is a pre-WGD
(whole genome duplication) yeast selected from one of the
genera Saccharomyces, Kluyveromyces, Candida, Pichia,
Debaryomyces, Hansenula, Pachysolen, Yarrowia or
Schizosaccharomyces. In other aspects, the pre-WGD yeast is
selected from Saccharomyces kluyveri, Kluyveromyces ther-
motolerans, Kluyveromyces marxianus, Kluyveromyces
waltii, Kluyveromyces lactis, Candida tropicalis, Pichia pas-
toris, Pichia anomala, Pichia stipitis, Debaryomyces hans-
enii, H. anomala, Pachysolen tannophilis, Yarrowia lipoly-
tica, and Schizosaccharomyces pomb.

[0021] Inother aspects, a method provided herein includes
a microorganism that is a non-fermenting yeast microorgan-
ism selected from one of the genera: Tricosporon, Rhodot-
orula, or Myxozyma.

[0022] In another embodiment, recombinant microorgan-
isms are provided. The microorganism includes an isobutanol
producing metabolic pathway and is selected to produce the
isobutanol from a carbon source. The microorganism also
includes a reduction in pyruvate decarboxylase (PDC) activ-
ity as compared to a parental microorganism. In various
aspects, a microorganism provided herein includes Crabtree-
negative yeast microorganisms, microorganisms of the Sac-
charomyces clade, Saccharomyces sensu stricto yeast micro-
organisms, Crabtree-positive yeast microorganisms, post-
WGD (whole genome duplication) yeast microorganism,
pre-WGD (whole genome duplication) yeast microorgan-
isms, and non-fermenting yeast microorganisms.

[0023] In some embodiments, a microorganism provided
herein has been engineered to grow on glucose independently
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of C2-compounds at a growth rate substantially equivalent to
the growth rate of a parental microorganism without altered
PDC activity.

BRIEF DESCRIPTION OF DRAWINGS

[0024] Illustrative embodiments of the invention are illus-
trated in the drawings, in which:

[0025] FIG. 1 illustrates an exemplary embodiment of an
isobutanol pathway.

[0026] FIG. 2A illustrates production of pyruvate via gly-
colysis, together with an isobutanol pathway which converts
pyruvate to isobutanol and a PDC pathway which converts
pyruvate to acetaldehyde and carbon dioxide.

[0027] FIG. 2B illustrates an isobutanol pathway receiving
additional pyruvate to form isobutanol at higher yield due to
the deletion or reduction of the PDC pathway.

[0028] FIG. 3 illustrates the Carbon source composition
and feeding rate over time during chemostat evolution of the
S. cerevisiae Pdc-minus strain GEVO1584. This graph shows
how the acetate was decreased over a period of 480 hours
from 0.375 g/L to 0 g/L. It also shows the total feeding rate.
Higher feeding rate meant that growth rate was higher. Since
the chemostat contained 200 ml of culture, dilution rate can
be calculated by dividing the feeding rate by 200 ml.

[0029] FIG. 4 illustrates growth of evolved Pdc-minus
mutant strain GEVO1863 in YPD compared to the parental
strain, GEVO1187.

[0030] FIG. 5 illustrates that the evolved PCD mutant,
GEVO1863, does not produce ethanol in YPD medium,
unlike the parental strain GEVO1187.

[0031] FIG. 6 illustrates a schematic map of plasmid
pGV1503.

[0032] FIG. 7 illustrates a schematic map of plasmid
pGV1537.

[0033] FIG. 8 illustrates a schematic map of plasmid
pGV1429.

[0034] FIG. 9 illustrates a schematic map of plasmid
pGV1430.

[0035] FIG. 10 illustrates a schematic map of plasmid
pGV1431.

[0036] FIG. 11 illustrates a schematic map of plasmid
pGV1472.

[0037] FIG. 12 illustrates a schematic map of plasmid
pGV1473.

[0038] FIG. 13 illustrates a schematic map of plasmid
pGV1475.

[0039] FIG. 14 illustrates a schematic map of plasmid
pGV1254.

[0040] FIG. 15 illustrates a schematic map of plasmid
pGV1295.

[0041] FIG. 16 illustrates a schematic map of plasmid
pGV1390.

[0042] FIG. 17 illustrates a schematic map of plasmid
pGV1438.

[0043] FIG. 18 illustrates a schematic map of plasmid
pGV1590.

[0044] FIG. 19 illustrates a schematic map of plasmid
pGV1726.

[0045] FIG. 20 illustrates a schematic map of plasmid
pGV1727.

[0046] FIG. 21 illustrates a schematic map of plasmid
pGV1056.

[0047] FIG. 22 illustrates a schematic map of plasmid
pGV1062.
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[0048] FIG. 23 illustrates a schematic map of plasmid
pGV1102.
[0049] FIG. 24 illustrates a schematic map of plasmid
pGV1103.
[0050] FIG. 25 illustrates a schematic map of plasmid
pGV1104.
[0051] FIG. 26 illustrates a schematic map of plasmid
pGV1106.
[0052] FIG. 27 illustrates a schematic map of plasmid
pGV1649.
[0053] FIG. 28 illustrates a schematic map of plasmid
pGV1664.
[0054] FIG. 29 illustrates a schematic map of plasmid
pGV1672.
[0055] FIG. 30 illustrates a schematic map of plasmid
pGV1673.
[0056] FIG. 31 illustrates a schematic map of plasmid
pGV1677.
[0057] FIG. 32 illustrates a schematic map of plasmid
pGV1679.
[0058] FIG. 33 illustrates a schematic map of plasmid
pGV1683.

DETAILED DESCRIPTION

[0059] As used herein and in the appended claims, the
singular forms “a,” “and,” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a polynucleotide” includes a plurality
of such polynucleotides and reference to “the microorgan-
ism” includes reference to one or more microorganisms, and
so forth.

[0060] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
disclosure belongs. Although methods and materials similar
or equivalent to those described herein can be used in the
practice of the disclosed methods and compositions, the
exemplary methods, devices and materials are described
herein.

[0061] Any publications discussed above and throughout
the text are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be
construed as an admission that the inventors are not entitled to
antedate such disclosure by virtue of prior disclosure.
[0062] The term “microorganism” includes prokaryotic
and eukaryotic microbial species from the Domains Archaea,
Bacteria and Eucarya, the latter including yeast and filamen-
tous fungi, protozoa, algae, or higher Protista. The terms
“microbial cells” and “microbes” are used interchangeably
with the term microorganism.

[0063] “Bacteria”, or “eubacteria”, refers to a domain of
prokaryotic organisms. Bacteria include at least 11 distinct
groups as follows: (1) Gram-positive (gram+) bacteria, of
which there are two major subdivisions: (1) high G+C group
(Actinomycetes, Mycobacteria, Micrococcus, others) (2) low
G+C group (Bacillus, Clostridia, Lactobacillus, Staphylo-
cocci, Streptococci, Mycoplasmas); (2) Proteobacteria, e.g.,
Purple photosynthetic+non-photosynthetic Gram-negative
bacteria (includes most “common” Gram-negative bacteria);
(3) Cyanobacteria, e.g., oxygenic phototrophs; (4) Spiro-
chetes and related species; (5) Planctomyces; (6) Bacteroi-
des, Flavobacteria; (7) Chlamydia; (8) Green sulfur bacteria;
(9) Green non-sulfur bacteria (also anaerobic phototrophs);
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(10) Radioresistant micrococci and relatives; (11) Thermo-
toga and Thermosipho thermophiles.

[0064] “Gram-negative bacteria” include cocci, nonenteric
rods, and enteric rods. The genera of Gram-negative bacteria
include, for example, Neisseria, Spirillum, Pasteurella, Bru-
cella, Yersinia, Francisella, Haemophilus, Bordetella,
Escherichia, Salmonella, Shigella, Klebsiella, Proteus,
Vibrio, Pseudomonas, Bacteroides, Acetobacter, Aerobacter,
Agrobacterium, Azotobacter, Spirilla, Serratia, Vibrio,
Rhizobium, Chlamydia, Rickettsia, Treponema, and Fusobac-
terium.

[0065] “Gram positive bacteria” include cocci, nonsporu-
lating rods, and sporulating rods. The genera of gram positive
bacteria include, for example, Actinomyces, Bacillus,
Clostridium, Corynebacterium, Erysipelothrix, Lactobacil-
lus, Listeria, Mycobacterium, Myxococcus, Nocardia, Sta-
phylococcus, Streptococcus, and Streptomyces.

[0066] Theterm “genus” is defined as a taxonomic group of
related species according to the Taxonomic Outline of Bac-
teria and Archaea (Garrity, G. M., Lilburn, T. G., Cole, J. R,
Harrison, S. H., Euzeby, J., and Tindall, B. J. (2007) The
Taxonomic Outline of Bacteria and Archaea. TOBA Release
7.7, March 2007. Michigan State University Board of Trust-
ees.

[0067] The term “species” is defined as a collection of
closely related organisms with greater than 97% 168 riboso-
mal RNA sequence homology and greater than 70% genomic
hybridization and sufficiently different from all other organ-
isms so as to be recognized as a distinct unit.

[0068] The term “recombinant microorganism” and
“recombinant host cell” are used interchangeably herein and
refer to microorganisms that have been genetically modified
to express or over-express endogenous polynucleotides, or to
express heterologous polynucleotides, such as those included
in a vector, or which have an alteration in expression of an
endogenous gene. By “alteration” it is meant that the expres-
sion of the gene, or level of a RNA molecule or equivalent
RNA molecules encoding one or more polypeptides or
polypeptide subunits, or activity of one or more polypeptides
or polypeptide subunits is up regulated or down regulated,
such that expression, level, or activity is greater than or less
than that observed in the absence of the alteration. For
example, the term “alter” can mean “inhibit,” but the use of
the word “alter” is not limited to this definition.

[0069] The term “expression” with respect to a gene
sequence refers to transcription of the gene and, as appropri-
ate, translation of the resulting mRNA transcript to a protein.
Thus, as will be clear from the context, expression of a protein
results from transcription and translation of the open reading
frame sequence. The level of expression of a desired product
in a host cell may be determined on the basis of either the
amount of corresponding mRNA that is present in the cell, or
the amount of the desired product encoded by the selected
sequence. For example, mRNA transcribed from a selected
sequence can be quantitated by PCR or by northern hybrid-
ization (see Sambrook et al., Molecular Cloning: A Labora-
tory Manual, Cold Spring Harbor Laboratory Press (1989)).
Protein encoded by a selected sequence can be quantitated by
various methods, e.g., by ELISA, by assaying for the biologi-
cal activity of the protein, or by employing assays that are
independent of such activity, such as western blotting or
radioimmunoassay, using antibodies that are recognize and
bind reacting the protein. See Sambrook et al., 1989, supra.
The polynucleotide generally encodes a target enzyme
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involved in a metabolic pathway for producing a desired
metabolite. It is understood that the terms “recombinant
microorganism” and “recombinant host cell” refer not only to
the particular recombinant microorganism but to the progeny
or potential progeny of such a microorganism. Because cer-
tain modifications may occur in succeeding generations due
to either mutation or environmental influences, such progeny
may not, in fact, be identical to the parent cell, but are still
included within the scope of the term as used herein.

[0070] The term “wild-type microorganism™ describes a
cell that occurs in nature, i.e. a cell that has not been geneti-
cally modified. A wild-type microorganism can be geneti-
cally modified to express or overexpress a first target enzyme.
This microorganism can act as a parental microorganism in
the generation of a microorganism modified to express or
overexpress a second target enzyme. In turn, the microorgan-
ism modified to express or overexpress a first and a second
target enzyme can be modified to express or overexpress a
third target enzyme.

[0071] Accordingly, a “parental microorganism” functions
as a reference cell for successive genetic modification events.
Each modification event can be accomplished by introducing
anucleic acid molecule in to the reference cell. The introduc-
tion facilitates the expression or overexpression of a target
enzyme. It is understood that the term “facilitates™ encom-
passes the activation of endogenous polynucleotides encod-
ing a target enzyme through genetic modification of e.g., a
promoter sequence in a parental microorganism. It is further
understood that the term “facilitates™ encompasses the intro-
duction of heterologous polynucleotides encoding a target
enzyme in to a parental microorganism.

[0072] The term “engineer” refers to any manipulation of'a
microorganism that result in a detectable change in the micro-
organism, wherein the manipulation includes but is not lim-
ited to inserting a polynucleotide and/or polypeptide heter-
ologous to the microorganism and mutating a polynucleotide
and/or polypeptide native to the microorganism. The term
“metabolically engineered” or “metabolic engineering”
involves rational pathway design and assembly of biosyn-
thetic genes, genes associated with operons, and control ele-
ments of such polynucleotides, for the production of'a desired
metabolite. “Metabolically engineered” can further include
optimization of metabolic flux by regulation and optimization
of transcription, translation, protein stability and protein
functionality using genetic engineering and appropriate cul-
ture condition including the reduction of, disruption, or
knocking out of, a competing metabolic pathway that com-
petes with an intermediate leading to a desired pathway.
[0073] The terms “metabolically engineered microorgan-
ism” and “modified microorganism™ are used interchange-
ably herein and refer not only to the particular subject cell but
to the progeny or potential progeny of such a cell. Because
certain modifications may occur in succeeding generations
due to either mutation or environmental influences, such
progeny may not, in fact, be identical to the parent cell, but are
still included within the scope of the term as used herein.
[0074] The term “mutation” as used herein indicates any
modification of a nucleic acid and/or polypeptide which
results in an altered nucleic acid or polypeptide. Mutations
include, for example, point mutations, deletions, or insertions
of single or multiple residues in a polynucleotide, which
includes alterations arising within a protein-encoding region
of'a gene as well as alterations in regions outside of a protein-
encoding sequence, such as, but not limited to, regulatory or
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promoter sequences. A genetic alteration may be a mutation
of'any type. For instance, the mutation may constitute a point
mutation, a frame-shift mutation, an insertion, or a deletion of
part or all of a gene. In addition, in some embodiments of the
modified microorganism, a portion of the microorganism
genome has been replaced with a heterologous polynucle-
otide. In some embodiments, the mutations are naturally-
occurring. In other embodiments, the mutations are the
results of artificial selection pressure. In still other embodi-
ments, the mutations in the microorganism genome are the
result of genetic engineering.

[0075] The term “biosynthetic pathway”, also referred to as
“metabolic pathway”, refers to a set of anabolic or catabolic
biochemical reactions for converting one chemical species
into another. Gene products belong to the same “metabolic
pathway” if they, in parallel or in series, act on the same
substrate, produce the same product, or act on or produce a
metabolic intermediate (i.e., metabolite) between the same
substrate and metabolite end product.

[0076] The term “heterologous™ as used herein with refer-
ence to molecules and in particular enzymes and polynucle-
otides, indicates molecules that are expressed in an organism
other than the organism from which they originated or are
found in nature, independently of the level of expression that
can be lower, equal or higher than the level of expression of
the molecule in the native microorganism.

[0077] On the other hand, the term “native” or “endog-
enous” as used herein with reference to molecules, and in
particular enzymes and polynucleotides, indicates molecules
that are expressed in the organism in which they originated or
are found in nature, independently of the level of expression
that can be lower equal or higher than the level of expression
of the molecule in the native microorganism. It is understood
that expression of native enzymes or polynucleotides may be
modified in recombinant microorganisms.

[0078] The term “feedstock™ is defined as a raw material or
mixture of raw materials supplied to a microorganism or
fermentation process from which other products can be made.
For example, a carbon source, such as biomass or the carbon
compounds derived from biomass are a feedstock for a micro-
organism that produces a biofuel in a fermentation process.
However, a feedstock may contain nutrients other than a
carbon source.

[0079] Theterm “substrate” or “suitable substrate” refers to
any substance or compound that is converted or meant to be
converted into another compound by the action of an enzyme.
The term includes not only a single compound, but also com-
binations of compounds, such as solutions, mixtures and
other materials which contain at least one substrate, or deriva-
tives thereof. Further, the term “substrate” encompasses not
only compounds that provide a carbon source suitable for use
as a starting material, such as any biomass derived sugar, but
also intermediate and end product metabolites used in a path-
way associated with a metabolically engineered microorgan-
ism as described herein.

[0080] The term “fermentation” or “fermentation process”
is defined as a process in which a microorganism is cultivated
in a culture medium containing raw materials, such as feed-
stock and nutrients, wherein the microorganism converts raw
materials, such as a feedstock, into products.

[0081] The term “cell dry weight” or “CDW” refers to the
weight of the microorganism after the water contained in the
microorganism has been removed using methods known to
one skilled in the art. CDW is reported in grams.
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[0082] The term “biofuel” refers to a fuel in which all
carbon contained within the fuel is derived from biomass and
is biochemically converted, at least in part, in to a fuel by a
microorganism. A biofuel is further defined as a non-ethanol
compound which contains less than 0.5 oxygen atoms per
carbon atom. A biofuel is a fuel in its own right, but may be
blended with petroleum-derived fuels to generate a fuel. A
biofuel may be used as a replacement for petrochemically-
derived gasoline, diesel fuel, or jet fuel.

[0083] The term “volumetric productivity” or “production
rate” is defined as the amount of product formed per volume
of medium per unit of time. Volumetric productivity is
reported in gram per liter per hour (g/L/h).

[0084] Theterm “yield” is defined as the amount of product
obtained per unit weight of raw material and may be
expressed as g product per g substrate (g/g). Yield may be
expressed as a percentage of the theoretical yield. “Theoreti-
cal yield” is defined as the maximum amount of product that
can be generated per a given amount of substrate as dictated
by the stoichiometry of the metabolic pathway used to make
the product. For example, the theoretical yield for one typical
conversion of glucose to isobutanol is 0.41 g/g. As such, a
yield of isobutanol from glucose of 0.39 g/g would be
expressed as 95% of theoretical or 95% theoretical yield.
[0085] The term “titer” is defined as the strength of a solu-
tion or the concentration of a substance in solution. For
example, the titer of a biofuel in a fermentation broth is
described as g of biofuel in solution per liter of fermentation
broth (g/L).

[0086] A “facultative anaerobic organism” or a “facultative
anaerobic microorganism” is defined as an organism that can
grow in either the presence or in the absence of oxygen.
[0087] A “strictly anaerobic organism” or a “strictly
anaerobic microorganism” is defined as an organism that
cannot grow in the presence of oxygen and which does not
survive exposure to any concentration of oxygen.

[0088] An “anaerobic organism” or an “anaerobic micro-
organism” is defined as an organism that cannot grow in the
presence of oxygen.

[0089] “Aerobic conditions” are defined as conditions
under which the oxygen concentration in the fermentation
medium is sufficiently high for an aerobic or facultative
anaerobic microorganism to use as a terminal electron accep-
tor.

[0090] In contrast, “Anaerobic conditions” are defined as
conditions under which the oxygen concentration in the fer-
mentation medium is too low for the microorganism to use as
a terminal electron acceptor. Anaerobic conditions may be
achieved by sparging a fermentation medium with an inert gas
such as nitrogen until oxygen is no longer available to the
microorganism as a terminal electron acceptor. Alternatively,
anaerobic conditions may be achieved by the microorganism
consuming the available oxygen of the fermentation until
oxygen is unavailable to the microorganism as a terminal
electron acceptor.

[0091] “Aerobic metabolism” refers to a biochemical pro-
cess in which oxygen is used as a terminal electron acceptor
to make energy, typically in the form of ATP, from carbohy-
drates. Aerobic metabolism occurs e.g. via glycolysis and the
TCA cycle, wherein a single glucose molecule is metabolized
completely into carbon dioxide in the presence of oxygen.
[0092] In contrast, “anaerobic metabolism” refers to a bio-
chemical process in which oxygen is not the final acceptor of
electrons contained in NADH. Anaerobic metabolism can be
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divided into anaerobic respiration, in which compounds other
than oxygen serve as the terminal electron acceptor, and
substrate level phosphorylation, in which the electrons from
NADH are utilized to generate a reduced product via a “fer-
mentative pathway.”

[0093] In “fermentative pathways”, NAD(P)H donates its
electrons to a molecule produced by the same metabolic
pathway that produced the electrons carried in NAD(P)H. For
example, in one of the fermentative pathways of certain yeast
strains, NAD(P)H generated through glycolysis transfers its
electrons to pyruvate, yielding ethanol. Fermentative path-
ways are usually active under anaerobic conditions but may
also occur under aerobic conditions, under conditions where
NADH is not fully oxidized via the respiratory chain. For
example, above certain glucose concentrations, Crabtree
positive yeasts produce large amounts of ethanol under aero-
bic conditions.

[0094] The term “byproduct” means an undesired product
related to the production of a biofuel or biofuel precursor.
Byproducts are generally disposed as waste, adding costto a
production process.

[0095] The term “non-fermenting yeast” is a yeast species
that fails to demonstrate an anaerobic metabolism in which
the electrons from NADH are utilized to generate a reduced
product via a fermentative pathway such as the production of
ethanol and CO, from glucose. Non-fermentative yeast can
be identified by the “Durham Tube Test” (J. A. Barnett, R. W.
Payne, and D. Yarrow. 2000. Yeasts Characteristics and Iden-
tification. 3" edition. p. 28-29. Cambridge University Press,
Cambridge, UK.) or the by monitoring the production of
fermentation productions such as ethanol and CO,.

[0096] The term “polynucleotide” is used herein inter-
changeably with the term “nucleic acid” and refers to an
organic polymer composed of two or more monomers includ-
ing nucleotides, nucleosides or analogs thereof, including but
not limited to single stranded or double stranded, sense or
antisense deoxyribonucleic acid (DNA) of any length and,
where appropriate, single stranded or double stranded, sense
or antisense ribonucleic acid (RNA) of any length, including
siRNA. The term “nucleotide” refers to any of several com-
pounds that consist of a ribose or deoxyribose sugar joined to
a purine or a pyrimidine base and to a phosphate group, and
that are the basic structural units of nucleic acids. The term
“nucleoside” refers to a compound (as guanosine or adenos-
ine) that consists of a purine or pyrimidine base combined
with deoxyribose or ribose and is found especially in nucleic
acids. The term “nucleotide analog” or “nucleoside analog”
refers, respectively, to a nucleotide or nucleoside in which
one or more individual atoms have been replaced with a
different atom or with a different functional group. Accord-
ingly, the term polynucleotide includes nucleic acids of any
length, DNA, RNA, analogs and fragments thereof. A poly-
nucleotide of three or more nucleotides is also called nucleo-
tidic oligomer or oligonucleotide.

[0097] It is understood that the polynucleotides described
herein include “genes” and that the nucleic acid molecules
described herein include “vectors™ or “plasmids.” Accord-
ingly, the term “gene”, also called a “structural gene” refers to
apolynucleotide that codes for a particular sequence of amino
acids, which comprise all or part of one or more proteins or
enzymes, and may include regulatory (non-transcribed) DNA
sequences, such as promoter sequences, which determine for
example the conditions under which the gene is expressed.
The transcribed region of the gene may include untranslated
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regions, including introns, 5'-untranslated region (UTR), and
3'-UTR, as well as the coding sequence.

[0098] The term “operon” refers to two or more genes
which are transcribed as a single transcriptional unit from a
common promoter. In some embodiments, the genes com-
prising the operon are contiguous genes. It is understood that
transcription of an entire operon can be modified (i.e.,
increased, decreased, or eliminated) by modifying the com-
mon promoter. Alternatively, any gene or combination of
genes in an operon can be modified to alter the function or
activity of the encoded polypeptide. The modification can
result in an increase in the activity of the encoded polypep-
tide. Further, the modification can impart new activities on the
encoded polypeptide. Exemplary new activities include the
use of alternative substrates and/or the ability to function in
alternative environmental conditions.

[0099] A “vector” is any means by which a nucleic acid can
be propagated and/or transferred between organisms, cells, or
cellular components. Vectors include viruses, bacteriophage,
pro-viruses, plasmids, phagemids, transposons, and artificial
chromosomes such as YACs (yeast artificial chromosomes),
BACs (bacterial artificial chromosomes), and PLACs (plant
artificial chromosomes), and the like, that are “episomes,”
that is, that replicate autonomously or can integrate into a
chromosome of a host cell. A vector can also be a naked RNA
polynucleotide, a naked DNA polynucleotide, a polynucle-
otide composed of both DNA and RNA within the same
strand, a poly-lysine-conjugated DNA or RNA, a peptide-
conjugated DNA or RNA, a liposome-conjugated DNA, or
the like, that are not episomal in nature, or it can be an
organism which comprises one or more of the above poly-
nucleotide constructs such as an agrobacterium or a bacte-
rium.

[0100] “Transformation” refers to the process by which a
vector is introduced into a host cell. Transformation (or trans-
duction, or transfection), can be achieved by any one of a
number of means including chemical transformation (e.g.
lithium acetate transformation), electroporation, microinjec-
tion, biolistics (or particle bombardment-mediated delivery),
or agrobacterium mediated transformation.

[0101] The term “enzyme” as used herein refers to any
substance that catalyzes or promotes one or more chemical or
biochemical reactions, which usually includes enzymes
totally or partially composed of a polypeptide, but can include
enzymes composed of a different molecule including poly-
nucleotides.

[0102] The term “protein” or “polypeptide” as used herein
indicates an organic polymer composed of two or more amino
acidic monomers and/or analogs thereof. As used herein, the
term “amino acid” or “amino acidic monomer” refers to any
natural and/or synthetic amino acids including glycine and
both D or L optical isomers. The term “amino acid analog”
refers to an amino acid in which one or more individual atoms
have been replaced, either with a different atom, or with a
different functional group. Accordingly, the term polypeptide
includes amino acidic polymer of any length including full
length proteins, and peptides as well as analogs and fragments
thereof. A polypeptide of three or more amino acids is also
called a protein oligomer or oligopeptide.

[0103] The term “homolog”, used with respect to an origi-
nal enzyme or gene of a first family or species, refers to
distinct enzymes or genes of a second family or species which
are determined by functional, structural or genomic analyses
to be an enzyme or gene of the second family or species which
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corresponds to the original enzyme or gene of the first family
or species. Most often, homologs will have functional, struc-
tural or genomic similarities. Techniques are known by which
homologs of an enzyme or gene can readily be cloned using
genetic probes and PCR. Identity of cloned sequences as
homolog can be confirmed using functional assays and/or by
genomic mapping of the genes.

[0104] A protein has “homology” or is “homologous™to a
second protein if the nucleic acid sequence that encodes the
protein has a similar sequence to the nucleic acid sequence
that encodes the second protein. Alternatively, a protein has
homology to a second protein if the two proteins have “simi-
lar” amino acid sequences. (Thus, the term “homologous
proteins” is defined to mean that the two proteins have similar
amino acid sequences).

[0105] The term “analog” or “analogous” refers to nucleic
acid or protein sequences or protein structures that are related
to one another in function only and are not from common
descent or do not share a common ancestral sequence. Ana-
logs may differ in sequence but may share a similar structure,
due to convergent evolution. For example, two enzymes are
analogs or analogous if the enzymes catalyze the same reac-
tion of conversion of a substrate to a product, are unrelated in
sequence, and irrespective of whether the two enzymes are
related in structure.

The Microorganism in General

[0106] Native producers of 1-butanol, such as Clostridium
acetobutylicum, are known, but these organisms also generate
byproducts such as acetone, ethanol, and butyrate during
fermentations. Furthermore, these microorganisms are rela-
tively difficult to manipulate, with significantly fewer tools
available than in more commonly used production hosts such
as S. cerevisiae or E. coli. Additionally, the physiology and
metabolic regulation of these native producers are much less
well understood, impeding rapid progress towards high-effi-
ciency production. Furthermore, no native microorganisms
have been identified that can metabolize glucose into isobu-
tanol in industrially relevant quantities.

[0107] The production of isobutanol and other fusel alco-
hols by various yeast species, including Saccharomyces cer-
evisiae is of special interest to the distillers of alcoholic bev-
erages, for whom fusel alcohols constitute often undesirable
off-notes. Production of isobutanol in wild-type yeasts has
been documented on various growth media, ranging from
grape must from winemaking (Romano, et al., Metabolic
diversity of Saccharomyces cerevisiae strains from spontane-
ously fermented grape musts, World Journal of Microbiology
and Biotechnology. 19:311-315, 2003), in which 12-219
mg/L. isobutanol were produced, to supplemented minimal
media (Oliviera, et al. (2005) World Journal of Microbiology
and Biotechnology 21:1569-1576), producing 16-34 mg/L.
isobutanol. Work from Dickinson, et al. (J Biol Chem. 272
(43):26871-8, 1997) has identified the enzymatic steps uti-
lized in an endogenous S. cerevisiae pathway converting
branch-chain amino acids (e.g., valine or leucine) to isobu-
tanol.

[0108] Recombinant microorganisms provided herein can
express a plurality of heterologous and/or native target
enzymes involved in pathways for the production isobutanol
from a suitable carbon source.

[0109] Accordingly, metabolically “engineered” or “modi-
fied” microorganisms are produced via the introduction of
genetic material into a host or parental microorganism of
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choice and/or by modification of the expression of native
genes, thereby modifying or altering the cellular physiology
and biochemistry of the microorganism. Through the intro-
duction of genetic material and/or the modification of the
expression of native genes the parental microorganism
acquires new properties, e.g. the ability to produce a new, or
greater quantities of, an intracellular metabolite. As described
herein, the introduction of genetic material into and/or the
modification of the expression of native genes in a parental
microorganism results in a new or modified ability to produce
isobutanol. The genetic material introduced into and/or the
genes modified for expression in the parental microorganism
contains gene(s), or parts of genes, coding for one or more of
the enzymes involved in a biosynthetic pathway for the pro-
duction of isobutanol and may also include additional ele-
ments for the expression and/or regulation of expression of
these genes, e.g. promoter sequences.

[0110] In addition to the introduction of a genetic material
into a host or parental microorganism, an engineered or modi-
fied microorganism can also include alteration, disruption,
deletion or knocking-out of a gene or polynucleotide to alter
the cellular physiology and biochemistry of the microorgan-
ism. Through the alteration, disruption, deletion or knocking-
out of a gene or polynucleotide the microorganism acquires
new or improved properties (e.g., the ability to produce a new
metabolite or greater quantities of an intracellular metabolite,
improve the flux of a metabolite down a desired pathway,
and/or reduce the production of byproducts).

[0111] Recombinant microorganisms provided herein may
also produce metabolites in quantities not available in the
parental microorganism. A “metabolite” refers to any sub-
stance produced by metabolism or a substance necessary for
or taking part in a particular metabolic process. A metabolite
can be an organic compound that is a starting material (e.g.,
glucose or pyruvate), an intermediate (e.g., 2-ketoisovaler-
ate), or an end product (e.g., isobutanol) of metabolism.
Metabolites can be used to construct more complex mol-
ecules, or they can be broken down into simpler ones. Inter-
mediate metabolites may be synthesized from other metabo-
lites, perhaps used to make more complex substances, or
broken down into simpler compounds, often with the release
of chemical energy.

[0112] Exemplary metabolites include glucose, pyruvate,
and isobutanol. The metabolite isobutanol can be produced by
a recombinant microorganism metabolically engineered to
express or over-express a metabolic pathway that converts
pyruvate to isobutanol. An exemplary metabolic pathway that
converts pyruvate to isobutanol may be comprised of an
acetohydroxy acid synthase (ALS), a ketolacid reductoi-
somerase (KARI), a dihyroxy-acid dehydratase (DHAD), a
2-keto-acid decarboxylase (KIVD), and an alcohol dehydro-
genase (ADH).

[0113] Accordingly, provided herein are recombinant
microorganisms that produce isobutanol and in some aspects
may include the elevated expression of target enzymes such
as ALS, KARI, DHAD, KIVD, and ADH.

[0114] The disclosure identifies specific genes useful in the
methods, compositions and organisms of the disclosure; how-
ever it will be recognized that absolute identity to such genes
is not necessary. For example, changes in a particular gene or
polynucleotide comprising a sequence encoding a polypep-
tide or enzyme can be performed and screened for activity.
Typically such changes comprise conservative mutation and
silent mutations. Such modified or mutated polynucleotides
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and polypeptides can be screened for expression of a func-
tional enzyme using methods known in the art.

[0115] Due to the inherent degeneracy of the genetic code,
other polynucleotides which encode substantially the same or
functionally equivalent polypeptides can also be used to clone
and express the polynucleotides encoding such enzymes.
[0116] As will be understood by those of skill in the art, it
can be advantageous to modify a coding sequence to enhance
its expression in a particular host. The genetic code is redun-
dant with 64 possible codons, but most organisms typically
use a subset of these codons. The codons that are utilized most
often in a species are called optimal codons, and those not
utilized very often are classified as rare or low-usage codons.
Codons can be substituted to reflect the preferred codon usage
of'the host, a process sometimes called “codon optimization”
or “controlling for species codon bias.”

[0117] Optimized coding sequences containing codons
preferred by a particular prokaryotic or eukaryotic host (see
also, Murray et al. (1989) Nucl. Acids Res. 17:477-508) can
be prepared, for example, to increase the rate of translation or
to produce recombinant RNA transcripts having desirable
properties, such as a longer half-life, as compared with tran-
scripts produced from a non-optimized sequence. Translation
stop codons can also be modified to reflect host preference.
For example, typical stop codons for S. cerevisiae and mam-
mals are UAA and UGA, respectively. The typical stop codon
for monocotyledonous plants is UGA, whereas insects and E.
coli commonly use UAA as the stop codon (Dalphin et al.
(1996) Nucl. Acids Res. 24: 216-218). Methodology for opti-
mizing a nucleotide sequence for expression in a plant is
provided, for example, in U.S. Pat. No. 6,015,891, and the
references cited therein.

[0118] Those of skill in the art will recognize that, due to
the degenerate nature of the genetic code, a variety of DNA
compounds differing in their nucleotide sequences can be
used to encode a given enzyme of the disclosure. The native
DNA sequence encoding the biosynthetic enzymes described
above are referenced herein merely to illustrate an embodi-
ment of the disclosure, and the disclosure includes DNA
compounds of any sequence that encode the amino acid
sequences of the polypeptides and proteins of the enzymes
utilized in the methods of the disclosure. In similar fashion, a
polypeptide can typically tolerate one or more amino acid
substitutions, deletions, and insertions in its amino acid
sequence without loss or significant loss of a desired activity.
The disclosure includes such polypeptides with different
amino acid sequences than the specific proteins described
herein so long as they modified or variant polypeptides have
the enzymatic anabolic or catabolic activity of the reference
polypeptide. Furthermore, the amino acid sequences encoded
by the DNA sequences shown herein merely illustrate
embodiments of the disclosure.

[0119] In addition, homologs of enzymes useful for gener-
ating metabolites are encompassed by the microorganisms
and methods provided herein.

[0120] As used herein, two proteins (or a region of the
proteins) are substantially homologous when the amino acid
sequences have at least about 30%, 40%, 50% 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity. To determine the percent
identity of two amino acid sequences, or of two nucleic acid
sequences, the sequences are aligned for optimal comparison
purposes (e.g., gaps can be introduced in one or both of a first
and a second amino acid or nucleic acid sequence for optimal
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alignment and non-homologous sequences can be disre-
garded for comparison purposes). In one embodiment, the
length of a reference sequence aligned for comparison pur-
poses is at least 30%, typically at least 40%, more typically at
least 50%, even more typically at least 60%, and even more
typically at least 70%, 80%, 90%, 100% of the length of the
reference sequence. The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions
are then compared. When a position in the first sequence is
occupied by the same amino acid residue or nucleotide as the
corresponding position in the second sequence, then the mol-
ecules are identical at that position (as used herein amino acid
or nucleic acid “identity” is equivalent to amino acid or
nucleic acid “homology”). The percent identity between the
two sequences is a function of the number of identical posi-
tions shared by the sequences, taking into account the number
of gaps, and the length of each gap, which need to be intro-
duced for optimal alignment of the two sequences.

[0121] When “homologous” is used in reference to proteins
or peptides, it is recognized that residue positions that are not
identical often differ by conservative amino acid substitu-
tions. A “conservative amino acid substitution” is one in
which an amino acid residue is substituted by another amino
acid residue having a side chain (R group) with similar chemi-
cal properties (e.g., charge or hydrophobicity). In general, a
conservative amino acid substitution will not substantially
change the functional properties of a protein. In cases where
two or more amino acid sequences differ from each other by
conservative substitutions, the percent sequence identity or
degree of homology may be adjusted upwards to correct for
the conservative nature of the substitution. Means for making
this adjustment are well known to those of skill in the art (see,
e.g., Pearson W. R. Using the FASTA program to search
protein and DNA sequence databases, Methods in Molecular
Biology, 1994, 25:365-89, hereby incorporated herein by ref-
erence).

[0122] The following six groups each contain amino acids
that are conservative substitutions for one another: 1) Serine
(S), Threonine (T); 2) Aspartic Acid (D), Glutamic Acid (E);
3) Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine
(K); 5) Isoleucine (1), Leucine (L), Methionine (M), Alanine
(A), Valine (V), and 6) Phenylalanine (F), Tyrosine (Y), Tryp-
tophan (W).

[0123] Sequence homology for polypeptides, which is also
referred to as percent sequence identity, is typically measured
using sequence analysis software. See, e.g., the Sequence
Analysis Software Package of the Genetics Computer Group
(GCGQ), University of Wisconsin Biotechnology Center, 910
University Avenue, Madison, Wis. 53705. Protein analysis
software matches similar sequences using measure of homol-
ogy assigned to various substitutions, deletions and other
modifications, including conservative amino acid substitu-
tions. For instance, GCG contains programs such as “Gap”
and “Bestfit” which can be used with default parameters to
determine sequence homology or sequence identity between
closely related polypeptides, such as homologous polypep-
tides from different species of organisms or between a wild
type protein and a mutant protein thereof. See, e.g., GCG
Version 6.1.

[0124] A typical algorithm used comparing a molecule
sequence to a database containing a large number of
sequences from different organisms is the computer program
BLAST (Altschul, S. F., et al. (1990) “Basic local alignment
search tool.” J. Mol. Biol. 215:403-410; Gish, W. and States,
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D.J. (1993) “Identification of protein coding regions by data-
base similarity search.” Nature Genet. 3:266-272; Madden, T.
L., et al. (1996) “Applications of network BLAST server”
Meth. Enzymol. 266:131-141; Altschul, S. F., et al. (1997)
“Gapped BLAST and PSI-BLAST: a new generation of pro-
tein database search programs.” Nucleic Acids Res. 25:3389-
3402; Zhang, J. and Madden, T. L. (1997) “PowerBLAST: A
new network BLAST application for interactive or automated
sequence analysis and annotation.” Genome Res. 7:649-656),
especially blastp or tblastn (Altschul, S. F., et al. (1997)
“Gapped BLAST and PSI-BLAST: a new generation of pro-
tein database search programs.” Nucleic Acids Res. 25:3389-
3402). Typical parameters for BLASTp are: Expectation
value: 10 (default); Filter: seg (default); Costtoopenagap: 11
(default); Cost to extend a gap: 1 (default); Max. alignments:
100 (default); Word size: 11 (default); No. of descriptions:
100 (default); Penalty Matrix: BLOWSUMG62.

[0125] When searching a database containing sequences
from a large number of different organisms, it is typical to
compare amino acid sequences. Database searching using
amino acid sequences can be measured by algorithms other
than blastp known in the art. For instance, polypeptide
sequences can be compared using FASTA, a program in GCG
Version 6.1. FASTA provides alignments and percent
sequence identity of the regions of the best overlap between
the query and search sequences (Pearson, W. R. (1990)
“Rapid and Sensitive Sequence Comparison with FASTP and
FASTA” Meth. Enzymol. 183:63-98). For example, a percent
sequence identity between amino acid sequences can be
determined using FASTA with its default parameters (a word
size of 2 and the PAM250 scoring matrix), as provided in
GCG Version 6.1, hereby incorporated herein by reference.

[0126] The disclosure provides metabolically engineered
microorganisms comprising a biochemical pathway for the
production of isobutanol from a suitable substrate at a high
yield. A metabolically engineered microorganism of the dis-
closure comprises one or more recombinant polynucleotides
within the genome of the organism or external to the genome
within the organism. The microorganism can comprise a
reduction, disruption or knockout of a gene found in the
wild-type organism and/or introduction of a heterologous
polynucleotide and/or expression or overexpression of an
endogenous polynucleotide.

[0127] Inone aspect, the disclosure provides a recombinant
microorganism comprising elevated expression of at least one
target enzyme as compared to a parental microorganism or
encodes an enzyme not found in the parental organism. In
another or further aspect, the microorganism comprises a
reduction, disruption or knockout of at least one gene encod-
ing an enzyme that competes with a metabolite necessary for
the production of isobutanol. The recombinant microorgan-
ism produces at least one metabolite involved in a biosyn-
thetic pathway for the production of isobutanol. In general,
the recombinant microorganisms comprises at least one
recombinant metabolic pathway that comprises a target
enzyme and may further include a reduction in activity or
expression of an enzyme in a competitive biosynthetic path-
way. The pathway acts to modify a substrate or metabolic
intermediate in the production of isobutanol. The target
enzyme is encoded by, and expressed from, a polynucleotide
derived from a suitable biological source. In some embodi-
ments, the polynucleotide comprises a gene derived from a
prokaryotic or eukaryotic source and recombinantly engi-
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neered into the microorganism of the disclosure. In other
embodiments, the polynucleotide comprises a gene that is
native to the host organism.

[0128] Itis understood that a range of microorganisms can
be modified to include a recombinant metabolic pathway
suitable for the production of isobutanol. In various embodi-
ments, microorganisms may be selected from yeast microor-
ganisms. Yeast microorganisms for the production of isobu-
tanol may be selected based on certain characteristics:

[0129] One characteristic may include the property that the
microorganism is selected to convert various carbon sources
into isobutanol. Accordingly, in one embodiment, the recom-
binant microorganism herein disclosed can convert a variety
of carbon sources to products, including but not limited to
glucose, galactose, mannose, xylose, arabinose, lactose,
sucrose, and mixtures thereof.

[0130] Another characteristic may include the property that
the wild-type or parental microorganism is non-fermenting.
In other words, it cannot metabolize a carbon source anaero-
bically while the yeast is able to metabolize a carbon source in
the presence of oxygen. Non-fermenting yeast refers to both
naturally occurring yeasts as well as genetically modified
yeast. During anaerobic fermentation with fermentative
yeast, the main pathway to oxidize the NADH from glycoly-
sis is through the production of ethanol. Ethanol is produced
by alcohol dehydrogenase (ADH) via the reduction of acetal-
dehyde, which is generated from pyruvate by pyruvate decar-
boxylase (PDC). Thus, in one embodiment, a fermentative
yeast can be engineered to be non-fermentative by the reduc-
tion or elimination of the native PDC activity. Thus, most of
the pyruvate produced by glycolysis is not consumed by PDC
and is available for the isobutanol pathway. Deletion of this
pathway increases the pyruvate and the reducing equivalents
available for the isobutanol pathway. Fermentative pathways
contribute to low yield and low productivity of isobutanol.
Accordingly, deletion of PDC may increase yield and pro-
ductivity of isobutanol.

[0131] A third characteristic may include the property that
the biocatalyst is selected to convert various carbon sources
into isobutanol.

[0132] Inone embodiment, the yeast microorganisms may
be selected from the “Saccharomyces Yeast Clade”, defined
as an ascomycetous yeast taxonomic class by Kurtzman and
Robnett in 1998 (“Identification and phylogeny of ascomyc-
etous yeast from analysis of nuclear large subunit (26S) ribo-
somal DNA partial sequences.” Antonie van Leeuwenhoek
73:331-371, FIG. 2). They were able to determine the relat-
edness of approximately 500 yeast species by comparing the
nucleotide sequence of the D1/D2 domain at the 5' end of the
gene encoding the large ribosomal subunit 26S. In pair-wise
comparisons of the D1/D2 nucleotide sequences of S. cerevi-
siae and of the two most distant yeast from this Saccharomy-
ces yeast clade, K. lactis and K. marxianus, share greater than
80% identity.

[0133] The term “Saccharomyces sensu stricto” taxonomy
group is a cluster of yeast species that are highly related to S.
cerevisiae (Rainieri, S. et al 2003. Saccharomyces Sensu
Stricto Systematics, Genetic Diversity and Evolution. J. Bio-
sci Bioengin 96(1)1-9. Saccharomyces sensu stricto yeast
species include but are not limited to S. cerevisiae, S. cerevi-
siae, S. kudriavzevii, S. mikatae, S. bayanus, S. uvarum, S.
carocanis and hybrids derived from these species (Masneufet



US 2011/0318799 Al

al. 1998. New Hybrids between Saccharomyces Sensu Stricto
Yeast Species Found Among Wine and Cider Production
Strains. Yeast 7(1)61-72).

[0134] An ancient whole genome duplication (WGD) event
occurred during the evolution of the hemiascomycete yeast
and was discovered using comparative genomic tools (Kellis
et al 2004 “Proof and evolutionary analysis of ancient
genome duplication in the yeast S. cerevisiae.” Nature 428:
617-624. Dujon et al 2004 “Genome evolution in yeasts.”
Nature 430:35-44. Langkjaer et al 2003 “Yeast genome dupli-
cation was followed by asynchronous differentiation of dupli-
cated genes.” Nature 428:848-852. Wolfe and Shields 1997
“Molecular evidence for an ancient duplication of the entire
yeast genome.” Nature 387:708-713.) Using this major evo-
Iutionary event, yeast can be divided into species that
diverged from a common ancestor following the WGD event
(termed “post-WGD yeast” herein) and species that diverged
from the yeast lineage prior to the WGD event (termed “pre-
WGD yeast” herein).

[0135] Accordingly, in one embodiment, the yeast micro-
organism may be selected from a post-WGD yeast genus,
including but not limited to Saccharomyces and Candida. The
favored post-WGD yeast species include: S. cerevisiae, S.
uvarum, S. bayanus, S. paradoxus, S. castelli, and C. gla-
brata.

[0136] In another embodiment, the yeast microorganism
may be selected from a pre-whole genome duplication (pre-
WGD) yeast genus including but not limited to Saccharomy-
ces, Kluyveromyces, Candida, Pichia, Issatchenkia,
Debaryomyces, Hansenula, Yarrowia and, Schizosaccharo-
myces. Representative pre-WGD yeast species include: S.
kluyveri, K. thermotolerans, K. marxianus, K. waltii, K. lac-
tis, C. tropicalis, P. pastoris, P. anomala, P. stipitis, I. orvien-
talis, I. occidentalis, I. scutulata, D. hansenii, H. anomala, Y.
lipolytica, and S. pombe.

[0137] A yeast microorganism may be either Crabtree-
negative or Crabtree-positive. A yeast cell having a Crabtree-
negative phenotype is any yeast cell that does not exhibit the
Crabtree effect. The term “Crabtree-negative” refers to both
naturally occurring and genetically modified organisms.
Briefly, the Crabtree effect is defined as the inhibition of
oxygen consumption by a microorganism when cultured
under aerobic conditions due to the presence of a high con-
centration of glucose (e.g., 50 g-glucose L™!). In other words,
ayeast cell having a Crabtree-positive phenotype continues to
ferment irrespective of oxygen availability due to the pres-
ence of glucose, while a yeast cell having a Crabtree-negative
phenotype does not exhibit glucose mediated inhibition of
oxygen consumption.

[0138] Accordingly, in one embodiment the yeast micro-
orgnanism may be selected from yeast with a Crabtree-nega-
tive phenotype including but not limited to the following
genera: Kluyveromyces, Pichia, Issatchenkia, Hansenula,
and Candida. Crabtree-negative species include but are not
limited to: K. lactis, K. marxianus, P. anomala, P. stipitis, I.
orientalis, 1. occidentalis, 1. scutulata, H. anomala, and C.
utilis.

[0139] In another embodiment, the yeast microorganism
may be selected from a yeast with a Crabtree-positive pheno-
type, including but not limited to Saccharomyces, Kluyvero-
myces, Zygosaccharomyces, Debaryomyces, Pichia and
Schizosaccharomyces. Crabtree-positive yeast species
include but are not limited to: S. cerevisiae, S. uvarum, S.
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bayanus, S. paradoxus, S. castelli, S. Kluyveri, K. thermotol-
erans, C. glabrata, Z. bailli, Z. rouxii, D. hansenii, P. pasto-
rius, and S. pombe.

[0140] Inone embodiment, a yeast microorganism is engi-
neered to convert a carbon source, such as glucose, to pyru-
vate by glycolysis and the pyruvate is converted to isobutanol
via an engineered isobutanol pathway (PCT/US2006/
041602, PCT/US2008/053514). Alternative pathways for the
production of isobutanol have been described in International
Patent Application No PCT/US2006/041602 and in Dickin-
son et al., Journal of Biological Chemistry 273:25751-15756
(1998).

[0141] Accordingly, the engineered isobutanol pathway to
convert pyruvate to isobutanol can be comprised of the fol-
lowing reactions:

1. 2 pyruvate—acetolactate+CO,

2. acetolactate+4NADPH—2,3-dihydroxyisovalerate+
NADP*

3. 2,3-dihydroxyisovalerate—alpha-ketoisovalerate

4. alpha-ketoisovalerate—isobutyraldehyde+CO,

5. isobutyraldehyde+NADPH—isobutanol+NADP*

[0142] These reactions are carried out by the enzymes 1)
Acetolactate Synthase (ALS, EC4.1.3.18), 2) Keto-acid
Reducto-Isomerase (KARI, EC1.1.1.86), 3) Dihydroxy-acid
dehydratase (DHAD, EC4.2.1.9), 4) Keto-isovalerate decar-
boxylase (KIVD, EC4.1.1.1), and 5) an Alcohol dehydroge-
nase (ADH, EC1.1.1.1 or 1.1.1.2).

[0143] Inanother embodiment, the yeast microorganism is
engineered to overexpress these enzymes. For example, these
enzymes can be encoded by native genes. For example, ALS
can be encoded by the alsS gene of B. subtilis, alsS of L. lactis,
ortheilvK gene of K. pneumonia. For example, KARI can be
encoded by the ilvC genes of E. coli, C. glutamicum, M.
maripaludis, or Piromyces sp E2. For example, DHAD can be
encoded by the ilvD genes of . coli or C. glutamicum. KIVD
can be encoded by the kivD gene of L. lactis. ADH can be
encoded by ADH2, ADH6, or ADH7 of S. cerevisiae.

[0144] The yeast microorganism of the invention may be
engineered to have increased ability to convert pyruvate to
isobutanol. In one embodiment, the yeast microorganism may
be engineered to have increased ability to convert pyruvate to
isobutyraldehyde. In another embodiment, the yeast micro-
organism may be engineered to have increased ability to
convert pyruvate to keto-isovalerate. In another embodiment,
the yeast microorganism may be engineered to have increased
ability to convert pyruvate to 2,3-dihydroxyisovalerate. In
another embodiment, the yeast microorganism may be engi-
neered to have increased ability to convert pyruvate to aceto-
lactate.

[0145] Furthermore, any of the genes encoding the forego-
ing enzymes (or any others mentioned herein (or any of the
regulatory elements that control or modulate expression
thereof)) may be optimized by genetic/protein engineering
techniques, such as directed evolution or rational mutagen-
esis, which are known to those of ordinary skill in the art.
Such action allows those of ordinary skill in the art to opti-
mize the enzymes for expression and activity in yeast.
[0146] In addition, genes encoding these enzymes can be
identified from other fungal and bacterial species and can be
expressed for the modulation of this pathway. A variety of
organisms could serve as sources for these enzymes, includ-
ing, but not limited to, Saccharomyces spp., including S.
cerevisiae and S. uvarum, Kluyveromyces spp., including K.
thermotolerans, K. lactis, and K. marxianus, Pichia spp.,
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Hansenula spp., including H. polymorpha, Candida spp.,
Trichosporon spp., Yamadazyma spp., including Y. spp. stipi-
tis, Torulaspora pretoriensis, Schizosaccharomyces spp.,
including S. pombe, Cryptococcus spp., Aspergillus spp.,
Neurospora spp., or Ustilago spp. Sources of genes from
anaerobic fungi include, but not limited to, Piromyces spp.,
Orpinomyces spp., or Neocallimastix spp. Sources of
prokaryotic enzymes that are useful include, but not limited
to, Escherichia. coli, Zymomonas mobilis, Staphylococcus
aureus, Bacillus spp., Clostridium spp., Corynebacterium
spp., Pseudomonas spp., Lactococcus spp., Enterobacter
spp., and Salmonella spp.

Methods in General
Identification of PDC in a Yeast Microorganism

[0147] Any method can be used to identify genes that
encode for enzymes with pyruvate decarboxylase (PDC)
activity. PDC catalyzes the decarboxylation of pyruvate to
form acetaldehyde. Generally, homologous or similar PDC
genes and/or homologous or similar PDC enzymes can be
identified by functional, structural, and/or genetic analysis. In
most cases, homologous or similar PDC genes and/or
homologous or similar PDC enzymes will have functional,
structural, or genetic similarities. Techniques known to those
skilled in the art may be suitable to identify homologous
genes and homologous enzymes. Generally, analogous genes
and/or analogous enzymes can be identified by functional
analysis and will have functional similarities. Techniques
known to those skilled in the art may be suitable to identify
analogous genes and analogous enzymes. For example, to
identify homologous or analogous genes, proteins, or
enzymes, techniques may include, but not limited to, cloning
a PDC gene by PCR using primers based on a published
sequence of a gene/enzyme or by degenerate PCR using
degenerate primers designed to amplify a conserved region
among PDC genes. Further, one skilled in the art can use
techniques to identify homologous or analogous genes, pro-
teins, or enzymes with functional homology or similarity.
Techniques include examining a cell or cell culture for the
catalytic activity of an enzyme through in vitro enzyme
assays for said activity, then isolating the enzyme with said
activity through purification, determining the protein
sequence of the enzyme through techniques such as Edman
degradation, design of PCR primers to the likely nucleic acid
sequence, amplification of said DNA sequence through PCR,
and cloning of said nucleic acid sequence. To identify
homologous or similar genes and/or homologous or similar
enzymes, analogous genes and/or analogous enzymes or pro-
teins, techniques also include comparison of data concerning
a candidate gene or enzyme with databases such as
BRENDA, KEGG, or MetaCYC. The candidate gene or
enzyme may be identified within the above mentioned data-
bases in accordance with the teachings herein. Furthermore,
PDC activity can be determined phenotypically. For example,
ethanol production under fermentative conditions can be
assessed. A lack of ethanol production may be indicative of a
yeast microorganism with no PDC activity.

Genetic Insertions and Deletions

[0148] Any method can be used to introduce a nucleic acid
molecule into yeast and many such methods are well known.
For example, transformation and electroporation are common
methods for introducing nucleic acid into yeast cells. See,
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e.g., Gietz et al., Nucleic Acids Res. 27:69-74 (1992); Ito et
al.,, J. Bacterol. 153:163-168 (1983); and Becker and
Guarente, Methods in Enzymology 194:182-187 (1991).
[0149] Inanembodiment, the integration of a gene of inter-
est into a DNA fragment or target gene of a yeast microor-
ganism occurs according to the principle of homologous
recombination. According to this embodiment, an integration
cassette containing a module comprising at least one yeast
marker gene and/or the gene to be integrated (internal mod-
ule) is flanked on either side by DNA fragments homologous
to those of the ends of the targeted integration site (recombi-
nogenic sequences). After transforming the yeast with the
cassette by appropriate methods, a homologous recombina-
tion between the recombinogenic sequences may result in the
internal module replacing the chromosomal region in
between the two sites of the genome corresponding to the
recombinogenic sequences of the integration cassette. (Orr-
Weaver etal., Proc Natl Acad Sci US4 78:6354-6358 (1981))
[0150] Inan embodiment, the integration cassette for inte-
gration of a gene of interest into a yeast microorganism
includes the heterologous gene under the control of an appro-
priate promoter and terminator together with the selectable
marker flanked by recombinogenic sequences for integration
of a heterologous gene into the yeast chromosome. In an
embodiment, the heterologous gene includes an appropriate
native gene desired to increase the copy number of a native
gene(s). The selectable marker gene can be any marker gene
used in yeast, including but not limited to, HIS3, TRPI,
LEU2, URA3, bar, ble, hph, and kan. The recombinogenic
sequences can be chosen at will, depending on the desired
integration site suitable for the desired application.

[0151] In another embodiment, integration of a gene into
the chromosome of the yeast microorganism may occur via
random integration (Kooistra, R., Hooykaas, P. J. I,
Steensma, H. Y. 2004. Yeast 21: 781-792).

[0152] Additionally, in an embodiment, certain introduced
marker genes are removed from the genome using techniques
well known to those skilled in the art. For example, URA3
marker loss can be obtained by plating URA3 containing cells
in FOA (5-fluoro-orotic acid) containing medium and select-
ing for FOA resistant colonies (Boeke, . et al, 1984, Mol.
Gen. Genet, 197, 345-47).

[0153] The exogenous nucleic acid molecule contained
within a yeast cell of the disclosure can be maintained within
that cell in any form. For example, exogenous nucleic acid
molecules can be integrated into the genome of the cell or
maintained in an episomal state that can stably be passed on
(“inherited”) to daughter cells. Such extra-chromosomal
genetic elements (such as plasmids, etc.) can additionally
contain selection markers that ensure the presence of such
genetic elements in daughter cells. Moreover, the yeast cells
can be stably or transiently transformed. In addition, the yeast
cells described herein can contain a single copy, or multiple
copies of a particular exogenous nucleic acid molecule as
described above.

