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GENE EDITING THROUGH MICROFLUIDIC DELIVERY

RELATED APPLICATIONS
[0001] This application claims the benefit of priority under 35 U.S.C. §
119¢e) to U.S. Provisional Application No: 62/102,347, filed January 12, 2015, which

is incorporated herein by reference in its entirety.

STATEMENT AS TO FEDERALLY-SPONSORED RESEARCH
[0002] This invention was made with Government support under Grant
Number ROIGM101420-01A1 awarded by the National Institutes of Health. The

Government has certain rights in the invention.

TECHNICAL FIELD
[0003] The subject matter described herein relates to gene editing by

introducing gene-editing components into a cell by mechanical cell disruption.

REFERENCE TO THE SEQUENCE LISTING

[0004] This application incorporates-by-reference nucleotide and/or amino
acid sequences which are present in the file named “38172-
510001WO_Sequence_Listing_ST25.txt,” which is 517 kilobytes in size, and which
was created January 12, 2016 in the IBM-PC machine format, having an operating
system compatibility with MS-Windows, which is contained in the text file filed

January 12, 2016 as part of this application.

BACKGROUND
[0005] Genome editing technologies, such as clustered regularly
interspaced short palindromic repeats (CRISPR)-CRISPR associated protein 9 (Cas9)
and transcription activator-like effector nucleases (TALENSs), have shown much
potential in their ability to change the genetic code of cells. These technologies could
thus enable novel insights in drug discovery and lead to the development of next

generation gene therapies. Gene editing complexes, which include a protein
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component and a nucleic acid component, e.g., deoxyribonucleic acid (DNA) and/or
ribonucleic acid (RNA) cannot readily cross the cellular membrane. Thus, delivery of

such complexes has been a challenge.

SUMMARY

[0006] The methods and systems of the invention solve the problem of
intracellular delivery of gene editing components and gene editing complexes to
target cells. The results described herein indicate that delivery of gene editing
components, e.g., protein, ribonucleic acid (RNA), and deoxyribonucleic acid (DNA),
by mechanical disruption of cell membranes leads to successful gene editing. Because
intracellular delivery of gene editing materials is a current challenge, the methods
provide a robust mechanism to engineer target cells without the use of potentially
harmful viral vectors or electric fields. Moreover, the scalability and relative
simplicity of the process make it suitable for broad adoption. The strategy and
methods are suitable for genome engineering applications in research and
therapeutics.

[0007] Accordingly, a method for delivering a protein-nucleic acid
complex into a cell is carried out by providing a cell in a suspension solution; passing
the solution through a microfluidic channel that includes a cell-deforming
constriction; passing the cell through the constriction such that a pressure is applied to
the cell causing perturbations of the cell large enough for said protein-nucleic acid
complex to pass through; and incubating the cell in a complex-containing solution for
a predetermined time before or after the cell passes through the constriction. An
exemplary protein-nucleic acid complex comprises gene editing components. For
example, the protein-nucleic acid complex comprises a Cas protein (such as a Cas9
protein) and a guide RNA (gRNA) or donor DNA. In other examples, the protein-
nucleic acid complex comprises a TALEN protein, Zinc-finger nuclease (ZFN), mega
nuclease, or Cre recombinase.

[0008] The methods and system is generally applicable to cytosolic
delivery of complexes, e.g., a protein — protein complex, small molecule + RNA
complex, etc.

[0009] A variety of target cells types are processed in this manner. For
example, the cell comprises a mammalian cell such as an immune cell (e.g., T cell) or

a stem cell such as a hematopoetic stem cell.
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[0010] The microfluidic system may include a plurality of microfluidic
channels. Each of the microfluidic channels of the plurality defines a lumen and is
configured such that a cell suspended in a buffer can pass through the lumen. In some
embodiments, microfluidic channels include one or more cell-deforming
constrictions. In some embodiments, the diameter of the constriction is a function of
the diameter of the cell. Thus, there may be many microfluidic channels within a
microfluidic system of the invention. For example, the microfluidic system may
include a plurality of the microfluidic channels arranged in parallel, e.g., 2, 5, 10, 20,
40, 45, 50, 75, 100, 500, 1,000 or more.

[0011] Microfluidic systems having a plurality of parallel microfluidic
channels allow for the high-throughput delivery of payloads to cells. Many cells can
be passed through each parallel channel one after the other. It will be understood that,
depending on context, a reference to a “cell” herein may refer to more than one cell.

[0012] The diameter of the constriction is chosen depending on the
dimensions of the cell type to be treated. In some embodiments, the cell may be
primarily compressed by the fluid flow. In some embodiments, the diameter is less
than the diameter of the cell. For example, the diameter of the constriction may be
substantially or about 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or
20-99% of the diameter of the cell. For example, the constriction is substantially 20-
99% of the diameter of the cell, e.g., a diameter of the constriction is substantially
60% of the diameter of the cell. Non-limiting examples of the diameter of the
constriction include substantially or about 2, 3, 4, 5, 6,7, 8, 9, 10, 15, 20, 2-10um, or
10-20um. Different lengths of the constriction are also possible. Non-limiting
examples of constriction lengths include substantially or about 10, 15, 20, 24, 30, 40,
50, 60, 70, 80, 90, 100, 10-40, 10-50, 10-60, or 10-100um.

[0013] The subject matter described herein provides many technical
advantages over methods that deliver components (or nucleic acids encoding the
components) of the complex piecemeal. Most gene editing systems require complex
formation to occur inside the cell, which may be an inefficient process. Advantages
of delivering the RNA and Cas (such as Cas9) in complex form (or other
protein/nucleic acid gene editing composite assemblies) include better efficiency and
specificity compared to other methods. By obviating the need for mRNA or DNA
manipulation to express the Cas protein (such as a Cas9 protein), one can reduce how
much time the cell spends exposed to the protein thus reducing the chance of off-

3



WO 2016/115179 PCT/US2016/013113

target effects. Having the editing components delivered to the cell in complexed form
also eliminates/minimizes the risk of the Cas (such as Cas9) complexing with other
RNA strands in the cell and cleaving the wrong sites. For example, the RNA alone
may be detected by intracellular and extracellular Toll-like receptor (TLR) and pattern
recognition receptors, prompting an interferon response or other antiviral pathways.
The complexed form does not interact with these pathways and can thus avoid
undesirable side effects.

[0014] By complexing in vitro prior to delivery into a cell, one can
precisely control the Cas (such as Cas9) and gRNA complexing reaction thus ensuring
optimal functionality, while complexes forming in the cytosol may not be as efficient.
For example, delivering the complex cytosolically ensures simultaneous interaction of
Cas (such as Cas9) and gRNA with the target DNA. The complexes formed in vitro
and delivered to the cell as described herein are fully functional and ready-to-go upon
gaining access to the cytoplasm of the target cell.

[0015] The approach described here is relevant to any protein +
RNA/DNA based system to guide the nuclease as the delivery process is independent
of the exact size and composition of the complex and because complex formation of

the editing materials occurs and is controlled in vitro under their optimal conditions.

[0016] Implementations of the invention may also provide one or more of
the following features. Deforming the cell includes deforming the cell for
substantially or about 1 ps to 10 ms, e.g., 10 ps, 50 ps, 100 ps, 500 ps, and 750 ps.
Incubating occurs for 0.0001 seconds to 20 minutes or more, e.g., substantially or
about 1 second, 30 seconds, 90 seconds, 270 seconds, and 900 seconds.

[0017] The pressure and speeds at which a cell is passed through a
microfluidic channel may also vary. In some embodiments, a pressure of substantially
or about 10-35psi is used to pass the solution containing a cell through a microfluidic
channel. The speed may be adjusted for a variety of reasons, including to improve
viability of the treated cells while maintaining high payload delivery. In some
embodiments, the cell passes through the microfluidic channel at a speed of
substantially or about 300mm/s, 400mm/s, 500mm/s, 600mm/s, 700mm/s, 800mm/s,
900mm/s, 100-300mm/s, 200-700mm/s, 250-400mm/s, 1-1000mm/s, 1m/s, 2m/s,
3m/s, 4m/s, Sm/s, 6m/s, 7m/s, 8m/s, 9m/s, 10m/s, 0.01-5m/s, 5-10m/s, or 0.01-10m/s.
Where the cell is a plurality of cells, substantially or about 5, 10, 20, 30, 40, 50, 60,

4



WO 2016/115179 PCT/US2016/013113

70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 90-95, or 80-99% or more of the
cells may be viable after passing through the constriction. In some embodiments, the
cells are viable for at least about any of one hour, two hours, three hours, four hours,
five hours, six hours, seven hours, eight hours, nine hours, ten hours, twelve hours,
eighteen hours, twenty four hours, or forty eight hours after passing through the
constriction.

[0018] In some examples, a device of the invention includes 2, 10, 20, 25,
45, 50, 75, 100 or more channels. In some embodiments, cells are moved, e.g.,
pushed, through the channels or conduits by application of pressure. In some
embodiments, a cell driver can apply the pressure. A cell driver can include, for
example, a pressure pump, a gas cylinder, a compressor, a vacuum pump, a syringe, a
syringe pump, a peristaltic pump, a manual syringe, a pipette, a piston, a capillary
actor, and gravity. As an alternative to channels, the cells may be passed through a
constriction in the form of a net. In either case, the width of the constriction through
which the cells traverse is 20-99% of the width or diameter of the cell to be treated in
its unconstricted, i.e., suspended, state. Temperature can affect the uptake of
compositions and affect viability.

[0019] In certain embodiments, a temperature of 0 to 45°C is used during
cell treatment, e.g., 0-25°C. In various embodiments, the methods are carried out at
room temperature (e.g., 20°C), physiological temperature (e.g., 39°C), higher than
physiological temperature, or reduced temperature (e.g., 0.1°C), or temperatures
between these exemplary temperatures (e.g., 0.1 to 40°C).

[0020] In some embodiments relating to immune cells, treatment of
unstimulated T cells, B cells and/or monocytes is carried out at temperature of 4-8°C,
e.g., on ice. In another example, dendritic cells, activated T cells, and/or activated B
cells are treated using the device at temperatures of 20-25°C, e.g., at typical ambient
room temperature.

[0021] In some embodiments, following controlled injury (e.g.,
perturbations) to the cell by constriction, stretching, and/or a pulse of high shear rate,
the cells are incubated in a delivery solution that contains the complex that one wishes
to introduce into the cell. Controlled injury may be characterized as small, e.g., 200
nm in diameter, perturbation in the cell membrane. The recovery period for the cells is
on the order of a few minutes to close the injury caused by passing through the
constriction. The delivery period comprises 1-10 minutes or longer, e.g., 15, 20, 30,
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60 minutes or more, with 2-5 minutes being optimal when operated at room
temperature.

[0022] In some embodiments of the device and methods described herein,
passage of stem cells or progenitor cells such as induced pluripotent stem cells
(iPSCs) through a constriction channel does not induce differentiation, but does
reliably induce uptake of compositions into the cell. For example, gene editing
compounds are introduced into such cells without complications associated with the
method by which the factor(s) was introduced into the cell.

[0023] The size and duration of temporary perturbations in cell
membranes can be modified by adjusting various factors, such as the diameter of cell-
deforming constrictions and the speed at which cells pass through the constrictions.
Disclosures regarding the size and duration of perturbations provided herein should
not be interpreted as limiting. Non-limiting descriptions of perturbations and recovery
are provided in Sharei et al., (2014) Integr. Biol., 6, 470-475, the entire content of
which is incorporated herein by reference. In some embodiments, the perturbations of
the cell membrane may be characterized by a maximum diameter of substantially or
about 1-20, 1-600, 4, 5, 6,7, §, 9, 10, 12, 14, 16, 18, 20, 25, 50, 75, 100, 150, 200,
250, 300, 350, 400, 450, 500, or 600 nm. In various embodiments, perturbations of the
cell membrane having a maximum diameter of substantially or about 1-20, 1-600, 4,
5,6,7,8,9,10, 12, 14, 16, 18, 20, 25, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450,
500, or 600 nm persist on the cell membrane for at least substantially or about 1, 2, 3,
4,5,6,7,8,9, 10, or 1-10 minutes or more (11, 13, 15, 18, 20 minutes or more).

[0024] In various embodiments, the diameter is less than the diameter of
the cell. For example, the diameter of the constriction may be substantially or about
20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 20-99% of the diameter
of the cell. Non-limiting examples of the diameter of the constriction include
substantially or about 4, 5, 6,7, 8, 9, 10, 15, 20 4-10um, or 10-20um. Different
lengths of the constriction are also possible. Non-limiting examples of constriction
lengths include substantially or about 10, 15, 20, 24, 30, 40, 50, 60, 70, 80, 90, 100
10-40, 10-50, 10-60, or 10-100pm.

[0025] Many cells are between 5-20 um in diameter, e.g. unstimulated T
cells are 7-8 pum in diameter. For example, the diameter of the constriction portion is
4.5,5,5.5, 6, or 6.5 um for processing of single cells. In another example, the
size/diameter of the constricted portion for processing of a human egg is between 60
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pum and 80 pum, although larger and smaller constrictions are possible (diameter of a
human ovum is approximately 100 pm). In yet another example, embryos (e.g.,
clusters of 2-3 cells) are processed using a constriction diameter of between 12 pm
and 17 um. In a non-limiting example relating to unstimulated T and B cells, the
device comprises a constriction having a length of about 10, 15, 20, 25, 30, or 10-30
um, a width of about 3, 3.5, 4, or 3-4 um, a depth of about 15, 20, 25, or 15-25 pum,
and/or an about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or 5-15 degree angle. Examples of
microfluidic devices useful for delivering payloads into immune cells are described in
PCT International Patent Application No. PCT/US2015/058489, Delivery of
Biomolecules to Immune Cells, filed October 30, 2015, the entire contents of which
are incorporated herein by reference.

[0026] In addition to single cells, even very large cells, e.g., eggs
(approximately 200 pm in diameter), clusters of cells, e.g., 2-5 cell clusters such as an
embryo comprising 2-3 cells, are treated to take up target compositions. The size of
the aperture is adjusted accordingly, i.e., such that the width of the constriction is just
below the size of the cluster. For example, the width of the channel is 20-99% of the
width of the cell cluster.

[0027] Cells or cell clusters are purified/isolated or enriched for the
desired cell type. Dendritic cells or other cells, e.g., immune cells such as
macrophages, B cells, T cells, or stem cells such as embryonic stem cells or iPS, used
in the methods are purified or enriched. For example, cells are isolated or enriched by
virtue of their expression of cell surface markers or other identifying characteristics.
Dendritic cells are identified and isolated by virtue of their expression of the [3-
intergrin, CD11c or other identifying cell surface markers. With regard to cells, the
term “isolated” means that the cell is substantially free of other cell types or cellular
material with which it naturally occurs. For example, a sample of cells of a particular
tissue type or phenotype is “substantially pure” when it is at least 60% of the cell
population. Preferably, the preparation is at least 75%, more preferably at least 90%,
and most preferably at least 99% or 100%, of the cell population. Purity is measured
by any appropriate standard method, for example, by fluorescence-activated cell
sorting (FACS).

[0028] Payload compositions such as polynucleotides, polypeptides, or
other agents (e.g., Cas9 and gRNA) are purified and/or isolated. Specifically, as used
herein, an “isolated” or “purified” nucleic acid molecule, polynucleotide, polypeptide,
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or protein, is substantially free of other cellular material, or culture medium when
produced by recombinant techniques, or chemical precursors or other chemicals when
chemically synthesized. Purified compounds are at least 60% by weight (dry weight)
the compound of interest. Preferably, the preparation is at least 75%, more preferably
at least 90%, and most preferably at least 99%, by weight the compound of interest.
For example, a purified compound is one that is at least 90%, 91%, 92%, 93%, 94%,
95%, 98%, 99%, or 100% (w/w) of the desired compound by weight. Purity is
measured by any appropriate standard method, for example, by column
chromatography, thin layer chromatography, or high-performance liquid
chromatography (HPLC) analysis. A purified or isolated polynucleotide (ribonucleic
acid (RNA) or deoxyribonucleic acid (DNA)) is free of the genes or sequences that
flank it in its naturally-occurring state. Examples of a an isolated or purified nucleic
acid molecule include: (a) a DNA which is part of a naturally occurring genomic
DNA molecule, but is not flanked by both of the nucleic acid sequences that flank that
part of the molecule in the genome of the organism in which it naturally occurs; (b) a
nucleic acid incorporated into a vector or into the genomic DNA of a prokaryote or
eukaryote in a manner, such that the resulting molecule is not identical to any
naturally occurring vector or genomic DNA; (c) a separate molecule such as a cDNA,
a genomic fragment, a fragment produced by polymerase chain reaction (PCR), or a
restriction fragment; and (d) a recombinant nucleotide sequence that is part of a
hybrid gene, i.e., a gene encoding a fusion protein. Isolated nucleic acid molecules
according to the present invention further include molecules produced synthetically,
as well as any nucleic acids that have been altered chemically and/or that have
modified backbones.

[0029] Complexes are prepared from purified modules or components,
e.g., purified protein(s) and purified nucleic acids (RNA and/or DNA). Thus, the
ratios of the components are controlled and tailored as desired to achieve a desired
gene editing result. The present method is particularly suitable for delivery of
sensitive payloads, e.g., protein-RNA/DNA complexes, e.g., complexes that are 40
kDa, 50 kDa, 75 kDa, 100 kDa, and up to 120, 130, 150, 200, 250, 300 kDa or more.

[0030] Surfactants (e.g., 0.1-10% w/w) are optionally used (e.g.,
poloxamer, animal derived serum, albumin protein) in the flow buffer. Delivery of
molecules into cells is not affected by the presence of surfactants; however,
surfactants are optionally used to reduce clogging of the device during operation.
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[0031] In some aspects, the device is made from silicon, metal (e.g.,
stainless steel), plastic (e.g., polystyrene), ceramics, or any other material suitable for
forming one or more appropriately sized channels or conduits. In some aspects, the
device is formed of materials suitable for etching micron scaled features and includes
one or more channels or conduits through which cells pass. Silicon is particularly well
suited, because micro patterning methods are well established with this material, thus
it is easier to fabricate new devices, change designs, etc. Additionally, the stiffness of
silicon can provide advantages over more flexible substrates like
Polydimethylsiloxane (PDMS), e.g., higher delivery rates. For example, the device
includes 2, 10, 20, 25, 45, 50 75, 100 or more channels. The device is microfabricated
by etching the silicon. Cells are moved, e.g., pushed, through the channels or conduits
by application of pressure. A cell driver can apply the pressure. A cell driver can
include, for example, a pressure pump, a gas cylinder, a compressor, a vacuum pump,
a syringe, a syringe pump, a peristaltic pump, a manual syringe, a pipette, a piston, a
capillary actor, and gravity. As an alternative to channels, the cells may be passed
through a constriction in the form of a net. In either case, the width of the constriction
through which the cells traverse is 20-99% of the width or diameter of the cell to be
treated in its unconstricted, i.e., suspended state.

[0032] Various implementations of the invention may also provide one or
more of the following clinical and research capabilities. Quantitative delivery of gene-
editing complexes or components thereof to cell models for improved screening and
dosage studies can be achieved. The method could be deployed as a high throughput
method of screening protein activity in the cytosol to help identify protein
therapeutics or understand disease mechanisms. The devices and techniques are useful
for intracellular delivery of gene-editing complexes to a specific subset of circulating
blood cells (e.g. lymphocytes) or even whole blood; high throughput delivery of
complexes or components thereof into cells, especially oocytes and zygotes; targeted
cell differentiation by introducing gene-editing (optionally together with genetic
material such as donor DNA) to induce cell reprogramming to produce iPS cells;
delivery of DNA and/or recombination enzymes into embryonic stem cells for the
development of transgenic or mutant stem cell lines; delivery of DNA and/or
recombination enzymes into zygotes for the development of transgenic or mutant
organisms; dendritic cell (DC) cell activation; iPS cell generation; creating mutations
in normal or diseased cells (such as cancer cells) to study the contribution of one or

9
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more genes to cellular function and/or disease; and stem cell differentiation. Skin cells
used in connection with plastic surgery are also modified using the devices and
method described herein. Methods of delivering gene-editing proteins disclosed
herein may also be used to generate CAR-T cells or to genetically modify
hematopoietic stem cells (HSCs) for treating genetic and other diseases. In
embodiments relating to HSCs, a subject may receive an autologous, syngeneic, or an
allogeneic edited HSC. In various embodiments, cells of a subject may be ablated
before the subject receives a gene-edited cell. For example, bone marrow cells of a
subject may be ablated with radiation or chemically before the subject receives a
gene-edited HSC. In some embodiments, a gene associated with beta thalassemia or
sickle cell anemia is edited using a method or composition disclosed herein. Cells
processed ex vivo or in vitro, i.e., outside of the body of a subject, in accordance with
the invention are useful for subsequent administration to a subject in need of
treatment or diagnosis of a pathology. In alternative embodiments, in vivo cell
processing is carried out.

[0033] In various embodiments, the SHP2 gene is edited/mutated to
reduce the activity thereof or knock out or reduce SHP2 expression. In such
embodiments relating to gene editing in T cells, the T cells become less responsive to
immunosuppressive signals and have increased activity toward tumors. In such
embodiments, the T cells may be more responsive to tumor antigens and more
effective at treating cancer.

[0034] Aspects of the present subject matter relate to the rapid and
transient delivery of protein-protein as well as protein-nucleic acid complexes, e.g.,
gene-editing complexes to cells. A nucleic acid component of the complex comprises
a deoxynucleic acid (DNA), ribonucleic acid (RNA, e.g., mRNA, gRNA) or other
double-stranded or single stranded nucleic acid compounds, respectively. For
example, the delivery of a gene-editing complex (e.g., a ribonucleoprotein (RNP))
may achieve gene editing faster than if an expression vector encoding components of
the gene editing complex (e.g. a Cas protein and a gRNA) was delivered to the cell.
For example, the gene may be edited (e.g., mutated or replaced) in the cell 0.1, 0.5, 1,
1.5,2,2.5, 3, 3.5, 4, or 0.1-4 hours sooner than in a corresponding cell that has
received microfluidic or electroporation-mediated delivery of an expression vector

that encodes gene editing complex components.
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[0035] Each embodiment disclosed herein is contemplated as being
applicable to each of the other disclosed embodiments. Thus, all combinations of the
various elements described herein are within the scope of the invention.

[0036] Related apparatus, systems, techniques, and articles are also
described.

[0037] The details of one or more variations of the subject matter
described herein are set forth in the accompanying drawings and the description
below. Other features and advantages of the subject matter described herein will be

apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0038] FIG. 1A and 1B are schematic diagrams of a microfluidic system in
which cells are exposed to the delivery material (payload) after passing through the
constriction;

[0039] FIG. 2A and 2B are schematic diagrams of an embodiment of a
microfluidic system in depicting parameters such as channel depth, width, and length.

[0040] FIG. 3A and 3B are a series of flow cytometry plots (FIG. 3A) and
a bar graph (FIG. 3B) of the recombination efficiency for K562 reporter cells that had
genetic editing material delivered to cell cytoplasm using the microfluidic device
illustrated in FIGS. 1-2. For the reporter used, there is a frame-shifted GFP gene in
the cell line. To perform the editing the Cas9 gRNA complex and a donor
oligonucleotide would be delivered. The complex would cut near the GFP site and the
oligonucleotide would insert itself into the cut site. Successful insertion of the oligo
would correct the gene and result in GFP expression which is what is seen in this
figure. Thus, in this assay something turned on upon gene editing as opposed to
turned off. A gene would be expected to be turned off in instances where a gene (or
depending on the context, a nucleotide or portion thereof) was being deleted in the
absence of a donor oligonucleotide.

[0041] FIG. 4 is a series of FACs plots showing 3, microglobulin
component of MHC class 1 (B2M) expression vs. delivered dextran for four different
cell populations obtained using FACS. The delivery of the RNP using the 30-4 chip
at 90 psi results in a 54.4% reduction in B2M expression as compared to the
endocytosis control whereas the 10-4 chip at 90 psi results in a 25.2% reduction in

B2M expression. B2M expression on the CAS9 control is not significantly different
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than the endocytosis control. The longer constriction chip results in more delivery of
the RNP complex and a larger reduction in B2M expression.

[0042] FIG. 5 is a series of FACs plots showing reduced B2M expression
in a dose dependent manner determined by FACS as a measure of functional editing
with the indicated conditions.

[0043] FIG. 6 shows a FoxP3 genomic sequence running from the first
sheet of FIG. 6 to the last sheet of FIG. 6 (SEQ ID NO: 56). Exons belonging to
FoxP3 are shown in underlined and highlighted letters. Other exons within this region
that do not belong to FoxP3 are shown in non-underlined highlighted letters.

[0044] FIG. 7 shows a FoxP3 translated amino acid sequence (SEQ ID
NO: 57). Alternating exons are underlined and non-underlined. Bold with italics
indicate a residue overlap splice site.

[0045] FIG. 8 shows a SHP1 genomic sequence running from the first
sheet of FIG. 8 to the last sheet of FIG. 8 (SEQ ID NO: 58). Exons belonging to
SHP1 are shown in underlined and highlighted letters. Other exons within this region
that do not belong to SHP1 are shown in non-underlined highlighted letters.

[0046] FIG. 9 shows a SHP1 translated amino acid sequence (SEQ ID NO:
59). Alternating exons are underlined and non-underlined. Bold with italics indicate a
residue overlap splice site.