Reduction of Enzymatic Activity

[0154] Yeast microorganisms within the scope of the inven-
tion may have reduced enzymatic activity such as reduced
pyruvate decarboxylase activity. The term “reduced” as used
herein with respect to a particular enzymatic activity refers to
a lower level of enzymatic activity than that measured in a
comparable yeast cell of the same species. The term reduced
also refers to the elimination of enzymatic activity than that
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measured in a comparable yeast cell of the same species.
Thus, yeast cells lacking pyruvate decarboxylase activity are
considered to have reduced pyruvate decarboxylase activity
since most, if not all, comparable yeast strains have at least
some pyruvate decarboxylase activity. Such reduced enzy-
matic activities can be the result of lower enzyme concentra-
tion, lower specific activity of an enzyme, or a combination
thereof. Many different methods can be used to make yeast
having reduced enzymatic activity. For example, a yeast cell
can be engineered to have a disrupted enzyme-encoding locus
using common mutagenesis or knock-out technology. See,
e.g., Methods in Yeast Genetics (1997 edition), Adams,
Gottschling, Kaiser, and Stems, Cold Spring Harbor Press
(1998). In addition, certain point-mutation(s) can be intro-
duced which results in an enzyme with reduced activity.
[0155] Alternatively, antisense technology can be used to
reduce enzymatic activity. For example, yeast can be engi-
neered to contain a cDNA that encodes an antisense molecule
that prevents an enzyme from being made. The term “anti-
sense molecule” as used herein encompasses any nucleic acid
molecule that contains sequences that correspond to the cod-
ing strand of an endogenous polypeptide. An antisense mol-
ecule also can have flanking sequences (e.g., regulatory
sequences). Thus antisense molecules can be ribozymes or
antisense oligonucleotides. A ribozyme can have any general
structure including, without limitation, hairpin, hammerhead,
or axhead structures, provided the molecule cleaves RNA.
[0156] Yeast having a reduced enzymatic activity can be
identified using many methods. For example, yeast having
reduced pyruvate decarboxylase activity can be easily iden-
tified using common methods, which may include, for
example, measuring ethanol formation via gas chromatogra-

phy.
Overexpression of Heterologous Genes

[0157] Methods for overexpressing a polypeptide from a
native or heterologous nucleic acid molecule are well known.
Such methods include, without limitation, constructing a
nucleic acid sequence such that a regulatory element pro-
motes the expression of a nucleic acid sequence that encodes
the desired polypeptide. Typically, regulatory elements are
DNA sequences that regulate the expression of other DNA
sequences at the level of transcription. Thus, regulatory ele-
ments include, without limitation, promoters, enhancers, and
the like. For example, the exogenous genes can be under the
control of an inducible promoter or a constitutive promoter.
Moreover, methods for expressing a polypeptide from an
exogenous nucleic acid molecule in yeast are well known. For
example, nucleic acid constructs that are used for the expres-
sion of exogenous polypeptides within Kluyveromyces and
Saccharomyces are well known (see, e.g., U.S. Pat. Nos.
4,859,596 and 4,943,529, for Kluyveromyces and, e.g., Gel-
lissen et al., Gene 190(1):87-97 (1997) for Saccharomyces).
Yeast plasmids have a selectable marker and an origin of
replication. In addition certain plasmids may also contain a
centromeric sequence. These centromeric plasmids are gen-
erally a single or low copy plasmid. Plasmids without a cen-
tromeric sequence and utilizing either a 2 micron (S. cerevi-
siae) or 1.6 micron (K. lactis) replication origin are high copy
plasmids. The selectable marker can be either prototrophic,
such as HIS3, TRP1, LEU2, URA3 or ADE2, or antibiotic
resistance, such as, bar, ble, hph, or kan.

[0158] In another embodiment, heterologous control ele-
ments can be used to activate or repress expression of endog-
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enous genes. Additionally, when expression is to be repressed
or eliminated, the gene for the relevant enzyme, protein or
RNA can be eliminated by known deletion techniques.
[0159] As described herein, any yeast within the scope of
the disclosure can be identified by selection techniques spe-
cific to the particular enzyme being expressed, over-ex-
pressed or repressed. Methods of identifying the strains with
the desired phenotype are well known to those skilled in the
art. Such methods include, without limitation, PCR, RT-PCR,
and nucleic acid hybridization techniques such as Northern
and Southern analysis, altered growth capabilities on a par-
ticular substrate or in the presence of a particular substrate, a
chemical compound, a selection agent and the like. In some
cases, immunohistochemistry and biochemical techniques
can be used to determine if a cell contains a particular nucleic
acid by detecting the expression of the encoded polypeptide.
For example, an antibody having specificity for an encoded
enzyme can be used to determine whether or not a particular
yeast cell contains that encoded enzyme. Further, biochemi-
cal techniques can be used to determine if a cell contains a
particular nucleic acid molecule encoding an enzymatic
polypeptide by detecting a product produced as a result of the
expression of the enzymatic polypeptide. For example, trans-
forming a cell with a vector encoding acetolactate synthase
and detecting increased acetolactate concentrations com-
pared to a cell without the vector indicates that the vector is
both present and that the gene product is active. Methods for
detecting specific enzymatic activities or the presence of par-
ticular products are well known to those skilled in the art. For
example, the presence of acetolactate can be determined as
described by Hugenholtz and Starrenburg, Appl. Microbiol.
Biotechnol. 38:17-22 (1992).

Increase of Enzymatic Activity

[0160] Yeast microorganisms of the invention may be fur-
ther engineered to have increased activity of enzymes. The
term “increased” as used herein with respect to a particular
enzymatic activity refers to a higher level of enzymatic activ-
ity than that measured in a comparable yeast cell of the same
species. For example, overexpression of a specific enzyme
can lead to an increased level of activity in the cells for that
enzyme. Increased activities for enzymes involved in glyco-
lysis or the isobutanol pathway would result in increased
productivity and yield of isobutanol.

[0161] Methods to increase enzymatic activity are known
to those skilled in the art. Such techniques may include
increasing the expression of the enzyme by increased copy
number and/or use of a strong promoter, introduction of muta-
tions to relieve negative regulation of the enzyme, introduc-
tion of specific mutations to increase specific activity and/or
decrease the Km for the substrate, or by directed evolution.
See, e.g., Methods in Molecular Biology (vol. 231), ed.
Arnold and Georgiou, Humana Press (2003).

Carbon Source

[0162] Thebiocatalyst herein disclosed can convert various
carbon sources into isobutanol. The term “carbon source”
generally refers to a substance suitable to be used as a source
of carbon for prokaryotic or eukaryotic cell growth. Carbon
sources include, but are not limited to, biomass hydrolysates,
starch, sucrose, cellulose, hemicellulose, xylose, and lignin,
as well as monomeric components of these substrates. Carbon
sources can comprise various organic compounds in various
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forms, including, but not limited to polymers, carbohydrates,
acids, alcohols, aldehydes, ketones, amino acids, peptides,
etc. These include, for example, various monosaccharides
such as glucose, dextrose (D-glucose), maltose, oligosaccha-
rides, polysaccharides, saturated or unsaturated fatty acids,
succinate, lactate, acetate, ethanol, etc., or mixtures thereof.
Photosynthetic organisms can additionally produce a carbon
source as a product of photosynthesis. In some embodiments,
carbon sources may be selected from biomass hydrolysates
and glucose.

[0163] The term “C2-compound” as used as a carbon
source for engineered yeast microorganisms with mutations
in all pyruvate decarboxylase (PDC) genes resulting in a
reduction of pyruvate decarboxylase activity of said genes
refers to organic compounds comprised of two carbon atoms,
including but not limited to ethanol and acetate.

[0164] The term “feedstock”is defined as a raw material or
mixture of raw materials supplied to a microorganism or
fermentation process from which other products can be made.
For example, a carbon source, such as biomass or the carbon
compounds derived from biomass are a feedstock for a micro-
organism that produces a biofuel in a fermentation process.
However, a feedstock may contain nutrients other than a
carbon source.

[0165] The term “traditional carbohydrates™ refers to sug-
ars and starches generated from specialized plants, such as
sugar cane, corn, and wheat. Frequently, these specialized
plants concentrate sugars and starches in portions of the plant,
such as grains, that are harvested and processed to extract the
sugars and starches. Traditional carbohydrates are used as
food and also to a lesser extent as carbon sources for fermen-
tation processes to generate biofuels, such as and chemicals.
[0166] The term “biomass” as used herein refers primarily
to the stems, leaves, and starch-containing portions of green
plants, and is mainly comprised of starch, lignin, cellulose,
hemicellulose, and/or pectin. Biomass can be decomposed by
either chemical or enzymatic treatment to the monomeric
sugars and phenols of which it is composed (Wyman, C. E.
2003 Biotechnological Progress 19:254-62). This resulting
material, called biomass hydrolysate, is neutralized and
treated to remove trace amounts of organic material that may
adversely affect the biocatalyst, and is then used as a feed
stock for fermentations using a biocatalyst.

[0167] Theterm “starch” as used herein refers to a polymer
of'glucose readily hydrolyzed by digestive enzymes. Starch is
usually concentrated in specialized portions of plants, such as
potatoes, corn kernels, rice grains, wheat grains, and sugar
cane stems.

[0168] The term “lignin” as used herein refers to a polymer
material, mainly composed of linked phenolic monomeric
compounds, such as p-coumaryl alcohol, coniferyl alcohol,
and sinapyl alcohol, which forms the basis of structural rigid-
ity in plants and is frequently referred to as the woody portion
of plants. Lignin is also considered to be the non-carbohy-
drate portion of the cell wall of plants.

[0169] The term “cellulose” as used herein refers is a long-
chain polymer polysaccharide carbohydrate of beta-glucose
of formula (C6H1005)n, usually found in plant cell walls in
combination with lignin and any hemicellulose.

[0170] The term “hemicellulose” refers to a class of plant
cell-wall polysaccharides that can be any of several het-
eropolymers. These include xylane, xyloglucan, arabinoxy-
lan, arabinogalactan, glucuronoxylan, glucomannan and
galactomannan. Monomeric components of hemicellulose
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include, but are not limited to: D-galactose, L-galactose,
D-mannose, L-rhamnose, L-fucose, D-xylose, L-arabinose,
and D-glucuronic acid. This class of polysaccharides is found
in almost all cell walls along with cellulose. Hemicellulose is
lower in weight than cellulose and cannot be extracted by hot
water or chelating agents, but can be extracted by aqueous
alkali. Polymeric chains of hemicellulose bind pectin and
cellulose in a network of cross-linked fibers forming the cell
walls of most plant cells.

Microorganism Characterized by Producing Isobutanol at
High Yield

[0171] For a biocatalyst to produce isobutanol most eco-
nomically, it is desired to produce a high yield. Preferably, the
only product produced is isobutanol. Extra products lead to a
reduction in product yield and an increase in capital and
operating costs, particularly if the extra products have little or
no value. Extra products also require additional capital and
operating costs to separate these products from isobutanol.
[0172] The microorganism may convert one or more car-
bon sources derived from biomass into isobutanol with a yield
of greater than 5% of theoretical. In one embodiment, the
yield is greater than 10%. In one embodiment, the yield is
greater than 50% of theoretical. In one embodiment, the yield
is greater than 60% of theoretical. In another embodiment, the
yield is greater than 70% of theoretical. In yet another
embodiment, the yield is greater than 80% of theoretical. In
yet another embodiment, the yield is greater than 85% of
theoretical. In yet another embodiment, the yield is greater
than 90% of theoretical. In yet another embodiment, the yield
is greater than 95% of theoretical. In still another embodi-
ment, the yield is greater than 97.5% of theoretical.

[0173] More specifically, the microorganism converts glu-
cose, which can be derived from biomass into isobutanol with
ayield of greater than 5% of theoretical. In one embodiment,
the yield is greater than 10% of theoretical. In one embodi-
ment, the yield is greater than 50% of theoretical. In one
embodiment the yield is greater than 60% of theoretical. In
another embodiment, the yield is greater than 70% of theo-
retical. In yet another embodiment, the yield is greater than
80% of theoretical. In yet another embodiment, the yield is
greater than 85% of theoretical. In yet another embodiment
the yield is greater than 90% of theoretical. In yet another
embodiment, the yield is greater than 95% of theoretical. In
still another embodiment, the yield is greater than 97.5% of
theoretical

Microorganism Characterized by Production of Isobutanol
from Pyruvate Via an Overexpressed Isobutanol Pathway and
a PDC-Minus Phenotype

[0174] Inyeast, the conversion of pyruvate to acetaldehyde
is a major drain on the pyruvate pool (FIG. 2A), and, hence, a
major source of competition with the isobutanol pathway.
This reaction is catalyzed by the pyruvate decarboxylase
(PDC) enzyme. Reduction of this enzymatic activity in the
yeast microorganism results in an increased availability of
pyruvate and reducing equivalents to the isobutanol pathway
and may improve isobutanol production and yield in a yeast
microorganism that expresses a pyruvate-dependent isobu-
tanol pathway (FIG. 2B).

[0175] Reduction of PDC activity can be accomplished by
1) mutation or deletion of a positive transcriptional regulator
for the structural genes encoding for PDC or 2) mutation or
deletion of all PDC genes in a given organism. The term
“transcriptional regulator” can specify a protein or nucleic



US 2011/0318799 Al

acid that works in trans to increase or to decrease the tran-
scription of a different locus in the genome. For example, in S.
cerevisiae, the PDC2 gene, which encodes for a positive
transcriptional regulator of PDC1,5,6 genes can be deleted; a
S. cerevisiae in which the PDC2 gene is deleted is reported to
have only ~10% of wildtype PDC activity (Hohmann, Mo/
Gen Genet, 241:657-666 (1993)). Alternatively, for example,
all structural genes for PDC (e.g. in S. cerevisiae, PDC1,
PDCS, and PDC6, or in K. lactis, PDC1) are deleted.

[0176] Crabtree-positive yeast strains such as Saccharomy-
ces cerevisiae strain that contains disruptions in all three of
the PDC alleles no longer produce ethanol by fermentation.
However, a downstream product of the reaction catalyzed by
PDC, acetyl-CoA, is needed for anabolic production of nec-
essary molecules. Therefore, the Pdc-mutant is unable to
grow solely on glucose, and requires a two-carbon carbon
source, either ethanol or acetate, to synthesize acetyl-CoA.
(Flikweert M T, de Swaaf M, van Dijken J P, Pronk J T. FEMS
Microbiol Lett. 1999 May 1; 174(1):73-9. PMID:10234824
and van Maris A J, Geertman ] M, Vermeulen A, Groothuizen
MK, Winkler A A, Piper M D, van Dijken J P, Pronk J T. Appl
Environ Microbiol. 2004 January; 70(1):159-66. PMID:
14711638).

Thus, in an embodiment, such a Crabtree-positive yeast strain
may be evolved to generate variants of the PDC mutant yeast
that do not have the requirement for a two-carbon molecule
and has a growth rate similar to wild type on glucose. Any
method, including chemostat evolution or serial dilution may
be utilized to generate variants of strains with deletion of
three PDC alleles that can grow on glucose as the sole carbon
source at a rate similar to wild type (van Maris et al., Directed
Evolution of Pyruvate Decarboxylase-Negative Saccharomy-
ces cerevisiae,Yielding a C2-Independent, Glucose-Tolerant,
and Pyruvate-Hyperproducing Yeast, Applied and Environ-
mental Microbiology, 2004, 70(1), 159-166).

Method of Using Microorganism for High-Yield Isobutanol
Fermentation

[0177] In a method to produce isobutanol from a carbon
source at high yield, the yeast microorganism is cultured in an
appropriate culture medium containing a carbon source.
[0178] Another exemplary embodiment provides a method
for producing isobutanol comprising a recombinant yeast
microorganism of the invention in a suitable culture medium
containing a carbon source that can be converted to isobutanol
by the yeast microorganism of the invention.

[0179] In certain embodiments, the method further
includes isolating isobutanol from the culture medium. For
example, isobutanol may be isolated from the culture medium
by any method known to those skilled in the art, such as
distillation, pervaporation, or liquid-liquid extraction.

EXAMPLES

General Methods

[0180] Sample preparation: Samples (2 mL.) from the fer-
mentation broth were stored at —20° C. for later substrate and
product analysis. Prior to analysis, samples were thawed and
then centrifuged at 14,000xg for 10 min. The supernatant was
filtered through a 0.2 pm filter. Analysis of substrates and
products was performed using authentic standards (>99%,
obtained from Sigma-Aldrich), and a 5-point calibration
curve (with 1-pentanol as an internal standard for analysis by
gas chromatography).
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[0181] Determination of optical density and cell dry
weight: The optical density of the yeast cultures was deter-
mined at 600 nm using a DU 800 spectrophotometer (Beck-
man-Coulter, Fullerton, Calif., USA). Samples were diluted
as necessary to yield an optical density of between 0.1 and
0.8. The cell dry weight was determined by centrifuging 50
mL of culture prior to decanting the supernatant. The cell
pellet was washed once with 50 mL of milliQ H,O, centri-
fuged and the pellet was washed again with 25 mIL of milliQ
H,O. The cell pellet was then dried at 80° C. for at least 72
hours. The cell dry weight was calculated by subtracting the
weight of the centrifuge tube from the weight of the centri-
fuge tube containing the dried cell pellet.

[0182] Gas Chromatography: Analysis of ethanol and
isobutanol was performed on a HP 5890 gas chromatograph
fitted with a DB-FFAP column (Agilent Technologies; 30 m
length, 0.32 mm ID, 0.25 uM film thickness) or equivalent
connected to a flame ionization detector (FID). The tempera-
ture program was as follows: 200° C. for the injector, 300° C.
for the detector, 100° C. oven for 1 minute, 70° C./minute
gradient to 235° C., and then hold for 2.5 min.

[0183] High Performance Liquid Chromatography: Analy-
sis of glucose and organic acids was performed on a HP-1100
High Performance Liquid Chromatography system equipped
with a Aminex HPX-87H Ion Exclusion column (Bio-Rad,
300x7.8 mm) or equivalent and an H* cation guard column
(Bio-Rad) or equivalent. Organic acids were detected using
an HP-1100 UV detector (210 nm, 8 nm 360 nm reference)
while glucose was detected using an HP-1100 refractive
index detector. The column temperature was 60° C. This
method was Isocratic with 0.008N sulfuric acid in water as
mobile phase. Flow was set at 0.6 mL/min. Injection size was
20 ul, and the run time was 30 minutes.

[0184] Anaerobic batch fermentations: Anaerobic batch
cultivations were performed at 30° C. in stoppered 100 mL
serum bottles. A total of 20 mL of synthetic medium with an
initial glucose concentration of 20 g-glucose ™" was used
(Kaiser et al., Methods in Yeast Genetics, a Cold Spring
Harbor Laboratory Manual (1994)). 2 mL samples are taken
at 24 and 48 hours. The fermentation is ended after 48 hours
or when all glucose is consumed. Samples are processed and
analyzed by Gas Chromatography and/or High Performance
Liquid Chromatography as described above.

[0185] Yeast transformations—K. /actis: Transformations
were performed by electroporation according to Kooistra et
al., Yeast 21:781-792 (2004).

[0186] Lithium Acetate transformations of S. cerevisiae:
Strains were transformed by the Lithium Acetate method
(Gietz et al., Nucleic Acids Res. 27:69-74 (1992). Cells were
collected from overnight cultures grown in 50 mL of defined
(SC) ethanol media at an ODy,, of approximately 0.8 to 1.0
by centrifugation at 2700 rcf for 2 minutes at room tempera-
ture. The cell pellet was resuspended in 50 mL sterile water,
collected by centrifugation (2700 rct; 2 min; room temp.),
and resuspended in 25 mL sterile water. The cells were col-
lected by centrifugation (2700 rcf; 2 min; room temp.) and
resuspended in 1 mL. 100 mM lithium acetate. The cell sus-
pension was transferred to a sterile 1.5 mL tube and collected
by centrifugation at full speed for 10 seconds. The cells were
resuspended in 100 mM lithium acetate with a volume four
times the volume of'the cell pellet (e.g. 400 uL. for 100 pl cell
pellet). To the prepared DNA Mix (72 pul 50% PEG, 10 ul 1M
Lithium Acetate, 3 ul boiled salmon sperm DNA, and 5 pl of
each plasmid), 15 pl of the cell suspension was added and
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mixed by vortexing with five short pulses. The cel/DNA
suspensions were incubated at 30° C. for 30 minutes and at
42° C. for 22 minutes. The cells were collected by centrifu-
gation for 10 seconds at full speed and resuspended in 100 pl
SOS (1M Sorbitol, 0.34% (w/v) Yeast Extract, 0.68% (w/v)
Peptone, 6.5 mM CaCl). The cell suspensions were top spread
over appropriate selective agar plates.

[0187] Yeast colony PCR: Yeast cells were taken from agar
medium and transferred to 30 pl 0.2% SDS and heated for 4
mins at 90° C. The cells were spun down and 1 ul of the
supernatant was used for PCR using standard Tag (NEB).

[0188] Molecular biology: Standard molecular biology
methods for cloning and plasmid construction were generally
used, unless otherwise noted (Sambrook & Russell).

[0189] Media:

[0190] YP: contains 1% (w/v) yeast extract, 2% (w/v) pep-
tone. YPD is YP containing 2% (w/v) glucose, YPE is YP
containing 2% (w/v) Ethanol.

[0191] SC+Complete: 20 g/L. glucose, 14 g/[L Sigma™
Synthetic Dropout Media supplement (includes amino acids
and nutrients excluding histidine, tryptophan, uracil, and leu-
cine), and 6.7 g/l Difco™ Yeast Nitrogen Base. 0.076 g/L.
histidine, 0.076 g/L tryptophan, 0.380 g/L. leucine, and 0.076
g/L uracil.

[0192] SC-HWUL: 20 g/LL glucose, 14 g/I. Sigma™ Syn-
thetic Dropout Media supplement (includes amino acids and
nutrients excluding histidine, tryptophan, uracil, and leu-
cine), and 6.7 g/LL Difco™ Yeast Nitrogen Base.

[0193] SC-WLU: 20 g/I. glucose, 14 g/[. Sigma™ Syn-
thetic Dropout Media supplement (includes amino acids and
nutrients excluding histidine, tryptophan, uracil, and leu-
cine), 6.7 g/LL Difco™ Yeast Nitrogen Base without amino
acids, and 0.076 g/L histidine.

[0194] SC-HWU: 20 g/L glucose, 14 g/IL Sigma™ Syn-
thetic Dropout Media supplement (includes amino acids and
nutrients excluding histidine, tryptophan, uracil, and leu-
cine), 6.7 g/LL Difco™ Yeast Nitrogen Base without amino
acids, and 0.380 g/L. leucine.

[0195] SC-Ethanol-HWU: 2% (w/v) ethanol, 14 g/l
Sigma™ Synthetic Dropout Media supplement (includes
amino acids and nutrients excluding histidine, tryptophan,
uracil, and leucine), 6.7 g/L. Difco™ Yeast Nitrogen Base, and
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[0196] Solid versions of the above described media contain
2% (w/v) agar.
Strains, Plasmids and Primer Sequences

[0197]
herein:

Table 1 details the genotype of strains disclosed

GEVONo.  Genotype and/or Reference

GEVO1187  S. cerevisiae CEN.PK MAT a ho his3-leu2 trpl

ura3 PDC1 PDC3 PDC6

S. cerevisiae CEN.PK MAT alpha ho his3-leu2 trpl

ura3 PDC1 PDC3 PDC6

K. lactis MATa uraAl trpl leur2 lysAl adel

lac4-8 [pKD1] (ATCC #87365)

S. cerevisiae HO/HO pdcel::TnS5ble/pdel::TnSble
pdc5:TnSble/pdeS:: TnSble pde6::APT1/pdc6::APT1
HIS3/HIS, LEU2/LEU2, URA3/URA3, TRP1/TRP1

S. cerevisiae MAT a/a, HIS3, LEU2, TRP1, URA3,
pdcl:ble/pdelble, pde5::ble/pde5::ble, pde6::aptl (kanR)/
pdc6::aptl(kanR), HO/HO

S. cerevisiae MAT a/alpha, his3/his3, trp1/trp1,

ura3/ura3, LEU2/LEU2, pdecl::ble/pdel::ble, pde5::ble/
pdc5:ible, pde6::aptl (kanR)/pde6::aptl(kanR), HO/HO

S. cerevisiae MAT a, leu2, ura3, pdcl::ble, pde5::ble,
pdc6::aptl(kanR), ho

S. cerevisiae MAT a, his3, trpl, ura3, leu2, pdel::ble,
pdc5::ble, pde6::aptl(kanR), ho-

K. lactis MATa uraAl trpl leur2 lysAl adel lac4-8
[PKD1] KlpdelA::pGV1537 (G418%)]

K. lactis MATalpha uraAl trpl leu2 lysAl adel lac4-8
[PKD1] pdel ::kan {LI-kivd; Sc-Adh7:KmURA3
integrated }

K. lactis MATalpha uraAl trpl leu2 lysAl adel lac4-8
[PKD1] pdel::kan {Ec-ilvC-deltaN; Ec-ilvD-deltaN(codon
opt for K. lactis):Sc-LEU2 integrated} {LI-kivd; Sc-
Adh7:KmURAS integrated)

K. lactis MATalpha uraAl trpl leu2 lysAl adel lac4-8
[PKD1] pdel::kan {Ec-ilvC-deltaN; Ec-ilvD-deltaN(codon
opt for K. lactis):Sc-LEU2 integrated} {LI-kivd; Sc-
Adh7:KmURA3 integrated} {ScCUP1-1 promoter:Bs alsS,
TRP1 random integrated }

S. cerevisiae MAT a, his3, trpl, ura3, leu2, pdel::ble,
pdc5:ible, pde6::aptl(kanR), ho-, chemostat-evolved to be
C2-independent.

GEVO1188
GEVO1287!

GEVO015372

Gevol538

GEVO1581

Gevol715
GEVO1584
GEVO1742

GEVO179%4

GEVO1818

GEVO1829

Gevol863

Isame as ATCC200826

The strains Gevol537 and Gevol538 were originally designated GGS570 (derived from
strain T2-3D) and was obtained from Paul van Heusden from the University of Leiden, the
Netherlands. For complete references for both strains, see: Flikweert, M. T. et al., (1996)
Yeast 12: 247-257.

0.380 g/L leucine. [0198] Table 2 outlines the plasmids disclosed herein:

GEVO No. FIG. Genotype or Reference

pGV1056 21 blaamp”) S.c. TDH3 promoter - polylinker - CYC1 terminator
CEN6/ARSH4 HIS3 pUC ori

pGV1062 22 bla(amp”) S.c. TDH3 promoter - polylinker - CYC1 terminator
CEN6/ARSH4 URA3 pUC ori

pGV1102 23 bla(amp”) S.c. TEF1 promoter - HA tag - polylinker - CYC1
terminator 2micron URA3 pUC ori

pGV1103 24  bla(amp”) S.c. TDH3 promoter - myc tag - polylinker - CYC1
terminator 2micron HIS3 pUC ori

pGV1104 25 bla(amp”) S.c. TDH3 promoter - myc tag - polylinker - CYC1
terminator 2micron TRP1 pUC ori

pGV1106 26  blaamp”) S.c. TDH3 promoter - myc tag - polylinker - CYC1
terminator 2micron URA3 pUC ori

pGV1254 14 bla(amp”) S.c. TEF1 promoter - HA-L.I. KIVD - S.c. TDH3
promoter - myc-S.c. ADH2 - CYC1 terminator 2micron URA3
pUC ori

pGV1295 15  bla(amp”) S.c. TDH3 promoter - myc-ilvC - CYC1 terminator

2micron TRP1 pUC ori
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16
-continued
GEVO No. FIG. Genotype or Reference
pGV1390 16  bla(amp”) S.c. CUP1-1 promoter - L.Z alsS - CYC1 terminator
2micron HIS3 pUC ori
pGV1438 17  bla(amp”) S.c. TDH3 promoter - myc-ilvD - CYC1 terminator
2micron LEU2 pUC ori
pGV1503 6  bla(amp”) S.c. TEF1 promoter - KanR pUC ori
pGV1537 7 bla(amp”) S.c. TEF1 promoter - KanR pUC ori K. lactis PDC1 5'
region - Pm/I - K. lactis PDC1 3' region
pGV1429 8  bla(amp”) S.c. TDH3 promoter - myc tag- polylinker -CYC1
terminator 1.6micron TRP1 pUC ori
pGV1430 9 bla(amp”) S.c. TDH3 promoter - myc tag- polylinker -CYC1
terminator 1.6micron LEU2 pUC ori
pGV1431 10 bla(amp”) S.c. TDH3 promoter - myc tag- polylinker -CYC1
terminator 1.6micron K.m. URA3 pUC ori
pGV1472 11 bla(amp”) S.c. TEF1 promoter - AU1(x2)-L.. alsS - CYC1
terminator 1.6micron LEU2 pUC ori
pGV1473 12 bla(amp”) S.c. TEF1 promoter - AU1(x2)-E.c. ilvD - S.c. TDH3
promoter - myc- E.c. ilvC - CYC] terminator 1.6micron TRP1
pUC ori
pGV1475 13 blaamp”) S.c. TEF1 promoter - HA-L.I. KIVD - S.c. TDH3
promoter - myc-S.c. ADH7 - CYC1 terminator 1.6micron K.m.
URA3 pUC ori
pGV1590 18 bla(amp”) S.c. TEF1 promoter - L.Z. KIVD - S.c. TDH3 promoter -
S.c. ADH7 - CYCI1 terminator 1.6micron K.m. URA3 pUC ori
pGV1726 19  bla(amp”) S.c. CUP1-1 promoter - B.s. alsS - CYC1 terminator
TRP1 pUC ori
pGV1727 20 bla(amp”) S.c. TEF1 promoter - E.c. ilvD deltaN - S.c. TDH3
promoter - E.c. ilvC deltaN - CYC1 terminator LEU2 pUC ori
pGV1649 27 bla(amp”) S.c. CUP1-1 promoter - B.s. alsS - CYC1 terminator
2micron TRP1 pUC ori
pGV1664 28 bla(amp”) S.c. TEF1 promoter - L.Z. KIVD - S.c. TDH3 promoter -
S.c. ADH7 - CYCI1 terminator 2micron URA3 pUC ori
pGV1672 29  bla(amp”) S.c. CUP1-1 promoter- polylinker -CYC1 terminator
CEN6/ARSH4 TRP1 pUC ori
pGV1673 30 blaamp”) S.c. CUP1-1 promoter - B.s. alsS - CYC] terminator
CEN6/ARSH4 TRP1 pUC ori
pGV1677 31 blaamp”) S.c. TEF1 promoter - E.c. ilvD deltaN - S.c. TDH3
promoter - E.c. ilvC deltaN - CYC1 terminator 2micron HIS3
pUC ori
pGV1679 32 blaamp”) S.c. TEF1 promoter - E.c. ilvD deltaN - S.c. TDH3

promoter - E.c. ilvC deltaN - CYC1 terminator CEN6/ARSH4
HIS3 pUC ori

pGV1683 33 blaamp”) S.c. TEF1 promoter - L.Z. KIVD - S.c. TDH3 promoter -
S.c. ADH7 - CYCI1 terminator CEN6/ARSH4 URA3 pUC ori

Table 3 outlines the primers sequences disclosed herein:

No. Name SEQ ID NO:Sequence

489 MAT common 30 AGTCACATCAAGATCGTTTATGG

490 MAT alpha 31 GCACGGAATATGGGACTACTTCG

491 MAT a 32 ACTCCACTTCAAGTAAGAGTTTG

838 pGV1423-seqgl (838) 33 TATTGTCTCATGAGCGGATAC

965 K1PDC1 -616 FOR 34 ACAACGAGTGTCATGGGGAGAGG
ARGAGG

966 K1IPDC1 +2528 REV 35 GATCTTCGGCTGGGTCATGTGAG
GCGG

995 K1PDC1 internal 36 ACGCTGAACACGTTGGTGTCTTGC

996 K1PDC1 internal 37 AACCCTTAGCAGCATCGGCAACC

1010 K1-PDCl-prom-seqg-c 38 TATTCATGGGCCAATACTACG
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-continued
No. Name SEQ ID NO:Sequence
1006 K1-PDC1-prom-3¢ 39 GTAGAAGACGTCACCTGGTAGACC
AAAGATG
1009 K1-PDC1-term-5¢ 40 CATCGTGACGTCGCTCAATTGACT
GCTECTAC

1016 K1-PDC1-prom-5-v2 41 ACTAAGCGACACGTGCGETTTCTE
(1016) TGGTATAG

1017 K1-PDC1-term-3c-v2 42 GAAACCGCACGTGTCGCTTAGTTT
(1017) ACATTTCTTTCC

1019 TEFlprom-5¢ (1019) 43 TTTGAAGTGGTACGGCGATS

1321 Bs-alsS-Q-A5 (1321) 44 AATCATATCGAACACGATGC

1324 Bs-alsS-Q-B3 (1324) 45 AGCTGGTCTGETGATTCTAC

1325 Ec-11vC-dN-Q-A5 (1325) 46 TATCACCGTAGTGATGGTTG

1328 Ec-1lvC-dN-Q-B3 (1328) 47 GTCAGCAGTTTCTTATCATCE

1330 Ec-1lvD-dN-co-K1-Q-A3 48 GCGAAACTTACTTGACGTTC
(1330)

1331 Ec-1ilvD-dN-co-K1-Q-B5 49 ACTTTGGACGATGATAGAGC
(1331)

1334 L1-kivd-co-Ec-Q-A3 50 GCGTTAGATGGTACGARATC
(1334)

1335 L1-kivd-co-Ec-Q-B5 51 CTTCTAACACTAGCGACCAG
(1335)

1338 Sc-ADH7-Q-A3 (1338) 52 AAAGATGATGAGCAAACGAC

1339 Sc-ADH7-Q-B5 (1339) 53 CGAGCAATACTGTACCAATG

1375 HO +1300 F 54 TCACGGATGATTTCCAGGGT

1376 HO +1761 R 55 CACCTGCGTTGTTACCACAA

Example 1 template for a final round of KOD polymerase-catalyzed

Construction and Confirmation of PDC Deletion in
K. Lactis

[0199] The purpose of this Example is to describe how a
PDC-deletion variant of a member of the Saccharomyces
clade, Crabtree-negative yeast, pre-WGD yeast K. Jactis was
constructed and confirmed.

[0200] Construction of plasmid pGV1537: Plasmid
pGV1537 (SEQ ID NO: 1) was constructed by the following
series of steps. All PCR reactions carried out to generate
pGV1537 used KOD polymerase (Novagen, Inc., Gibbstown,
N.J.) and standard reaction conditions according to the manu-
facturer. A first round of two PCR reactions was carried out,
wherein one PCR reaction contained primers 1006 and 1016
and used approximately 100 ng of genomic DNA from K.
lactis strain GEVO1287 as a template. The other first-round
PCR reaction contained primers 1017 and 1009 and approxi-
mately 100 ng of genomic DNA from K. /actis strain
GEVO1287 as a template. The two resulting PCR products
(approximately 530 bp and 630 bp in size, respectively) were
gel purified using a Zymo Research Gel DNA Extraction kit
(Zymo Research, Orange, Calif.) according to manufactur-
er’s instructions and eluted into 10 pl. of water. Two (2)
microliters of each eluted PCR product were then used as a

PCR, which also included primers 1006 plus 1009. The
resulting product was purified (Zymo Research DNA Clean
& Concentrate kit, Zymo Research, Orange, Calif.), digested
to completion with the enzymes Mfel and Aatll, and the
resulting product gel purified and eluted as described above.
This DNA was ligated into the vector pGV1503 (FIG. 6),
which had been digested with EcoRI plus Aatll, treated with
calf alkaline phosphatase, and gel purified as described
above. Colonies arising from transformation of the ligated
DNA were screened by restriction digest analysis and con-
firmed by DNA sequencing reactions using primers 838,
1010, and 1019. Correct recombinant DNA resulting from the
ligation and subsequent analysis was named pGV1537 (FIG.
D.

[0201] Construction of a K. lactis KlpdclA strain: Strain
GEVO1287 was transformed with PmlI-digested, linearized
plasmid pGV1537. Transformation was carried out by elec-
troporation with approximately 300 ng of linearized
pGV 1537, essentially as described by Kooistra et al. (Koois-
tra, R., Hooykaas, P. J. J., and Steensman, H.Y. (2004) “Effi-
cient gene targeting in Kluyveromyces lactis”. Yeast 21:781-
792). Transformed cells were selected by plating onto YPD
plates containing 0.2 mg/mlL. geneticin (G418). Colonies aris-
ing from the transformation were further selected by patching
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colonies onto YPD plates and then replica plating onto YPD
containing 5 uM (final concentration) of the respiratory
inhibitor Antimycin A, as Pdc-variants of K. /actis are unable
to grow on glucose in the presence of Antimycin A (Bianchi,
M., etal., (1996). “The ‘petite negative yeast Kluyveromyces
lactis has a single gene expressing pyruvate decarboxylase
activity”. Molecular Microbiology 19(1):27-36) and can
therefore be identified by this method. Of the 83 G418-resis-
tant colonies patched onto YPD+Antimycin A, six colonies
(~7%) were unable to grow and were therefore identified as
candidate Klpdcl::pGV1537 disruption strains.

[0202] Confirmation of a K. lactis KlpdclA strain by
colony PCR: Candidate Klpdc1::pGV1537 disruption strains
were confirmed by colony PCR analysis. To do so, genomic
DNA from candidate lines was obtained by the following
method. A small amount (equivalent to a matchhead) of yeast
cells were resuspended in 50 pulL of 0.2% SDS and heated to
95¢° C. for 6 minutes. The suspension was pelleted by cen-
trifugation (30 sec, 16,000xg) and 1 ul. of the supernatant was
used as template in 50 ul. PCR reactions. In addition to
standard components, the reactions contained Triton X-100 at
a final concentration of 1.5% and DMSO at a final concen-
tration of 5%. The various primer sets used, and the expected
amplicon sizes expected, are indicated in Table EX1-1. By
these analyses, a correct Klpdc1A::pGV1537 strain was iden-
tified and was named GEVO1742.

TABLE EX1-1

Primer pairs and expected amplicon sizes predicted for colony PCR
screening of candidate KlpdclA::pGV1537 cells.

Expected product size for Expected product size
Primer Pair KlpdclA::pGV1537 for KIPDC1+
965 & 838 796 bp (none)
1019 & 966 947 bp (none)
995 & 996 (none) 765 bp

[0203] Confirmation of GEVO1742 KlpdclA::pGV1537
by fermentation: Strains of K. lactis lacking KIPdclp
(Klpdc1A) have been shown to produce significantly lower
levels of ethanol when grown on glucose (Bianchi, M., et al.,
(1996). “The ‘petite negative yeast Kluyveromyces lactis has
a single gene expressing pyruvate decarboxylase activity”.
Molecular Microbiology 19(1):27-36). To confirm this phe-
notype, fermentations with strains GEVO1287 and
GEVO1742 were carried out. Briefly, a saturated overnight (3
mL) culture of each strain grown in YPD was inoculated into
25 mL of YPD at a starting OD¢,, of 0.1 and grown aerobi-
cally in a loosely-capped flask in a shaker for 24 hours at 30°
C., 250 rpm. Following growth, 2 mL. of culture were col-
lected, the cells pelleted by centrifugation (5 minutes,
14,000xg) and the supernatant subjected to analysis by gas
chromatography and liquid chromatography. A summary of
the data from these analyses is summarized in Table EX1-2.
The strongly diminished production of ethanol and the
increased accumulation of pyruvate in the fermentation
medium are characteristic of K. lactis strains in which PDC1
has been deleted. Thus, these observations confirm the
molecular genetic conclusions that strain GEVO1742 is in
fact KlpdclA.
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TABLE EX1-2
Ethanol and pyruvate produced and glucose consumed in aerobic
fermentations of GEVO1287 and GEVO1742.
Ethanol Pyruvate produced  Glucose consumed
STRAIN produced (g/L) (g/L) (g/L)
GEVO1287 8.129 (not detected) 17.56
GEVO1742 0.386 1.99 5.25
Example 2

Construction and Confirmation of PDC Deletion in
S. cerevisiae

[0204] The purpose of this Example is to describe how a
PDC deletion variant of a member of the Saccharomyces
sensu stricto yeast group, the Saccharomyces yeast clade, a
Crabtree-positive yeast, and a post-WGD yeast, S. cerevisiae
was constructed and confirmed.

[0205] Strains GEVO1537 and GEVO1538 were incubated
in 1% potassium acetate for 3-4 days which induces sporula-
tion. The resulting haploid spores were recovered by random
spore analysis. Briefly, a culture of sporulating cells was
examined microscopically to ensure that a sufficient fraction
of cells had sporulated (>10%). Five (5) mL of a culture of
sporulated cells were collected by centrifugation (5 minutes
at 3000xg) and washed once in 1 mL of water. The cells were
resuspended in 5 mI, water to which was added 0.5 mL. ofa 1
mg/mL solution (freshly made) of Zymolyase-T (in water) as
well as 10 uL. of f-mercaptoethanol. The cell suspension was
incubated overnight at 30° C. in a shaker at 50 rpm. Five mL
of 1.5% Triton X-100 were added and the mixture was incu-
bated on ice for 15 minutes. The solution was sonicated three
times for 30 seconds per cycle at 50% power, with 2 minutes
rest on ice in between sonication cycles. The suspension was
centrifuged (1200xg, 5 minutes) and washed twice with 5 mL.
of'water. The final cell pellet was resuspended in 1 mL water
and cells were plated to YP+2% EtOH.

[0206] Following this procedure, the separate individual
spores, were plated onto solid medium to obtain colonies, all
of genotype HO pdcl::TnSble pdcS::TnSble pdc6:APT1
HIS3 LEU2 TRP1 URA3 and of unknown mating type. Some
fraction of the cells were (homozygous) diploid due to the
HO+ gene status and resultant mating type switching and
re-mating to form diploids.

[0207] The genotype of the mating type locus of the puta-
tive Pdc-minus colonies was confirmed by PCR using Taq
DNA polymerase (New England BioLabs, Ipswich, Mass.)
under standard conditions using primers specific for the MAT
a locus (primers #489 and #491) or MAT a locus (primers
#490 and #491). Colonies that generated a single PCR prod-
uct with one of the two possible primer sets primer set and no
product when tested with the other were putative haploid
Pdc-minus strains. To confirm the mating type, such strains
were crossed to Gevo1187 and Gevol188 (CEN.PK). Result-
ing diploid progeny were selected on medium containing
glucose (to select for the presence of PDC+ genes introduced
by CEN.PK background) and also lacking at least one of the
following nutrients: histidine, leucine, tryptophan, or uracil
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(to select for the appropriate prototrophy as provided by the
wild-type allele of the corresponding gene from the
Gevol537 or GEVO1538 background.

[0208] Diploid cells were sporulated and germinated on
agar plates containing YP+2% ethanol (to permit growth of
Pdc-minus isolates). To identify Pdc-minus candidates,
viable colonies were streaked on to YPD agar plates and
colonies that were inviable on glucose were isolated. Inability
to grow on glucose confirms that these candidates are pdcl::
ble and pdc5::ble. The pdc6::aptl was confirmed their ability
to grow on Y P+Ethanol plates containing the antibiotic G418.
The genotype of the mating type locus of the putative Pdc-
minus colonies was confirmed by PCR using Taq DNA poly-
merase (New England BioLabs, Ipswich, Mass.) under stan-
dard conditions using primers specific for the MAT a locus
(primers #489 and #491) or MAT a locus (primers #490 and
#491). The presence of a product from both sets of PCR
reactions indicated that both mating type alleles were present
in the population, as a consequence of mating type allele
switching by an active HO-encoded enzyme. The presence of
a PCR product for one set of MAT locus-specific primers but
not the other indicated that the strain lacks this activity and
was therefore ho-. Based upon these analyses, six candidates
colonies were identified as ho-strains and one candidate #4
was HO.

[0209] These Pdc-minus strains were streaked to SC+Etha-
nol plates lacking one of: leucine, histidine, tryptophan, or
uracil, to determine presence of auxotrophic mutations within
these strains. One Pdc-minus strain, GEVO1581, was aux-
otrophic for histidine, uracil, and tryptophan, and thus carried
three of the makers (his3, ura3, and trp1). Another Pdc-minus
strain, GEVO1715, was auxotrophic for uracil and leucine
and thus carried the two markers, ura3 and leu2.

[0210] GEVO1581 and GEVO1715 were screened by
RFLP analysis to verify the presence of the ho allele. A 447 bp
portion of the HO locus was amplified by PCR that contained
the codon that is altered in the ho allele (H475L) using prim-
ers 1375 and 1376. This mutation introduces an Alul restric-
tion site, and consequently, digestion with Alul (New
England BioLabs, Ipswich, Mass.) yielded either a 447 bp
fragment (HO) or a 122 bp fragment plus a 325 bp fragment
(ho). Based upon RFLP analysis, GEVO1581 was HO and
GEVO1715 was ho.

To obtain a Pdc-minus strain with all four auxotrophic mark-
ers, GEVO1715 was crossed to GEVO1188 and diploids
generated as described above. The resulting diploid was
sporulated and Pdc-minus candidates were isolated by plating
onto YP-Ethanol containing both Phleomycin and G418.
These candidiates were then streaked onto YPD agar plates
and tested for their inviability on glucose. Those that did not
grow on glucose were isolated as this phenotype, in addition
to their resistance to Phleomycin and G418 confirms that
these candidates are pdcl::ble, pdc5::ble and pdc6::aptl.
These isolates were streaked to SC+Ethanol plates lacking
one of: leucine, histidine, tryptophan, or uracil, to determine
presence of auxotrophic mutations within these strains. One
of'these Pdc-minus strains, GEVO1584, was auxotrophic for
histidine, uracil, tryptophan and leucine and thus carried all
four markers, his3, ura3, trp1, and leu2. GEVO1584 was also
confirmed to be MATa and ho by colony PCR and RFLP
analysis, respectively, as described above.
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TABLE EX2-1
Summary table of S. cerevisiae Pdc-minus strains obtained
GEVO

No. GENOTYPE STRAIN SOURCE

1537 MAT a/a, HIS3, LEU2, TRP1, URA3, Strain GG570 from
pdel:ble/pdel::ble, pdeS::ble/pdes::ble, Paul van Heusden,
pde6::aptl (kanR)/pde6::aptl (kanR), Univ. of Leiden,
HO/HO Netherlands

1538 MAT a/a, HIS3, LEU2, TRP1, URA3, Strain GG570 from
pdel:ble/pdel::ble, pdeS::ble/pdes::ble, Paul van Heusden,
pde6::aptl (kanR)/pde6::aptl (kanR), Univ. of Leiden,
HO/HO Netherlands

1581 MAT a/a, his3/his3, trp1/trpl, ura3/ candidate #4
ura3, LEU2/LEU2, pdcl::ble/pdel::ble, GEVO1537x
pde5:ble/pdes5:ible, GEVO1187
pde6::aptl (kanR)/pde6::aptl (kanR),
HO/HO

1584 MAT a, his3, trpl, ura3, leu2, pdel::ble, candidate #201
pde5:ble, pde6::aptl(kanR), ho GEVO1715x

GEVO1188

1715 MAT a, leu2, ura3, pdcl::ble, pde5::ble, candidate #104

pde6::aptl(kanR), ho GEVO1187x
GEVO1537
Example 3

Other Pdc-Minus S. cerevisiae Strains

[0211] S. cerevisiae engineered to be deficient in PDC
activity have been previously described: (Flikweert, M. T.,
vander Zanden, L., Janssen, W. M. T. M, Steensma, H. Y., van
Dijken J. P, Pronk J. T. (1996) Yeast 12(3):247-57). Such
strains may be obtained from these sources.

Example 4

Chemostat Evolution of S. cerevisiae PDC Triple-
Mutant

[0212] This example demonstrates that a PDC deletion
variant of a member Saccharomyces sensu stricto yeast
group, the Saccharomyces clade yeast, Crabtree-positive,
post-WGD yeast, S. cerevisiae, can be evolved so that it does
not have the requirement for a two-carbon molecule and has
a growth rate similar to the parental strain on glucose.

[0213] A DasGip fermentor vessel was sterilized and filled
with 200 ml of YNB (Yeast Nitrogen Base; containing per
liter of distilled water: 6.7 g YNB without amino acids from
Difco, the following were added per liter of medium: 0.076 g
histidine, 0.076 g tryptophan, 0.380 g leucine, and/or 0.076 g
uracil; medium was adjusted pH to 5 by adding a few drops of
HCL or KOH) and contained 2% w/v ethanol. The vessel was
installed and all probes were calibrated according to DasGip
instructions. The vessel was also attached to an off-gas ana-
lyzer of the DasGip system, as well as to a mass spectrometer.
Online measurements of oxygen, carbon dioxide, isobutanol,
and ethanol were taken throughout the experiment. The two
probes that were inside the vessel measured pH and dissolved
oxygen levels at all times. A medium inlet and an outlet were
also setup on the vessel. The outlet tube was placed at a height
just above the 200 ml level, and the pump rate was set to
maximum. This arrangement helped maintain the volume in
the vessel at 200 ml. Air was sparged into the fermentor at 12
standard liters per hour (slph) at all times. The temperature of
the vessel was held constant at 31.8° C. and the agitation rate
was kept at 300 rpm. The oft-gas was analyzed for CO,, O,,
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ethanol and isobutanol concentrations. The amount of carbon
dioxide (X ,) and oxygen (X,,,) levels in the off-gas were
used to assess the metabolic state of the cells. An increase
X oo levels and decrease in X, levels indicated an increase
in growth rate and glucose consumption rate. The ethanol
levels were monitored to ensure that there was no contami-
nation, either from other yeast cells or from potential rever-
tants of the mutant strain since the S. cerevisiae PDC triple-
mutant (GEVO1584) does not produce ethanol. The
minimum pH in the vessel was set to 5, and a base control was
set up to pump in potassium hydroxide into the vessel when
the pH dropped below 5.

[0214] GEVOI1584 was inoculated into 10 ml of YNB
medium with 2% w/v ethanol as the carbon source. The
culture was incubated at 30° C. overnight with shaking. The
overnight culture was used to inoculate the DasGip vessel.
Initially, the vessel was run in batch mode, to build up a high
cell density. When about 3 g CDW/L of cell biomass was
reached, the vessel was switched to chemostat mode and the
dilution of the culture began. The medium pumped into the
vessel was YNB with 7.125 g/IL glucose and 0.375 g/L. of
acetate (5% carbon equivalent). The initial dilution rate was
set to 0.1 h™?, but as the cell density started dropping, the
dilution rate was decreased to 0.025 h™" to avoid washout.
GEVO1584 was mating type a. A PCR check for the mating
type of the chemostat population several days into the experi-
ment indicated that the strain still present was mating type a.
[0215] The culture in the chemostat was stabilized and the
dilution rate increased to 0.1 h™'. After steady state was
reached at the 0.1 h™! dilution rate, the concentration of
acetate was slowly decreased. This was achieved by using a
two pump system, effectively producing a gradient pumping
scheme. Initially pump A was pumping YNB with 7.125 g/
glucose, and 0.6 g/l of acetate at a rate of 12.5 ml./h and
pump C was pumping YNB with only 7.125 g/LL glucose at a
rate of 7.5 mL/h. The combined acetate going into the vessel
was 0.375 g/L. Then, over a period of 3 weeks, the rate of
pump A was slowly decreased and the rate of pump C was
increased by the same amount so that the combined rate of
feeding was always 20 mL/h. When the rate of pump A
dropped below 3 mL/h the culture started to slowly wash out.
To avoid complete washout the dilution rate was decreased to
0.075h7* from 0.11 h~* (FIG. 3). At this dilution rate, the rate
of pump A was finally reduced to 0, and the evolved strain was
able to grow on glucose only. Over the period of about five
weeks, a sample was occasionally removed, either from the
vessel directly or from the effluent line. Samples were ana-
lyzed for glucose, acetate, and pyruvate using H PLC, and
were plated on YNB with glucose, YNB with ethanol, and
YNB (w/o uracil) plus glucose or ethanol as negative control.
Strains isolated from the chemostat did not grow on the YNB
plates without uracil. ODy,,, was taken regularly to make sure
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the chemostat did not wash out. Freezer stocks of samples of
the culture were made regularly for future characterization of
the strains.

[0216] To characterize growth of the evolved strains YNB,
YPD (yeast extract, peptone, dextrose), and YPE (yeast
extract, peptone, ethanol) were used with various concentra-
tions of glucose or ethanol. The growth characterization was
performed in either snap-cap test tubes or 48-well plates (7.5
ml). The snap-cap test tubes were not closed completely so
that air would vent in/out of the tubes, and the 48-well plates
were covered with an air permeable membrane to allow for
oxygen transfer. To check for contaminations, YPD or YPE
agar plates were used with the antibiotics G418 and Phleo-
mycin. The PDC triple mutant strain (GEVO1584) has both
(G418 and Phleomycin resistance markers, so the progeny of
that strain were able to grow on the antibiotics. Single colo-
nies isolated from each chemostat sample were studied for
growth rates. A single colony isolated from the 35-day
chemostat population was selected because of high growth
rates on glucose as a sole carbon source, was resistant to both
(G418 and Phleomycin, and grew without the need for ethanol
or acetate. The single colony was further evolved through 24
successive serial transfers in test tubes on YPD at 30° C., 250
rpm shaking. The resulting strain, GEVO1863, grew simi-
larly to the wild-type yeast parent on glucose (FIG. 4), did not
produce ethanol (FIG. 5), and did not require ethanol or
acetate for growth.

Example 5
Isobutanol Production in Pdc-Plus K. lactis

[0217] This example demonstrates isobutanol production
in a member of the Saccharomyces clade, Crabtree-negative,
pre-WGD yeast, K lactis.

[0218] The isobutanol production pathway was cloned in a
K. lactis vector-based expression system: a Sacl-MIul frag-
ment containing the TEF1 promoter. Lactococcus lactis alsS
and part ofthe CYC1 terminator sequence was cloned into the
same sites of the K. lactis expression plasmid, pGV1430
(FIG. 9), to generate pGV1472 (FIG. 11, SEQ ID NO: 2). A
Sacl-MlIul fragment containing the TEF1 promoter, E. coli
ilvD, TDH3 promoter, E. coli ilvC, and part of the CYC1
terminator was cloned into the same sites of the K. lactis
expression plasmid, pGV1429 (FIG. 8), to generate
pGV1473 (FIG. 12, SEQ ID NO: 3). A BssHII-Notl fragment
containing the TEF1 promoter, L. lactis kivD, TDH3 pro-
moter and S. cerevisiae ADH7. ScAdh7 was cloned into the
K. lactis expression plasmid, pGV1431 (FIG. 10), to obtain
pGV1475 (FIG. 13, SEQ ID NO: 4).

[0219] The K. lactis strain GEVO1287 was transformed
with the above plasmids, pGV 1472, pGV 1473, and pGV 1475
(Table EX5-1) to express the isobutanol pathway. As a con-
trol, K. lactis GEVO1287 was also transformed with empty
vectors pGV 1430, pGV1429, and pGV1431 (Table EX5-1).

TABLE EX5-1

K. lactis clones expression isobutanol pathway [

clone Host Plasmid 1 Plasmid 2 Plasmid3 ALS KARI DHAD KIVD ADH

iB165 GEVO1287 pGV1430 pGV1429 pGV1431 — — — — —

iB173  GEVO1287 pGV1472 pGV1473 pGV1475 Ptefl- Eec. Ec. LL Sc.
LL ilvC ilvD Kivd Adh7

alsS
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[0220] Transformed cells were grown overnight and trans-
ferred to 100 mL fermentation bottles using 20 mIL SC-WLU
medium. Two ml. samples were taken at 24 and 48 hours for
GC analysis. At each time point, 2 mL of a 20% glucose was
added after removing samples for GC analysis. At 48 hours
the fermentation was ended. GC samples were processed as
described. Results are shown in Table EX5-2 Up to 0.25 g/L.
isobutanol was produced in K. lactis transformed with an
isobutanol pathway whereas the control strain without the
pathway only produced 0.022 g/, in 48 hours.

TABLE EX5-2

K. lactis fermentation results

Isobutanol titer Isobutanol yield Ethanol
clone (mg/L) (% theoretical) (g/L)
iB165 0.022 0.13 11.4
iB173 0.25 1.5 12.6
[0221] To determine if isobutanol titers can be increased by

using a rich complex media, fermentations were performed as
described above with iB165 (vector only control) and iB173
using YPD instead of SC-WLU medium. In addition, fermen-
tations were also carried out in 250 mL screw-cap flasks
(microaerobic conditions) and in 125 ml, metal-cap flasks
(aerobic conditions). Samples were taken at 24, 48, and 72
and the isobutanol levels obtained are shown in Table EX5-3.

TABLE EX5-3

K. lactis fermentation results using YPD

Isobutanol
Isobutanol titer  yield (%
clone  Condition (mg/L) theoretical)  Ethanol (g/L)
iB165  Anaerobic 66 0.4 274
iB165 Microaerobic 117 0.7 24.5
iB165  Aerobic 104 0.6 11.7
iB173  Anaerobic 297 1.8 25.8
iB173  Microaerobic 436 2.6 234
iB173  Aerobic 452 2.7 13.4
Example 6

Isobutanol Production in Pdc Plus S. cerevisiae

[0222] This example demonstrates isobutanol production
in a member of Saccharomyces sensu stricto group, Saccha-
romyces clade, Crabtree-positive, post-WGD yeast, S. cerevi-
siae.

[0223] Various plasmids carrying the isobutanol produc-
tion pathway were constructed for expression of this meta-
bolic pathway in a Pdc-plus variant of S. cerevisiae,
GEVO1187. Plasmids pGV1254 (FIG. 14; SEQ ID NO: 10),
pGV1295 (FIG. 15; SEQ ID NO: 11) pGV1390 (FIG. 16;
SEQ ID NO: 12), and pGV1438 (FIG. 17, SEQ ID NO: 13)
were high copy S. cerevisiae plasmids that together expressed
the five genes of the isobutanol pathway (TABLE EX6-1).
pGV1390 was generated by cloning a Sall-BamHI fragment
containing the L. lactis alsS (SEQ ID NO: 5) into the high
copy S. cerevisiae expression plasmid, pGV1387, where the
L. lactis alsS would be expressed under the CUP1 promoter.
pGV1295 was generated by cloning a Sall-BamHI fragment
containing the E. coli ilvC (SEQ ID NO: 6) into the high copy
S. cerevisiae expression plasmid, pGV 1266, where the E. coli
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ilvC would be expressed using the TDH3 promoter.
pGV 1438 was generated by cloning a Sall-BamHI fragment
containing the E. coli ilvD (SEQ ID NO: 7) into the high copy
S. cerevisiae expression plasmid, pGV 1267, where the E. coli
ilvD would be expressed using the TDH3 promoter.
pGV 1254 was made by cloning an EcoRI (filled in by Klenow
polymerase treatment)-Xhol fragment containing the TDH3
promoter and S. cerevisiae ADH2 from pGV1241 into the
BamHI (filled in by Klenow) and Xhol sites of pGV1186.
pGV1186 was made by cloning a Sall-BamHI fragment con-
taining the L. lactis kivD (SEQ ID NO: 8) into a high copy S.
cerevisiae expression plasmid, pGV1102, where the L. lactis
kivD would be expressed using the TEF 1 promoter. pGV 1241
was made by cloning a Sall-BamHI fragment containing the
S. cerevisiae ADH2 (SEQ ID NO: 9) into a high copy S.
cerevisiae expression plasmid, pGV1106, where the S. cer-
evisiae ADH2 would be expressed using the TDH3 promoter.
[0224] GEVOL1187 was transformed with plasmids as
shown in Table EX6-1. As a defective isobutanol pathway
control, cells were transformed with pGV1056 (FIG. 21,
empty vector control) instead of pGV1390. The transfor-
mants were plated onto appropriate selection plates. Single
colonies from the transformation were isolated and tested for
isobutanol production by fermentation.

TABLE EX6-1

Plasmid
pGV# Promoter Gene Plasmid type marker
pGV1254 Sc TEF1 L. lactiskivD  High copy Sc URA3
pGV1295 Sc TDH3 E. coli ilvC High copy Sc TRP1
pGV1390 Sc CUP1 L. lactis alsS High copy Sc HIS3
pGV1438 Sc TDH3 E. coli ilvD High copy Sc LEU1
[0225] The cells were grown overnight and anaerobic batch

fermentations were carried out as described in General Meth-
ods. SC-HWUL was used as the media. 2 ml samples were
taken at 24, 48 and 72 hours for GC At each time point, the
cultures were fed 2 mL of a 40% glucose solution. The fer-
mentation was ended after 72 hours. Samples were processed
and analyzed as described. The results are shown in Table
EX6-2. As shown, isobutanol was produced in GEVO1187
transformed with the isobutanol-pathway containing plas-
mids.

TABLE EX6-2

Isobutanol production in S. cerevisiae, GEVO1187, after 72 hours

Isobutanol Ethanol

Titer  Yield Titer Yield

Strain Plasmids [gL7 [%] [gL™Y  [%]

GEVO1187 pGV1254, pGV1438, 0.13 031 31 60
pGV1390, pGV1438

GEVO1187 pGV1056, pGV1295, 004 010 42 82

pGV1438, pGV1254

[0226] This example demonstrates isobutanol production
in a Pdc-minus member of the Saccharomyces clade, Crab-
tree-negative, pre-WGD yeast, K. lactis.

[0227] Description of plasmids pGV1590, pGV1726,
pGV1727: pGV1590 (FIG. 18, SEQIDNO: 14) is a K. lactis
expression plasmid used to express L. lactis kivD (under
TEF1 promoter) and S. cerevisiae ADH7 (under TDH3 pro-
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moter). This plasmid also carries the K. marxianus URA3
gene and the 1.6 micron replication origin that allow for DNA
replication in K. lactis. pGV1726 (FIG. 19, SEQ ID NO: 15)
is a yeast integration plasmid carrying the TRP1 marker and
expressing B. subtilis alsS using the CUPI promoter.
pGV1727 (FIG. 20, SEQ ID NO: 16) is a yeast integration
plasmid carrying the LEU2 marker and expressing E. coli
ilvD under the TEF1 promoter and E. coli ilvC under the
TDH3 promoter. Neither pGV1726 or pGV 1727 carry ayeast
replication origin.

[0228] Construction of GEVO1829, a K. lactis strain with
pathway integrated: The isobutanol pathway was introduced
into the Pdc-minus K. /lactis strain GEVO1742 by random
integrations of the pathway genes. GEVO1742 was trans-
formed with the Acc651-NgoMIV fragment of pGV1590 con-
taining the L. lactis kivd and S. cerevisiae ADH7 but without
the yeast replication origin, to generate GEVO1794. The
presence of both L. /actis kivd and S. cerevisiae ADH7 was
confirmed by colony PCR using primer sets 1334+1335 and
133841339, respectively. GEVO1794 was transformed with
pGV1727, a yeast integration plasmid carrying E. coli ilvD
(under the TEF1 promoter) and E. coli ilvC (under TDH3
promoter), that had been linearized by digesting with Begl.
The resulting strain, GEVO1818, was confirmed by colony
PCR for the presence of E. coli ilvD and E. coli ilvC using
primer sets 133041331 and 1325+1328, respectively.
GEVO1818 was then transformed with pGV1726, a yeast
integration plasmid carrying B. subtilis alsS (under the CUP1
promoter), that had been linearized by digesting with Ahdl to
generate GEVO1829. The presence of B. subtilis alsS was
confirmed by colony PCR using primers 1321+1324.

[0229] Aerobic fermentations were carried out to test
isobutanol production by the Pdc-minus strain carrying the
isobutanol pathway, GEVO1829. The Pdc-minus strain with-
out the isobutanol pathway, GEVO1742, was used as a con-
trol. These strains were cultured in YPD overnight at 30° C.,
250 rpm, then diluted into 20 mL freshYPD in a 125 mL flask
and grown at 30° C., 250 rpm. 2 mL samples were taken at 24
and 48 hours, cells pelleted for 5 minutes at 14,000xg and the
supernatant was analyzed for isobutanol by GC. In addition
glucose concentrations were analyzed by LC. The results are
shown in Table EX7-1. At 48 hours, the OD of the GEVO1742
strain had reached over 8.5 while the OD of the GEVO1829
was less than 5. GEVO1829 consumed around 15.7 g/L. glu-
cose while GEVO1742 consumed roughly 7.7 g/ glucose.
GEVO1829 produced 0.17 g/IL isobutanol while GEVO1742
did not produce any isobutanol above media background.

TABLE EX7-1

K. lactis fermentation results

Isobutanol Isobutanol yield Ethanol
Clone titer (mg/L) (% theoretical) (mg/L)
GEVO1742 0 0 17
GEVO1829 170 2.6 53
Example 8A

Isobutanol Production in Pdc-Minus S. cerevisiae
GEVO1581

[0230] This example demonstrates isobutanol production
in a Pdc-minus member of the Saccharomyces sensu stricto
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group, Saccharomyces clade yeast, Crabtree-positive yeast,
post-WGD yeast, S. cerevisiae.

[0231] Strain GEVO1581 with the three genes encoding
PDC activity deleted (pdc1A, pdeSA, and pdc6A) was used to
produce isobutanol. Isobutanol pathway enzymes were
encoded by genes cloned into three plasmids. pGV1103 (FIG.
24, SEQ ID NO: 20), pGV1104 (FIG. 25, SEQ ID NO: 21)
and pGV1106 (FIG. 26, SEQ ID NO: 22) were empty high
copy expression vectors that carry as marker genes, URA3,
HIS3 and TRP1, respectively. The B. subtilis alsS gene,
express using the CUP1 promoter, was encoded on either a
low copy CEN plasmid, pGV1673 (FIG. 30, SEQ ID NO: 26)
or a high copy plasmid, pGV1649 (FIG. 27, SEQ ID NO: 23).
Both of these plasmids used TRP1 as a marker gene. E. coli
ilvD (expressed using the TEF1 promoter) and E. coli ilvC
(expressed using the TDH3 promoter) were expressed off of
the high copy plasmid pGV1677 (FIG. 31, SEQ ID NO: 27).
This plasmid utilized HIS3 as a marker gene. L. lactis kivd
(expressed using the TEF1 promoter) and S. cerevisiae ADH7
(expressed using the TDH3 promoter) were expressed off of
the high copy plasmid pGV1664 (FIG. 28, SEQ ID NO: 24).
This plasmid utilized URA3 as a marker gene. Combination
of'these plasmids (Table EX8-1) to reconstitute the isobutanol
pathway were introduced into GEVO1581 by lithium acetate
transformation (described in General Methods).

TABLE EX8-1

Plasmids transformed into GEVO1581

Fermentation# Strain Plasmids Notes

iB250 GEVO1581 pGV1103, Vector Control
pGV1104,
pGV1106

iB251 GEVO1581 pGV1677, iBuOH Pathway, alsS on
pGV1649, 2 micron plasmid
pGV1664

iB252 GEVO1581 pGV1677, iBuOH Pathway, alsS on
pGV1673, CEN plasmid
pGV1664

[0232] Fermentation experiments were carried out with

GEVO1581 transformed with plasmids according to Table
EX8-1 to determine the amount of isobutanol produced (titer)
and the percentage of isobutanol to consumed glucose (yield).

[0233] Fermentations with Transformants of GEVO1581:
Using cells grown in 3 mL defined (SC-Ethanol) medium, 20
mL cultures were inoculated with transformants of
GEVO1581 (3 independent colonies per transformation set)
to an ODg,, of approximately 0.1. The cultures were incu-
bated at 30° C. at 250 RPM in 125 ml. metal cap flasks until
they reached an OD,, of approximately 1. Glucose was
added to a final concentration of 5% and a 2 mL aliquot was
removed from each sample (T=0sample). The OD,, of each
sample was measured, the cells in each sample were pelleted
by centrifugation (14,000xg, 5 min), and the supernatant
from each sample was stored at =20° C. The remaining cul-
tures were incubated at 30° C. at 125 RPM for another 48
hours. Samples (2 mL) were removed after 24 and 48 hours
and prepared as just described. The samples were thawed, and
prepared as described in General Methods. Three individual
transformants were used for each set of plasmids during the
fermentations. The amount of glucose consumed and the
amount of pyruvate, glycerol, ethanol, and isobutanol pro-
duced after 48 hours are listed in Table EX8A-2.
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TABLE EX8A-2

48 hour time point data are shown as an average of three replicates

Glucose

consumed (g/L) Isobutanol (mg/L) Yield (% theoretical)

iB250 3.6.7 4.7 +0.00 0.31 £0.04
iB251 28 +1.6 122 £41 11.0 5.0
iB252 125 62 =11 128 +2.8

Again using cells grown in 3 ml defined (SC-Ethanol)
medium, 20 mL cultures were inoculated with transformants
of GEVO1581 to an ODg, of approximately 0.1. The cul-
tures were incubated at 30° C. at 250 RPM in 125 mL metal
cap flasks until they reached an OD,, of approximately 1.
Biomass was pelleted and resuspended in 20 ml media with
2% glucose as the sole carbon source and a 2 mL aliquot was
removed from each sample (T=0sample). The OD, of each
sample was measured and each sample was stored at -20° C.
The remaining cultures were incubated at 30° C. at 125 RPM
for another 48 hours. Samples (2 mL) were removed after 24
and 48 hours and stored at —20° C. The samples were thawed,
and prepared as described in General Methods. The amounts
of'ethanol and isobutanol produced after 48 hours are listed in
Table EX8A-3.

TABLE EX8A-3

48 hour time point data for fermentation in glucose, shown as an
average of three replicates

Isobutanol  Isobutanol yield  Ethanol Ethanol yield
(mg/L) (% theoretical) (mg/L)I (% theoretical)
iB250 0 0 0 0
iB251 210 3.5 110 1.8
Example 8B

Isobutanol Production in Pdc-Minus S. cerevisiae
GEVO1584

[0234] This example demonstrates isobutanol production
in a Pdc-minus member of the Saccharomyces sensu stricto
group, Saccharomyces clade, Crabtree-positive yeast, WGD
yeast, S. cerevisiae.

[0235] GEVOI1581 is a diploid strain, thus, a second back-
cross of'a Pdc-minus yeast into the CEN.PK background was
performed, yielding a Pdc-minus haploid strain GEVO1584
with the required auxotrophic markers for plasmid propaga-
tion.

[0236] Transformations of GEVO1584: The following
combinations of plasmids were transformed into GEVO1584
(Table EX8B-1) using lithium acetate transformation (de-
scribed in General Methods) followed by selection on appro-
priate minimal media. pGV1672 (FIG. 29, SEQ ID NO: 25),
pGV1056 (FIG. 21, SEQIDNO: 17), and pGV1062 (FIG. 22,
SEQ ID NO: 18) were empty low copy CEN expression
vectors that carry as marker genes, TRP1, HIS3, and URA3.
pGV1103 (FIG. 24, SEQ ID NO: 20), pGV1104 (FIG. 25,
SEQ ID NO: 21) and pGV1102 (FIG. 23, SEQ ID NO: 19)
were empty high copy expression vectors that carry as marker
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genes, URA3, HIS3 and TRP1, respectively. The isobutanol
pathway was expressed off of low copy CEN plasmids
pGV1673 (FIG. 30, SEQ ID NO: 26), pGV1679 (FIG. 32,
SEQ ID NO: 28) and pGV1683 (FIG. 33, SEQ ID NO: 29).
pGV1673 carried the B. subtilis alsS under the CUP1 pro-
moter and utilized the TRP1 marker gene. pGV1679 carried
the E. coli ilvD and E. coli ilvC genes expressed using the
TEF1 and TDH3 promoters, respectively, and utilized the
HIS3 marker gene. pGV 1683 carried the L. lactis kivd and the
S. cerevisiae ADH7 genes expressed using the TEF1 and
TDH3 promoters, respectively, and utilized the URA3 marker
gene. The isobutanol pathway was also expressed off of high
copy plasmids pGV1649 (FIG. 27, SEQ ID NO: 23),
pGV1677 (FIG. 31, SEQ IDNO: 27) and pGV 1664 (FIG. 28,
SEQ ID NO: 24). pGV1649 carried the B. subtilis alsS under
the CUP1 promoter and utilized the TRP1 marker gene.
pGV1677 carried the E. coli ilvD and E. coli ilvC genes
expressed using the TEF 1 and TDH3 promoters, respectively,
and utilized the HIS3 marker gene. pGV1664 carried the L.
lactis kivd and the S. cerevisiae ADH7 genes expressed using
the TEF1 and TDH3 promoters, respectively, and utilized the
URA3 marker gene.

TABLE EX8B-1

Fermentation # Strain Plasmids Notes

iB300 GEVO1584 pGV1672, Vector Control
pGV1056, (CEN plasmids)
pGV1062

iB301 GEVO1584 pGV1673, Isobutanol pathway
pGV1679, (CEN plasmids)
pGV1683

iB302 GEVO1584 pGV1103, Vector Control
pGV1104, (2p plasmids)
pGV1102

iB303 GEVO1584 pGV1677, Isobutanol pathway
pGV1649, (2p plasmids)
pGV1664

[0237] Fermentations with Transformants of GEVO1584:

Using cells grown in 3 mL defined (SC) media containing
ethanol (SC+Ethanol-HWU), 200 mL cultures were inocu-
lated with transformants of GEVO1584 and incubated in
SC+Ethanol-HWU at 30° C. at 250 RPM in 500 mL shake
flasks for 72 hours. The OD, values measured after 72 hours
ranged from 1.4 to 3.5. The cultures were diluted 1:10 into
fresh 250 mL SC+Ethanol-HWU media and incubated at 30°
C. at 250 RPM in 500 mL shake for 24 hours. The cells were
collected by centrifugation at 3000 RPM for 3 minutes and
resuspended in 20 m[. SC+Glucose-HWU media in 125 mL
metal cap flasks. 250 uLL of 100% ethanol was added to each
culture to bring the concentration of ethanol to 1%. A 2 mL
aliquot was removed, the OD,, was measured using 100 pL,
and the remaining aliquot was centrifugued to pellet cells
(14,000xg, 5 min) and the supernatants were stored at —20° C.
The cultures were incubated at 125 rpm at 30° C. A 2 mL
aliquot was removed from each culture after 24 and 48 hours
of incubation, and the OD,, was measured as before (see
Table 3, t=24 and t=48) and the sample centrifuged and stored
as described above. The samples were thawed, and the
samples were prepared and analyzed via GC and HPLC as
described in General Methods. Results are shown in Table
EX8B-2.
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48 hour time point data are shown as an average of three replicates

Glucose Ethanol
Isobutanol Consumed  Consumed Yield
Fermentation # Titer (g/L) (g/L) (g/L) (% theor.)]
iB300 Vector Control 0.012+£0.003 9.75+£4.17 247 =£0.30 0.30%
(CEN
plasmids)
iB301 Isobutanol 0.392 £ 0.087 9.31£5.03 0.95x0.64 10.27%
pathway (CEN
plasmids)
iB302 Vector Control 0.013 £0.006 8.61 451 0.64x0.17 0.37%
(2p plasmids)
iB303 Isobutanol 0.248 £ 0.032 9.51+£1.25 0.77+£0.59 6.36%
pathway (2p
plasmids)
[0238] All Pdc-minus yeast (GEVO1584) consumed PDC activity. After 48 hours, the Pdc-minus yeast with the

approximately 10 g/L. of glucose and less than 2 g/L. of etha-
nol after 48 hours incubation (FIG. 1, FIG. 2A and FIG. 2B).
All strains accumulated ~1.5 g/L. pyruvate, except for those
carrying the isobutanol pathway on 2p plasmids (<0.5 g/L).
The accumulation of pyruvate and failure of the yeast to
produce ethanol from glucose is confirmation that all lacked

isobutanol pathway encoded on 2u plasmids generated
0.248+0.032 g/ isobutanol at a theoretical yield of 6.36% of
the consumed glucose (Table EX8B-2). The CEN plasmid
isobutanol pathway strain generated 0.392+0.087 g/L. isobu-
tanol at a yield of 10.27% (Table EX8B-2). Isobutanol titers
were well above the equivalent vector control strains.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 55

<210> SEQ ID NO 1

<211> LENGTH: 4831

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 1

gcttagttta catttecttte ccaagtttaa ttcaatttet tcaacaaaga tttagagagt 60
atacttgcgce cgtcatcata ctggctgcct ttecgtttca tcaataaata tatgtattcet 120
ctaattaatt ttatgctcat aatatatcgg ttgcacgaga tggtcattcc gatggtttca 180
gactctagtt aaaagaagaa gctagatgct gataatattg atttcggatg ttactgattg 240
aatattttga gctattataa taatatcaac aaagaaaatt ttaacgtggg ttgattctta 300
ggtttaaaaa gacccatcgt atatctcacc aaatatcggt accgtattcyg aaggataagg 360
actaacgact taatctctaa cttgtggtaa ctaaatttag tcctttatct acaatttcte 420
tatagagcat tcaacaaaga ttgtggtttt tatctatcaa gtattattcc attactatta 480
atgtacttat aaaattctgt atatgaagag tatcaagaaa actgtgactt ctccacatca 540
gtatagtaaa gccaacaaag gggatacctt tgcagttgta gcaactattg gcgtaaacgt 600
ttcaaatggg gtaaaagaaa gaaataaaga gtatatcgtt catatatatc atttagaaat 660
caaatcacta aaattcgatt agttcttage gttggtagca gcagtcaatt cgagctcata 720
gcttcaaaat gtttctacte cttttttact ctteccagatt ttcectcecggact cegcecgcatcg 780
ccgtaccact tcaaaacacc caagcacagce atactaaatt tccectettt cttectctag 840
ggtgtcgtta attacccgta ctaaaggttt ggaaaagaaa aaagagaccyg cctegtttet 900
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-continued

ttttcttegt cgaaaaaggc aataaaaatt tttatcacgt ttctttttet tgaaaatttt 960
ttttttgatt tttttctett tcgatgacct cccattgata tttaagttaa taaacggtct 1020
tcaatttctc aagtttcagt ttcatttttc ttgttctatt acaacttttt ttacttcttg 1080
ctcattagaa agaaagcata gcaatctaat ctaagttttc tagtatgatt gaacaagatg 1140
gattgcacgc aggttctccg gcegettggg tggagagget attcggctat gactgggcac 1200
aacagacaat cggctgctct gatgccgceccg tgttceccgget gtcagegcag gggcgceccgg 1260
ttetttttgt caagaccgac ctgtccecggtg ccctgaatga actgcaggac gaggcagcgce 1320
ggctatcgtyg gcectggccacg acgggcgtte cttgcgcage tgtgctcgac gttgtcactg 1380
aagcgggaag ggactggetg ctattgggcg aagtgccecggg gcaggatcte ctgtcatcte 1440
accttgctece tgccgagaaa gtatccatca tggctgatge aatgcggcgg ctgcatacgce 1500
ttgatcegge tacctgccca ttcgaccacce aagcgaaaca tcgcatcgag cgagcacgta 1560
ctcggatgga agccggtcett gtcgatcagg atgatctgga cgaagagcat caggggctcg 1620
cgccagecga actgttegece aggctcaagg cgegcatgece cgacggcgag gatctegteg 1680
tgacccatgg cgatgcctge ttgccgaata tcatggtgga aaatggccge ttttetggat 1740
tcatcgactg tggccggetyg ggtgtggcgg accgctatca ggacatageg ttggctacce 1800
gtgatattgc tgaagagctt ggcggcgaat gggctgaccg cttectegtg ctttacggta 1860
tcgececgetee cgattcgcag cgcatcgect tctatcgect tettgacgag ttettetgaa 1920
ccggtagagt tctceccgagaa caagcagagg ttcgagtgta ctcggatcag aagttacaag 1980
ttgatcgttt atatataaac tatacagaga tgttagagtg taatggcatt gcgtaagcectt 2040
ggcgtaatca tggtcatagce tgtttccetgt gtgaaattgt tatccgctca caattccaca 2100
caacatacga gccggaagca taaagtgtaa agcctggggt gcctaatgag tgagctaact 2160
cacattaatt gcgttgcgcet cactgcccge tttecagteg ggaaacctgt cgtgccaget 2220
gcattaatga atcggccaac gcgcggggag aggcggtttyg cgtattgggce gctettecge 2280
ttectegete actgactege tgcgeteggt cgtteggetg cggcgagcgg tatcagetca 2340
ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg 2400
agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcec gegttgetgg cgtttttceca 2460
taggctcege cccectgacg agcatcacaa aaatcgacge tcaagtcaga ggtggcgaaa 2520
cccgacagga ctataaagat accaggcgtt tccccctgga agctcececcteg tgcegetcetcece 2580
tgttccgace ctgccgctta ccggatacct gteecgecttt ctcececttegg gaagegtggce 2640
gctttecteat agectcacgct gtaggtatct cagtteggtg taggtcegttce gctceccaaget 2700
gggctgtgtyg cacgaaccce ccgttcagece cgaccgctge gecttatccg gtaactatceg 2760
tcttgagtce aacccggtaa gacacgactt atcgccactg gcagcagcca ctggtaacag 2820
gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt ggcctaacta 2880
cggctacact agaaggacag tatttggtat ctgcgctcetg ctgaagccag ttaccttegg 2940
aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtageg gtggtttttt 3000
tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt 3060
ttctacgggg tctgacgcte agtggaacga aaactcacgt taagggattt tggtcatgag 3120

attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat 3180
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ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc 3240
tatctcagecg atctgtctat ttegttcate catagttgec tgactccceg tegtgtagat 3300
aactacgata cgggagggct taccatctgg ccccagtgcet gcaatgatac cgcgagaccce 3360
acgctcacceg gctcecagatt tatcagcaat aaaccagceca gecggaaggyg ccgagegcag 3420
aagtggtcct gcaactttat ccgccteccat ccagtctatt aattgttgcce gggaagctag 3480
agtaagtagt tcgccagtta atagtttgcg caacgttgtt geccattgcta caggcatcgt 3540
ggtgtcacge tcgtegtttg gtatggettce attcagctec ggttcecccaac gatcaaggcy 3600
agttacatga tcccccatgt tgtgcaaaaa agcggttage tcecctteggte cteccgategt 3660
tgtcagaagt aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc 3720
tcttactgte atgccatccg taagatgctt ttetgtgact ggtgagtact caaccaagtce 3780
attctgagaa tagtgtatgc ggcgaccgag ttgctcttge ccggcgtcaa tacgggataa 3840
taccgcgcca catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttecggggceg 3900
aaaactctca aggatcttac cgctgttgag atccagtteg atgtaaccca ctecgtgcacce 3960
caactgatct tcagcatctt ttactttcac cagecgtttct gggtgagcaa aaacaggaag 4020
gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactcett 4080
cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt 4140
tgaatgtatt tagaaaaata aacaaatagg ggttccgcegce acatttcccce gaaaagtgcece 4200
acctgacgtc acctggtaga ccaaagatgg tttgaacttc gacttgcttt aatctttcga 4260
acaagtaacg acctaatgta atttcagaca ttgtaattta agttggtttt gagttgtagt 4320
tttatcctta atattaatag ttaatactat aatatgtttg gectttagtgg atggtttttg 4380
aggtaatcaa aagtatataa ttaagattat gattaagaca tgatgggaaa ctctagccat 4440
tacagataat catgcccatg tatttatact ttatctgagt taactaaaaa aaatagaaag 4500
gtcatattca ccacccagce agccecctgect ctcacctcac tcectceccccect taatggataa 4560
ttgacacaag tggtactact attccaacct taagatattc atgggccaat actacgtata 4620
caccttaaaa ggttgaatct tttcacaaat attgcataat ctatcccatg gttctacata 4680
gcaaatacag aatatgcaaa atacaggaca cgcacaaggg ccagcaatgg ttagctaatt 4740
tgaataattt ccaataccat gaaattatcc caccttttac cttggttgac tctcatttce 4800
gattttctat accacagaaa ccgcacgtgt ¢ 4831
<210> SEQ ID NO 2

<211> LENGTH: 7441

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 2

ccagttaact gtgggaatac tcaggtatcg taagatgcaa gagttcgaat ctcttagcaa 60
ccattatttt tttectcaac ataacgagaa cacacagggg cgctatcgca cagaatcaaa 120
ttcgatgact ggaaattttt tgttaatttc agaggtcgcce tgacgcatat acctttttca 180
actgaaaaat tgggagaaaa aggaaaggtg agagcgcegg aaccggcettt tcatatagaa 240

tagagaagcg ttcatgacta aatgcttgca tcacaatact tgaagttgac aatattattt 300
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aaggacctat tgttttttcc aataggtggt tagcaatcgt cttactttct aacttttcett 360
accttttaca tttcagcaat atatatatat atatttcaag gatataccat tctaatgtct 420
geeectaaga agatcgtegt tttgecaggt gaccacgttg gtcaagaaat cacagccgaa 480
gccattaagg ttcttaaage tatttctgat gttcecgttcca atgtcaagtt cgatttcgaa 540
aatcatttaa ttggtggtgc tgctatcgat gectacaggtyg ttecacttec agatgaggeg 600
ctggaagcct ccaagaaggc tgatgcegtt ttgttaggtyg ctgtgggtgyg tcectaaatgg 660
ggtaccggta gtgttagacc tgaacaaggt ttactaaaaa tccgtaaaga acttcaattg 720
tacgccaact taagaccatg taactttgca tccgactcte ttttagactt atctccaate 780
aagccacaat ttgctaaagg tactgacttc gttgttgtca gagaattagt gggaggtatt 840
tactttggta agagaaagga agacgatggt gatggtgteg cttgggatag tgaacaatac 900
accgttccag aagtgcaaag aatcacaaga atggccgett tcatggccect acaacatgag 960

ccaccattgce ctatttggtc cttggataaa gctaatgttt tggcctcttce aagattatgg 1020
agaaaaactg tggaggaaac catcaagaac gaattcccta cattgaaggt tcaacatcaa 1080
ttgattgatt ctgccgccat gatcctagtt aagaacccaa cccacctaaa tggtattata 1140
atcaccagca acatgtttgg tgatatcatc tccgatgaag cctcecgttat cccaggttcece 1200
ttgggtttgt tgccatctge gtecttggcee tcetttgccag acaagaacac cgcatttggt 1260
ttgtacgaac catgccacgg ttctgctcca gatttgccaa agaataaggt caaccctatce 1320
gccactatet tgtcectgetge aatgatgttg aaattgtcat tgaacttgcecc tgaagaaggt 1380
aaggccattg aagatgcagt taaaaaggtt ttggatgcag gtatcagaac tggtgattta 1440
ggtggttcca acagtaccac cgaagtcggt gatgctgteg ccgaagaagt taagaaaatc 1500
cttgcttaaa aagattctcect ttttttatga tatttgtaca taaactttat aaatgaaatt 1560
cataatagaa acgacacgaa attacaaaat ggaatatgtt catagggtag acgaaactat 1620
atacgcaatc tacatacatt tatcaagaag gagaaaaagg aggatgtaaa ggaatacagg 1680
taagcaaatt gatactaatg gctcaacgtg ataaggaaaa agaattgcac tttaacatta 1740
atattgacaa ggaggagggc accacacaaa aagttaggtg taacagaaaa tcatgaaact 1800
atgattccta atttatatat tggaggattt tctctaaaaa aaaaaaaata caacaaataa 1860
aaaacactca atgacctgac catttgatgg agttgccggce gatcacagcg gacggtggtg 1920
gcatgatggg gcttgcgatg ctatgtttgt ttgttttgtg atgatgtata ttattattga 1980
aaaacgatat cagacatttg tctgataatg cttcattatc agacaaatgt ctgatatcgt 2040
ttggagaaaa agaaaaggaa aacaaactaa atatctacta tataccactg tattttatac 2100
taatgacttt ctacgcctag tgtcacccte tcecgtgtacce attgaccctg tatcggegeg 2160
ttgcctegeg ttectgtace atatattttt gtttatttag gtattaaaat ttactttcect 2220
catacaaata ttaaattcac caaacttctc aaaaactaat tattcgtagt tacaaactct 2280
attttacaat cacgtttatt caaccattct acatccaata accaaaatgc ccatgtacct 2340
ctcagcgaag tccaacggta ctgtccaata ttctcattaa atagtcttte atctatatat 2400
cagaaggtaa ttataattag agatttcgaa tcattaccgt gccgattcge acgctgcaac 2460
ggcatgcatc actaatgaaa agcatacgac gcctgecgtet gacatgcact cattctgaag 2520

aagattctgg gecgegttteg ttetegtttt cctetgtata ttgtactctg gtggacaatt 2580
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tgaacataac gtctttcacc tcgccattct caataatggg ttccaattct atccaggtag 2640
cggttaattg acggtgctta agccgtatgce tcactctaac gctaccgttg tccaaacaac 2700
ggaccccttt gtgacgggtg taagacccat catgaagtaa aacatctcta acggtatgga 2760
aaagagtggt acggtcaagt ttcctggcac gagtcaattt tccctectteg tgtagatcgg 2820
taccggcecge aaattaaagc cttcgagcecgt cccaaaacct tctcaagcaa ggttttcagt 2880
ataatgttac atgcgtacac gcgtctgtac agaaaaaaaa gaaaaatttg aaatataaat 2940
aacgttctta atactaacat aactataaaa aaataaatag ggacctagac ttcaggttgt 3000
ctaactcctt ccttttcecggt tagagcggat gtggggggag ggcgtgaatg taagcgtgac 3060
ataactaatt acatgactcg agcggccgcg gatcctcaat aaaactcttce aggcaataat 3120
ttttctgcta atttaatgtt atcagaatag tccaaaggaa cgtcaattac tactggtcca 3180
gtagtatctg ggattgattt aagaatttca gcaagttctt ctttgctgtg tgcacggtaa 3240
ccttttgete ccattgctte agcatatttt acgtaatcaa catagccaaa atcaacggct 3300
gctgaacgac catatttcat ttecttcttgg aatttaacca tatcataatg gccgtcattce 3360
cagataattt gaacgattgg aagattcaaa cgtacagctg tttccaactc ttgccctgtg 3420
aaaaggaagc ctccatcacc agagtgtgaa taaacttttt tacctgggcg caacaatgcg 3480
gctgtaattyg cccaaggaag tgcaactcca agtgtttgca ttccgtttga gaagaggaga 3540
tgacgtggtt cgtatgattt gaaatgacgt gccatccaaa tgtagagtga acctacgtca 3600
acggttactg tttcatcatc tttaacgatt tcttggaaag tgctgaccaa atcaagaggg 3660
tgcattctac cttcttcagt attttcagta tcaaattcgt gttgctcage aacttcatga 3720
aggccatcga gataatcttt tgttcctttt ggaattttgt atccacgaac agctggtaaa 3780
agattatcca atgttgctgc gatatcacca attaattcac gttctggttg gtagtaagta 3840
tcaatttcag caatggcatt atcaataacg ataattcgac tatcaatttc tgcattccag 3900
ttacgagctt catattcaat tgggtcataa ccaacagcaa taacaaggtc agaacgtttce 3960
agaagcatat ctcctggttg attgcggaaa agaccgatac gtccataaaa agtatgttct 4020
aaatcatgtg aaataacccc tgcaccttgg aatgtttcaa cgacaggaat attaacatga 4080
gttaatagat tacgcaatga tgaagcgact ttagcatctg aagcaccagc tccaaccaaa 4140
attactggca atacagcatt tttaattgct tgtgctaaat aattaatgtc atcaatagag 4200
gcattcceca ttttagggte tgaaagtggt tgaatggcct tgattgatac ttceggcatcce 4260
gttacatctt gggggattga taagaaagtt gcacctggat gtcctgattt tgcaatacga 4320
taagcgttgg caattgattc agaaagtgta tcagggtcaa gaacttctgce tgaatatttt 4380
gttgctgatt gcatcattcc agcattatcc attgattggt gcgcacgttt aagacggtca 4440
cttcgtttaa cttgtccacc gatagccaaa atagcatcac cttctgaagt cgcggtcaaa 4500
agcggagtcg caaggtttga tacaccaggc ccactcgtaa caactactac accaggttcg 4560
ccagtcaaac gaccaacagc ttgagccatg aaagcagctc cttgctcatg acgagtcacg 4620
accatttgag ggccttctte attttctaat aaatcaaaaa cccggtcaat ttttgctcect 4680
ggaatcccaa atacatactt cactttatgg ttaatcaaac tatcgacaac caagttcgece 4740
ccaaattgtt tctcagacat gtcgacaccg atatacctgt atgtgtcacc accaatgtat 4800

ctataagtat ccatgctagt tctagaaaac ttagattaga ttgctatgct ttctttctaa 4860
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tgagcaagaa gtaaaaaaag ttgtaataga acaagaaaaa tgaaactgaa acttgagaaa 4920
ttgaagaccg tttattaact taaatatcaa tgggaggtca tcgaaagaga aaaaaatcaa 4980
aaaaaaaatt ttcaagaaaa agaaacgtga taaaaatttt tattgccttt ttcgacgaag 5040
aaaaagaaac gaggcggtct cttttttctt ttccaaacct ttagtacggg taattaacga 5100
caccctagag gaagaaagag gggaaattta gtatgctgtg cttgggtgtt ttgaagtggt 5160
acggcgatgce gcggagtccg agaaaatctg gaagagtaaa aaaggagtag aaacattttg 5220
aagctatgag ctccagcttt tgttcecttt agtgagggtt aattgcgcge ttggcegtaat 5280
catggtcata gctgtttect gtgtgaaatt gttatccget cacaattcca cacaacatag 5340
gagccggaag cataaagtgt aaagcctggg gtgcctaatg agtgaggtaa ctcacattaa 5400
ttgcgttgeg ctcactgece getttecagt cgggaaacct gtcgtgccag ctgcattaat 5460
gaatcggceca acgcgcegggg agaggcggtt tgcgtattgg gegetcecttcece gcttectege 5520
tcactgactc gectgecgcteg gtegttegge tgcggcgage ggtatcaget cactcaaagg 5580
cggtaatacg gttatccaca gaatcagggg ataacgcagg aaagaacatyg tgagcaaaag 5640
gccagcaaaa ggccaggaac cgtaaaaagg ccgcegttget ggegttttte cataggetcece 5700
geeccectga cgagcatcac aaaaatcgac gctcaagtca gaggtggcega aacccgacag 5760
gactataaag ataccaggcg tttcecccectg gaagctccecet cgtgcegetcet cctgttecga 5820
ccetgeeget taccggatac ctgtcecgect ttetceccectte gggaagegtg gegetttete 5880
atagctcacg ctgtaggtat ctcagttcgg tgtaggtegt tecgctccaag ctgggcetgtg 5940
tgcacgaacc ccccgttcag cccgaccgct gcgecttatce cggtaactat cgtcecttgagt 6000
ccaaccceggt aagacacgac ttatcgecac tggcagcage cactggtaac aggattagca 6060
gagcgaggta tgtaggcggt gctacagagt tcttgaagtg gtggcectaac tacggctaca 6120
ctagaaggac agtatttggt atctgcgctc tgctgaagcc agttaccttce ggaaaaagag 6180
ttggtagctce ttgatccggce aaacaaacca ccgctggtag cggtggtttt tttgtttgca 6240
agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg 6300
ggtctgacge tcagtggaac gaaaactcac gttaagggat tttggtcatg agattatcaa 6360
aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca atctaaagta 6420
tatatgagta aacttggtct gacagttacc aatgcttaat cagtgaggca cctatctcag 6480
cgatctgtct atttcgttca teccatagttg cctgactcece cgtcecgtgtag ataactacga 6540
tacgggaggg cttaccatct ggccccagtg ctgcaatgat accgcgagac ccacgctcac 6600
cggctecaga tttatcagca ataaaccage cagccggaag ggccgagege agaagtggte 6660
ctgcaacttt atccgcctec atccagtcta ttaattgttg ccgggaagct agagtaagta 6720
gttcgccagt taatagtttg cgcaacgttg ttgccattge tacaggcatc gtggtgtcac 6780
gctegtegtt tggtatggct tcattcaget ccggttccca acgatcaagg cgagttacat 6840
gatcccccat gttgtgcaaa aaagcggtta gcectcecttegg tectceccgatce gttgtcagaa 6900
gtaagttggc cgcagtgtta tcactcatgg ttatggcagc actgcataat tctcecttactg 6960
tcatgccatc cgtaagatgc ttttctgtga ctggtgagta ctcaaccaag tcattctgag 7020
aatagtgtat gcggcgaccg agttgctctt gcececggegtce aatacgggat aataccgegce 7080
cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcttcgggg cgaaaactct 7140
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caaggatctt accgctgttg agatccagtt cgatgtaacc cactcgtgca cccaactgat 7200
cttcagcatc ttttactttc accagcgttt ctgggtgagc aaaaacagga aggcaaaatg 7260
ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatactce ttecttttte 7320
aatattattg aagcatttat cagggttatt gtctcatgag cggatacata tttgaatgta 7380
tttagaaaaa taaacaaata ggggttccgce gcacatttcce ccgaaaagtg ccacctgacg 7440
t 7441
<210> SEQ ID NO 3

<211> LENGTH: 8949

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 3

caggcaagtg cacaaacaat acttaaataa atactactca gtaataacct atttcttage 60
atttttgacg aaatttgcta ttttgttaga gtcttttaca ccatttgtct ccacacctce 120
gcttacatca acaccaataa cgccatttaa tctaagegca tcaccaacat tttectggegt 180
cagtccacca gctaacataa aatgtaaget tteggggete tettgectte caacccagte 240
agaaatcgag ttccaatcca aaagttcacce tgtcccacct gettcectgaat caaacaaggg 300
aataaacgaa tgaggtttct gtgaagctge actgagtagt atgttgcagt cttttggaaa 360
tacgagtctt ttaataactg gcaaaccgag gaactcttgg tattecttgec acgactcate 420
tccatgcagt tggacgatat caatgccgta atcattgacce agagccaaaa catcctectt 480
aggttgatta cgaaacacgc caaccaagta tttcggagtg cctgaactat ttttatatge 540
ttttacaaga cttgaaattt tccttgcaat aaccgggtca attgttctet ttcectattggg 600
cacacatata atacccagca agtcagcatc ggaatctaga gcacattctg cggectetgt 660
gctetgcaayg ccgcaaactt tcaccaatgg accagaacta cctgtgaaat taataacaga 720
catactccaa gctgectttg tgtgcttaat cacgtatact cacgtgctca atagtcacca 780
atgccctece tettggceect ctecttttet tttttcgace gaattaattce ttaatcggca 840
aaaaaagaaa agctccggat caagattgta cgtaaggtga caagctattt ttcaataaag 900
aatatcttcee actactgcca tctggegtca taactgcaaa gtacacatat attacgatge 960

tgtctattaa atgcttccta tattatatat atagtaatgt cgttgacgtce geccggcgatce 1020
acagcggacg gtggtggcat gatggggctt gcgatgctat gtttgtttgt tttgtgatga 1080
tgtatattat tattgaaaaa cgatatcaga catttgtctg ataatgcttc attatcagac 1140
aaatgtctga tatcgtttgg agaaaaagaa aaggaaaaca aactaaatat ctactatata 1200
ccactgtatt ttatactaat gactttctac gcctagtgtc accctctcecgt gtacccattg 1260
accctgtate ggcgegttge ctegegttcee tgtaccatat atttttgttt atttaggtat 1320
taaaatttac tttcctcata caaatattaa attcaccaaa cttctcaaaa actaattatt 1380
cgtagttaca aactctattt tacaatcacg tttattcaac cattctacat ccaataacca 1440
aaatgcccat gtacctctca gcgaagtcca acggtactgt ccaatattct cattaaatag 1500
tctttcatct atatatcaga aggtaattat aattagagat ttcgaatcat taccgtgecg 1560

attcgcacgce tgcaacggca tgcatcacta atgaaaagca tacgacgcct gegtctgaca 1620
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tgcactcatt ctgaagaaga ttctgggcgce gtttegttet cgttttceccte tgtatattgt 1680
actctggtgg acaatttgaa cataacgtct ttcacctege cattctcaat aatgggttcce 1740
aattctatcc aggtagcggt taattgacgg tgcttaagcc gtatgctcac tcectaacgcta 1800
ccgttgtecca aacaacggac ccctttgtga cgggtgtaag acccatcatg aagtaaaaca 1860
tctctaacgg tatggaaaag agtggtacgg tcaagtttcc tggcacgagt caattttccce 1920
tcttegtgta gatcggtace ggccgcaaat taaagccttc gagcgtccca aaaccttcete 1980
aagcaaggtt ttcagtataa tgttacatgc gtacacgcgt ctgtacagaa aaaaaagaaa 2040
aatttgaaat ataaataacg ttcttaatac taacataact ataaaaaaat aaatagggac 2100
ctagacttca ggttgtctaa ctccttectt ttecggttaga geggatgtgg ggggagggcyg 2160
tgaatgtaag cgtgacataa ctaattacat gactcgagcg gccgcggatce cttaacccgce 2220
aacagcaata cgtttcatat ctgtcatata gccgcgcagt ttcttaccta cctgctcaat 2280
cgcatggectg cgaatcgett cgttcacatc acgcagttge ccgttatcta ccgegcectte 2340
cggaatagct ttacccaggt cgcccecggttg cagectctgece ataaacggtt tcagcaacgg 2400
cacacaagcg taagagaaca gatagttacc gtactcagcg gtatcagaga taaccacgtt 2460
catttcgtac agacgcttac gggcgatggt gttggcaatc agcggcagct cgtgcagtga 2520
ttcataatat gcagactctt caatgatgcc ggaatcgacc atggtttcga acgccagttce 2580
aacgcceget ttcaccatceg caatcatcag tacgccttta tcgaagtact cctgctegece 2640
gattttgeccect tcatactgcg gcgeggtttce aaacgcggtt ttgccggtcet cttcacgeca 2700
ggtcagcagt ttcttatcat cgttggccca gtccgeccatce ataccggaag agaattcgece 2760
ggagatgatg tcgtccatat gtttctggaa caggggtgcc atgatctcectt tcagetgtte 2820
agaaagcgca taagcacgca gtttcgecgg gttagagaga cggtccatca tcagggtgat 2880
gccgecctgt ttcagtgett cggtgatggt ttcccaaccyg aactgaatca gtttttetge 2940
gtatgctgga tcggtacctt cttceccaccag cttgtcgaag cacagcagag agccagectg 3000
caacataccg cacaggatgg tttgctcgce catcaggtca gatttcactt ccgcaacgaa 3060
ggacgattcce agcacacccg cacggtgacce accggttgca gecgceccagg ctttggcaat 3120
cgccatgect tegecttteg gatcgtttte cgggtgaacg gcaatcageg teggtacgcece 3180
gaacccacgt ttgtactctt cacgcacttc ggtgcctggg catttcecggceg caaccatcac 3240
tacggtgata tctttacgga tcectgctegcee cacttcgacg atgttgaaac cgtgcgagta 3300
gcccagcegece gegecgtett tcatcagtgg ctgtacggtg cgcactacat cagagtgetg 3360
cttgtcegge gtcaggttaa tcaccagatc cgectgtggg atcagttctt cgtaagtacce 3420
cactttaaaa ccattttcgg tecgctttacg ccaggacgcg cgcttctcecgg caatcgette 3480
tttacgcaga gcgtaggaga tatcgagacc agaatcacgc atgttcaggce cctggttcag 3540
accctgtgeg ccacagccga cgatgactac ttttttacce tgaaggtage tcegecgccatce 3600
ggcgaattca tcgcggecca taaagcgaca tttgcccage tgtgccaget gctggcgceag 3660
attcagtgta ttgaagtagt tagccatgtc gacaccatct tcttctgaga tgagtttttg 3720
ttccatgecta gttctagaat ccgtcgaaac taagttctgg tgttttaaaa ctaaaaaaaa 3780
gactaactat aaaagtagaa tttaagaagt ttaagaaata gatttacaga attacaatca 3840

atacctaccg tctttatata cttattagtc aagtagggga ataatttcag ggaactggtt 3900
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tcaacctttt ttttcagctt tttccaaatc agagagagca gaaggtaata gaaggtgtaa 3960
gaaaatgaga tagatacatg cgtgggtcaa ttgccttgtg tcatcattta ctccaggcag 4020
gttgcatcac tccattgagg ttgtgccegt tttttgcctg tttgtgccce tgttetetgt 4080
agttgcgcta agagaatgga cctatgaact gatggttggt gaagaaaaca atattttggt 4140
gctgggatte ttttttttte tggatgccag cttaaaaagc gggctccatt atatttagtg 4200
gatgccagga ataaactgtt cacccagaca cctacgatgt tatatattct gtgtaacccg 4260
cceectattt tgggcatgta cgggttacag cagaattaaa aggctaattt tttgactaaa 4320
taaagttagg aaaatcacta ctattaatta tttacgtatt ctttgaaatg gcgagtattg 4380
ataatgataa actgagctag atctgggccg cggatcctta accccccagt ttcecgatttat 4440
cgegeaccge gectttgteg gegetggttyg cecaggctgge ataagcacge agggcaaagg 4500
agacctgacg ttcacgattt ttcggcgtce aggcectttgtce acctcgageg tectgegett 4560
cacgacgcgce cgccagtteg gcatcgectta cctgtaactg aatgccacgg ttecgggatgt 4620
cgatagcgat caggtcacca tcttcaatca ggccaatgcet geccgececgcett gecgettecg 4680
gtgagacgtyg gccgatggaa agaccagagg tgccaccaga gaaacgaccg tcggtgatca 4740
gcgcacaggce tttgccgaga cccattgatt tcaggaaget ggttgggtag agcatttect 4800
gcatccecegg accgecttte gggecttcat agcgaattac taccacatct ccggcgacaa 4860
ctttaccgcce gagaatcgcet tcectaccgcat cgtectgget ttcecgtacact ttegecgggce 4920
cggtgaattt gaggatgctg tcatcgacgc ctgccgtttt cacgatgcag ccgttttecg 4980
caaagttacc gtagagcacc gccaggccgce cgtetttget gtaggegtgt tecagcecgagce 5040
ggatacagcc attggcgcga tcgtcecgtcca gegtatccca acggcaatct tgcgagaatg 5100
cctgtgtggt acgaatgect gcaggacctg cgcggaacat attttttacce gegtcatcct 5160
gggtcagcat aacgtcgtat tgttccagecg tttgcggcaa cgtcaggcca agtacgtttt 5220
tcacatcacg gttcagtaac cccgcgcgat ccagttcecgec gagaataccg ataacaccac 5280
cagcacggtg aacatcttcc atatggtatt tctgggtgct cggcgcaact ttacacagcet 5340
gtggaacctt gcgggaaagc ttatcgatat cactcatggt gaagtcgatt tccgettect 5400
gcgeecgeege cagcaggtga agtacggtgt tagtcgatcc acccatcgeg atatccageg 5460
tcatggegtt ttcaaacgcc gecttactgg cgatattacg cggcagtgca ctttegtegt 5520
tttgctegta ataacgtttyg gtcaattcaa caatgcgttt accagcatta aggaacagct 5580
gettacggte ggegtgggtt gccagcageg agcecegttgee cggetgegac aggeccageg 5640
cttcggtcag gcagttcatt gagttagcgg taaacatccce ggagcaggaa ccgcaggtceg 5700
gacacgcgga acgttcaacc tgatcgctcect gggagtcaga tactttcggg tctgecgecect 5760
ggatcatcge atcaaccaga tcgagcttga tgatctgatc ggaaagtttg gttttceecgg 5820
cctecategg gecgecggaa acaaagatca ccggaatatt caggcgcagyg gaagcecatca 5880
gcatccecegg ggtgattttg tcgcagttag agatgcagac catggcgtcg gcgcagtggg 5940
cgttgaccat atactcaacg gaatcagcga tcagttcgcg agatggcagt gaataaagca 6000
tcececeegtyg geccatggca atcccatcat ccaccgcaat ggtgttgaac tetttggcaa 6060
cgeccgecage cgcttcaatt tgttcecggcga ccagtttacce gagatcgcge agatggacgt 6120

gaccecggtac aaattgggtg aacgagttca caaccgcgat aatcggctta ccgaaatcgg 6180
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cgteggteat tcceggtggeg cgccacageg cacgagcacce cgcecatatta cgaccatgag 6240
tggtggtggce ggaacggtac ttaggcatgt cgacaccgat atacctgtat gtgtcaccac 6300
caatgtatct ataagtatcc atgctagttc tagaaaactt agattagatt gctatgettt 6360
ctttctaatg agcaagaagt aaaaaaagtt gtaatagaac aagaaaaatg aaactgaaac 6420
ttgagaaatt gaagaccgtt tattaactta aatatcaatg ggaggtcatc gaaagagaaa 6480
aaaatcaaaa aaaaaatttt caagaaaaag aaacgtgata aaaattttta ttgccttttt 6540
cgacgaagaa aaagaaacga ggcggtctct tttttcetttt ccaaaccttt agtacgggta 6600
attaacgaca ccctagagga agaaagaggg gaaatttagt atgctgtgct tgggtgtttt 6660
gaagtggtac ggcgatgcge ggagtccgag aaaatctgga agagtaaaaa aggagtagaa 6720
acattttgaa gctatgagcect ccagettttg ttecectttag tgagggttaa ttgcgegett 6780
ggcgtaatca tggtcatagce tgtttccetgt gtgaaattgt tatccgctca caattccaca 6840
caacatagga gccggaagca taaagtgtaa agcctggggt gecctaatgag tgaggtaact 6900
cacattaatt gcgttgcgcet cactgcccge tttecagteg ggaaacctgt cgtgccaget 6960
gcattaatga atcggccaac gcgcggggag aggcggtttyg cgtattgggce gctettecge 7020
ttectegete actgactege tgcgeteggt cgtteggetg cggcgagcgg tatcagetca 7080
ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg 7140
agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcec gegttgetgg cgtttttceca 7200
taggctcege cccectgacg agcatcacaa aaatcgacge tcaagtcaga ggtggcgaaa 7260
cccgacagga ctataaagat accaggcgtt tccccctgga agctcececcteg tgcegetcetcece 7320
tgttccgace ctgccgctta ccggatacct gteecgecttt ctcececttegg gaagegtggce 7380
gctttecteat agectcacgct gtaggtatct cagtteggtg taggtcegttce gctceccaaget 7440
gggctgtgtyg cacgaaccce ccgttcagece cgaccgctge gecttatccg gtaactatceg 7500
tcttgagtce aacccggtaa gacacgactt atcgccactg gcagcagcca ctggtaacag 7560
gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt ggcctaacta 7620
cggctacact agaaggacag tatttggtat ctgcgctcetg ctgaagccag ttaccttegg 7680
aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtageg gtggtttttt 7740
tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt 7800
ttctacgggg tctgacgcte agtggaacga aaactcacgt taagggattt tggtcatgag 7860
attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat 7920
ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc 7980
tatctcagecg atctgtctat ttegttcate catagttgec tgactccceg tegtgtagat 8040
aactacgata cgggagggct taccatctgg ccccagtgcet gcaatgatac cgcgagaccce 8100
acgctcacceg gctcecagatt tatcagcaat aaaccagceca gecggaaggyg ccgagegcag 8160
aagtggtcct gcaactttat ccgccteccat ccagtctatt aattgttgcce gggaagctag 8220
agtaagtagt tcgccagtta atagtttgcg caacgttgtt geccattgcta caggcatcgt 8280
ggtgtcacge tcgtegtttg gtatggettce attcagctec ggttcecccaac gatcaaggcy 8340
agttacatga tcccccatgt tgtgcaaaaa agcggttage tcecctteggte cteccgategt 8400

tgtcagaagt aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc 8460



US 2011/0318799 Al Dec. 29, 2011
34

-continued

tcttactgte atgccatccg taagatgctt ttetgtgact ggtgagtact caaccaagtce 8520
attctgagaa tagtgtatgc ggcgaccgag ttgctcttge ccggcgtcaa tacgggataa 8580
taccgcgcca catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttecggggceg 8640
aaaactctca aggatcttac cgctgttgag atccagtteg atgtaaccca ctecgtgcacce 8700
caactgatct tcagcatctt ttactttcac cagecgtttct gggtgagcaa aaacaggaag 8760
gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactcett 8820
cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt 8880
tgaatgtatt tagaaaaata aacaaatagg ggttccgcegce acatttcccce gaaaagtgcece 8940
acctgacgt 8949
<210> SEQ ID NO 4