[0047] FIG. 10 shows a SHP2 genomic sequence running from the first
sheet of FIG. 10 to the last sheet of FIG. 10 (SEQ ID NO: 60). Exons belonging to
SHP?2 are shown in underlined and highlighted letters. SEQ ID NO: 60 is also as
follows:
AGGCTCAAGCAATCCTCTCACCTCAGCCTCCCGAGTAGCTGGGACTACAGGCGCGCGCCA
CCACGCCCGGCTAATTTITTGTATTTTTTGTAGAGATGGGATITCACTATTTTGCCCGGGC
TGGTTCCCAACTCCTGGACTCAAGCGATTCGCCCGCCTCAGCCTCCCAAAGGGAAGTGCT
GGGATTICAGGCGTGTGCCACCGCTCCCACCCCAAAGTAGTATTTATTGTAATTATTATT
ATTATTTTGAGACGGAGTCTCGCTCTATTGCCAGGCTGGAGTGCAGTGGCGCGATCTCGG
CTCAATGCAACCTCTGCCTICCCGGGTTCAAGCGATTCTCCTGCTTCAGACTCCCAAGCAG
CTGGGACTACAGGCGCCCCCCACCACGCCAGGCTAATTCTTGAATTTTITAGTGGAGACGG
GGTTTCACCATGTTGGCCAGGATGGTCTCGATCTCTTGACCTCGTGATCCGCCCACCTCG

GCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACCGCGCCCAGCCTATTATTATTTTT
TTAGGCAGTGTCTTGCCCTGTCGCTCAGGGTGTAGTGCAGTGGCGTGATCACGACTCACT

GCAGCCCCGACTTCTCGGGCTTAAGTTATCTTCCCGCCGCAGCCTCCACGELCCGGTTAGT

TTTTTGCATTTTTTGTAGAGATGAGGTCTTGCTTITTTGCCCAGGCTGGCCTCGAACTCC
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TTGGCTTAAGCGAACCTCTTGCCGCAGCCTCCCAAAGTGTTGGGATTACGGGCGTGAACC
ACCGCGCCCAGCCTACTATCTTTATCTTACAGARRAGARAAGAATGCAGGAARCCGAGGCT
CGGAGACAGTAGGTAATTTCCCCAAGGTTCCACAGCTAATGAGTGGAGCGGCGATTTGTG
GAACGAAATGAATGAAATCGATGTGGCAGCGGGCCCEGACGEETCGGTGGCETAGACGCG
GAGCGCGCAGCTCACACCTGGCGECCGCEGETTTCCAGGAGGAAGCAAGGATGCTTTGGAC
ACTGTGCGTGGCGCCTCCGCGGAGCCCCCGCGCTGCCATTCCCGGCCEGTCGCTCGGTCCT
CCECTGACGGEAAGCAGGAAGT GGCGGCEGECETCGCGAGCGGTGACATCACGGGGGCGA
CEECEELCRAAGEECEEEEELEGAGCAGGAGCGACCLGEGCLEEEEEECAGCTGCACAGTC
TCCGGGATCCCCAGGCCTGEAGGGGGETCTGTGCGCGGCCEGECTGGCTCTGCCCCGEGTC
CGGTCCCGAGCGEECCTCCCTCGGGCCAGCCCGATGTGACCGAGCCCAGCGCGAGCCTGAG
CRAGGAGUGEGTCCETCECEEACCCEEAGGECGEEAGCGAACATGACATCGCGEGAGGTGAG
GAGCCCCGAGGGGCCLGGLGCGEGGCLCTCGGCCCGGCCACCGCCGCGTTCGGTTAGCCCCG