<211> LENGTH: 8800

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 4

ctgattggaa agaccattct getttacttt tagagcatct tggtettetg agetcattat 60
acctcaatca aaactgaaat taggtgectg tcacggctet ttttttactg tacctgtgac 120
ttectttett atttccaagg atgctcatca caatacgcett ctagatctat tatgcattat 180
aattaatagt tgtagctaca aaaggtaaaa gaaagtccgyg ggcaggcaac aatagaaatce 240
ggcaaaaaaa actacagaaa tactaagagc ttcttceccca ttcagtcatc gecatttcgaa 300
acaagagggg aatggctctg gctagggaac taaccaccat cgectgactce tatgcactaa 360
ccacgtgact acatatatgt gatcgttttt aacatttttc aaaggctgtg tgtctggetg 420
tttccattaa ttttcactga ttaagcagtc atattgaatce tgagctcatc accaacaaga 480
aatactaccg taaaagtgta aaagttcgtt taaatcattt gtaaactgga acagcaagag 540
gaagtatcat cagctagcce cataaactaa tcaaaggagg atgtctacta agagttactce 600
ggaaagagca gctgctcata gaagtccagt tgctgccaag cttttaaact tgatggaaga 660
gaagaagtca aacttatgtg cttctcttga tgttcgtaaa acagcagagt tgttaagatt 720
agttgaggtt ttgggtccat atatctgtcet attgaagaca catgtagata tcttggagga 780
tttcagettt gagaatacca ttgtgcegtt gaagcaatta gcagagaaac acaagttttt 840
gatatttgaa gacaggaagt ttgccgacat tgggaacact gttaaattac aatacacgtce 900
tggtgtatac cgtatcgccg aatggtctga tatcaccaat gcacacggtyg tgactggtge 960

gggcattgtt gctggtttga agcaaggtgc cgaggaagtt acgaaagaac ctagagggtt 1020
gttaatgctt gccgagttat cgtccaaggg gtctctageg cacggtgaat acactcgtgg 1080
gaccgtggaa attgccaaga gtgataagga ctttgttatt ggatttattg ctcaaaacga 1140
tatgggtgga agagaagagg gctacgattg gttgatcatg acgccaggtg ttggtcttga 1200
tgacaaaggt gatgctttgg gacaacaata cagaactgtg gatgaagttg ttgccggtgg 1260
atcagacatc attattgttg gtagaggtct tttcgcaaag ggaagagatc ctgtagtgga 1320
aggtgagaga tacagaaagg cgggatggga cgcttacttyg aagagagtag gcagatccge 1380

ttaagagttc tccgagaaca agcagaggtt cgagtgtact cggatcagaa gttacaagtt 1440
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gatcgtttat atataaacta tacagagatg ttagagtgta atggcattgc gtgccggcga 1500
tcacagcgga cggtggtggce atgatggggce ttgcgatget atgtttgttt gttttgtgat 1560
gatgtatatt attattgaaa aacgatatca gacatttgtc tgataatgct tcattatcag 1620
acaaatgtct gatatcgttt ggagaaaaag aaaaggaaaa caaactaaat atctactata 1680
taccactgta ttttatacta atgactttct acgcctagtg tcaccctcte gtgtacccat 1740
tgaccctgta tecggegcegtt gectcecgegtt cctgtaccat atatttttgt ttatttaggt 1800
attaaaattt actttcctca tacaaatatt aaattcacca aacttctcaa aaactaatta 1860
ttcgtagtta caaactctat tttacaatca cgtttattca accattctac atccaataac 1920
caaaatgccce atgtacctcet cagcgaagtc caacggtact gtccaatatt ctcattaaat 1980
agtctttcat ctatatatca gaaggtaatt ataattagag atttcgaatc attaccgtgc 2040
cgattcgcac gctgcaacgg catgcatcac taatgaaaag catacgacgce ctgcgtcectga 2100
catgcactca ttctgaagaa gattctgggce gcgtttegtt ctcecgttttece tetgtatatt 2160
gtactctggt ggacaatttg aacataacgt ctttcacctc gccattctca ataatgggtt 2220
ccaattctat ccaggtagcg gttaattgac ggtgcttaag ccgtatgctce actctaacgce 2280
taccgttgtce caaacaacgg acccctttgt gacgggtgta agacccatca tgaagtaaaa 2340
catctctaac ggtatggaaa agagtggtac ggtcaagttt cctggcacga gtcaattttce 2400
cctettegtg tagatcggta ccggcecgcaa attaaagect tcgagcgtcece caaaacctte 2460
tcaagcaagg ttttcagtat aatgttacat gcgtacacgc gtctgtacag aaaaaaaaga 2520
aaaatttgaa atataaataa cgttcttaat actaacataa ctataaaaaa ataaataggg 2580
acctagactt caggttgtct aactccttce tttteggtta gagcggatgt ggggggaggg 2640
cgtgaatgta agcgtgacat aactaattac atgactcgag cggccgccta tttatggaat 2700
ttcttatcat aatcgaccaa agtaaatctg tatttgacgt ctccgecttte catccttgta 2760
aaggcatggce tgacgcctte ttecgctgate ggaagttttt ccacccatat tttgacattce 2820
ttttcggaaa ctaatttcaa tagttgttcg atttceccttec tagatccgat agcactgett 2880
gagattgata ctcccattag gcccaacggt tttaaaacaa gcecttttcatt aacttcagga 2940
gcagcaattyg aaacgatgga gcctccaatc ttcataatct taacgatact gtcaaaatta 3000
actttcgaca aagatgatga gcaaacgaca agaaggtcca aagcgttaga gtattgttct 3060
gtccagcecett tatcctccaa catagcaata tagtgatcag caccgagttt catagaatcce 3120
tceegettgg agtggccteg cgaaaacgca taaacctegg ctcccatage tttagccaac 3180
agaatcccca tatgcccaat accaccgatg ccaacaatac ctaccctctt acctggacca 3240
cagccatttc ttagtagtgg agagaaaact gtaataccac cacacaataa tggagcggct 3300
agcggacttg gaatattttc tggtatttga atagcaaagt gttcatgaag cctcacgtgg 3360
gaggcaaagc ctccttgtga aatgtagccg tecttgtaag gagtccacat agtcaaaacyg 3420
tggtcattgg tacagtattg ctcgttgtca cttttgcaac gttcacactc aaaacacgcc 3480
aaggcttggg caccaacacc aacacggtca ccgattttta ccccagtgtg gcacttggat 3540
ccaaccttca ccacgcggcec aattatttca tgtccaagga tttgatttte tgggactgga 3600
ccccaattac caacggctat atgaaaatca gatccgcaga taccacaggce ttcaatttca 3660

acatcaacgt catgatcgcc aaagggtttt gggtcaaaac tcactaattt aggatgcttce 3720
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caatcetttyg

ccatcttett

ttetggtgtt

gaaatagatt

aggggaataa

agagcagaag

cttgtgteat

tgcctgttty

gttggtgaag

aaaagcggge

cgatgttata

attaaaaggc

cgtattettt

tgttcagcaa

atcagttcga

aattcgtttt

tceggeagtt

atctcacget

tcacgaattg

agcagatgac

ccaatgctac

gacgcgcecga

ttctecacgy

tcttgetttt

ctgatcagge

atgttcagge

tcggteagtt

tteggttege

gaggacttge

acggtettet

gegtttttea

gagttttett

ggcaggttga

tccacagtag

ttcatgaagt

tgaactttge

ccegecagac

getttettyg

cgttggaaat

ctgagatgag

ttaaaactaa

tacagaatta

tttcagggaa

gtaatagaag

catttactcc

tgcceetgtt

aaaacaatat

tccattatat

tattctgtgt

taatttttty

gaaatggcga

acagcttgec

tccagtacat

cggtacgcac

tagagtagtt

caacggtgta

ccagacccag

gagattcttt

cccacagegyg

aaaagctegt

cctgecacag

tgtcaatgta

tttcgaagte

taatcatttt

taacgcccag

tcagagtacc

cgaagttcag

ccagaccaaa

gagactcctyg

tcttecagegy

tgtaaactgg

cgttetetge

gtttgaaatc

tegttggget

cgttgacgge

tacgtgcata

accgatgece

tttttgttec

aaaaaagact

caatcaatac

ctggtttcaa

gtgtaagaaa

aggcaggttg

ctetgtagtt

tttggtgcty

ttagtggatg

aacccgceccce

actaaataaa

gtattgataa

cattttctte

acggttcgga

aattttagac

ccacataggg

geegteatty

ttcctgtacy

atcagcgatc

ctgaccgata

accttgttee

gegatectygyg

tttgccttta

gaagttctgg

gttttegtte

catcaggatg

gttgtagatg

ggtggtaatc

agaaatgatt

gattttgtte

caggcteggt

tttgegttet

agtcagcage

geegtceagee

gectacgate

gctcagtteg

accatctgec

tgaaattttt

atgctagtte

aactataaaa

ctaccgtett

ccttteeetet

atgagataga

catcactcca

gegcetaagag

ggattetttt

ccaggaataa

ctattttggy

gttaggaaaa

tgataaactg

agtacctteg

thgCCtggg

acaacacggt

atatcgttgt

ttaataatga

gtcagctgca

tgagagccca

aaatggettt

gccacgatgg

gacagcagtyg

tactcgattt

atacgctegt

agatggtgag

aagtccgcag

cccaggaaag

ggcagtttgg

tegtggeegg

aggatttect

tttteegett

ttcagcageg

gtacgtgccyg

agagtgtggt

tccaccaccey

ccaacaccga

atgtagcettg

ctgggtaaag catgtcgaca

tagaatccgt cgaaactaag

gtagaattta agaagtttaa

tatatactta ttagtcaagt

cagcttttte caaatcagag

tacatgcgtyg ggtcaattge

ttgaggttgt gccegttttt

aatggaccta tgaactgatg

tttttectgga tgccagetta

actgttcacc cagacaccta

catgtacggg ttacagcaga

tcactactat taattattta

aggatcctta ggatttatte

gtgegectte tttegecagg

cctettteat cacgetcaca

cctecagttge gecgaaggac

aagactggtt cggaccgtgg

agcaaatcgg gttgatcttt

gggaaccgte accgatgaac

gegetgeegyg gaaagtatag

tggatttcag aaagatagaa

tttcattget ctgggtcagy

cgttagatgg tacgaaatct

cggacaggte cagcagagag

tgaagatttt accctegteg

tgaatgcacc ggtagaagag

attcaacaaa ttctttcagyg

acggcagagce ctcgtcaaca

ttttgctgat gaattgggte

tgatcacgat tggtttettt

ggtegetagt gttagaagtg

tagctgcege aacatccaca

cagacagaac gcggtcgatt

cagtcacagg ttcatgcatt

ggacgaattt accttegtte

gecaggtttte ggegtaggag

aagtggtcag aaatgccgeg

cgttcagtte gttagegtta

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000
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cccacccatt tcatgtcttt atgagagatg atctgatcca ggaactgcag attgtaatca 6060
cceggaacgce cgaagattte ttcgatacce agttcatgca gacggtccag cagataatca 6120
ccaacagtat acatgtcgac acccgcatag tcaggaacat cgtatgggta catgctagtt 6180
ctagaaaact tagattagat tgctatgctt tctttctaat gagcaagaag taaaaaaagt 6240
tgtaatagaa caagaaaaat gaaactgaaa cttgagaaat tgaagaccgt ttattaactt 6300
aaatatcaat gggaggtcat cgaaagagaa aaaaatcaaa aaaaaaattt tcaagaaaaa 6360
gaaacgtgat aaaaattttt attgcctttt tcgacgaaga aaaagaaacg aggcggtcetce 6420
ttttttettt tccaaacctt tagtacgggt aattaacgac accctagagg aagaaagagg 6480
ggaaatttag tatgctgtgc ttgggtgttt tgaagtggta cggcgatgcg cggagtccga 6540
gaaaatctgg aagagtaaaa aaggagtaga aacattttga agctatgagc tccagctttt 6600
gttcecttta gtgagggtta attgcgeget tggcgtaatc atggtcatag ctgtttectg 6660
tgtgaaattg ttatccgctce acaattccac acaacatagg agccggaagce ataaagtgta 6720
aagcctgggg tgcctaatga gtgaggtaac tcacattaat tgcecgttgcge tcactgeccecg 6780
ctttccagtc gggaaacctyg tecgtgccage tgcattaatg aatcggccaa cgcgcgggga 6840
gaggcggttt gegtattggg cgctcectteeg cttectecget cactgactcecg ctgecgctegyg 6900
tcgttegget geggcgageg gtatcagcecte actcaaaggce ggtaatacgg ttatccacag 6960
aatcagggga taacgcagga aagaacatgt gagcaaaagg ccagcaaaag gccaggaacce 7020
gtaaaaaggc cgcgttgctg gcecgtttttece ataggctceceg cccccectgac gagcatcaca 7080
aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg actataaaga taccaggcegt 7140
tteccecectgg aagctccecte gtgegcetcte ctgtteccgac cectgeccgcett accggatacce 7200
tgtcecgectt tetcectteg ggaagegtgg cgetttetca tagctcacge tgtaggtatce 7260
tcagtteggt gtaggtcgtt cgctccaage tgggctgtgt gcacgaacce cccgttcagce 7320
ccgaccgetg cgcecttatee ggtaactate gtettgagtce caacccggta agacacgact 7380
tatcgccact ggcagcagcec actggtaaca ggattagcag agcgaggtat gtaggceggtg 7440
ctacagagtt cttgaagtgg tggcctaact acggctacac tagaaggaca gtatttggta 7500
tctgegetet getgaageca gttaccttceg gaaaaagagt tggtagctcet tgatccggca 7560
aacaaaccac cgctggtagce ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa 7620
aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacgct cagtggaacg 7680
aaaactcacg ttaagggatt ttggtcatga gattatcaaa aaggatcttc acctagatcc 7740
ttttaaatta aaaatgaagt tttaaatcaa tctaaagtat atatgagtaa acttggtctg 7800
acagttacca atgcttaatc agtgaggcac ctatctcagc gatctgtcta tttecgttcat 7860
ccatagttgc ctgactccecce gtegtgtaga taactacgat acgggagggc ttaccatctg 7920
gcceccagtge tgcaatgata ccgcgagacce cacgctcacce ggctccagat ttatcagcaa 7980
taaaccagce agccggaagg gccgagegea gaagtggtece tgcaacttta tccgectceca 8040
tccagtcetat taattgttge cgggaagcta gagtaagtag ttcgccagtt aatagtttgce 8100
gcaacgttgt tgccattgct acaggcatcg tggtgtcacg ctegtcegttt ggtatggett 8160
cattcagctc cggttcccaa cgatcaaggce gagttacatg atcccccatg ttgtgcaaaa 8220
aagcggttag ctcctteggt ccteccgatceg ttgtcagaag taagttggece gcagtgttat 8280
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cactcatggt tatggcagca ctgcataatt ctcttactgt catgccatcce gtaagatgcet 8340
tttctgtgac tggtgagtac tcaaccaagt cattctgaga atagtgtatg cggcgaccga 8400
gttgctcttyg ccecggegtca atacgggata ataccgcgec acatagcaga actttaaaag 8460
tgctcatcat tggaaaacgt tcecttcecgggge gaaaactctc aaggatctta ccgctgttga 8520
gatccagttc gatgtaaccce actcgtgcac ccaactgatc ttcagcatct tttactttca 8580
ccagegttte tgggtgagca aaaacaggaa ggcaaaatge cgcaaaaaag ggaataaggg 8640
cgacacggaa atgttgaata ctcatactct tcctttttca atattattga agcatttatce 8700
agggttattg tctcatgagc ggatacatat ttgaatgtat ttagaaaaat aaacaaatag 8760
gggttcecgeg cacatttcce cgaaaagtgce cacctgacgt 8800
<210> SEQ ID NO 5

<211> LENGTH: 1677

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 5

gtecgacatgt ctgagaaaca atttggggcg aacttggttg tcgatagttt gattaaccat 60
aaagtgaagt atgtatttgg gattccagga gcaaaaattg accgggtttt tgatttatta 120
gaaaatgaag aaggccctca aatggtcgtg actcegtcatg agcaaggagce tgctttcatg 180
gctcaagety ttggtegttt gactggcgaa cctggtgtag tagttgttac gagtgggect 240
ggtgtatcaa accttgcgac tccgettttg accgcgactt cagaaggtga tgctattttg 300
gctatceggtyg gacaagttaa acgaagtgac cgtcttaaac gtgcgcacca atcaatggat 360
aatgctggaa tgatgcaatc agcaacaaaa tattcagcag aagttcttga ccctgataca 420
ctttectgaat caattgccaa cgcttategt attgcaaaat caggacatcce aggtgcaact 480
ttcttatcaa tcccccaaga tgtaacggat gecgaagtat caatcaaggce cattcaacca 540
ctttcagacce ctaaaatggg gaatgcctcet attgatgaca ttaattattt agcacaagca 600
attaaaaatg ctgtattgcc agtaattttg gttggagcetyg gtgcttcaga tgctaaagte 660
gcttcatcat tgcgtaatct attaactcat gttaatattc ctgtcgttga aacattccaa 720
ggtgcagggg ttatttcaca tgatttagaa catacttttt atggacgtat cggtcttttce 780
cgcaatcaac caggagatat gcttctgaaa cgttctgace ttgttattge tgttggttat 840
gacccaattyg aatatgaagc tcgtaactgg aatgcagaaa ttgatagtcg aattatcgtt 900
attgataatg ccattgctga aattgatact tactaccaac cagaacgtga attaattggt 960

gatatcgcag caacattgga taatctttta ccagctgttc gtggatacaa aattccaaaa 1020
ggaacaaaag attatctcga tggccttcat gaagttgctg agcaacacga atttgatact 1080
gaaaatactg aagaaggtag aatgcaccct cttgatttgg tcagcacttt ccaagaaatc 1140
gttaaagatg atgaaacagt aaccgttgac gtaggttcac tctacatttg gatggcacgt 1200
catttcaaat catacgaacc acgtcatctc ctcttctcaa acggaatgca aacacttgga 1260
gttgcacttc cttgggcaat tacagccgca ttgttgcgec caggtaaaaa agtttattca 1320
cactctggtg atggaggctt ccttttcaca gggcaagagt tggaaacagc tgtacgtttg 1380

aatcttccaa tcgttcaaat tatctggaat gacggccatt atgatatggt taaattccaa 1440
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gaagaaatga aatatggtcg ttcagcagcc gttgattttg gctatgttga ttacgtaaaa 1500
tatgctgaag caatgggagc aaaaggttac cgtgcacaca gcaaagaaga acttgctgaa 1560
attcttaaat caatcccaga tactactgga ccagtagtaa ttgacgttcce tttggactat 1620
tctgataaca ttaaattagc agaaaaatta ttgcctgaag agttttattg aggatcce 1677
<210> SEQ ID NO 6

<211> LENGTH: 1488

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 6

gtcgacatgg ctaactactt caatacactyg aatctgegece agcagctgge acagetggge 60
aaatgtcget ttatgggecg cgatgaatte gecgatggeg cgagctacct tcagggtaaa 120
aaagtagtca tcgteggetyg tggegcacag ggtctgaacce agggectgaa catgegtgat 180
tctggteteg atatctecta cgetetgegt aaagaagega ttgecgagaa gegegegtece 240
tggcgtaaag cgaccgaaaa tggttttaaa gtgggtactt acgaagaact gatcccacag 300
geggatctgg tgattaacct gacgccggac aagcagcact ctgatgtagt gegeaccegta 360
cagccactga tgaaagacgg cgcggegetyg ggetactege acggtttcaa catcgtcgaa 420
gtgggcgage agatccgtaa agatatcacce gtagtgatgg ttgcgecgaa atgeccagge 480
accgaagtge gtgaagagta caaacgtggg tteggegtac cgacgetgat tgecgttcac 540
ccggaaaacyg atccgaaagg cgaaggcatg gegattgeca aagectggge ggctgcaacce 600
ggtggtcace gtgcgggtgt getggaatceg tecttegttyg cggaagtgaa atctgacctg 660
atgggcgage aaaccatcct gtgeggtatg ttgcaggetg getctetget gtgettegac 720
aagctggtgg aagaaggtac cgatccagca tacgcagaaa aactgattca gtteggttgg 780
gaaaccatca ccgaagcact gaaacagggc ggcatcacce tgatgatgga ccgtetetet 840
aacccggega aactgegtge ttatgegett tctgaacage tgaaagagat catggcaccce 900
ctgttccaga aacatatgga cgacatcate tceggegaat tetetteegg tatgatggeg 960

gactgggcca acgatgataa gaaactgctg acctggegtg aagagaccgg caaaaccgceg 1020
tttgaaaccg cgccgcagta tgaaggcaaa atcggcgagce aggagtactt cgataaaggce 1080
gtactgatga ttgcgatggt gaaagcgggce gttgaactgg cgttcgaaac catggtcgat 1140
tceggecatca ttgaagagtce tgcatattat gaatcactgce acgagctgcce getgattgece 1200
aacaccatcg cccgtaageg tetgtacgaa atgaacgtgg ttatctctga taccgctgag 1260
tacggtaact atctgttctce ttacgcttgt gtgccgttge tgaaaccgtt tatggcagag 1320
ctgcaaccgg gcgacctggg taaagctatt cecggaaggeg cggtagataa cgggcaactg 1380
cgtgatgtga acgaagcgat tcgcagccat gcgattgagce aggtaggtaa gaaactgcgce 1440
ggctatatga cagatatgaa acgtattgct gttgcgggtt aaggatcc 1488
<210> SEQ ID NO 7

<211> LENGTH: 1863

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
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<400> SEQUENCE: 7

gtcgacatge ctaagtaccg ttcecgccacc accactcatg gtcgtaatat ggegggtget 60
cgtgegetgt ggegegccac cggaatgacce gacgccgatt tceggtaagec gattatcgeg 120
gttgtgaact cgttcaccca atttgtaccg ggtcacgtcce atctgcgega tctcggtaaa 180
ctggtcgeeg aacaaattga agcggctgge ggegttgcca aagagttcaa caccattgeg 240
gtggatgatg ggattgccat gggccacggg gggatgcttt attcactgec atctcgecgaa 300
ctgatcgetg attcegttga gtatatggtce aacgcccact gegeccgacgce catggtcetge 360
atctctaact gcgacaaaat cacccecgggg atgctgatgg cttccctgeg cctgaatatt 420
ceggtgatcet ttgtttcecgg cggcccgatg gaggccggga aaaccaaact ttcecgatcag 480
atcatcaagc tcgatctggt tgatgcgatg atccagggeg cagacccgaa agtatctgac 540
tcccagageg atcaggttga acgttccegeg tgtccgacct geggttectg cteegggatg 600
tttaccgcta actcaatgaa ctgcctgacc gaagcgetgg gectgtcegca gccegggcaac 660
ggctcgetge tggcaaccca cgccgaccgt aagcagctgt tecttaatge tggtaaacgce 720
attgttgaat tgaccaaacg ttattacgag caaaacgacg aaagtgcact gccgcgtaat 780
atcgccagta aggcggcegtt tgaaaacgcc atgacgetgg atatcgegat gggtggatcg 840
actaacaccg tacttcacct gctggeggeg gcgcaggaag cggaaatcga cttcaccatg 900
agtgatatcg ataagctttc ccgcaaggtt ccacagectgt gtaaagttgce gccgagcacce 960

cagaaatacc atatggaaga tgttcaccgt gctggtggtg ttatcggtat tcectcggcgaa 1020
ctggatcgeg cggggttact gaaccgtgat gtgaaaaacg tacttggcct gacgttgecg 1080
caaacgctgg aacaatacga cgttatgctg acccaggatg acgcggtaaa aaatatgttce 1140
cgcgcaggtce ctgcaggcat tcecgtaccaca caggcattct cgcaagattg ccgttgggat 1200
acgctggacg acgatcgege caatggetgt atccgctege tggaacacge ctacagcaaa 1260
gacggcggece tggcggtgct ctacggtaac tttgcggaaa acggctgcat cgtgaaaacy 1320
gcaggcegteg atgacagcat cctcaaattc accggeccgg cgaaagtgta cgaaagccag 1380
gacgatgcgg tagaagcgat tcteggeggt aaagttgteg ccggagatgt ggtagtaatt 1440
cgctatgaag gcccgaaagg cggtcegggg atgcaggaaa tgctctacce aaccagette 1500
ctgaaatcaa tgggtctcgg caaagcctgt gcgctgatca ccgacggteg tttectetggt 1560
ggcacctetg gtetttecat cggccacgte tcaccggaag cggcaagcegg cggcagcatt 1620
ggcctgattyg aagatggtga cctgatcget atcgacatcc cgaaccgtgg cattcagtta 1680
caggtaagceg atgccgaact ggcggegegt cgtgaagege aggacgctceyg aggtgacaaa 1740
gcctggacge cgaaaaatcg tgaacgtcag gtctectttg cectgegtge ttatgccage 1800
ctggcaacca gcgccgacaa aggcgeggtyg cgcgataaat cgaaactggyg gggttaagga 1860
tce 1863
<210> SEQ ID NO 8

<211> LENGTH: 1659

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 8
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gtcgacatgt atactgttgg tgattatctg ctggaccgtce tgcatgaact gggtatcgaa 60
gaaatctteg gcgttceggg tgattacaat ctgcagttcce tggatcagat catctctcat 120
aaagacatga aatgggtggg taacgctaac gaactgaacg caagctacat ggcagatggt 180
tatgcacgta ccaagaaagc cgcggcattt ctgaccactt tceggtgttgg cgaactgagce 240
gccgtcaacg gtcotggeggg ctectacgec gaaaacctgce cggtggtgga gatcgtagge 300
agcccaacga gcaaagttca gaacgaaggt aaattcgtcc accacactct ggctgacggce 360
gatttcaaac acttcatgaa aatgcatgaa cctgtgactg cggcacgtac gctgctgact 420
gcagagaacg ctactgtgga aatcgaccgc gttctgtctg cgctgctgaa agaacgcaaa 480
ccagtttaca tcaacctgcce tgtggatgtt gcggcagcta aagcggaaaa accgagcectg 540
ccgctgaaga aagaaaactc cacttctaac actagcgacc aggaaatcct gaacaaaatc 600
caggagtctc tgaaaaacgc aaagaaacca atcgtgatca ccggccacga aatcatttcet 660
tttggtctgg agaagaccgt gacccaattc atcagcaaaa ccaaactgcc gattaccacc 720
ctgaacttcg gcaagtccte tgttgacgag gctctgeegt ctttectggg catctacaac 780
ggtactctga gcgaaccgaa cctgaaagaa tttgttgaat ctgceggactt catcctgatg 840
ctgggegtta aactgaccga ctcttctacc ggtgcattca ctcaccatct gaacgaaaac 900
aaaatgatta gcctgaacat cgacgagggt aaaatcttca acgagcgtat ccagaacttc 960

gacttcgaaa gcctgatcag ctectcectgetg gacctgtceceg aaatcgagta taaaggcaaa 1020
tacattgaca aaaagcaaga agatttcgta ccatctaacg cactgctgtce ccaggatcgce 1080
ctgtggcagg ccgtggagaa cctgacccag agcaatgaaa ccatcgtgge ggaacaaggt 1140
acgagctttt tcggcgcgte ttcectatcttt ctgaaatcca aaagccattt tatcggtcag 1200
ccgetgtggg gtagcattgg ctatacttte ccggcagege tgggctctca gatcgctgat 1260
aaagaatctc gtcatctgcect gttcatcggt gacggttcece tgcagctgac cgtacaggaa 1320
ctgggtcetgg caattcgtga aaagatcaac ccgatttgect tcattattaa caatgacggce 1380
tacaccgttg agcgtgagat ccacggtccg aaccagtcett acaacgatat ccctatgtgg 1440
aactactcta aactgccgga gteccttegge gcaactgagg accgtgttgt gtctaaaatt 1500
gtgcgtaccg aaaacgaatt tgtgagcgtg atgaaagagg cccaggccga tccgaaccgt 1560
atgtactgga tcgaactgat cctggcgaaa gaaggcgcac cgaaggtact gaagaaaatg 1620
ggcaagctgt ttgctgaaca gaataaatcc taaggatcce 1659
<210> SEQ ID NO 9

<211> LENGTH: 1059

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 9

gtcgacatgt ctattccaga aactcaaaaa gccattatct tctacgaatc caacggcaag 60
ttggagcata aggatatccce agttccaaag ccaaagecca acgaattgtt aatcaacgte 120
aagtactctyg gtgtctgeca caccgatttg cacgettgge atggtgactg gecattgeca 180
actaagttac cattagttgg tggtcacgaa ggtgecggtg tegttgtegg catgggtgaa 240

aacgttaagg gctggaagat cggtgactac geeggtatca aatggttgaa cggttettgt 300
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atggcctgtg aatactgtga attgggtaac gaatccaact gtcctcacge tgacttgtcet 360
ggttacacce acgacggttc tttccaagaa tacgctaccg ctgacgctgt tcaagccget 420
cacattcctc aaggtactga cttggctgaa gtcgcgccaa tcttgtgtge tggtatcacce 480
gtatacaagg ctttgaagtc tgccaacttg agagcaggcc actgggcgge catttetggt 540
gctgetggtg gtctaggtte tttggetgtt caatatgcta aggcgatggg ttacagagtc 600
ttaggtattg atggtggtcc aggaaaggaa gaattgttta cctecgctcegg tggtgaagta 660
ttcatcgact tcaccaaaga gaaggacatt gttagcgcag tcgttaaggc taccaacggc 720
ggtgcccacg gtatcatcaa tgtttcegtt tccgaagccg ctatcgaage ttctaccaga 780
tactgtaggg cgaacggtac tgttgtcttg gttggtttge cagccggtgce aaagtgctcce 840
tctgatgtcet tcaaccacgt tgtcaagtct atctccattg tceggctctta cgtggggaac 900
agagctgata ccagagaagc cttagatttc tttgccagag gtctagtcaa gtctccaata 960

aaggtagttg gcttatccag tttaccagaa atttacgaaa agatggagaa gggccaaatt 1020

gctggtagat acgttgttga cacttctaaa taaggatcce 1059

<210> SEQ ID NO 10

<211> LENGTH: 9761

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 10

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataccac agcttttcaa ttcaattcat catttttttt ttattctttt ttttgatttce 240
ggtttetttyg aaattttttt gattcggtaa tctcecgaaca gaaggaagaa cgaaggaagyg 300
agcacagact tagattggta tatatacgca tatgtagtgt tgaagaaaca tgaaattgcce 360
cagtattctt aacccaactg cacagaacaa aaacctgcag gaaacgaaga taaatcatgt 420
cgaaagctac atataaggaa cgtgctgcta ctcatcctag tcectgttget gccaagetat 480
ttaatatcat gcacgaaaag caaacaaact tgtgtgctte attggatgtt cgtaccacca 540
aggaattact ggagttagtt gaagcattag gtcccaaaat ttgtttacta aaaacacatg 600
tggatatctt gactgatttt tccatggagg gcacagttaa gccgctaaag gcattatccg 660
ccaagtacaa ttttttactc ttcgaagaca gaaaatttge tgacattggt aatacagtca 720
aattgcagta ctctgegggt gtatacagaa tagcagaatyg ggcagacatt acgaatgcac 780
acggtgtggt gggcccaggt attgttageg gtttgaageca ggcggcagaa gaagtaacaa 840
aggaacctag aggccttttg atgttagcag aattgtcatg caagggctcce ctatctactg 900
gagaatatac taagggtact gttgacattg cgaagagcga caaagatttt gttatcgget 960

ttattgctca aagagacatg ggtggaagag atgaaggtta cgattggttg attatgacac 1020
ccggtgtggg tttagatgac aagggagacg cattgggtca acagtataga accgtggatg 1080
atgtggtctc tacaggatct gacattatta ttgttggaag aggactattt gcaaagggaa 1140

gggatgctaa ggtagagggt gaacgttaca gaaaagcagg ctgggaagca tatttgagaa 1200
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gatgcggcca gcaaaactaa aaaactgtat tataagtaaa tgcatgtata ctaaactcac 1260
aaattagagc ttcaatttaa ttatatcagt tattacccta tgcggtgtga aataccgcac 1320
agatgcgtaa ggagaaaata ccgcatcagg aaattgtaaa cgttaatatt ttgttaaaat 1380
tcgcgttaaa tttttgttaa atcagctcat tttttaacca ataggccgaa atcggcaaaa 1440
tcecttataa atcaaaagaa tagaccgaga tagggttgag tgttgttcca gtttggaaca 1500
agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacc gtctatcagg 1560
gcgatggecec actacgtgaa ccatcaccct aatcaagttt tttggggtcg aggtgccgta 1620
aagcactaaa tcggaaccct aaagggagcece cecgatttag agettgacgyg ggaaagccgg 1680
cgaacgtggce gagaaaggaa gggaagaaag cgaaaggagce gggcgctagyg gcgctggcaa 1740
gtgtageggt cacgetgcege gtaaccacca cacccgecge gettaatgeg cegetacagyg 1800
gcgegtegeg ccattcgeca ttcaggetge gcaactgttyg ggaagggcga tcggtgceggyg 1860
cctetteget attacgccag ctggcgaaag ggggatgtge tgcaaggcga ttaagttggg 1920
taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgag cgcgcgtaat 1980
acgactcact atagggcgaa ttgggtaccg gccgcaaatt aaagcctteg agcgtceccaa 2040
aaccttcectca agcaaggttt tcagtataat gttacatgecg tacacgcgtce tgtacagaaa 2100
aaaaagaaaa atttgaaata taaataacgt tcttaatact aacataacta taaaaaaata 2160
aatagggacc tagacttcag gttgtctaac tccttecttt teggttagag cggatgtggg 2220
gggagggcegt gaatgtaagc gtgacataac taattacatg actcgagcgg ccgcggatcce 2280
ttatttagaa gtgtcaacaa cgtatctacc agcaatttgg cccttctcca tettttegta 2340
aatttctggt aaactggata agccaactac ctttattgga gacttgacta gacctctggce 2400
aaagaaatct aaggcttctce tggtatcage tctgttecce acgtaagage cgacaatgga 2460
gatagacttg acaacgtggt tgaagacatc agaggagcac tttgcaccgg ctggcaaacc 2520
aaccaagaca acagtaccgt tcgccctaca gtatctggta gaagcttcga tagcggctte 2580
ggaaacggaa acattgatga taccgtgggc accgccgttg gtagecttaa cgactgeget 2640
aacaatgtcc ttctectttgg tgaagtcgat gaatacttca ccaccgagcg aggtaaacaa 2700
ttettecttt cctggaccac catcaatacc taagactcectg taacccatcg ccttagcata 2760
ttgaacagcce aaagaaccta gaccaccagce agcaccagaa atggccgecce agtggectge 2820
tctcaagttg gcagacttca aagccttgta tacggtgata ccagcacaca agattggcgce 2880
gacttcagcc aagtcagtac cttgaggaat gtgagcggcet tgaacagecgt cagcggtage 2940
gtattcttgg aaagaaccgt cgtgggtgta accagacaag tcagcgtgag gacagttgga 3000
ttcgttacce aattcacagt attcacaggc catacaagaa ccgttcaacc atttgatacc 3060
ggcgtagtca ccgatcttcee agecccttaac gttttcacee atgccgacaa cgacaccggce 3120
accttcecgtga ccaccaacta atggtaactt agttggcaat ggccagtcac catgccaagc 3180
gtgcaaatcg gtgtggcaga caccagagta cttgacgttg attaacaatt cgttgggcett 3240
tggctttgga actgggatat ccttatgctce caacttgecg ttggattcgt agaagataat 3300
ggctttttga gtttctggaa tagacatgtc gacaccatct tcecttctgaga tgagtttttg 3360
ttccatgecta gttctagaat ccgtcgaaac taagttctgg tgttttaaaa ctaaaaaaaa 3420
gactaactat aaaagtagaa tttaagaagt ttaagaaata gatttacaga attacaatca 3480
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atacctaccyg

tcaacctttt

gaaaatgaga

gttgcatcac

agttgegeta

getgggatte

gatgccagga

cceectattt

taaagttagg

ataatgataa

cttcagtacce

cggateggec

agacacaaca

agggatatcg

attgttaata

tacggtcage

gatctgagag

gataaaatgg

ttcegecacy

ctgggacage

tttatactcg

ctggatacge

gttcagatgg

gatgaagtce

gatgcccagg

aatcggcagt

gatttcegtygyg

gttcaggatt

cggtttttee

ttettteage

cagcgtacgt

agccagagtyg

gatcteccace

ttcgccaaca

tgccatgtag

gatgatctga

acccagttca

atagtcagga

tctttatata

ttttcagett

tagatacatg

tccattgagyg

agagaatgga

ttttettette

ataaactgtt

tgggcatgta

aaaatcacta

actgaggatc

ttceggtgege

tgggcetett

cggtecteag

ttgtaagact

atgaagcaaa

tgcagggaac

cccagegetyg

cttttggatt

atggtttcat

agtgcgttag

atttcggaca

tcgttgaaga

tgagtgaatg

gcagattcaa

aaagacggca

ttggttttge

ccggtgatca

tcctggtege

getttagety

agcgcagaca

gecgcagtcea

tggtggacga

accggcaggt

ccgaaagtygg

cttgegttca

tccaggaact

tgcagacggt

acatcgtatg

cttattagtc

tttccaaatc

cgtgggtcaa

ttgtgccegt

cctatgaact

tggatgccag

cacccagaca

cgggttacag

ctattaatta

cttaggattt

cttetttege

tcatcacget

ttgcgecgaa

ggttcggace

tcgggttgat

cgtcaccgat

ccgggaaagt

tcagaaagat

tgctctgggt

atggtacgaa

ggtccagcag

ttttacccte

caccggtaga

caaattcttt

gagecctegte

tgatgaattg

cgattggttt

tagtgttaga

ccgcaacatce

gaacgeggte

caggttcatg

atttaccttce

ttteggegta

tcagaaatge

gttegttage

gcagattgta

ccagcagata

ggtacatgcet

aagtagggga
agagagagca
ttgecttgtyg
tttttgcctg
gatggttggt
cttaaaaagc
cctacgatgt
cagaattaaa
tttacgtatt
attctgttca
caggatcagt
cacaaattcg
ggactccgge
gtggatctca
cttttcacga
gaacagcaga
atagccaatg
agaagacgcg
caggttctee
atcttettge
agagctgatc
gtcgatgtte
agagtcggte
caggttcggt
aacagaggac
ggtcacggte
ctttgegttt
agtggagttt
cacaggcagg
gatttccaca
cattttcatg
gttctgaact
ggagcccgece
cgeggettte
gttacccace
atcacccgga
atcaccaaca

agttctagaa

ataatttcag ggaactggtt

gaaggtaata gaaggtgtaa

tcatcattta ctccaggcag

tttgtgeccce tgttctetgt

gaagaaaaca atattttggt

gggctecatt atatttagtg

tatatattct gtgtaacccy

aggctaattt tttgactaaa

ctttgaaatyg gcgagtattg

gcaaacagct tgcccatttt

tcgatccagt acatacggtt

ttttcggtac gcacaatttt

agtttagagt agttccacat

cgctcaacgg tgtageegte

attgccagac ccagttectg

tgacgagatt ctttatcage

ctaccccaca geggctgace

ccgaaaaagce tcgtaccttg

acggcctgee acaggcgatce

tttttgtcaa tgtatttgec

aggctttega agtcgaagtt

aggctaatca ttttgtttte

agtttaacgc ccagcatcag

tcgetcagag taccgttgta

ttgccgaagt tcagggtggt

ttctccagac caaaagaaat

ttcagagact cctggatttt

tctttetteca geggcagget

ttgatgtaaa ctggtttgeg

gtagcegttct ctgcagtcag

aagtgtttga aatcgcegte

ttgctegtty ggctgectac

agaccgttga cggcgcetcag

ttggtacgtyg cataaccatc

catttcatgt ctttatgaga

acgccgaaga tttettegat

gtatacatgt cgacacccgce

aacttagatt agattgctat

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760
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gctttettte taatgagcaa gaagtaaaaa aagttgtaat agaacaagaa aaatgaaact 5820
gaaacttgag aaattgaaga ccgtttatta acttaaatat caatgggagg tcatcgaaag 5880
agaaaaaaat caaaaaaaaa attttcaaga aaaagaaacg tgataaaaat ttttattgcc 5940
tttttcgacg aagaaaaaga aacgaggcgg tctetttttt cttttccaaa cctttagtac 6000
gggtaattaa cgacacccta gaggaagaaa gaggggaaat ttagtatgct gtgcecttgggt 6060
gttttgaagt ggtacggcga tgcgcggagt ccgagaaaat ctggaagagt aaaaaaggag 6120
tagaaacatt ttgaagctat gagctccagce ttttgttcecce tttagtgagg gttaattgeg 6180
cgcttggegt aatcatggtc atagetgttt cctgtgtgaa attgttatcce gcetcacaatt 6240
ccacacaaca taggagccgg aagcataaag tgtaaagect ggggtgcecta atgagtgagg 6300
taactcacat taattgcgtt gcgctcactg ccecgcectttece agtcgggaaa cctgtcegtgce 6360
cagctgcatt aatgaatcgg ccaacgcgcg gggagaggcg gtttgcgtat tgggegetcet 6420
tcegettect cgctcactga ctegetgege teggtegtte ggctgeggeg agcggtatca 6480
gctcactcaa aggcggtaat acggttatcce acagaatcag gggataacgc aggaaagaac 6540
atgtgagcaa aaggccagca aaaggccagg aaccgtaaaa aggccgcegtt getggegttt 6600
ttccatagge tccgecccecee tgacgagcat cacaaaaatc gacgctcaag tcagaggtgg 6660
cgaaacccga caggactata aagataccag gcgtttcccce ctggaagcte cctegtgegce 6720
tctectgtte cgaccctgec gettaccgga tacctgtecg cectttetece ttegggaagce 6780
gtggcgcttt ctcatagcte acgctgtagg tatctcagtt cggtgtaggt cgttegetcece 6840
aagctgggct gtgtgcacga acccccegtt cagecccgacce gectgegectt atccggtaac 6900
tatcgtettg agtccaacce ggtaagacac gacttatcge cactggcagce agccactggt 6960
aacaggatta gcagagcgag gtatgtaggc ggtgctacag agttcttgaa gtggtggect 7020
aactacggct acactagaag gacagtattt ggtatctgecg ctctgctgaa gccagttacce 7080
ttcggaaaaa gagttggtag ctcttgatce ggcaaacaaa ccaccgctgg tageggtggt 7140
ttttttgttt gcaagcagca gattacgcgc agaaaaaaag gatctcaaga agatcctttg 7200
atcttttecta cggggtctga cgctcagtgg aacgaaaact cacgttaagg gattttggtce 7260
atgagattat caaaaaggat cttcacctag atccttttaa attaaaaatg aagttttaaa 7320
tcaatctaaa gtatatatga gtaaacttgg tctgacagtt accaatgctt aatcagtgag 7380
gcacctatect cagcgatctg tctatttegt tcatccatag ttgecctgact ccecegtegtyg 7440
tagataacta cgatacggga gggcttacca tctggcccca gtgctgcaat gataccgcga 7500
gacccacgcet caccggctcece agatttatca gcaataaacc agecagecgg aagggccgag 7560
cgcagaagtg gtcctgcaac tttatccgce tccatccagt ctattaattg ttgccgggaa 7620
gctagagtaa gtagttcgce agttaatagt ttgcgcaacg ttgttgccat tgctacaggce 7680
atcgtggtgt cacgctcgte gtttggtatg gcttcattca gectceccggtte ccaacgatca 7740
aggcgagtta catgatcccc catgttgtge aaaaaagcgg ttagctcctt cggtectecg 7800
atcgttgtca gaagtaagtt ggccgcagtg ttatcactca tggttatggce agcactgcat 7860
aattctctta ctgtcatgcc atccgtaaga tgcttttetg tgactggtga gtactcaacc 7920
aagtcattct gagaatagtg tatgcggcga ccgagttget cttgcccgge gtcaatacgg 7980
gataataccg cgccacatag cagaacttta aaagtgctca tcattggaaa acgttcttceg 8040
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gggcgaaaac tctcaaggat cttaccgectg ttgagatcca gttcgatgta acccactegt 8100
gcacccaact gatcttcage atcttttact ttcaccageg tttectgggtg agcaaaaaca 8160
ggaaggcaaa atgccgcaaa aaagggaata agggcgacac ggaaatgttg aatactcata 8220
ctcttecttt ttcaatatta ttgaagcatt tatcagggtt attgtctcat gagcggatac 8280
atatttgaat gtatttagaa aaataaacaa ataggggttc cgcgcacatt tccccgaaaa 8340
gtgccacctyg aacgaagcat ctgtgcttca ttttgtagaa caaaaatgca acgcgagagce 8400
gctaattttt caaacaaaga atctgagctg catttttaca gaacagaaat gcaacgcgaa 8460
agcgctattt taccaacgaa gaatctgtgce ttcatttttg taaaacaaaa atgcaacgcg 8520
agagcgctaa tttttcaaac aaagaatctg agctgcattt ttacagaaca gaaatgcaac 8580
gcgagagcege tattttacca acaaagaatc tatacttctt ttttgttcta caaaaatgca 8640
tceccgagage getattttte taacaaagca tcttagatta ctttttttet cetttgtgeg 8700
ctctataatg cagtctcttg ataacttttt gcactgtagg tccgttaagg ttagaagaag 8760
gctactttgg tgtctatttt ctecttccata aaaaaagcct gactccactt cccgegttta 8820
ctgattacta gcgaagctgc gggtgcattt tttcaagata aaggcatccce cgattatatt 8880
ctataccgat gtggattgcg catactttgt gaacagaaag tgatagcgtt gatgattctt 8940
cattggtcag aaaattatga acggtttctt ctattttgtc tctatatact acgtatagga 9000
aatgtttaca ttttcgtatt gttttcgatt cactctatga atagttctta ctacaatttt 9060
tttgtctaaa gagtaatact agagataaac ataaaaaatg tagaggtcga gtttagatgc 9120
aagttcaagg agcgaaaggt ggatgggtag gttatatagg gatatagcac agagatatat 9180
agcaaagaga tacttttgag caatgtttgt ggaagcggta ttcgcaatat tttagtagcet 9240
cgttacagtc cggtgcgttt ttggtttttt gaaagtgcegt cttcagagcg cttttggttt 9300
tcaaaagcgce tctgaagttce ctatactttce tagagaatag gaacttcgga ataggaactt 9360
caaagcgttt ccgaaaacga gcgcttecga aaatgcaacyg cgagctgege acatacaget 9420
cactgttcac gtcgcaccta tatctgegtg ttgcctgtat atatatatac atgagaagaa 9480
cggcatagtg cgtgtttatg cttaaatgcg tacttatatg cgtctattta tgtaggatga 9540
aaggtagtct agtacctcecct gtgatattat cccattccat gecggggtatce gtatgcttcece 9600
ttcagcacta ccctttaget gttctatatg ctgccactcecce tcaattggat tagtctcatce 9660
cttcaatgct atcatttcecct ttgatattgg atcatactaa gaaaccatta ttatcatgac 9720
attaacctat aaaaataggc gtatcacgag gccctttegt ¢ 9761
<210> SEQ ID NO 11

<211> LENGTH: 7990

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 11

tcgegegttt cggtgatgac ggtgaaaacce tctgacacat geagetcecg gagacggtca 60
cagcttgtet gtaageggat gecgggagca gacaageceg tcagggegeg tcagegggtg 120
ttggcegggty teggggetgg cttaactatg cggcatcaga gecagattgta ctgagagtge 180

accataaacg acattactat atatataata taggaagcat ttaatagaca gcatcgtaat 240
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atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt ctttattgaa 300
aaatagcttg tcaccttacg tacaatcttg atccggaget tttcetttttt tgccgattaa 360
gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat tggtgactat 420
tgagcacgtg agtatacgtg attaagcaca caaaggcagce ttggagtatg tctgttatta 480
atttcacagg tagttctggt ccattggtga aagtttgegyg cttgcagage acagaggccyg 540
cagaatgtgce tctagattcc gatgctgact tgetgggtat tatatgtgtyg cccaatagaa 600
agagaacaat tgacccggtt attgcaagga aaatttcaag tcttgtaaaa gcatataaaa 660
atagttcagg cactccgaaa tacttggttg gegtgttteg taatcaacct aaggaggatg 720
ttttggctet ggtcaatgat tacggcattg atatcgteca actgcatgga gatgagtcegt 780
ggcaagaata ccaagagttc ctcggtttge cagttattaa aagactcgta tttccaaaag 840
actgcaacat actactcagt gcagcttcac agaaacctca ttegtttatt cccttgtttg 900
attcagaagc aggtgggaca ggtgaacttt tggattggaa ctcgatttet gactgggttg 960

gaaggcaaga gagccccgaa agcttacatt ttatgttage tggtggactg acgccagaaa 1020
atgttggtga tgcgcttaga ttaaatggcg ttattggtgt tgatgtaage 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 agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacce 1440
gtctatcagg gcgatggcce actacgtgaa ccatcaccct aatcaagttt tttggggtceg 1500
aggtgccgta aagcactaaa tcggaaccct aaagggagcc cccgatttag agcttgacgg 1560
ggaaagccegyg cgaacgtgge gagaaaggaa gggaagaaag cgaaaggagce gggcgctagg 1620
gegetggeaa gtgtageggt cacgetgege gtaaccacca cacccgecge gettaatgeg 1680
ccgctacagg gcgcegtcegeg ccattcegeca ttcaggetge gcaactgttg ggaagggcga 1740
tcggtgeggg cctcetteget attacgeccag ctggcgaaag ggggatgtge tgcaaggcga 1800
ttaagttggg taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgag 1860
cgcgcgtaat acgactcact atagggcgaa ttgggtaccg gccgcaaatt aaagecttceg 1920
agcgtcccaa aaccttctca agcaaggttt tcagtataat gttacatgcg tacacgcgtce 1980
tgtacagaaa aaaaagaaaa atttgaaata taaataacgt tcttaatact aacataacta 2040
taaaaaaata aatagggacc tagacttcag gttgtctaac tcctteccttt teggttagag 2100
cggatgtggg gggagggcgt gaatgtaagc gtgacataac taattacatg actcgagcgg 2160
ccgcggatcee ttaacccgca acagcaatac gtttcatatce tgtcatatag ccgcgcagtt 2220
tcttacctac ctgctcaatc gcatggctge gaatcgettce gttcacatca cgcagttgcece 2280
cgttatctac cgcgecttee ggaatagcett tacccaggtce gecccggttge agctctgeca 2340
taaacggttt cagcaacggc acacaagcgt aagagaacag atagttaccg tactcagcgg 2400
tatcagagat aaccacgttc atttcgtaca gacgcttacg ggcgatggtg ttggcaatca 2460

gcggcagete gtgcagtgat tcataatatg cagactcttc aatgatgeccg gaatcgacca 2520
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tggtttcgaa

cgaagtactce

tgcecggtete

taccggaaga

tgatctettt

ggtccatcat

actgaatcag

acagcagaga

atttcacttce

cegeccagge

caatcagegt

atttecggege

tgttgaaacc

gcactacatce

tcagttette

gettetegge

tgttcaggee

gaaggtagcet

gtgccagetyg

cttetgagat

gttttaaaac

atttacagaa

taatttcagg

aaggtaatag

catcatttac

ttgtgecect

aagaaaacaa

ggctccatta

atatattctg

ggctaatttt

tttgaaatgg

tttgttecct

ctgtgtgaaa

gtaaagcctyg

cecgettteca

dgagaggcegy

cggtegtteg

cagaatcagg

cgccagttea

ctgctegecy

ttcacgccag

gaattcgecyg

cagctgttca

cagggtgatg

tttttetgeg

gecagectge

cgcaacgaag

tttggcaatc

cggtacgecyg

aaccatcact

gtgcgagtag

agagtgctge

gtaagtacce

aatcgettet

ctggttcaga

cgegecateg

ctggegcaga

gagtttttgt

taaaaaaaag

ttacaatcaa

gaactggttt

aaggtgtaag

tccaggcagyg

gttctetgta

tattttggty

tatttagtgg

tgtaacccge

ttgactaaat

cgagtattga

ttagtgaggg

ttgttatceg

gggtgcctaa

gtcgggaaac

tttgcegtatt

getgeggega

ggataacgca

acgccegett

attttgectt

gtcagcagtt

gagatgatgt

gaaagcgcat

cegeectgtt

tatgctggat

aacataccge

gacgattcca

gccatgectt

aacccacgtt

acggtgatat

cccagegecg

ttgtceggeyg

actttaaaac

ttacgcagag

cectgtgege

gcgaattcat

ttcagtgtat

tccatgetag

actaactata

tacctaccgt

caaccttttt

aaaatgagat

ttgcatcact

gttgcgctaa

ctgggattct

atgccaggaa

ccectatttt

aaagttagga

taatgataaa

ttaattgege

ctcacaattc

tgagtgaggt

ctgtegtgec

gggegetett

geggtatcag

ggaaagaaca

tcaccatecge

catactgegyg

tcttatcatce

cgtccatatg

aagcacgcag

tcagtgette

cggtacctte

acaggatggt

gcacaccege

cgectttegy

tgtactctte

ctttacggat

cgcegtettt

tcaggttaat

catttteggt

cgtaggagat

cacagccgac

cgeggeccat

tgaagtagtt

ttctagaatc

aaagtagaat

ctttatatac

tttcagettt

agatacatgc

ccattgaggt

gagaatggac

ttttetttet

taaactgttc

gggcatgtac

aaatcactac

ctgagctaga

gettggegta

cacacaacat

aactcacatt

agctgcatta

cecgettecte

ctcactcaaa

tgtgagcaaa

aatcatcagt acgcctttat

cgcggtttca aacgceggttt

gttggeccag tcegecatca

tttctggaac aggggtgeca

tttegecggyg ttagagagac

ggtgatggtt tcccaaccga

ttccaccage ttgtcgaage

ttgctegece atcaggtcag

acggtgacca ccggttgceag

atcgttttce gggtgaacgyg

acgcactteyg gtgectggge

ctgctegece acttcgacga

catcagtgge tgtacggtge

caccagatce gectgtggga

cgctttacge caggacgege

atcgagacca gaatcacgca

gatgactact tttttaccct

aaagcgacat ttgcccaget

agccatgtcg acaccatctt

cgtcgaaact aagttctggt

ttaagaagtt taagaaatag

ttattagtca agtaggggaa

ttccaaatca gagagagcag

gtgggtcaat tgccttgtgt

tgtgccegtt ttttgectgt

ctatgaactyg atggttggtyg

ggatgccage ttaaaaagcg

acccagacac ctacgatgtt

gggttacagce agaattaaaa

tattaattat ttacgtattc

tctgggeceyg agctccaget

atcatggtca tagctgttte

aggagccgga agcataaagt

aattgegttyg cgctcactge

atgaatcgge caacgcgegyg

gctcactgac tcegetgeget

ggcggtaata cggttatcca

aggccagcaa aaggccagga

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800
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accgtaaaaa ggccgcgttyg ctggegtttt tccatagget cecgcccccect gacgagcatce 4860
acaaaaatcg acgctcaagt cagaggtggce gaaacccgac aggactataa agataccagg 4920
cgttteecece tggaagctece ctegtgegcet ctectgttec gaccctgceceg cttaccggat 4980
acctgtecge ctttecteect tegggaagcg tggcgcttte tcatagctca cgctgtaggt 5040
atctcagttc ggtgtaggtc gttcgctcca agetgggcetg tgtgcacgaa ccccccegtte 5100
agcccgaccg ctgcgectta tecggtaact atcgtcttga gtccaacceg gtaagacacg 5160
acttatcgcce actggcagca gccactggta acaggattag cagagcgagg tatgtaggceg 5220
gtgctacaga gttcttgaag tggtggcecta actacggcta cactagaagg acagtatttg 5280
gtatctgcge tcectgctgaag ccagttacct tcggaaaaag agttggtagce tcttgatcecg 5340
gcaaacaaac caccgctggt agcggtggtt tttttgtttg caagcagcag attacgcgca 5400
gaaaaaaagg atctcaagaa gatcctttga tcttttctac ggggtctgac gctcagtgga 5460
acgaaaactc acgttaaggg attttggtca tgagattatc aaaaaggatc ttcacctaga 5520
tcecttttaaa ttaaaaatga agttttaaat caatctaaag tatatatgag taaacttggt 5580
ctgacagtta ccaatgctta atcagtgagg cacctatctc agcgatctgt ctatttegtt 5640
catccatagt tgcctgactce cccgtegtgt agataactac gatacgggag ggcttaccat 5700
ctggcccecag tgctgcaatg ataccgcgag acccacgctce accggctcca gatttatcag 5760
caataaacca gccagcecgga agggccgage gcagaagtgg tcectgcaact ttatccgect 5820
ccatccagtc tattaattgt tgccgggaag ctagagtaag tagttcgcca gttaatagtt 5880
tgcgcaacgt tgttgccatt gctacaggca tcgtggtgtce acgctegteg tttggtatgg 5940
cttcattcag ctccggttec caacgatcaa ggcgagttac atgatcccce atgttgtgcea 6000
aaaaagcggt tagctcctte ggtceccteccga tcecgttgtcag aagtaagttg gecgcagtgt 6060
tatcactcat ggttatggca gcactgcata attctcttac tgtcatgcca tccgtaagat 6120
gcttttetgt gactggtgag tactcaacca agtcattctg agaatagtgt atgcggcgac 6180
cgagttgctce ttgcccggeg tcaatacggg ataataccgce gccacatagce agaactttaa 6240
aagtgctcat cattggaaaa cgttcttcgg ggcgaaaact ctcaaggatc ttaccgetgt 6300
tgagatccag ttcgatgtaa cccactecgtg cacccaactg atcttcagca tettttactt 6360
tcaccagcegt ttctgggtga gcaaaaacag gaaggcaaaa tgccgcaaaa aagggaataa 6420
gggcgacacg gaaatgttga atactcatac tcttecctttt tcaatattat tgaagcattt 6480
atcagggtta ttgtctcatg agcggataca tatttgaatg tatttagaaa aataaacaaa 6540
taggggttcce gecgcacattt ccccgaaaag tgccacctga acgaagcatce tgtgcttcat 6600
tttgtagaac aaaaatgcaa cgcgagagcg ctaatttttc aaacaaagaa tctgagctgce 6660
atttttacag aacagaaatg caacgcgaaa gcgctatttt accaacgaag aatctgtgcet 6720
tcatttttgt aaaacaaaaa tgcaacgcga gagcgctaat ttttcaaaca aagaatctga 6780
gctgcatttt tacagaacag aaatgcaacg cgagagcgct attttaccaa caaagaatct 6840
atacttcettt tttgttctac aaaaatgcat cccgagagcg ctatttttet aacaaagcat 6900
cttagattac tttttttcte ctttgtgcge tctataatge agtctcttga taactttttg 6960
cactgtaggt ccgttaaggt tagaagaagg ctactttggt gtctattttc tettccataa 7020

aaaaagcctg actccactte ccgegtttac tgattactag cgaagctgcg ggtgcatttt 7080
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ttcaagataa aggcatcccc gattatattc tataccgatg tggattgcge atactttgtg 7140
aacagaaagt gatagcgttg atgattcttc attggtcaga aaattatgaa cggtttcttce 7200
tattttgtct ctatatacta cgtataggaa atgtttacat tttcgtattg ttttcgattce 7260
actctatgaa tagttcttac tacaattttt ttgtctaaag agtaatacta gagataaaca 7320
taaaaaatgt agaggtcgag tttagatgca agttcaagga gcgaaaggtg gatgggtagg 7380
ttatataggg atatagcaca gagatatata gcaaagagat acttttgagc aatgtttgtg 7440
gaagcggtat tcgcaatatt ttagtagctc gttacagtcc ggtgegtttt tggttttttg 7500
aaagtgcgtce ttcagagcgce ttttggtttt caaaagcgct ctgaagttcce tatactttet 7560
agagaatagg aacttcggaa taggaacttc aaagcgtttc cgaaaacgag cgcttccgaa 7620
aatgcaacgc gagctgcgca catacagctc actgttcacg tcgcacctat atctgcegtgt 7680
tgcctgtata tatatataca tgagaagaac ggcatagtgc gtgtttatge ttaaatgegt 7740
acttatatgc gtctatttat gtaggatgaa aggtagtcta gtacctcctg tgatattatce 7800
ccattccatg cggggtatcg tatgcttcct tcagcactac cctttagctg ttcectatatgce 7860
tgccactecct caattggatt agtctcatce ttcaatgcta tcatttcctt tgatattgga 7920
tcatattaag aaaccattat tatcatgaca ttaacctata aaaataggcg tatcacgagg 7980
ccetttegte 7990
<210> SEQ ID NO 12

<211> LENGTH: 8167

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 12

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaatt cccgttttaa gagcttggtg agecgctagga gtcactgceca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tetttttceta 300
ttactcttgg cctcectctag tacactctat atttttttat gectcggtaa tgattttcat 360
tttttttttt cccctagegyg atgactecttt ttttttetta gecgattggca ttatcacata 420
atgaattata cattatataa agtaatgtga tttcttcgaa gaatatacta aaaaatgagce 480
aggcaagata aacgaaggca aagatgacag agcagaaagc cctagtaaag cgtattacaa 540
atgaaaccaa gattcagatt gcgatctctt taaagggtgg tcecectageyg atagagcact 600
cgatcttcecee agaaaaagag gcagaagcag tagcagaaca ggccacacaa tcgcaagtga 660
ttaacgtcca cacaggtata gggtttctgg accatatgat acatgctcetyg gccaagcatt 720
ceggetggte gctaategtt gagtgcattg gtgacttaca catagacgac catcacacca 780
ctgaagactg cgggattgct ctcggtcaag cttttaaaga ggccctaggyg gccgtgegtyg 840
gagtaaaaag gtttggatca ggatttgcge ctttggatga ggcactttcc agagceggtgg 900
tagatcttte gaacaggccg tacgcagttg tcgaacttgg tttgcaaagyg gagaaagtag 960

gagatctcte ttgcgagatg atcccgcatt ttcttgaaag ctttgcagag gctagcagaa 1020
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ttacccteca cgttgattgt ctgcgaggca agaatgatca tcaccgtagt gagagtgegt 1080
tcaaggctct tgcggttgcec ataagagaag ccacctcgcec caatggtacce aacgatgttce 1140
cctccaccaa aggtgttcett atgtagtgac accgattatt taaagctgca gcatacgata 1200
tatatacatg tgtatatatg tatacctatg aatgtcagta agtatgtata cgaacagtat 1260
gatactgaag atgacaaggt aatgcatcat tctatacgtg tcattctgaa cgaggcgcgce 1320
tttcettttt tetttttget ttttettttt ttttectettg aactcgacgg atctatgegg 1380
tgtgaaatac cgcacagatg cgtaaggaga aaataccgca tcaggaaatt gtaaacgtta 1440
atattttgtt aaaattcgcg ttaaattttt gttaaatcag ctcatttttt aaccaatagg 1500
ccgaaatcgg caaaatccecct tataaatcaa aagaatagac cgagataggg ttgagtgttg 1560
ttccagtttg gaacaagagt ccactattaa agaacgtgga ctccaacgtc aaagggcgaa 1620
aaaccgtcta tcagggcgat ggcccactac gtgaaccatc accctaatca agttttttgg 1680
ggtcgaggtyg ccgtaaagca ctaaatcgga accctaaagg gagcccccga tttagagett 1740
gacggggaaa gccggcgaac gtggcgagaa aggaagggaa gaaagcgaaa ggagcegggeyg 1800
ctagggcget ggcaagtgta gecggtcacge tgegegtaac caccacacce gccgegetta 1860
atgcgeceget acagggcgceg tcegcecgcecatt cgccattcag getgcgcaac tgttgggaag 1920
ggcgatcggt gegggcectcet tcegcectattac gecagetgge gaaaggggga tgtgctgcaa 1980
ggcgattaag ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca 2040
gtgagcgege gtaatacgac tcactatagg gcgaattggg taccggccgce aaattaaagce 2100
cttcgagegt cccaaaacct tcectcaagcaa ggttttcagt ataatgttac atgcgtacac 2160
gcgtetgtac agaaaaaaaa gaaaaatttg aaatataaat aacgttctta atactaacat 2220
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt 2280
tagagcggat gtggggggag ggcgtgaatg taagcgtgac ataactaatt acatgactcg 2340
agcggcecegeg gatcctcaat aaaactcttce aggcaataat ttttcectgcta atttaatgtt 2400
atcagaatag tccaaaggaa cgtcaattac tactggtcca gtagtatctg ggattgattt 2460
aagaatttca gcaagttctt ctttgctgtg tgcacggtaa ccttttgcte ccattgette 2520
agcatatttt acgtaatcaa catagccaaa atcaacggct gctgaacgac catatttcat 2580
ttecttettgg aatttaacca tatcataatg gccgtcattc cagataattt gaacgattgg 2640
aagattcaaa cgtacagctg tttccaactc ttgccctgtg aaaaggaagce ctccatcacc 2700
agagtgtgaa taaacttttt tacctgggcg caacaatgcg gctgtaattg cccaaggaag 2760
tgcaactcca agtgtttgca ttccgtttga gaagaggaga tgacgtggtt cgtatgattt 2820
gaaatgacgt gccatccaaa tgtagagtga acctacgtca acggttactg tttcatcatc 2880
tttaacgatt tcttggaaag tgctgaccaa atcaagaggg tgcattctac cttcttcagt 2940
attttcagta tcaaattcgt gttgctcagce aacttcatga aggccatcga gataatcttt 3000
tgttcectttt ggaattttgt atccacgaac agctggtaaa agattatcca atgttgctgce 3060
gatatcacca attaattcac gttctggttg gtagtaagta tcaatttcag caatggcatt 3120
atcaataacg ataattcgac tatcaatttc tgcattccag ttacgagctt catattcaat 3180
tgggtcataa ccaacagcaa taacaaggtc agaacgtttc agaagcatat ctcctggttg 3240

attgcggaaa agaccgatac gtccataaaa agtatgttct aaatcatgtg aaataacccce 3300



US 2011/0318799 Al Dec. 29, 2011
52

-continued

tgcaccttgg aatgtttcaa cgacaggaat attaacatga gttaatagat tacgcaatga 3360
tgaagcgact ttagcatctg aagcaccagc tccaaccaaa attactggca atacagcatt 3420
tttaattgct tgtgctaaat aattaatgtc atcaatagag gcattcccca ttttagggtce 3480
tgaaagtggt tgaatggcct tgattgatac ttcggcatcce gttacatctt gggggattga 3540
taagaaagtt gcacctggat gtcctgattt tgcaatacga taagcgttgg caattgattce 3600
agaaagtgta tcagggtcaa gaacttctgc tgaatatttt gttgctgatt gcatcattcc 3660
agcattatcc attgattggt gcgcacgttt aagacggtca cttcgtttaa cttgtccacce 3720
gatagccaaa atagcatcac cttctgaagt cgcggtcaaa agcggagtcg caaggtttga 3780
tacaccaggce ccactcgtaa caactactac accaggtteg ccagtcaaac gaccaacagce 3840
ttgagccatg aaagcagctc cttgctcatg acgagtcacg accatttgag ggccttette 3900
attttctaat aaatcaaaaa cccggtcaat ttttgctect ggaatcccaa atacatactt 3960
cactttatgg ttaatcaaac tatcgacaac caagttcgcc ccaaattgtt tcectcagacat 4020
gtcgacaccg atatacctgt atgtgtcacc accaatgtat ctataagtat ccatgctagce 4080
cctaggttta tgtgatgatt gattgattga ttgtacagtt tgtttttctt aatatctatt 4140
tcgatgactt ctatatgata ttgcactaac aagaagatat tataatgcaa ttgatacaag 4200
acaaggagtt atttgcttcect cttttatatg attctgacaa tccatattgce gttggtagtce 4260
ttttttgctg gaacggttca gcggaaaaga cgcatcgcectce tttttgctte tagaagaaat 4320
gccagcaaaa gaatctcttg acagtgactg acagcaaaaa tgtctttttce taactagtaa 4380
caaggctaag atatcagcct gaaataaagg gtggtgaagt aataattaaa tcatccgtat 4440
aaacctatac acatatatga ggaaaaataa tacaaaagtg ttttaaatac agatacatac 4500
atgaacatat gcacgtatag cgcccaaatg tcggtaatgg gatcggcgag ctccagettt 4560
tgttcecettt agtgagggtt aattgcgcge ttggcgtaat catggtcata getgtttect 4620
gtgtgaaatt gttatccgct cacaattcca cacaacatag gagccggaag cataaagtgt 4680
aaagcctggg gtgcctaatg agtgaggtaa ctcacattaa ttgcgttgeg ctcactgecce 4740
gcttteccagt cgggaaacct gtcegtgccag ctgcattaat gaatcggeca acgcgcgggy 4800
agaggcggtt tgcgtattgg gegctcettcee gcttectege tcactgacte getgegetceg 4860
gtcgttegge tgcggcgage ggtatcagcet cactcaaagg cggtaatacg gttatccaca 4920
gaatcagggyg ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac 4980
cgtaaaaagg ccgcgttgcet ggegttttte cataggctcecce geccccecctga cgagcatcac 5040
aaaaatcgac gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg 5100
tttcececectg gaagectceect cgtgegetcet cctgttecga cecctgecget taccggatac 5160
ctgtcecgect ttcteccctte gggaagegtg gcgetttete atagctcacg ctgtaggtat 5220
ctcagttecgg tgtaggtegt tegctcecaag ctgggctgtg tgcacgaacce ccccgttcag 5280
ccecgacceget gegcecttate cggtaactat cgtettgagt ccaacccggt aagacacgac 5340
ttatcgccac tggcagcagc cactggtaac aggattagca gagcgaggta tgtaggcggt 5400
gctacagagt tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt 5460
atctgcgetce tgctgaagec agttaccttce ggaaaaagag ttggtagctce ttgatccggce 5520

aaacaaacca ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga 5580
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aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg ggtctgacge tcagtggaac 5640
gaaaactcac gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc 5700
cttttaaatt aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct 5760
gacagttacc aatgcttaat cagtgaggca cctatctcag cgatctgtct atttcecgttca 5820
tccatagttg cctgactcecee cgtecgtgtag ataactacga tacgggaggg cttaccatct 5880
ggcceccagtyg ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca 5940
ataaaccagc cagccggaag ggccgagege agaagtggte ctgcaacttt atccgectcee 6000
atccagtcta ttaattgttg ccgggaagct agagtaagta gttcgccagt taatagtttg 6060
cgcaacgttg ttgccattge tacaggcatc gtggtgtcac gectcecgtcegtt tggtatgget 6120
tcattcagct ccggttccca acgatcaagg cgagttacat gatcccccat gttgtgcaaa 6180
aaagcggtta gctcecttegg tectecgate gttgtcagaa gtaagttgge cgcagtgtta 6240
tcactcatgg ttatggcagc actgcataat tctcecttactg tcatgccatce cgtaagatgce 6300
ttttctgtga ctggtgagta ctcaaccaag tcattctgag aatagtgtat gcggcgaccg 6360
agttgctett gecccecggcegte aatacgggat aataccgcege cacatagcag aactttaaaa 6420
gtgctcatca ttggaaaacg ttcttcgggg cgaaaactct caaggatctt accgectgttg 6480
agatccagtt cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttacttte 6540
accagegttt ctgggtgagce aaaaacagga aggcaaaatyg ccgcaaaaaa gggaataagg 6600
gcgacacgga aatgttgaat actcatactc ttcctttttc aatattattg aagcatttat 6660
cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata 6720
ggggttcege gcacatttce ccgaaaagtg ccacctgaac gaagcatctg tgcttcattt 6780
tgtagaacaa aaatgcaacg cgagagcgct aatttttcaa acaaagaatc tgagctgcat 6840
ttttacagaa cagaaatgca acgcgaaagc gctattttac caacgaagaa tctgtgcttce 6900
atttttgtaa aacaaaaatg caacgcgaga gcgctaattt ttcaaacaaa gaatctgagc 6960
tgcattttta cagaacagaa atgcaacgcg agagcgctat tttaccaaca aagaatctat 7020
acttcttttt tgttctacaa aaatgcatcc cgagagcgct atttttctaa caaagcatct 7080
tagattactt tttttctecect ttgtgcgcte tataatgcag tcectcttgata actttttgca 7140
ctgtaggtcc gttaaggtta gaagaaggct actttggtgt ctattttcte ttccataaaa 7200
aaagcctgac tccacttececce gegtttactg attactageg aagctgcggg tgcatttttt 7260
caagataaag gcatccccga ttatattcta taccgatgtg gattgcgcat actttgtgaa 7320
cagaaagtga tagcgttgat gattcttcat tggtcagaaa attatgaacg gtttcttcta 7380
ttttgtctect atatactacg tataggaaat gtttacattt tcgtattgtt ttcgattcac 7440
tctatgaata gttcttacta caattttttt gtctaaagag taatactaga gataaacata 7500
aaaaatgtag aggtcgagtt tagatgcaag ttcaaggagc gaaaggtgga tgggtaggtt 7560
atatagggat atagcacaga gatatatagc aaagagatac ttttgagcaa tgtttgtgga 7620
agcggtattc gcaatatttt agtagctcgt tacagtccgg tgcgtttttg gttttttgaa 7680
agtgcgtett cagagcgcett ttggttttca aaagcgctct gaagttccta tactttctag 7740
agaataggaa cttcggaata ggaacttcaa agcgtttccg aaaacgagcg cttccgaaaa 7800

tgcaacgcga gctgcgcaca tacagctcac tgttcacgtc gcacctatat ctgegtgttg 7860
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cctgtatata tatatacatg agaagaacgg catagtgcegt gtttatgctt aaatgcgtac 7920
ttatatgcgt ctatttatgt aggatgaaag gtagtctagt acctcctgtg atattatccce 7980
attccatgcg gggtatcgta tgcttcectte agcactaccce tttagetgtt ctatatgetg 8040
ccactcctca attggattag tcectcatcctt caatgctatc atttecctttg atattggatce 8100
atctaagaaa ccattattat catgacatta acctataaaa ataggcgtat cacgaggccc 8160
tttegte 8167
<210> SEQ ID NO 13

<211> LENGTH: 9598

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 13

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accatatcga ctacgtcgta aggccgttte tgacagagta aaattcttga gggaacttte 240
accattatgg gaaatgcttc aagaaggtat tgacttaaac tccatcaaat ggtcaggtca 300
ttgagtgttt tttatttgtt gtattttttt ttttttagag aaaatcctcc aatatcaaat 360
taggaatcgt agtttcatga ttttctgtta cacctaactt tttgtgtggt gccctectcece 420
ttgtcaatat taatgttaaa gtgcaattct ttttccttat cacgttgage cattagtatc 480
aatttgctta cctgtattcc tttactatce tcetttttet ccecttettgat aaatgtatgt 540
agattgcgta tatagtttcg tcectaccctat gaacatattc cattttgtaa tttegtgtceg 600
tttctattat gaatttcatt tataaagttt atgtacaaat atcataaaaa aagagaatct 660
ttttaagcaa ggattttctt aacttctteg gegacagcat caccgactte ggtggtactg 720
ttggaaccac ctaaatcacc agttctgata cctgcatcca aaaccttttt aactgcatct 780
tcaatggcct taccttcecttce aggcaagttc aatgacaatt tcaacatcat tgcagcagac 840
aagatagtgg cgatagggtc aaccttattc tttggcaaat ctggagcaga accgtggcat 900
ggttcgtaca aaccaaatgc ggtgttettg tcectggcaaag aggccaagga cgcagatgge 960

aacaaaccca aggaacctgg gataacggag gettcategg agatgatatc accaaacatg 1020
ttgctggtga ttataatacc atttaggtgg gttgggttct taactaggat catggcggca 1080
gaatcaatca attgatgttg aaccttcaat gtagggaatt cgttcttgat ggtttcctece 1140
acagtttttc tccataatct tgaagaggcc aaaagattag ctttatccaa ggaccaaata 1200
ggcaatggtg gctcatgttg tagggccatg aaagcggcca ttecttgtgat tctttgcact 1260
tctggaacgg tgtattgttc actatcccaa gcgacaccat caccatcgte ttectttcete 1320
ttaccaaagt aaatacctcc cactaattct ctgacaacaa cgaagtcagt acctttagca 1380
aattgtggct tgattggaga taagtctaaa agagagtcgg atgcaaagtt acatggtctt 1440
aagttggcgt acaattgaag ttctttacgg atttttagta aaccttgttc aggtctaaca 1500
ctaccggtac cccatttagg accagccaca gcacctaaca aaacggcatc aaccttcettg 1560

gaggcttecca gegectcate tggaagtggg acacctgtag catcgatagc agcaccacca 1620
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attaaatgat tttcgaaatc gaacttgaca ttggaacgaa catcagaaat agctttaaga 1680
accttaatgg cttcggctgt gatttcttga ccaacgtggt cacctggcaa aacgacgatc 1740
ttcttagggg cagacatagg ggcagacatt agaatggtat atccttgaaa tatatatata 1800
tattgctgaa atgtaaaagg taagaaaagt tagaaagtaa gacgattgct aaccacctat 1860
tggaaaaaac aataggtcct taaataatat tgtcaacttc aagtattgtg atgcaagcat 1920
ttagtcatga acgcttctcect attctatatg aaaagccggt tccggectet cacctttect 1980
ttttctecca atttttcagt tgaaaaaggt atatgcgtca ggcgacctcect gaaattaaca 2040
aaaaatttcc agtcatcgaa tttgattctg tgcgatageg cccctgtgtg ttetegttat 2100
gttgaggaaa aaaataatgg ttgctaagag attcgaactc ttgcatctta cgatacctga 2160
gtattcccac agttaactgc ggtcaagata tttcttgaat caggcgcctt agaccgctceg 2220
gccaaacaac caattacttg ttgagaaata gagtataatt atcctataaa tataacgttt 2280
ttgaacacac atgaacaagg aagtacagga caattgattt tgaagagaat gtggattttg 2340
atgtaattgt tgggattcca tttttaataa ggcaataata ttaggtatgt ggatatacta 2400
gaagttctece tcgaccgtcecg atatgcggtg tgaaataccg cacagatgcg taaggagaaa 2460
ataccgcatc aggaaattgt aaacgttaat attttgttaa aattcgcgtt aaatttttgt 2520
taaatcagct cattttttaa ccaataggcc gaaatcggca aaatccctta taaatcaaaa 2580
gaatagaccg agatagggtt gagtgttgtt ccagtttgga acaagagtcc actattaaag 2640
aacgtggact ccaacgtcaa agggcgaaaa accgtctate agggcgatgg cccactacgt 2700
gaaccatcac cctaatcaag ttttttgggg tcgaggtgcc gtaaagcact aaatcggaac 2760
cctaaaggga gcccccgatt tagagettga cggggaaage cggcgaacgt ggcgagaaag 2820
gaagggaaga aagcgaaagg agcgggcgcet agggcegetgg caagtgtage ggtcacgetg 2880
cgegtaacca ccacacccge cgcgcttaat gegecgcetac agggegegte gegecattceg 2940
ccattcaggc tgcgcaactg ttgggaaggg cgatcggtgce gggcctctte getattacgce 3000
cagctggcga aagggggatg tgctgcaagg cgattaagtt gggtaacgcc agggttttcce 3060
cagtcacgac gttgtaaaac gacggccagt gagcgcgcegt aatacgactce actatagggce 3120
gaattgggta ccggccgcaa attaaagcct tcgagcecgtcec caaaaccttce tcaagcaagg 3180
ttttcagtat aatgttacat gcgtacacgc gtctgtacag aaaaaaaaga aaaatttgaa 3240
atataaataa cgttcttaat actaacataa ctataaaaaa ataaataggg acctagactt 3300
caggttgtct aactccttece ttttcecggtta gageggatgt ggggggaggg cgtgaatgta 3360
agcgtgacat aactaattac atgactcgag cggccgcegga tcecttaacce cccagttteg 3420
atttatcgeg caccgcgect ttgtcecggcege tggttgccag getggcataa gcacgcaggg 3480
caaaggagac ctgacgttca cgatttttcg gcgtccagge tttgtcacct cgagegtect 3540
gcgettcacyg acgcgeccgcee agttecggcat cgcttacctg taactgaatg ccacggtteg 3600
ggatgtcgat agcgatcagg tcaccatctt caatcaggcc aatgctgeccg ccgcecttgecyg 3660
ctteeggtga gacgtggecg atggaaagac cagaggtgece accagagaaa cgaccgtcegg 3720
tgatcagcgce acaggctttg ccgagaccca ttgatttcag gaagctggtt gggtagagca 3780
tttcectgecat cecccggacceg ccettteggge cttcatageg aattactacce acatctecegg 3840

cgacaacttt accgccgaga atcgcttcta ccgcatcegte ctggecttteg tacacttteg 3900
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ccgggeceggt gaatttgagg atgctgtcat cgacgcectge cgttttcacg atgcagcegt 3960
tttcecgcaaa gttaccgtag agcaccgcca ggccgcegte tttgctgtag gegtgtteca 4020
gcgagcggat acagccattg gcgcgategt cgtccagcegt atcccaacgg caatcttgeg 4080
agaatgcctg tgtggtacga atgcctgcag gacctgcgeg gaacatattt tttaccgegt 4140
catcctgggt cagcataacg tcegtattgtt ccagegtttg cggcaacgtce aggccaagta 4200
cgtttttcac atcacggttc agtaaccccg cgcgatccag ttcgccgaga ataccgataa 4260
caccaccagc acggtgaaca tcttccatat ggtatttetg ggtgctcgge gcaactttac 4320
acagctgtgg aaccttgcgg gaaagcttat cgatatcact catggtgaag tcgatttecg 4380
ctteccectgege cgccgccage aggtgaagta cggtgttagt cgatccacce atcgcgatat 4440
ccagcgtcat ggcgttttca aacgccgcect tactggcgat attacgcggce agtgcacttt 4500
cgtegttttg ctcgtaataa cgtttggtca attcaacaat gecgtttacca gcattaagga 4560
acagctgett acggtcggeg tgggttgcca gcagcgagcece gttgcccgge tgcgacaggce 4620
ccagcgcectte ggtcaggcag ttcattgagt tagcggtaaa catcccggag caggaaccgce 4680
aggtcggaca cgcggaacgt tcaacctgat cgctctggga gtcagatact ttecgggtcetg 4740
cgccctggat catcgcatca accagatcga gcttgatgat ctgatcggaa agtttggttt 4800
tceeggecte catcegggecg ccggaaacaa agatcaccegg aatattcagyg cgcagggaag 4860
ccatcagcat ccccggggtg attttgtcge agttagagat gcagaccatg gegtcecggegce 4920
agtgggcegtt gaccatatac tcaacggaat cagcgatcag ttcgcgagat ggcagtgaat 4980
aaagcatccce cccgtggecce atggcaatce catcatccac cgcaatggtg ttgaactcett 5040
tggcaacgcce gccagccgcet tcaatttgtt cggcgaccag tttaccgaga tcegcgcagat 5100
ggacgtgacc cggtacaaat tgggtgaacg agttcacaac cgcgataatc ggcttaccga 5160
aatcggegte ggtcattcceg gtggegegece acagcegcacyg agcacccgece atattacgac 5220
catgagtggt ggtggcggaa cggtacttag gcatgtcgac accatcttcet tetgagatga 5280
gtttttgtte catgctagtt ctagaatccg tcgaaactaa gttctggtgt tttaaaacta 5340
aaaaaaagac taactataaa agtagaattt aagaagttta agaaatagat ttacagaatt 5400
acaatcaata cctaccgtct ttatatactt attagtcaag taggggaata atttcaggga 5460
actggtttca accttttttt tcagcttttt ccaaatcaga gagagcagaa ggtaatagaa 5520
ggtgtaagaa aatgagatag atacatgcgt gggtcaattg ccttgtgtca tcatttactc 5580
caggcaggtt gcatcactcc attgaggttg tgcccgtttt ttgcctgttt gtgecccctgt 5640
tctectgtagt tgcgctaaga gaatggacct atgaactgat ggttggtgaa gaaaacaata 5700
ttttggtgct gggattcttt ttttttetgg atgccagett aaaaagcggg ctccattata 5760
tttagtggat gccaggaata aactgttcac ccagacacct acgatgttat atattctgtg 5820
taacccgecce cctattttgg gcatgtacgg gttacagcag aattaaaagg ctaatttttt 5880
gactaaataa agttaggaaa atcactacta ttaattattt acgtattctt tgaaatggcg 5940
agtattgata atgataaact gagctagatc tgggcccgag ctccagcecttt tgttcccttt 6000
agtgagggtt aattgcgcgce ttggcgtaat catggtcata gectgtttcect gtgtgaaatt 6060
gttatccget cacaattcca cacaacatag gagccggaag cataaagtgt aaagcctggg 6120

gtgcctaatg agtgaggtaa ctcacattaa ttgcgttgeg ctcactgeccce gctttcecagt 6180
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cgggaaacct gtcgtgccag ctgcattaat gaatcggcca acgcgcgggg agaggcggtt 6240
tgcgtattgg gegctcttee gettectege tcactgacte getgegecteg gtegttegge 6300
tgcggcgage ggtatcaget cactcaaagg cggtaatacg gttatccaca gaatcagggg 6360
ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg 6420
ccgegttget ggegttttte cataggctce gcccccecctga cgagcatcac aaaaatcgac 6480
gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg ttteccectg 6540
gaagctcect cgtgegetcet cctgttecga cecctgecget taccggatac ctgtceccgect 6600
ttctecectte gggaagegtyg gegcetttcecte atagctcacg ctgtaggtat ctcagttegg 6660
tgtaggtcgt tecgctccaag ctgggctgtg tgcacgaacc ccccgttcag cccgaccgcet 6720
gcgecttate cggtaactat cgtcecttgagt ccaacccggt aagacacgac ttatcgecac 6780
tggcagcagce cactggtaac aggattagca gagcgaggta tgtaggcggt gctacagagt 6840
tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt atctgcgcetce 6900
tgctgaagcce agttaccttc ggaaaaagag ttggtagcectc ttgatccggce aaacaaacca 6960
ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga aaaaaaggat 7020
ctcaagaaga tcctttgatc ttttctacgg ggtctgacgce tcagtggaac gaaaactcac 7080
gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc cttttaaatt 7140
aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct gacagttacc 7200
aatgcttaat cagtgaggca cctatctcag cgatctgtcect atttcgttca tceccatagttg 7260
cctgactecece cgtcegtgtag ataactacga tacgggaggg cttaccatct ggccccagtg 7320
ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca ataaaccagc 7380
cagccggaag ggccgagcegce agaagtggtce ctgcaacttt atccgectecce atccagtcta 7440
ttaattgttg ccgggaagct agagtaagta gttcgccagt taatagtttg cgcaacgttg 7500
ttgccattge tacaggcatc gtggtgtcac gctegtegtt tggtatgget tcattcaget 7560
ccggttecca acgatcaagg cgagttacat gatcccccat gttgtgcaaa aaagcggtta 7620
gctecttegyg tectecgate gttgtcagaa gtaagttgge cgcagtgtta tcactcatgg 7680
ttatggcagc actgcataat tctcttactg tcatgccatc cgtaagatge ttttetgtga 7740
ctggtgagta ctcaaccaag tcattctgag aatagtgtat gcggcgaccg agttgctcett 7800
gcceggegte aatacgggat aataccgcge cacatagcag aactttaaaa gtgctcatca 7860
ttggaaaacg ttcttcgggg cgaaaactct caaggatctt accgctgttg agatccagtt 7920
cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttacttte accagcegttt 7980
ctgggtgage aaaaacagga aggcaaaatg ccgcaaaaaa gggaataagyg gcgacacgga 8040
aatgttgaat actcatactc ttccttttte aatattattg aagcatttat cagggttatt 8100
gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata ggggttccgce 8160
gcacatttecc ccgaaaagtg ccacctgaac gaagcatctg tgcttcattt tgtagaacaa 8220
aaatgcaacg cgagagcgct aatttttcaa acaaagaatc tgagctgcat ttttacagaa 8280
cagaaatgca acgcgaaagc gctattttac caacgaagaa tctgtgcttce atttttgtaa 8340
aacaaaaatg caacgcgaga gcgctaattt ttcaaacaaa gaatctgagc tgcattttta 8400

cagaacagaa atgcaacgcg agagcgctat tttaccaaca aagaatctat acttcttttt 8460
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tgttctacaa aaatgcatcc cgagagcgct atttttctaa caaagcatct tagattactt 8520
tttttectect ttgtgcgete tataatgcag tctettgata actttttgca ctgtaggtcece 8580
gttaaggtta gaagaaggct actttggtgt ctattttctc ttccataaaa aaagcctgac 8640
tccacttecece gegtttactyg attactagcecg aagetgeggg tgcatttttt caagataaag 8700
gcatccecega ttatattcta taccgatgtg gattgcgcat actttgtgaa cagaaagtga 8760
tagcgttgat gattcttcat tggtcagaaa attatgaacg gtttcttcta ttttgtctcet 8820
atatactacg tataggaaat gtttacattt tcgtattgtt ttcgattcac tctatgaata 8880
gttcttacta caattttttt gtctaaagag taatactaga gataaacata aaaaatgtag 8940
aggtcgagtt tagatgcaag ttcaaggagc gaaaggtgga tgggtaggtt atatagggat 9000
atagcacaga gatatatagc aaagagatac ttttgagcaa tgtttgtgga agcggtattc 9060
gcaatatttt agtagctcgt tacagtccgg tgcgtttttg gttttttgaa agtgcgtett 9120
cagagcgctt ttggttttca aaagcgctct gaagttcecta tactttctag agaataggaa 9180
cttcggaata ggaacttcaa agcgtttccg aaaacgagcg cttcecgaaaa tgcaacgcga 9240
gctgegcaca tacagctcac tgttcacgtc gcacctatat ctgegtgttg cctgtatata 9300
tatatacatg agaagaacgg catagtgcgt gtttatgctt aaatgcgtac ttatatgegt 9360
ctatttatgt aggatgaaag gtagtctagt acctcctgtg atattatccc attccatgeg 9420
gggtatcgta tgcttecctte agcactaccce tttagetgtt ctatatgetg ccactcctcea 9480
attggattag tctcatcctt caatgctatc atttcecctttg atattggatc atactaagaa 9540
accattatta tcatgacatt aacctataaa aataggcgta tcacgaggcc ctttegtce 9598
<210> SEQ ID NO 14

<211> LENGTH: 8698

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 14

ctgattggaa agaccattct getttacttt tagagcatct tggtettetg agetcattat 60
acctcaatca aaactgaaat taggtgectg tcacggctet ttttttactg tacctgtgac 120
ttectttett atttccaagg atgctcatca caatacgcett ctagatctat tatgcattat 180
aattaatagt tgtagctaca aaaggtaaaa gaaagtccgyg ggcaggcaac aatagaaatce 240
ggcaaaaaaa actacagaaa tactaagagc ttcttceccca ttcagtcatc gecatttcgaa 300
acaagagggg aatggctctg gctagggaac taaccaccat cgectgactce tatgcactaa 360
ccacgtgact acatatatgt gatcgttttt aacatttttc aaaggctgtg tgtctggetg 420
tttccattaa ttttcactga ttaagcagtc atattgaatce tgagctcatc accaacaaga 480
aatactaccg taaaagtgta aaagttcgtt taaatcattt gtaaactgga acagcaagag 540
gaagtatcat cagctagcce cataaactaa tcaaaggagg atgtctacta agagttactce 600
ggaaagagca gctgctcata gaagtccagt tgctgccaag cttttaaact tgatggaaga 660
gaagaagtca aacttatgtg cttctcttga tgttcgtaaa acagcagagt tgttaagatt 720
agttgaggtt ttgggtccat atatctgtcet attgaagaca catgtagata tcttggagga 780

tttcagettt gagaatacca ttgtgecegtt gaagcaatta gcagagaaac acaagttttt 840
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gatatttgaa gacaggaagt ttgccgacat tgggaacact gttaaattac aatacacgtc 900
tggtgtatac cgtatcgccg aatggtctga tatcaccaat gcacacggtg tgactggtgce 960

gggcattgtt gctggtttga agcaaggtgc cgaggaagtt acgaaagaac ctagagggtt 1020
gttaatgctt gccgagttat cgtccaaggg gtctctageg cacggtgaat acactcgtgg 1080
gaccgtggaa attgccaaga gtgataagga ctttgttatt ggatttattg ctcaaaacga 1140
tatgggtgga agagaagagg gctacgattg gttgatcatg acgccaggtg ttggtcttga 1200
tgacaaaggt gatgctttgg gacaacaata cagaactgtg gatgaagttg ttgccggtgg 1260
atcagacatc attattgttg gtagaggtct tttcgcaaag ggaagagatc ctgtagtgga 1320
aggtgagaga tacagaaagg cgggatggga cgcttacttyg aagagagtag gcagatccge 1380
ttaagagttc tccgagaaca agcagaggtt cgagtgtact cggatcagaa gttacaagtt 1440
gatcgtttat atataaacta tacagagatg ttagagtgta atggcattgc gtgccggcga 1500
tcacagcgga cggtggtggce atgatggggce ttgcgatget atgtttgttt gttttgtgat 1560
gatgtatatt attattgaaa aacgatatca gacatttgtc tgataatgct tcattatcag 1620
acaaatgtct gatatcgttt ggagaaaaag aaaaggaaaa caaactaaat atctactata 1680
taccactgta ttttatacta atgactttct acgcctagtg tcaccctcte gtgtacccat 1740
tgaccctgta tecggegcegtt gectcecgegtt cctgtaccat atatttttgt ttatttaggt 1800
attaaaattt actttcctca tacaaatatt aaattcacca aacttctcaa aaactaatta 1860
ttcgtagtta caaactctat tttacaatca cgtttattca accattctac atccaataac 1920
caaaatgccce atgtacctcet cagcgaagtc caacggtact gtccaatatt ctcattaaat 1980
agtctttcat ctatatatca gaaggtaatt ataattagag atttcgaatc attaccgtgc 2040
cgattcgcac gctgcaacgg catgcatcac taatgaaaag catacgacgce ctgcgtcectga 2100
catgcactca ttctgaagaa gattctgggce gcgtttegtt ctcecgttttece tetgtatatt 2160
gtactctggt ggacaatttg aacataacgt ctttcacctc gccattctca ataatgggtt 2220
ccaattctat ccaggtagcg gttaattgac ggtgcttaag ccgtatgctce actctaacgce 2280
taccgttgtce caaacaacgg acccctttgt gacgggtgta agacccatca tgaagtaaaa 2340
catctctaac ggtatggaaa agagtggtac ggtcaagttt cctggcacga gtcaattttce 2400
cctettegtg tagatcggta ccggcecgcaa attaaagect tcgagcgtcece caaaacctte 2460
tcaagcaagg ttttcagtat aatgttacat gcgtacacgc gtctgtacag aaaaaaaaga 2520
aaaatttgaa atataaataa cgttcttaat actaacataa ctataaaaaa ataaataggg 2580
acctagactt caggttgtct aactccttce tttteggtta gagcggatgt ggggggaggg 2640
cgtgaatgta agcgtgacat aactaattac atgagcggcc gectatttat ggaatttcett 2700
atcataatcg accaaagtaa atctgtattt gacgtctceccg cttteccatce ttgtaaaggce 2760
atggctgacg ccttecttege tgatcggaag tttttccacce catattttga cattctttte 2820
ggaaactaat ttcaatagtt gttcgatttc cttcctagat ccgatagcac tgcttgagat 2880
tgatactccce attaggccca acggttttaa aacaagcettt tcattaactt caggagcagc 2940
aattgaaacg atggagcctc caatcttcat aatcttaacg atactgtcaa aattaacttt 3000
cgacaaagat gatgagcaaa cgacaagaag gtccaaagcg ttagagtatt gttctgtcca 3060

gcctttatee tceccaacatag caatatagtg atcagcaccg agtttcatag aatcctececyg 3120
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cttggagtgg cctcgcgaaa acgcataaac ctecggctcecce atagctttag ccaacagaat 3180
ccecatatge ccaataccac cgatgccaac aatacctacc ctcttacctg gaccacagcece 3240
atttcttagt agtggagaga aaactgtaat accaccacac aataatggag cggctagcgg 3300
acttggaata ttttctggta tttgaatagc aaagtgttca tgaagcctca cgtgggaggce 3360
aaagcctect tgtgaaatgt agccgtectt gtaaggagtc cacatagtca aaacgtggtce 3420
attggtacag tattgctcgt tgtcactttt gcaacgttca cactcaaaac acgccaaggc 3480
ttgggcacca acaccaacac ggtcaccgat ttttacccca gtgtggcact tggatccaac 3540
cttcaccacg cggccaatta tttcatgtce aaggatttga ttttctggga ctggacccca 3600
attaccaacg gctatatgaa aatcagatcc gcagatacca caggcttcaa tttcaacatc 3660
aacgtcatga tcgccaaagg gttttgggtc aaaactcact aatttaggat gcttccaatc 3720
ctttgcgttg gaaataccga tgccctgaaa tttttcectggg taaagcatgt cgagtcgaaa 3780
ctaagttctg gtgttttaaa actaaaaaaa agactaacta taaaagtaga atttaagaag 3840
tttaagaaat agatttacag aattacaatc aatacctacc gtctttatat acttattagt 3900
caagtagggg aataatttca gggaactggt ttcaaccttt tttttcagct ttttccaaat 3960
cagagagagc agaaggtaat agaaggtgta agaaaatgag atagatacat gcgtgggtca 4020
attgccttgt gtcatcattt actccaggca ggttgcatca ctccattgag gttgtgcccg 4080
ttttttgect gtttgtgecce ctgttcectcectg tagttgceget aagagaatgg acctatgaac 4140
tgatggttgg tgaagaaaac aatattttgg tgctgggatt cttttttttt ctggatgcca 4200
gcttaaaaag cgggctccat tatatttagt ggatgccagg aataaactgt tcacccagac 4260
acctacgatg ttatatattc tgtgtaaccc gccccctatt ttgggcatgt acgggttaca 4320
gcagaattaa aaggctaatt ttttgactaa ataaagttag gaaaatcact actattaatt 4380
atttacgtat tctttgaaat ggcgagtatt gataatgata aactggatcc ttaggattta 4440
ttctgttcag caaacagctt gecccatttte ttcagtacct tecggtgcgece ttetttegece 4500
aggatcagtt cgatccagta catacggttc ggatcggect gggcctcttt catcacgcetce 4560
acaaattcgt tttcggtacg cacaatttta gacacaacac ggtcctcagt tgcgccgaag 4620
gactccggca gtttagagta gttccacata gggatatcgt tgtaagactg gttcggaccyg 4680
tggatctcac gctcaacggt gtagccgtca ttgttaataa tgaagcaaat cgggttgatce 4740
ttttcacgaa ttgccagacc cagttcctgt acggtcaget gcagggaacce gtcaccgatg 4800
aacagcagat gacgagattc tttatcagcg atctgagagc ccagcgctgce cgggaaagta 4860
tagccaatgce taccccacag cggctgaccg ataaaatgge ttttggattt cagaaagata 4920
gaagacgcgce cgaaaaagct cgtaccttgt tccgccacga tggtttcatt gctetgggte 4980
aggttctcca cggcectgecca caggcgatce tgggacagca gtgcgttaga tggtacgaaa 5040
tcttettget ttttgtcaat gtatttgect ttatactcega tttcecggacag gtccagcaga 5100
gagctgatca ggctttcgaa gtcgaagttc tggatacgcet cgttgaagat tttaccctceg 5160
tcgatgttca ggctaatcat tttgttttcg ttcagatggt gagtgaatgce accggtagaa 5220
gagtcggtca gtttaacgce cagcatcagg atgaagtcceg cagattcaac aaattcttte 5280
aggttcggtt cgctcagagt accgttgtag atgcccagga aagacggcag agcctcegtca 5340

acagaggact tgccgaagtt cagggtggta atcggcagtt tggttttgct gatgaattgg 5400
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gtcacggtcect tcectccagace aaaagaaatg atttcgtgge cggtgatcac gattggttte 5460
tttgcgtttt tcagagactc ctggattttg ttcaggattt cctggtcget agtgttagaa 5520
gtggagtttt ctttcttcag cggcaggctc ggtttttceg ctttagectgce cgcaacatcce 5580
acaggcaggt tgatgtaaac tggtttgcgt tctttcagca gcgcagacag aacgcggtceg 5640
atttccacag tagcgttcte tgcagtcage agecgtacgtg ccgcagtcac aggttcatgce 5700
attttcatga agtgtttgaa atcgccgtca gccagagtgt ggtggacgaa tttaccttceg 5760
ttctgaactt tgctecgttgg getgectacg atctccacca ccggcaggtt ttecggegtag 5820
gagcccgeca gaccgttgac ggcgetcagt tcgccaacac cgaaagtggt cagaaatgec 5880
gcggetttet tggtacgtge ataaccatct geccatgtage ttgcgttcag ttegttageg 5940
ttacccaccce atttcatgte tttatgagag atgatctgat ccaggaactg cagattgtaa 6000
tcacccggaa cgccgaagat ttcecttcegata cccagttcat gcagacggtce cagcagataa 6060
tcaccaacag tatacatgtc gacaaactta gattagattg ctatgctttc tttctaatga 6120
gcaagaagta aaaaaagttg taatagaaca agaaaaatga aactgaaact tgagaaattg 6180
aagaccgttt attaacttaa atatcaatgg gaggtcatcg aaagagaaaa aaatcaaaaa 6240
aaaaattttc aagaaaaaga aacgtgataa aaatttttat tgcctttttc gacgaagaaa 6300
aagaaacgag gcggtctett ttttcetttte caaaccttta gtacgggtaa ttaacgacac 6360
cctagaggaa gaaagagggg aaatttagta tgctgtgcett gggtgttttg aagtggtacg 6420
gcgatgcgeg gagtceccgaga aaatctggaa gagtaaaaaa ggagtagaaa cattttgaag 6480
ctatgagctc cagcttttgt tceccctttagt gagggttaat tgcgcgcecttg gegtaatcat 6540
ggtcatagcect gtttcectgtg tgaaattgtt atccgctcac aattccacac aacataggag 6600
ccggaagcat aaagtgtaaa gectggggtg cctaatgagt gaggtaactc acattaattg 6660
cgttgcgete actgcccget tteccagtcgg gaaacctgtce gtgccagctg cattaatgaa 6720
tcggccaacg cgcggggaga ggcggtttge gtattgggeg ctcettecget tectegetca 6780
ctgactecget gegctceggte gtteggectge ggcgageggt atcagcectcac tcaaaggcegg 6840
taatacggtt atccacagaa tcaggggata acgcaggaaa gaacatgtga gcaaaaggcce 6900
agcaaaaggc caggaaccdgt aaaaaggccg cgttgctgge gtttttccat aggctccgece 6960
ccectgacga gcatcacaaa aatcgacget caagtcagag gtggcgaaac ccgacaggac 7020
tataaagata ccaggcgttt ccccctggaa gcteccctegt gegctcectect gttecgacce 7080
tgccgettac cggatacctg tecgecttte tceectteggg aagcecgtggeg ctttctcecata 7140
gctcacgetyg taggtatcte agtteggtgt aggtcegtteg cteccaagetg ggetgtgtge 7200
acgaaccccce cgttcageecce gaccgctgceg ccttatceegg taactatcgt cttgagtceca 7260
acccggtaag acacgactta tcgccactgg cagcagccac tggtaacagyg attagcagag 7320
cgaggtatgt aggcggtgct acagagttct tgaagtggtg gcctaactac ggctacacta 7380
gaaggacagt atttggtatc tgcgctctgce tgaagccagt taccttcgga aaaagagttg 7440
gtagctcttyg atccggcaaa caaaccaccg ctggtagcgg tggttttttt gtttgcaage 7500
agcagattac gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt tctacggggt 7560
ctgacgctca gtggaacgaa aactcacgtt aagggatttt ggtcatgaga ttatcaaaaa 7620
ggatcttcac ctagatcctt ttaaattaaa aatgaagttt taaatcaatc taaagtatat 7680
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atgagtaaac ttggtctgac agttaccaat gcttaatcag tgaggcacct atctcagcga 7740
tctgtctatt tecgttcatce atagttgcect gactccecegt cgtgtagata actacgatac 7800
gggagggcett accatctgge cccagtgetg caatgatacce gegagaccca cgctcaccegg 7860
ctccagattt atcagcaata aaccagccag ccggaaggge cgagcgcaga agtggtectg 7920
caactttatc cgcctccatce cagtctatta attgttgecg ggaagctaga gtaagtagtt 7980
cgccagttaa tagtttgcge aacgttgttg ccattgctac aggcatcgtg gtgtcacget 8040
cgtegtttgg tatggcttca ttcagctccecg gtteccaacg atcaaggcga gttacatgat 8100
cceccatgtt gtgcaaaaaa geggttagcet cctteggtece teccgatcgtt gtcagaagta 8160
agttggccgce agtgttatca ctcatggtta tggcagcact gcataattct cttactgtca 8220
tgccatcegt aagatgcttt tetgtgactg gtgagtactc aaccaagtca ttctgagaat 8280
agtgtatgcg gcgaccgagt tgctcttgce cggcgtcaat acgggataat accgcgccac 8340
atagcagaac tttaaaagtg ctcatcattg gaaaacgttc ttcggggcga aaactctcaa 8400
ggatcttacc gctgttgaga tccagttcga tgtaacccac tcgtgcaccce aactgatcett 8460
cagcatcttt tactttcacc agcgtttctg ggtgagcaaa aacaggaagg caaaatgccg 8520
caaaaaaggg aataagggcg acacggaaat gttgaatact catactcttc ctttttcaat 8580
attattgaag catttatcag ggttattgtc tcatgagcgg atacatattt gaatgtattt 8640
agaaaaataa acaaataggg gttccgcgca catttccccg aaaagtgcca cctgacgt 8698
<210> SEQ ID NO 15

<211> LENGTH: 6012

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 15

caggcaagtg cacaaacaat acttaaataa atactactca gtaataacct atttcttage 60
atttttgacg aaatttgcta ttttgttaga gtcttttaca ccatttgtct ccacacctce 120
gcttacatca acaccaataa cgccatttaa tctaagegca tcaccaacat tttectggegt 180
cagtccacca gctaacataa aatgtaaget tteggggete tettgectte caacccagte 240
agaaatcgag ttccaatcca aaagttcacce tgtcccacct gettcectgaat caaacaaggg 300
aataaacgaa tgaggtttct gtgaagctge actgagtagt atgttgcagt cttttggaaa 360
tacgagtctt ttaataactg gcaaaccgag gaactcttgg tattecttgec acgactcate 420
tccatgcagt tggacgatat caatgccgta atcattgacce agagccaaaa catcctectt 480
aggttgatta cgaaacacgc caaccaagta tttcggagtg cctgaactat ttttatatge 540
ttttacaaga cttgaaattt tccttgcaat aaccgggtca attgttctet ttcectattggg 600
cacacatata atacccagca agtcagcatc ggaatctaga gcacattctg cggectetgt 660
gctetgcaayg ccgcaaactt tcaccaatgg accagaacta cctgtgaaat taataacaga 720
catactccaa gctgectttg tgtgcttaat cacgtatact cacgtgctca atagtcacca 780
atgccctece tettggceect ctecttttet tttttcgace gaattaattce ttaatcggca 840
aaaaaagaaa agctccggat caagattgta cgtaaggtga caagctattt ttcaataaag 900

aatatcttce actactgeca tctggegtca taactgcaaa gtacacatat attacgatge 960
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tgtctattaa atgcttccta tattatatat atagtaatgt cgttgacgtc gccggcgaac 1020
gtggcgagaa aggaagggaa gaaagcgaaa ggagcgggeg ctagggeget ggcaagtgta 1080
geggtcacge tgcgegtaac caccacacce gecgegetta atgegecget acagggcegeg 1140
tcgegecatt cgccattcag getgcgcaac tgttgggaag ggcgatcggt gegggcectcet 1200
tcgctattac geccagctgge gaaaggggga tgtgctgcaa ggcgattaag ttgggtaacg 1260
ccagggtttt cccagtcacg acgttgtaaa acgacggcca gtgagcgcgce gtaatacgac 1320
tcactatagg gcgaattggg taccggccgce aaattaaagce cttcgagcgt cccaaaacct 1380
tctcaagcaa ggttttcagt ataatgttac atgcgtacac gcgtctgtac agaaaaaaaa 1440
gaaaaatttyg aaatataaat aacgttctta atactaacat aactataaaa aaataaatag 1500
ggacctagac ttcaggttgt ctaactcctt ccttttcecggt tagagcggat gtggggggag 1560
ggcgtgaatyg taagcgtgac ataactaatt acatgactcg agcggccgcg gatccctaga 1620
gagctttegt tttcatgagt tccccgaatt ctttecggaag cttgtcactt gctaaattaa 1680
cgttatcact gtagtcaacc gggacatcaa tgatgacagg cccctcageg ttcatgectt 1740
gacgcagaac atctgccagce tggtctggtg attctacgeg taagccagtt gctceccgaage 1800
tttcecgegta tttcacgata tcgatatttce cgaaatcgac cgcagatgta cgattatatt 1860
ttttcaattg ctggaatgca accatgtcat atgtgctgtc gttccataca atgtgtacaa 1920
ttggtgcttt taaacgaact gctgtctcta attccatagce tgagaataag aaaccgccat 1980
caccggagac tgatactact ttttctecccg gtttcaccaa tgaagcgceg attgcccaag 2040
gaagcgcaac gccgagtgtt tgcataccgt tactaatcat taatgttaac ggctcgtage 2100
tgcggaaata acgtgacatc caaatcgcgt gtgaaccgat atcgcaagtce actgtaacat 2160
gatcatcgac tgcgtttcge aattctttaa cgatttcaag aggatgcact ctgtctgatt 2220
tccaatctge aggcacctge tcaccctcat gcatatattg ttttaaatca gaaaggatct 2280
tctgctcacg ttccecgcaaag tcectactttca cagcatcegtg ttcgatatga ttgatcgtag 2340
atggaatatc accgatcagt tcaagatccg gctggtaagce atgatcaatg tcagccagaa 2400
tctegtcetaa atggatgatc gtccggtcte cattgacatt ccagaatttce ggatcatatt 2460
caattgggtc atagccgatt gtcagaacaa catcagcctg ctcaagcagce agatcgccag 2520
gctggttgeg gaataaaccg atccggccaa aatactgatce ctctaaatct ctegtaagag 2580
taccggcagce ttgatatgtt tcaacgaatg gaagctgcac ttttttcaat agcttgcgaa 2640
ccgctttaat cgcttcecggt ctteccgecct tcatgccgac taaaacgaca ggaagttttg 2700
ctgtttgaat ttttgcaatg gccatactga ttgcgtcatc tgctgcggga ccaagttttg 2760
gcgetgcgac agcacgtacg ttttttgtat ttgtgacttc attcacaaca tcttgcggaa 2820
aactcacaaa agcggcccca gectgceectg ctgacgctat cctaaacgca tttgtaacag 2880
cttccggtat attttttaca tcecttgaactt ctacactgta ttttgtaatc ggctggaata 2940
gcgecgcatt atccaaagat tgatgtgtcce gttttaaacg atctgcacgg atcacgttcece 3000
cagcaagcgce aacgacaggg tcaccttcag tgtttgetgt cagcagtcct gttgccaagt 3060
tcgaagcacce tggtcctgat gtgactaaca cgactcccegg tttteccagtt aaacggccga 3120
ctgcttgege cataaatgcect gcattttgtt catgccgggce aacgataatt tcaggccctt 3180

tatcttgtaa agcgtcaaat accgcatcaa tttttgcacc tggaatgcca aatacatgtg 3240
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tgacaccttyg

atttttgtte

attgtacagt

caagaagata

gattctgaca

acgcatcget

gacagcaaaa

ggtggtgaag

atacaaaagt

gtcggtaatyg

cttggegtaa

acacaacata

actcacatta

getgcattaa

cgcttecteg

tcactcaaag

gtgagcaaaa

ccataggetce

aaacccgaca

tcctgttecyg

ggcgetttet

gCtgggCtgt

tegtettgag

caggattage

ctacggctac

cggaaaaaga

ttttgtttge

cttttctacy

gagattatca

aatctaaagt

acctatctca

gataactacg

cccacgetea

cagaagtggt

tagagtaagt

cgtggtgtca

gcgagttaca

cgttgtcaga

ctcegetaag

ttttgttget

ttgtttttet

ttataatgca

atccatattg

ctttttgett

atgtcttttt

taataattaa

gttttaaata

ggatcggcga

tcatggtcat

ggagccggaa

attgcgttge

tgaatcggec

ctcactgact

geggtaatac

ggccagcaaa

cgceeeecty

ggactataaa

accctgeege

catagctcac

gtgcacgaac

tccaaccegyg

agagcgagge

actagaagga

gttggtaget

aagcagcaga

gggtctgacg

aaaaggatct

atatatgagt

gegatetgte

atacgggagg

ceggetecag

cctgcaactt

agttcgecag

cgctegtegt

tgatcccceca

agtaagttgg

caatcaacaa

tttgtcaaca

taatatctat

attgatacaa

cgttggtagt

ctagaagaaa

ctaactagta

atcatccgta

cagatacata

getecagett

agctgtttee

gcataaagtyg

gctecactgee

aacgcgcggyg

cgectgegete

ggttatccac

aggccaggaa

acgagcatca

gataccaggce

ttaccggata

getgtaggta

ccceegttea

taagacacga

atgtaggcgg

cagtatttgg

cttgatcegyg

ttacgcgcag

ctcagtggaa

tcacctagat

aaacttggtce

tatttegtte

gcettaccatce

atttatcage

tatccgecte

ttaatagttt

ttggtatgge

tgttgtgcaa

ccgecagtgtt

caagcteege

tgtcgacttt

ttcgatgact

gacaaggagt

cttttttget

tgccagcaaa

acaaggctaa

taaacctata

catgaacata

ttgttcectt

tgtgtgaaat

taaagcctygyg

cgctttecag

gagaggcggt

ggtcgttcgg

agaatcaggg

ccgtaaaaag

caaaaatcga

gtttcecect

cctgtecgee

tctcagtteg

gecegacege

cttatcgeca

tgctacagag

tatctgeget

caaacaaacc

aaaaaaagga

cgaaaactca

ccttttaaat

tgacagttac

atccatagtt

tggccccagt

aataaaccag

catccagtet

gegcaacgtt

ttcattcage

aaaagcggtt

atcactcatg

cecctetgett ttcacaaggyg

atgtgatgat tgattgattg

tctatatgat attgcactaa

tatttgctte tcecttttatat

ggaacggtte agcggaaaag

agaatctett gacagtgact

gatatcagce tgaaataaag

cacatatatg aggaaaaata

tgcacgtata gcgcccaaat

tagtgagggt taattgcgeg

tgttatcecge tcacaattce

ggtgcctaat gagtgaggta

tcgggaaace tgtegtgeca

ttgcgtattyg ggcegetette

ctgeggegag cggtatcage

gataacgcag gaaagaacat

geegegttge tggegttttt

cgctcaagte agaggtggeg

ggaagctece tegtgegete

tttectecett cgggaagegt

gtgtaggtcg ttegetccaa

tgcgecttat ccggtaacta

ctggcagcag ccactggtaa

ttcttgaagt ggtggcectaa

ctgctgaage cagttacctt

accgctggta geggtggttt

tctcaagaag atcctttgat

cgttaaggga ttttggtcat

taaaaatgaa gttttaaatc

caatgcttaa tcagtgagge

gectgactee ccegtegtgta

getgcaatga taccgcgaga

ccagceggaa gggcecegageg

attaattgtt gccgggaage

gttgccattyg ctacaggcat

tccggttece aacgatcaag

agctectteg gtectecgat

gttatggcag cactgcataa

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520
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ttctecttact gtcatgccat ccgtaagatg cttttcectgtg actggtgagt actcaaccaa 5580
gtcattctga gaatagtgta tgcggcgacc gagttgctet tgcccggegt caatacggga 5640
taataccgcg ccacatagca gaactttaaa agtgctcatc attggaaaac gttctteggg 5700
gcgaaaactc tcaaggatct taccgctgtt gagatccagt tcgatgtaac ccactcgtge 5760
acccaactga tcttcagcat cttttacttt caccagegtt tctgggtgag caaaaacagg 5820
aaggcaaaat gccgcaaaaa agggaataag ggcgacacgg aaatgttgaa tactcatact 5880
cttccttttt caatattatt gaagcattta tcagggttat tgtctcatga gcggatacat 5940
atttgaatgt atttagaaaa ataaacaaat aggggttccg cgcacatttc cccgaaaagt 6000
gccacctgac gt 6012
<210> SEQ ID NO 16