TCCGGAAGGGGGCGCCCCGGCCGEGEGCTTCGGGCTCCCGCCCCEGGTCGGGETTGGGGGCC
GGTTCCCTCCTCGTCCCCTCGCCCTCCAGGGGCCGGGGGCCGGCCCCACCGCGCCCCCAL
CCCTCGGGTCCCCATTCATTTCCTGCCTCCCCGAGTTCCGGCTGCGGCAGCCCCGGGGAT
GCCCGTCAGGCCCGGGGCAGGTAGAGCCGCCGAGGGAACCACGGGTGCCAGCGGCCAGGC
TCAGCGCCGCATTCCTGACCCATTGCCTCATGAGAATTGCCTCATGGTGATTCCGAAATA
ACCCTGCTCACTTGGGGAGGCTCCTTGGGACACGAGAGGGGAGTTGCGCGGGGCCGGGCT
CCCAGTGGTCTAGTCGTTCTGGCTCACTGTGCCACTTTCGTGCATTTGGGGACTTCACGC
AGGACCCCTGACCCTTTTATATGCCTCTTTGTGTCTTCTTTTCCTCCTACCCCTCACGTG
CCAGAAATGGAAAAACTGACTGTATCTGCAGCCACTAGAAGTATTTCCTTCCTCTGCGAT
CTTCGCTTTGGGAGATGGAAAGGAAGGGAGCCGCATCTCGTTATTTAATCCTTCACTGCA
ACCTTAACAGTCAGGTCACTTTACTGGTACCCGTTTTATGGATGAGGAAACCGAGGCCCA
GAAGCAACATGCTAGTAAATGACAAGATTTGAAACTTAGGAGGATTAGTGAGTTAATGAG
ATCCTTTGAAAGGTCAGGGTAATACTACTACTAATAGCTAACATTTGCTTAGTTCTGACC
ACAGCCCTATCAGATGGCTACTATTATCCCCATTGTAAAGATGAGTAAACCGAGTTTCAG
AGGTTAAGTAAATTGCCTAACCTCACAGCTAGTAGGTGGTGGAGACAGAATCCCTACTTT
TAATCACTATGTTGCTTCTATTATTTTGTAACTATTGCTAACCATTTGTAAGCCTTAATT
TTGTTGTCAAACAGTAGTGTGACCTGTTGTTTITCAGATAGTGATCCTGCTATTTTGTATA
GTICACTCTATATACCACTCACACTTAAGACCCATTGTICTATTCTITTCCATGATTGTTCA
ATTATGGTCACTGTCTCAGACATTTAAAAAACGATTCAAGCTATTGAGGCTATTTGAATG
AGATTTTCTTTTCTTTITTITCTTTTTTTTTITTGGAGACGGAGGCTCACTCTGTTGCCCAG
GCTGGAGTGCAGTGGCGCAATCTCGGCTCACCACAATCTCCGCCTCCTAGGTTCAAGCGA
TTCTCCTGCCTCAGCCTCCCAAGTAACTAGGACTACAGGCGCACCACTATGCCCGGCTAA
TTTTTGTATTTTTAGTAGAGACAGGGTTTCACTATGTTGGCCAGGCTGGTCTCAAACTCC
TGACCTCGTGATCCGCCCGCCTTGGCCTCCCAAAGTGCTGGAATTACAGGCGTGAGCCAC
CGTACCCAGCCTGAATGAGATTTTTCAAAATATTAGGAATGTCTCCTCCAAACACACCTG
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GCATGTITATTCATACATGGATCTGGAATTTAAAAAGGGGAGAAAAAGAAAACTGAGAACT
CGTAGGAAGTGAGTGACTTGGACAGGTCGGTTIGGCAAGTGCTTACAGATCTGGGTAATAT
ATAACTGCATTTCAACAGAACAGTGTATAGCCTCAAATGTTCTAATTCTTTAGGGAGCTT
TTAAATAAACAGTTGTCTATTCTTTAATCTGTCAAATAGTCATTGAGCCTTTTGTTCCTG
GIGTCIGCTCTTCCAGACAAGTAAGGATCTGCTGCTTTAGGAGACATCAGACGGGGCTGG
GGGTTGGGAAAAGGTCTGGGTAGTAATAGACCCTACATTGTCCAGTTTGTTCATTTAGAA
GCATAGAAGTGTGGGCATAGTCAAAGTAGCAAGTGGTAAAGATGACAGTTTGAAATGGAG
TAATTCCTTCTCCCCTCCAGCCCTGGTATTATGCACCACCCAAAAAGCCGGGTTATGAAC
ATAATACACATAATTTTGAATGATTCATTATTTTTTGGATTATAAGCCTGTTTTATTTGT
TAACCAGCCTTAATGAGGTATAAATGACATGCAATTAATTGCATATATTTAAATGTACAA
TTTGATCAGTTTTGACATACATATACACTTGGGAAACCACCACCATAGTCAAGATAATGA
ACACATCTATCACCCCTIGGTAATTTTGCCTTATGTTCTTTATAATCCTTCCTTTGTTCTT
AGGCAGCCACTATTCTGCTTTCTGTCACTATGTATTAGTTTGCATTTCCTAGAATTTTAT
TTTTAAAAATTTTAAAATTGTTITGAATAGAGATGGGGTCTCACTGTGTTGCCCAGGGCAG
TCTCAAACTCCTGGGTTCAAGTGATCCTCTCACCTTGGCCTCCTGAAGTGTTGGGATTAT
AGGCATGAGACACCCTGCCCAGCCCTAGAATTTTATTATTATTGTTATTATTGTGTTTTT
TTGAGATAGGGTCTCACTTITGTTGCCCAGGCTGGAGTGCAGTGGTGCAATCACTGCAGCC
TTGTTITCCTAGGCTCAATCCATCCCCCCTCCTCAGCTTTCCGGTTACTGGGGCTACAGG
TGTGCACCACCACACCCGGCTAATTTTTGTATTITITTTATAGAGACAGGGTTTTGCCATG
TTGGCCAGGCTGGTCTCAAACTCCCGGGCTCAAGCGATCTTCCTGCCTCGGCCTCCCAAA
GTGCTGGGATTACAGGCATGAGCTATTGCGTCCCGCCTTCAAATTACTTTAACCTAGTAT
TAATTCATTCAACAGGAAGTTAATGAGCCAGGCAGGATAAAGCAGTAAGATAGGAAAATA
TTGCTATTTTCATGGCTGAGAGAGAGCAGACAAACACATGACTAAATAGGGCAATTTCAG
GTAGTAATAAATTCTAGGAGGGAAAAAATCCCACAGAAATGTGAGGATGGGAGAATGCAG
TTAGTTTTGATAGGTGGTITAGAGAAGGTGATCGTGTGAGCTGACACCTGAATGACAATT
AGTAGTCTGAATTTTGITTTGCTTAATTATCAAAATAACTCCTCTTGGGTTCGGCTTTTA
TATGCATCCAGTAATTAAAATGTAAGTATATTCAATGTACTGATATCTCTCAGCATCATA
GGTAGGAAAACTAAGGCATTCAGCAATTAAGTGACTCCTCCCTTGATCATGTAGCAGTGA
TAGTACTGGATTTAGATTTITGAGGTTGCTTICTICTGCCCTTTTCTGCCTTTGTGAAACCAA
CAAAGCTGCCTGTATTTTCCAACTCTTCCTTCAGCATGTGGTACCTCCTTTACATCTGTT
TTTGTTGCTCTGAAATCCATACGCGACGATGAGCTGAGAGGGGCAGAAAATTGAGCTTGT
TCTGAGACTGGAGGCTTITIGGTITTATCTCTTGCAGGTCAAGTACATTTTGTCCTGGGCTC
TCCCTGGTGGCCACGTTTGTTTATCTCCTGCGGGAGTAAATAAACTTGCCTTGCTGAAAA
ATAACAGTTCTGTIGTICITTGCAGTGGAAACTGGGATGTCTTTATTAACGTTAGGTCCTGA
TGTAAGGCCAAGTTTTTGGTTAGAGTTGCTCAAGTGCAGAGGCCACTGCTAAGATGACTT
ACCCCTCGTGTCCATGGTCAATGCTGGAGACTGTTATGAGTGGCACATGATGCTGGAAAAG
CAGAGCCAACTCATGTTITGTAATTGTCCTAGCAGGCCGTGGTGTACTTITGTTAGGCAGCC
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ACAGAACAATAGAGAAACTCAGCTTATTCCCCTITCCCTCTGGGAAACACAGACAGTACTT
GCCATCCAACGCCAATGTTTTTAAGGAAGAAAGAGGCAAAAAGTGATGTTGGCAAGGTCT
CTGGGAGTTGTGGACCCCAACCAAGGATTGGAGACCCTGAAATGGATTCAGATGCCCTAA
AATGCAGCCCAGTTCATTACTATGAATTTTGGAGGACTTTGTGCCTTGAGCAAATGTGTA
TATGTGACGCTCTTTGACAACACTGAAATAGGAAAAATACTATCCATGTTCGCGAGGAGC
ACTGAATTTAGAGAGGGAGACAGACTTTTATGCCAGCATCAAATGAATTTGATAAAGCTA
GTACCAAAATGAAATTTGAAATTTTTTTTTITITGAAATAGAGTCTTACTCAGTCACCCAG
GCTGGAGTGCAGTGATACAATATTGGCTCACTGCAACCTCCACCTCTTGGGTTCAAACAA
TTCTTGTGCCTCAGTCTCCTGAGTAGCTGGGATTACAGGTGCGTGCCACCATGTCTGGCT
AATTTTTATATTTTTAGTAGGGATGGGGTTITCACCATGTTGGCCAGGCCGGTCTTGAACT
CCTGGCCTCAAGTGATCTGCCCACCTTGGCCTTCCAAAGTGCTGGGATTATAGGCATGAG
CTACCACACAAGCCTGAAATTTGAAATGTATTGGTATAGAATATACTGTTTAGAATGTAT
GIGTATATATGTATATTITGTATACTCATATAAACACAAATACACATTGTATGTGTTITCTG
TAATATGTATATCTGTCTACACATACATGTATATACACACATACAATGTCTTTTTTITTTT
TTTTTTTTTTTTGAGACAGGGTCTTACCCTGTTGCCCAGGCTGGAGACTGCAGTGGCATA
ATCTTGGCTCACTGCAGCCTCGACCTCCTGGGCTCAAGTGATCCTCCCATCTCAGCCTCC
TGAGTAGCTGGGACTGACTACAGGCACGTGGCATCAAACTTGTCCAATTTTTCTATTTTT
TTGTAGAGTTAGGGTCTTGCTCTGTTGCCCAGGCTGGTCTCAAATTCCTGGGCTCAAGCT
GICTGCCTGCCTCGGCCTTCCAAAGTACTAGGATTACAGATGTGAACCACTGTACCTGGC
CTTTACAATGTCTATTTTAAAGATAATGGTTCAAGTTTTTATCATCCCACTGGCCTACTC
TAATGAAACATCTATCCATTCATTGAAGAATTATTTATGGTGGGATAACTCTGTGCCAGG
TACCGTGCTAGGCATTGAGTATTCCAGGTTTTAGGAAACAGCACATGCAAAAGTGCTGAA
GTGGGAGAAGATCTCGGAGTGATTGAAGGCTAGGAGAGAGCAAGTGTGGGAGCTGTGAGG
CTGGGAAGGTGGGAGGTAGGTGGGAGCAGACCACATAGGGATTCTTAATGTCTTTAGTGT
CATGTGGACCATGGAGAGGAGTGTAGATTGTATTTITTAGAGCAATGCAAAATCATAGAAG
GATGTGATCGGGGGAGTGGCATGAGCTGATCTATTTAAAAATATTTCTCTGGCTGCTGTG
AAGGAAGGATTGTAGGAGGCAGGAGTAGATTCAGGGAGATGAGACAAGTGATGAGAGAGG
CTTTGAACTTGGGTAAAAGTAGTTTGTGGAAAGTCTTTTTTGGAGGTAGTTTTTGTTTAT
TGCCTTIGTCATCAAAGCAGAGATGCTGACCAATGAAACTCCATGAGAAAATAGTGATTTA
TAAAGACATATCTATGCACTGCCATTAAAAAGCTGCTTGGAAAAAAAGGATAAAAAGCTG
CTTTAACAACTTITTITTTTITGAGATGGGGTCTTACTCTGTCACCCAGGCTCACGACCTCA
GCTCACTGCAACCTCTGCCTCCCAGGCTCAAGCATTCTCCCACCTCAGCCTCCCGAGTGG
CTGGGACTGCAGGCACACGCCACCATGTCAGGCTAATTGTGTGTGTGTGTGTGTGTGTGT
ATGTGTGTGTGTIGTGTGTGTGTGTGTGTGCTGGGACTGCAGGCACACACCACCATGTCAG
GCTAATTGTGTGTGTIGTGTIGTGTGTIGTGTGTGTGTGTGCTGTGTGTGTGTGTGTGTGTGTA
TGTAGAGATGGGGTTTTGCCATGTTGCCCAGGCTGGTCTCAAAATGTTGCCCAGGCTGGT
CTCAAACTCCTGAGCTCAGGTGATCCACCCGCCTCGGCCTCCAAAGTGCTGGAGATTACA
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GACGTGAGCCACTGTGCCCACCTAACAACTTTAAAAAAATTTTGACATTTAGTAGGATAT
TTATTGCATTATTGTTGAGATGGCAAAATATTGGAGACAACTGAAATGTTCATCAGTGGG
GGGGGCTAGTTAAATGAAATACAGTGTAGCATGCATTAGAACACTTTTCAAGAATTTAAC
TTTTTTTGTAGCCTTTTACTTATAATGCTTIGTCCCTATTGATGCCTTITTTTTCAGCATG
ACTTACTCTTTTACTATAGGATATTAAAATTTAATTAGATTAGAAATGAGGAATATTCTT
GTAATCTGTAGAAAGTAACAAACTATAAACTTATTCCCCAAGAACAAATATAATAATTTT
TCTGGAGTAGCAGGTAAGAAAGATATAAATTTATATGTATACAAGAAACTGAAATTAGAC
TTTATACATTTAAAGGTTACAAGTGCAGTTTTATTACATGAATGTATTATCCAGCATTGA
AGTCTGGGCTTTTAGTGTAACCAGCACCTGAATAACATACATTGTACCCATTAAGTAATT
TCTCATCCCTCAAACCCCTCCCACCCTGAAATTAGACTTTGGATCCCTAGTTTAAATTCC
ACCCCTCTCTTTTTTTGAGACAAGGTCTCACTCTGTCACCCAGGCTGGAGGGCAATGTTG
CAATGATAGCTTACTGTAGCCTCAACCTCCTGGGCTCAAGGGATACACCCTCCTCAGCCT
CCTGAGTAGCTGGAACTGCAGGCGTGCACCACCACATTCAGCTAATTTTTTGATTTTTTT
ATAGAGATGAGGTCGGAACTCCTGGGCTCAAGCGATTCTCCCCAAGTGCTGGGGTTACAC
ACATGGGCCACTGCCCCCAGCCTAAACCTCCTTTCTCAGTATAGCAGCCTTGAGATGAAG
TTCCTGAAATTACTGGCCAGCTTGACTGTTTCCCCACATCACTGGAGGAGGGGGATGCAT
AGATAAAACAAAATATTCAGCATCATTGTATTTITCTTTTTGTTITCATCAGCATCTTTTTT
TAAAACTCACTTGACATAAGTCCCTAGCCTCAAAGAGTAAAGCCTTTGCAGAATCTGCAT
TCAGATTTCGGGTGTGATTTCCTGACAGATAGTTCAGGTTTGTAAACTCTTTTTTTITTTC
TTTGAGACAGAGTTTCACTCTTGTAGCGCAGGCTGGAGTGCAGTGGCACCATCTTGCCTC
ACTGCAACTTCTGCCCCCTTGATTCACGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTG
GGATTACAGGCATGCGCCACCACACCTGGGTAATTTTTGTATTITTITAGTAGAGATGGGGT
TTCACCATGTTGGCCAGGCTGGTTTTGAACTCCTGACTTCAGGTGATCTACCTGCCTCAG
CCTCCCAAAGTGATGGGATTACAGGTGTGAGCCACCGCAGCCGGCCAAAACTTTGTTTTT
TTTCCICTITTTGTTGCTGAGAAATGTAAACTCTTACAGACACAAATTATGTCTCCCATT
TTTTAAAACCCACTCAACACAGGGGTCATGTGTAATAGGCCCTGGAGCTTATTTTAGACA
TTGATTTGAGGCTCTTTITCCCCAAGTGCTGGTTTGTGTGTGTGTGTATGTGTGTGTAAGT
CTTTCTATGAGATGAGTGGTACCTACCTGGGCTGTGTGATCTTITTITTATTTTATTTATTT
TATTTTTGTAGATACGAGGTCTCACTATGTTGCTCAGGCTGGTCTTGAACTCTGGGGCTC
AACCTATCCTCCCTCCTTGGCCTCCTAGAGTGCTGAGATTACAGGTGTGAGCCACTGCAC
CTGGCCAGCGATCCTTAATAAATATAGATAATGGCCGGGCGTGGTGGCTCACACCTATAA
TACCAGTACTTTGAGGGGCCGAGGCTGGCAGGTCACCTGAGCTGAGGAGTTTGAGACCAG
CCTGGGTAACGTGGGTGAAACCCTGTCTCTACAGAAAATAGAAAAATTAGCCAGGTGTGG
TGGTGCATGCCTGTAGTCACAGCTACTTGGGAGGTTGAGACAGGAGAATTGCTTGAACCT
GGAAGGTGGAGGTTGCAGTGAGCCGAGATCGTGTCTTTGAACTCCAGCCTGGGTGACAGA
GTGAGACCTITGTCTCAAAAAAAAATATAGATATAGGCTGGGCGTGGTGGCTCACACCTGT
AATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCAGGAGGTCAGGAGATCGAGACCAT
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CCTAGCTAACATGGTGAAACCCTGTCTCTACTAAAAATACAAACAATTAGCCAGGCCTGG
TGGTGGGTGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAGGAGAATGGCGTGAACCC
GGGAGGTGGAGGTTGCAGTGAGCCGAGACTGTGCCACTGCCCTCCAGCCTGGGCGACAGA
GCGAGACTCTGTCTCAAAAAAAAAARAATCTATATATCTATATATCTATATCTATATAGAT
ATAGATATAGATAATGCCAGATGATGGCTGGTTAGAAGGGATTGTCAGGGGCTGGCAGGT
TTTGCAGGTGTTAGAATGAGCAAGATGAGGAGAAGGATGCTTACTTCCCTCTCCTTGTAA
CICTCTACCCCCTCCCCTCAGTGTTTTTTTATTITTITATTTTTATTTATTTATTTTITTITG
AGACAAGGTCTTGCTCTGTCACCCACACTGGATTGCAGTGATGCAATCATAGCTCATTGA
AGCCCAAACTCCTGGGCTCAAGTGATCCTCTTGCCTCAGCCTCCCAAGTAACTGGGACCA
CAGGTGCGTACAACTATGCCCAGTTAAGTTITTITCATTTTTTATACAGACGGGGTCTTGCT
ATGCTGTCCAGGCTGGACTTGCACTTCTGGCTTCAAGTGATTCTCTTGCCTCAGTTTCCC
AAAGTGCTGGCATTATGGGCATAAGCCACTGTGCCTAGCCCATCAGTGTCTTTTTATCCT
TTACTCCTATCAAAATTCATTCACTCAGCAGCCATTGATCAAGTGCCTACTATATACATG
TTGAGGACTGGAAATTTATTTGTCTCTTCTCATCTTATCTGGACCCTCTGTGTTAATTGT
AATTAACTGTAATCATTICTGTATTAATTGTAATAAACTTGTTGATAAACTCAAATGAGGC
CATACCGTITTGCCACTTCCCCTCCTTCCAGGTTATATGGATGTACTTACATTGCAGGTT
TCATTTGTTGGTTCAGTTTITTAAACTAAGCCCTATTGTGTCAAATTATGCTAGGTGTGAG
ATGGGGAGTTCAAGCTGTGIGTTGTICTTITITTTTTTTTITTTITTITTTTGCCTCACTTACTA
ATATACAAGCGCTTATAACCTTTGAGGCTGGCCCTATACATTAAGATTTTTATTAATTCC
ACTGTTCTTTATCTTCICTTACTAAGTTCTCAGGGTCGAATGAACTCTAACTGCTCCTITG
CTAGTGATAAGCAAGTTGCAAATTACAGAATTGTCAGTGATTGAATACACGTATTAAACC
TGTAACTGGGAAGCATTTTITGGTAATTATGAATACTTTTGGAAAAAAAAAAGCTATGGAA
GGAAAGTTTAAAATCTACGAAAGCTCAAGTAGATGGTCATGGAATAGCTATTTCAATTTC
TAACTATATATTACTTATTTATTTATTTATTTTTGAGACGGAGTTTAGCTCTTGTTGCCC
AGGCTGGAGTGTAATGGCGTGATCTCAGCTCACTGCAACCTCCACCTCCCGGGTTCAAGC
TATTCTCCTGCCTCAGCCTCCCGAGTAGCTGGGATTATAGACATGTGCCACCACGCCAGG
CTAATTTTGTATTTTTAGTAGAGACGGGGTTTICTCCACATTGGTCAGGCTGGTCTCGAAC
TCCCAACCTCAGCTGATCCGCCTGCCTCGGCCTCCCAAAGTGCTGGGATTACAGGCGTGA
GCCACCGCGTCCGGCCTCTTAACTATTGTTTGAAATAATGTAGAGACAGCTCCAGAGCCA
TGAAGAAGTGTATGAAGAAGCAGTGTTAGCTTAAATGACATACATGTCACAATTGCCTAT
GTGAAACTATCATAATTATGCATGAGAAGTATCTATCCTGCATAACCTCCACCAATAATA
ATAATGTTAATAATAGTGAAAACTAATGTTITATTAAGTCCTTACTGTCTCCAGCCTCTGT
GCTAAATACTGGTTACTAAGTTITCCCTGAAAATACTATTCTCATCTGTTTGTTCTTAATA
ACAGGATAGCATAATTGTAAGTTGTAAATGAAATAATACAGTTTATGTAATAAAAGGGTA
AAAGAGAAGACCACCTACCTITATCTTCTGTITGCTGATCTGGATGGATGTAGGTGGTGTTT
ACCTAGTITTCACCTTITGGCAGTTGAAACTACTTTTTTTITTTITTITTTTTTTITTTTTAAGA
GACAGGGTGGGCCAGGCGCAGTGGCTCACGCCTGTAATCCCCGCACTTTGGGAGGCTGAG
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GCGGACAGATCACTTGAGGTCAGAAGTTCGAGACCAGCCTGGCCAACATGGTGAAACCCT
GICTCTACTAAAAATACAGAAAAATTAACTGGGTGTGGTGGTACACACCTGTAATTCCAG
CTACGTGGGAGGCTGAAGCAGGAGAATCGCTTGAACCCGGGAGTGGAGGTTGCAGTGAGC
TGAGATTGTGCCACTGCACTCCAGCCTGGGTGACAGAGCAGGACTCCGTCTCAAAAAAAA
AAACAACAACAAAAAAAGAAATTTTTAGAAATATGAGATGACAGCAAGAATGAGGGTATT
AAAAAGAAATTTTTAGAACTAAATAGCAGAATGTAATGGTGAAAAGTTTGATTTCTCAAG
TCTGCTTTGCACACAGGCATGTGGCAAACATTCAGTAAGTATAGCTGTAATTTTAACCAG
CIGTAATGTATAATAGCCAACATATCACATTTTITCTTTTTTCTITITTTGAGACAGAGTCT
TGCTCTGTTGCCCAGGCTGGAGTGCAGTGGCACCATCTCGGCTCACTGCAACCTCTGCCT
CCTGAGTTCAAGTGATTCTTGTGCCTCAGCCTCTCAAGTAGCTGGGATTACAGGTGTGTG
CCACCACACTCGGCTATTTITTTIGCATTTTTAGTAGAGATGGGGCTGGTCTTGAACTCCCA
GCCTCAGGTGATCTGCCTGCCTCAGCCTCCCAAAGTGCTGAGATTACAGGTGTGAGCCAC
AGCGCCTGGCCATATATTGCTTTTTITCTTATTATCAGAGCCAGTTCATAATTGTGGAAAA
ATAGTGTITTGTAACAATGTAAGTATGGATAAATCATCTTTTTAATTTTGTGATTCATATA
GGTTTGITGTTGTTGTTIGTITGITTTGTTTTITATCTTGAGACAGAGTCTTGGTCTGTCACC
CAGGCTGGAGTGTAATGGCACAACCATGGCTCACTGCAGCCTCAGATGCCTGGGTTCAAG
CAATCCTCCCGTCTCAGCCTCTAGAGTAGATGGGACCACAGGTGTGGGCCACCATGCCTG
GGTAATTACAAAACTTTITTITTITTTTTTCTAGAGATGAGGTCTCACTATGTTGCCCAGGC
TGGTCTCAAACCTTTGACCTCGCTTCAGCCTTITAGAGTAGCTATGACTATAGGCATGTGC
CATCACCCAGCTAATTAAAATTTTTTTTCTITITTITTTTTGGTGGAGATGCGGTCTTACT
TTGTTACCCAGACTGCAAGTTAGTTTCAGATATCAACATTTGGTGTTTICCAAATGCACGG
GGAGGCTTTGGAGCAAGTTITTTGGCTCATATGCATAGGTGTCCTAGACATTCACTTTGCA
AATTCTTATTAAAATGACTACAGTAGCATACAGATAGGGAAAAATATCCTTGTCAGTACC
ACCGATTGGGTGAGAAGAGACTGTATATTAAAAACAATGACCATCTTTTTGCCACATAAA
TTGCTGGTGGGGCCAGTTTGAAGAGGGCTTTGTCAGCTGCCTTCTGCCTCTTCCTCTTGA
GTACGTGGAGTTGGAGTCATCCTTGACAGCCTCCTGTTGACACCACCCGGGTCACAGATG
TGAAACTGTGTGGATGTAGGAGAGAGCAGTGATGGGGCTTACCCCAAGGTTGCTCTTCCT
TCCCTCTGGCCACAAATGTTTAGTAAGGAACTGCTCTGTATTAACCATTTGCTAGGGGCT
GCAGATACGGTGGTGAAGAAATAGACATGTTCCTACTCGGGATGCTGAGGTGGGAGGATT
GCTTGAGCCCAGGAGTTGGAGCTGCAGTGAGCCATGATCACACCACTGCACTCCAGCCTG
GGGGACAGAGCGAGACCCTATCTCTAAAAAACAATAAAAGAAATAGATGTGTCCTTCACC
CTCATGGAACTGCCAGTCTAGCCTTCAACCTGGTGACTGTAGAAATGTGTGATTAGATGC
TATATTGCCATGTTGAGTGTCACCCCTGAGAAGCAGGGTTTTITITGAGAAGGTAGGATG
GGGGATCTGACTGTGGGACCACCAGAGGGAAAAGCACATGTAAAAGCTGCGTGTACCAAC
TGGAGGAAATCGGAGACGTGATCAGAGAACCAGAGTCAACCAGGGGCCATGCCGTACAGG
GICCTGTITAAGATCTGTGACTITTTTCTAAACGTTITTCTTCTGGATAACATCTAAATTTC
TAGTTCCAAATGTGAAACTCCAAGGGCGTTCTGTGCTAAACATTTITGCATGTATTAATTA
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ATTTCCACCACACAACATTGCTGTGAATTAAGACAGTTTCTAAGCATGGCAAGAAACCCA
GAAATCATAATGGAAAAATCTGATAAATTTAACAATGCCAACATGAACCTCTGTAGGAAA
AAAAATACCACAGACTAAAAAGGGGGGAAAAAAACCAGAGACAAATATTTGCAACACATA
CAGTAAAGGGTAATTTTCTIGGTITATATCAAGAGCTCCTACAAATCAGTAAGAAAAAAAAT
CTAATAGGAAATGAGCAACGACAAACTGACAACTCATAGAAAAGGAAACACAAGTGGTCT
GAAAACATGAAAAAGTGCTCAGTCTCACAAAGAAATGCAAACTAACATGGTACCATTTTC
CATTAATCAGATAGACAAAGATGAAAGAGTTTIGGTAATGTATGTAGTATTGGCACAAGTG
AGGGAAAACAGGGGATTTCACACTCTATGCCCGTCCAAACCAGTACCTTATTTTGAGGGT
GGTTTGACAATATTTGTCAAAATAAAAAAATTATATATAGTCATTITGCCACATAATGATG
GITTCAGTTGATGATGGACGGCATACATAATGGTGGTCCCATAAGAATATAATGGGCTGGG
TGCAGTGGCTCTCACCTGCAATCCCAGCACTTTGGGAGGCCGAGGTGGGTGGATTGCCTG
AGGTCAGGAGTTTGAGACCAGCCTGGCCAACATGGTGAAACCCTGTCTCTGCTAAAAACA
TACAAACAATTAGCCAGGCATGGTGGCGGGTGCCTGTAATCCCAGCTACTCAGGAGGCAG
AGGCAGGAGAATCGCTTGAACCCGGAAGGCGGAGGTTGCAGTGAGGTGAGATTGGGCCAC
TGCACTCCCATCTAGATGACAAGGCAAAACTCCATCTCAAAAAAAAAAAAARAAARAAGAAT
ATTATGGGCCCAGCCACAGTGGCTCACACCTGTAATCCCAGTACTTTGGTAGGCCAAGGC
AGGAGAATCATTTGAACTCAGGAGTTTGAGACTAGTGGGGACAACATAGCAAGACCCCAT
CTCAAAAAAAAAAGATTATGGTGGAGCTGTCCTGTATAGACATACCATTTTTAACTTTTT
TTTTTTTTGAGATGGAGTCTTGCTGTGTCACCCAGGCTGATGTGTAGTGGCGTGATCTGG
GCTTACTGAAACCTCCACCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCTTCCTGAGTA
GCTGGGACTGCAGGCGCAGGACACCATATCTGGCTAATTTTTATATATTTAGTAGAGATG
GGGTTTCACCATGTTGGCCAGGCTGGTCTTGAACTCCTGACCTCAAGTGATCCGCCTGCC
TCAGCCTCCCAAAGTGCTGGGATTACAGGCATTAGCCACCATTTACAGGCACCTGGCCAC
CATTTTTAATCTTTTATATTGTATTTAAACTGTACCTTTTCTATGTATGGATGTGTTTAG
ATACACAAATACCATTGTGTITACAGTTACTTACAGTATTCAGTACAGTAGCATGCTGTAC
AGGTGTGTAGCCTAGGAGCAATAGGTTATACCATATAGCCCAGGTGTGTAGTAGGCTCTG
CCATCTAGGTTTGTGTAAGTACGCTCCATGATGTTACCACAGTGACGAAATCGCCTAATG
ATGCATTTCTCAGAACATATTCCTGTTGTTAAGCAATGCATGACCGTATCTTGACAAAGC
CATTTTATTTCTAAAACTTTAATTTTACAGATTITATTTGTAAAAGTATGTAAAAATGATT
GTAAAGGATATGTTCTGCTGCATTATTTGTAATAACAAAAAACCAGAGGATAACATAAAT
GICCTATAAGAAGGGTTAGATTATGGATGGCACATTCATACAATGGGGTATTATGTAGCC
ATTGAATAAAAGGGTACTGGCTGGGCGCAGTGGCTCATGCCTATAATCTCAACACTTTGG
GTGGCCAAAGAAGGAGGATTGCTTGAAGCCAGGAGCTTGGGGCCAGCCTGGGCAACATAG
CAAGACCCTATCTCTACAAAGGAAAAATAAAACAATTAGCCAGGTTTGGTATTGGACACC
TTCATGGTCCCAGCTACTGAGGAGGCTGAGATTGGAGGGATCGCTTGTGCCTGGCAGGTT
GAGGCTGTAGTGAGCCATGATTGTGCCACTGCACTCCAGGCTGGGAGATAGAGTGGGACC
CTATCTCAAAAAAACAAAAACAAAAACAAAACCTCCTGTAAAATGTCAAGAAGTCCTAGA
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TGTGGGCCAGGTGTGGTGGCTCACACTTGTAATCCCTGCACTTTGGGAGGCTGAGGCCAG
GAGTTTGAGACCAGGCAGAGCAAGATAGCAAGACTCCATTTCTACAAAAAATAAAAAAAA
TTAGTTGGGCATAGTGGTGCATTCCTGTAGTCCCAGCTACTCAGGAGGCTGAGGTGGGAG
GATTGCTTGAGCCTGGGAGGTTGAGGCTGCAGTGAGCCATGATCACACCTCTGCACTCCA
ACCTGCGCAACAGAGTGAGACCCTGTCTCTAAAAACAACAACCAAAAAAACCCAGCAAAG
TACTGATAAAGATCTTTGGCTGGGCGCAGTGGCTCACACCTGTAATCCCAACACTTCAGG
AGGCTGAGGCGGGCAGGTCACAAGATCAAGAGATCAAGACCATCCTGGCCAACATGGTGA
AACCCGGTCTCTACTAAAAATACAAAAATTAGCTGGGCATGGTGGCGTGCACCTGTAGTC
TCTGCTACTCGGGAGGCTGAGGCAGGAGAATCACTTGAACCCAGGTGGCAGAGGTTGCAG
TGAGCCGAGATCACGCCACTGCATTCCAGCCTGGCGACAGAGCAAGACTCCGTCTCAAAA
AAAAAAAMAAAGAGAGAAAGATCTTCAAGTTGTAGTATGTGAAAAAATCAGGGTGTAAAAC
AAGAGAATCCCATTTGTGTIGTGTGTCGAGTGTGTTTCACACAGGCTCAGAGGGAGTAGTG
TGTATATGCACATGAACATACGTGTCAGTGTATATATGTATATATACAAGGTTGTGGGTT
TGTTTGTITITTTTTGAGACAGAGTCTTACTCTGTTGCCCAGGCTGGGGTGCAGTGGTGCA
ATCTTGACCCACTGCAACCTTCACCTCCCAGGTTCAAGTGATTCTTGTGCCTCAGCCTCC
CAAGTAGCTGAGACTACAGGCACGCACCACCATGCCCAGTTAATTTTTGTATTTTTAGTA
GAGATGGGGTTTCATCATGTTGCCCAGGCTGGTCTGGAACTCCTGGCCTCAAGTGCTCTG
CCCGCCTTGGCCTCCGAAAGTGCTGTTGCCCAGGCTGGAGCTCAGTGGCACAATCGCAGC
TCACTGCAACCCCGACGTCCCAGGCTCAGGCAATCTTTCCGTCTTAGCTTCCCAAGTAAC
TGGGACTACAGGTGTGTGCCATCAATGCCCCACCAATTTTTTAATTTTITTGTAGAGATGG
GGTTTCCCTACGTTGCCCAGGCTGATCTTGAACTCCTGGTCTCAAGCAATCCTCCCACCT
CAGCCTCCCAAAGTGCTGCGATTACAGGTGTGAGCCACCTTGCCCTGCCCTGTACAAAGA
TCTGCATAAAAGCAGTTAATAATACTATGTTTIGAGGCTGCCATCACAGGGGTGAGGTCAA
GGACAAGTGTGAGAAATTCTTITAGAATCTATTITTAAAAAAAGAAGAGATGACAGTGGTG
ACAGTCAGGGAACAGATAAGCAGGTAGATTGTGGGGGTCTAGGCTGTCTAACTGGTGTTT
AAAATGAAGCAACCGCTGAGCCTGCTGTATTTCATTTAATGGAGACTAGTAAAACAACAG
CCAGAAATTCTTCACTTTCCATCTAAGAGAGGCAAAAGTTATTITTICCCTTCAATAACCTG
GGACTGTAGGATTAAGGTTTTITTTTTTTITITTITAAATACTACAATATGACTACCAGT
ATAATTTAAAAATGATTAGAATTCTATTTGAGTAAGAAATAGGTGTCTGCCTGAAGTAGA
CAGTCACTGAAGTCACTAAGTGGCAAAAGACAGAAAAAAAATTGAAAGTAGGAAACAATC
AGCAGATATGATACCAAACATGAGCTGTCAGTGATAATGGATTAAGTCCTTCAATAATGG
CTGAGCCAGATGGAATTAAAAGAAAAAATCCAGGCCGGGCATGGTGGCTCACACCTGTAA
TCCCAGCACTTTGGGAGGCTGAGGTGGGAGGATCACTTGAGTCCAGGAGTTTGAGACCAG
CCTGAACAACATAGTGGGACCCCATCTCTATTTTATAAAAATATTTTGAAAAAAGAAAAA
AAAATTCAGTTGTGTTCTGCTTTAAAAAGACAAATTGGCACAGAATGTCAAAGAATAAAT
AAAACAAACATGGGCAAAAGAGATTCAGGTGGTACCAATATCGGGCTAAGTAGCATTCAA
GATAAAGATTATTAAATAATAAGTTAGTTAATACTAGAGTAATTGCATATTAATGAAACA
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TAATCTATGGTAGAGATATTATAGTCAATAATTGTTTTATGTATTCATTAAGGTAACAAC
AAGCAAACAAGCTTTAATAGTTTTAAATGCTTTATATGCTTITATAGTTCTITTATGTGCA
TTAATTCATTAATTCTCATTTCCTATGAGGTAAACACTATTATTATCCACATTTTACAGA
TGTAAAAACCGAAGCAGAGAGATTAATTAGCTTGCCCAGGAGATGTGGCATTCTGGGATT
TGAGACAGTGGTITTGGCTCTGTAGGTTGCTTCAATAACCAAGAGATGCTTCAAATCAGAT
TTTTAAAATATGTTTTTCAGAAGCATTTTCCTGATACTTCTCCCCTTACATGGGTGTTAG
TCTTTTGGGTTGAAAAACATGAGTAAGTGCTAGAAGAGCAAAATATGCATCCAGATTTAA
TAGTATGTCTGTITTTTCTGAGCCTTGGCATTTCATTGCTTTTATAATAGAAATGAAGGCT
TTTTTTTTTITTTTGGCTGAGAATAGCACTGAACTCAGTGGGAGGGACTGTGGGTTGTAAG
TTGTCCGCCTCTGAATGGAGTTGAATTTAAGTTITCTTGGTTTCCAAAGAATGATTGATTT
AAAGACCCTCAAATTGCAAGTTAGAACTGACTTCAGTCCTTGAGGTTTTTTACCATTTAA
TGAATAATTAAATTTATGGTAATAAATGGTAATAAATGGTAAAAATGGTAATAAATTTTA
CCATTTAATGAATTTTTCTITAAAAAGCAATTGAATTGTTGATGAAAGGTGATGTTAAAAT
TATCCCAGATTTATCAATCTITITTTTTATTIGCCCCTGGATTTTGAGTCATAGAAAGCCTT
TCCTTATTCTAAGGTTAACAAGACATTCACCCATGTTTTCCTCTAGTATTGCATTGTTTC
ATCTTTTACGTTITATTATTTATTTTATTITTATTITTTTTGAGACAGGGTCTCACTGTGTCA
CTCAGGCTGGAGTGCAGTGGAATGATCTTGGCTCACTGCAGCCTCTGCCTCCCGCCTCCC
GGGTTCAAGCGATTCTGCTGCCTCGGCCTCCCAAGTAGCTGGGATTACAGGCACCTGCCA
CCGCGCCTGGCTAATTTTTIGTATTTTTTTTTTAGTACAGATGGGGTTTITGCTGTTGGCCA
GGCTGGTCTCGAACTCCTGACCTTAAGTGATCCACCCGCCTTGGCCTCCCARAAGTGCTGG
GATTACAGGCATGAGCCACCGTGCCCGGCCTAAAATTTATTCTGATATGTGATATGATGT
ATGGTTCTAACTACTTTIGTTACGGTGCATTATTTTCTAAATGTGGTATTGGATTCTTTTA
TATTTTGTTTAGAAGTTCTGCATCAATATTCATGAGTACCATTIGGTCTCTGTTGTTITTTC
TTGTGCCATCTTTATTGGTATAGGTATCAGTGTTATATTTAGTTTGTAAAAGGAAGTTGG
AAGTTTTCCTTTCTTTITAGTACTCAGGAATGATTTTAAGAATTGAGACTATTTGGTCTT
TGAAGGTTTGGTAGAAGTCCATTGGGAATCCATCTGGGCCTGGTGATTITTCTGTGCGGTA
GITCCITAATTGTTTTCCCTATTTTTTCTTATTTTTAATCAGGTAGCCTCTGAACCAGAA
TAGGTTCAGAGAGGCTCCCTCTATTTTTTTTAATACAAGTTGGTCTGCCTAAGTTTTCTT
ACTCTAATGGGTTAATTTTTGTAGACTGCATTTCCCTGAAAAATTACACGTTTGTTCTAG
GITTTCTGACTTATTTCCACAACTTTTTAGTCTTTICCCCCTGGAATCATGCCCCTTTCCA
TAAACAGGACTCTGATGTACCTGAAGTATTITTICACACTTCGGGTGGACTTTCTGTTTCTG
GGGGTGGTITTAGAGCAATTTTAGGCCTGCCACTAGCTACCCTGTTCTCTACACCATGCT
GITTTICTCAGAATGCTCTITCITTTGCACAAAGGCTTGGAGTAGGAGGTTGAGCAGTCAC
TCACTGACGTTTGGTATATTITICTTTTTTTITGCTTACAGGTAATCTGGAAGTTTGGGCAT
TCTCTTTAAGTTGAGGGTGTGGTTTTCATGTCATTITTATTTGTTTATTGTTTTCTTGTGT
GIGTTICTTAGAGACAGGGTCCCACTCTTGCCCTGGCTGGAGTGCAGTGGCGTCTTGATC
ATAGCTTACTGCATCCTCAAGCTGCTGGGCTTAGATGAACCTCCCACCTCAGCCTCCTGA
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GTAGCTGGGACTACAGGAGCACACCACCATACCTAATTTTTTITITTTTGAGACGAAGTC
TTGCTCTGTCCCCCAGATTGGAGTGTAGTGGTGCAATCTCGGCTCACTGCAACCTCTGCC
TCCCGGGTTCAAGCGATTCTCTCACCTCAGCCTCCCGAGTAGCTGAGACTGCAGGTGCAT
GCCACCATACCCGGCTAATTTTITGTATTTTITTAGTAGAAACAGGGTTTCACCATGTTGGC
TAGGCTGGTCTCAAACTCTTGACCTCAAGTGATCCACCCACCTTGGCCTCCCAAAGTGCT
GGGATTACAGGCTTGAGCCACTGTGCCTGGTCCCTGGCTAATTTTITAATTTTTTTGTAGA
GATGGGATCTTGCTATGTTGCCCAGGCTGGTCTTGAACACCTGGCCTTAAGCAATCCTCC
CACCCTAGCCTGCCAAAACACTGGGATTTACAGGCATGAACCATTGTGCCTGGCTTGTTT
TGTTTITAATTCTATGTTGTTTITTGAAGGATGTATGGGGAGAGATGGATTTAGGCAATCA
TCGTTGTCCTTGGCTACCTGAAAGTCCAGGCACTCTTCTAGATACTTTATAAATATTAAC
TCATTTTATCCTCTCAACAACACTATGACATGGGTACTGTTACACCTTCCATTTTATAGG
ACTTAACAGAGAGGTTAAATATGTAGCCCAGGGTCACAGAGAGCTGGGCTTCAGACCAAG
ACAATCTGGCACCAGAGTCTATGTGGCTACCCCTAAGGCTTITGCCACCATGTGTTAGTGA
TTCTCAGCCTGTICATTTGGGGAGGGGATTGCCCTTITTTTTTAAACTTTTTAAAAAATTTA
TTCTTATTTTATTATATTTTTGAGACAGAGTCTCCCTCTITTTGCCGAGGCTGGAGTGGAG
TGGTGTGATTTCAGCTCACTGTAACCTCTGCCTCTGGGGTTCAAGTGATTCTCATGCCTC
AGCCTCCCAAGTAGCTGGGATTACAGTTGCCAGCCACCATGCCCAGCTAATTTTTGTATT
ATTATTATTATTATTTGAGACGGAGTCTCGCTCTITTGTTCAGGCTGGAGTGCAGTGCTG
TGATCTCGGCTCTCTGTAACCTTCGTCTCCTGGGTTCAGGTGATTCTCCTGCCTCAGCCT
CCGGAGTAGCTGGGACTATAGGCGCGCACCACCATACTTGGCTAATTTTTTGTATTTTTA
GTAGAGACGGGGTTTCACTATGTTGGCCAGGCTGGTCTCGAACTCCTGACCTCAGGTGAT
CTACCTGCCTTGGCCTTCCAAAGTGCTGGGATTACAGGTGTGAGCCACCATGCATGGCTG
GATTGICCTITTTTTAAAAAAAAAAACAAAAACAAAAAAAAAAACCCAAACCATAAACCCA
ATATTCTGAAAGATTTGGTCTCCACACCTGTGTTATATAATAATTAGTTTTTCCATTTTT
TTCCTCTTGGTAGAAGGCACATATGCCACTCAGTTITCCAGTTGCCACACCCAATTAACAT
AATTGTTTTGCAGCCAAAAGCAAAAGAGAGTTGACATTTTAATTAGCTTATGTAGGTAGA
CAAATTGAGGCCTAATGTAAGAGTTTCATTATACCTTTTTGAAAAACTATAAATAGCTAG
AAGCCAGTTGTCATTACTTTITTGATTCCTTAGAATTCTGGGCATCTTTCATCTGGAACCA
CAGATGAAAGAAGCTGCAAGGAAGGATTTTITTITTCTTAACGGAATAGTTTAACCATTCTG
AATGCAAAAGTATTGGATGCTAGAATAATAGGTATCACATAAATTGAGGTTGACGTTTTIC
CCGGGTGAAATTCTATTCTIGTCTCAATTTTICCTITITTTTTTGAGACGGAATCTTGCTCTG
TCGCCCAGGCTGGAGTGCAGTGGCATGATCTCGGCTCACTGCAAGCTCCACCTCCTGGGT
TCATGCCATTTTCCTGCCTCAGCCTCCCGAGTAGCTGGGATTACAGGGGCCTGCCACAAC
ACCCAGCTAATTTTTTIGTATTTTTAGTAGAGACGGGGTTTCCCAGGATGGTCTCAATCT
CCTGACCTCGTGATCCGCCTGCCTCGGCCTCCCAAAGTGCCGGGATTACAGGCGTGAGCC
ACTGTGCCTGGCCTTTTITTTTTTTTTTTTITTITTTITTTTTTAAGACAGAGTCTCGCTTITG
TTGCCTAGGCTGGAGCGCAGTGGCATGATCTCAGCTTATTGCAACCTCCGCCTCCCGGGT
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TCAAGTGATTCTCCTGCCTCAGCCTCCCGAGTATCTGAGATTACAGATGTGTGCCACCAT
GCCTGGCTAATTTTTGTATTITTITAGTACAGATGAGGTTTTGCCATGTTGCCCAGGCTGGC
CTCAAACTCCTGACCTCAGGTAATCCTCCTGCCTCAGCTCTTCCCAAAGTGCTGGGATTA
TAGGCATGAGTCACCGGGCCCAGACTCAATCTTCTGACAAGCTCTCAGAGAGAGTAAAAA
GCAAATGAATATTTCATTATTTITGATCTGAGCTTTACGATTTTITCTTTTCTTTTCTTTTT
TTTTTTTTTITTGAGATGGAGTITTGCGTTGTTIGCCCAGGCTAGAGTGCAGTGGTGGCGAT
CTTGGCTCACCGCACCCTCCGCTTCCCGGGTTCAAGCGATTCTTCTGCCTCAGCCTCCTG
AGTAACTGGGATTACAGGCATGCGCCACCATGCCCGGCTGATTTTGTATTTTTAGTAGGG
ACAGGGTTTCTCCATGTTGGTCAGGCTGGTCTTAAGCTCCCGACCTCAGGTGATCCACCT
GCCTCGGCCTCCCAAAGTGCTGGGATTACAAGCATGAGCCACCTTGCCCAGCCTTTTTTT
TTTAAATCTGAGAAGAGGTCTTGCTCGATTGCCTAGGCTGGAGTGCAGTGGTGCGATCTC
TGCTCACTGCATTCTCTGCCTCCCAGACTCAAGCAATCCTCCCACCTTAGCCTCCTGAGT
AGCTGGGACTACAGGCATATGCCACCACACCTGGCTAATGTTCGTATTTTTITTGTAGAGA
CAGGGTTTTGCCATTTTGCCCAGGCTGGTCTTGAACTCCTGACCTCAGGTGATCCTCCCA
CCTTGGCCTCCCAAAGTGCTGGGATTACAGGTGTGAGCCACTGTGCCTGGTCTCCTTCAC
TGTTGTAAGATACTTGAATTGGGTCAATATTTGTGGAGAAGTCTCTTAAAAGTTCACTTG
ATTGTCAGTACTAGAACTCTACATTTAATATTGACATATTCCTGGGAGCATTTCAGAGCA
TTCTATTAGCTTAGAAAGGTCCAGGATAATTTGACTTTAGAAGTTACTGTTACCATGAAT
CTCAATGACTTTTGAAATCCATGAAGAATATCTTITITTTTTTTITGAGACGGAGTCTCA
CTCTGTCGCCCAGGCTGGAGTGCAGTGGTGATCTGGGCTCACTGCAAGCTCCGCCTACTG
GGTTCACGCCATTCTCCTGCCTCAGCCTCCCGAGTAGCTGGGATTACAGGCACATGCCAC
CACGCCTGGCTAATTTTITITGCATTTTTAGTAGAGAGGGGGTTITCACTGTGTTAGCCAGG
ATGGTCTCGATCTCCTGACCTTGTGATCCGCCCGCCTCGGCCTCCCAAAGTGCTGGGATT
ACAGGCGTGAGCCACCGCGCCTGCCCAAGAATATCTTTTTGCTGGTAACTAGAGAGGACT
CCTCTGAAGCAGATGCCATTCATGATGGATTTCATCATTTATGGGTTTTAAAAAACATTT
TATTTTGAAATAATTTCAAATTTAAATAAGAGTTGCAAAATAGTACAAATAATTCGTGTT
AACTTTTCATCCAGATTITACAAGTCAACCTTATACAGGTTGAGTATCCCTTATCCAAAAT
GCTTGGGACCAGAAGTGTTITTGGATTTCAGATTTTITTCGAATTTTGGAATATTTTTATTA
TATACTTAAGCATCTCTAATCCCCAAATCTCAAATCTGAAATATCTGAAATGCTATGATG
AGCATTTCCTTTGAGTGTTATGTGGGCACTTTTTAAATTTATTTAATTAATTTATTTTTT
GAGATGGAGTATTGCTCCATCACCCAGGCTGGAGTGCAGTGAGCGATCTTGGCTTATTGC
AAACTTCACCTTCTGGGTTCAAGTGATTCTCCTGCCTCAGCCCCCTGAGTAGTTGGGACT
ATAGGCGCTTGCCACCACGGCCGGCTAATTTTTGTATTTTTAGTAGAGACAGGGTTTCAC
CGTGTTGGCCAGGCTGGTCTCGAACTCCTGACCTCAGGTGGTCCACCTGCCTCCGCCTCC
CAAAGTGCTGGGATTACAGGAGTGAACCACCGCGCCTGGCCATGGATTTTGCAGCATTTT
AGATTTGGGATACTCAACCTGTACCATGTTITACTCTCTCTCCTCTCTCTCTCTCTCTTTT
TATATATATATATATATATATATATATATATATATATATATATATATAAATTATATATAC
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ACTACACATATATGTATGTATATGTATGTATTTTATATATAAAATACATATCTACATATA
AAATACACATGTATATATACATGTGTACATATATGTGTCTCTATATTTAAGTTTTGTTGG
AACCACTTGAGGGTAAGTTGCAGACATGGCGTCTCATTGCTCCAAAATACTTCAGTGTGT
ATTTCTTAAATACAAGGACACTTGGTTACATAACCACAGTATATCACCAAATGTATATTA
TAACAAGACTACCATCAAATCCTTATATCTCTITTCAAATTGTTTTAGTAATATCCTTATA
GCAAAAGACAAAACAACAACAAAAACTGTTCCCTITTATTTTGTITGTTTITGGTCCATTA
TATGTCCAGGTTATGCATTAATGCATTGTGTTACTTGCTAAGTCTTGTTACTGGCCTTTA
ATTAGGATATTTCTTTGCATCCCGCCAAACTCCTCTTCATGGTTGTATCTTTTTTTITTTT
TTTTGGAGATGGAATTTTGCTTATGTTGCCCAGGCTGGAGTATAATGATGCGATCTTGGC
TCACTGCAACCTCCGTCTCCCGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTAAC
TGGGATTGCAGGCCTGCGCCACCTTGCCCAGCTAATTTTGGAATTTTGTGAGACGGGGTT
TTGCCATGTTGGTCAGACTAGTCTCGAACTCCTGACCTCATGATCCGCCCGCCTTGGCCT
CCCAAACTGTTGGGATTACAGGTGTGAGCCACTGTGCCCGGTCTTTTTTTTTTTTTITTTT
GAGACAGGGTCTITATTCTGTITGCCTGGCCTGGAGTGCAGTGGTATGATCTTGGCTCACTG
CAACCTGGACCTCCTGGGCTCAGGCGATCCTCCCACCTCAGCCTCCTTAGTAGCTGGGAC
TATAGGCACACACCACCATGCATGGCTAATTTTTATATTTTTTTGTAGAGACTGGGTTTC
GCCATGTTGCCCAAGCTGGTCTTGAACTCCTGGGCTCAAGTGATCCACCTGCCTTGGCCT
CCCAAAATGCTAGGATTACAGGTGTAAGCCACTGCGCCTGGCCCTAATTTTTGCATTTTT
TGTAGAGATGGGGTTTCACTATATTGCCCAGGCTGGTCTTGAACTCCTGGGCTCAAGTGA
TCTTCCCATCACAGCCCCCTAAAGTGCTGGGATTATAGGCGTGAACCACTGTGCCTGGCT
GAGGATTAAGTTTCAACCTCAGGGGAGCGGCATTCAAACTATAGCATTGTCCTTTAGTGA
CIGGCTITAGTTCACTTAGAATGTTTGTCTATTCATCCATCTATAGACACTGTTTTCTTTC
ACCTTTTGGCTTTGCAAATAATGCTGCTGTGAATATGAGTTATAGAAAAATACCAATTTG
AATCCGTGTITTTCAATTACTTTGAGTATATACCTGGAAGTGGAATTTCTGGATCATATGG
TACTTCCAAGTTTTTTITITTICTTTTTTGAGACAAGGTCTCACTCTGTCACCCAGGCTG
GAGTGTAGTGGCACGATCTTGGCTCACTGCAACCTCCGCCTCCCGGGTTCAAGCGATTCT
CCTGCCTCAGCCTCTCAAGTAGCTGGGATTACAGGCACGCGCCACCACGCCCAACTAATT
TTGTATTTTTAGTAGAGATGGGTTTCTCCATGTTGGTCAGGCTGCTCCCGAACTCCCGAC
CTCAGGTGATCTGCCTGCCTCAGCCTCCCAAAATTCTGGGATTACAGGTGTGAGCCACCG
CACCTGGCCTCCATGTTTCAATTTTTAAACAAACAATTAGTTAAAAAAATAGGAAACTAA
GAGAATGAACTATTTCCTGITITATTCAGTGGGTTATAATCTGTTACTATCATTGTTTAT
TTTGAGGTACAAATTGTCCCTACTTTGGCCAGCAGAGGATCCTGCAGTTTGTCTCCTGTG
TCCTTTTCATAGCTCCTTGTTGGAACTCTTACTGGCCCACAATAGGATGTTCCAAGTTCA
TCTTCITACTTTTACTGCCCCAACGCTGGGATCAGCCATTTCTTCAAGGAGGCCAGTTCC
TTTCATTGGAGAATGGAAAACCCAATATGTAGAAACCAAGATAGAGGTGTTAGGTGTGAT
TGCTACTGGAGTGTCATTGCTTCCAAACCCTTTCAGAAGAGACCTAGGAAATGTGTGTGT
GIGTGTATATATATATGTGTIGTIGTGTGTGTGTATTCATAAAAGCACATACACATACACAT
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ACCCCGAAGCATGTATTTCTGTATTATTATTATTTITTTTGAGATGGAGTCTTGCTCTGTC
GCCCAGGCTGGAGTACAGTGGCACGATCATGGCTCACTGCAACCTCTGCCTCCTGGATTC
AAGCAATTCTCCTGTCTCAGCCTCCTGAGTAGCTGGGATTACAGGTGTCCACCACCACGC
CCACCTAATTTTTGTATTTTTAGTAGAGATGGGGTTTCACCACATTGGCCAGGATGGTCT
TGAACTCCTGACGTCAAGTGATCTGCCCGCCTCGGCCTCCCAAAGTGCTGGGATTATAGG
CGTGAGCCACTGTTCCCATCCAGAAGCATACATATCTATTTCTATATCTACATITCTGTC
TTTACATGTATATATTAAAAATTACAGTTTGCACTAATACCTCCAATTACAATCTAACAT
CATGGGATTTATTCTGGCTTTCTCCCTTCTCATATTTGTGTCTCCCCAACAGTGAGAAAC
CTGGCTTGCTATCCTCAACATGGTAACTTATTTATTAAGAAACTTATTCTTTITITTTTTT
TTTTTTCTGAGATTGAGTTTCGCTCTTGTTGCCCAAGCTGGAGTGCAGTGGTGTGATCTT
GGCTCACCGCAACCTCTGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCTTCTCAAGT
AGCTGGGATTACAGGCATGCACCACCATGCCCAGCTAATTTCGTATTTTTAGTAGAGATG
GGTTTCTCCATGTTGGTCAGGCTGCTCTGGAACTCCCGACCCCAGCTGATCTGCCTGCCT
CGGCCTCCCAAAGTCCTGGGATTACAGGCGTGAGCCACCGTGCCCTGCCTCTAGTTTATT
TATTTTTATTCCATGTGCTCAGTCTTGCGAGCACGTGGTCTGTTTTCTTGGGCCTGGCCC
CCTCAGTGCACTGTCTTAATACCCTAGCCCCCAGTCCCTCTGATCATATCCCCAGACACC
CCTACTGAATCCCAGGTCTCTACCAAGGGAAAGGCAGGGAGGAGGCATTGACCAAGGAGA
AGAGGGGGAAGGGACAGGGAAGGTCTTGATTTGTATTTTCTAAAATTTTCTACTCTGCTC
ATAATGCGTCTTAGCTGTGTTGTTGTGGAAAGTAGTGCTGACAGTGTCTTGTTTTTTTAT
TACTTACTTTGTICTTTICTTTTTAAGATGGTTPCACCCAAATATCACTGGTGTGGAGGCAG
AAAACCTACTGTTGACAAGAGGAGTIGATGGCAGT TTITTIGGCAAGGCCTAGTAAAAGTA
ACCCTGGAGACTTCACACTTTCCGTTAGGTAAGTTGGAATGAAAAGAGAGGATCCTGAGA