<211> LENGTH: 8969

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 16

ccagttaact gtgggaatac tcaggtatcg taagatgcaa gagttcgaat ctcttagcaa 60
ccattatttt tttectcaac ataacgagaa cacacagggg cgctatcgca cagaatcaaa 120
ttcgatgact ggaaattttt tgttaatttc agaggtcgcce tgacgcatat acctttttca 180
actgaaaaat tgggagaaaa aggaaaggtg agagcgcegg aaccggcettt tcatatagaa 240
tagagaagcg ttcatgacta aatgcttgca tcacaatact tgaagttgac aatattattt 300
aaggacctat tgttttttcc aataggtggt tagcaatcgt cttactttct aacttttcett 360
accttttaca tttcagcaat atatatatat atatttcaag gatataccat tctaatgtct 420
geeectaaga agatcgtegt tttgecaggt gaccacgttg gtcaagaaat cacagccgaa 480
gccattaagg ttcttaaage tatttctgat gttcecgttcca atgtcaagtt cgatttcgaa 540
aatcatttaa ttggtggtgc tgctatcgat gectacaggtyg ttecacttec agatgaggeg 600
ctggaagcct ccaagaaggc tgatgcegtt ttgttaggtyg ctgtgggtgyg tcectaaatgg 660
ggtaccggta gtgttagacc tgaacaaggt ttactaaaaa tccgtaaaga acttcaattg 720
tacgccaact taagaccatg taactttgca tccgactcte ttttagactt atctccaate 780
aagccacaat ttgctaaagg tactgacttc gttgttgtca gagaattagt gggaggtatt 840
tactttggta agagaaagga agacgatggt gatggtgteg cttgggatag tgaacaatac 900
accgttccag aagtgcaaag aatcacaaga atggccgett tcatggccect acaacatgag 960

ccaccattgce ctatttggtc cttggataaa gctaatgttt tggcctcttce aagattatgg 1020
agaaaaactg tggaggaaac catcaagaac gaattcccta cattgaaggt tcaacatcaa 1080
ttgattgatt ctgccgccat gatcctagtt aagaacccaa cccacctaaa tggtattata 1140
atcaccagca acatgtttgg tgatatcatc tccgatgaag cctcecgttat cccaggttcece 1200
ttgggtttgt tgccatctge gtecttggcee tcetttgccag acaagaacac cgcatttggt 1260
ttgtacgaac catgccacgg ttctgctcca gatttgccaa agaataaggt caaccctatce 1320
gccactatet tgtcectgetge aatgatgttg aaattgtcat tgaacttgcecc tgaagaaggt 1380

aaggccattg aagatgcagt taaaaaggtt ttggatgcag gtatcagaac tggtgattta 1440
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ggtggttcca acagtaccac cgaagtcggt gatgctgteg ccgaagaagt taagaaaatc 1500
cttgcttaaa aagattctcect ttttttatga tatttgtaca taaactttat aaatgaaatt 1560
cataatagaa acgacacgaa attacaaaat ggaatatgtt catagggtag acgaaactat 1620
atacgcaatc tacatacatt tatcaagaag gagaaaaagg aggatgtaaa ggaatacagg 1680
taagcaaatt gatactaatg gctcaacgtg ataaggaaaa agaattgcac tttaacatta 1740
atattgacaa ggaggagggc accacacaaa aagttaggtg taacagaaaa tcatgaaact 1800
atgattccta atttatatat tggaggattt tctctaaaaa aaaaaaaata caacaaataa 1860
aaaacactca atgacctgac catttgatgg agttgccggce gaacgtggcg agaaaggaag 1920
ggaagaaagc gaaaggagcg ggcgcetaggg cgctggcaag tgtageggtce acgetgegeg 1980
taaccaccac acccgecgeg cttaatgege cgetacaggyg cgegtegege cattcegecat 2040
tcaggctgeg caactgttgg gaagggcgat cggtgcggge ctcttegcta ttacgccagce 2100
tggcgaaagg gggatgtgct gcaaggcgat taagttgggt aacgccaggg ttttcecccagt 2160
cacgacgttg taaaacgacg gccagtgagc gcgcgtaata cgactcacta tagggcgaat 2220
tgggtaccgg ccgcaaatta aagccttcga gcgtcccaaa accttctcaa gcaaggtttt 2280
cagtataatg ttacatgcgt acacgcgtct gtacagaaaa aaaagaaaaa tttgaaatat 2340
aaataacgtt cttaatacta acataactat aaaaaaataa atagggacct agacttcagg 2400
ttgtctaact ccttectttt cggttagage ggatgtgggg ggagggcgtg aatgtaagceg 2460
tgacataact aattacatga gcggccgcag atctttaacc cgcaacagca atacgtttca 2520
tatctgtcat atagccgege agtttcecttac ctacctgcectce aatcgcatgg ctgcgaatcg 2580
cttcgttcac atcacgcagt tgcccgttat ctaccgegece ttccggaata getttaccca 2640
ggtcgcecegyg ttgcagetcet gccataaacg gtttcagcaa cggcacacaa gcgtaagaga 2700
acagatagtt accgtactca gcggtatcag agataaccac gttcatttcg tacagacgct 2760
tacgggcgat ggtgttggca atcagcggca gctcgtgcag tgattcataa tatgcagact 2820
cttcaatgat gccggaatcg accatggttt cgaacgccag ttcaacgccce getttcacca 2880
tcgcaatcat cagtacgect ttatcgaagt actcecctgcetce geccgattttg ccttcatact 2940
gcggegeggt ttcaaacgcg gttttgecgg tectcttcacyg ccaggtcage agtttcttat 3000
catcgttgge ccagtccgece atcataccgg aagagaattc geccggagatg atgtcegtceca 3060
tatgtttctg gaacaggggt gccatgatct ctttcagetg ttcagaaagce gcataagcac 3120
gcagtttege cgggttagag agacggtcca tcatcagggt gatgccgecce tgtttcagtg 3180
cttcggtgat ggtttcccaa ccgaactgaa tcagtttttce tgcgtatget ggatcggtac 3240
cttettecac cagettgtceg aagcacagca gagagccage ctgcaacata ccgcacagga 3300
tggtttgctc gecccatcagg tcagatttca ctteccgcaac gaaggacgat tccagcacac 3360
ccgcacggtg accaccggtt gcagccgcce aggctttgge aatcgccatg ccttegectt 3420
tcggategtt ttccgggtga acggcaatca gcgtcggtac geccgaaccca cgtttgtact 3480
cttcacgcac ttcggtgect gggcatttcg gcgcaaccat cactacggtg atatctttac 3540
ggatctgcete geccactteg acgatgttga aaccgtgcga gtagcccagce gccgcgecgt 3600
ctttcatcag tggctgtacg gtgcgcacta catcagagtg ctgcttgtce ggcgtcaggt 3660

taatcaccag atccgcctgt gggatcagtt cttegtaagt acccacttta aaaccatttt 3720
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cggtcgettt acgccaggac gegcgcttcet cggcaatcge ttcectttacge agagcecgtagg 3780
agatatcgag accagaatca cgcatgttca ggccctggtt cagaccctgt gegccacagce 3840
cgacgatgac tactttttta ccctgaaggt agctcgcegec atcggcgaat tcatcgecggce 3900
ccatctcgag tcgaaactaa gttctggtgt tttaaaacta aaaaaaagac taactataaa 3960
agtagaattt aagaagttta agaaatagat ttacagaatt acaatcaata cctaccgtct 4020
ttatatactt attagtcaag taggggaata atttcaggga actggtttca accttttttt 4080
tcagcttttt ccaaatcaga gagagcagaa ggtaatagaa ggtgtaagaa aatgagatag 4140
atacatgcgt gggtcaattg ccttgtgtca tcatttactc caggcaggtt gcatcactcce 4200
attgaggttg tgccecgtttt ttgcctgttt gtgcccecetgt tectctgtagt tgcgctaaga 4260
gaatggacct atgaactgat ggttggtgaa gaaaacaata ttttggtgct gggattcttt 4320
ttttttetgg atgccagett aaaaagcggg ctccattata tttagtggat gcecaggaata 4380
aactgttcac ccagacacct acgatgttat atattctgtg taacccgcce cctattttgg 4440
gcatgtacgg gttacagcag aattaaaagg ctaatttttt gactaaataa agttaggaaa 4500
atcactacta ttaattattt acgtattctt tgaaatggcg agtattgata atgataaact 4560
ggatcctcat ccacccaact tcgatttgtce tcecttactgec cecttatcgg ctgaagtage 4620
caatgaagca taagccctaa gggcgaaact tacttgacgt tctctatttt taggagtcca 4680
agccttatcect cctcetggecat cttgtgectte tcettettgca geccaattcag cgtctgagac 4740
ttgtaattgg atacctctat ttgggatatc tatggcgatc aaatctccat cttcaatcaa 4800
tccaatcgaa ccaccagaag ctgcctectgg tgatacgtga ccgatactta aacccgaagt 4860
gccaccagag aatctaccgt cagtgataag ggcacaagct tttcecctagtce ccatggactt 4920
caaaaatgaa gttgggtaaa gcatttcctg catacctggt cctcececctttg gtecectcata 4980
tcttatcact accacgtcte ctgctaccac ctttceccgeca agtatagcct caacagcatce 5040
gtcttgactt tcgtaaactt tagcgggtcc agtaaatttc aaaatactat catctacacc 5100
agcagttttc acaatgcaac cattttcagc gaagtttcca tataatactg ctaaaccacc 5160
atccttacta taagcatgct caagcgatct tatacatcca tttgctctat catcgtccaa 5220
agtgtcccac ctacagtctt gcgagaatgce ttgggtggtt ctgatccctg ctggacctgce 5280
cctgaacatg tttttcacgg catcatcttg agttaacatg acatcgtatt gcectctaatgt 5340
ctgtggaagt gttaaaccca atacattctt cacatccctg tttaaaagac cggctctgte 5400
caactcccct aaaataccaa taacccctce tgcacgatga acgtcttceca tgtgatactt 5460
ttgagttgat ggtgcaacct tacataactg tggaacctta cgtgaaagct tgtcgatatc 5520
agacatggtg aaatctatct cagcttcecttg ggctgcaget agaagatgta agaccgtgtt 5580
tgtactacca cccattgcaa tatccaatgt catggcattt tcgaatgcag cctttgaagc 5640
tatattcctc ggtaatgctg attcatcatt ttgttcgtaa tacctttteg ttagttccac 5700
aattcttttt ccggcattta agaacaattg ctttctgtect gecatgggtcg ctaataatga 5760
accatttecct ggttgagata aacctagagc ttcagtcaag caattcatag agttagccgt 5820
gaacattcca ctgcaagaac cacaagttgg acatgcactt ctttcaactt ggtctgactg 5880
cgagtctgaa acttttggat ctgcaccttg aatcattgca tccacaagat caagtttgat 5940

gatctgatca cttaacttag ttttaccagc ctccattggg ccgccagata cgaagattac 6000
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tgggatgttc aatctcaagg acgccatcaa cataccaggc gttatcttat cacaattaga 6060
gatacaaacc attgcatcgg cacaatgagc attaaccata tattcgactg agtctgcaat 6120
taattctctc gatggtaaag agtataacat accgccatgce cccatagcta taccgtcegtce 6180
cacagcaata gtattaaact cttttgcgac accacctgca gcttcaattt gttcggcaac 6240
aagcttacct agatcacgca aatggacatg acccggaacg aattgtgtaa aagagttgac 6300
gacggcaatg attggctttc cgaaatctgc atcagtcatg ccagtcatgt cgacaaactt 6360
agattagatt gctatgcttt ctttctaatg agcaagaagt aaaaaaagtt gtaatagaac 6420
aagaaaaatg aaactgaaac ttgagaaatt gaagaccgtt tattaactta aatatcaatg 6480
ggaggtcatc gaaagagaaa aaaatcaaaa aaaaaatttt caagaaaaag aaacgtgata 6540
aaaattttta ttgccttttt cgacgaagaa aaagaaacga ggcggtctcet tttttetttt 6600
ccaaaccttt agtacgggta attaacgaca ccctagagga agaaagaggg gaaatttagt 6660
atgctgtget tgggtgtttt gaagtggtac ggcgatgcgce ggagtccgag aaaatctgga 6720
agagtaaaaa aggagtagaa acattttgaa gctatgagct ccagcttttg ttccectttag 6780
tgagggttaa ttgcgcgctt ggcgtaatca tggtcatage tgtttcctgt gtgaaattgt 6840
tatccgcectca caattccaca caacatagga gccggaagca taaagtgtaa agcctggggt 6900
gcctaatgag tgaggtaact cacattaatt gecgttgcecget cactgccecgce tttecagteg 6960
ggaaacctgt cgtgccagct gcattaatga atcggccaac gcgcggggag aggcggtttyg 7020
cgtattgggce gectcecttceege ttectegete actgactege tgcgetcecggt cgtteggetg 7080
cggcgagcegg tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat 7140
aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccyg taaaaaggcce 7200
gcgttgetgg cgtttttcecca taggctecge ccccctgacyg agcatcacaa aaatcgacgce 7260
tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcgtt tecccectgga 7320
agctcecteg tgcgectctee tgttceccgace ctgccgetta ccggatacct gteccgecttt 7380
ctceccttegg gaagegtgge getttcetcat agctcacget gtaggtatct cagtteggtg 7440
taggtcgttc gectccaaget gggctgtgtg cacgaaccce ccgttcagece cgaccgctgce 7500
gccttateeg gtaactatcg tcttgagtcce aacccggtaa gacacgactt atcgccactg 7560
gcagcagceca ctggtaacag gattagcaga gcgaggtatg taggcggtgce tacagagttce 7620
ttgaagtggt ggcctaacta cggctacact agaaggacag tatttggtat ctgcgctctg 7680
ctgaagccag ttaccttcegg aaaaagagtt ggtagctcett gatccggcaa acaaaccacc 7740
gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct 7800
caagaagatc ctttgatctt ttctacgggg tctgacgctc agtggaacga aaactcacgt 7860
taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct tttaaattaa 7920
aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa cttggtctga cagttaccaa 7980
tgcttaatca gtgaggcacc tatctcagcg atctgtctat ttcgttcatce catagttgcece 8040
tgactcceccecg tegtgtagat aactacgata cgggagggct taccatctgg ccccagtgcet 8100
gcaatgatac cgcgagacce acgctcaccg getccagatt tatcagcaat aaaccagceca 8160
gccggaaggg ccgagcgcag aagtggtect gcaactttat ccgectceccat ccagtctatt 8220

aattgttgcce gggaagctag agtaagtagt tcgccagtta atagtttgcg caacgttgtt 8280
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gccattgcta caggcatcgt ggtgtcacge tcgtegtttg gtatggcttce attcagetcece 8340
ggttcccaac gatcaaggcg agttacatga tcccccatgt tgtgcaaaaa agcggttage 8400
tcetteggte cteccgategt tgtcagaagt aagttggecg cagtgttatce actcatggtt 8460
atggcagcac tgcataattc tcecttactgtce atgccatccg taagatgctt ttectgtgact 8520
ggtgagtact caaccaagtc attctgagaa tagtgtatgc ggcgaccgag ttgctcttge 8580
ccggcgtcaa tacgggataa taccgcgcca catagcagaa ctttaaaagt gctcatcatt 8640
ggaaaacgtt cttcggggcg aaaactctca aggatcttac cgctgttgag atccagtteg 8700
atgtaaccca ctcgtgcacc caactgatct tcagcatctt ttactttcac cagecgtttcet 8760
gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa 8820
tgttgaatac tcatactctt cctttttcaa tattattgaa gcatttatca gggttattgt 8880
ctcatgagcg gatacatatt tgaatgtatt tagaaaaata aacaaatagg ggttccgcgce 8940
acatttccece gaaaagtgcec acctgacgt 8969
<210> SEQ ID NO 17

<211> LENGTH: 5853

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 17

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaageggat geccgggagca gacaagcceg tcagggcegeyg tcagegegtg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaatt cccgttttaa gagcttggtg agecgctagga gtcactgceca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tetttttceta 300
ttactcttgg cctcectctag tacactctat atttttttat gectcggtaa tgattttcat 360
tttttttttt cccctagegyg atgactecttt ttttttetta gecgattggca ttatcacata 420
atgaattata cattatataa agtaatgtga tttcttcgaa gaatatacta aaaaatgagce 480
aggcaagata aacgaaggca aagatgacag agcagaaagc cctagtaaag cgtattacaa 540
atgaaaccaa gattcagatt gcgatctctt taaagggtgg tcecectageyg atagagcact 600
cgatcttcecee agaaaaagag gcagaagcag tagcagaaca ggccacacaa tcgcaagtga 660
ttaacgtcca cacaggtata gggtttctgg accatatgat acatgctcetyg gccaagcatt 720
ceggetggte gctaategtt gagtgcattg gtgacttaca catagacgac catcacacca 780
ctgaagactg cgggattgct ctcggtcaag cttttaaaga ggccctaggyg gccgtgegtyg 840
gagtaaaaag gtttggatca ggatttgcge ctttggatga ggcactttcc agagceggtgg 900
tagatcttte gaacaggccg tacgcagttg tcgaacttgg tttgcaaagyg gagaaagtag 960

gagatctcte ttgcgagatg atcccgcatt ttcttgaaag ctttgcagag gctagcagaa 1020
ttacccteca cgttgattgt ctgcgaggca agaatgatca tcaccgtagt gagagtgegt 1080
tcaaggctct tgcggttgcec ataagagaag ccacctcgcec caatggtacce aacgatgttce 1140
cctccaccaa aggtgttcett atgtagtgac accgattatt taaagctgca gcatacgata 1200

tatatacatg tgtatatatg tatacctatg aatgtcagta agtatgtata cgaacagtat 1260
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gatactgaag atgacaaggt aatgcatcat tctatacgtg tcattctgaa cgaggcgcgce 1320
tttcettttt tetttttget ttttettttt ttttectettg aactcgacgg atctatgegg 1380
tgtgaaatac cgcacagatg cgtaaggaga aaataccgca tcaggaaatt gtaaacgtta 1440
atattttgtt aaaattcgcg ttaaattttt gttaaatcag ctcatttttt aaccaatagg 1500
ccgaaatcgg caaaatccecct tataaatcaa aagaatagac cgagataggg ttgagtgttg 1560
ttccagtttg gaacaagagt ccactattaa agaacgtgga ctccaacgtc aaagggcgaa 1620
aaaccgtcta tcagggcgat ggcccactac gtgaaccatc accctaatca agttttttgg 1680
ggtcgaggtyg ccgtaaagca ctaaatcgga accctaaagg gagcccccga tttagagett 1740
gacggggaaa gccggcgaac gtggcgagaa aggaagggaa gaaagcgaaa ggagcegggeyg 1800
ctagggcget ggcaagtgta gecggtcacge tgegegtaac caccacacce gccgegetta 1860
atgcgeceget acagggcgceg tcegcecgcecatt cgccattcag getgcgcaac tgttgggaag 1920
ggcgatcggt gegggcectcet tcegcectattac gecagetgge gaaaggggga tgtgctgcaa 1980
ggcgattaag ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca 2040
gtgagcgege gtaatacgac tcactatagg gcgaattggg taccggccgce aaattaaagce 2100
cttcgagegt cccaaaacct tcectcaagcaa ggttttcagt ataatgttac atgcgtacac 2160
gcgtetgtac agaaaaaaaa gaaaaatttg aaatataaat aacgttctta atactaacat 2220
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt 2280
tagagcggat gtggggggag ggcgtgaatg taagcgtgac ataactaatt acatgactcg 2340
aggtcgacgg tatcgataag cttgatatcg aattcctgca gecccggggga tcecactagtt 2400
ctagaatccg tcgaaactaa gttctggtgt tttaaaacta aaaaaaagac taactataaa 2460
agtagaattt aagaagttta agaaatagat ttacagaatt acaatcaata cctaccgtct 2520
ttatatactt attagtcaag taggggaata atttcaggga actggtttca accttttttt 2580
tcagcttttt ccaaatcaga gagagcagaa ggtaatagaa ggtgtaagaa aatgagatag 2640
atacatgcgt gggtcaattg ccttgtgtca tcatttactc caggcaggtt gcatcactcce 2700
attgaggttg tgccecgtttt ttgcctgttt gtgcccecetgt tectctgtagt tgcgctaaga 2760
gaatggacct atgaactgat ggttggtgaa gaaaacaata ttttggtgct gggattcttt 2820
ttttttetgg atgccagett aaaaagcggg ctccattata tttagtggat gcecaggaata 2880
aactgttcac ccagacacct acgatgttat atattctgtg taacccgcce cctattttgg 2940
gcatgtacgg gttacagcag aattaaaagg ctaatttttt gactaaataa agttaggaaa 3000
atcactacta ttaattattt acgtattctt tgaaatggcg agtattgata atgataaact 3060
gagctccage ttttgttcce tttagtgagg gttaattgeg cgcttggegt aatcatggtce 3120
atagctgttt cctgtgtgaa attgttatcc gctcacaatt ccacacaaca taggagccgg 3180
aagcataaag tgtaaagcct ggggtgccta atgagtgagg taactcacat taattgcgtt 3240
gcgcectcactyg ccecgetttee agtegggaaa cctgtegtge cagcectgcatt aatgaatcegg 3300
ccaacgcgceg gggagaggceg gtttgcegtat tgggcgetcet tecgecttcect cgctcactga 3360
ctegetgege teggtegtte ggectgceggceg ageggtatca gcectcactcaa aggcggtaat 3420
acggttatce acagaatcag gggataacgc aggaaagaac atgtgagcaa aaggccagca 3480
aaaggccagg aaccgtaaaa aggccgegtt gctggegttt ttccatagge tecgecccece 3540
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tgacgagcat cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga caggactata 3600
aagataccag gcgtttcecee ctggaagcte cctegtgege tectcectgtte cgaccctgece 3660
gcttaccgga tacctgtceccg cctttetece ttcecgggaage gtggegettt ctcecatagetce 3720
acgctgtagg tatctcagtt cggtgtaggt cgttcgetcce aagctggget gtgtgcacga 3780
accceceegtt cagcccgacce getgcegectt atccggtaac tatcgtcttg agtccaacce 3840
ggtaagacac gacttatcge cactggcagce agccactggt aacaggatta gcagagcgag 3900
gtatgtaggc ggtgctacag agttcttgaa gtggtggcct aactacggct acactagaag 3960
gacagtattt ggtatctgcg ctctgctgaa gccagttacce ttcggaaaaa gagttggtag 4020
ctcttgatcce ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt gcaagcagca 4080
gattacgcgce agaaaaaaag gatctcaaga agatcctttg atcttttcecta cggggtcectga 4140
cgctcagtgg aacgaaaact cacgttaagg gattttggtc atgagattat caaaaaggat 4200
cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa gtatatatga 4260
gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct cagcgatctg 4320
tctatttegt tcatccatag ttgcctgact ccecegtegtg tagataacta cgatacggga 4380
gggcttacca tcectggcccca gtgctgcaat gataccgcga gacccacgct caccggcetcece 4440
agatttatca gcaataaacc agccagecgg aagggccgag cgcagaagtyg gtcectgcaac 4500
tttatcecgee teccatccagt ctattaattg ttgccgggaa gctagagtaa gtagttcegece 4560
agttaatagt ttgcgcaacg ttgttgccat tgctacaggc atcgtggtgt cacgctcegtce 4620
gtttggtatg gcttcattca gcteccggtte ccaacgatca aggcgagtta catgatcccce 4680
catgttgtgc aaaaaagcgg ttagctecctt cggtecctecg atcgttgtca gaagtaagtt 4740
ggccgcagtyg ttatcactca tggttatggce agcactgcat aattctctta ctgtcatgece 4800
atccgtaaga tgcttttetg tgactggtga gtactcaacc aagtcattct gagaatagtg 4860
tatgcggcga ccgagttget cttgccecgge gtcaatacgg gataataccg cgccacatag 4920
cagaacttta aaagtgctca tcattggaaa acgttcttcg gggcgaaaac tctcaaggat 4980
cttaccgetg ttgagatcca gttcgatgta acccactegt gcacccaact gatcttcagce 5040
atcttttact ttcaccagcg tttctgggtg agcaaaaaca ggaaggcaaa atgccgcaaa 5100
aaagggaata agggcgacac ggaaatgttg aatactcata ctcttccttt ttcaatatta 5160
ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat gtatttagaa 5220
aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg ggtectttte 5280
atcacgtgct ataaaaataa ttataattta aattttttaa tataaatata taaattaaaa 5340
atagaaagta aaaaaagaaa ttaaagaaaa aatagttttt gttttccgaa gatgtaaaag 5400
actctagggg gatcgccaac aaatactacc ttttatcttg ctcttectge tcetcaggtat 5460
taatgccgaa ttgtttcatc ttgtctgtgt agaagaccac acacgaaaat cctgtgattt 5520
tacattttac ttatcgttaa tcgaatgtat atctatttaa tctgctttte ttgtctaata 5580
aatatatatg taaagtacgc tttttgttga aattttttaa acctttgttt attttttttt 5640
cttcattcecg taactcttet accttcettta tttactttcect aaaatccaaa tacaaaacat 5700
aaaaataaat aaacacagag taaattccca aattattcca tcattaaaag atacgaggcg 5760

cgtgtaagtt acaggcaagc gatccgtcct aagaaaccat tattatcatg acattaacct 5820
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ataaaaatag gcgtatcacg aggcecttte gte

<210> SEQ ID NO 18
<211> LENGTH: 5778
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 18

tcgegegttt cggtgatgac

cagcttgtet gtaageggat

ttggegggtyg teggggctgg

accataccac agcttttcaa

ggtttctttyg aaattttttt

agcacagact tagattggta

cagtattctt aacccaactg

cgaaagctac atataaggaa

ttaatatcat gcacgaaaag

aggaattact ggagttagtt

tggatatctt gactgatttt

ccaagtacaa ttttttactc

aattgcagta ctctgegggt

acggtgtggt gggcccaggt

aggaacctag aggcecttttg

gagaatatac taagggtact

ttattgctca aagagacatg

ceggtgtggyg tttagatgac

atgtggtcte tacaggatct

gggatgctaa ggtagagggt

gatgcggceca gcaaaactaa

aaattagagc ttcaatttaa

agatgcgtaa ggagaaaata

tcgegttaaa tttttgttaa

tcccttataa atcaaaagaa

agagtccact attaaagaac

gegatggece actacgtgaa

aagcactaaa tcggaaccct

cgaacgtgge gagaaaggaa

gtgtageggt cacgctgege

gegegtegeg ccattegeca

cctetteget attacgecag

ggtgaaaacc

gccgggagca

cttaactatg

ttcaattcat

gattcggtaa

tatatacgca

cacagaacaa

cgtgetgeta

caaacaaact

gaagcattag

tccatggagyg

ttcgaagaca

gtatacagaa

attgttagceg

atgttagcag

gttgacattyg

ggtggaagag

aagggagacyg

gacattatta

gaacgttaca

aaaactgtat

ttatatcagt

ccgcatcagyg

atcagctcat

tagaccgaga

gtggactcca

ccatcaccct

aaagggagcc

gggaagaaag

gtaaccacca

ttcaggctge

ctggcgaaag

tctgacacat

gacaagcccyg

cggcatcaga

catttttrttet

tctecgaaca

tatgtagtgt

aaacctgcag

ctcatcctag

tgtgtgette

gtcccaaaat

gcacagttaa

gaaaatttgce

tagcagaatg

gtttgaagca

aattgtcatg

cgaagagcga

atgaaggtta

cattgggtca

ttgttggaag

gaaaagcagg

tataagtaaa

tattacccta

aaattgtaaa

tttttaacca

tagggttgag

acgtcaaagg

aatcaagttt

cccgatttag

cgaaaggagc

cacccgecge

gcaactgttyg

ggggatgtge

Synthetic polynucleotide

gcagctceeg

tcagggcgcg

gcagattgta

ttattctttt

gaaggaagaa

tgaagaaaca

gaaacgaaga

teetgttget

attggatgtt

ttgtttacta

gecgcetaaag

tgacattggt

ggcagacatt

ggcggcagaa

caagggctee

caaagatttt

cgattggttyg

acagtataga

aggactattt

ctgggaagca

tgcatgtata

tgcggtgtga

cgttaatatt

ataggccgaa

tgttgtteca

gcgaaaaacce

tttggggtcg

agcttgacgg

gggcgetagg

gcettaatgeg

dgaagggcga

tgcaaggcga

gagacggtca

tcagcgggtg

ctgagagtge

ttttgatttc

cgaaggaagg

tgaaattgce

taaatcatgt

gccaagcetat

cgtaccacca

aaaacacatg

gcattatccg

aatacagtca

acgaatgcac

gaagtaacaa

ctatctactyg

gttatcgget

attatgacac

accgtggatyg

gcaaagggaa

tatttgagaa

ctaaactcac

aataccgcac

ttgttaaaat

atcggcaaaa

gtttggaaca

gtctatcagg

aggtgccgta

ggaaagccgg

gegetggeaa

ccgetacagyg

teggtgcggg

ttaagttggyg

5853

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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taacgccagg

acgactcact

aaccttctca

aaaaagaaaa

aatagggacc

gggagggegt

ataagcttga

actaagttct

gtttaagaaa

tcaagtaggg

tcagagagag

aattgeccttyg

gttttttgec

ctgatggttyg

agcttaaaaa

cacctacgat

agcagaatta

tatttacgta

ttecctttag

gtgaaattgt

agcctggggt

tttccagteg

aggcggtttg

cgtteggety

atcaggggat

taaaaaggcc

aaatcgacge

tcececectgga

gtcegecttt

cagttecggtyg

cgaccgetge

atcgccactyg

tacagagttc

ctgegetetyg

acaaaccacc

aaaaggatct

aaactcacgt

tttaaattaa

gttttcccag

atagggcgaa

agcaaggttt

atttgaaata

tagacttcag

gaatgtaagce

tatcgaattc

ggtgttttaa

tagatttaca

gaataatttc

cagaaggtaa

tgtcatcatt

tgtttgtgee

gtgaagaaaa

gegggeteca

gttatatatt

aaaggctaat

ttetttgaaa

tgagggttaa

tatccgetca

gectaatgag

ggaaacctgt

cgtattggge

c¢ggcgagegy

aacgcaggaa

gCgtthtgg

tcaagtcaga

agcteecteg

ctcecttegy

taggtegtte

gecttatecyg

gcagcagcca

ttgaagtggt

ctgaagccag

gctggtagcg

caagaagatc

taagggattt

aaatgaagtt

tcacgacgtt

ttgggtaccyg

tcagtataat

taaataacgt

gttgtctaac

gtgacataac

ctgcageeceyg

aactaaaaaa

gaattacaat

agggaactgg

tagaaggtgt

tactccagge

cctgttetet

caatattttg

ttatatttag

ctgtgtaacc

tttttgacta

tggcgagtat

ttgcgegett

caattccaca

tgaggtaact

cgtgccaget

getettecege

tatcagctca

agaacatgtg

cgttttteca

ggtggcgaaa

tgcgetetee

gaagcgtgge

gctecaaget

gtaactatcg

ctggtaacag

ggcctaacta

ttaccttegyg

gtggtttttt

ctttgatett

tggtcatgag

ttaaatcaat

gtaaaacgac

gecgcaaatt

gttacatgcg

tcttaatact

tcecttecttt

taattacatg

ggggatccac

aagactaact

caatacctac

tttcaacctt

aagaaaatga

aggttgcatc

gtagttgege

gtgctgggat

tggatgccag

cgcecectat

aataaagtta

tgataatgat

ggcgtaatca

caacatagga

cacattaatt

gcattaatga

ttcctegete

ctcaaaggeg

agcaaaaggc

taggcteege

cccgacagga

tgttcecgace

gettteteat

gggctgtgtg

tcttgagtee

gattagcaga

cggctacact

aaaaagagtt

tgtttgcaag

ttctacgggy

attatcaaaa

ctaaagtata

ggccagtgag cgegegtaat
aaagcctteg agegtceccaa
tacacgcgte tgtacagaaa
aacataacta taaaaaaata
teggttagag cggatgtggg
actcgaggte gacggtatcg
tagttctaga atccgtcgaa
ataaaagtag aatttaagaa
cgtctttata tacttattag
ttttttcage tttttceccaaa
gatagataca tgcgtgggte
actccattga ggttgtgece
taagagaatg gacctatgaa
tetttttttt tctggatgece
gaataaactg ttcacccaga
tttgggcatyg tacgggttac
ggaaaatcac tactattaat
aaactgagct ccagettttg
tggtcatage tgtttectgt
gecggaagca taaagtgtaa
gegttgeget cactgeccge
atcggccaac gcgeggggag
actgactecge tgcgeteggt
gtaatacggt tatccacaga
cagcaaaagg ccaggaaccg
cccectgacy agcatcacaa
ctataaagat accaggcgtt
ctgececgetta ccggatacct
agctcacget gtaggtatct
cacgaaccce ccgttcagec
aacccggtaa gacacgactt
gecgaggtatg taggcggtge
agaaggacag tatttggtat
ggtagetett gatccggcaa
cagcagatta cgcgcagaaa
tctgacgete agtggaacga
aggatcttca cctagatcct

tatgagtaaa cttggtctga

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200
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cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat ttegttcatce 4260
catagttgcce tgactccceg tegtgtagat aactacgata cgggagggct taccatctgg 4320
ccecagtget gecaatgatac cgcgagacce acgctcaccg gcectccagatt tatcagcaat 4380
aaaccagcca gccggaaggg ccgagegcag aagtggtect gcaactttat ccgectccat 4440
ccagtctatt aattgttgcc gggaagctag agtaagtagt tcgccagtta atagtttgeg 4500
caacgttgtt gccattgcta caggcatcgt ggtgtcacge tcgtegtttg gtatggcectte 4560
attcagctce ggttcccaac gatcaaggcg agttacatga tcccccatgt tgtgcaaaaa 4620
agcggttage teccttcecggte cteccgatcecgt tgtcagaagt aagttggccg cagtgttatce 4680
actcatggtt atggcagcac tgcataattc tcttactgtc atgccatccg taagatgcett 4740
ttctgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatgce ggcgaccgag 4800
ttgctettge ccggecgtcaa tacgggataa taccgcgceca catagcagaa ctttaaaagt 4860
gctcatcatt ggaaaacgtt ctteggggcg aaaactctca aggatcttac cgctgttgag 4920
atccagttcg atgtaaccca ctcecgtgcacce caactgatct tcagcatctt ttactttcac 4980
cagegtttet gggtgagcaa aaacaggaag gcaaaatgece gcaaaaaagyg gaataagggce 5040
gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa gcatttatca 5100
gggttattgt ctcatgagcg gatacatatt tgaatgtatt tagaaaaata aacaaatagg 5160
ggttccgege acatttccce gaaaagtgcece acctgggtec ttttcatcac gtgctataaa 5220
aataattata atttaaattt tttaatataa atatataaat taaaaataga aagtaaaaaa 5280
agaaattaaa gaaaaaatag tttttgtttt ccgaagatgt aaaagactct agggggatcg 5340
ccaacaaata ctacctttta tcttgctctt cctgctctca ggtattaatg ccgaattgtt 5400
tcatcttgtce tgtgtagaag accacacacg aaaatcctgt gattttacat tttacttatc 5460
gttaatcgaa tgtatatcta tttaatctgc ttttcttgtc taataaatat atatgtaaag 5520
tacgcttttt gttgaaattt tttaaacctt tgtttatttt tttttcttca ttccgtaact 5580
cttctacctt ctttatttac tttctaaaat ccaaatacaa aacataaaaa taaataaaca 5640
cagagtaaat tcccaaatta ttccatcatt aaaagatacg aggcgcgtgt aagttacagg 5700
caagcgatcc gtcctaagaa accattatta tcatgacatt aacctataaa aataggcgta 5760
tcacgaggcce ctttegte 5778
<210> SEQ ID NO 19

<211> LENGTH: 6362

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 19

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataccac agcttttcaa ttcaattcat catttttttt ttattctttt ttttgatttce 240
ggtttetttyg aaattttttt gattcggtaa tctcecgaaca gaaggaagaa cgaaggaagyg 300

agcacagact tagattggta tatatacgca tatgtagtgt tgaagaaaca tgaaattgcce 360
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cagtattctt

cgaaagctac

ttaatatcat

aggaattact

tggatatctt

ccaagtacaa

aattgcagta

acggtgtggt

aggaacctag

gagaatatac

ttattgctca

ceggtgtggg

atgtggtcte

gggatgctaa

gatgcggeca

aaattagagc

agatgcgtaa

tcgegttaaa

tcecttataa

agagtccact

gegatggece

aagcactaaa

cgaacgtgge

gtgtagcggt

gegegtegeg

cctetteget

taacgccagg

acgactcact

aaccttctca

aaaaagaaaa

aatagggacc

gggagggegt

cgggaatteg

aaacttagat

tagaacaaga

tcaatgggag

gtgataaaaa

tctttteccaa

aacccaactg

atataaggaa

gcacgaaaag

ggagttagtt

gactgatttt

ttttttactc

ctctgegggt

gggcccaggt

aggccttttyg

taagggtact

aagagacatg

tttagatgac

tacaggatct

ggtagagggt

gcaaaactaa

ttcaatttaa

ggagaaaata

tttttgttaa

atcaaaagaa

attaaagaac

actacgtgaa

tcggaaccct

gagaaaggaa

cacgctgege

ccattegeca

attacgccag

gttttcccag

atagggcgaa

agcaaggttt

atttgaaata

tagacttcag

gaatgtaagce

tcgacacceg

tagattgcta

aaaatgaaac

gtcatcgaaa

tttttattge

acctttagta

cacagaacaa

cgtgetgeta

caaacaaact

gaagcattag

tccatggagyg

ttcgaagaca

gtatacagaa

attgttagceg

atgttagcag

gttgacattyg

ggtggaagag

aagggagacyg

gacattatta

gaacgttaca

aaaactgtat

ttatatcagt

ccgcatcagyg

atcagctcat

tagaccgaga

gtggactcca

ccatcaccct

aaagggagcc

gggaagaaag

gtaaccacca

ttcaggctge

ctggcgaaag

tcacgacgtt

ttgggtaccyg

tcagtataat

taaataacgt

gttgtctaac

gtgacataac

catagtcagg

tgctttettt

tgaaacttga

gagaaaaaaa

ctttttegac

cgggtaatta

aaacctgcag

ctcatcctag

tgtgtgette

gtcccaaaat

gcacagttaa

gaaaatttgce

tagcagaatg

gtttgaagca

aattgtcatg

cgaagagcga

atgaaggtta

cattgggtca

ttgttggaag

gaaaagcagg

tataagtaaa

tattacccta

aaattgtaaa

tttttaacca

tagggttgag

acgtcaaagg

aatcaagttt

cccgatttag

cgaaaggagc

cacccgecge

gcaactgttyg

ggggatgtge

gtaaaacgac

gecgcaaatt

gttacatgcg

tcttaatact

tcecttecttt

taattacatg

aacatcgtat

ctaatgagca

gaaattgaag

tcaaaaaaaa

gaagaaaaag

acgacaccct

gaaacgaaga taaatcatgt

tcectgttget geccaagetat

attggatgtt cgtaccacca

ttgtttacta aaaacacatg

gecgctaaag gcattatceg

tgacattggt aatacagtca

ggcagacatt acgaatgcac

ggcggcagaa gaagtaacaa

caagggctce ctatctactg

caaagatttt gttatcgget

cgattggttyg attatgacac

acagtataga accgtggatg

aggactattt gcaaagggaa

ctgggaagca tatttgagaa

tgcatgtata ctaaactcac

tgcggtgtga aataccgcac

cgttaatatt ttgttaaaat

ataggccgaa atcggcaaaa

tgttgttcca gtttggaaca

gcgaaaaace gtctatcagg

tttggggtcyg aggtgccgta

agcttgacgg ggaaagccgyg

gggcgctagg gcgctggcaa

gettaatgeg ccgctacagg

ggaagggcga tcggtgeggg

tgcaaggcga ttaagttggyg

ggccagtgag cgegegtaat

aaagcctteg agegtceccaa

tacacgcgte tgtacagaaa

aacataacta taaaaaaata

tcggttagag cggatgtggg

actcgagegg ccgeggatcee

gggtacatge tagttctaga

agaagtaaaa aaagttgtaa

accgtttatt aacttaaata

aattttcaag aaaaagaaac

aaacgaggcg gtctettttt

agaggaagaa agaggggaaa

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640
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tttagtatgc tgtgcttggg tgttttgaag tggtacggcg atgcgcggag tcecgagaaaa 2700
tctggaagag taaaaaagga gtagaaacat tttgaagcta tgagctccag cttttgttcce 2760
ctttagtgag ggttaattgc gcgcttggceg taatcatggt catagetgtt tectgtgtga 2820
aattgttatc cgctcacaat tccacacaac ataggagcecg gaagcataaa gtgtaaagcce 2880
tggggtgcct aatgagtgag gtaactcaca ttaattgegt tgcgctcact geccgcttte 2940
cagtcgggaa acctgtegtg ccagctgeat taatgaateg gccaacgege ggggagagge 3000
ggtttgcgta ttgggcgcte ttecegcttece tecgctcactg actcecgctgeg cteggtegtt 3060
cggctgegge gagcggtatce agctcactca aaggcggtaa tacggttatc cacagaatca 3120
ggggataacyg caggaaagaa catgtgagca aaaggccagc aaaaggccag gaaccgtaaa 3180
aaggccgegt tgctggcegtt tttceccatagg ctecgcecccece ctgacgagca tcacaaaaat 3240
cgacgctcaa gtcagaggtg gcgaaaccceg acaggactat aaagatacca ggcegtttcce 3300
cctggaagcet cectegtgeg ctetectgtt ccgaccetge cgcttaccgg atacctgtcece 3360
gcctttetee cttegggaag cgtggcgett tcectcataget cacgctgtag gtatctcagt 3420
tcggtgtagg tegttcecgete caagcetggge tgtgtgcacg aaccccccegt tcagceccgac 3480
cgctgegect tatccggtaa ctatcgtcectt gagtccaacce cggtaagaca cgacttatcg 3540
ccactggcag cagccactgg taacaggatt agcagagcga ggtatgtagg cggtgctaca 3600
gagttcttga agtggtggce taactacggce tacactagaa ggacagtatt tggtatctge 3660
gctetgctga agccagttac ctteggaaaa agagttggta gectcttgatce cggcaaacaa 3720
accaccgctg gtageggtgg tttttttgtt tgcaagcage agattacgcg cagaaaaaaa 3780
ggatctcaag aagatccttt gatcttttect acggggtctyg acgctcagtg gaacgaaaac 3840
tcacgttaag ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta 3900
aattaaaaat gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt 3960
taccaatgct taatcagtga ggcacctatc tcagcgatct gtctattteg ttcatccata 4020
gttgcctgac tcceccecgtegt gtagataact acgatacggg agggcttacce atctggeccce 4080
agtgctgcaa tgataccgcg agacccacgc tcaccggctce cagatttatc agcaataaac 4140
cagccagcecg gaagggcecga gcgcagaagt ggtcectgcaa ctttatcege ctccatccag 4200
tctattaatt gttgccggga agctagagta agtagttcege cagttaatag tttgcgcaac 4260
gttgttgcca ttgctacagg catcgtggtg tcacgctcecgt cgtttggtat ggcttcatte 4320
agctceggtt cccaacgatc aaggcgagtt acatgatccce ccatgttgtg caaaaaagcg 4380
gttagctect teggtectcee gategttgte agaagtaagt tggccgcagt gttatcactce 4440
atggttatgg cagcactgca taattctctt actgtcatgc catccgtaag atgettttcet 4500
gtgactggtyg agtactcaac caagtcattc tgagaatagt gtatgcggcg accgagttge 4560
tcttgecececgg cgtcaatacyg ggataatacce gcgccacata gcagaacttt aaaagtgcectce 4620
atcattggaa aacgttcttc ggggcgaaaa ctctcaagga tcttaccget gttgagatcce 4680
agttcgatgt aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccagce 4740
gtttctgggt gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat aagggcgaca 4800
cggaaatgtt gaatactcat actcttcctt tttcaatatt attgaagcat ttatcagggt 4860

tattgtctca tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt 4920
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ccgcgcacat ttccccgaaa agtgccacct gaacgaagca tcectgtgcectte attttgtaga 4980
acaaaaatgc aacgcgagag cgctaatttt tcaaacaaag aatctgagct gcatttttac 5040
agaacagaaa tgcaacgcga aagcgctatt ttaccaacga agaatctgtg cttcattttt 5100
gtaaaacaaa aatgcaacgc gagagcgcta atttttcaaa caaagaatct gagctgcatt 5160
tttacagaac agaaatgcaa cgcgagagcg ctattttacc aacaaagaat ctatacttct 5220
tttttgttct acaaaaatgc atcccgagag cgctattttt ctaacaaagce atcttagatt 5280
actttttttc tecctttgtge gcectctataat gcagtctett gataactttt tgcactgtag 5340
gtcecgttaag gttagaagaa ggctactttg gtgtctattt tcectcectteccat aaaaaaagcece 5400
tgactccact tcccgegttt actgattact agcgaagetg cgggtgcatt ttttcaagat 5460
aaaggcatcc ccgattatat tctataccga tgtggattgce gecatactttg tgaacagaaa 5520
gtgatagcgt tgatgattct tcattggtca gaaaattatg aacggtttct tctattttgt 5580
ctctatatac tacgtatagg aaatgtttac attttcgtat tgttttcgat tcactctatg 5640
aatagttctt actacaattt ttttgtctaa agagtaatac tagagataaa cataaaaaat 5700
gtagaggtcg agtttagatg caagttcaag gagcgaaagg tggatgggta ggttatatag 5760
ggatatagca cagagatata tagcaaagag atacttttga gcaatgtttg tggaagcggt 5820
attcgcaata ttttagtagc tcecgttacagt ccggtgegtt tttggttttt tgaaagtgceg 5880
tcttcagage gettttggtt ttcaaaagcg ctctgaagtt cctatacttt ctagagaata 5940
ggaacttcgg aataggaact tcaaagcgtt tccgaaaacyg agcgcttccg aaaatgcaac 6000
gcgagctgeg cacatacagce tcactgttca cgtcgcacct atatctgegt gttgectgta 6060
tatatatata catgagaaga acggcatagt gcgtgtttat gcttaaatgc gtacttatat 6120
gcgtectattt atgtaggatg aaaggtagtc tagtacctcecc tgtgatatta tcccattceca 6180
tgcggggtat cgtatgctte cttcagcact accctttage tgttctatat getgccactce 6240
ctcaattgga ttagtctcat ccttcaatgc tatcatttcce tttgatattg gatcatacta 6300
agaaaccatt attatcatga cattaaccta taaaaatagg cgtatcacga ggccctttcg 6360
tc 6362
<210> SEQ ID NO 20

<211> LENGTH: 6690

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 20

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaatt cccgttttaa gagcttggtg agecgctagga gtcactgceca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tetttttceta 300
ttactcttgg cctcectctag tacactctat atttttttat gectcggtaa tgattttcat 360
tttttttttt cccctagegyg atgactecttt ttttttetta gecgattggca ttatcacata 420

atgaattata cattatataa agtaatgtga tttcttcgaa gaatatacta aaaaatgagce 480



US 2011/0318799 Al Dec. 29, 2011
78

-continued
aggcaagata aacgaaggca aagatgacag agcagaaagc cctagtaaag cgtattacaa 540
atgaaaccaa gattcagatt gcgatctctt taaagggtgg tcccctageg atagagcact 600
cgatcttccec agaaaaagag gcagaagcag tagcagaaca ggccacacaa tcgcaagtga 660
ttaacgtcca cacaggtata gggtttctgg accatatgat acatgctctg gccaagcatt 720
cecggetggte gctaatcegtt gagtgcattg gtgacttaca catagacgac catcacacca 780
ctgaagactg cgggattgct ctcggtcaag cttttaaaga ggccctaggg gccegtgegtg 840
gagtaaaaag gtttggatca ggatttgcgc ctttggatga ggcactttcc agagcggtgg 900
tagatctttc gaacaggccg tacgcagttg tcgaacttgg tttgcaaagg gagaaagtag 960

gagatctcte ttgcgagatg atcccgcatt ttcttgaaag ctttgcagag gctagcagaa 1020
ttacccteca cgttgattgt ctgcgaggca agaatgatca tcaccgtagt gagagtgegt 1080
tcaaggctct tgcggttgcec ataagagaag ccacctcgcec caatggtacce aacgatgttce 1140
cctccaccaa aggtgttcett atgtagtgac accgattatt taaagctgca gcatacgata 1200
tatatacatg tgtatatatg tatacctatg aatgtcagta agtatgtata cgaacagtat 1260
gatactgaag atgacaaggt aatgcatcat tctatacgtg tcattctgaa cgaggcgcgce 1320
tttcettttt tetttttget ttttettttt ttttectettg aactcgacgg atctatgegg 1380
tgtgaaatac cgcacagatg cgtaaggaga aaataccgca tcaggaaatt gtaaacgtta 1440
atattttgtt aaaattcgcg ttaaattttt gttaaatcag ctcatttttt aaccaatagg 1500
ccgaaatcgg caaaatccecct tataaatcaa aagaatagac cgagataggg ttgagtgttg 1560
ttccagtttg gaacaagagt ccactattaa agaacgtgga ctccaacgtc aaagggcgaa 1620
aaaccgtcta tcagggcgat ggcccactac gtgaaccatc accctaatca agttttttgg 1680
ggtcgaggtyg ccgtaaagca ctaaatcgga accctaaagg gagcccccga tttagagett 1740
gacggggaaa gccggcgaac gtggcgagaa aggaagggaa gaaagcgaaa ggagcegggeyg 1800
ctagggcget ggcaagtgta gecggtcacge tgegegtaac caccacacce gccgegetta 1860
atgcgeceget acagggcgceg tcegcecgcecatt cgccattcag getgcgcaac tgttgggaag 1920
ggcgatcggt gegggcectcet tcegcectattac gecagetgge gaaaggggga tgtgctgcaa 1980
ggcgattaag ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca 2040
gtgagcgege gtaatacgac tcactatagg gcgaattggg taccggccgce aaattaaagce 2100
cttcgagegt cccaaaacct tcectcaagcaa ggttttcagt ataatgttac atgcgtacac 2160
gcgtetgtac agaaaaaaaa gaaaaatttg aaatataaat aacgttctta atactaacat 2220
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt 2280
tagagcggat gtggggggag ggcgtgaatg taagcgtgac ataactaatt acatgactcg 2340
agcggcecegeg gatcccggga attcgtcgac accatcttet tcectgagatga gtttttgtte 2400
catgctagtt ctagaatccg tcgaaactaa gttctggtgt tttaaaacta aaaaaaagac 2460
taactataaa agtagaattt aagaagttta agaaatagat ttacagaatt acaatcaata 2520
cctaccgtet ttatatactt attagtcaag taggggaata atttcaggga actggtttca 2580
accttttttt tcagcttttt ccaaatcaga gagagcagaa ggtaatagaa ggtgtaagaa 2640
aatgagatag atacatgcgt gggtcaattg ccttgtgtca tcatttactc caggcaggtt 2700

gcatcactece attgaggttg tgcccgtttt ttgcctgttt gtgecccctgt tctetgtagt 2760
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tgcgctaaga gaatggacct atgaactgat ggttggtgaa gaaaacaata ttttggtgcet 2820
gggattcttt ttttttctgg atgccagett aaaaagcggg ctccattata tttagtggat 2880
gccaggaata aactgttcac ccagacacct acgatgttat atattctgtg taacccgecce 2940
cctattttgg gcatgtacgg gttacagcag aattaaaagg ctaatttttt gactaaataa 3000
agttaggaaa atcactacta ttaattattt acgtattctt tgaaatggcg agtattgata 3060
atgataaact gagctccagc ttttgttcce tttagtgagg gttaattgcg cgcttggegt 3120
aatcatggtc atagctgttt cctgtgtgaa attgttatcc gctcacaatt ccacacaaca 3180
taggagccgg aagcataaag tgtaaagcct ggggtgcecta atgagtgagg taactcacat 3240
taattgcegtt gecgctcactg cccgetttcee agtecgggaaa cctgtegtge cagcectgcatt 3300
aatgaatcgg ccaacgcgceg gggagaggcg gtttgcgtat tgggcgctcet tecgettect 3360
cgctcactga ctcgectgege teggtegtte ggetgcggeg agcggtatca gcetcactcaa 3420
aggcggtaat acggttatcc acagaatcag gggataacgce aggaaagaac atgtgagcaa 3480
aaggccagca aaaggccagg aaccgtaaaa aggccgcegtt gectggegttt tteccataggce 3540
tcegecccee tgacgagcat cacaaaaatc gacgctcaag tcagaggtgyg cgaaacccga 3600
caggactata aagataccag gcgtttccce ctggaagcectce cctegtgcecge tetectgtte 3660
cgacccectgece gettaccgga tacctgtcecceg cctttetece ttcecgggaage gtggegettt 3720
ctcatagctc acgctgtagg tatctcagtt cggtgtaggt cgttcgctece aagctgggcet 3780
gtgtgcacga acccccegtt cagcccgacce gectgecgectt atccggtaac tatcgtettg 3840
agtccaaccce ggtaagacac gacttatcgce cactggcagce agccactggt aacaggatta 3900
gcagagcgag gtatgtaggce ggtgctacag agttcttgaa gtggtggect aactacggcet 3960
acactagaag gacagtattt ggtatctgcg ctctgctgaa gccagttacce ttcggaaaaa 4020
gagttggtag ctcttgatce ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt 4080
gcaagcagca gattacgcgce agaaaaaaag gatctcaaga agatcctttg atcttttceta 4140
cggggtcetga cgctcagtgg aacgaaaact cacgttaagg gattttggtce atgagattat 4200
caaaaaggat cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa 4260
gtatatatga gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct 4320
cagcgatctg tctatttegt tcatccatag ttgecctgact cecccecgtcecgtg tagataacta 4380
cgatacggga gggcttacca tcectggcccca gtgctgcaat gataccgcga gacccacgct 4440
caccggcetee agatttatca gcaataaacc agecagecegg aagggccgag cgcagaagtg 4500
gtcctgcaac tttatccgce tccatccagt ctattaattg ttgccgggaa gctagagtaa 4560
gtagttcgec agttaatagt ttgcgcaacg ttgttgccat tgctacaggc atcgtggtgt 4620
cacgctegte gtttggtatg gettcattca gctecggtte ccaacgatca aggcgagtta 4680
catgatcccce catgttgtgce aaaaaagcgg ttagctcectt cggtcecctceeg atcgttgtca 4740
gaagtaagtt ggccgcagtg ttatcactca tggttatggc agcactgcat aattctcetta 4800
ctgtcatgcce atccgtaaga tgcttttcectg tgactggtga gtactcaacc aagtcattct 4860
gagaatagtg tatgcggcga ccgagttgcet cttgcccgge gtcaatacgg gataataccyg 4920
cgccacatag cagaacttta aaagtgctca tcattggaaa acgttctteg gggcgaaaac 4980

tctcaaggat cttaccgetg ttgagatcca gttcgatgta acccactcgt gcacccaact 5040
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gatcttcage atcttttact ttcaccagcg tttctgggtg agcaaaaaca ggaaggcaaa 5100
atgccgcaaa aaagggaata agggcgacac ggaaatgttg aatactcata ctcttecttt 5160
ttcaatatta ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat 5220
gtatttagaa aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg 5280
aacgaagcat ctgtgcttca ttttgtagaa caaaaatgca acgcgagagc gctaattttt 5340
caaacaaaga atctgagctg catttttaca gaacagaaat gcaacgcgaa agcgctattt 5400
taccaacgaa gaatctgtgc ttcatttttg taaaacaaaa atgcaacgcg agagcgctaa 5460
tttttcaaac aaagaatctg agctgcattt ttacagaaca gaaatgcaac gcgagagcgc 5520
tattttacca acaaagaatc tatacttctt ttttgttcta caaaaatgca tcccgagagce 5580
gctattttte taacaaagca tcttagatta ctttttttet cectttgtgeg ctctataatg 5640
cagtctcettg ataacttttt gcactgtagg tccgttaagg ttagaagaag gctactttgg 5700
tgtctatttt ctcttccata aaaaaagcct gactccactt ceccgecgttta ctgattacta 5760
gcgaagctge gggtgcattt tttcaagata aaggcatccc cgattatatt ctataccgat 5820
gtggattgcg catactttgt gaacagaaag tgatagcgtt gatgattctt cattggtcag 5880
aaaattatga acggtttctt ctattttgtc tctatatact acgtatagga aatgtttaca 5940
ttttcgtatt gttttcgatt cactctatga atagttctta ctacaatttt tttgtctaaa 6000
gagtaatact agagataaac ataaaaaatg tagaggtcga gtttagatgc aagttcaagg 6060
agcgaaaggt ggatgggtag gttatatagg gatatagcac agagatatat agcaaagaga 6120
tacttttgag caatgtttgt ggaagcggta ttcgcaatat tttagtagct cgttacagtce 6180
cggtgegttt ttggtttttt gaaagtgcgt cttcagagecg cttttggttt tcaaaagcgce 6240
tctgaagttc ctatactttc tagagaatag gaacttcgga ataggaactt caaagcgttt 6300
ccgaaaacga gcgctteccga aaatgcaacg cgagetgege acatacaget cactgttcac 6360
gtcgcaccta tatctgegtg ttgcctgtat atatatatac atgagaagaa cggcatagtg 6420
cgtgtttatg cttaaatgcg tacttatatg cgtctattta tgtaggatga aaggtagtct 6480
agtacctcct gtgatattat cccattccat gcggggtatc gtatgecttece ttcagcacta 6540
ccetttaget gttctatatg ctgccactcee tcaattggat tagtctcatce cttcaatget 6600
atcatttcct ttgatattgg atcatctaag aaaccattat tatcatgaca ttaacctata 6660
aaaataggcg tatcacgagg ccctttegte 6690
<210> SEQ ID NO 21

<211> LENGTH: 6506

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 21

tcgegegttt cggtgatgac ggtgaaaacce tctgacacat geagetcecg gagacggtca 60
cagcttgtet gtaageggat gecgggagca gacaageceg tcagggegeg tcagegggtg 120
ttggcegggty teggggetgg cttaactatg cggcatcaga gecagattgta ctgagagtge 180
accataaacg acattactat atatataata taggaagcat ttaatagaca gcatcgtaat 240

atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt ctttattgaa 300
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aaatagcttg

gaattaattc

tgagcacgtyg

atttcacagg

cagaatgtge

agagaacaat

atagttcagg

ttttggetet

ggcaagaata

actgcaacat

attcagaagc

gaaggcaaga

atgttggtga

agacaaatgg

aggttattac

aataccgcac

ttgttaaaat

atcggcaaaa

gtttggaaca

gtctatcagg

aggtgcegta

ggaaagccgg

gegetggeaa

ccgetacagyg

teggtgeggg

ttaagttggg

cgegegtaat

agcgteccaa

tgtacagaaa

taaaaaaata

cggatgtggg

cegeggatee

tagttctaga

ataaaagtag

cgtctttata

ttttttcage

gatagataca

actccattga

tcaccttacyg

ggtcgaaaaa

agtatacgtg

tagttetggt

tctagattece

tgacceggtt

cactccgaaa

ggtcaatgat

ccaagagttce

actactcagt

aggtgggaca

gagccccgaa

tgcgcttaga

tgtaaaagac

tgagtagtat

agatgcgtaa

tcgegttaaa

tcccttataa

agagtccact

gegatggece

aagcactaaa

cgaacgtgge

gtgtagcggt

gegegtegeg

cctetteget

taacgccagg

acgactcact

aaccttctca

aaaaagaaaa

aatagggacc

gggagggegt

cgggaatteg

atccgtcgaa

aatttaagaa

tacttattag

tttttccaaa

tgcgtgggtc

ggttgtgcce

tacaatcttg

agaaaaggag

attaagcaca

ccattggtga

gatgctgact

attgcaagga

tacttggttyg

tacggcattg

cteggtttge

gcagcttcac

ggtgaacttt

agcttacatt

ttaaatggceg

tctaacaaaa

ttatttaagt

ggagaaaata

tttttgttaa

atcaaaagaa

attaaagaac

actacgtgaa

tcggaaccct

gagaaaggaa

cacgctgege

ccattegeca

attacgccag

gtttteccag

atagggcgaa

agcaaggttt

atttgaaata

tagacttcag

gaatgtaagc

tcgacaccat

actaagttct

gtttaagaaa

tcaagtaggg

tcagagagag

aattgecttyg

gttttttgec

atccggaget

agggccaaga

caaaggcagc

aagtttgegg

tgctgggtat

aaatttcaag

gegtgttteg

atatcgtcca

cagttattaa

agaaacctca

tggattggaa

ttatgttage

ttattggtgt

tagcaaattt

attgtttgtg

ccgcatcagyg

atcagctcat

tagaccgaga

gtggactcca

ccatcaccct

aaagggagcc

gggaagaaag

gtaaccacca

ttcaggctge

ctggcgaaag

tcacgacgtt

ttgggtaccyg

tcagtataat

taaataacgt

gttgtctaac

gtgacataac

cttettetga

ggtgttttaa

tagatttaca

gaataatttc

cagaaggtaa

tgtcatcatt

tgtttgtgee

tttetttttt tgccgattaa

gggagggcat tggtgactat

ttggagtatg tctgttatta

cttgcagage acagaggcecg

tatatgtgtyg cccaatagaa

tcttgtaaaa gcatataaaa

taatcaacct aaggaggatg

actgcatgga gatgagtcgt

aagactcgta tttccaaaag

ttegtttatt cccttgtttyg

ctcgatttect gactgggttg

tggtggactg acgccagaaa

tgatgtaagc ggaggtgtgg

cgtcaaaaat gctaagaaat

cacttgecta tgcggtgtga

aaattgtaaa cgttaatatt

tttttaacca ataggccgaa

tagggttgag tgttgttcca

acgtcaaagg gcgaaaaacc

aatcaagttt tttggggtcg

cccgatttag agettgacgg

cgaaaggagc gggcgctagg

cacccgeege gcttaatgeg

gcaactgttyg ggaagggcga

ggggatgtgc tgcaaggcga

gtaaaacgac ggccagtgag

gecgcaaatt aaagectteg

gttacatgeg tacacgegte

tcttaatact aacataacta

tccttecttt teggttagag

taattacatg actcgagcgyg

gatgagtttt tgttccatge

aactaaaaaa aagactaact

gaattacaat caatacctac

agggaactgg tttcaacctt

tagaaggtgt aagaaaatga

tactccagge aggttgcatce

cctgttetet gtagttgege

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580
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taagagaatg gacctatgaa ctgatggttg gtgaagaaaa caatattttg gtgctgggat 2640
tctttttttt tectggatgec agcttaaaaa gcgggctceca ttatatttag tggatgccag 2700
gaataaactg ttcacccaga cacctacgat gttatatatt ctgtgtaacc cgccccctat 2760
tttgggcatg tacgggttac agcagaatta aaaggctaat tttttgacta aataaagtta 2820
ggaaaatcac tactattaat tatttacgta ttctttgaaa tggcgagtat tgataatgat 2880
aaactgagct ccagcecttttg tteccecctttag tgagggttaa ttgcgegctt ggcgtaatca 2940
tggtcatagce tgtttcctgt gtgaaattgt tatccgctca caattccaca caacatagga 3000
gccggaagca taaagtgtaa agectggggt gectaatgag tgaggtaact cacattaatt 3060
gcgttgeget cactgcccge tttecagteg ggaaacctgt cgtgccaget gcattaatga 3120
atcggccaac gcgcggggag aggcggtttg cgtattggge gectcttceccge ttectegete 3180
actgactcge tgcgctceggt cgtteggcectg cggcgagegg tatcagctca ctcaaaggceg 3240
gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg agcaaaaggce 3300
cagcaaaagg ccaggaaccg taaaaaggcc gcgttgetgg cgtttttceca taggctceccecgce 3360
cceectgacyg agcatcacaa aaatcgacge tcaagtcaga ggtggcgaaa cccgacagga 3420
ctataaagat accaggcgtt tccccctgga agctcecccteg tgcgctctece tgttecgace 3480
ctgccgcetta ccggatacct gtceccgecttt cteecttegg gaagegtgge getttcetcat 3540
agctcacgct gtaggtatct cagttceggtg taggtcgttce gectccaaget gggcectgtgtg 3600
cacgaacccce ccgttcagec cgaccgectge gcecttatecg gtaactatceg tettgagtcece 3660
aacccggtaa gacacgactt atcgccactg gecagcagceca ctggtaacag gattagcaga 3720
gcgaggtatg taggcggtgce tacagagttc ttgaagtggt ggcctaacta cggctacact 3780
agaaggacag tatttggtat ctgcgctctg ctgaagccag ttaccttcgg aaaaagagtt 3840
ggtagctcectt gatccggcaa acaaaccacc gctggtageg gtggtttttt tgtttgcaag 3900
cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt ttctacgggg 3960
tctgacgecte agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa 4020
aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata 4080
tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagceg 4140
atctgtcectat ttcgttcatc catagttgce tgactcccecg tcgtgtagat aactacgata 4200
cgggagggcet taccatctgg ccccagtget geaatgatac cgecgagacce acgctcaccyg 4260
gctecagatt tatcagcaat aaaccagcca gccggaaggg ccgagcegcag aagtggtect 4320
gcaactttat ccgectceccat ccagtctatt aattgttgec gggaagctag agtaagtagt 4380
tcgccagtta atagtttgeg caacgttgtt gccattgcecta caggcatcgt ggtgtcacgce 4440
tcgtegtttg gtatggctte attcagectce ggttcecccaac gatcaaggcg agttacatga 4500
tcececcatgt tgtgcaaaaa agcggttage tcectteggte ctceccgatcgt tgtcagaagt 4560
aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc tcecttactgtce 4620
atgccatcecg taagatgctt ttectgtgact ggtgagtact caaccaagtce attctgagaa 4680
tagtgtatgc ggcgaccgag ttgctcecttge ccggcgtcaa tacgggataa taccgcgceca 4740
catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttcggggcg aaaactctca 4800

aggatcttac cgctgttgag atccagttcg atgtaaccca ctcgtgcacce caactgatct 4860
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tcagcatctt ttactttcac cagcgtttct gggtgagcaa aaacaggaag gcaaaatgcce 4920
gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactctt cctttttcaa 4980
tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt tgaatgtatt 5040
tagaaaaata aacaaatagg ggttccgcgce acatttcccce gaaaagtgcce acctgaacga 5100
agcatctgtg cttcattttg tagaacaaaa atgcaacgcg agagcgctaa tttttcaaac 5160
aaagaatctg agctgcattt ttacagaaca gaaatgcaac gcgaaagcgc tattttacca 5220
acgaagaatc tgtgcttcat ttttgtaaaa caaaaatgca acgcgagagc gctaattttt 5280
caaacaaaga atctgagctg catttttaca gaacagaaat gcaacgcgag agcgctattt 5340
taccaacaaa gaatctatac ttcttttttg ttctacaaaa atgcatcccg agagcgctat 5400
ttttctaaca aagcatctta gattactttt tttcectccttt gtgcgctcta taatgcagtce 5460
tcttgataac tttttgcact gtaggtccgt taaggttaga agaaggctac tttggtgtct 5520
attttctett ccataaaaaa agcctgactce cacttcecege gtttactgat tactagcgaa 5580
gctgegggtyg cattttttca agataaaggce atccccgatt atattctata ccgatgtgga 5640
ttgcgcatac tttgtgaaca gaaagtgata gcgttgatga ttcttcattg gtcagaaaat 5700
tatgaacggt ttcttctatt ttgtctctat atactacgta taggaaatgt ttacattttce 5760
gtattgtttt cgattcactc tatgaatagt tcttactaca atttttttgt ctaaagagta 5820
atactagaga taaacataaa aaatgtagag gtcgagttta gatgcaagtt caaggagcga 5880
aaggtggatg ggtaggttat atagggatat agcacagaga tatatagcaa agagatactt 5940
ttgagcaatg tttgtggaag cggtattcgc aatattttag tagctcgtta cagtccggtg 6000
cgtttttggt tttttgaaag tgcgtcttca gagecgctttt ggttttcaaa agcgctctga 6060
agttcctata ctttctagag aataggaact tcggaatagg aacttcaaag cgtttceccgaa 6120
aacgagcgct tccgaaaatg caacgcgagce tgcgcacata cagctcactg ttcacgtegce 6180
acctatatct gegtgttgec tgtatatata tatacatgag aagaacggca tagtgcgtgt 6240
ttatgcttaa atgcgtactt atatgcgtct atttatgtag gatgaaaggt agtctagtac 6300
ctcctgtgat attatcccat tcecatgeggg gtatcgtatg cttcecttcag cactaccctt 6360
tagctgttct atatgctgec actcctcaat tggattagtc tcatccttca atgctatcat 6420
ttcctttgat attggatcat attaagaaac cattattatc atgacattaa cctataaaaa 6480
taggcgtatc acgaggccecct ttegte 6506
<210> SEQ ID NO 22

<211> LENGTH: 6616

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 22

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataccac agcttttcaa ttcaattcat catttttttt ttattctttt ttttgatttce 240

ggtttettty aaattttttt gattcggtaa tctccgaaca gaaggaagaa cgaaggaagg 300
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agcacagact

cagtattctt

cgaaagctac

ttaatatcat

aggaattact

tggatatctt

ccaagtacaa

aattgcagta

acggtgtggt

aggaacctag

gagaatatac

ttattgctca

ceggtgtggg

atgtggtcte

gggatgctaa

gatgcggeca

aaattagagc

agatgcgtaa

tcgegttaaa

tcecttataa

agagtccact

gegatggece

aagcactaaa

cgaacgtgge

gtgtagcggt

gegegtegeg

cctetteget

taacgccagg

acgactcact

aaccttctca

aaaaagaaaa

aatagggacc

gggagggegt

cgggaatteg

atccgtegaa

aatttaagaa

tacttattag

tttttccaaa

tagattggta

aacccaactg

atataaggaa

gcacgaaaag

ggagttagtt

gactgatttt

ttttttactc

ctctgegggt

gggcccaggt

aggccttttyg

taagggtact

aagagacatg

tttagatgac

tacaggatct

ggtagagggt

gcaaaactaa

ttcaatttaa

ggagaaaata

tttttgttaa

atcaaaagaa

attaaagaac

actacgtgaa

tcggaaccct

gagaaaggaa

cacgctgege

ccattegeca

attacgccag

gttttcccag

atagggcgaa

agcaaggttt

atttgaaata

tagacttcag

gaatgtaagce

tcgacaccat

actaagttct

gtttaagaaa

tcaagtaggg

tcagagagag

tatatacgca

cacagaacaa

cgtgetgeta

caaacaaact

gaagcattag

tccatggagyg

ttcgaagaca

gtatacagaa

attgttagceg

atgttagcag

gttgacattyg

ggtggaagag

aagggagacyg

gacattatta

gaacgttaca

aaaactgtat

ttatatcagt

ccgcatcagyg

atcagctcat

tagaccgaga

gtggactcca

ccatcaccct

aaagggagcc

gggaagaaag

gtaaccacca

ttcaggctge

ctggcgaaag

tcacgacgtt

ttgggtaccyg

tcagtataat

taaataacgt

gttgtctaac

gtgacataac

cttettetga

ggtgttttaa

tagatttaca

gaataatttc

cagaaggtaa

tatgtagtgt

aaacctgcag

ctcatcctag

tgtgtgette

gtcccaaaat

gcacagttaa

gaaaatttgce

tagcagaatg

gtttgaagca

aattgtcatg

cgaagagcga

atgaaggtta

cattgggtca

ttgttggaag

gaaaagcagg

tataagtaaa

tattacccta

aaattgtaaa

tttttaacca

tagggttgag

acgtcaaagg

aatcaagttt

cccgatttag

cgaaaggagc

cacccgecge

gcaactgttyg

ggggatgtge

gtaaaacgac

gecgcaaatt

gttacatgcg

tcttaatact

tcecttecttt

taattacatg

gatgagtttt

aactaaaaaa

gaattacaat

agggaactgg

tagaaggtgt

tgaagaaaca tgaaattgcc

gaaacgaaga taaatcatgt

tcectgttget geccaagetat

attggatgtt cgtaccacca

ttgtttacta aaaacacatg

gecgctaaag gcattatceg

tgacattggt aatacagtca

ggcagacatt acgaatgcac

ggcggcagaa gaagtaacaa

caagggctce ctatctactg

caaagatttt gttatcgget

cgattggttyg attatgacac

acagtataga accgtggatg

aggactattt gcaaagggaa

ctgggaagca tatttgagaa

tgcatgtata ctaaactcac

tgcggtgtga aataccgcac

cgttaatatt ttgttaaaat

ataggccgaa atcggcaaaa

tgttgttcca gtttggaaca

gcgaaaaace gtctatcagg

tttggggtcyg aggtgccgta

agcttgacgg ggaaagccgyg

gggcgctagg gcgctggcaa

gettaatgeg ccgctacagg

ggaagggcga tcggtgeggg

tgcaaggcga ttaagttggyg

ggccagtgag cgegegtaat

aaagcctteg agegtceccaa

tacacgcgte tgtacagaaa

aacataacta taaaaaaata

tcggttagag cggatgtggg

actcgagegg ccgeggatcee

tgttccatge tagttctaga

aagactaact ataaaagtag

caatacctac cgtctttata

tttcaacctt ttttttcagce

aagaaaatga gatagataca

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580
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tgcgtgggtce aattgccttg tgtcatcatt tactccaggce aggttgcatc actccattga 2640
ggttgtgcece gttttttgce tgtttgtgece cctgttcectet gtagttgege taagagaatg 2700
gacctatgaa ctgatggttg gtgaagaaaa caatattttg gtgctgggat tctttttttt 2760
tctggatgcce agcttaaaaa gcgggctcca ttatatttag tggatgccag gaataaactg 2820
ttcacccaga cacctacgat gttatatatt ctgtgtaacc cgcccecctat tttgggcatg 2880
tacgggttac agcagaatta aaaggctaat tttttgacta aataaagtta ggaaaatcac 2940
tactattaat tatttacgta ttctttgaaa tggcgagtat tgataatgat aaactgagct 3000
ccagcttttg ttcectttag tgagggttaa ttgcgcgett ggcgtaatca tggtcatagce 3060
tgtttecetgt gtgaaattgt tatccgctca caattccaca caacatagga gccggaagca 3120
taaagtgtaa agcctggggt gcctaatgag tgaggtaact cacattaatt gegttgcget 3180
cactgceccge tttceccagteg ggaaacctgt cgtgccaget gcattaatga atcggccaac 3240
gcgeggggag aggcggtttg cgtattggge gectcttceccge ttectegetce actgactege 3300
tgcgcteggt cgtteggetyg cggcgagcegg tatcagcetca ctcaaaggceg gtaatacggt 3360
tatccacaga atcaggggat aacgcaggaa agaacatgtyg agcaaaaggc cagcaaaagg 3420
ccaggaaccg taaaaaggcc gegttgetgg cgttttteca taggctccge ccccecctgacg 3480
agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat 3540
accaggcegtt tcccectgga agectccectceg tgcgcectetee tgtteccgace ctgecgetta 3600
ccggatacct gtccgecttt cteccttcegg gaagegtgge getttcectcat agectcacget 3660
gtaggtatct cagttcggtg taggtcgttc gectccaaget gggctgtgtg cacgaacccce 3720
ccgttcagece cgaccgctge gecttatccecg gtaactateg tecttgagtee aacccggtaa 3780
gacacgactt atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg 3840
taggcggtgce tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag 3900
tatttggtat ctgcgctctyg ctgaagccag ttaccttegg aaaaagagtt ggtagctcett 3960
gatccggcaa acaaaccacce gctggtageg gtggtttttt tgtttgcaag cagcagatta 4020
cgcgcagaaa aaaaggatct caagaagatc ctttgatcett ttctacgggg tcetgacgcetce 4080
agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca 4140
cctagatcct tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa 4200
cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat 4260
ttegttecate catagttgcec tgactcccceg tcecgtgtagat aactacgata cgggagggct 4320
taccatctgg ccccagtgcet gcaatgatac cgcgagaccce acgctcaccg gctccagatt 4380
tatcagcaat aaaccagcca gccggaaggg ccgagcgcag aagtggtcect gcaactttat 4440
ccgcctecat ccagtctatt aattgttgce gggaagctag agtaagtagt tegccagtta 4500
atagtttgcg caacgttgtt gccattgcta caggcatcegt ggtgtcacge tegtegtttg 4560
gtatggcttc attcagctce ggttcccaac gatcaaggceg agttacatga tcccccatgt 4620
tgtgcaaaaa agcggttagce tcecttceggte ctecgategt tgtcagaagt aagttggecg 4680
cagtgttatc actcatggtt atggcagcac tgcataattc tcttactgtce atgccatccg 4740
taagatgctt ttctgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatgc 4800
ggcgaccgag ttgctecttge ccggcgtcaa tacgggataa taccgcgceca catagcagaa 4860
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ctttaaaagt gctcatcatt ggaaaacgtt cttecggggcg aaaactctca aggatcttac 4920
cgctgttgag atccagtteg atgtaaccca ctecgtgcacc caactgatct tcagcatctt 4980
ttactttcac cagcgtttct gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg 5040
gaataagggc gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa 5100
gcatttatca gggttattgt ctcatgagcg gatacatatt tgaatgtatt tagaaaaata 5160
aacaaatagg ggttccgege acatttccce gaaaagtgcce acctgaacga agcatctgtg 5220
cttcattttg tagaacaaaa atgcaacgcg agagcgctaa tttttcaaac aaagaatctg 5280
agctgcattt ttacagaaca gaaatgcaac gcgaaagcgc tattttacca acgaagaatc 5340
tgtgcttcat ttttgtaaaa caaaaatgca acgcgagagc gctaattttt caaacaaaga 5400
atctgagectg catttttaca gaacagaaat gcaacgcgag agcgctattt taccaacaaa 5460
gaatctatac ttcttttttg ttctacaaaa atgcatcccg agagcgctat ttttctaaca 5520
aagcatctta gattactttt tttctecttt gtgecgctceta taatgcagte tcecttgataac 5580
tttttgcact gtaggtccgt taaggttaga agaaggctac tttggtgtct attttcectcett 5640
ccataaaaaa agcctgactce cacttceccge gtttactgat tactagcgaa getgcegggtg 5700
cattttttca agataaaggc atccccgatt atattctata ccgatgtgga ttgcgcatac 5760
tttgtgaaca gaaagtgata gcgttgatga ttcttcattg gtcagaaaat tatgaacggt 5820
ttcttectatt ttgtctctat atactacgta taggaaatgt ttacattttce gtattgtttt 5880
cgattcactc tatgaatagt tcttactaca atttttttgt ctaaagagta atactagaga 5940
taaacataaa aaatgtagag gtcgagttta gatgcaagtt caaggagcga aaggtggatg 6000
ggtaggttat atagggatat agcacagaga tatatagcaa agagatactt ttgagcaatg 6060
tttgtggaag cggtattcgc aatattttag tagctcgtta cagtcecggtg cgtttttggt 6120
tttttgaaag tgcgtcttca gagcgcectttt ggttttcaaa agcgctctga agttcctata 6180
ctttctagag aataggaact tcggaatagg aacttcaaag cgtttccgaa aacgagcgct 6240
tccgaaaatg caacgcgagce tgcgcacata cagctcactg ttcacgtcge acctatatct 6300
gcgtgttgece tgtatatata tatacatgag aagaacggca tagtgcgtgt ttatgcttaa 6360
atgcgtactt atatgcgtcect atttatgtag gatgaaaggt agtctagtac ctcctgtgat 6420
attatcccat tccatgcggg gtatcgtatg cttecttcag cactaccctt tagetgttet 6480
atatgctgcce actcctcaat tggattagtce tcatccttca atgctatcat ttectttgat 6540
attggatcat actaagaaac cattattatc atgacattaa cctataaaaa taggcgtatc 6600
acgaggccct ttegte 6616
<210> SEQ ID NO 23

<211> LENGTH: 7974

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 23

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120

ttggcegggty teggggetgg cttaactatg cggcatcaga gecagattgta ctgagagtge 180
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accataaacg acattactat atatataata taggaagcat ttaatagaca gcatcgtaat 240
atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt ctttattgaa 300
aaatagcttg tcaccttacg tacaatcttg atccggaget tttcetttttt tgccgattaa 360
gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat tggtgactat 420
tgagcacgtg agtatacgtg attaagcaca caaaggcagce ttggagtatg tctgttatta 480
atttcacagg tagttctggt ccattggtga aagtttgegyg cttgcagage acagaggccyg 540
cagaatgtgce tctagattcc gatgctgact tgetgggtat tatatgtgtyg cccaatagaa 600
agagaacaat tgacccggtt attgcaagga aaatttcaag tcttgtaaaa gcatataaaa 660
atagttcagg cactccgaaa tacttggttg gegtgttteg taatcaacct aaggaggatg 720
ttttggctet ggtcaatgat tacggcattg atatcgteca actgcatgga gatgagtcegt 780
ggcaagaata ccaagagttc ctcggtttge cagttattaa aagactcgta tttccaaaag 840
actgcaacat actactcagt gcagcttcac agaaacctca ttegtttatt cccttgtttg 900
attcagaagc aggtgggaca ggtgaacttt tggattggaa ctcgatttet gactgggttg 960
gaaggcaaga gagccccgaa agcttacatt ttatgttage tggtggactg acgccagaaa 1020
atgttggtga tgcgcttaga ttaaatggcg ttattggtgt tgatgtaage 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 agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacce 1440
gtctatcagg gcgatggcce actacgtgaa ccatcaccct aatcaagttt tttggggtceg 1500
aggtgccgta aagcactaaa tcggaaccct aaagggagcc cccgatttag agcttgacgg 1560
ggaaagccegyg cgaacgtgge gagaaaggaa gggaagaaag cgaaaggagce gggcgctagg 1620
gegetggeaa gtgtageggt cacgetgege gtaaccacca cacccgecge gettaatgeg 1680
ccgctacagg gcgcegtcegeg ccattcegeca ttcaggetge gcaactgttg ggaagggcga 1740
tcggtgeggg cctcetteget attacgeccag ctggcgaaag ggggatgtge tgcaaggcga 1800
ttaagttggg taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgag 1860
cgcgcgtaat acgactcact atagggcgaa ttgggtaccg gccgcaaatt aaagecttceg 1920
agcgtcccaa aaccttctca agcaaggttt tcagtataat gttacatgcg tacacgcgtce 1980
tgtacagaaa aaaaagaaaa atttgaaata taaataacgt tcttaatact aacataacta 2040
taaaaaaata aatagggacc tagacttcag gttgtctaac tcctteccttt teggttagag 2100
cggatgtggg gggagggcgt gaatgtaagc gtgacataac taattacatg actcgagcgg 2160
ccgcggatce ctagagaget ttegttttca tgagttceccce gaattcttte ggaagettgt 2220
cacttgctaa attaacgtta tcactgtagt caaccgggac atcaatgatg acaggcccct 2280
cagcgttecat gecttgacge agaacatctg ccagctggtce tggtgattcet acgcgtaagce 2340
cagttgctcce gaagctttec gegtatttca cgatatcgat atttccgaaa tcgaccgcag 2400
atgtacgatt atattttttc aattgctgga atgcaaccat gtcatatgtg ctgtcgttcce 2460
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atacaatgtg tacaattggt gcttttaaac gaactgctgt ctctaattcc atagctgaga 2520
ataagaaacc gccatcaccg gagactgata ctactttttce tecccecggttte accaatgaag 2580
cgccgattge ccaaggaagce gcaacgccga gtgtttgcat accgttacta atcattaatg 2640
ttaacggctc gtagctgcgg aaataacgtg acatccaaat cgcgtgtgaa ccgatatcgce 2700
aagtcactgt aacatgatca tcgactgcgt ttcgcaattc tttaacgatt tcaagaggat 2760
gcactctgte tgatttccaa tctgcaggca cctgctcacce ctcatgcata tattgtttta 2820
aatcagaaag gatcttctgce tcacgttccg caaagtctac tttcacagca tcegtgttcecga 2880
tatgattgat cgtagatgga atatcaccga tcagttcaag atccggctgg taagcatgat 2940
caatgtcagc cagaatctcg tctaaatgga tgatcgtecg gtctceccattg acattccaga 3000
atttcggatc atattcaatt gggtcatagc cgattgtcag aacaacatca gcctgctcaa 3060
gcagcagatc gccaggctgg ttgcggaata aaccgatccg gccaaaatac tgatcctceta 3120
aatctctegt aagagtaccg gcagcttgat atgtttcaac gaatggaagce tgcacttttt 3180
tcaatagctt gcgaaccgct ttaatcgett ccggtcttece geccttcatg ccgactaaaa 3240
cgacaggaag ttttgctgtt tgaatttttg caatggccat actgattgcg tcatctgetg 3300
cgggaccaag ttttggcgcect gcgacagcac gtacgttttt tgtatttgtg acttcattca 3360
caacatcttg cggaaaactc acaaaagcgg ccccagectg cectgcectgac gcetatcectaa 3420
acgcatttgt aacagcttcc ggtatatttt ttacatcttg aacttctaca ctgtattttg 3480
taatcggctg gaatagcgcec gcattatcca aagattgatg tgtccgtttt aaacgatctg 3540
cacggatcac gttcccagca agcgcaacga cagggtcacc ttcagtgttt getgtcagca 3600
gtcetgttge caagttcgaa gcacctggtce ctgatgtgac taacacgact cccggtttte 3660
cagttaaacg gccgactgct tgcgccataa atgctgcatt ttgttcatge cgggcaacga 3720
taatttcagg ccctttatct tgtaaagcgt caaataccgc atcaattttt gcacctggaa 3780
tgccaaatac atgtgtgaca ccttgctccg ctaagcaatc aacaacaagc tccgccccte 3840
tgcttttcac aagggatttt tgttcttttg ttgcttttgt caacatgtcg actttatgtg 3900
atgattgatt gattgattgt acagtttgtt tttcttaata tctatttcga tgacttctat 3960
atgatattgc actaacaaga agatattata atgcaattga tacaagacaa ggagttattt 4020
gcttetettt tatatgatte tgacaatcca tattgegttg gtagtcetttt ttgctggaac 4080
ggttcagecgyg aaaagacgca tcgcectctttt tgcttctaga agaaatgcca gcaaaagaat 4140
ctcttgacag tgactgacag caaaaatgtc tttttctaac tagtaacaag gctaagatat 4200
cagcctgaaa taaagggtgg tgaagtaata attaaatcat ccgtataaac ctatacacat 4260
atatgaggaa aaataataca aaagtgtttt aaatacagat acatacatga acatatgcac 4320
gtatagcgcec caaatgtcgg taatgggatc ggcgagctcec agettttgtt ccectttagtg 4380
agggttaatt gcgcgcttgg cgtaatcatg gtcatagetg tttcectgtgt gaaattgtta 4440
tcegectcaca attccacaca acataggagce cggaagcata aagtgtaaag cctggggtgce 4500
ctaatgagtg aggtaactca cattaattgc gttgcgctca ctgccecgctt tecagteggg 4560
aaacctgtcg tgccagctge attaatgaat cggccaacgce gcggggagag geggtttgeg 4620
tattgggcgce tcttecgett cctegcetcac tgactcecgetg cgcteggteg tteggetgeg 4680

gcgagcggta tcagctcact caaaggceggt aatacggtta tccacagaat caggggataa 4740
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cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcec aggaaccgta aaaaggccgce 4800
gttgctggeg ttttteccata ggctccgece cecctgacgag catcacaaaa atcgacgcetce 4860
aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcgtttce cccctggaag 4920
ctecectegtg cgctetectyg ttecgaccct gecegecttace ggatacctgt cegectttet 4980
ccetteggga agegtggege tttcetcatag ctcacgetgt aggtatctca gtteggtgta 5040
ggtcgttege tceccaagetgg gctgtgtgca cgaaccccee gttcagecccg accgctgege 5100
cttatceggt aactatcgtce ttgagtccaa cccggtaaga cacgacttat cgccactggce 5160
agcagccact ggtaacagga ttagcagagc gaggtatgta ggcggtgcta cagagttctt 5220
gaagtggtgg cctaactacg gctacactag aaggacagta tttggtatct gcgctctget 5280
gaagccagtt accttcggaa aaagagttgg tagctcttga tccggcaaac aaaccaccgce 5340
tggtagcggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa aaggatctca 5400
agaagatcct ttgatctttt ctacggggtc tgacgctcag tggaacgaaa actcacgtta 5460
agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt taaattaaaa 5520
atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca gttaccaatg 5580
cttaatcagt gaggcaccta tctcagcgat ctgtctattt cgttcatcca tagttgectg 5640
actcceegte gtgtagataa ctacgatacg ggagggctta ccatctggece ccagtgctgce 5700
aatgataccg cgagacccac gctcaccgge tcecagattta tcagcaataa accagccage 5760
cggaagggcce gagcgcagaa gtggtcectge aactttatcce gectceccatce agtctattaa 5820
ttgttgccgg gaagctagag taagtagttc gccagttaat agtttgcgca acgttgttgce 5880
cattgctaca ggcatcgtgg tgtcacgctce gtecgtttggt atggcttcat tcagctcececgg 5940
ttcccaacga tcaaggcgag ttacatgatc ccccatgttg tgcaaaaaag cggttagcetce 6000
cttcggtect cecgatcgttyg tcagaagtaa gttggccgca gtgttatcac tcatggttat 6060
ggcagcactg cataattctc ttactgtcat gccatccgta agatgcetttt ctgtgactgg 6120
tgagtactca accaagtcat tctgagaata gtgtatgcegg cgaccgagtt gcectcttgecce 6180
ggcgtcaata cgggataata ccgcgccaca tagcagaact ttaaaagtgc tcatcattgg 6240
aaaacgttct tcggggcgaa aactctcaag gatcttaccg ctgttgagat ccagttcgat 6300
gtaacccact cgtgcaccca actgatcttc agcatctttt actttcacca gcgtttetgg 6360
gtgagcaaaa acaggaaggc aaaatgccgc aaaaaaggga ataagggcga cacggaaatg 6420
ttgaatactc atactcttcc tttttcaata ttattgaagc atttatcagg gttattgtct 6480
catgagcgga tacatatttg aatgtattta gaaaaataaa caaatagggg ttccgcgcac 6540
atttccecga aaagtgccac ctgaacgaag catctgtget tcattttgta gaacaaaaat 6600
gcaacgcgag agcgctaatt tttcaaacaa agaatctgag ctgcattttt acagaacaga 6660
aatgcaacgc gaaagcgcta ttttaccaac gaagaatctg tgcttcattt ttgtaaaaca 6720
aaaatgcaac gcgagagcgce taatttttca aacaaagaat ctgagctgca tttttacaga 6780
acagaaatgc aacgcgagag cgctatttta ccaacaaaga atctatactt cttttttgtt 6840
ctacaaaaat gcatcccgag agcgctattt ttctaacaaa gcatcttaga ttactttttt 6900
tctectttgt gegctctata atgcagtcte ttgataactt tttgcactgt aggtccgtta 6960

aggttagaag aaggctactt tggtgtctat tttctcttecce ataaaaaaag cctgactcca 7020
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cttcecegegt ttactgatta ctagcgaage tgcgggtgca ttttttcaag ataaaggcat 7080
ccecgattat attctatacc gatgtggatt gcgcatactt tgtgaacaga aagtgatagc 7140
gttgatgatt cttcattggt cagaaaatta tgaacggttt cttctatttt gtctctatat 7200
actacgtata ggaaatgttt acattttcgt attgttttcg attcactcta tgaatagttce 7260
ttactacaat ttttttgtct aaagagtaat actagagata aacataaaaa atgtagaggt 7320
cgagtttaga tgcaagttca aggagcgaaa ggtggatggg taggttatat agggatatag 7380
cacagagata tatagcaaag agatactttt gagcaatgtt tgtggaagcg gtattcgcaa 7440
tattttagta gctcgttaca gtccggtgeg tttttggttt tttgaaagtg cgtcttcaga 7500
gcgettttgg ttttcaaaag cgctctgaag ttcectatact ttctagagaa taggaacttce 7560
ggaataggaa cttcaaagcg tttccgaaaa cgagcgcttce cgaaaatgca acgcgagcetg 7620
cgcacataca gctcactgtt cacgtcgcac ctatatctge gtgttgcctg tatatatata 7680
tacatgagaa gaacggcata gtgcgtgttt atgcttaaat gcgtacttat atgcgtctat 7740
ttatgtagga tgaaaggtag tctagtacct cctgtgatat tatcccatte catgcecggggt 7800
atcgtatgcet tcecttcagca ctacccttta gctgttetat atgctgccac tectcaattg 7860
gattagtctc atccttcaat gctatcattt cctttgatat tggatcatat taagaaacca 7920
ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt cgtce 7974
<210> SEQ ID NO 24

<211> LENGTH: 9692

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 24

ttggatcata ctaagaaacc attattatca tgacattaac ctataaaaat aggcgtatca 60
cgaggccectt tegtetegeg cgttteggtyg atgacggtga aaacctctga cacatgcage 120
tcceggagac ggtcacaget tgtcetgtaag cggatgecgg gagcagacaa geccgtcagg 180

gegegtcage gggtgttgge gggtgteggyg getggettaa ctatgeggea tcagageaga 240

ttgtactgag agtgcaccat accacagctt ttcaattcaa ttcatcattt tttttttatt 300
cttttttttg atttcggttt ctttgaaatt tttttgattc ggtaatctcc gaacagaagg 360
aagaacgaag gaaggagcac agacttagat tggtatatat acgcatatgt agtgttgaag 420
aaacatgaaa ttgcccagta ttcttaaccce aactgcacag aacaaaaacc tgcaggaaac 480
gaagataaat catgtcgaaa gctacatata aggaacgtgc tgctactcat cctagtcctg 540
ttgctgccaa gctatttaat atcatgcacg aaaagcaaac aaacttgtgt gcttcattgg 600
atgttcgtac caccaaggaa ttactggagt tagttgaage attaggtccc aaaatttgtt 660
tactaaaaac acatgtggat atcttgactg atttttccat ggagggcaca gttaagccge 720
taaaggcatt atccgccaag tacaattttt tactcttcga agacagaaaa tttgctgaca 780
ttggtaatac agtcaaattg cagtactctg cgggtgtata cagaatagca gaatgggcag 840
acattacgaa tgcacacggt gtggtgggcece caggtattgt tageggtttyg aagcaggcgg 900
cagaagaagt aacaaaggaa cctagaggcce ttttgatgtt agcagaattyg tcatgcaagg 960

gctecectate tactggagaa tatactaagg gtactgttga cattgcgaag agcgacaaag 1020
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attttgttat cggctttatt gctcaaagag acatgggtgg aagagatgaa ggttacgatt 1080
ggttgattat gacacccggt gtgggtttag atgacaaggg agacgcattg ggtcaacagt 1140
atagaaccgt ggatgatgtg gtctctacag gatctgacat tattattgtt ggaagaggac 1200
tatttgcaaa gggaagggat gctaaggtag agggtgaacg ttacagaaaa gcaggctggg 1260
aagcatattt gagaagatgc ggccagcaaa actaaaaaac tgtattataa gtaaatgcat 1320
gtatactaaa ctcacaaatt agagcttcaa tttaattata tcagttatta ccctatgcegg 1380
tgtgaaatac cgcacagatg cgtaaggaga aaataccgca tcaggaaatt gtaaacgtta 1440
atattttgtt aaaattcgcg ttaaattttt gttaaatcag ctcatttttt aaccaatagg 1500
ccgaaatcgg caaaatccecct tataaatcaa aagaatagac cgagataggg ttgagtgttg 1560
ttccagtttg gaacaagagt ccactattaa agaacgtgga ctccaacgtc aaagggcgaa 1620
aaaccgtcta tcagggcgat ggcccactac gtgaaccatc accctaatca agttttttgg 1680
ggtcgaggtyg ccgtaaagca ctaaatcgga accctaaagg gagcccccga tttagagett 1740
gacggggaaa gccggcgaac gtggcgagaa aggaagggaa gaaagcgaaa ggagcegggeyg 1800
ctagggcget ggcaagtgta gecggtcacge tgegegtaac caccacacce gccgegetta 1860
atgcgeceget acagggcgceg tcegcecgcecatt cgccattcag getgcgcaac tgttgggaag 1920
ggcgatcggt gegggcectcet tcegcectattac gecagetgge gaaaggggga tgtgctgcaa 1980
ggcgattaag ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca 2040
gtgagcgege gtaatacgac tcactatagg gcgaattggg taccggccgce aaattaaagce 2100
cttcgagegt cccaaaacct tcectcaagcaa ggttttcagt ataatgttac atgcgtacac 2160
gcgtetgtac agaaaaaaaa gaaaaatttg aaatataaat aacgttctta atactaacat 2220
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt 2280
tagagcggat gtggggggag ggcgtgaatg taagcgtgac ataactaatt acatgagcgg 2340
ccgcctattt atggaatttce ttatcataat cgaccaaagt aaatctgtat ttgacgtctce 2400
cgctttecat ccttgtaaag gcatggctga cgccttette getgatcgga agttttteca 2460
cccatatttt gacattcttt tcggaaacta atttcaatag ttgttcgatt tecttectag 2520
atccgatage actgcttgag attgatactc ccattaggcc caacggtttt aaaacaagct 2580
tttcattaac ttcaggagca gcaattgaaa cgatggagcc tccaatcttce ataatcttaa 2640
cgatactgtc aaaattaact ttcgacaaag atgatgagca aacgacaaga aggtccaaag 2700
cgttagagta ttgttctgtc cagcctttat cctceccaacat agcaatatag tgatcagcac 2760
cgagtttcat agaatcctcecce cgecttggagt ggectcgega aaacgcataa acctcggcetce 2820
ccatagcttt agccaacaga atccccatat gcccaatacc accgatgcca acaataccta 2880
ccetettace tggaccacag ccatttectta gtagtggaga gaaaactgta ataccaccac 2940
acaataatgg agcggctagc ggacttggaa tattttctgg tatttgaata gcaaagtgtt 3000
catgaagcct cacgtgggag gcaaagcctce cttgtgaaat gtagccgtece ttgtaaggag 3060
tccacatagt caaaacgtgg tcattggtac agtattgctc gttgtcactt ttgcaacgtt 3120
cacactcaaa acacgccaag gcecttgggeac caacaccaac acggtcaccyg atttttacce 3180
cagtgtggca cttggatcca accttcacca cgcggccaat tatttcatgt ccaaggattt 3240

gattttctgg gactggacce caattaccaa cggctatatg aaaatcagat ccgcagatac 3300
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cacaggcttc aatttcaaca tcaacgtcat gatcgccaaa gggttttggg tcaaaactca 3360
ctaatttagg atgcttccaa tecctttgegt tggaaatacc gatgccctga aatttttcetg 3420
ggtaaagcat gtcgagtcga aactaagttc tggtgtttta aaactaaaaa aaagactaac 3480
tataaaagta gaatttaaga agtttaagaa atagatttac agaattacaa tcaataccta 3540
ccgtcectttat atacttatta gtcaagtagg ggaataattt cagggaactg gtttcaacct 3600
tttttttcag ctttttccaa atcagagaga gcagaaggta atagaaggtg taagaaaatg 3660
agatagatac atgcgtgggt caattgcctt gtgtcatcat ttactccagg caggttgcat 3720
cactccattg aggttgtgcc cgttttttge ctgtttgtge cecctgttcte tgtagttgeg 3780
ctaagagaat ggacctatga actgatggtt ggtgaagaaa acaatatttt ggtgctggga 3840
ttettttttt ttctggatgce cagcttaaaa agcgggctcce attatattta gtggatgeca 3900
ggaataaact gttcacccag acacctacga tgttatatat tctgtgtaac ccgcccecta 3960
ttttgggcat gtacgggtta cagcagaatt aaaaggctaa ttttttgact aaataaagtt 4020
aggaaaatca ctactattaa ttatttacgt attctttgaa atggcgagta ttgataatga 4080
taaactggat ccttaggatt tattctgttc agcaaacagc ttgcccattt tcettcagtac 4140
cttecggtgeg cettettteg ccaggatcag ttecgatceccag tacatacggt teggatcggce 4200
ctgggcectcet ttcatcacge tcacaaattc gttttcggta cgcacaattt tagacacaac 4260
acggtcctca gttgcgcecga aggactccgg cagtttagag tagttccaca tagggatatce 4320
gttgtaagac tggttcggac cgtggatctc acgctcaacyg gtgtagccgt cattgttaat 4380
aatgaagcaa atcgggttga tcettttcacg aattgccaga cccagttcct gtacggtcag 4440
ctgcagggaa ccgtcaccga tgaacagcag atgacgagat tctttatcag cgatctgaga 4500
geecageget gecgggaaag tatagccaat gectaccccac ageggctgac cgataaaatg 4560
gcttttggat ttcagaaaga tagaagacgc gccgaaaaag ctcecgtacctt gttecgecac 4620
gatggtttca ttgctctggg tcaggttcectce cacggecctge cacaggcgat cctgggacag 4680
cagtgcgtta gatggtacga aatcttcttg ctttttgtca atgtatttge ctttatactce 4740
gatttcggac aggtccagca gagagctgat caggcttteg aagtcgaagt tctggatacg 4800
ctcgttgaag attttacccect cgtcgatgtt caggctaatc attttgtttt cgttcagatg 4860
gtgagtgaat gcaccggtag aagagtcggt cagtttaacg cccagcatca ggatgaagtce 4920
cgcagattca acaaattctt tcaggttcgg ttcgctcaga gtaccgttgt agatgcccag 4980
gaaagacggce agagcctcegt caacagagga cttgccgaag ttcagggtgg taatcggeag 5040
tttggttttg ctgatgaatt gggtcacggt cttctccaga ccaaaagaaa tgatttcecgtg 5100
gccggtgate acgattggtt tcetttgegtt tttcagagac tcectggattt tgttcaggat 5160
ttecctggteg ctagtgttag aagtggagtt ttcetttette agecggcaggce teggttttte 5220
cgctttaget gecgcaacat ccacaggcag gttgatgtaa actggtttge gttetttcag 5280
cagcgcagac agaacgcggt cgatttccac agtagcgttce tcectgcagtca gcagcgtacg 5340
tgccgcagtce acaggttcat gcattttcat gaagtgtttg aaatcgccgt cagccagagt 5400
gtggtggacg aatttacctt cgttctgaac tttgctcgtt gggctgccta cgatctcecac 5460
caccggcagg tttteggegt aggagcccgce cagaccgttg acggcgctca gttcecgccaac 5520

accgaaagtg gtcagaaatg ccgcggcttt cttggtacgt gcataaccat ctgccatgta 5580
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gettgegtte

atccaggaac

atgcagacgg

tgctatgett

gaaactgaaa

cgaaagagaa

attgcetttt

tagtacgggt

ttgggtgttt

aaggagtaga

attgcgeget

acaattccac

gtgaggtaac

tegtgecage

cgctettecyg

gtatcagcetce

aagaacatgt

gegtttttec

aggtggcgaa

gtgcgetete

ggaagcgtgg

cgctecaage

ggtaactatc

actggtaaca

tggcctaact

gttacctteyg

ggtggttttt

cctttgatcet

ttggtcatga

tttaaatcaa

agtgaggcac

gtcgtgtaga

cecgegagace

gecgagegcea

cgggaageta

acaggcatcg

cgatcaagge

cctecgateg

agttcgttag

tgcagattgt

tccagcagat

tctttctaat

cttgagaaat

aaaaatcaaa

tcgacgaaga

aattaacgac

tgaagtggta

aacattttga

tggcgtaatce

acaacatagg

tcacattaat

tgcattaatg

cttecteget

actcaaaggc

gagcaaaagg

ataggcteeg

acccgacagg

ctgttecgac

cgctttetea

tgggctgtgt

gtcttgagte

ggattagcag

acggctacac

gaaaaagagt

ttgtttgcaa

tttctacggy

gattatcaaa

tctaaagtat

ctatctcage

taactacgat

cacgcteace

gaagtggtce

gagtaagtag

tggtgtcacyg

gagttacatg

ttgtcagaag

cgttacccac

aatcaccegyg

aatcaccaac

gagcaagaag

tgaagaccgt

aaaaaaattt

aaaagaaacg

accctagagg

cggcgatgcg

agctatgage

atggtcatag

agccggaage

tgcgttgege

aatcggccaa

cactgactcg

ggtaatacgg

ccagcaaaag

cceceectgac

actataaaga

cctgeegett

tagctcacge

gcacgaacce

caaccecggta

agcgaggtat

tagaaggaca

tggtagctcet

gcagcagatt

gtctgacget

aaggatctte

atatgagtaa

gatctgtcta

acgggaggge

ggctccagat

tgcaacttta

ttcgccagtt

ctegtegttt

atcccecatg

taagttggce

ccatttcatg

aacgccgaag

agtatacatg

taaaaaaagt

ttattaactt

tcaagaaaaa

aggcggtete

aagaaagagg

cggagtccga

tccagetttt

ctgtttectyg

ataaagtgta

tcactgeceeyg

¢gegegggga

ctgegetegy

ttatccacag

gccaggaace

gagcatcaca

taccaggegt

accggatacc

tgtaggtatc

ccegtteage

agacacgact

gtaggeggtyg

gtatttggta

tgatccggea

acgcgcagaa

cagtggaacg

acctagatcc

acttggtcetyg

tttegtteat

ttaccatctg

ttatcagcaa

tcecgecteca

aatagtttge

ggtatggett

ttgtgcaaaa

gcagtgttat

tctttatgag agatgatctg

atttcttega tacccagtte

tcgacaaact tagattagat

tgtaatagaa caagaaaaat

aaatatcaat gggaggtcat

gaaacgtgat aaaaattttt

ttttttecttt tccaaacctt

ggaaatttag tatgctgtge

gaaaatctgg aagagtaaaa

gttecettta gtgagggtta

tgtgaaattyg ttatccgete

aagcctgggyg tgcctaatga

ctttccagte gggaaacctyg

gaggcggttt gcgtattggg

tegttegget geggcegageg

aatcagggga taacgcagga

gtaaaaaggc cgegttgetg

aaaatcgacg ctcaagtcag

ttceccectgyg aagcetceecte

tgtccgectt teteecttey

tcagttcggt gtaggtegtt

ccgacegetyg cgecttatee

tatcgccact ggcagcagec

ctacagagtt cttgaagtgg

tctgegetet getgaageca

aacaaaccac cgctggtage

aaaaaggatc tcaagaagat

aaaactcacg ttaagggatt

ttttaaatta aaaatgaagt

acagttacca atgcttaatc

ccatagttge ctgactccce

gecccagtge tgcaatgata

taaaccagce agccggaagg

tccagtctat taattgttge

gcaacgttgt tgccattgcet

cattcagcte cggttceccaa

aagcggttag ctectteggt

cactcatggt tatggcagca

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860
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ctgcataatt ctcttactgt catgccatcc gtaagatget tttctgtgac tggtgagtac 7920
tcaaccaagt cattctgaga atagtgtatg cggcgaccga gttgctcttg cccggegtca 7980
atacgggata ataccgcgcc acatagcaga actttaaaag tgctcatcat tggaaaacgt 8040
tcttegggge gaaaactctce aaggatctta ccgcectgttga gatccagtte gatgtaacce 8100
actcgtgcac ccaactgatc ttcagcatct tttactttca ccagecgttte tgggtgagca 8160
aaaacaggaa ggcaaaatgc cgcaaaaaag ggaataaggg cgacacggaa atgttgaata 8220
ctcatactct tecctttttca atattattga agcatttatc agggttattg tctcatgagce 8280
ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg cacatttcecce 8340
cgaaaagtgc cacctgaacg aagcatctgt gcttcatttt gtagaacaaa aatgcaacgc 8400
gagagcgcta atttttcaaa caaagaatct gagctgcatt tttacagaac agaaatgcaa 8460
cgcgaaagcg ctattttacc aacgaagaat ctgtgcttca tttttgtaaa acaaaaatgc 8520
aacgcgagag cgctaatttt tcaaacaaag aatctgagct gecatttttac agaacagaaa 8580
tgcaacgcga gagcgctatt ttaccaacaa agaatctata cttcectttttt gttctacaaa 8640
aatgcatccc gagagcgcta tttttctaac aaagcatctt agattacttt ttttctectt 8700
tgtgcgetect ataatgcagt ctcecttgataa ctttttgcac tgtaggtccg ttaaggttag 8760
aagaaggcta ctttggtgtc tattttctct tccataaaaa aagcctgact ccacttcccg 8820
cgtttactga ttactagcga agctgcgggt gcattttttc aagataaagg catccccgat 8880
tatattctat accgatgtgg attgcgcata ctttgtgaac agaaagtgat agcgttgatg 8940
attcttcatt ggtcagaaaa ttatgaacgg tttcecttctat tttgtctcta tatactacgt 9000
ataggaaatg tttacatttt cgtattgttt tcgattcact ctatgaatag ttcttactac 9060
aatttttttg tctaaagagt aatactagag ataaacataa aaaatgtaga ggtcgagttt 9120
agatgcaagt tcaaggagcg aaaggtggat gggtaggtta tatagggata tagcacagag 9180
atatatagca aagagatact tttgagcaat gtttgtggaa gcggtattcg caatatttta 9240
gtagctcgtt acagtccggt gegtttttgg ttttttgaaa gtgcgtcttce agagecgettt 9300
tggttttcaa aagcgctctg aagttcectat actttctaga gaataggaac ttcggaatag 9360
gaacttcaaa gcgtttccga aaacgagcgce ttccgaaaat gcaacgcgag ctgcgcacat 9420
acagctcact gttcacgtcg cacctatatc tgcgtgttge ctgtatatat atatacatga 9480
gaagaacggc atagtgcgtg tttatgctta aatgcgtact tatatgcgtce tatttatgta 9540
ggatgaaagg tagtctagta cctecctgtga tattatccca tteccatgegg ggtatcgtat 9600
gcttectteca gcactaccct ttagectgtte tatatgctge cactcectcaa ttggattagt 9660
ctcatcctte aatgctatca tttcectttga ta 9692
<210> SEQ ID NO 25

<211> LENGTH: 5439

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 25

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60

cagcttgtet gtaageggat gecgggagca gacaageceg tcagggegeg tcagegggtg 120
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ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaacg acattactat atatataata taggaagcat ttaatagaca gcatcgtaat 240
atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt ctttattgaa 300
aaatagcttg tcaccttacg tacaatcttg atccggaget tttcetttttt tgccgattaa 360
gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat tggtgactat 420
tgagcacgtg agtatacgtg attaagcaca caaaggcagce ttggagtatg tctgttatta 480
atttcacagg tagttctggt ccattggtga aagtttgegyg cttgcagage acagaggccyg 540
cagaatgtgce tctagattcc gatgctgact tgetgggtat tatatgtgtyg cccaatagaa 600
agagaacaat tgacccggtt attgcaagga aaatttcaag tcttgtaaaa gcatataaaa 660
atagttcagg cactccgaaa tacttggttg gegtgttteg taatcaacct aaggaggatg 720
ttttggctet ggtcaatgat tacggcattg atatcgteca actgcatgga gatgagtcegt 780
ggcaagaata ccaagagttc ctcggtttge cagttattaa aagactcgta tttccaaaag 840
actgcaacat actactcagt gcagcttcac agaaacctca ttegtttatt cccttgtttg 900
attcagaagc aggtgggaca ggtgaacttt tggattggaa ctcgatttet gactgggttg 960
gaaggcaaga gagccccgaa agcttacatt ttatgttage tggtggactg acgccagaaa 1020
atgttggtga tgcgcttaga ttaaatggcg ttattggtgt tgatgtaage 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 agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacce 1440
gtctatcagg gcgatggcce actacgtgaa ccatcaccct aatcaagttt tttggggtceg 1500
aggtgccgta aagcactaaa tcggaaccct aaagggagcc cccgatttag agcttgacgg 1560
ggaaagccegyg cgaacgtgge gagaaaggaa gggaagaaag cgaaaggagce gggcgctagg 1620
gegetggeaa gtgtageggt cacgetgege gtaaccacca cacccgecge gettaatgeg 1680
ccgctacagg gcgcegtcegeg ccattcegeca ttcaggetge gcaactgttg ggaagggcga 1740
tcggtgeggg cctcetteget attacgeccag ctggcgaaag ggggatgtge tgcaaggcga 1800
ttaagttggg taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgag 1860
cgcgcgtaat acgactcact atagggcgaa ttgggtaccg gccgcaaatt aaagecttceg 1920
agcgtcccaa aaccttctca agcaaggttt tcagtataat gttacatgcg tacacgcgtce 1980
tgtacagaaa aaaaagaaaa atttgaaata taaataacgt tcttaatact aacataacta 2040
taaaaaaata aatagggacc tagacttcag gttgtctaac tcctteccttt teggttagag 2100
cggatgtggg gggagggcgt gaatgtaagc gtgacataac taattacatg actcgagcgg 2160
ccgcggatce cgggaatteg tcgactttat gtgatgattg attgattgat tgtacagttt 2220
gtttttctta atatctattt cgatgacttc tatatgatat tgcactaaca agaagatatt 2280
ataatgcaat tgatacaaga caaggagtta tttgcttctc ttttatatga ttctgacaat 2340
ccatattgcg ttggtagtet tttttgctgg aacggttcag cggaaaagac gcatcgctct 2400
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ttttgcttct agaagaaatyg ccagcaaaag aatctcttga cagtgactga cagcaaaaat 2460
gtctttttet aactagtaac aaggctaaga tatcagcctg aaataaaggg tggtgaagta 2520
ataattaaat catccgtata aacctataca catatatgag gaaaaataat acaaaagtgt 2580
tttaaataca gatacataca tgaacatatg cacgtatagc gcccaaatgt cggtaatggg 2640
atcggcgagce tccagcectttt gttceccecttta gtgagggtta attgcgecget tggcgtaatce 2700
atggtcatag ctgtttcctg tgtgaaattg ttatccgcectce acaattccac acaacatagg 2760
agccggaagce ataaagtgta aagcctgggg tgcctaatga gtgaggtaac tcacattaat 2820
tgcgttgege tcactgcceg ctttceccagte gggaaacctg tcecgtgccage tgcattaatg 2880
aatcggccaa cgcgcgggga gaggcggttt gcecgtattggg cgctcectteeg cttecteget 2940
cactgactcg ctgcgctegg tegtteggcet gcggcgageg gtatcagcte actcaaaggce 3000
ggtaatacgyg ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagg 3060
ccagcaaaag gccaggaacc gtaaaaaggc cgcgttgcetg gegtttttee ataggctecg 3120
ccecectgac gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg 3180
actataaaga taccaggcgt ttccccectgg aagectcecte gtgcgectcte ctgttcecgac 3240
cctgecgett accggatacce tgtccgectt tcetecctteg ggaagegtgg cgctttetca 3300
tagctcacge tgtaggtatc tcagtteggt gtaggtegtt cgctccaage tgggetgtgt 3360
gcacgaacce cccgttcage ccgaccgetg cgcecttatec ggtaactatce gtettgagte 3420
caacccggta agacacgact tatcgccact ggcagcagec actggtaaca ggattagcag 3480
agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact acggctacac 3540
tagaaggaca gtatttggta tctgcgctct gctgaagceca gttacctteg gaaaaagagt 3600
tggtagctct tgatccggca aacaaaccac cgctggtage ggtggttttt ttgtttgcaa 3660
gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttcectacggg 3720
gtctgacgcet cagtggaacg aaaactcacg ttaagggatt ttggtcatga gattatcaaa 3780
aaggatcttc acctagatcc ttttaaatta aaaatgaagt tttaaatcaa tctaaagtat 3840
atatgagtaa acttggtctg acagttacca atgcttaatc agtgaggcac ctatctcagc 3900
gatctgtecta tttegttcat ccatagttge ctgactccec gtegtgtaga taactacgat 3960
acgggagggce ttaccatctg gecccagtge tgcaatgata ccegegagacce cacgctcace 4020
ggctccagat ttatcagcaa taaaccagcce agccggaagg gecgagcegca gaagtggtec 4080
tgcaacttta tccgcctecca tcecagtectat taattgttge cgggaagcta gagtaagtag 4140
ttcgeccagtt aatagtttgce gcaacgttgt tgccattget acaggcatcg tggtgtcacg 4200
ctcgtegttt ggtatggett cattcagcte cggttcccaa cgatcaaggce gagttacatg 4260
atcccceccatg ttgtgcaaaa aagcggttag cteccectteggt cctcecgateg ttgtcagaag 4320
taagttggcce gcagtgttat cactcatggt tatggcagca ctgcataatt ctcttactgt 4380
catgccatcc gtaagatgcect tttctgtgac tggtgagtac tcaaccaagt cattctgaga 4440
atagtgtatg cggcgaccga gttgctecttg ccecggcgtca atacgggata ataccgcgcece 4500
acatagcaga actttaaaag tgctcatcat tggaaaacgt tcttcggggce gaaaactctce 4560
aaggatctta ccgctgttga gatccagttc gatgtaaccc actcgtgcac ccaactgatce 4620
ttcagcatct tttactttca ccagcegttte tgggtgagca aaaacaggaa ggcaaaatgc 4680
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cgcaaaaaag ggaataaggg cgacacggaa atgttgaata ctcatactct tectttttca 4740
atattattga agcatttatc agggttattg tctcatgagc ggatacatat ttgaatgtat 4800
ttagaaaaat aaacaaatag gggttccgcg cacatttceccce cgaaaagtgce cacctgggtce 4860
cttttcatca cgtgctataa aaataattat aatttaaatt ttttaatata aatatataaa 4920
ttaaaaatag aaagtaaaaa aagaaattaa agaaaaaata gtttttgttt tccgaagatg 4980
taaaagactc tagggggatc gccaacaaat actacctttt atcttgctcet tectgctcecte 5040
aggtattaat gccgaattgt ttcatcttgt ctgtgtagaa gaccacacac gaaaatcctg 5100
tgattttaca ttttacttat cgttaatcga atgtatatct atttaatctg cttttcecttgt 5160
ctaataaata tatatgtaaa gtacgctttt tgttgaaatt ttttaaacct ttgtttattt 5220
ttttttette attccgtaac tettctacct tcetttattta ctttctaaaa tccaaataca 5280
aaacataaaa ataaataaac acagagtaaa ttcccaaatt attccatcat taaaagatac 5340
gaggcgcgtyg taagttacag gcaagcgatc cgtcctaaga aaccattatt atcatgacat 5400
taacctataa aaataggcgt atcacgaggc cctttcegte 5439
<210> SEQ ID NO 26