GIGTTTTCTAGGTAGGAAGTGGTAAAACCATGCTTGGATAGCTTGCTGCCTGCATTTCGA
GTTTGAAGGCCTTATCTGAGCCCTGGGCTGCCTTCAGGGTTTGGGGAGTGGCCTCCTGGA
CATTTAGCAGAAGAGGAGTAAGGAGGGCCCTTCTTCTCCCTCTGAGACCTCATGGAAGGT
GAGTTGGAGCAGGTCATAGAAGTTCTTAAGCCCTCCAGTGCTTGAGACTTGTTCCACACA
TCTTGAACCTGGTTTCTGCATTITTTCTTTTICCTITCCTGTTGATTTATTTAAAAATTTTAT
TTCTTTTCAATTTTTTTITITTTITTTAAATAGAGGTGGGATCTTCCAATGTTGGCCAGGTT
GGCCTTGAACTTCTGGCCTCAAGCAATCCTGCCTCGGCCTCCCAAAGTGTTAGGATTACA
GGCGTGAGCCACTATGCCTGGCCTTCTTTTTTTGAGACAAGCTGTTGCTCTGTTGCCCAG
GCTGGAGTGCAGTGGTACGATCACAGCTTACAGCAGCCTTGAACTCCTGGGCTTAAGTGA
TCCTCCCGCCTCAGCCTCCCGGGTAGCTGGGACTCCAGGCTTGTGCCACCATGCTCAGCA
TTTTTAAAAAATATTTTTTIGTAGAGATGAGGTCTCACTGTATTACCAAGGCTGATCTTTA
ACTCTTAGCCTCAAGTGATCCTCCTGCCTCAGCCTCCCAAAGTGTTGGGATTACAGGCAT
GAGCCACCACACTCAGACTTTGTTGACTTCTTAATAAGAAAAATACTTGTTAAGAGTTTC
TTCAGATCACTTTCCTTTATCAACAAGTAAAACATGACTGAGGAAGTTGTGGTCCCCTTT
GCTTCCCTGCCCAGGCCCGTTTCCCTCCCTCTTTCCCCAGAGGAAACCACCAAGAGGTTG
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GCATATATTCTTCCTGAACGTGTTTTTATAGTTGTACTGCACTTGTACTGTGTATGAACA
ATATAAAGTTGGTTTGTGTGTTTAAAAAATTCACATACATGGATTTATAATGTATGTATC
ATTTTGCAACTTAAAAATTTTTTTTTGAGCTCCATGCTGATTGATAACGATCTATTTTTT
TTTTTTGAGATGGAGTTITCAGTICTTATTGCCCAGGCTGAAGTGCAATGGCGTGATCTCAG
CTCACTGCAACCTCAGCCTCCTGGGTTCAAGCTATTCTCCTGTCTCAGCCTCCGGAGTGG
CTGGGATTACAGGTGCATGCCACCATGCCCAGCTAATTTTTGTATTTTITAGTAGAGATGG
GGTTTCACCATGTCGACCAGGCTGGTCTCAAACTCCTGACCTCAGGTGATCTGCCTGCCT
TGGCCTCCCAAAGTGCTGGAATTACAGGCATGAGCTACCATGCCTGGCCTTTTTTTITTTT
TTTTTTTTGAGACAAAGTCTTGCTCTTTTTCCCAGGCTGGAGTGCAGTGGCCACAATCTT
GGCTCACTGCAACCTCTGCCTCCTGAGTTCAAGCAGTTCTCCTGCCTCAGCCTCCTGAGT
AGCTGGGATTACAGACATGTACCACCATGCCAAGTTAATTTTTGTATTTTTTGTAGAGAC
TAGGTTTTACCATGTTGGCCAGGCTGGTCCTGAACTCCTGACTTAAAGTGATCCATCTGC
CITTGGCTTCCCAAAGTGCTGGGGTTACAGGCATGAGCTATCGCGCCTGGCCTGAGAAATC
TCATTCTTACTCCTACTCCCTTGCACACTATCTCCATTCTGTAGGTAGCCATTTCTATTA
ATTTCTTGTTTACCCTICTGTGTTTCTTTCATTICTTTTTCTTTITTTTCTTTTTTTTITTTT
GAGACAATCTTGCTCTGTTGCCCAGACTGGAGTGCAGTGGTGTGATCTTGGCTCACCGCA
ACCTCCACCTCCTGGGTITCAAGTGATTTTCATGACTCAGCCACCTAAGTAGTTGGGATTA
CAGCGCCTGGTGTACACTACCACACCCAGCTAATTTGTGTATTITTITAGTAGAGATGGGGT
TTCACCATGTTGTCCAGGCTAATCTCCAACTCTTGGCCTCAAGGGATCTGCCTGTCTCAG
CCTCCCAAAGTGCTGGGATTATAGGCATGAGCCACCATGCCTGGCCCTATGTTTCTTTTT
ATAAAAATAAGCAAATTAATATTTTTATTACTATTTTCCTTTTATTTTTACACATCAAGT
AGAACATTAAATATATTTCICTGTAATTTTITTTCAGTTACCTAAATCTTTTAGTGATCTC
TCTCATCTTITTTAATCAGCTGGATCGCATTCTATCATGTGAATATTTTATAACTTCTATA
TACTGTCACCAGCAGGTAGCGATTTAGTTGTGTCTAATATTTTAAAATGATATATAATGC
CTCAATGAATATAGTAACCTTITGCATATATTIGTITTGTGCTTITGGGATAACACTACCTC
GTATTGGAAACTGTGTCATTACATGTGTCTTTAAAATTACATGTGTCTTTTTATTTTTAT
TTTTATTTTTTTTGAGTGGGAGTTTCACTCTTIGTTGCCCAGGCTGGAGTGCAGTGGTGAG
ATCTCGGCCGACTGCAACTTCCGCCTCCCGGGTTCAAGCGATTCTCCTGCCTCAGCCTCC
CCAGTAGGTGAGATTACAGGTGCCTGCCACCACGCCCAGCTAATTTTTGTATTTTTAGTA
GGGACGGGGTTTCACCATGTTGGCCAGGCTGGTATCGGTCTGCTGACCTCAGGTGATCCT
CCCACCTCAGCCTCCCAAAGTGCTGGGATTACAGACGTGAGCCACCATGCCTGGCCATCA
CITTTTITTITTTTCTTAATTGCTGCATAGTGGCCGGGCACAGTGGCTCACGCCTGTAATC
CCAGCACTTTGGGAGGCCAAGGCAGGCGGCGGATCATGAGGTCAGGAGACCAATACCATC
CTGGCTAACATGGTGAAACCCCGTCTCTACTAAAAATACAAAAAAATTTAGCTGGGCGTC
GTGGCGGGCGCCTGTAGTCCCAGCTACTTGGGAGGTTGAGGCAGGAGAATGGTGTGAACC
CGGGACGTGGAGCTTGCAGTGAGCCAAGATTGCACCACTGCACTCCAGCCTGGGTGATGG
AGTGAGACTCTGTICTCAAAAACAAACAAACAAACAAAAAAATTGCTGCATAGTATTCCAT
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TGTATGAGTAGTAACACAACAATTTTTATAATGCATAGTATTCCATTGTATGAATAGTAA
TGTAGCACTATTTGTTTATACATTITTTATGATTAAAAAACAAAATGTTTTTCTATTATGA
ATAAAGTGGCAATGAATATTTTTGTACAAGTGTTITGGTAGCTATACAGTTATTGTCACT
TAATATATGCAATTCGATAGGCCAGTCATTCAAAATAGAAGATATACAAGGTAGGCCGGG
CGTGGTGGCTCACGCCTGTAATCTCAGCACTTITGGGAGGCCGAGGTGGGTGGATCACCTG
TGGTTAGGAGTTTCAGACCAGCCTGACCAACATGGAGAAACCTCATCTCTACTAAAAATA
CAAAAGTAGCTGAGCGTGGTGGCGCATTCCTGTAATCCCAGCTTCTTGGGAGGCTGAGGT
AGGAGAATCACTTGAACCTGGATTTATAATGTATGTAAATCCACCGCGAAGGTTGCGGTG
AACCGAGATCACGTCATTGCACTCCAGCCTGGGCAATAAGAGCGAAACTCCATCTCAAAA
AAAAAAAAAAAAGATATGCAAGGTAAAGATACTAATAAAGACCTTTGTGTTGAGTTGGTT
GACATGTGGTTATTTCACCCATCGTATTTCTTATAGGGAATAGGTAAATTCGTTCCTTGG
GTTTCTTTCAACACTTAGGTAAAATCCGACGTGGAAGATGAGATCTGATTTTACTGGTGT
AACTCTTTATTTGTCCCCTTGCCTCCCTTTCCAATGGACTATTTTAGAAGAAATGGAGET
GTCACCCACATCAAGATTCAGAACACTGGTGATTACTATGACCTGTATGGAGGGGAGARAA
TTTGCCACTTTGGCTGAGTTGGTCCAGTATTACATGGAACATCACGGGEAATTAAAAGAG
AAGAATGGAGATGTCATTGAGCTTAAATATCCTCTGAACTGTGCAGATCCTACCTCTGAA

AGGTCAGTAACATTTTAGTGACCACAAAGTCTGCTGCTCCCTTGTGCCCTGAGTGTCAGA
AATGCATGACGGTCTGTIGTATGACTCTCTGACTCCAAAGGCTTGTGACTGTTTTTTGAGC
TGTAATCTTITAAAGAATTACTAAAGTGAGACTAATAGCATCAAATTATTTTCAGAGTACC
TTTTTCCTGCAAAAGTTTTAATCAGTGTTACTTACACTCATCCTATAGGGGTTGCATACC
ATTCCTGCATATACTTGGTACGTGTATTAGTTTTAAGACTTATTGAACTTCAGCAGATAA
TCTTTGAGAGTTATTAGAGGAAAACAAATGATAATGGAGACACCAAAATAGCAGCAGTTT
TCTATGGTGGCTCTCGACCAGTTATTCAGCAATGTCACCAACAGATGTCAGTTTAAGCTC
AGAAGTGGAAAAGCAGAGAGCTCAGAGGGTCAGCTTTTTCATCAGTTCTTTTAATGTTAT
CACCACAATTATGTGAGAATGACCTTGCTTAGAGAAAATTATGTTATTTTCGAGATCTTT
CCCCCTIGTGTTGGAACTAGGCTGATGAAAGCATGGGCTTGACTTATTTATTGATTGTATT
CGTTTTIGTACATTCCCAATCTCCTCTCTGACTTGGTGCAAATTCAGGATCTCTTAGTTAG
TTTGTATATTTTGTGTCTICAGGTATGATTITTITTCAGCTTATACCTTTATGTCAGTGCTA
TTATGTGCTGATAATTTGTTTCTCTAGCTACCACCGTAGCTTCAGGCAAAAGGCTGTCAG
CCAACTCTGTACAGTTTATTTCTAAATTTTACTGTITTTCAGTTGAGTATGGATGAAGAAT
AACTCAAAGTTTATTCITTITGATGATGAGCCCTTAACACCACCTGCCATGATAGTACTTG
CTTTCTGACCAAGATCCTGAGGGAAAAAGCCACTTITATTATTAGAACTATGTTAAGATGC
TTCCCAAAAAACATGGAGCAGTATTGTCTCAAAGTCTGTCCTTGGATGGCTTTGGATGCC
TACATCAGGACTGTCTGATGTGCTGGTTAAAATGCAGATTCCTGGGCCTCATTCAGACTT
ACATGTATTGATATTGCTGGTTGTGGAGCCTGGGAATTCATATTTTTAGCAAAATCCCTC
ATTTTTACTCCAAGTCTITATGTGCATTATACAGTTTGAGATGATCACCCAGGATATAGTC
CAAAGACACTGGAGGCTGTITGAAGTATAGGTIGTATATATGGAAAAGGTTGGAATGTTTG
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AATTAATTTATAATGAAGATCCTTTTTAATTGAGTGTTCACATGCCAAGGCAAGGACAAA
CATTCAAAATGATTTTCTGTICICTGTTACAACTTTITTCTTTCTTTITTTTTAATTTATTTA
TTTGAGATGGAGTCTCACTCTGTCACCCAGGCTGGAGTCAAGTGACGCGATCTCGGCTCA
CTACAACCTCCGCCTCCCAGATTCAAGTAATTCTCTTGCCTCAGCCTCCCGAGTAGCTGG
GACTACAGGCATGTGCCACCATGCCCAGTTAATTTTTGTATTITTAGTAGAGACAGGGTT
TTGTCATGTTTGCCAGGCTGGTCTCAAACTCCTGAACTCAGGTGATCCGCCCACCTTGAC
CICTCAAAGTGCTGGGATTATAGGCGTGAGCCACCGTGCCTGTCTCTATTACAACTTTTT
ATTACAACTTCTTTATTITTGACTTTATTTTTACAAATTATTTATTTATTTTTTTTGAGAT
GGAGTTTCGCTCGTCACCCAGGCTGGAGTGCAATGGTGCGATCTCAGCTCACTGCAACCT
CCGCCTCCCAGGTTCAAGTGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGATTACAGG
CACTTGCCACCACACCCGGCCAATTTTGTATTTTTAGCAGAGACAGGGTTTCACCATGTT
GGTCAGGCTGGTCTCGAATTCTTGACCTCAGGTGATCCACCTGCCTCGGCCTCCCAAAGT
GTTGGGATTACAGGCATGAGCCACCACGTCCGGCCGACTTTTATTTTTITTTTCTTGAGAC
AGGGTCTTGCTCTGTCACCCAAGCTGGAGTGCGGTGGCATGATCATAGCGCACTGCAGCC
TCGACCTCCTGGACTCAAGTGATCCTCCTGCCTCGGCCTTGTGTATAGCTGGGATTACAG
GCAGTTGCCACCATGCCAGGCTAATTTTTAATTGTTTTGTGAAGATGGGGATTTCACTGT
GTTGCCCAGACTGGTCTTGAACTCCTGGCCTCAAGTGATCTTCCTGCCTTGGCCTTCCAA
AGTGTTGGGATTACAGGCATAAGCCACTATGCATGGCCTGTAACTTCTTTAAATGGCTAT
AATTAAACAGTTGGTCCTTITAAGATTGGGCAATGGACGAATGGCAAATTGCATTTTTAA
AAGAGGAGGGATTTAAAAAAAAACAGGAAAGATTGGGGCATTTGTCTCTAAAGGACTGTG
GACTCATTTAAGAAGTTTAGTGGTCATTCTTACCATCTTTGTGGTTTTTCCTGCCTGCAT
GGGATGCAGATTTTCTGTCTCAGGTGGGATTGATCAATCCCTTGGAGGAATGTGTCTACT
TTTTAATTGTGTITTAGGAGAGCTGACTGTATACAGTAGTTTTGTGAAAGAACAACATGAA
CCCATAGTAGAGCTAAATTCTTTTTTATTTTTTAAAAACTTTAGGTGGTTTCATGGACAT

CTCTCTGGGAAAGAAGCAGAGAAATTATTAACTGAAAAAGGAAARCATGGTAGTTTTCTT
GTACGAGAGAGCCAGAGCCACCCTGGAGATTTTGTTCTTTCTGTGCGCACTGGTGATGAC
AMAGGGGAGAGCAATGACGGCAAGTCTAAAGTGACCCATGTTATGATTCGCTGTCAGGTA
AATCTCCAGTTGAAAAATGGGTCTGGCAAGATGTTACCTTTGGGTGATTTTTCTGCTGAC

AGAAGACAGACACCATTACATTCAAAGTCAGATTGTCTTTTATTTATTTATTTATTTATT
TATTTATTTGAGACAGGGTICTTGCTCTATCACCTACAGATGGGGTTTCACCACGTTGGGT
CTGGTGACCCAAATCTTITGGGTGATTTTTCTGCTGGAAGAGGACAAACACCATTACATTC
AAAGTCAGATTTTCTGITTTTTTTTTTTTITTGTTITTTGTTTTITTTAATATTCATTTGTT
TATTCATTTGAGACTGGGTICTTGCTCTGTCACGCAGGCTGGAGTGCAACCTCCCTGGGCT
CAGTTGATCTTCCCTCAGCCTCTTGAGTAGCTGGGACTACAGGTGTGTGCCACCATGCCC
AGCTAGTGTITTGTATTITITGTGGAGATGGTGTITTITGCCGCATTGCCCAGTGTGGTCTITG
AACTAGTGCTCAAGAGGCCTGCCTCCTTCAACCTCTCAAAGTGTTAGGATTACAGATGTG
AACTACTGTGCCTGATCCAAAGTCAGATTTITCTITTGCTTACTTAGTCAAGTTCGTCTATG
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CITTTTATTATACTTAATATATTAGTATAGTTACTGTATTAGTATATTAGCATATTTAATA
TATTATTATACTTATCATACTTGAGTATATTGAGTATATTTACACTTTTAGTATATTTGT
ATACACACACCACATTITTATTATTTATCITTITTTITTGAGACAGAGTCTCCCTCTGTCTC
CCAGGCTGAAGCACAGTTGGCTCACTGCAACCTCTGCCTCTTGGGCTCAAGTGATTCTCG
TGCCTCACCCTCCTGAGTAGCAGGGATTACAGGTGTCCACCACCAAGCCTGGCTAATTTT
TGTATTTTTAGTGGATATGGGGTTTTACCATGTTGGCCAGGCTGGTCTCGAACTCCTGAC
CTCAAATGATCTGCCCGCCTTGGCCTCCCAAAGTGCTGGAATTACTGGCGTGAGCCACTG
CACCCAGCCTATTATCTGICTITTGATGGACATTTAAGTTGTCTCTATATACTAGCTATT
GTGAATAATGCTGCAGTGAACATGAGAGTGCTTGAAAACACTAATGTAACATAAAGGTAA
CAAATAATAAATGTCATGIGTTTATCTITGAAAGGAACTGAAATACGACGTTGCTGGAGGA
GAACGGTTTGATTICITTGACAGATCTTGTGGAACATTATAAGAAGAATCCTATGGTGGAA
ACATTGGGTACAGTACTACAACTCAAGCAGCTGAGCAGATTGGAAAGCTCAAGCTTTICTC

CTTAAAAACTTAAAACAAATCCTAATAGAGAATTTTGCAAACATACAGAGGTAGACAGAA
TAGTATCATCAGCCTCCATGTACCCATTGCAGCTTCAACTATCAAATCTTTTTTTTITTTT
TTTTTTTTTGAGACAGTCITACTCTGTCACCCAGTCTGGAGTACAGTGTTGCAATCTTGG
CTCACTACAACCTCTGCTTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAG
CTGGGACTACAGGTGCCCACCACCATGCCCGGCTAGTTTTTGTGTITTTITAATAGAGATGG
GGTTTCACCATGTTGGCCTGGCTGGTCTTGAATTCCCGACCTCAGGTTTTCTGCCCGCCT
TGGCCTCCCGAAGTTTTGGGATTACAGGCGTGAGCTACCACGCCCGGCCCTAAATCTTTT
CTTATTATGATTCCACTCACTGACTGCCGCTATAGTACTTGGAAACATATTCCAGATTTA
TATTATTCCCATATTTATCTGTAAAAGGCATTACAGAGGTTCTTTITTTTTTTTTTTITTTT
TTTGAGATGGAGTTTTGCTCTGTCGCCCAGGCTGGAGTGCAGTGGCGTGTTCTTGGCTCA
CTGCAACCTCTGCGTCCCGGGTTCAAGAGCTTCTCCTGCCTCAGCCTCCTGAGTAGCTGG
GATTATAGGTGGTGCCACTACACCCAGCTAATTTTITGTATTTTTAGTAGAGATGGGGTTT
CACCATGTTAGCCAGGCTGGTCTTGAACTCCTGACCTCAAGTGATCTGCCTGCCTCAGCC
TCTCAAAGTGCTGGGATTATAGGCATGAGCCACTGCATCTGGCCTAAGGCTGTACAGAGT
TTTAAAGCAAGTTTTCATTATAGATCCACTTCTGGTTACCTTTAGGTAACCTCACTTATT
CACTTTIGGCATTGTTGCTATTTCAAATTTCACCTITATGATAGTGGAAAATGATATAATC
TCTCTAAATAATGTGGTCTATTCATAAAGAAAAATAGGCTTGAATTTATATCAGCAGAGT
AAAGTGTATGTGAAGACTGAAGAAAGATACATTTTCTGGCTGAACAGAAAACACGGTGAA
ACGATTTGAAAACTTTTATTGTGAATTACAGGGTCCTATGAACCCTCTGTCCGTGCCTTT
ATGAATATCAACATAGACATGTTTTITTTITITTTITTTTTGCATTAACACCGTTTTICTGTAA
TATTTTCTTTATTITTACATCAACTGCTGTACTCGATCAGCCCCTTAACACGACTCGTATA
AATGCTGCTGAAATAGAAAGCAGAGTTCGAGAACTAAGCAAATTAGCTGAGACCACAGAT
ADMAGTCAAACAAGGCTTTTGGGAAGAAT TTGAGGTAAGTTATTAAAAAACTGTTTTTACG

TGAGTTGTTATATCCTATTTTTAGTGGAGGAGAAGTTGCTCTTGTGTTTGGAATTGGACC
TGAGAGACTTGAAACTGACGTCCTTTTTTAATTICGGCCATTGATTGACACGGAGCAAGTT
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GCTGAGAGGGCTTCTTCGAAACAGAAGAGCATTGTGTTCTGAGGGAAGGGAGTTGGCAGT
GAGTAGTCAATGGATGTGCTAGCCGCTCCATTTGGCTCTTTTGGTTTGGACTGGTGGCAA
AATCTCAGAGAAACAAAAGGATCTAATTTCTTCGAAAGATTTCCAGCATGCACTGGGGTC
TTTAGAAACAATCTATAGCCTTAGTGCAGCAAATGAGTATGAGTAAAAGAGAAACACCTT
GIGGTGGCTTTTTTTTTTTTTTTTTTGAGACAGGGTCTCGCTCTGTCGCCGAAGCTGGAG
TGTAGTGGCGTGATCTCGGTTTACTGCAGCCCCGTCCTCCCTGGGCTCAAGTGATCTTCC
CATCTCAGCCTACTGAGTAGCTGGGACTACAGGCACATGCCCCTATGCCTGGCTAATTTT
TGTATTTTTGGTAGAGATGAGGTTTTGCAGTGTTGCCCAGGCTGGTCTTGAACTCTTGGG
CTCAAGTGATCCTCCTACTTAAGCTTCCCGAGTAGCTGGGACTACAGGCACACGATACCA
TGCCCATCTAATTTTTGTATTITTTTGTAGAGATGGGGTTTTGCAGTGTTGCCCAGGCTG
GICTTGAACTCTTGGGCTCAAGTGATCCTCCAGCTTTGACGTGCCAAATGTGGTGGCTTT
AATTTCAGAGTTCAAATTGATAACTCTGGTAAGTTAAGTGAACTGATTTCTTTTTTITTTT
AAATTATTTTTGTTGATTATACTTTAAGTTICTGGGATATATGTGCAGAACGTGCAGGTTT
GTACATAGGTATACATGTGCCATCATGGTTTGCTGCACACATTAACCCATCATTTAGGTT
TTAAGTCCTGCATGCATTAGGTGTTTGTCCTAATGCTCTCCCTCCCCTTTAATGCATCAG
TGAAAAAGTGATGATAGGCTGGGCGTGGTGGCTCACTCCTGTAATCTCAGCACTTTGAGA
GGGTGAGGCAGGTGGACCACTTGAATCCAGGAGTTTGCCCCCATCCCCAGACAGTGTGTG
TGATGTTCCCCTCCCTGTGTCCATGTGTTCTCATTGTTTIGGTTTTCTGTTCCTGTGTTAG
TTTGCTGAGAATGATGGTTTCCAGCTTCATCCATGACCCTGCAAAGGACATGAACTCATT
CTTTTTTTATGCCTGCATAGTATTCCATGGTEGTGTATGTIGCCACATTTTCTTITATCCGGT
CTATCATTGATGEGCATTTGGGTTGCTTCCAAGTCTTTGCTATTGTAAATAGTGCTGCAA
TAAACATATGTGTGECATATGTCTTTATAGTAGAATGTTTTATAATCCTTTGGGTATATAC

CCAGTAATGGGATTGCTGGGTCAAATGGTATTTCTGGTTCTAGATCCTTGAGGAGTCACC
ACACTGTICTTCCACAATGGTTCAACTAATTTACACTCCCACCAACAGTGTAAAAGCATTC
CTATTTCTCCACATCTTCTICCAGCATCTGTITGITICCTGACTTITAAGTGAACTGATCTCT
TTCCTGAAACTAACTTGGGTTGGAGAATGTCCCTGATGGGAATGTGCTGTGTTCCCATTG
CACTCTTCTATATCACTTACCCATTGACAATGTGATCTCTTTCATTTTCTCCTCATCCAT
TTGACAGAAAACTTCAAAAACAAGGATTCTGGCATATTTACCTTTGCAGTTGTCCCCAGC
ATGTAGCACGGTGCCTAGTACACAGAAGAAACTCCATAAATGTTTGTTGAATGAGATTTA
CATTTAACTCATGTTTACATCATTTTATTTITCCTGTTCTGTTTITATGGGAATGATTATTC
TATGCTTTITGAGGACTACAATTTATAAATATTITGTGGATTGAATGAATAAGTGAATACT
GGGCAAATAAAGTCCTTITTAGCCAGAGTATGTCTGAACAACTTGCTGAGATAGATATGAT
TTCCCATTTTCCAGCTGAGGGGCCTAAGGGAGGTTAAGTAAATTATTCAATCTTCATACC
ACAGTTTITTGTTTTGTITIGTTTTGTTTITITTITCCTCCTGAGACAGAGTCTCACTTTGCT
GCCATACTGGAGTACAGTGGTGCAATCATAGCTCACTGCAGCGTCCAACTTCTGGGCTCA
CGCCATCCTCCCACCTCAGCCTCCTGAGTAGCTGGTACTACAGGTGTGCACCACCATAGC
CGGCTAATTTTTCATTITITGTAGATATGGGGTCTCACTGTGTTACTCAGGTTGGTCTTG
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AACTTCTGAGCTCAAACAATTCTCCTGTCTTGGCCTCTCAAAGTGTTGGGATTACAGGTG
TGAGCCACTGTGCCCGGCCCATACCACAGATATTGATTGAATTCCAGCAGTGGGGAGGAG
TGTGGAATAGAACATTCTCAGTCCTTGCTCAACATTACTGAACAGAGACTTGAATTTGAG
TTTATTCTCTCATCCCAGGCTTICGCGTTAGGCTCTGAAGACACTAGTGAACAAGACAGAC
AGGGTTACTGCCTTTAAAGGGAGCTTTTAGTTGAGAGAAGGAAAACAGTGATGAAAAGCA
TCAGTGAAAAAGTGATGATAGGCTGGGGCGTAGTGGCTACTCCTGTAATCTCAGCACTTT
TAGAGGGTGAGGCAGGCAGCTCACTTGATTCCAGGAGTTTGAGACCAGGCTGGGCAACAT
GGTAAAACCCCGTCTCTACAAAAAATACAAAAAGTAGCTGGGTGTGGGGGTGCGCACCCA
CAGTCCCAGCTACTCTGGGGGTTGAGGTGGGAGGATTGCTCGAGCCTGGGAGATTGAGGC
TGCAGTGAGCTGAGATCACGTCACTGCTCTCCAGCCTGAGCAACAGAGCCAGAACCTGTC
CCAAAAAAAAAAAAAATTGATGATAAACATAGTGAGACAGAATTTTGAAATCTCAGCCTC
ACTGTTGCCTTCCTTGTICCCCTGCCTGCCTAAATAATAAAAGGCAGCATTTCAGCAGTCA
TTCATTTCATTACTTTCACTTCATTTCACCTTICATAAAGCCTCATGAGGTAAGATGGGAA
GATACAGAAGTTTTAGAAACCGCTCATCAAAATTGAATGGAAAGCCGATTGTTCCAAAAC
TTTTTAGTGTGGAAAATTTCTATTATATGCAAAAGTAGAGAGAATGGGATAGTTATAGCA
GTATACCTGACACCCAGCATTAACAACTGTTGATAATATGGCCAATCTITTTTCGACTCTG
CCCCACTCACTTCCCCAGCCCTGACTTGTCTTGAAGCAAATACTTITTTITTTTTTTTTTGA
GATAGAGTTITTGTTTTGTITTGTTTTTTGTTITTGAGATGGAGTCTCACTCTGTCCCCCA
AGCTGGAGTGCTGTGGCTTGATCTTGGCTCACTACAACCTCCGCCTCCTGGGTTCAAGTG
ATTCTTGTGCCTCAGCCTCCTGAGTAACTGGGATTACAGGTGTGTACCACCATGCCCAGC
TAATTTTTGTATTTTTAGTAGGGACAGGGTTTITCACTATGTTGGCCACGCTGGTCTCAAA
CTCCTGACCTCAGGTGATCCGCCTGACTTGGCCTCCGAAAGTGCTGGGATTGTAGGTGTG
AGCCACTGCTCCCGGCCTTGAAGCAAATCTTAACACATCATTTCGTCTGTAACTATTTTA
TTTCAAAAAATTATAACCTGAATAGCATTATCATATCTAAAACTATTAACAGTATTTCCT
TAATATTAACACATATCAGTCACATTTTCCTGATTGCTACACACACACACACACACACAC
ACACACACACACTTGCAATTTGTIGTITTTTITCTITTITTAGATGGATCTCACTCTGTTGCCC
AGGCTGGAGTGCAATGGTGCATTCTCAGCTCACTGCAACCTCCACCTCCTGGGCTCAACT
GATTCTCTTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGGTGCCCACCACCTCACCTGG
CTAGTTTTTGTATTTTTAGTAGAGGTGGGGTTITCACCATGTTGGCCAGGTTGGTCTCAAA
CTTCCGACCTCAGGTGATCCACCCACCTTGGCCTCCCAAAGTGCTGGGATTACAGGCATG
AGCCACTGTGCCCAGCAGCAATTTGTTTGAATTGGGAGTGCTTITCTTCCACCTTGATTAT
GAAAAAATTTCAAATGTGTATAAAACAGATTCATATAAAGGATCCTGATATGCCATTATC
AGCTTTATCAATTATCCCTIGTCATCATATTTTTTATTTATAAATATTTCAATATTTGTGG
AATCCTTAAAAATGCATCACATAACCCAACATTGTTCATATTATACCAATTGTCTTATAA
TTTAAAAATATTTTGTTCAATCATTTTTCAGATAAGCTTCACACACTGTGGTTGGCTAAG
TCTCATAATATTTCTGTTGTAAAAATCTTAAGTCTGGGCGTGGTGGCACACGGCTGTCAT
TCCAGCACTTTGGGAGGCTGAGGTGGGCGGATCACGAGGTCAAGAGATCGAGACCATCCT
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GGCCAACATGGTGAAACCCGGTCTCTACTAAAAATACAAAAATTAGCTGGGCGTGGTAGT
GCGTGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCAGAA
GGTGGCAGTTGCAGTGAGCCGAGATCGCGCCACTGCACTCCAGCCTAGAGACAGAGTGCG
GCTTCATCTCAAAACGAAACAAAACAAAACAATCTTAAGTCTCTTAGAATACTTTGATGC
CCCTTCCATCTCTCTTTTICTGTCTTCCTTCCCCCTCTCCCTGTCTTTITCTGCTGTTGAA
GAAAGCAGATCATTTGTCCTGAGAGTTACTTATAGTCTGAATTITTGCTGAGTGCCTCTCT
GIGGTGGACTTAAGCATGTATCCATCCCTTATATTTCTTGTAAGTTGATATATCTAGAGA
CTTCATTGGATACAAGTTTITCITTGGCAAGATAGCATGTATGGTGGTGTATCAGGAGGTG
TTTATGTCCTGTITGTTTICTITCTICTGATTTTCTTAGCAGCTCCTGATCATTATTACTTAGA
TCCATTAATTCATAAGGGACTATATGGTAGTGATATTGTAATTTTATCATTCTTCTTCAT
TTGTTAGGTTGGCATATTTCTATAAAAAGCTTTTCATCGCCGAGGGTTGATTTTTTCCTT
CTTACTAAGCAGTTTTCTITTCTTTTTCTTITITTITTTTTTTGAGGTAGGTCTCACTGTG
TTGCTCAGGCTGGTGTGCAGTGGCGCAAACACACAGTTGCGAACTCTTGGGCTGAGGTGA
TCCTCCTGCCTCAGTTTCCTGTGTAGTTGGGACCACAGGTGCATGCCACCATGCCTGGCT
AATTTTTTGATTCTTTTIGTAGAGATGAGGTCTCACTTTATTTCCCAGGCTGGTCTTGAAT
GICTGGGCTCAAGCAATCTTTCTACCTCAGCCTCCTGAGTAGCTGGGACTACAGGCACAT
ACCACCATGCCCAGCTAATTTTTTAATTTTTATTTTTAGTAGAGATGTGGTCGTATTATG
TTGCTCAGGATGGTCTCGAACTGCAGAGCTCAAGTGATCCTCCTGCCTCAGCCTCCCAGT
GIGCTGGGATTATAGGTGTACTACAGGCAAGAGCCAATGAGCCTGGTCAGATTTTTTTTT
CCTGATTTGAAATCTGTITATGGGTTCAATTGATACTTCCAAATCAAACTCAGGGTTTCAG
GATTTTTACTAACCTCATTGATCTTACCCATGTATCTCCTTTCTCTAATGCCAAAAATCC
TACTTCTTGAAGCCATAATAAGATTATTCATTTGTITTTATCCCACATTACACACAACAAT
CTTAGAATAATGACTTCCCAATAATATGATTACTGAAAACAGTTTAATTTTTTTTGCGCT
TTTCAAAAAAATCCTTCAGAGATGTGTAGTCAAGTTACTGTATTCTGCTGGGCACAGTGG
CTCACGCCTATAATCCCAGTACTTTGGGAGGACAAGAAGGGAGGATCGCTGGACCTCAGG
AGTTTGAGACCAGCCGGGGCAATATAGTGAGACCCTGTCTCTACAAAAGAAAATTAAAAA
TTAACCAGACATGGTGGCATGTCCCTATAGTCCCAGCTATTGAGAGGCTGTGGCGAGAGT
AGGCTTAAGCCCAGGAGTTTGAAGCTGCAGTGAGATACGATTGTGACACTGTACTCTAGG
GTGACAGAGCAGGGACCCTIGTITTTAAAAAAAAAANAATGAAAAAACTTCCTGTGCCTTAG
ACTCATTTGTAATCGTCCTTCTCTCTGTGTGGCTATATGCTAACTGGGTATATGGTTAGT
TTATTTGTTITCATTTAAAAAATCTCTTTCTGTTAAGTTTTATTTATAATTACACAAATAC
TGGCTTITGATAGTCAAATTGAAAAAACAAAGTGTATTCAAAGAAGTCTACCTTCTATCCT
TGTCCTITTCCTATGTTTTAGCCATAGTATAAAAAGTTATGGTTTATCATTATATTTCAAA
AATATAAGAAGATATTCCCATATCCCACTTITTTCTTAAACAGTAGCATAACTTTACATAC
TTTTTTCTAACCTTGCTTITTTAAATATCCTGGACATCCTGGATATCCATAATAGTGTCT
AGAGATAGTCTTCATTCTTTTTTTACTGTATAGTAATCCACTGTGTACTTGTACCATAGT
TTATTCAACCTATTGATGGGCATTTGGGTAGTTTCCAAATGTATCACAGAGAGGATTACA
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GTGAATAGCCTTGTGTATGCATCCTGCTTTACTTTITGCTGACTACTGGTAATATTAACAT
TTTTTATGTTCTGTATTTAAAAAATGGTGGTTATTATTCATCTATAACTTTTATTATACA
TGACTTITGGTTAGCATGCTTTAACCTTTTAGCATAACATTTGCAAGCTACTTGTTTTAAT
TAAAATTTTGGTTAAATGTAAAAAATAGTGAGCTATTTTGTAATCTAGATTCAATAGAAT
CTTATACTTICCTTTACAAATGATAGCTGAGTTGATCATTTGTGTAAATGACTGTGAACTT
AAAAATTACAGCATTTITTAAAATAAATTTITTTTAACATTTTAAAATTATTTAAAATAAT
AGACACACAAAGTAAAAAGAGAAGAAAAAAAAAAGAGACAGGGTCTTGCTATGTTGCCCA
GGCTGGTCTCAAACTCCCAGGCTCAAATGATCCTCCTGCCTTGGCCTCCTAAAGTGTAAG
CCACCACACTTGGCAAAAATTAGTTTCTTTAAAACAAAAACATTACAGGTTATCTGGTAC
CATGGTAGCTTCTTTAACACTAGGTTCACTTAGAACAAAGCTTAGGAACAAAGTCAGACT
TTCACAAAGAGCTTGTGTGGCAATGGGGTATTTTITGCAAATTCCATTGGTGGGGTCAAG
ATGTGAGTTTAGAAGGAACTCTTAGCCTGACTCTTCTGGCCATGGAAAAAGATGGTTGCT
TCTAAATGCTGACCTGGTGATTTTACACTGTCACATCTCAAATTGTGGTCATCTTTTATA
CATTATTAACAACAAAAGGGAAAAATTGAGTTGACTTTAAGAGGAAGTGGAAAATAACGA
GATCACATCTGTACTCTACAGGCTCTCCACAGAGGTCAGACTGAGGTGGTAAAATTGTTG
TGCACTAAATTAGGGCATTAACGTTTCATGGAAACTGAAGCTATATCTAAATAGCTGATG
GCCTGCTTTICTAGATCTCCTATATACCTGCTICTCAAATTCAGTCTGTTTTAAAAAATTG
CCCTTTGAGGTTGGAACCAGCGAAATAAGGCTGAAAACAGAATAAGCCATTATTGAAAAA
ATTAGGAACTTGGAAGCAGATACTCATAATCTAAATCCTCTGAAGCTAAAGTTTGATCCA
CAATAGCAAAGCATTATCATTITAGTGATTGTACCTTAGTTGTTTICCTGGCAGGTGATAA
ATTTGGGATCACTTTCITCTITACAGTGTGCTCTGATAGTCTTTAAAACAAACCAGAGCTC
TAAATTGTAATGCCATTGGTAATTTAACTCTGATTITGTCTCTATGCCTGTCTCCTGGTGT
TCTGTAAAATTCTACACGTICATTTCAGGTATCACTATCCAGAAGACGTTACTTTTGCCTT
TGATGCACTTTAAAATGTGAAGTCTCTTGTGAAGCTCTTTGGTTATTTITCTCCTTTGCTG
CTGAAATAAATTCAGGTTGATGATTTTCTTGTAGGATATGTTGTGTGATCTAGACATTGC
AAACCCAAGTCTTTGATTTTTTTTTCCCTACAGATTGCCTGTTITCTTTTTTATTTTAATT
TTTATTAGTTATTATTATTTTTGAGATGGAGTCTCACTCTGTCACCCAGGCTGGAGTGCA
GAGGTGTGATAGCTCACTGCAACCTCCACCTCCCGGGTTICTTGTGCCTCAGCCACCCAGG
TAGCTGGGATTACAGGCACGTACCACCACTCTCAGCTAATTTTITITGTATTTTTAGTAGG
GATGGGATTITCTCCATGTTIGGCCAGGCTGATCTCAAACTCCTGACCTTAAGTGATCTTCC
TGCCTTIGGTCTCTGAAAGTGTTGGGATTACAGGTGTGAGCCACTGTGCCTGGCCAGTTAT
TAATTTTTTTAAAGAGATGGGGTCTCACTATCTTGCCCAGGCTGGAGTGCAGTGGCTCTT
TACAGGCACTGTITGTAGTGCACTGCAGCCTTGAACTCCTGGGCTCAAGTGATCCTCCTGA
GAGGCTGGAATTACAGGCACACACCACTGTGTCCAACAGATTGCCCATTTGTGATCTGTG
TAAATATCTCTCACTTCCIGCAGTATCTCTGCTCAAGAATGTAAAGAGATGGATAATATT
TTTAGATTTGTTGAAACAAAGTAAAGTTCTGCTCAAATGAGAATGACACTAACTAAATGA
AAAGGCCGGTTATAATTCTGTAATTTTGTGCCTGCAATGTGTGTGTTATTGTACACTTGA
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ATCGGCCCTGTGCATTGTGGCGAGGTGCATATTGCATGGTTGTATTGAAAAGGTGCTTGG
GCCGGGCGTGGTGGCTCACACCTGTAATCCCAGCAATTTGGGAGGCTGAGGCAGCTGGAT
TACCTGAGGTTAGGAGTTCAAGACCAGCCTGGCCAACATGGTGAAACCCTGTTTCTAGTA
AAAAATACAAAAAATTAGCTGGGTGTGGTGGTGGGTGCCTGTAATACCAGCTACTAGGGA
GGCTAAGGCAGGGAGAATTGCTTAAACCTGGGAGGCAGAGGTTGCAGTGAGCTGAGATTG
TGCCACTGCACTCCAGCCTGAGTGTATCACAAAAAAAAAAARAAAAGGTTTTTGCCCTICT
CICTGTGCCTGCTGCTCCCTGTTGAGTCCTATAGGCCTGAGCTGCCAGGGGGTACTGTGG
GCTGAGACTGGACATTGCAACCGACTGCAAGGCACCGTGGGACCCAGGTTGTGGATGGAC
TGTCTCTCGGGCTTTCTTCTTTICCATTCATCTTCCTCCTCTAACTCCCCTCTGTATCCAG
TATCCTITGCTCTCCATACACCTGCTTCATTICTTITITCCTTCAGTAGATTTTTCTGCTTCT
TGACTTACAAACCCTACTTICTAGCCCCTTTCAGATATTGAAACTAGCAACTTTCAGGCTT
TGTACCAAAGTCTCAGAGATTCTCATTGACTCGGATGCCATCCATCTCTAGTCCAAAGAA
CAATGTCAAGGACATGAACATGTGGAACAAAAGTGTCTGCTGTGGACACCTTTGGGGAGA
AATAGTTTTCAGTGATGAGGGTTGTAGTGAGTTGGGCAGATATCCCAAAAATATCTGCCA
AAAACTATAGACACTTCTGGTTGCAGTGACTTATTCCTTCCTTCATTCAGCAAATACTGA
TTGAACACCGACTGTATGTICTGGATCTATTCTAGGTTTTGGGGGTGGAGCAGTGAACAAA
TCAGTCTTTATCTTTATAGAGTGTACAGTCAAGTGGGAGAGACAGGCAGTAAACAAAGAA
ACAGTTCAATATTCAATCTGTGAGATGGTGATAAGTGCTACAGAGAAAACAAACTAGTGT
AAGATAAAAAGGGTGTITTGATAGGCCTTTACTATTTAGGTCTCTTTGATAAGGTGGCAT
TTGAACAAAGCTCTGAAGGAAATAATGGAGCCAACCATGCATATAACCTCAGGGAGAACA
TTCTAGGTAGAGGGAACAGCAAGTGCAAAGGCCCTGAAGTGGGGGTTTGTTTACCTTGTT
GCACAATCTGCACACAGGCCAGTACAATTGGAATGGATGGGAAATGTAAAAGAGAGAAGT
TGAAAAGGCCAGGTGCAGTGGCTCATGCCTACAATCCCAGCATTTTGGGAGGCTGAAGTG
GGAGGAATTTGAGATCAGCCTGGGCAACAGAACCAGACCTCGGGCTAATTTTTGTATTTT
TAGTAGAGACAGGGTTTCACCATATTGGCCAGGCTGATCTCAAACTCCTGACCTCAGGTG
ATCCTCCTGCCTCAGCCTCCCAAAGTGCTAGGATTACAGGTGTGAGCCATGGCCCCCAGC
CGTATCTITTGTCTTAAAAAGTAATCTCTGTGCTTGGTAGGCCAAGAATTTAAAATATAAA
AAATTTAAGAAAGAAAAAAAATAAGTAAAGTAACTATACAGGTTGGTCTGGCCGTAATGG
TGAGTGTCATTATTTTTICTTCCCTAGGTATTTTGGCTCTGTTGCTCAGAGCAGTGCAGGC
GAAATGGTCATTAGGGCATCGTCATGGTGCCTGGGGATGCCTGGCTCAGCCAGTTTATTT
TCTGTCTGCCTCTCTCCTIGGTCCTTTTCCTCCACTTTCATTCATGAAATTCTAGTCAAG
AGCTGGGTCCAGTGGTTTTCAATCCAAGGGCTTTGGAAGCCTCTGGGGTCTATTTTGGTC
ATTGCAGTCACTGGGCTGCTGCTCCTGGCATTTAGGTTGGCAGGGGTCTGGGCTGGGAAG
CAGGAATGTTCAGTGGCCATAAATGTAAGGGTTGGTCTTACATTTACATAAGGGAGACAA
TGAAAACTTAACTCCTCCACAGTAGTGGAGTAGTGCCGTTGGGTACTCACAGTCAGTAGT
GCCGTTGGGTACTCACATGTACAACATGGATCAGGACATTGACTTTCTGTGGATACCTTT
TAATAGTTTATTAGATGTGTTAGGCTGTTTTGCACTGCTCTAAAGGAATATCTGAGTCTA
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GGTAATTTATAAAGACAAGAGGTTTAATTGGCTCATGGTTCTGAAGGCTGTACAAGCATG
GCTCCAGCATCTGCTTCTGGTGAGGGCCTCAGGAAGCTTCCGGTCATAGTGGAAGGCAAA
AGGAGGGCAGACGATCACATGGCCGGAGTGGTGGCAAGGGTGGGGTGGGAGCCACGCTCT
TTTTTTAATTTTATTTTAATTTGAGACAGTGTICTCACTCTTTTGCCCAGCCTGGAGTGCA
GTGGCGTGATCTCAGCTCACTGCAGCCTCTGCCTCCCAGGTTCAAGCAATTCTCCTGCCT
CAGCCTCCTGAGTAGTTGGGACTACAGGCGCGCATCACAATGCCCAGCTGATTTTTGTAT
TTTTAGCAGAGACAGGGTTTCACCATGTTGGCCAGGCTGGTCTCGGACTCCTGATCTCAA
GTAATCCGCCTGCCTCGGCCTCCCAAAGTGCTGGGATTACAGGCATGAGCCACTGCGCAC
GGCCACCACACTGTTTTAAACAACCAGATTGCACGTGAACTTAGAGTGAGAACTCACTGT
GAGGATGGCACCAAAACATTCATGAAGGATCCACCACCTTCCTTTAGGCCCCACCTCCAA
CACTGGAGGTCATATTTCAACTTGAGATTTGGAGGGGACAGACATCCAAACCGTATCATT
AAATTTAATAGTTTTATGCAGTTTTTTTGGCTCTAGATCTGTTTAGACTCCTGCAGTCAG
GIGTCTGTAACTAGCCTCTGGTCCTTTTTGAGAGTTCACAGTTTGGTGCAAACCCTTTGG
ATGTATTATTTGGGAAAATGGGATATCTGGCAGCCTGTGTCCCTGCTTTACATTATCCTT
TTTGCTGCCTGCCCCAAGCCTCCTCATTAGCATCCCTGCCAAGGCCAGTGGAGAAGGATG
GAGATGCGGTGACATTCAGCTTGACAGGTCATTAGCAGCTTTTGTGCCCTAGGGACTGCT
GGTGGGAGGGAGGTTGTGGAAGATAAACCCTGACAGGAATGTATTCTCCTCGAGGGCAGG
GITTATTTGATATTTTTCTGGAGCTTAGAACCATAAGCCTGGTGCTGGGGAGGAAGCGCC
CTTAGCATTTGGTAGCCTCTGTGGGCAGAGCATGGAAAGTCACAACTTICTGAATTGTTTG
TATTTTCAGTCTCACTCTAGATGGATGGCATCTTCTGCTATGGGAAATGAAATATGTTTA
GGCAACTTGAGTCCCAGGTGCAGATGAGGCTGGGCTAATTGGTGCACTAGGGAAGGAGCC
GGGGGAGAGATGTGCTGTTAGCTATTATCAATCTGTGACAACTGTCAGCTGCTGGCAGTT
AGCACCCACCTGAGCCTGGGATGCAGGGGTGCCTCTCCTGTCCTCTGTGGAAGCCTCTGG
ACCCAGCAGCCATCTTGACTGTGCACTGTTCAAGCCCCAAGTCCGCCTGGAAGAGGTGAT
TGAGAACTTACTGCAGGATAAGGAAAGCGCAGGACAGGTGCAGTGGCTCACGCCTGTAAT
CTCAGTGCTTTGGGAGGCTGAGGCCGGAGGAGGGCTGGAGTCCTTGAGTGCGAGACCAGC
CTGGGCAACATAGTGAGACCCTGTCTTTACAAAAAGGAAAAGAATTAGCCAGATGTGGTG
GTGCGTGCCTGTAGTCCCAGCCACTCAAGAGGCTGAGGTGCGAGGATCACTTGAGCCCAG
GAGTTTGAGGTTACAGTGAGCTATGATCATACCACTGCATTCCAGCCTGGGTGAGAGAGC
ATGACTCTGTCCCAACAACAAAAAAAAAGATTAAGGGAAGCCTCTGGCAGACCTGATGAT
GGGTGGCCCAGCCAAAATGAGTATTGATGAGGATTTCCCTGGTCTGGAACTCTGAATTTA
GICTGGCAAAGTATTCCCTITTGTGTTGTGAGATGATTCTTGGTGTTACCCCATCACGGTA
GGTAAGATGAATTAGCAAATGAGAAAGGCTTICTCTTTTTCATCCTTATCTAGTCCGTAG
ATGAAGCCTGAAGAAGGTCTICCATATGGTAGTAGTAAGTGTTTAACATCTACCTCTAACA
CTTGCCTGTIGTCTTTTITITTTITGCAAAGCCTCAGGAATGCCCCAGTATCTAGGTAGAAT
TTGATAATATTTCATTTTIGTTATATTCCCTTITTCTGTTTACCTTICTATATACAGCAAAA
TGAAAAAATTTTTAAAATTTGTGCAAGTAAGGGCAATTTCTTTITTITCTTTTTCTTTITTTT