<211> LENGTH: 7146

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 26

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaacg acattactat atatataata taggaagcat ttaatagaca gcatcgtaat 240
atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt ctttattgaa 300
aaatagcttg tcaccttacg tacaatcttg atccggaget tttcetttttt tgccgattaa 360
gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat tggtgactat 420
tgagcacgtg agtatacgtg attaagcaca caaaggcagce ttggagtatg tctgttatta 480
atttcacagg tagttctggt ccattggtga aagtttgegyg cttgcagage acagaggccyg 540
cagaatgtgce tctagattcc gatgctgact tgetgggtat tatatgtgtyg cccaatagaa 600
agagaacaat tgacccggtt attgcaagga aaatttcaag tcttgtaaaa gcatataaaa 660
atagttcagg cactccgaaa tacttggttg gegtgttteg taatcaacct aaggaggatg 720
ttttggctet ggtcaatgat tacggcattg atatcgteca actgcatgga gatgagtcegt 780
ggcaagaata ccaagagttc ctcggtttge cagttattaa aagactcgta tttccaaaag 840
actgcaacat actactcagt gcagcttcac agaaacctca ttegtttatt cccttgtttg 900
attcagaagc aggtgggaca ggtgaacttt tggattggaa ctcgatttet gactgggttg 960

gaaggcaaga gagccccgaa agcttacatt ttatgttage tggtggactg acgccagaaa 1020
atgttggtga tgcgcttaga ttaaatggcg ttattggtgt tgatgtaage ggaggtgtgg 1080
agacaaatgg tgtaaaagac tctaacaaaa tagcaaattt cgtcaaaaat gctaagaaat 1140

aggttattac tgagtagtat ttatttaagt attgtttgtg cacttgccta tgcggtgtga 1200
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aataccgcac agatgcgtaa ggagaaaata ccgcatcagg aaattgtaaa cgttaatatt 1260
ttgttaaaat tcgcgttaaa tttttgttaa atcagctcat tttttaacca ataggccgaa 1320
atcggcaaaa tcccttataa atcaaaagaa tagaccgaga tagggttgag tgttgttcca 1380
gtttggaaca agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacce 1440
gtctatcagg gcgatggcce actacgtgaa ccatcaccct aatcaagttt tttggggtceg 1500
aggtgccgta aagcactaaa tcggaaccct aaagggagcc cccgatttag agcttgacgg 1560
ggaaagccegyg cgaacgtgge gagaaaggaa gggaagaaag cgaaaggagce gggcgctagg 1620
gegetggeaa gtgtageggt cacgetgege gtaaccacca cacccgecge gettaatgeg 1680
ccgctacagg gcgcegtcegeg ccattcegeca ttcaggetge gcaactgttg ggaagggcga 1740
tcggtgeggg cctcetteget attacgeccag ctggcgaaag ggggatgtge tgcaaggcga 1800
ttaagttggg taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgag 1860
cgcgcgtaat acgactcact atagggcgaa ttgggtaccg gccgcaaatt aaagecttceg 1920
agcgtcccaa aaccttctca agcaaggttt tcagtataat gttacatgcg tacacgcgtce 1980
tgtacagaaa aaaaagaaaa atttgaaata taaataacgt tcttaatact aacataacta 2040
taaaaaaata aatagggacc tagacttcag gttgtctaac tcctteccttt teggttagag 2100
cggatgtggg gggagggcgt gaatgtaagc gtgacataac taattacatg actcgagcgg 2160
ccgcggatce ctagagaget ttegttttca tgagttceccce gaattcttte ggaagettgt 2220
cacttgctaa attaacgtta tcactgtagt caaccgggac atcaatgatg acaggcccct 2280
cagcgttecat gecttgacge agaacatctg ccagctggtce tggtgattcet acgcgtaagce 2340
cagttgctcce gaagctttec gegtatttca cgatatcgat atttccgaaa tcgaccgcag 2400
atgtacgatt atattttttc aattgctgga atgcaaccat gtcatatgtg ctgtcgttcce 2460
atacaatgtg tacaattggt gcttttaaac gaactgctgt ctctaattcc atagctgaga 2520
ataagaaacc gccatcaccg gagactgata ctactttttce tecccecggttte accaatgaag 2580
cgccgattge ccaaggaagce gcaacgccga gtgtttgcat accgttacta atcattaatg 2640
ttaacggctc gtagctgcgg aaataacgtg acatccaaat cgcgtgtgaa ccgatatcgce 2700
aagtcactgt aacatgatca tcgactgcgt ttcgcaattc tttaacgatt tcaagaggat 2760
gcactctgte tgatttccaa tctgcaggca cctgctcacce ctcatgcata tattgtttta 2820
aatcagaaag gatcttctgce tcacgttccg caaagtctac tttcacagca tcegtgttcecga 2880
tatgattgat cgtagatgga atatcaccga tcagttcaag atccggctgg taagcatgat 2940
caatgtcagc cagaatctcg tctaaatgga tgatcgtecg gtctceccattg acattccaga 3000
atttcggatc atattcaatt gggtcatagc cgattgtcag aacaacatca gcctgctcaa 3060
gcagcagatc gccaggctgg ttgcggaata aaccgatccg gccaaaatac tgatcctceta 3120
aatctctegt aagagtaccg gcagcttgat atgtttcaac gaatggaagce tgcacttttt 3180
tcaatagctt gcgaaccgct ttaatcgett ccggtcttece geccttcatg ccgactaaaa 3240
cgacaggaag ttttgctgtt tgaatttttg caatggccat actgattgcg tcatctgetg 3300
cgggaccaag ttttggcgcect gcgacagcac gtacgttttt tgtatttgtg acttcattca 3360
caacatcttg cggaaaactc acaaaagcgg ccccagectg cectgcectgac gcetatcectaa 3420

acgcatttgt aacagcttcc ggtatatttt ttacatcttg aacttctaca ctgtattttg 3480
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taatcggctg gaatagcgcec gcattatcca aagattgatg tgtccgtttt aaacgatctg 3540
cacggatcac gttcccagca agcgcaacga cagggtcacc ttcagtgttt getgtcagca 3600
gtcetgttge caagttcgaa gcacctggtce ctgatgtgac taacacgact cccggtttte 3660
cagttaaacg gccgactgct tgcgccataa atgctgcatt ttgttcatge cgggcaacga 3720
taatttcagg ccctttatct tgtaaagcgt caaataccgc atcaattttt gcacctggaa 3780
tgccaaatac atgtgtgaca ccttgctccg ctaagcaatc aacaacaagc tccgccccte 3840
tgcttttcac aagggatttt tgttcttttg ttgcttttgt caacatgtcg actttatgtg 3900
atgattgatt gattgattgt acagtttgtt tttcttaata tctatttcga tgacttctat 3960
atgatattgc actaacaaga agatattata atgcaattga tacaagacaa ggagttattt 4020
gcttetettt tatatgatte tgacaatcca tattgegttg gtagtcetttt ttgctggaac 4080
ggttcagecgyg aaaagacgca tcgcectctttt tgcttctaga agaaatgcca gcaaaagaat 4140
ctcttgacag tgactgacag caaaaatgtc tttttctaac tagtaacaag gctaagatat 4200
cagcctgaaa taaagggtgg tgaagtaata attaaatcat ccgtataaac ctatacacat 4260
atatgaggaa aaataataca aaagtgtttt aaatacagat acatacatga acatatgcac 4320
gtatagcgcec caaatgtcgg taatgggatc ggcgagctcec agettttgtt ccectttagtg 4380
agggttaatt gcgcgcttgg cgtaatcatg gtcatagetg tttcectgtgt gaaattgtta 4440
tcegectcaca attccacaca acataggagce cggaagcata aagtgtaaag cctggggtgce 4500
ctaatgagtg aggtaactca cattaattgc gttgcgctca ctgccecgctt tecagteggg 4560
aaacctgtcg tgccagctge attaatgaat cggccaacgce gcggggagag geggtttgeg 4620
tattgggcgce tcttecgett cctegcetcac tgactcecgetg cgcteggteg tteggetgeg 4680
gcgagcggta tcagctcact caaaggceggt aatacggtta tccacagaat caggggataa 4740
cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcec aggaaccgta aaaaggccgce 4800
gttgctggeg ttttteccata ggctccgece cecctgacgag catcacaaaa atcgacgcetce 4860
aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcgtttce cccctggaag 4920
ctecectegtg cgctetectyg ttecgaccct gecegecttace ggatacctgt cegectttet 4980
ccetteggga agegtggege tttcetcatag ctcacgetgt aggtatctca gtteggtgta 5040
ggtcgttege tceccaagetgg gctgtgtgca cgaaccccee gttcagecccg accgctgege 5100
cttatceggt aactatcgtce ttgagtccaa cccggtaaga cacgacttat cgccactggce 5160
agcagccact ggtaacagga ttagcagagc gaggtatgta ggcggtgcta cagagttctt 5220
gaagtggtgg cctaactacg gctacactag aaggacagta tttggtatct gcgctctget 5280
gaagccagtt accttcggaa aaagagttgg tagctcttga tccggcaaac aaaccaccgce 5340
tggtagcggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa aaggatctca 5400
agaagatcct ttgatctttt ctacggggtc tgacgctcag tggaacgaaa actcacgtta 5460
agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt taaattaaaa 5520
atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca gttaccaatg 5580
cttaatcagt gaggcaccta tctcagcgat ctgtctattt cgttcatcca tagttgectg 5640
actcceegte gtgtagataa ctacgatacg ggagggctta ccatctggece ccagtgctgce 5700

aatgataccg cgagacccac gctcaccgge tccagattta tcagcaataa accagccage 5760
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cggaagggcce gagcgcagaa gtggtcectge aactttatcce gectceccatce agtctattaa 5820
ttgttgccgg gaagctagag taagtagttc gccagttaat agtttgcgca acgttgttgce 5880
cattgctaca ggcatcgtgg tgtcacgctce gtecgtttggt atggcttcat tcagctcececgg 5940
ttcccaacga tcaaggcgag ttacatgatc ccccatgttg tgcaaaaaag cggttagcetce 6000
cttcggtect cecgatcgttyg tcagaagtaa gttggccgca gtgttatcac tcatggttat 6060
ggcagcactg cataattctc ttactgtcat gccatccgta agatgcetttt ctgtgactgg 6120
tgagtactca accaagtcat tctgagaata gtgtatgcegg cgaccgagtt gcectcttgecce 6180
ggcgtcaata cgggataata ccgcgccaca tagcagaact ttaaaagtgc tcatcattgg 6240
aaaacgttct tcggggcgaa aactctcaag gatcttaccg ctgttgagat ccagttcgat 6300
gtaacccact cgtgcaccca actgatcttc agcatctttt actttcacca gcgtttetgg 6360
gtgagcaaaa acaggaaggc aaaatgccgc aaaaaaggga ataagggcga cacggaaatg 6420
ttgaatactc atactcttcc tttttcaata ttattgaagc atttatcagg gttattgtct 6480
catgagcgga tacatatttg aatgtattta gaaaaataaa caaatagggg ttccgcgcac 6540
atttccecga aaagtgccac ctgggtectt ttcatcacgt gctataaaaa taattataat 6600
ttaaattttt taatataaat atataaatta aaaatagaaa gtaaaaaaag aaattaaaga 6660
aaaaatagtt tttgttttcc gaagatgtaa aagactctag ggggatcgcc aacaaatact 6720
accttttatc ttgctcttece tgctctcagg tattaatgcce gaattgttte atcttgtcetg 6780
tgtagaagac cacacacgaa aatcctgtga ttttacattt tacttatcgt taatcgaatg 6840
tatatctatt taatctgctt ttcttgtcta ataaatatat atgtaaagta cgctttttgt 6900
tgaaattttt taaacctttg tttatttttt tttcecttcatt ccgtaactct tcectaccttcet 6960
ttatttactt tctaaaatcc aaatacaaaa cataaaaata aataaacaca gagtaaattc 7020
ccaaattatt ccatcattaa aagatacgag gcgcgtgtaa gttacaggca agcgatccgt 7080
cctaagaaac cattattatc atgacattaa cctataaaaa taggcgtatc acgaggccct 7140
ttegte 7146
<210> SEQ ID NO 27

<211> LENGTH: 10231

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 27

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaatt cccgttttaa gagcttggtg agecgctagga gtcactgceca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tetttttceta 300
ttactcttgg cctcectctag tacactctat atttttttat gectcggtaa tgattttcat 360
tttttttttt cccctagegyg atgactecttt ttttttetta gecgattggca ttatcacata 420
atgaattata cattatataa agtaatgtga tttcttcgaa gaatatacta aaaaatgagce 480

aggcaagata aacgaaggca aagatgacag agcagaaagc cctagtaaag cgtattacaa 540
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atgaaaccaa

cgatcttece

ttaacgtcca

ceggetggte

ctgaagactg

gagtaaaaag

tagatcttte

gagatctete

ttacccteca

tcaaggctct

cctccaccaa

tatatacatg

gatactgaag

tttecttttt

tgtgaaatac

atattttgtt

ccgaaategyg

tteccagttty

aaaccgtcta

ggtcgaggtg

gacggggaaa

ctagggeget

atgcgeeget

ggcgatcggt

ggcgattaag

gtgagcgege

cttegagegt

gegtetgtac

aactataaaa

tagagcggat

ccgcagatcet

tcttacctac

cgttatctac

taaacggttt

tatcagagat

geggcagete

tggtttcgaa

cgaagtactce

gattcagatt

agaaaaagag

cacaggtata

gctaatcgtt

cgggattget

gtttggatca

gaacaggccg

ttgcgagatg

cgttgattgt

tgcggttgee

aggtgttett

tgtatatatg

atgacaaggt

tctttttget

cgcacagatg

aaaattcgeg

caaaatccct

gaacaagagt

tcagggcgat

ccgtaaagea

gecggegaac

ggcaagtgta

acagggcgcyg

gegggectet

ttgggtaacyg

gtaatacgac

cccaaaacct

agaaaaaaaa

aaataaatag

gtggggggag

ttaacccgea

ctgcteaatce

cgegecttee

cagcaacggc

aaccacgtte

gtgcagtgat

cgccagttea

ctgctegecy

gegatetett

gcagaagcag

gggtttctgg

gagtgcattyg

ctcggtcaag

ggatttgcge

tacgcagttyg

atcccgeatt

ctgcgaggea

ataagagaag

atgtagtgac

tatacctatg

aatgcatcat

ttttettttt

cgtaaggaga

ttaaattttt

tataaatcaa

ccactattaa

ggcccactac

ctaaatcgga

gtggcgagaa

geggtcacge

tcgegecatt

tcgctattac

ccagggtttt

tcactatagg

tctcaagcaa

gaaaaatttyg

ggacctagac

ggcgtgaatg

acagcaatac

gecatggetge

ggaatagett

acacaagcgt

atttcgtaca

tcataatatg

acgccegett

attttgectt

taaagggtgg

tagcagaaca

accatatgat

gtgacttaca

cttttaaaga

ctttggatga

tcgaacttygg

ttcttgaaag

agaatgatca

ccacctegee

accgattatt

aatgtcagta

tctatacgtyg

ttttctetty

aaataccgca

gttaaatcag

aagaatagac

agaacgtgga

gtgaaccatc

accctaaagg

aggaagggaa

tgcgcgtaac

cgccatteag

gecagetgge

cccagtcacy

gcgaattggg

ggttttcagt

aaatataaat

ttcaggttgt

taagcgtgac

gtttcatatce

gaatcgette

tacccaggte

aagagaacag

gacgcttacyg

cagactctte

tcaccatecge

catactgegyg

tccectageyg atagagcact

ggccacacaa tcgcaagtga

acatgctetyg gccaagcatt

catagacgac catcacacca

ggccctaggg gCCgthgtg

ggcactttee agagcggtgg

tttgcaaagyg gagaaagtag

ctttgcagag gctagcagaa

tcaccgtagt gagagtgegt

caatggtacc aacgatgttce

taaagctgca gcatacgata

agtatgtata cgaacagtat

tcattctgaa cgaggcgege

aactcgacgg atctatgegyg

tcaggaaatt gtaaacgtta

ctcatttttt aaccaatagg

cgagataggg ttgagtgttg

ctccaacgte aaagggcgaa

accctaatca agttttttygg

gagccecega tttagagett

gaaagcgaaa ggagcgggcyg

caccacacce gccgegetta

getgegcaac tgttgggaag

gaaaggggga tgtgctgcaa

acgttgtaaa acgacggcca

taccggcege aaattaaage

ataatgttac atgcgtacac

aacgttctta atactaacat

ctaactccett cctttteggt

ataactaatt acatgagcgg

tgtcatatag ccgcgcagtt

gttcacatca cgcagttgcece

geceggttge agetcetgeca

atagttaccyg tactcagegyg

ggcgatggtyg ttggcaatca

aatgatgccyg gaatcgacca

aatcatcagt acgcctttat

cgcggtttca aacgceggttt

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820
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tgccggtete ttcacgccag gtcagcagtt tcttatcatce gttggcecccag tecgcecatca 2880
taccggaaga gaattcgccg gagatgatgt cgtccatatg tttctggaac aggggtgcca 2940
tgatctecttt cagctgttca gaaagcgcat aagcacgcag tttcgeccggg ttagagagac 3000
ggtccatcat cagggtgatg ccgccctgtt tcagtgctte ggtgatggtt tcccaaccga 3060
actgaatcag tttttctgeg tatgctggat cggtaccttce ttccaccage ttgtcgaagce 3120
acagcagaga gccagectge aacataccge acaggatggt ttgctegece atcaggtcag 3180
atttcacttc cgcaacgaag gacgattcca gcacacccgce acggtgacca ccggttgcag 3240
ccgcccagge tttggcaatc gecatgectt cgectttegg atcgttttee gggtgaacgg 3300
caatcagcgt cggtacgccg aacccacgtt tgtactcttce acgcactteg gtgecctgggce 3360
atttcggcge aaccatcact acggtgatat ctttacggat ctgctcgcce acttcgacga 3420
tgttgaaacc gtgcgagtag cccagcgccg cgecgtettt catcagtggce tgtacggtgce 3480
gcactacatc agagtgctgce ttgtccggeg tcaggttaat caccagatcc gcecctgtggga 3540
tcagttcecttc gtaagtaccc actttaaaac cattttcecggt cgctttacge caggacgcgce 3600
gcttetegge aatcgecttcet ttacgcagag cgtaggagat atcgagacca gaatcacgca 3660
tgttcaggcce ctggttcaga ccctgtgcge cacagccgac gatgactact tttttaccct 3720
gaaggtagct cgcgccatcg gcgaattcat cgcggcccat ctcgagtcga aactaagttce 3780
tggtgtttta aaactaaaaa aaagactaac tataaaagta gaatttaaga agtttaagaa 3840
atagatttac agaattacaa tcaataccta ccgtctttat atacttatta gtcaagtagg 3900
ggaataattt cagggaactg gtttcaacct tttttttcag ctttttccaa atcagagaga 3960
gcagaaggta atagaaggtg taagaaaatg agatagatac atgcgtgggt caattgectt 4020
gtgtcatcat ttactccagg caggttgcat cactccattg aggttgtgcce cgttttttge 4080
ctgtttgtge ccctgttete tgtagttgcg ctaagagaat ggacctatga actgatggtt 4140
ggtgaagaaa acaatatttt ggtgctggga ttcttttttt ttctggatgc cagcttaaaa 4200
agcgggctcece attatattta gtggatgcca ggaataaact gttcacccag acacctacga 4260
tgttatatat tctgtgtaac ccgccceccta ttttgggcat gtacgggtta cagcagaatt 4320
aaaaggctaa ttttttgact aaataaagtt aggaaaatca ctactattaa ttatttacgt 4380
attctttgaa atggcgagta ttgataatga taaactggat cctcatccac ccaacttcga 4440
tttgtctett actgcccect tatcggctga agtagccaat gaagcataag ccctaagggce 4500
gaaacttact tgacgttctc tatttttagg agtccaagcc ttatctecctce tggcatcttg 4560
tgcttetett cttgcagcca attcagegte tgagacttgt aattggatac ctctatttgg 4620
gatatctatg gcgatcaaat ctccatcttc aatcaatcca atcgaaccac cagaagctgce 4680
ctctggtgat acgtgaccga tacttaaacc cgaagtgcca ccagagaatc taccgtcagt 4740
gataagggca caagcttttc ctagtcccat ggacttcaaa aatgaagttg ggtaaagcat 4800
ttecctgcata cctggtecte ccetttggtcee ctcecatatcett atcactacca cgtctcectge 4860
taccaccttt ccgccaagta tagcctcaac agcatcgtet tgactttcecgt aaactttagce 4920
gggtccagta aatttcaaaa tactatcatc tacaccagca gttttcacaa tgcaaccatt 4980
ttcagcgaag tttccatata atactgctaa accaccatcc ttactataag catgctcaag 5040

cgatcttata catccatttg ctctatcatc gtccaaagtg tcccacctac agtcttgega 5100
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gaatgcttgg gtggttctga tcectgetgg acctgeccctyg aacatgtttt tcacggcatce 5160
atcttgagtt aacatgacat cgtattgctc taatgtctgt ggaagtgtta aacccaatac 5220
attcttcaca tccctgttta aaagaccggce tctgtccaac tcccctaaaa taccaataac 5280
ccetectgeca cgatgaacgt cttceccatgtg atacttttga gttgatggtg caaccttaca 5340
taactgtgga accttacgtg aaagcttgtc gatatcagac atggtgaaat ctatctcagc 5400
ttettgggct gcagctagaa gatgtaagac cgtgtttgta ctaccaccca ttgcaatatce 5460
caatgtcatg gcattttcga atgcagcctt tgaagctata ttcctcggta atgctgattce 5520
atcattttgt tcgtaatacc ttttcgttag ttccacaatt ctttttccgg catttaagaa 5580
caattgcttt ctgtctgcat gggtcgctaa taatgaacca tttcctggtt gagataaacc 5640
tagagcttca gtcaagcaat tcatagagtt agccgtgaac attccactgc aagaaccaca 5700
agttggacat gcacttcttt caacttggtc tgactgcgag tctgaaactt ttggatctgce 5760
accttgaatc attgcatcca caagatcaag tttgatgatc tgatcactta acttagtttt 5820
accagcectcee attgggcege cagatacgaa gattactggg atgttcaatc tcaaggacgce 5880
catcaacata ccaggcgtta tcttatcaca attagagata caaaccattg catcggcaca 5940
atgagcatta accatatatt cgactgagtc tgcaattaat tctctcgatg gtaaagagta 6000
taacataccg ccatgcccca tagctatacce gtcegtccaca gcaatagtat taaactcettt 6060
tgcgacacca cctgcagett caatttgttc ggcaacaagce ttacctagat cacgcaaatg 6120
gacatgaccc ggaacgaatt gtgtaaaaga gttgacgacg gcaatgattg gctttccgaa 6180
atctgcatca gtcatgccag tcatgtcgac aaacttagat tagattgcta tgctttettt 6240
ctaatgagca agaagtaaaa aaagttgtaa tagaacaaga aaaatgaaac tgaaacttga 6300
gaaattgaag accgtttatt aacttaaata tcaatgggag gtcatcgaaa gagaaaaaaa 6360
tcaaaaaaaa aattttcaag aaaaagaaac gtgataaaaa tttttattgc ctttttcgac 6420
gaagaaaaag aaacgaggcg gtctcttttt tcecttttccaa acctttagta cgggtaatta 6480
acgacaccct agaggaagaa agaggggaaa tttagtatge tgtgcttggg tgttttgaag 6540
tggtacggeg atgcgeggag tccgagaaaa tctggaagag taaaaaagga gtagaaacat 6600
tttgaagcta tgagctccag cttttgttcee ctttagtgag ggttaattge gegettggeg 6660
taatcatggt catagctgtt tcctgtgtga aattgttatc cgctcacaat tccacacaac 6720
ataggagccg gaagcataaa gtgtaaagcce tggggtgcect aatgagtgag gtaactcaca 6780
ttaattgcgt tgcgctcact geccgcttte cagtcgggaa acctgtcgtg ccagetgcecat 6840
taatgaatcg gccaacgcgce ggggagaggce ggtttgegta ttgggcgcte tteccgcttcece 6900
tcgctcactg actcegectgeg cteggtegtt cggetgegge gagcggtatce agctcactca 6960
aaggcggtaa tacggttatc cacagaatca ggggataacyg caggaaagaa catgtgagca 7020
aaaggccagc aaaaggccag gaaccgtaaa aaggccgcegt tgctggegtt tttceccatagg 7080
cteegeccee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaacccyg 7140
acaggactat aaagatacca ggcgtttcce cctggaaget cecctegtgeg ctetectgtt 7200
ccgacccectge cgcttaccgg atacctgtcee gectttetece cttecgggaag cgtggegett 7260
tctcataget cacgctgtag gtatctcagt tcggtgtagg tegttegcte caagetgggce 7320

tgtgtgcacg aacccccegt tcagcecccgac cgcetgcgect tatccggtaa ctatcegtcett 7380
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gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg taacaggatt 7440
agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcce taactacggce 7500
tacactagaa ggacagtatt tggtatctgc gctcectgctga agccagttac cttcggaaaa 7560
agagttggta gctcttgatc cggcaaacaa accaccgctg gtagcggtgg tttttttgtt 7620
tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttcet 7680
acggggtctg acgctcagtyg gaacgaaaac tcacgttaag ggattttggt catgagatta 7740
tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa 7800
agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc 7860
tcagcgatct gtctattteg ttcatccata gttgcctgac tcccegtcegt gtagataact 7920
acgatacggg agggcttacc atctggeccce agtgctgcaa tgataccgeyg agacccacgce 7980
tcaccggcete cagatttatc agcaataaac cagccageceyg gaagggccga gcgcagaagt 8040
ggtcctgcaa ctttatccge cteccatccag tcectattaatt gttgccecggga agctagagta 8100
agtagttcge cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggtg 8160
tcacgctegt cgtttggtat ggcttcatte agctccggtt cccaacgatce aaggcgagtt 8220
acatgatccce ccatgttgtg caaaaaagcg gttagctect tecggtcecctece gatcgttgte 8280
agaagtaagt tggccgcagt gttatcactc atggttatgg cagcactgca taattctcectt 8340
actgtcatgc catccgtaag atgcttttct gtgactggtg agtactcaac caagtcattce 8400
tgagaatagt gtatgcggcg accgagttgce tcttgcecegg cgtcaatacg ggataatacc 8460
gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa 8520
ctctcaagga tcttaccget gttgagatce agttcgatgt aacccactcg tgcacccaac 8580
tgatcttcag catcttttac tttcaccage gtttctgggt gagcaaaaac aggaaggcaa 8640
aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttectt 8700
tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa 8760
tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct 8820
gaacgaagca tctgtgctte attttgtaga acaaaaatgc aacgcgagag cgctaatttt 8880
tcaaacaaag aatctgagct gcatttttac agaacagaaa tgcaacgcga aagcgctatt 8940
ttaccaacga agaatctgtg cttcattttt gtaaaacaaa aatgcaacgc gagagcgcta 9000
atttttcaaa caaagaatct gagctgcatt tttacagaac agaaatgcaa cgcgagagcg 9060
ctattttacc aacaaagaat ctatacttct tttttgttct acaaaaatgc atcccgagag 9120
cgctattttt ctaacaaagc atcttagatt actttttttc tecctttgtge gcectctataat 9180
gcagtctett gataactttt tgcactgtag gtccgttaag gttagaagaa ggctactttg 9240
gtgtctattt tctecttceccat aaaaaaagcc tgactccact tcecccgegttt actgattact 9300
agcgaagctg cgggtgcatt ttttcaagat aaaggcatcc ccgattatat tcectataccga 9360
tgtggattgc gcatactttg tgaacagaaa gtgatagcgt tgatgattct tcattggtca 9420
gaaaattatg aacggtttct tctattttgt ctctatatac tacgtatagg aaatgtttac 9480
attttcgtat tgttttcgat tcactctatg aatagttcectt actacaattt ttttgtctaa 9540
agagtaatac tagagataaa cataaaaaat gtagaggtcg agtttagatg caagttcaag 9600

gagcgaaagg tggatgggta ggttatatag ggatatagca cagagatata tagcaaagag 9660
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atacttttga gcaatgtttg tggaagcggt attcgcaata ttttagtagce tcgttacagt 9720
ccggtgegtt tttggttttt tgaaagtgcg tcttcagage gettttggtt ttcaaaageg 9780
ctctgaagtt cctatacttt ctagagaata ggaacttcgg aataggaact tcaaagcgtt 9840
tccgaaaacg agcgctteceg aaaatgcaac gcgagctgeg cacatacagce tcactgttca 9900
cgtcgcacct atatctgegt gttgcectgta tatatatata catgagaaga acggcatagt 9960
gcgtgtttat gcttaaatge gtacttatat gecgtctattt atgtaggatg aaaggtagtce 10020
tagtacctcce tgtgatatta tcccattcca tgcggggtat cgtatgettce cttcagcact 10080
accctttage tgttctatat getgccacte ctcaattgga ttagtctcat ccttcaatge 10140
tatcatttcce tttgatattg gatcatctaa gaaaccatta ttatcatgac attaacctat 10200
aaaaataggc gtatcacgag gccctttegt ¢ 10231
<210> SEQ ID NO 28

<211> LENGTH: 9404

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 28

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaageggat geccgggagca gacaagcceg tcagggcegeyg tcagegegtg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaatt cccgttttaa gagcttggtg agecgctagga gtcactgceca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tetttttceta 300
ttactcttgg cctcectctag tacactctat atttttttat gectcggtaa tgattttcat 360
tttttttttt cccctagegyg atgactecttt ttttttetta gecgattggca ttatcacata 420
atgaattata cattatataa agtaatgtga tttcttcgaa gaatatacta aaaaatgagce 480
aggcaagata aacgaaggca aagatgacag agcagaaagc cctagtaaag cgtattacaa 540
atgaaaccaa gattcagatt gcgatctctt taaagggtgg tcecectageyg atagagcact 600
cgatcttcecee agaaaaagag gcagaagcag tagcagaaca ggccacacaa tcgcaagtga 660
ttaacgtcca cacaggtata gggtttctgg accatatgat acatgctcetyg gccaagcatt 720
ceggetggte gctaategtt gagtgcattg gtgacttaca catagacgac catcacacca 780
ctgaagactg cgggattgct ctcggtcaag cttttaaaga ggccctaggyg gccgtgegtyg 840
gagtaaaaag gtttggatca ggatttgcge ctttggatga ggcactttcc agagceggtgg 900
tagatcttte gaacaggccg tacgcagttg tcgaacttgg tttgcaaagyg gagaaagtag 960

gagatctcte ttgcgagatg atcccgcatt ttcttgaaag ctttgcagag gctagcagaa 1020
ttacccteca cgttgattgt ctgcgaggca agaatgatca tcaccgtagt gagagtgegt 1080
tcaaggctct tgcggttgcec ataagagaag ccacctcgcec caatggtacce aacgatgttce 1140
cctccaccaa aggtgttcett atgtagtgac accgattatt taaagctgca gcatacgata 1200
tatatacatg tgtatatatg tatacctatg aatgtcagta agtatgtata cgaacagtat 1260
gatactgaag atgacaaggt aatgcatcat tctatacgtg tcattctgaa cgaggcgcgce 1320

tttcettttt tetttttget ttttettttt ttttectettg aactcgacgg atctatgegg 1380
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tgtgaaatac

atattttgtt

ccgaaategyg

tteccagttty

aaaccgtcta

ggtcgaggtg

gacggggaaa

ctagggeget

atgcgeeget

ggcgatcggt

ggcgattaag

gtgagcgege

cttegagegt

gegtetgtac

aactataaaa

tagagcggat

ccgcagatcet

tcttacctac

cgttatctac

taaacggttt

tatcagagat

geggcagete

tggtttcgaa

cgaagtactce

tgcecggtete

taccggaaga

tgatctettt

ggtccatcat

actgaatcag

acagcagaga

atttcacttce

cegeccagge

caatcagegt

atttecggege

tgttgaaacc

gcactacatce

tcagttette

gettetegge

cgcacagatg

aaaattcgeg

caaaatccct

gaacaagagt

tcagggcgat

ccgtaaagea

gecggegaac

ggcaagtgta

acagggcgcyg

gegggectet

ttgggtaacyg

gtaatacgac

cccaaaacct

agaaaaaaaa

aaataaatag

gtggggggag

ttaacccgea

ctgcteaatce

cgegecttee

cagcaacggc

aaccacgtte

gtgcagtgat

cgccagttea

ctgctegecy

ttcacgccag

gaattcgecyg

cagctgttca

cagggtgatg

tttttetgeg

gecagectge

cgcaacgaag

tttggcaatc

cggtacgecyg

aaccatcact

gtgcgagtag

agagtgctge

gtaagtacce

aatcgettet

cgtaaggaga
ttaaattttt
tataaatcaa
ccactattaa
ggcccactac
ctaaatcgga
gtggcgagaa
geggtcacge
tcgegecatt
tcgctattac
ccagggtttt
tcactatagg
tctcaagcaa
gaaaaatttyg
ggacctagac
ggcgtgaatg
acagcaatac
gecatggetge
ggaatagett
acacaagcgt
atttcgtaca
tcataatatg
acgccegett
attttgectt
gtcagcagtt
gagatgatgt
gaaagcgcat
cegeectgtt
tatgctggat
aacataccge
gacgattcca
gccatgectt
aacccacgtt
acggtgatat
cccagegecg
ttgtceggeyg
actttaaaac

ttacgcagag

aaataccgca

gttaaatcag

aagaatagac

agaacgtgga

gtgaaccatc

accctaaagg

aggaagggaa

tgcgcgtaac

cgccatteag

gecagetgge

cccagtcacy

gcgaattggg

ggttttcagt

aaatataaat

ttcaggttgt

taagcgtgac

gtttcatatce

gaatcgette

tacccaggte

aagagaacag

gacgcttacyg

cagactctte

tcaccatecge

catactgegyg

tcttatcatce

cgtccatatg

aagcacgcag

tcagtgette

cggtacctte

acaggatggt

gcacaccege

cgectttegy

tgtactctte

ctttacggat

cgcegtettt

tcaggttaat

catttteggt

cgtaggagat

tcaggaaatt gtaaacgtta

ctcatttttt aaccaatagg

cgagataggg ttgagtgttg

ctccaacgte aaagggcgaa

accctaatca agttttttygg

gagccecega tttagagett

gaaagcgaaa ggagcgggcyg

caccacacce gccgegetta

getgegcaac tgttgggaag

gaaaggggga tgtgctgcaa

acgttgtaaa acgacggcca

taccggcege aaattaaage

ataatgttac atgcgtacac

aacgttctta atactaacat

ctaactccett cctttteggt

ataactaatt acatgagcgg

tgtcatatag ccgcgcagtt

gttcacatca cgcagttgcece

geceggttge agetcetgeca

atagttaccyg tactcagegyg

ggcgatggtyg ttggcaatca

aatgatgccyg gaatcgacca

aatcatcagt acgcctttat

cgcggtttca aacgceggttt

gttggeccag tcegecatca

tttctggaac aggggtgeca

tttegecggyg ttagagagac

ggtgatggtt tcccaaccga

ttccaccage ttgtcgaage

ttgctegece atcaggtcag

acggtgacca ccggttgceag

atcgttttce gggtgaacgyg

acgcactteyg gtgectggge

ctgctegece acttcgacga

catcagtgge tgtacggtge

caccagatce gectgtggga

cgctttacge caggacgege

atcgagacca gaatcacgca

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660
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tgttcaggcce ctggttcaga ccctgtgcge cacagccgac gatgactact tttttaccct 3720
gaaggtagct cgcgccatcg gcgaattcat cgcggcccat ctcgagtcga aactaagttce 3780
tggtgtttta aaactaaaaa aaagactaac tataaaagta gaatttaaga agtttaagaa 3840
atagatttac agaattacaa tcaataccta ccgtctttat atacttatta gtcaagtagg 3900
ggaataattt cagggaactg gtttcaacct tttttttcag ctttttccaa atcagagaga 3960
gcagaaggta atagaaggtg taagaaaatg agatagatac atgcgtgggt caattgectt 4020
gtgtcatcat ttactccagg caggttgcat cactccattg aggttgtgcce cgttttttge 4080
ctgtttgtge ccctgttete tgtagttgcg ctaagagaat ggacctatga actgatggtt 4140
ggtgaagaaa acaatatttt ggtgctggga ttcttttttt ttctggatgc cagcttaaaa 4200
agcgggctcece attatattta gtggatgcca ggaataaact gttcacccag acacctacga 4260
tgttatatat tctgtgtaac ccgccceccta ttttgggcat gtacgggtta cagcagaatt 4320
aaaaggctaa ttttttgact aaataaagtt aggaaaatca ctactattaa ttatttacgt 4380
attctttgaa atggcgagta ttgataatga taaactggat cctcatccac ccaacttcga 4440
tttgtctett actgcccect tatcggctga agtagccaat gaagcataag ccctaagggce 4500
gaaacttact tgacgttctc tatttttagg agtccaagcc ttatctecctce tggcatcttg 4560
tgcttetett cttgcagcca attcagegte tgagacttgt aattggatac ctctatttgg 4620
gatatctatg gcgatcaaat ctccatcttc aatcaatcca atcgaaccac cagaagctgce 4680
ctctggtgat acgtgaccga tacttaaacc cgaagtgcca ccagagaatc taccgtcagt 4740
gataagggca caagcttttc ctagtcccat ggacttcaaa aatgaagttg ggtaaagcat 4800
ttecctgcata cctggtecte ccetttggtcee ctcecatatcett atcactacca cgtctcectge 4860
taccaccttt ccgccaagta tagcctcaac agcatcgtet tgactttcecgt aaactttagce 4920
gggtccagta aatttcaaaa tactatcatc tacaccagca gttttcacaa tgcaaccatt 4980
ttcagcgaag tttccatata atactgctaa accaccatcc ttactataag catgctcaag 5040
cgatcttata catccatttg ctctatcatc gtccaaagtg tcccacctac agtcttgega 5100
gaatgcttgg gtggttctga tcectgetgg acctgeccctyg aacatgtttt tcacggcatce 5160
atcttgagtt aacatgacat cgtattgctc taatgtctgt ggaagtgtta aacccaatac 5220
attcttcaca tccctgttta aaagaccggce tctgtccaac tcccctaaaa taccaataac 5280
ccetectgeca cgatgaacgt cttceccatgtg atacttttga gttgatggtg caaccttaca 5340
taactgtgga accttacgtg aaagcttgtc gatatcagac atggtgaaat ctatctcagc 5400
ttettgggct gcagctagaa gatgtaagac cgtgtttgta ctaccaccca ttgcaatatce 5460
caatgtcatg gcattttcga atgcagcctt tgaagctata ttcctcggta atgctgattce 5520
atcattttgt tcgtaatacc ttttcgttag ttccacaatt ctttttccgg catttaagaa 5580
caattgcttt ctgtctgcat gggtcgctaa taatgaacca tttcctggtt gagataaacc 5640
tagagcttca gtcaagcaat tcatagagtt agccgtgaac attccactgc aagaaccaca 5700
agttggacat gcacttcttt caacttggtc tgactgcgag tctgaaactt ttggatctgce 5760
accttgaatc attgcatcca caagatcaag tttgatgatc tgatcactta acttagtttt 5820
accagcectcee attgggcege cagatacgaa gattactggg atgttcaatc tcaaggacgce 5880

catcaacata ccaggcgtta tcttatcaca attagagata caaaccattg catcggcaca 5940
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atgagcatta accatatatt cgactgagtc tgcaattaat tctctcgatg gtaaagagta 6000
taacataccg ccatgcccca tagctatacce gtcegtccaca gcaatagtat taaactcettt 6060
tgcgacacca cctgcagett caatttgttc ggcaacaagce ttacctagat cacgcaaatg 6120
gacatgaccc ggaacgaatt gtgtaaaaga gttgacgacg gcaatgattg gctttccgaa 6180
atctgcatca gtcatgccag tcatgtcgac aaacttagat tagattgcta tgctttettt 6240
ctaatgagca agaagtaaaa aaagttgtaa tagaacaaga aaaatgaaac tgaaacttga 6300
gaaattgaag accgtttatt aacttaaata tcaatgggag gtcatcgaaa gagaaaaaaa 6360
tcaaaaaaaa aattttcaag aaaaagaaac gtgataaaaa tttttattgc ctttttcgac 6420
gaagaaaaag aaacgaggcg gtctcttttt tcecttttccaa acctttagta cgggtaatta 6480
acgacaccct agaggaagaa agaggggaaa tttagtatge tgtgcttggg tgttttgaag 6540
tggtacggeg atgcgeggag tccgagaaaa tctggaagag taaaaaagga gtagaaacat 6600
tttgaagcta tgagctccag cttttgttcee ctttagtgag ggttaattge gegettggeg 6660
taatcatggt catagctgtt tcctgtgtga aattgttatc cgctcacaat tccacacaac 6720
ataggagccg gaagcataaa gtgtaaagcce tggggtgcect aatgagtgag gtaactcaca 6780
ttaattgcgt tgcgctcact geccgcttte cagtcgggaa acctgtcgtg ccagetgcecat 6840
taatgaatcg gccaacgcgce ggggagaggce ggtttgegta ttgggcgcte tteccgcttcece 6900
tcgctcactg actcegectgeg cteggtegtt cggetgegge gagcggtatce agctcactca 6960
aaggcggtaa tacggttatc cacagaatca ggggataacyg caggaaagaa catgtgagca 7020
aaaggccagc aaaaggccag gaaccgtaaa aaggccgcegt tgctggegtt tttceccatagg 7080
cteegeccee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaacccyg 7140
acaggactat aaagatacca ggcgtttcce cctggaaget cecctegtgeg ctetectgtt 7200
ccgacccectge cgcttaccgg atacctgtcee gectttetece cttecgggaag cgtggegett 7260
tctcataget cacgctgtag gtatctcagt tcggtgtagg tegttegcte caagetgggce 7320
tgtgtgcacg aacccccegt tcagcecccgac cgcetgcgect tatccggtaa ctatcegtcett 7380
gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg taacaggatt 7440
agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcce taactacggce 7500
tacactagaa ggacagtatt tggtatctgc gctcectgctga agccagttac cttcggaaaa 7560
agagttggta gctcttgatc cggcaaacaa accaccgctg gtagcggtgg tttttttgtt 7620
tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttcet 7680
acggggtctg acgctcagtyg gaacgaaaac tcacgttaag ggattttggt catgagatta 7740
tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa 7800
agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc 7860
tcagcgatct gtctattteg ttcatccata gttgcctgac tcccegtcegt gtagataact 7920
acgatacggg agggcttacc atctggeccce agtgctgcaa tgataccgeyg agacccacgce 7980
tcaccggcete cagatttatc agcaataaac cagccageceyg gaagggccga gcgcagaagt 8040
ggtcctgcaa ctttatccge cteccatccag tcectattaatt gttgccecggga agctagagta 8100
agtagttcge cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggtg 8160

tcacgctegt cgtttggtat ggcttcatte agctccggtt cccaacgatce aaggcgagtt 8220
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acatgatccce ccatgttgtg caaaaaagcg gttagctect tecggtcecctece gatcgttgte 8280
agaagtaagt tggccgcagt gttatcactc atggttatgg cagcactgca taattctcectt 8340
actgtcatgc catccgtaag atgcttttct gtgactggtg agtactcaac caagtcattce 8400
tgagaatagt gtatgcggcg accgagttgce tcttgcecegg cgtcaatacg ggataatacc 8460
gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa 8520
ctctcaagga tcttaccget gttgagatce agttcgatgt aacccactcg tgcacccaac 8580
tgatcttcag catcttttac tttcaccage gtttctgggt gagcaaaaac aggaaggcaa 8640
aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttectt 8700
tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa 8760
tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct 8820
gggtecctttt catcacgtgc tataaaaata attataattt aaatttttta atataaatat 8880
ataaattaaa aatagaaagt aaaaaaagaa attaaagaaa aaatagtttt tgttttccga 8940
agatgtaaaa gactctaggg ggatcgccaa caaatactac cttttatctt getcttectg 9000
ctctcaggta ttaatgccga attgtttcat cttgtctgtg tagaagacca cacacgaaaa 9060
tcetgtgatt ttacatttta cttatcgtta atcgaatgta tatctattta atctgctttt 9120
cttgtctaat aaatatatat gtaaagtacg ctttttgttg aaatttttta aacctttgtt 9180
tatttttttt tcttcattcc gtaactctte taccttettt atttactttce taaaatccaa 9240
atacaaaaca taaaaataaa taaacacaga gtaaattccc aaattattcc atcattaaaa 9300
gatacgaggc gcgtgtaagt tacaggcaag cgatccgtec taagaaacca ttattatcat 9360
gacattaacc tataaaaata ggcgtatcac gaggcccttt cgtce 9404
<210> SEQ ID NO 29

<211> LENGTH: 9404

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 29

tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaageggat geccgggagca gacaagcceg tcagggcegeyg tcagegegtg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaatt cccgttttaa gagcttggtg agecgctagga gtcactgceca ggtatcgttt 240
gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tetttttceta 300
ttactcttgg cctcectctag tacactctat atttttttat gectcggtaa tgattttcat 360
tttttttttt cccctagegyg atgactecttt ttttttetta gecgattggca ttatcacata 420
atgaattata cattatataa agtaatgtga tttcttcgaa gaatatacta aaaaatgagce 480
aggcaagata aacgaaggca aagatgacag agcagaaagc cctagtaaag cgtattacaa 540
atgaaaccaa gattcagatt gcgatctctt taaagggtgg tcecectageyg atagagcact 600
cgatcttcecee agaaaaagag gcagaagcag tagcagaaca ggccacacaa tcgcaagtga 660
ttaacgtcca cacaggtata gggtttctgg accatatgat acatgctcetyg gccaagcatt 720

ceggetggte getaategtt gagtgeattyg gtgacttaca catagacgac catcacacca 780
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ctgaagactg

gagtaaaaag

tagatcttte

gagatctete

ttacccteca

tcaaggctct

cctccaccaa

tatatacatg

gatactgaag

tttecttttt

tgtgaaatac

atattttgtt

ccgaaategyg

tteccagttty

aaaccgtcta

ggtcgaggtg

gacggggaaa

ctagggeget

atgcgeeget

ggcgatcggt

ggcgattaag

gtgagcgege

cttegagegt

gegtetgtac

aactataaaa

tagagcggat

ccgcagatcet

tcttacctac

cgttatctac

taaacggttt

tatcagagat

geggcagete

tggtttcgaa

cgaagtactce

tgcecggtete

taccggaaga

tgatctettt

ggtccatcat

cgggattget

gtttggatca

gaacaggccg

ttgcgagatg

cgttgattgt

tgcggttgee

aggtgttett

tgtatatatg

atgacaaggt

tctttttget

cgcacagatg

aaaattcgeg

caaaatccct

gaacaagagt

tcagggcgat

ccgtaaagea

gecggegaac

ggcaagtgta

acagggcgcyg

gegggectet

ttgggtaacyg

gtaatacgac

cccaaaacct

agaaaaaaaa

aaataaatag

gtggggggag

ttaacccgea

ctgcteaatce

cgegecttee

cagcaacggc

aaccacgtte

gtgcagtgat

cgccagttea

ctgctegecy

ttcacgccag

gaattcgecyg

cagctgttca

cagggtgatg

ctcggtcaag

ggatttgcge

tacgcagttyg

atcccgeatt

ctgcgaggea

ataagagaag

atgtagtgac

tatacctatg

aatgcatcat

ttttettttt

cgtaaggaga

ttaaattttt

tataaatcaa

ccactattaa

ggcccactac

ctaaatcgga

gtggcgagaa

geggtcacge

tcgegecatt

tcgctattac

ccagggtttt

tcactatagg

tctcaagcaa

gaaaaatttyg

ggacctagac

ggcgtgaatg

acagcaatac

gecatggetge

ggaatagett

acacaagcgt

atttcgtaca

tcataatatg

acgccegett

attttgectt

gtcagcagtt

gagatgatgt

gaaagcgcat

cegeectgtt

cttttaaaga

ctttggatga

tcgaacttygg

ttcttgaaag

agaatgatca

ccacctegee

accgattatt

aatgtcagta

tctatacgtyg

ttttctetty

aaataccgca

gttaaatcag

aagaatagac

agaacgtgga

gtgaaccatc

accctaaagg

aggaagggaa

tgcgcgtaac

cgccatteag

gecagetgge

cccagtcacy

gcgaattggg

ggttttcagt

aaatataaat

ttcaggttgt

taagcgtgac

gtttcatatce

gaatcgette

tacccaggte

aagagaacag

gacgcttacyg

cagactctte

tcaccatecge

catactgegyg

tcttatcatce

cgtccatatg

aagcacgcag

tcagtgette

ggccctaggg gccgtgegtg
ggcactttce agageggtgg
tttgcaaagyg gagaaagtag
ctttgcagag gctagcagaa
tcaccgtagt gagagtgegt
caatggtacc aacgatgttce
taaagctgca gcatacgata
agtatgtata cgaacagtat
tcattctgaa cgaggcgege
aactcgacgg atctatgegyg
tcaggaaatt gtaaacgtta
ctcatttttt aaccaatagg
cgagataggg ttgagtgttg
ctccaacgte aaagggcgaa
accctaatca agttttttygg
gagccecega tttagagett
gaaagcgaaa ggagcgggceg
caccacacce gccgegetta
getgegcaac tgttgggaag
gaaaggggga tgtgctgcaa
acgttgtaaa acgacggcca
taccggcege aaattaaage
ataatgttac atgcgtacac
aacgttctta atactaacat
ctaactccett cctttteggt
ataactaatt acatgagcgg
tgtcatatag ccgcgcagtt
gttcacatca cgcagttgcece
geceggttge agetcetgeca
atagttaccyg tactcagegyg
ggcgatggtyg ttggcaatca
aatgatgccyg gaatcgacca
aatcatcagt acgcctttat
cgcggtttca aacgceggttt
gttggeccag tcegecatca
tttctggaac aggggtgeca
tttegecggyg ttagagagac

ggtgatggtt tcccaaccga

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060
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actgaatcag tttttctgeg tatgctggat cggtaccttce ttccaccage ttgtcgaagce 3120
acagcagaga gccagectge aacataccge acaggatggt ttgctegece atcaggtcag 3180
atttcacttc cgcaacgaag gacgattcca gcacacccgce acggtgacca ccggttgcag 3240
ccgcccagge tttggcaatc gecatgectt cgectttegg atcgttttee gggtgaacgg 3300
caatcagcgt cggtacgccg aacccacgtt tgtactcttce acgcactteg gtgecctgggce 3360
atttcggcge aaccatcact acggtgatat ctttacggat ctgctcgcce acttcgacga 3420
tgttgaaacc gtgcgagtag cccagcgccg cgecgtettt catcagtggce tgtacggtgce 3480
gcactacatc agagtgctgce ttgtccggeg tcaggttaat caccagatcc gcecctgtggga 3540
tcagttcecttc gtaagtaccc actttaaaac cattttcecggt cgctttacge caggacgcgce 3600
gcttetegge aatcgecttcet ttacgcagag cgtaggagat atcgagacca gaatcacgca 3660
tgttcaggcce ctggttcaga ccctgtgcge cacagccgac gatgactact tttttaccct 3720
gaaggtagct cgcgccatcg gcgaattcat cgcggcccat ctcgagtcga aactaagttce 3780
tggtgtttta aaactaaaaa aaagactaac tataaaagta gaatttaaga agtttaagaa 3840
atagatttac agaattacaa tcaataccta ccgtctttat atacttatta gtcaagtagg 3900
ggaataattt cagggaactg gtttcaacct tttttttcag ctttttccaa atcagagaga 3960
gcagaaggta atagaaggtg taagaaaatg agatagatac atgcgtgggt caattgectt 4020
gtgtcatcat ttactccagg caggttgcat cactccattg aggttgtgcce cgttttttge 4080
ctgtttgtge ccctgttete tgtagttgcg ctaagagaat ggacctatga actgatggtt 4140
ggtgaagaaa acaatatttt ggtgctggga ttcttttttt ttctggatgc cagcttaaaa 4200
agcgggctcece attatattta gtggatgcca ggaataaact gttcacccag acacctacga 4260
tgttatatat tctgtgtaac ccgccceccta ttttgggcat gtacgggtta cagcagaatt 4320
aaaaggctaa ttttttgact aaataaagtt aggaaaatca ctactattaa ttatttacgt 4380
attctttgaa atggcgagta ttgataatga taaactggat cctcatccac ccaacttcga 4440
tttgtctett actgcccect tatcggctga agtagccaat gaagcataag ccctaagggce 4500
gaaacttact tgacgttctc tatttttagg agtccaagcc ttatctecctce tggcatcttg 4560
tgcttetett cttgcagcca attcagegte tgagacttgt aattggatac ctctatttgg 4620
gatatctatg gcgatcaaat ctccatcttc aatcaatcca atcgaaccac cagaagctgce 4680
ctctggtgat acgtgaccga tacttaaacc cgaagtgcca ccagagaatc taccgtcagt 4740
gataagggca caagcttttc ctagtcccat ggacttcaaa aatgaagttg ggtaaagcat 4800
ttecctgcata cctggtecte ccetttggtcee ctcecatatcett atcactacca cgtctcectge 4860
taccaccttt ccgccaagta tagcctcaac agcatcgtet tgactttcecgt aaactttagce 4920
gggtccagta aatttcaaaa tactatcatc tacaccagca gttttcacaa tgcaaccatt 4980
ttcagcgaag tttccatata atactgctaa accaccatcc ttactataag catgctcaag 5040
cgatcttata catccatttg ctctatcatc gtccaaagtg tcccacctac agtcttgega 5100
gaatgcttgg gtggttctga tcectgetgg acctgeccctyg aacatgtttt tcacggcatce 5160
atcttgagtt aacatgacat cgtattgctc taatgtctgt ggaagtgtta aacccaatac 5220
attcttcaca tccctgttta aaagaccggce tctgtccaac tcccctaaaa taccaataac 5280

ccetectgeca cgatgaacgt cttceccatgtg atacttttga gttgatggtg caaccttaca 5340
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taactgtgga accttacgtg aaagcttgtc gatatcagac atggtgaaat ctatctcagc 5400
ttettgggct gcagctagaa gatgtaagac cgtgtttgta ctaccaccca ttgcaatatce 5460
caatgtcatg gcattttcga atgcagcctt tgaagctata ttcctcggta atgctgattce 5520
atcattttgt tcgtaatacc ttttcgttag ttccacaatt ctttttccgg catttaagaa 5580
caattgcttt ctgtctgcat gggtcgctaa taatgaacca tttcctggtt gagataaacc 5640
tagagcttca gtcaagcaat tcatagagtt agccgtgaac attccactgc aagaaccaca 5700
agttggacat gcacttcttt caacttggtc tgactgcgag tctgaaactt ttggatctgce 5760
accttgaatc attgcatcca caagatcaag tttgatgatc tgatcactta acttagtttt 5820
accagcectcee attgggcege cagatacgaa gattactggg atgttcaatc tcaaggacgce 5880
catcaacata ccaggcgtta tcttatcaca attagagata caaaccattg catcggcaca 5940
atgagcatta accatatatt cgactgagtc tgcaattaat tctctcgatg gtaaagagta 6000
taacataccg ccatgcccca tagctatacce gtcegtccaca gcaatagtat taaactcettt 6060
tgcgacacca cctgcagett caatttgttc ggcaacaagce ttacctagat cacgcaaatg 6120
gacatgaccc ggaacgaatt gtgtaaaaga gttgacgacg gcaatgattg gctttccgaa 6180
atctgcatca gtcatgccag tcatgtcgac aaacttagat tagattgcta tgctttettt 6240
ctaatgagca agaagtaaaa aaagttgtaa tagaacaaga aaaatgaaac tgaaacttga 6300
gaaattgaag accgtttatt aacttaaata tcaatgggag gtcatcgaaa gagaaaaaaa 6360
tcaaaaaaaa aattttcaag aaaaagaaac gtgataaaaa tttttattgc ctttttcgac 6420
gaagaaaaag aaacgaggcg gtctcttttt tcecttttccaa acctttagta cgggtaatta 6480
acgacaccct agaggaagaa agaggggaaa tttagtatge tgtgcttggg tgttttgaag 6540
tggtacggeg atgcgeggag tccgagaaaa tctggaagag taaaaaagga gtagaaacat 6600
tttgaagcta tgagctccag cttttgttcee ctttagtgag ggttaattge gegettggeg 6660
taatcatggt catagctgtt tcctgtgtga aattgttatc cgctcacaat tccacacaac 6720
ataggagccg gaagcataaa gtgtaaagcce tggggtgcect aatgagtgag gtaactcaca 6780
ttaattgcgt tgcgctcact geccgcttte cagtcgggaa acctgtcgtg ccagetgcecat 6840
taatgaatcg gccaacgcgce ggggagaggce ggtttgegta ttgggcgcte tteccgcttcece 6900
tcgctcactg actcegectgeg cteggtegtt cggetgegge gagcggtatce agctcactca 6960
aaggcggtaa tacggttatc cacagaatca ggggataacyg caggaaagaa catgtgagca 7020
aaaggccagc aaaaggccag gaaccgtaaa aaggccgcegt tgctggegtt tttceccatagg 7080
cteegeccee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaacccyg 7140
acaggactat aaagatacca ggcgtttcce cctggaaget cecctegtgeg ctetectgtt 7200
ccgacccectge cgcttaccgg atacctgtcee gectttetece cttecgggaag cgtggegett 7260
tctcataget cacgctgtag gtatctcagt tcggtgtagg tegttegcte caagetgggce 7320
tgtgtgcacg aacccccegt tcagcecccgac cgcetgcgect tatccggtaa ctatcegtcett 7380
gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg taacaggatt 7440
agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcce taactacggce 7500
tacactagaa ggacagtatt tggtatctgc gctcectgctga agccagttac cttcggaaaa 7560

agagttggta gctcttgatc cggcaaacaa accaccgctg gtagcggtgg tttttttgtt 7620
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tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttcet 7680
acggggtctg acgctcagtyg gaacgaaaac tcacgttaag ggattttggt catgagatta 7740
tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa 7800
agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc 7860
tcagcgatct gtctattteg ttcatccata gttgcctgac tcccegtcegt gtagataact 7920
acgatacggg agggcttacc atctggeccce agtgctgcaa tgataccgeyg agacccacgce 7980
tcaccggcete cagatttatc agcaataaac cagccageceyg gaagggccga gcgcagaagt 8040
ggtcctgcaa ctttatccge cteccatccag tcectattaatt gttgccecggga agctagagta 8100
agtagttcge cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggtg 8160
tcacgctegt cgtttggtat ggcttcatte agctccggtt cccaacgatce aaggcgagtt 8220
acatgatccce ccatgttgtg caaaaaagcg gttagctect tecggtcecctece gatcgttgte 8280
agaagtaagt tggccgcagt gttatcactc atggttatgg cagcactgca taattctcectt 8340
actgtcatgc catccgtaag atgcttttct gtgactggtg agtactcaac caagtcattce 8400
tgagaatagt gtatgcggcg accgagttgce tcttgcecegg cgtcaatacg ggataatacc 8460
gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa 8520
ctctcaagga tcttaccget gttgagatce agttcgatgt aacccactcg tgcacccaac 8580
tgatcttcag catcttttac tttcaccage gtttctgggt gagcaaaaac aggaaggcaa 8640
aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttectt 8700
tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa 8760
tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct 8820
gggtecctttt catcacgtgc tataaaaata attataattt aaatttttta atataaatat 8880
ataaattaaa aatagaaagt aaaaaaagaa attaaagaaa aaatagtttt tgttttccga 8940
agatgtaaaa gactctaggg ggatcgccaa caaatactac cttttatctt getcttectg 9000
ctctcaggta ttaatgccga attgtttcat cttgtctgtg tagaagacca cacacgaaaa 9060
tcetgtgatt ttacatttta cttatcgtta atcgaatgta tatctattta atctgctttt 9120
cttgtctaat aaatatatat gtaaagtacg ctttttgttg aaatttttta aacctttgtt 9180
tatttttttt tcttcattcc gtaactctte taccttettt atttactttce taaaatccaa 9240
atacaaaaca taaaaataaa taaacacaga gtaaattccc aaattattcc atcattaaaa 9300
gatacgaggc gcgtgtaagt tacaggcaag cgatccgtec taagaaacca ttattatcat 9360
gacattaacc tataaaaata ggcgtatcac gaggcccttt cgtce 9404
<210> SEQ ID NO 30

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 30

agtcacatca agatcgttta tgg 23

<210> SEQ ID NO 31
<211> LENGTH: 23
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 31

gcacggaata tgggactact tcg

<210> SEQ ID NO 32

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 32

actccactte aagtaagagt ttg

<210> SEQ ID NO 33

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 33

tattgtctca tgagcggata ¢

<210> SEQ ID NO 34

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 34

acaacgagtyg tcatggggag aggaagagg

<210> SEQ ID NO 35

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 35

gatcttegge tgggtcatgt gaggegyg

<210> SEQ ID NO 36

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 36

acgctgaaca cgttggtgte ttge

<210> SEQ ID NO 37

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

23

23

21

29

27

24
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<400> SEQUENCE: 37

aacccttage agcatcggea acc

<210> SEQ ID NO 38

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 38

tattcatggyg ccaatactac g

<210> SEQ ID NO 39

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 39

gtagaagacg tcacctggta gaccaaagat g

<210> SEQ ID NO 40

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 40

catcgtgacyg tcgctcaatt gactgetget ac

<210> SEQ ID NO 41

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 41

actaagcgac acgtgeggtt tctgtggtat ag

<210> SEQ ID NO 42

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 42

gaaaccgcac gtgtcegetta gtttacattt ctttee
<210> SEQ ID NO 43

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 43

tttgaagtgyg tacggcgatg

23

21

31

32

32

36

20
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<210> SEQ ID NO 44

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 44

aatcatatcg aacacgatge

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 45

agctggtetyg gtgattctac

<210> SEQ ID NO 46

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 46

tatcaccgta gtgatggttg

<210> SEQ ID NO 47

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 47

gtcagcagtt tcttatcatc g

<210> SEQ ID NO 48

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 48

gcgaaactta cttgacgtte

<210> SEQ ID NO 49

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 49

actttggacyg atgatagagc

20

20

20

21

20

20
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<210> SEQ ID NO 50

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 50

gegttagatyg gtacgaaatce

<210> SEQ ID NO 51

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 51

cttctaacac tagcgaccag

<210> SEQ ID NO 52

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 52

aaagatgatyg agcaaacgac

<210> SEQ ID NO 53

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 53

cgagcaatac tgtaccaatg

<210> SEQ ID NO 54

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 54

tcacggatga tttccagggt

<210> SEQ ID NO 55

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 55

cacctgegtt gttaccacaa

20

20

20

20

20

20
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1-130. (canceled) wherein
131. A method for producing isobutanol comprising: a) the substrate to product conversion of step (i) is per-
a. providing a fermentation media comprising a carbon formed by an acetolactate synthase enzyme;

b) the substrate to product conversion of step (ii) is per-
formed by a ketal-acid reductoisomerase enzyme;

¢) the substrate to product conversion of step (iii) is per-
formed by a dihydroxy acid dehydratase enzyme;

d) the substrate to product conversion of step (iv) is per-
formed by a decarboxylase enzyme; and

e) the substrate to product conversion of step (v) is per-
formed by an alcohol dehydrogenase enzyme;

substrate; and

b. contacting said media with a recombinant yeast micro-
organism expressing an engineered isobutanol biosyn-
thetic pathway wherein said pathway comprises the fol-
lowing substrate to product conversions:
i. pyruvate to acetolactate (pathway step a);
ii. acetolactate to 2,3-dihydroxyisovalerate (pathway

. step b?; ) . and wherein the recombinant yeast microorganism comprises
iii. 2,3-dihydroxyisovalerate to a-ketoisovalerate (path- one or more inactivated endogenous pyruvate decarboxylase
way step ¢); genes;
iv. a-ketoisovalerate to isobutyraldehyde (pathway step whereby isobutanol is produced.
d); and

v. isobutyraldehyde to isobutanol (pathway step e); ok ow R