35



WO 2016/115179 PCT/US2016/013113

TTGAGACAGGGTCTTGCTCTGGCACCCAGGCTGGAGTGCAGTGACACAATCTCGGCTCAC
TGCAACCTCTGCTTCCTGGGTTTAAGCGATTCTCCTGCCTCAGGCTTCCAAGTAGCTGGG
ATTACAGGTGCCTGCCACCACTCCCAGCTAATTTTCATATTTTTAGTAGAGACCAGGTTT
TGCCATGTTGACTGGGCTGGTCTTGAACTCCTGACCTCAGGTGATCCATCCACCTTGGCC
TCCCAAAGTGCTGGGATTATAGGCTTGAGCCACTGGGCCTGGCTGAGGCAGTTTCTTTTT
GAAATATATTTTGTGAAGGAGAAAAAGAGGAGTTCAGTTTAAAGAAACAAATGACATAAG
AGGTGGTATGCAGAGATGCCAAAGCATCTTGAAGGTGCTTTTITTTTTGGAAACAGAGTC
TTGCTTCATTGCCCAGTCTGGTCTGCAGTGGTGCAATCATGGTTCCCTGCAGCCTTGACC
TTCTGGGCTCAAGTAATCCTCCCACCTCAGCCTCTCAAGTAGCTGGGACTACAGATGCAT
GCCACTATGTCTGGCTAATCTTITAAATTTTITTGTAGAAGCCAGCTCTCACCATATTGCCC
AGGCTGGTCTTGACCTCCTGTCCTCGAGCAAAAATACCGATTTTGATTAAGTCTGGGGTA
GGACCTGGGGCTGGGATTCTAACCAGCTCCCAGGTGGTGCTAATGCTGCTGGTCTACAGA
CCACACGTGGAGTAGCCAGTGTAGAGTTCATGTAGCAATAGTGATGTCATAGAAATAGCC
AGTATCTGTATACTTGCTTTGTTGTATGTCACGCACTGTATAGTGATGTACATGCATCTC
ATTTGACCCTCACCCCGCCCCTTTGGGGGTAGAAAGGATTGTGCTCATTTCACACTCAAG
GAAACTGAGGCACAGACAGGCAAAGTAGCTTGGCGAAACAGAAAGGAACTTAGAGGCAGG
CCCTGATTAGCTCAGAGACTAGAAGGCCTTGTGCGTCATCCTGAACAGCTTGGACTTGAT
CTTGAAGGTGGAGGGAGAAATTGAAGGGTAATTAAACAGGAACTGTAGGAAATTCACCTT
GCATAGTGATTGCTTTGGCCACGTGTGCCCTGCCACCGCCCCCCCACCTCAGTGAAGTGT
CATGCGAAGTTGGGTTCGTAAATGAAGGCCCGAATGCTTTCCTGACAAGTTTGTTTTAAA
TCAAGCTGCTAATTAGTCCCAGTCCCCCTCCCCCGGTATGTATTTITTTTGTTGATGTCGT
TTCACTTCATTTAGTTGAAGTGATTGATTCAGTITCAGTGTTTGAACTTCTTTTTGAACCT
CACCTTAATAACCTGTCTAAACATCAAGGTTAAACCTTCTTGCTAACACAGCAGTATTGC
TTGGTAAGACTGGCTCACAGTCCAAGGAAATGCTTGCCCAGAGAGGGCAAACTGCCTTAA
CTCCTTAACCTGAGCTCATTAAAAAAAATTCAAATGACTGATTCCTTGTCACAGTTCTAC
CTACATTGTITTITTATTTTIGTCCAGGTTTCAGCTAGTTAAATGCTTTTGTGATGAGCTTA
TGTCCAGGCTGAAGGTTGCATTTTGAAACTGAGCGTCAAATACCAATTTAAAGTCCAGAC
CTTTACACTTGTGAAATTCAGATAAATGAAATGGAAATAAAACAGGGCTGCTGTGTTGTG
AAATATGACTGTIGTTITITCCTTGTAGGACTCTITGAGGGTAGCCATTTTGGCATTTTATA
TATAAATTTTCTTTTCTTAGCCTACCTTTTACTTICTTGATTTGCCTATTTGTGATTTCC
CATTAAACACTAGGCTTITITGTAAACCAATTATCCCTTGAAATTGACTTTTTTTTTITTTT
GAGACAGGATCTTGTTTITGCCACACAGGCTGGAGTGCCGTGGCTCCATCATATGATAAAC
AGAAAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGACCCTGTCTTATTTAAAACA
AAAAAAGAAGAAGAAAAAAAGAATATAGATCACAGCTGTTATTTGTATATGCTACGCCAA
TCCTTGTTGGGTTTCATTCTTTATAATTGTTATTTTTAAAGATTTTTCTTATGAATATTC
TATTGTTTCATTGTAGAAAATTTAAGGGAGAACACAGTGGGAAAAAAAAAACAAGAAAAG
GACTTCATAATCCTGCTACCCTGGGAGAAAAAAAAAATCACCATTACCTATTTGGTTCTT
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CICCCACTITTITTTITTITICGAGATGGAGTCTCCCTTTGTTACCCAGGCTGGAGGGCAGG
GACGTGATCTTGGCTCTCTGCAACCTCTGCCTCCTGGGTTCAAGCGATTCTCGTGCCTCA
GCCTCCCGAGTATCTGGGATTACAGGGGTGTGCCATCACACCTGGCTAATTTTTGTATTT
TTAGTAGAGACGGGGTTITIGTCATGTTGGCCAGGCTGGTTTGTTGGCCATGTCTGGTTTT
TTGTCATATTGGCCAGTCTIGTITGTCATGTCAGGCTGACATGTITITGTCATGTTGGCCAG
GCTGGICTITAACTCCTGACTTCAGGTAATCCTGAAGTGCTAGGATTATAGGCGTGAGCC
ATTGCACCTGGCCTTCTGCCTTTTTTTTAAAGAAAAAAAATTAAAACATTTTTTTCTTTT
TAAGATAGCGTCTCATTITTIGTTGCCCAGGCTGGTCTTGAACTCCTGGGCTCAAGTGATCC
TCCAGCCTCAGCCTCTGGAGTAGCTGGGACTACAGATGCACATCATGGTGTCCTTATGCC
ATTTCTTTTGTACGTAGGTGAATGCAAGTGTATGATTACATCATATGCTATTTTGGAGGT
TTGACTTTCTTTTCACTTTICATCATCTTTCCAAGGTGTTATTTITCCTAGTACATCTTTTT
AAATGGACATAGAACATTCTITTTGTATGAACAAACAATAGTTTITATTTAGGCGGTCCTTT
CCTGTTIGGACATTTATATTATTITTCAGCATTTICTCCACAGTTGTTGCAGCATTCAGATGA
ACCTTCTITTITTTITTTTITITTGAGACGGAGTCTCGCTCTTTCGCCCAGGCTGGAGTGCAG
TGGCACAATCTCTCCTCAAGTGATTCCTGTGTCACCCTCCCACGTAGCTGGGATTACAGG
TGCCCATGTCTGGCTAATTTTTIGTGTTTTTGCGTAGAGCTGTGGTTITTACCATGTTGGCCA
GGCTGGTTTCGAACTCCTGCCCTGAAGTGATCTGCCCACCTCAGCCTCCCAAAGTGTGGEG
GATTACAGGTGTAAGCCATCACGCCTGACCCAGATGAACATTCTTGTAGCTATCGCACAC
AATTCTGAACATTTCCTAGGATGAATTCCTTAAAGAAGTAATGCTGATCCAGGCTTTTTT
CTTTTTCTGTGACTCTTTGACACGTAATAATATTGACTTTTCTTITCTTTCCAGACACTAC
AACAACAGGAGTGCAAACTTCTCTACAGCCGAAAAGAGGGTCAAAGGCAAGAAAACAAAA
ACAAAAATAGATATAARAACATCCTGCCCTGCTAAGTATCAATATTCCGCTCAGTAATAGT

CACTCTTGGAGATTTTGATTCCTAGCACCTCTGTACCTTTCCTCAGGGTCGTGTGCTCTT
GTTAGCACATCGGAGGCCTITAGCTTCTTTAATTGCAAGCAGTTTCCAAAATAATCAACCA
TGGTGGGTGTTGATGACTTCATTCACTGAGCTCCCGTGATGCTGATTACTGAGTAAAGTT
GCCACTAGGTGGCTTTGTCTGTGGTTGGTTCCTTCTGTTAATTAATTTTCTGTCTGCCCA
AGATAGATCATCTCAAGGCTTGGGATCTCTCAGTGTCAGGGACCTTAGGGTGCCAGATTT
GIGTCTTGACTCCTCCTCACTGGGCCTGTGAGTCCTGGGTAAGGCCTGCCTCCTTTCTGG
GACTCAGTTCCCTTAAGTGGGAAACAGACAAACACCTCCTGAGGGCTCCTAGAACTGTTC
TGCTTGCTGATCCCCTGAGCTCAAGTTACTGGAGAAAGGGTATATACCTAAACTGCTCAG
AAGAAGACTTTGTGGGCCGGGCGCAGTGGCTCACACCTGTAATCCCAGCACTTTCGGAGG
CCGAGGCAAGCGGATCACCTCTGATCAGGAGTTCAAGACCAGCCTGGCCAACATGGTGAA
ACCCCATCTCTACTAAAAATACAAAAATTAGCCATATGTGGTGGTGTGCGCCTGTAATCC
CAGCTACTCGGGAGGCTGAGGCGGGAAATTGGTTGAACCCAGGAGATGGAGGTTGCAGTG
AGCCGAGATGTGCCATTGCACTCCAGCCTGGGTGACAAGAGCAAAACTCCGTCTCAAAAA
AAAAAAAGGAAGACTTTGTGAATATTCGCAAAGCTGTAAAGCTGTACCTTTCAATTTTTT
TTTGAGACATAGTCTCACTCTGTTGCTCAGGGTGCAGTCACAGCTCACTGTAGCCTCAAC
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CTCCTGGGCTCAAGCGATTCTCCCACCTCAGCCTCCTGATTAGCTGGGACAATAGGCAGG
CACCAGTACACCTGGTTGATTTTACAGTTTTTCTGTAGGCCGGCGCAGTGGCTTACGCCT
GTAATCCCAGCACCCTGGGAGGCCGAGGTGGGCGGATCACCTGAGGTTAGGAGTTCGAGA
GTAGCCTGGCCAACATGGTGAAACCCCATCTCTATTAAAAATTACAAAAATTAGCTGGGC
GTGGTGGTGGATGCCTGTAATCCCAGCTACTTGGGAGGCTGAGGCTGAGGCAGGAGAATC
GCTTGAACCTGGGAGGCGGAGGTTGCAATGAGCCGGAGGTGCTATGTGCACCACTGCACT
CCAGGCTGGGCGACAGAGTGAGACTCTGTCTCAAAACAAAAAACGATTTAAAAAATAATA
AAATTTTTTCTAGGGCGGGGTCTCCCTATGTTGCCCAGGCTGGTCTTGAACTCCTGGGCT
CAAGTAGTCCTCCTGCCTCAGCCTCCCAAACTGTTGGGATTACCAGTGCAAGCCATTGTG
CCTGGCTGTACCTTCTGTAACACCCAAATGCCACCTGGCAAAGCCCAAGTTGAATCATGA
GGAAAAAAGGCCTGGAAGGATGTAGACCTTCCTITITTTCTACTTATTTATTTATTTATTT
TTGAGATAGGGTCTTACTCTGTTGCCCAGGCTGGAGTGCAGTGGCATGATCATGGGTCAC
TGCAGCCTCAACCTCCCGGGCTCAAGTGGTCCTTCCCACCCCAGCCTGCAATGTAGCTGG
GACTACAGGCATGTGCTACCATGCCCAGCTAATTTTTGTATTTITTITGTAATTATTTTTTT
TGTAGAGACAGGGTTTCGTCATGTTGCCTAGGCTGGTCTCGAATTCCTGGGCTCAAACGA
TCTGCCTGCATCGGCCTCCCAAAGTGTTGGGATTACAGGTGTGAACCACTGTGTCTGGCT
ATATCTTCTGTAACACCCAAATGCCACCAGGCAAAGCCCAAGTTGAACCAGGAGGGAAAA
AGGCCTGGCAGGATGTAGGCCTTGCATGAGGATCTCAGAAACTGCACTAAACCAGTCACA
GITTCCICTCTCCCGAGGTCTAACTCTATGCTGAACTCTTTGCATTTTTATCTCACTTAAT
CCATATCACATGCACAGGAAGGAAGCATTCGTAGTATCCTGGTTTICCTAGACCATTTTAG
CAAGGTTATAAGTGAAGGGGAGTGGGTGGGAGAACTGGCACTAGAGCCCCCAAAGTCACT
GTTCTTAGCACCACTCTAATGCATGGGGTTCTCCATTGATGTGCTATGCAAGGCAGTGCA
CTGAGGAGAAAGGAAGGAACATTTACAACTTCTCTITTATTTATATCCTGTCCCTAAAAAA
AAAAGAAAAAGAAAAATTTGTCTGAGGCCTAGATTGATTGCAGGGAGTGCATAATGTTTT
ATTGATTGATTGATTGATTGTATATAGAGATGGGGGGTCTCACTATATTGCCCAGGCTGA
TCTCGAACTCCTAGGCTCAAGCAATCCTCCTGCTTTGGCTTCCCAAAGTGCTGGGATTAC
AGGCATGAGCGACTGCACCTGGCTATGCATACTATATTTATCCAACTTACAAATAAGGCT
TGCTTGCCTGTAGTGCATATGTGTATACATTTICAGCATAGAAAAACTGTGTGATTGGGGG
TTGTGATCAAATTTGGAGAGCATTGCTCTCATGTCTTATCAGGTCAGAGTCATTTTGTCA
AATCTTGTAAACCATTCTTITGTGTGTGTCTATGCATGAAACATAGTCTTTCTCTTTICTGC
ATGCATATGTACATATACATGGTATATATGTATATCATATCTACATGGATATTGTAATGT
ATATGTATGAGGATGGGGGAAAGTGGAGACATTTGTAATACTGAGAAAAGGCAGTGAGGA
ATTTGCAGAGAAGCAGTTTGAGCTGTAGCATGGTACTAGTGACCTTGAGGAAGCCTTATC
CITTTITTTITGGAATTTATTTITTCAATTTTTAGAAATAGACAAGAGTTTCTCTATGTTG
CCCAGGCTGGTCTTGACCTCCTGGGCCCAAACTATCCTCCTGCCTTGGCTTCCCAAAGTG
CCAGGATTACAGGTGTGGACCACCATGCCTGGCCACCTTGTCCTTTCTATGTCTAAGTTG
TGACATCTGCTCAGGGGTCAGGTGGTATTAAATGGTATAAAATGTATGGGAAAGTGAAGG
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GATCAATGGTATGCAGTATCTAAATAGAATATCGCTTTTTCCTCCCTTAAAGGTCTCATT
CAGATGTITTICCTICTGATGAACATCTCATTTCCTTAAAGATGAGGAGTCTGAAGCAAAAAA
GACATTATTCTTTTAAGACACATGGCTGTCTTACTAATTCCCATTGCAAAATATGTTGTT
TAGGTAGAGCACTCAGATTTTTATACGAATAATAGACTTTTGTACAGAATTTGGACAGTT
GATACTATCAGAGCCTTGTGATATTCCACTGCATTATGCTTCACTAAAAAATACCTGGCT
GGGTGCGGTGGCTCACAACTGTAATCCCAGCACTTTGGGAGGCTGAGGTGGGCAGATCAC
CTGAGGTCAGGAGTTCAAGATCAGCCTGGCTAACATGGCAAAACCCCATCTCTACTAAAA
ATACAAAAATTAGCCAGATGTGGTGGCACGCTCCTGTAATCCCAGTTACTCAGGAGGCTG
AGGTATGAGAATTGCTTGAGCCCAGGAGGCAGAGGTTGCAGAGAGCCGAGATAGTGCTAT
TGCACTCCAACCTGGGTGACAGAGGAAAACCCTGTCTCAAAAAATAAATTTAAAACAACA
ACAACAACAACAACAAAAACCCCTCTTTATTATGGAAATTTTCAAATATATTCAAGAGCA
TAAAGAACCCACATGTACCCATCACCCAGCTTCAACAATTATCAACTCATGCCCAGTCTT
GGTTTCATCTATACTCTGATCCACATCTCCTCTCTCCTTGAATTATTTTGAAGCCCATCT
CAGACATCATGTCATATATGTATACTTCAATCTITCTTTTTTTTTAAAACTCCCCCTCCCC
TTTTCTTTITTCTTGAGACTGTGTCTCACTCTGTCATCCAGGCTGGAGTGATCTTGGCTC
ACTGCAATGTCCGCCTCTCGGGTTCAAGCGATTITTTGTACCTCAGCCTCCCTAGTAGCTA
GGATTACAGATGTGGACCAACATGCCTGGCTAATTTTTGTATTITTTAATAGAGACAGGGT
TTTGTCATGTTGGCCAGGCTGGTCTTGACCTCCTGACCTCATATGATCCACCTGCCTTIGG
CCTCCCAAAGTGCTGAAATTATAGGCCACTGCGCCCAGCCCAAAATTTCTTGGTTTGAAA
TAATTTTGGAACTCATAAGAAGTTACACATATAGTAGAGAGAATTTTCTTGTACCTTCTC
TGAGCTTCCTATATACCCAATGATAACATCCTATATACCCATAGTATATGATCAAAACTA
GGAAATTGTGAAGATGGCATTTTGAGACATCAGGCAGTGTTCACGTTACTGTTTTGCTTA
CCTGGGCTTITAATTTTTATGTGTTTTTTTTTCAATCATTGAATGAACAAAACTTGGACTA
GGCTGGGGAGTAACTGATTTGAACTGTTTTITTICCTGAAGCAGTCCAGGACTTATGTGACC
GIGGTICICITTTTICTTCTAGETIGATCATACCAGGGTTGTCCTACACCGATGGTGATCCCAA
TGAGCCTGTTTCAGATTACATCAATGCAAATATCATCATGCTAAGCTTTIGCTTTTCACAG

TGTTTTCTGACCATACATTTCTAGCCTATTTTTGTATTTTAAATCCTTCCTCATGTCCTG
AAAGTAACTTTAAGGTGTTTGAAGGATTTTICTTCCTAAATTTCTAGECTGAATTTGAAAC
CAAGTGCAACAATTCAAAGCCCAAAAAGAGTTACATTGCCACACAAGGCTGCCTGCAAAN
CACGGTGAATGACTTTTCGCGGATGETGTTCCAAGAAAACTCCCGAGTGATTGTCATGAC
AACGAAAGAAGTGGAGAGAGGAAAGGTAAATCACAGAAACTTCTTTTCTGCTAAACTGTT

TTTAAAGTATCAGACATGTCAGATTGGCCATGTITTAGGAATTGAATAAATGAATTAAGCT
TACTGTAACTGATTCTCTGGAAAAAAGGGACTAGGAGAAATTTGATTATGTTATTCCTITG
GIGTAGTITITCTITTATGTTITCITCTGCTTGGGATTITGTTGAGCTTCTTGGCTCCATGGAT
TTGTAGTTTITCCTTAAATTTGGATAATGTTCAGTCTTAGTTTCTTICAGATACATATCCTG
GGCTGGGCATGGTGGCTCATGCCTGTAGTCCCAGCACTGTGGGGTGTTGAGGTGGGCGGA
TCACTTGAGGTCAGGAGTTTGAGACCAGCCTGGGCAATGTAGTAAGACCCCATCTCTTAA
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AAAAAAAAAATGTACCCTGCACAACCTTGTCCTAGGACAGCAGTCATACGTGTATTAGAC
TACTTGAAGTTGTCTCATAGCCCACTGATACTTIGGTTTATTTTATTCAGTTTTTTCTCCC
CGTGTTITCATTTCGAATAGCTICTTTTGCTATGTCTCCAAGTTAATCTTCTGCAATATGT
CATCCGCTCTTAATCCTATCCAGAGTATTTITTCATCACAGACATTGTATTTTTCATCTCT
AGAAGTGTTAATGTCATCTATAGCTTTCCTITTTAACATGTGTAGCATTTTCCTTACCTTT
TGAATGTATGGAGTATTITCTGTITGTTGTTITITGTITTTGTAGAGACAGGGTCTCGGTCTG
TTGCCCAGGCCGGAGTGCAGTGGCATGATCTCAGCTCACTGCAGCCTCTGCCTCCCGGTT
CAAATGATTCTCATGCCTCAGCCTCCCAAGTAGCTGGGACTACAGGTGCGTGCCACCACG
CCTGGCTAATTTTTGTATTTTTAGTAGAGATGGGGTTTTGCCATGTTGGCCAGGCTGGTT
TTGGAACCCCTGAGCTTAGGTGATCCACCTTCCTTGACCTCCCAAAGTGTTGGGATTATA
GGTGTGAGCCACCATGCCTIGGCCATGTTGTCTGTITTAATTAACTCTGCCTAACTGTCCT
CCCAAATGGTTGCTGCAGTGCTCACTCCCACCAGCAGCACCTGCCTAGGACTCATTACTC
CATACTICTTCAAGACACTTCAGATTAAAAAAATAAATTGTAACACCCCACACCTACAGAA
GAGCGGACAGATCTTATTGAGTGACAGCCCTCTGTGTTATCTCAAAGTGAGCCCACCATG
GIGGTTITTITTTTTAAATATGGAAAAGTTCTGTIGTITTTTGTTTIGTGTTCTAGTGAAAGTT
CITTTTITAGATATCCTTTAATTGGTTTATATAAGATTTTATGTGGAATGTAGCAGTCATA
CCTATAAATTAAACCTAAGGCAGATGGAGAACTTTGGAGTTGAGCCTTCCTACTGTAATT
TTCATATTGGATGTGAAGGGCAGTGTGATTITTICATAAGACTTTCATTGTTGTACTCCTAG
TTGGTATACTTCTGAATACCTITGAGGCCAGTTCTGGTCATCGTGAAACAAAGGTTTCCT
TCAGCAAATGCCTGTGGTAACATTAGGTGTTCTTGAATTAATGGACCAATGAAAACATCT
TTGTAGTTTICTGCTTCAGGCAAGGGTTTTTITGCCCTAAATGTGGATAGGAAGAATGAAGC
CCTTCATCCTCCTTITTTGCCTGATTATAGCTATAGGAGGTTCACCTGTTCTCAGAAGACA
TGAGGATTGTGAAGAGAGGGGTCTTGTGTTGCTTCAGAGGAATCAGTATCAGTCCCTTTIC
AGAAGCTCTCCTGGATAGACAGGCATTAGGGCCAAATCACTCTGCCCCACCCCTCACCAC
CATGTCCTACTCTCTGCTCCCTIGTCTCATTICTTCCTCTTTACTTTIGGTGGTGCCGAGAGG
ATGACATGATGGGTATTGATTCTCTCCACAGACCTTTCTGACATCCTACTTTCAGTATCC
CCCCAGTGCACAGAAGACAAGCCAGACTGTGGACTGTGTITTGATTCCTGGGCTCTATTTT
AAAAGACAGTGTATTAGTTCTCACATTTTAGAATTTGTTTGCCAAGGTTTCCACGGGAGT
TTAGAAACTAGGGGGAGGGCTGATGTTTAAAGTTAGCTAAAATGTTCTTTTCAGGGTCAT
GATTTAATTTTATATTCTCTGGTGAGTTCCCTATAGTGACTGGGAGCAGTCCTCAGTCTT
GATTGGCCAGTGACAGCATAGAGTACAATTAATATTAGGAGTGCTCATTTGGGGAAACTA
AAATTTGCATCAAATCTGTCAGAGGTGTTTGGATCTACAAAATACCGGAGGGAAAGCTGA
ATTGAGAATCATAATAAATAAAAGACCACATCGTICTTTTTTITITTTITTTTTTGGGACT
GTATCITGCTCTGTCACTCAGGCTGCAGTGCAGTGGCACTATCTTGGATCACTGCAGGCT
CCGCCTCCCGGATTCAAGCGATTTTCCTGCCTCAGTGCCTGAGTAGCTGGGATTACAGGC
GIGTGCCACTACACCTGGCTAATTTTTGTAATTITTAGTAGAGACAGGTTTCACCATGTTG
GCCAGGCTGGTCTCAAACTCCTGGCCTCAAGTGATCCACCCGGCTTCCCAAAGTGCTGGG
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ATTACAGGCGTGAGCCACTGCGCCCAACCAAGACCACATCCTTTTATTGAACGTTCCTCC
TACCATGTTITTCTTTTTITCTITTICAATTAATCATTGACTCATTGACTCTCACTGTTGATGT
CIGTAGCTGCTCTCTTATTITCCAGTTTTATAGCTGTAAATTTCTCTGTCTTCCTAAGATA
CAAGGTAAATTTCTCTTGCTGATATTGGTGGTTITTIGGAAAGTGAGTGGTGTGGATGACTG
CCCAGAAAACAACAGAACACAAAAGCATTCTCTGCCCAGAACACATCACCAAATAGATAC
AAACTCATCTCTITACTGAGTGAAATAGCTTCCITITTGGCAGCAAGAATGATTTTCTTGG
TGCCATATTTTTCAATCCGCCTGCTCTTGAAGCCAGCAGCTATTGCAGACTTGGCATTCC
CAGGCACCCAGTTAAGGGAAAGTGACGTGTAGAGGAGGTATCAGATGGGTCTGGATATAG
AAAAAGCAGCTGGTTCAAAACCCCATGGGCTGCCTTTCTGTGATAGAGTTATTCACACTT
GGGTTAGATAAGGCACAGAGTCCTCCTACACTGGTGCGGAAATGAAACAGACAGTCTGGC
TCGTTGGGCAGCCTAGCCTCCTCCAGAATCTGTGCTTGCCTTCCCTATGGAGTGACTGGT
AGATCTTAGAATTCAGACCTCAGTGGTTGCTAGCCAGCACTCTCACATTGGTTGGTCCTT
CICTCIGCATCTITTGATTCTTTAGAGATAGATAAACCAAGCACCGACTCTCCTTTGACAT
GTGCTTGGAACAGACACCTGCACGAGCTGCCTTTCTCCTCCCACTTCTGCCTGGTCTTCC
AAACACCTGCTTTTCTIGTITTGAACTCTTCCTTITTITTTTTGAGACAGAACCTCTCTCTGT
CACCCAGGCTGGAGTGCAGTGGCATGATCTCAGCTCACTGCAACCTCTGCCTCCCAGGTT
CAAATAATTCTCCTGCCTCAGCCTCCCAAGTAGCTGGGATTACAGGTGCCTGCTATCACG
CCTGGCTAATTTTTGTATTTTTAGTAGAGACACGGTTTCACCATTTGGCCAGGTTGGTCT
CAAACCTCTGGTCTCAAGTGATCTGCCCGCCTCGGCCACCCGAACTGCTGGGATTACAGG
CATGAGCCACTGCGCCCCAGCTGATTCTTTACAGATAAACAAACATTGACTCTGCTTTGA
CATGTGCTTGGATCAGGTAACTGCACCAGCTGCCTTTCTCCTCCCACTTCTGCCTGGTCC
TCCGAATGCCTGCTTTTICTITATTTGAACTCTICTGTCCTTTTCTGAAAACCTAACAGATG
CGAAACAGGCCATTTTCCATGTITGGTGGTTATTAAGCAAGACTTGAACATTTGTTTIGTTG
CTTGTITAGGCTTTTATTTICAGAGTTCACAGAATTAACTTTCITITTTTCTGATCTCTTC
CAGAGTAAATGTGTCARATACTGGCCTGATGAGTATGCTCTAAAAGAATATGGCGTCATG
CGTGTTAGGAACGTCAAAGAAAGCGCCGCTCATGACTATACGCTAAGAGAACTTAAACTT

TCAAAGGTTGGACAAGTAAGTATATIGTCGTATTCTAGAGACTTTGGGAACTGTTGATGG

TGTGTAGGAATTCAGGGTCTTGCCGTTACTCATGTTTGCATACATGCATGCATTCGCTCA
CTICATTGATTCAGTAGCCATTTATTAGCTTICCTITCTATGTGCCAGGTACAGTTTAAGCAG
TACTGGTACATTGTGAACAAGGCAGGTAGTGTTCCTGCCCTCATCGAGCCTAGGGAGATA
GACAATTTAAAAACAAATAACTGGCCAGGCGCCGTGGCTCAGGCCTGTAATCCCAGCACT
TTGGGAGGCTGAGGTGGGTGGATCGCTTGAGCCGGGGAGTTCGAGACCAGCCCTGGGTGG
GAGACTGGGATAGGGTGACCTGAGTGGCTACAAGGTCTGTTAGGAGGCCTCCGCAGGGGC
CTATGTTGATGGCCTCCTCTCCAAGTATCCACAGACTTCAGCAGTTGTTCTTTTTTGTTC
CTTCCITTGGAATGGAATATTATATAAAATGGCAGAATAAACTGGAAGAGAAGCAGTAGA
TGTGAGAGGTGCCGGGGGGTGAAGTCTGCAGGATGTGGGCGATTGTTTGGCTTTTGGAGGA
GGAAGGAGGGATTCAAGACACATTGTAGAGGTTTGAGTCTGAGCGGACAGTGGTGCTGTG
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GCAGACACCACAAAAGCTGGAAGGAGAACTGATGTGGGCAGTGATTTGTTTTCTTCTGGA
TGTGTTCAGCTGGGCATCTGAACAGTCATGTGGACATTCATCTATTCATTCAGAGATATT
TGTTCAATGACCTCTTGGTTCCTGGCACCATGCTGCTTGCTGGAGATAGAGCTGGGGAAC
AAAACAGATGGAATCCCTGCACTCCCAAGTGTACACTATACTGGCCAGTAATCTACCAGC
CCAGTAATTGCACATATAAATATATCATTATAAACTGTAATCAGGGCTAGAAAGAAAAAA
TGCAGGAGTTTAGGGTTCATTTGGAGGGGGAAGGGACTTTTTTITTITTTTTTTTTTGAAAC
AGAATCTTGTTCTGTCACCCAGACTGGAGTGCACTGGTGCATTCACGGCTCACTGCAGCC
ACAACCTCCTAAGCTCAAGTGATCCTCTCACCTCAGCCTCCCATGTAGCTGGGGGCTACA
GGTGTGTGCCACCATGCCCACCCAATTGTTAAATTTTTTATAGAGACGGTTGTCTCATTA
TGTTGCCCAGGCTGGTCTTGAACTCCTGGGCTTAAGCGATCCTGCTGCCACATGCAGCCT
CCCAAGGTGCTGGAATTACAGGCGTGAGCCAGCGCACCCGGCCAAGGGAGGGGAGGTTCT
TAAGGCATAGGGAACAATGTGTTTGAGTCAGCAAAGGAGGTTGTGGGGGTTTGTCCTAAG
TGTGGTAAGCAGCCAGAGTTGGATTTAAGTTTTTAAGAGATTCCCCTCCACCCTGTAGAG
ACTGGAGGGGGCAGGAGTTGTTCTAGGGATTAGGACCAATTTGGAGGTAGTGCAGCCGTC
AGAGTAAAAAATAATAGGGATTGAACTAGGCCAGTGCCCAGGGTGCCTGAAAGAAGAGGA
CCCAGTAGAGCTGACTGGAGGCAGACATGCAGGGATTCAGTGAAGGAGTGTACCAAGGGC
GAGGGTGGTGTGCAGGGTGACTGGCAATTTTCTAGCTTGAGAAAGGTCCGGGGGGATGGC
AGTGGAGTTGAGGAAGCTGGGAGGATCAAGGACCTTTTTGTGAACACACAAAGTTTGAGA
TGCCTTGGACACATTGAAGTGGAGCGGTCAGGGAGGCAAGGGTGGAGGTGGGATGCGGAG
GGGAGGTGGGATGCAGAGCGTCGTGGATGGATCAGTTTTGCTCGATAGAGGGACATGTTT
TTCTGTGGCAACAGGAGGGCAAAAGGAGAAGGTGGCCACAGATGCCGGTAGATGAGCTGA
GAGTGATTGTATTCCCTATCCTCTCGGAAGCTTGAGGCAAGGCCATCAACAGACAATCAG
AGGGAATAAGAAGAGATAGAATATATGAAGAAAGGGAGAAAAGATGAAATCGTAATTGTG
TAGCAGGGCAAGAAGTCCAGAAATTTCTGTGCTGTGCCAAGTTCCCAGTTGAGGCGGTGA
ACATGAAAATATACTGATACCCATTGCCTGGTTTTTCTCCAAGGACACTTGGCTCCTAGG
GCACAAAACAGAAAGTACGTGGTTTGTCCAGGCCGAGGGCTTTGCATAGTTGCAGTGGAT
GGAGAGGAGGTCAAGGAATGGAGGCACATGGTAGAGAGAGACTGTCCCCAGAGCACGGGEG
ACTCCTGGCCGGATGAGGGGGACAGGGGCAGGAGGAGGCAGGTGGAAAGTAGAGGGAGGG
CTCAGTGGTCTGGAGGCTACAGGAAGTGACGGGGGGACCAGAAGGAGCTGGAAACCAGTG
TGGTTGTGGCCCAGGGTGGGATGTTTGGATTTCTGATGTCAGAGAGGGTCCAGTCCTTCT
GATGATGGGGAGGGGTGGAGGCTGAATCTATGGTAGAGATAGTGAGAGGAACTGGAACAA
TGTAGCTGTCAAGTGGAAATGGGAGAAAGGGCTGGGCGTGGTGGCTCACGCCTGTAATCC
CAGCATATTGGGAGGCTGAGGCAAGAGGATCGTGTTAGCTCAGGAGTTCTGGGCTGCATT
GAGCTGTGATTGTGCCACTGCACTCCAGCCTTGGCAACAGAGTGCCCAGTTAAAAATAAA
AATAAAATAAAATAAAAAAATTAAAAAAAAAAGAAGAAGAAAAAAGAGAAAAGTGTCCTT
TTACATCCCTTTTAAAAATGTCACTTAAGGCTGGGCAAAGTGGCTCATGCCTGTAATCCC
TGCACTTTGGGAGGCTGAAGTGGGTGGATTACTTGAGGTCAGGAGTACAAGACCAGCCTG
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GCCAACATGGCGAAACTCCTTCTCTACTAAAATTAGCTGGATGTGGTACATGCCTGTAGT
CCCAGCTACTCGGGAGTCGAGTCTGAGGCCCAAGAATTGCTTGAATCGGGGAGGCGTAGG
TTGCAGTGAGCTGTGATCAGGTCACTGTGCACCAGCCTGGATGACAGAGTGAGACTCTGT
CTCAAAAAAAAAAGTCACTTAGCTTAGATTGTCTCTACATATATAGGAAGAAGATGTAGG
AATGAATGGTGCTGCTACAATTACGTCATCTGGATAGACCCAGAAACATGATACTTTTITG
GTTTTCTGTAGCCTTGGTGCCATTGTTGATCTTTATTAATTATCATTATCCTCAAAATAG
CCATAATGTGCTGAGTCTCTTCCTATTTGCTGGGCAGAGGCTGAGTATTTCAGCGAGCTC
ACTGAGTCCTTAAAATTGCATTATGATAGAGAGAAAGAGATTATTATTTGCATTTTGCAA
AATGAAGAAATTGAGGTTTAGAGATACCCAAGGGCCACGTGAGTGTGAGTGCCTGGAATT
GGAGCCTAAATCTAGTCATCTGATAGCAAAGCCTGTTTTCTTATCTGCTTTGCATTAAAT
ATAAGTTTAAAATAGAACAATACTGGCCAGGCTGGGTGGCTCACGCCTGTAATCCCAGCA
CTTTGGGAGGTCGAGGCAGGCAGATCACCTGAGGTCAGGAGTTTGCAACCAGCCTGGCCA
ATATGGCGAAAGAAACCCCATCGCTACTAAAAATACAAAAATTAGCCAGGCATGGTGATG
TGTGCCTGTAATCCCAGCTACTTGGGAGGCTGAGGCAGGAGAATGGCTTGAACCCGGGAG
GCAGAGGTTGCAGTGAGCCAAGATCACGCCACTGCACTCCAGCCTGGGCAACAGAGTAAG
ACTCTGTCTTGGAAAAAAAAAAAAAAAAGAATGATACTATAGTCTGTGTTTATATGGTGG
GGAAGGTTGAGTATCAAAAAAATAACAAAGAGGAATGAATGTCTTAAGTGAATGCCTGTT
TCCCCATCTGCTTCCTCTICTGCTGGGAGGAGAGACCTGGATCCCTAGAGGTTTCAGTTG
CCTCCAGAGCTGAGTGCCACAGGGATGCAGGGGAATAGGGATGTTACCTGTCGCTGGTAA
TTCAGAGAGATGATTCAGGGTATAGTTACCTGAAAGAACAAATTGCCATGCCAGACGTCT
TGGTTCTTATGACAGAGGCAAAGAGTTGCCTCCAGGATTGCCCAAAAGGAGACGAGTTCT
GGGAACCTCACGAAGAGGACCTITTCAGTGGAACCTGGGGAGATTCTCTTCCTCTCCATTG
GATTTAGGAAAGCTTAGAACCGGGTGATTCCTCAACCTCTTGATTTATTTAATTICTTTTC
TGGITTTTCTTIGGCTCTACTCCAGGGGAATACGGAGAGAACGGTCTGGCAATACCACTTT
CGGACCTGECCEEACCACGECETGCCCAGCGACCCTEGGEELETEGCTGCGACTTCCTGGAG
GAGGTGCACCATAAGCAGGACAGEATCATGGATGCAGGGCCGGTCCTGCTGCACTCCAGE
TGACAGCTCCTGCTGCCCCTCTAGGCCACAGECTGTCCCTEGTCTCCTAGEGCCCAGGGET
TGCTTTITACCTACCCACTCCTAGCTCTTTAACTGTAGGAAGAATTTAATATCTGTTTGAG

GCATAGAGCAACTGCATTGAGGGACATTTTGATCCCAAGGCATATTTCTCCTAGACCCTA
CAGCACTGCCATTGGCCATGGCCATGGCAACATGCTCAGTTAAAACAGCAAAGACTAAGT
CAGCATTATCICTGAGTCCACCAGAAGTTGTGCATTAAACAACTTCATCCTGGCTCTGCA
GTTTCICCTITATTCTTCATGATGTTTGCTTTGTAGCTGTTGACTGCTTTGTAGGTATTGA

GGTGGTGGGGGTGTGGTGGAAATAGGCCTGACTCTTGAGGATCCCTTAAGTCATTTTTGC
TTGGTICTCTTTTTCCTITCTTITCTTCTACTCTTCTATGATTCATCTCTTTGATTGTGAT
TCTGTICTCTCTCTCTCTCTCTCTTTTTTITITTTICGTTTTTGAGACAGAGTCTTGTTTT
GTTGCCCAGGCTAGAGTGCAGTGGTGCCATCTTGGCTCACTGCAACCTCCGCCTCCCGGEG
TTCAGGCCATTCTCCTGCCTCAGCCTCCCAAGTAGCTGGGATTACAGGCATCTGACACTA
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CGCCCGGCTAATTTTTGTATTTITAATAGAGACAAGGTTTTGTCATGTTGGCCAGGCTGGT
CTCGAACCCTTGACCTCAGGTGATCCACCTGCCTTGTCCTTCCAAAGTGCTGGGATTACA
GGTATGAGCTACCATGCCCGGCCCATTCTGTICTCTTCTACCATAAATATATTTCTCCCC
TAACACTATATTTGTTTGCTTCACAAGATTCCAGCTGCTTTTCCACCAAGGCCTTTGATG
GAAGCTGTGCTGTGACCTCTGTAATGAGTCTGTGGGCTGCTGATTCTCCAGTTTGGGCTT
CATGATTATACTGGGGAATATTGGGTTTCCTAAATCTCATTCATTITCTTGGGCAAGTAGA
TATATGTGAAAGTGTTTATTITGTCCAGTTGTTAAAGAAGCTACCATTTATTGAGCCAGCC
TCTGAGCACAATGTTTTITIGTITTGTTTTGTITTTAATTTTTAAAATTATTTACTTCTTC
TATTTCAATAACTTTATTATTATTATTTTTTGAGACAGAGTCTCACTCTGTCACCCAGGC
TAGAGTGCAATTGAGCGATCTTAGCTCACTGCAACCTCTGCTITCTGGGTTCAAGCAATT
CTCATGTCTCAGCCTCCCGAGTAGCTGGGATTACTGGTACGTGACAACATGCCTGGCTAA
TTTTTGTGITTTTAGTAGAGACGAGGTTTTGCTATGTTGGCCAGGCTGGTCTGGAACTCC
TGGCCCCAAGTGATCCTCCTGCCTCGGCCTCCCAAAGTGCTGGTATTATAGGTGAGAGCC
ACTGCGCCCGGCCCTCTITTCAGTAATTTTGATGTATTTTTTTGTATATGATTCCTGTTTC
ATTCTGTCCAACCAGCACTCTGTATGGTATGTGCTGTTGTCCCCATTTCACAGATGCAGA
AATTAAGGGTCAGAGAGGTTAAGGGACTTACCTCAGGCACGTTGTACTGGAGAAGCTGAA
CTCCAAGAGCAGGTTTGGGCTGACTCCAAAGCCCTATGCTTTTTGCCAACATATTTTCAA
ACATAAATAGACAATTTITATAAATAGCTCCAAAGAGTAGACATTGTTTCTGTTGATATTA
ATGGCTTGGTTTTGAGTCTGAAACCCCCATGAATGATTCTGTTGTCCCTGCTTTTTGTCC
TTCTGCCCGCAGTGCTGGAATTGGCCGGACAGGGACGTTCATTGTGATTGATATTCTTAT

TGACATCATCAGAGAGAAAGGTGGGTCATCTGGTGGGCAAGAAGCGACAGTTICTGTTTT

TAGTTTATGGAAGGAAAGTGCTCACGAAAACAGTCTGGGGAAGAGAGGTTGAATGGGAAA
ATTCTTTCACAAAAATCTGGGCTGAAGACTTCAGTGTGTCTGCCTGAGAACAGAAGTGAC
ACTATTTGAGCTTTTGGCATAAAATGAAGTCTAGGAGCTGCAGAACCCACTGCCATGGCC
TTTTGTTGCATACACAGTGGTGGTCTCTATCCAGCCACCTGACCTTGTTTACAGTATGGG
GIGATTTGITGGCAAGTGAGGGAATCCTGACTTCTGCCACTTCGTTATTTATGTAGTCTT
CTGGGATCATTGGTATTGGTCAGAAGTTCAACACTGTAGCCATTGCAACATGCTCAGTTA
AAACAGCAAAGACTAAATTAGCATTGTICTCTGAGTCCACTAAAAGTTGTGCATTAAACAA
CTTCATCCTGGCTCTGCAGTTTCTCTTTATTCTTCATGATGTITTCCTTCGTAGGTGTTGA
CTGCGATATTGACGTTCCCAAAACCATCCAGATGGTGCGETCTCAGAGGTCAGGGATGGT
CCAGACAGAAGCACAGTACCGATTTATCTATATGGCGGTCCAGCATTATATTGAAACACT
ACAGCGCAGGATTGAAGAAGAGCAGCTACCAGCCTGAGGGCTGGCATGCGGATTCTCATT

CTCTTGCTAGGCCTCTTGGATACGCTCTCCTTTTGAGCAGGAGGACAGGCTCTGATAGAC
AACTGTTTGATTTCGGAATGGGAAACAAACTCCCAACTAAAAGGGCCTCTGGAAACTGTC
AATTATTCTCCACTTCTCAGCTCTGATTTTTCACTGCAGAGGAGCTTAGGGAAGGGCACC
ATCCTATCAGCCTGGCCTGCCAGATTGAAGAACTGCCATGCAGAAAGGTTCTGATGTTCT
CAGGCTCATGTGGCAAGCGTAAAACTCAAAGCCTTGAAGTTTCTAGCCTGTTCCAGCCTT
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GATCCAGGCCATGTTTATCCTGATTCCATCCTTTAAAACGAATGCCTCACTCTTAATAGC
GCACGGCAGTTTGAACCACTAATTTGGTCGAGTTGGAAACAGTGAAATTTCAATTTTAAT
AAGCTGTGCATAATGAAGAGGAATGTGGAATTGGAGCCTTTCCATCTGAAGCTATTCATA
ACAGGCACAAAGCTGAGTTAATTAGGAATATGCTGAGATGAAGGAAATGAGGAGAGCTGC
TCTTTTGGGGGCTGTGCTICTCTCCCCAACCCCTCAACCCCATTGCCATGCTGCAGATGG
GGTGGTGTCTAAACATCAGTGGCGAGTGCCTGCATTACTCTGCTCGTTGCCTTCCAGAGA
ACTCAGCTTCTCCAAATGCTGAGCTCTTTTCAGAATGGGACCTGCCACCAGTATTTGAAA
GATTTCTAGCCTAGCAGAACAGCAGCCACGTTATCAAAGTTTGGTTGGCCAAAGGAAGGT
ACTTGCTAATTAGTTTAGTAGGTTTTCAGTCCGCACAGACATACGGGATTGTTTTATTGT
ACATAGACATCTTCAGAAACAGTGTATGTATAGAAATGTAAGGTCAAAATTTGAACCTCA
GIGCTITAAATCTGAATTTIGTATTAACTGATATGAAATATTTAGACGGTTACTTTATTTT
ATATCTGTCTTCCATTATACTTAATTTGGCTCAAGAATAGTTAGGCAAAAAGTTGCCCAA
AGAGAAGGATCTCCTAGTAAATACAAAGAGAATGTAACATAGTTGCTACAAGTTGGAGCA
TGTTCAGGGATGTCTTTTITTITTITTTTTTTTTGAGAGAGAGGTCTCTCTCTGTTGCCCA
GGCTGGAGTGCAGTGGTGTAATCATGGCTCACTGCAGCCTCAATCTCCCAGGCTTAAGCG
ATCCTCCCACCTCAGCCTCCCAAGTAGCTGGGACTATAGGCATGCGCCACCACACCTAGC
TAATTTTCGCATTTTTTGTAGTGTCACAGTTICGCCATGTTGCCCAGGCTAGTCTCGAAT
TCCTAGGCTCAAGCAGTGCTTCTGCCTCAGCCTCTCTGAGTAGTTAGGACTACAAATTTG
TGGCTCCATGCCCGGCTAATTTTTTTATCTTTATTTTGTAGAGACAAGGTCTCACTGTGT
TGCCCAGGCTAGTCTTGAACTCCTGGGCTCAAACAACCCTCCCACTTTGGGTTTCCAAAG
TGCTGGGATTACAAGTGTGAGCCACTGAGCCCAGTGACCTCTGGGTTTTAAAAATGTGTA
GGCTTCAATTATTTATTTTAAAAAATGAAATCCTGCAATATATAGTTTTCTGCGTTGTGT
GGTTTGAATCAATCTGGGAACTGGCTTGCTGGCTGATTGTGGTAAAGTAAGAAGTACTTA
ATTTAGTAGAAAGTTTAAATGGCAGACATAACATTAAACCCAGCTGATTTATAAATGAAG
CAAAAGAACAAAACTCATTCAGGATAATTGGTTATTCTAAAATACAGTCATTTCTAAAAT
TATGAAGTGTTCAGGACCTTTGGGAGTGAAAGAATTTGCTAAAGAAGGATCAGTGAAAAA
AAGGAATGATGGGTGAAGAGCTGTGGAGAAGGAAGAGAAGAAACAGCACAAGGAAGGAAG
AATATAAAATCAGATGTGGGAATCCAGGGGAAAGTGCAAACGAAGCAAGATTGAGAAAAT
TCTCAAGTTTTTATAAACAGTTICTCACACTCTIGCCAGTTCCTTGGAGGTAGACTTTITTITG
TTAACTTCCAACTACAGTAGTGAAAAAAARAAAAAAAACCCTCAAATTTGCAAAAGCAGTC
TGTGGAATTTTCTTTACCCAGCTTTCCTGACTGTTAACTTTTTAGCACACTTAACTTTAT
CATTCGTITTATTCTCTCTGTTTAAAATTAAAAATGTAAATTTTAAAAAGTAAAATGTTTG
TTGGTTACAAACATTTATACCCCTTTGTCTCTAAATATCATTTCATTTTAAAAAATGAAT
AATCTAAGCCTACACATTCTAAAATGTGTATATTTTCTAAAAATAAGGGCATTCTCTTAC
ATAACCAATGTCACAATTATTTGATACAGTGATCAAAATCAGGAAACTAACATTGATATA
ACACTATTATCTAACCTACAGACCATCTTCAAATTTTGTCCTGCTAGTATCTTTTATGGG
TCCAGGGTCACACAGTGCATTTIGGCTATAATGTATCTTTTTTCTCTTITTTTGAGACAGG
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GICTCACTTTGTTGCCCAGGTTGGAGTGCAGTGGTGCAATTATGGCTCACGGCAGCCTTG
ACCTCCTTGGGCTCAGGTGATCCTCCCACCTCAGCCTCTCGAGTAGCTGGAGACCACAGG
TGTGCACCACCATGCCTGGCTAAGTTTTGTATTITITTGTAGAGATGGAGCTTCGCCGTGT
TGCCCCGGCTGGCCTTGAACTCCTGGGCTCAAGTGACCCTCCCGCCTTGGCCTCCCAAAG
TGCTGGGATTACAGGCGTGAGTCACCACACCTGGCCAGTTATTAGTATGTTTAGTCTCTT
TAATCTGGAACAGTTTCTCAGTCATTCTTTATTITTITCATGACCTGGATGTTTTTGAAGAG
TTTAGGCCAGCTATTTAGCAGAATGCCTTTCAGTTITGGATTTGTCCAGTGTTTTCTICTTG
ACTATATTCTAGTCATGCATTTTTGGCAGGACTGTCACAGAAATGTTGTTGTAGTCTICT
TAGTACATCACATCAGGTACACACTGTTGATCTGATTCATTACTAGTGGTGTTAACTTTG
ATCACTTGAATAAGGTGGTGTCTGTCAAATTTGTCCACCGTAAAGTTACTTGAGCAAAAC
GTAGCTGGGACTACAGGCGTAGCAAAAAATGTAGCAAAAAGTAGTATTTTTGCTACATTT
TTTTTTTAGGAACAAAGTATTTITTCCCTTTTAAGTTAATCTCTTGTCCATAAAGTTATTA
TTTTTCCCTITTTAAGTTAATATCTTGTGGGTAGATACTGGAGACTGCGTAAATTACCTAT
TTCTCATAATACTTTTTITITTITTTGAGATGGAGTCTCGCACCGTCTCCCAGGCTGGAGT
GCAGTGGTGCAATCTCGGGTCACTGCAAGCTCCACCTCCCGGGTTGACGCCATTCTCCTG
CCTCAGCCTCCCAAGTAGTTGGGACTACAGGCGCCCGCCATCACACCTGGCTAATTTTTT
GTATTTTTAGTAGAGACGGGGTCTCACCGTGTTAGCCAGGATGGTCTTGATCTCCTGACC
TTGTGATCTGCCCGCCTTGGCCTCCCAAAGTGCTGGGATTACAGATGTGAGTCACTGCGC
CCGGCICTCATAATACTTITTGCCTACTAATTTTATATTCATTGATTAAATTCTTGCCTG
AAAAAATTATTACTGTGGTATTTGCCAAATGGCAATTTTCTGTTTCCATCATTGCCTTTC
CCCCGCTTTTAAAAGTATAAGTGACAAAGAAAAACTGTATATAAAGTGTACACCATGATA
TTTTGATATATGTATACTITGTGAAATGATTATCAAAATTGAGTTAAATAATGCATCCAA
CATCTCAGTITACTTTTITITTITTTTGAGACAGAGTCTTGGTTITGTCACTAAGGCTGGAG
TGCAGTGCCACAATCTCGGCTCATTACAACCTCCACCTCCCAGGTTCAAGTGATTCTCCT
GCCTTGGCCTCCCCAGTAGCTGGGATTACAGGTGCCCACCATCACACCCGGCTAATTTTT
GTATTTTTAGTAGAGGTGGGGTTTCACTACGTTGGCCAGGCTGGTCTCGAACTCCTGACC
TCAAATGATCCTCCCGTCTCAGCTTTCCAAAGTGGTGGGATTACAGGCGTGAGCCACTGT
GCCCGGCCACTCTTAGTAAATTTTAAGTGTACATTITTTTTTTTTITTTITTTTGAGATGGA
GICTCACTTTGTCACCCTGGCTGGAGTGCAGTGGCATGATCTTGCCACACTGGAACCTCT
GCCTCCTGGGTTCATTCAGGTGCTTCTCCCACCTCAGCCTCCCAAGTAGCTGAGACTACA
GGTACCCGCCACCATGCCTIGGCTAATTATTGTATTITTTAGTAGAGATGGGGGTTCACCAT
GTTAGCCAGGCTGGCCTCAAACTCCTGACCTCAGGTGATCTACCCACCTCGGCCTCCCAA
AGTACTGAGATTACAGGCATGAGCCACCACACCCAGCCACATTACGTTAGTATTAACTAT
AATCACCATGCTGTACATTAGATCTCCAAAATGTATTCATCTTATGTAACTTCAAGTTTG
TACCCTTTGACCAAAGTCTICCTITGTTTTCCCTACCCCCAACCCCTGGTAATCACTGCTTT
AATCTCAGTTTTTATGAGTTTGACTGGTTTAGATTCCACATACAAATGAGATCAGGCAGT
GATGGTTTATTTCACTTAGCATAATGTCATCCATGTTCTTGCAAATGACAGGATTTTCTT
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CTTTTTAAAACTAATATCCATGCTGGACACGGTGGCTCATGCCTGTAATCCCAGCACTTT
GGAAGGCTGAGGAGGGTGGATCACTTGAGGTCAGGAGTTCGAGACCAGCCTGGCCAACAT
GGTGAAACCCCATCTCTACCAAAAATATAAAAAATTAGCTGGATGTGGTGGCGCACACCT
GTGATCCCAGCTACTTGGGACACTGAGGCAGGAGGATCGCTTGAACCCGGGAGGCGGAGG
TTGCAGTGAGCCAAGATGGTGCCACTGCACTTITAGCCTGGATGTTGATGTTGTTCCACTT
GITTATTTTITATTTTGTTCCCTGTGCTTTTGGTATCAAATCCTAAAAACCATTGCCATGA
CCATTGTCATGTITACTTITCCCCATATGCTTITCTITCTAGAACTTITTAAGGTTCATCATTCC
CITTTCTGITTTTAGTTGCAAGCCTACTATAAGGAAGGGCTTTTCTTTCTTCCTTATTTA
TTTATTCATGTCTATCAGAATGGGCACCTTACTACTATTTTTGTTGTTATTGCTTGAATT
GACTTGAATTTGGCTAGTGGAAACCTTTTCAGATCGGGTACTCTGTCCTTTTGATCTCTT
TCCATTTTCAAGCACTTCTITTAGACTTAAGATGGTCTAGGCTCATCTTICTCCTTTCCCAG
CCATTTTTCAAAGGAACCTGATTCCTTTTAGTGAAGAGCAGTATTTTGAAACCAAGATCT
GGGCACTGGGTCTACTTGTITTGTACTGGTACAGTGTTCTTTGAATTGCTAATTAGCTGAT
CAATTACTGCTCTATTTGAGTTCCCTCTTTCTAAAACCTCACATATGTGTACAGACGGTC
CCTGACTTATGATGGTTCGACTTATGATTTTTIGATTTTATGATGGTTTGAGAGCAATACA
TCCATTCTGTTTTTCACTTITTCATTCAACACTTTATTTTAAAATAGGGATTGTGAGATGA
TATTGCCCACGTGTAGGCTAATGTAAGTGTTCTGAGCACGTTTAAAGTAGGCTAGGCTAA
GCTGTGGTGTTTGGTAGGTTAGATATGTTAAATGCATTTTCGACTAGTGATATTTTCAAC
TTATGATGAGTTTATTGGGATGTATCCCCATAAAGTCGAGGAGCATTATACATATCTCTG
TATAACAGAGTGAGTTCCITATACCTTTCATCCACTTTCCCCTGAAGTTAACATTTTACC
TAACCATGATACATTTATCAAAACTAAAACATTAACATCAATACATTGCTATTAACTAAA
CTAGAGTTTAATTGGATTTITGCCAGTTTTCCAATGAATATCCTITITTCTGTTCCTTGATC
CAATTCATGGTCACACACTGAGTTTGGTCACTTGTCACTGTAGTCTTCTCCAATCTGCGA
CAGCTICTTAGGCTTTCCTITGITTTTCATGTACTCTTGACGATTTTTAAGAGTACTGGTC
AGATATCTTGTAGGATATCCCACAACTTGTGTTTAATCTTATGTTITTCTCATGATTAGAC
TTGAGTAATGGATTTTTGGGAAGAATACCACAGAGGTATATTGTTAAGTGTTCTCATCAC
TTGGAGGTAAATGTTATCAACATGGCCTGGTGATGTTAAACTTGTCAGTTTGTTTAGTTA
GTATCTIGCCAGATTTTTCTCACTGCATAATTACAAATCCTCCTTAACTTATGATGGGGTT
ACAGCCTGATAAGCCCATCATAAATTGAAAATATCATAAGTCAAAAATGCATTTAATGCA
TCTAAACTACTAAACATCACAGCTTAGCCTAGCCTGCCTTGAACGTATTCAGGACACTTA
CATTAGCCTACAGTTGGGCAAAATCATCTCATGGGAAGCCTGTTITATAATGTGTTGCAT
ATCTTATGTAATGTGTTGAGTACTGTACTCAGAATGAAAAACAGAAGGGTTGTATTGCTT
TTGCACCATCATAAAATCAAAAAAACCATAAGGCAAACCATCATGAAGTTGGGGACTGCC
TGTACTTTITTCCTCTTTCCCTGTTCAATTCCTTGGAAGAAAGTCATTTAGTTCAGACCA
TACTCAAGAAAAGGGAAATAAAGCTCCATCTCITGGAGCTTAATTGAAACTGGAATGACT
AGTTTCTATATACATTATTTAGAATCCTTITGTAAGAAAGATTTGTTCCTTCTCTCCATT
TATTTATTCCATTATTTATATTGATAGAGACGCATGTACATTTATTTTATACTTTGGGTT
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ATAATCTATTTTTCTTGCTCAAATTGTTACAGCTTITGGTCACTGGGAGGTTCTTCAGATT
GGCTCCTGTGTCATTTGACATGTCCCCACCCTICTCGTTTCTGAGTACTTCTCTACTTTGG
CATTACAAAAGATGTTCCAGGCTCCTCTTATATTITTCCCTGCCGCAGCCCTAGAATCAT
CCATTTTTCTATGGTGCCCTGGTTCCTTTTACTTTAGATGGGGGTTTAGAAACCAATCTG
GGTGTIGGGTGTIGCTCATTGCTACTGGAATCACTGCTTCTAGGCCCTCTCAGCAGATAGA
GCTAGAAAACATATGGCTGTATATGAATCCATGGATTCATATATATCTATAATTGTITTTC
TGTATCTGGCCATCTATATATATATTAAGCTAAACATGAATTCATACTGATGTCTCAGAC
TCGAATCCATTGCCGCAGGGCTCATTCTTGCCTTCCTCTTGCTTATTTGTGACTTCTTTC
TCTAACAGGGAGAAACCCCAGTCTCATTATCACCAACCTATCTACTCATTTGTTCAACCC
TGGTATAGGTGTAAAGTAGTTTCAGAATTACTAACCTATACCCATGTGAGAATTGTATTT
GCACTICTTIGTTTGAAGGAAATACATACAACACAGGTAGCGTCTCTACACTTCAGTATAC
AGAGATCTGAACAGTGITCICTCTGAGTGAATCATATTGCAGGACAGAAATTACTTTTAA
AAATTCTGTAATGGGTCAGGCCTATAATCCTAGCACTTTGGGAGGCTGAGGTGGGCAGAT
CACCTGAGGTCAGGAGTTCGAGACCAGCCTGGCCAAAATGGTAAAACCCCATCTCTACAA
AAAATACAAAAATTAGCCAGGCGTAGTGGTGTGTGCCTGTAATCCCAGCTACTCAGGAGG
CTGAGGCACGAGAATCACTTGAACCTGGGAGGCAGAGCTTGCAGTGAGCTGAGATTGAGC
CACTGCACTCCAGTCTGGGCGACAGAGCGAGACTCTGTCTCAAAAAAANAAAAANAANANA
AATTCCATAATGATAGCAGAGCTGGAATAGAAATGGGATTGCACAGGCTGAATCTGAGTT
GTTGCAACAGTAAACGAGCAAGATTTAAACTGGCCTTGTGTAGCACTTGCTATTTGGCTC
CICATATTTITATTAGACGCTTATTCTTTTITGTITIGGTGTCATTCCTTTGAGAAATATTT
GAGTGCCTTITTCTGTTGCAGACATTGATTAGATGCTGAGGTTGTAACAATGAAGAAGATA
GCCATCGCTGTTGCCTCATGGAACTGAAGTTTITACTAGATGTAAAATTTGAGTTAACATG
AGGCCGTGCCCCTATGTGCCCTATTGTTTCTTCACACAGCTCCCTTCATCTCCTTGGTCC
AATGAAAAGGTTTTTTCATACTTGTTCATTCATTCCTGCATTAATTAAAGTAGGTTGTAC
TGTGCCAGGCACTGGGAATATTTAAGTAGTTGTGTTCCTGAATTGGAAATGAATCCAGCA
TGGTTGGAGTAGAAGGAGCTGGGGGGCAATGTGGAGTGTCGATGGGGAGATTGGAAAAGTA
AGCTGAGACCAGATTTITCAGTTTGGAGGGAGAGGTGGGCCTTGTAGGCCATATTACAGA
TTGTAGACTTTATTTGGAGGGACATGGAAGTCATTGAGGAGTCTGAAGCAGGGGAATGAC
ATAAAAAGATCCTCATTITTAGGCCGGATGTGGTGGCTCACGCCTGTAATCCCAGCACTTT
GGGAGGTTGAAGTGGGTGGATTGCTTGAGGCCAAGAGTTTGAGACTAGCCTGGGCAACAT
GGTGAAACCCTGTCTCTATCAAAAATACAAAAATTAGCTGGGCATGGTGGCTCACACCTG
TAGTCCCAGCTACTTGGGAGGCTGAGGCATGAGAATCGCTTGAACCCGGGAGGCAGAGAT
TGCAGTGAGCCGAGATTGTGCCACTGCATTCCAGCCTGGGTGACAGAGTGAGACTTCGTG
TCAAAAAAAAAACAAAAAACCCCTCATTTTGAAAGGGAACCCTGGCTTGAGGGTGAAGAA
TGGGTGGGCACTAGGCTAGAGCAGCTGCAGGGTCAGTGAGGAGCTGCCGCAGTGCTGCAC
GTGAGAACCCGTCATGGTTTGGTCAGGGTGGGCAGGACTGACAGTGAGCACAGAGCGAAG
TAAAACCAGCAAAATTTCATGATTGGATAGTGGAAGGAATCATGGTGTTTGTAGTCTTCA
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AATGTGAACCCAGAGTGCACTGGACAAGTAGTCTAGGCTGCTCTGTAACCAAGGCAAGTG
TTTTCATTTTACCCTCTCTITCCTGCTCTTGGCCTTTGGATTTTTTGTAATTTAAGGTTTA
TGAATGTAATCAGTTACTTAACATGGAAAGATACTTAATACCAGATGATTTTGGAGTCTT
GTGATCAATACCTTCTCTCAATCTTGGGTGTGTGTCAGTTGGCAAGGCCATAAAATTTGT
TATAAACATTGCAGAAGGCTTGGTTACTGTGCTGTGACGTTGAATTTGGGTGGAGATAGA
TCAATTTCAGTTGATTTTCTAGGCTTCAGAAACACATTACCCTCTACTCCACAAACACAA
ATCAAAACAAAACAATCCCTATTCCCTGAGCATTTICTCTTGATCTATAACACAGCCTGGG
CTGTCACAGTACTAAGACAAGCCCATCTGATTTGTGAGTCAGTITITATTTCTTGGTCTTC
TACATAAGCTAAAAAGTTTCAACATTTTAATGCTITTCCTTGGATTCCTTTGAGTCATTG
AAGTAATTCCTGTTTCATTTGTACTAATTATTCCACACTAGAAAATTCTGTTGTAATCAC
TTTATGTATTAATAGAAATACTGATTTTTATTTTCAAGGAAGTATTGAGTAGGGAGGGGG
AAATAGGGATTTGCTGITCAATGGGTATAGAGTTTCAGTAATACAAGACAAAAAACTTCA
GAGATCTTCTATACAGCAGTGGGTATATAGTTAACAATACTGCACATCTAACAGTTTGTT
AAGAGGGTAGATCTCATGTCATGTGTTTTTAAAAATTGCTTITTAAAAAAAGTATCGAGTA
AAAAAGCAGTTTTACTCCTCAGTTTCTATTITATATTTAAAATTTTTATTTAAAAAGTGAG
TTGAGATTTITTAAACCTCAGGATAAGTTTTATTITTITTAAAAAATTTATTTTTTATTATTT
TTTGAGATGGAGTCTCACTCCATCTCAAGTCACCCAGGCTGGAGTGCAGTGGTGTCTTIGG
CTCACTGCGACCTCTATCTICCCAGGTTCAAGTGTITCTGCTGCTTCAGCCTCCTGAGTAG
CTGGGATTACAGGTCTGCACCACCACGCCTGGCTAATTTTTGTATTTTITAGTAGAGATGG
GGTGTCACCATGTTGGCCAGGTTTGTCTTGAACTCCTAACCTCAAGTGACCACCTGCCTT
GGCCTCTCAAAGTGCTGGGATTACAGGTATGAGCCACAGTGCCCGGCGGGATAAGTTTTA
AAATAATATTCTCTGCTGGCTGGGCATGGTGGCTCATGCCTGTAAACCCAGCACTTTGGG
AGGCTGAGGCAGGAGCATCACTCGAGGCCAAGAGTTTGAGACCAGTCTGGGCAACATAAT
GAGACCCCCTCTCTACAAAAAATAAAAARAAATTTGGCTGAGTGTGGCATGTTCCTGTAGC
TATCGGGAGGCTGAGATGGGAGGATTGCTTGAGCCCAGGAGTTTGAGGCTGCAGTGAGCT
ATGATTGCACCACTGCGCTCTAGTCTGGGTGACAGTGTGAGACCCTGTCTCTTAAAAAAA
AAAAAAAAAAAGGCCAGGCACAGTGGCTCAGGCCTGTAACCCCAGCACTTTGGGAGGCCG
AGGCGGGTGGATCACTTGAGGCCAGGAATTTGAGACCAGGCTGGCCAACATGATGAAACC
CCGTCICTACTAAAAATACAAAAATAAGCTGGGTGTTGTGGTGCACACCTGTAATCCCAG
CTACTTGGGAGGCTGAGGGAGAGAATTGCTTGAACCTGGGAGGCAGAGGCTACAGTGAGC
CGAGATCACACCACTGCACTCCAGCCTGGGTGACAGAGCAAGACTCCATCTCAAAAACAA
CAACAACAAAAAAACCAAATGTTCTTGCCAATTCTITCCATTTAATATTTAATTTTGAATT
ATATTGTATCTTTCTAAGGATTGTTTCTTATATAAGCAAAGATTTTTCAGTGCTAAACAT
TTACGACTGCTATTCAGAAATGGTTATTTACAAGTCTTTTTGTTTITAAGAAAATGGCTGT
TCAAAAAATTAAAATAGTATATAAACCAAACAAAATATTTTTGCTTTGGATGTCTGTTTT
GCAGCTTCITCCCTACACTATAAGTTCTTACTGACTGCTTTATCACTTAATAAATTGGTT
TGGCTACTTITAACAGAGGCAAATAGTATCAGGCAAAAAATTATTTTTTATTTTTATTTTT
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TGAGACAGTCTCACTCCATCACCCAGGCTGCAGTGCAGTGGCCTGATCTTGGCTCACTGC
AACCTCCACCTCCCAGGTTCAAGCGATTCTCATGCCTCAGCCTCCTGAGTAGCTGGAATT
ATAGGCATGCACCACCACACTCAGCTAATTTTTGTATTTTTAGTAGAGACAGGGTTTTGC
CATGTTGACCAGGCTAGTCTTGAACTCCTGACCTCAAGTGATCCATCTGCTTTGGCCTCC
CAAAGTGCTGGGATAACAGGCATGAGCCACCATGCCCAGCCCTATTTTTTATTTTTTAGA
GATGGGTCTCGCTTTTTAGAGATGGGTCTTGTTGCCCAGGCCAGAGTGCAGTGGTGCGAT
CATAGCTTACTGCAGCCTTGAATTCCTGGGCTCAAGCAATTCTCCTGCCTCAGCCTCCCG
AGTAGCTGGGACTACAGGCCTGTGCCACCAGGCCTGGCTTGTACATTAGTATTTGATATG
GCTACCCTAAGGGCAATCCTATAGTGAAGTCAACATTAGATAATGATGCTCATCTGATGG
ATTAGATTTTCAGAGTTGGCTGTTTCCAGGTGCCTATAGGAGTAGAAAAGGGTGACAAAC
CTCCTAACTAGATGTCCTACCAAATATAGTTCACTCCACATCTGAGATGAGACTGCATGA
CTGCTGGTTTTCTTTGCCTTTTCCCCCCCAGGGTATCATCAGAACCAAAAATAAAGTTTT
AAAGGTGGGTCAGGTGTGTGTTGGCTCATGCCTGTAATCCTAGCACTITGGGAGGCTGAG
GCAGGTGGATCATCTGAGCTCAGGAGTTCAAGACCAGCCTGGCTAATAACATGGTTAAGC
CCCATCTCTACTAAAATACAAAAAGTTAGCTGGGCATGGTGGTGGGCACCTGTAATCCCA
GCTACTCAGGAGGCTGAGGCATGAAAATCGCTTGAACCCCAGAGGCGGGGGTTGCAGTGA
GCCGAGATCATGCCACTGCACACTAGCCTGAACAACAGAGCAAGGCTCTGTCTCCAAACA
AACAAAAATGGTGCCAGAGTCTTTTCCAGGGCTGAGGGGAGATACAATGAAGTGTGTTAT
TTTTTCTGATAAGAGTGCTACCATCTTTCATTCTTGTGTGCCATTTCTAGTTGGGGTGAA
TTTGTTTTCGGAGTTCCTTTCCCAGCTGTTTGCCTGAAAAACCATGAAATGTGTTCCACA
TGAACTATGAAATGATTAGATGCTAATGTGGCAAAGAAAGTGTGAATTCTCTTGTAGAAA
CAGGGACATTTGGTTCGGTACAGTAAGTTGTTAATGCGTGACTCTGTGCTTTCAAATTCT
GTGGTTCAAAAGTACTTTTCACTCCTACTGTGTATTTACCTTGAGAAGGTGAATCCCCTA
ACAATTTGGTCAATGTATCAGTATTCTCAACCCGTCTATCAATTTTTTTTTICTTTCTCCC
TCTTTTTTCTTTTTTTGGGCAAAATACCTTTTTITGCTTITTITATCCCCTTAAAATAACCAT
TGTCCCTCACATGTGCACTCTTCCAAATTTCAGARRAGCAAGAGCGARAAGCGGCACGANTAT
ACAAATATTAAGTATTCTCTAGCGGACCAGACGAGTGGAGATCAGAGCCCTCTCCCGCCT
TGTACTCCAACGCCACCCTGTGCAGACGTAAGTAGTGCTGAAGGAAATTCTTTTTACCTGG

TCATGGTGGTTTAAAAAGGTTTAAAAAACAAAAACAAAAACAAAACACAAGTTTGTAGCA
CATGCCTTTCACTGGTGCACGTTCCTGTTGCCCTACTGTTAGTGTATCTGTGACTGGTGA
TATCTATTGATTGTGTTAATGCTATCTCAACCACGTTTTAATTITTICCTAAGCTGGCCAGG
CACGGTGGCTAACGCCTGTAATCCCAGTGCTTTGGGAGGCCGAGGTTCATGGATTACTTT
GAAGTCAGGAGTTCGAGACCAGCCTGGCCAACATGGTGAAACCCTGTCTCTACTAAAAAT
ACAAAAATTAGCCGGGCATGGTGGCGCATGCCTGTAATCCCAGCTACTCAGGAGGCTGAG
GCAGGAGAATCGCTTGAACCCAGGAAACGGATGTTGCAGTGAGCCGAGATCATGCCACTG
CACTCCAGCCTGGGCGATAGAGTGAGCCTCTGTCTAAAAATAAAATAAAATAAAATAAAT
TCCTAAACTGAAGGCTGACTGCTATGCTAGCTAGGATTATATGGGATTTTAAGTATATCA
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AGTGGTGGTTCTCCAAGAAGAATCTAATTTTTCTTTTGATGGGCTGGGGATTGTAACAAA
GGAAGGTCATATGTCTTAATGATGTGTTAAGGCTCTTTGCAAAATCAAAGTAAATAAATT
GACCACTAATGTGTCAGCCCAGCCATGTTCTGCTCATTTGCCACCAGTCAACAGAAATCT
ACTTTGGGTGTTTAAACCAGGAGTCAGCAAACTACAGCTCACAAGGCCAGATGTGGGCCA
TGGCCTIGTTACTGTATGGCCTGTTAATGGTTTITAAAGGGTTGTAAAACAAAAGAACACAA
AACAAAGACCCAATAACAAAACAAAGCCCGAAGAATAATATGCGACAGAGACCATGTATG
GCATATAGAGCCTAAAATACTGACTCTCAAGCCCTTCCCAGAAATCCTTCCCGACTCCTT
GTTGAAAACACGGTAGGAAAGCATTTGTCAAATTGAGGATATGAATAGCAATTGTAAGTT
ATTATTTTTCTATATATTCGAAAGTCACTTGCTAGTATAACATTTACCTTTTATTTTTCC
CTAAGAATCTTCTCTICTIGITTGCTTTCGACATGGATTTTTAAACCCCTGCAGATTTTAAT
ATTCTATATAAATGTTITAGGTGGCATATATGAGGTTTGTATTAACATTTGCTTTCTATT
TAACATTGAAATGAAATTATACAGCAGAGGTATTITCTCGTCCAAGTTGCCACTTCTTTC
TATCTTTTITCTTTTCTITICCCAGTGGACTGCCTGGGAAAATTGATATTTTAAATTGCTC
TCTGCAATAATTTGCAATGGAACTGGAATGCCAGGGTTCTGAGTCCTTGCCAGACAGCTC
GTCCCTCCTGTTGGCATGACTGAGTCAGCTGTCATGATTCCCTCAGTACCAGTGGCATGC
CTGTGACAGACAGCCTGTCTGCCTTTCATTCCCGTCGTCTCCCTTGTAGGGTTCAGATCC
AGGATACACTGGTCCTGGAGCCCCTCTCAGCCTGGCACCCACAGCTGCTGGGTTCCTTAC
TCTCCTGGACTGCTCTGATGTCATCTCCCTGCTCAGCAGAAAGAAGTCTGGGATCTTGAT
GCTTTGGCCCTCTGTCCTAGGCCCTAAACCACCCATTGCCCTTCACATAACCTGAGCTGG
GGCTAAATAGATCTCTCATCACTGCCTGCCTGCTCCTGTATTTITCCCTTCTTGGAGCTTT
TGCCTGTTCAGATCCCTCTACTGGAAATTAATAGGATTTCATTCTATGTGTGCATTTCCA
ACCTTTCTTCACAGTGCGATCCAAATGCCTCATCCTACAGGCCTCCTTAAAACAACCTGC
TTTCTGCCAGACCCCAGGGAGCACCAGGACTTGAGGCTTTTATTGCACTTCTGTTGTTTT
TTTGAGATGGAGTCTCGCTCTGTCGCCCAGGCTGGAGTGCAGTGGCACGATCTCTGCTCA
CTGCAACCTCCATCTCCCGAGTTCAAGAGATTCTTCTGCCTCAGCCTCTCAAGCAGCTGG
GACTACAGGCATGTGCCATGACACCCGGATAATTTTTGTATTITTAGTAGAGACGGGGTT
CACCATATTGGCCAGGCTGGTCTCAAACTCCTGACCTCGTGATCCACCCACCTGGGCCTC
CCAAAGTTCTGGGATTACAGGCGTGAGCCACCATGCCCAGCGTTATTTCACTTCTGCCTC
TGTAATTATATTGCTGTATGGCTATCTCTTCTCTCCCTGGGAATGTCAGGTCCTAGGCAC
AGGAACTGTGTCTGTACCATATCTGGTGCCCAAAGAATGTAGTATGTGTTTTATAGATAT
CATGTAAGCTTAAACAGCGTGGTCTACATTITTITGTAAATGTCTITICTTITTTCTTTTCTCT
CCAGAATGAGAGAAGACAGTGCTAGAGTCTATGAAAACGTGGGCCTCGATGCAACAGCAGA
AAAGTTTCAGATGAGAAAACCTGCCAAAACTTCAGCACAGAAATAGGTATTTAAATGCAA

GTGCTCTATTGGTTAATTGTTTATATAATTGGCAGTATTTTTAAGCAGGCAAGCAATTTG
GGAATGTTTITAGCAAAGTGTACCATAATTGAGTTITACAAACCAGGCTCCTTTTTCCTICT
CCCTGTACTTCTITTITTCCAAGATGGTTTTAGTTTAGAGTTCATTAAACATTAAAATCAAA
CACAGAATTAATTCTGCATGAGGCAAGGCTAGCACTTATTCCAGAGAAATGGCTGATACT
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GGTGGTAGAGTGCAGGTATCACTGTTCCTGCAATTTTTATTAGAGTTGGTTAGCCCAGGC
TGCTGCTGGGGGATGATCTGTAGGGATCTGGGAAGCATCGGGACTCAGCACTGGGTGGTTG
GGAGTCAGGAAGCCTGAGTTCTICATTTCAGTCAGTICTCTGACCAACTGTGTGGCATGGGG
TGCTAGACCACTTGGCTGCCGACTGGGTCACCGACATCCCTTCCAGCTCTGCTGCTGGAA
ATTCATCTCTCCCATATGTTGCCTCCCCATCAATTACGTTTTITTAAGTGTGACCCAAGTA
TATGATGTATGTTTTCATGATAAATTAGAAACTTATCTGGGCATGGTGGCTCATACCTGT
AATCCCAGCACTTTGGGAGGCTGAGGTGGGCGGATCACCTGAGGTCAGGAGTTCGAGACC
AGCCTGACCAACTAAAATAGTAGAGACCAACCCGTCTCTACTAAAAATAGAAAATTAGCT
GAGCATGGTGGTGCATGCCTATAATCCCAGCTACTCAGGAGGCTGAGGCAGGAGAGGCAG
CGGTTGCAGTGTGCCAAGATCGCGCCATTGCACTCCACCTGGGCCACAAGAGTGAAACTC
CATCTCAAAAAAAAAAAAAAAAAAAAAAAAACTCAGTGTCAGTATTTCATGTCGAAATTC
CACTTCAATGGGTAGTGTAGTTAAAAGCTCTAAGTCTACCTTAAAATCACCTAATGCTTT
GTTAAGCTTITTAGATATATGTTCCTTAAAAACTCTTAACTTATTTCTTCCCCAGATGTGG
ACTTITCACCCTCTCCCTAAAAAGATCAAGAACAGACGCAAGARAGTTTATGTGAAGACAG
AATTTGGATTTGGAAGGCTTGCAATGTGGTTGACTACCTT TTGATAAGCAAAATTTGAAN

CCATTTAAAGACCACTGTATTTTAACTCAACAATACCTGCTTCCCAATTACTCATTTCCT
CAGATAAGAAGAAATCATCTCTACAATGTAGACAACATTATATTTTATAGAATTTGTTTG

ARATTGAGGAAGCAGTTAAATTGTGCGCTGTATTTTGCAGATTATGGGGATTCAAATTCT

AGTAATAGGCTTITTTTATTTTTATTTTTATACCCTTAACCAGTTTAATTTTTTTTTTCCT
CATTGTTGGGGATGATGAGAAGAAATGATT TGGGAAAATTAAGTAACAACGACCTAGAAA
AGTGAGAACAATCTCATTTACCATCATGTATCCAGTAGTGGATAATTCATTTTGATGGCT
TCTATTTITTGGCCAAATGAGAATTAAGCCAGTGCCTGAGACTGTCAGAAGTTGACCTTTG
CACTGGCATTAAAGAGTCATAGAAARAGAATCATGGATATTTATCAATTAAGCTAAGAGE
IGTGGCTTTITITTITTTCITITTTCCAGCCGTTGACCAATTATAGTTCGGCTGTTGACT
GAGAAGTTTGTGGTGGGAAAACGTTTGCCATATTTTCTTTGCATTTGAATAATTGTCTTG
TACTTAGAAAAAAGGCGTCTATGAATGACCAGTGTTITTTGGTCGCCAAATGTTGCTGACA
AACTTATCCCAAAACTTTAGTGCCTTAAAAARACCTGCCCCCAACTCTTAGTCAATCTGA
GCTGGGCTCAGCTGEGGCTGTITCTTCTGCCAGECTGCAGGTGGCCACTCATCGTGEGTCAGEA
GGTCCGCGEGAGAGACTECCATGGECTGECCTTCTCTCTCTGECCTGCAGTECCTGAGTETCTC
CTTCTTICGTGTAGTCTCTTTCAGTGGCCTGGCTGGCAGGEGTAGCTAGACCTCTCACATGC
AGCTCAGAGCTCCCAAGAGCTCAAAAGCAGARATGGCCAGGCCTTCTGAAAACTTAAGTC
CAGAATTGTCACAGTGTCCCTTCTACTTCCCTCTATTGATGATGATGATGATGATGATGA
TGATGATGATGATGATGATGATGGTTTTTTCTAATCAGAAGARAGCTGGGGTATGCCCTC
TACTTACTAAACAAGTCACAAGCCCAGCTCAGATTCAAGAAAAGGGTGTGAAGTAGAGET
GCAGTTAAGTGGGGGGCCACTAGTCTAACAGACGGTCACAACCAGTGCCATGGAAAACCA
AGGATATTAGCAAAAGCAGAAGTTGCTAGTGACCTTGCGGAAGCCGAAGCTGCTTACAGTA
GCTGGGACAAGCTGAAAGTCAGACTAAGAAATAAAGAGAGGGECTTCAAGAAGCTTCCTG
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AATGATTTCTGCTAGCCCTGAGCCTATTTTTGGAACCAGCACTTGGGGAAACTGATCTTG
TGAGCATGGATGTGTTTAGGGACACAGCGCTTTTGAGAGCAGCACCACCCCACTGGGEGCA
TCCCCAGACTTGGGAAACGTGACTCTTTCTTAATGCCACTGGGTTTTAGTCAGGCCACAG
TGAGAAGGAACAGCCCTAACAGGCCTCCAGCCAGGTTGAATGAGCTCATTTTTGTTGTAG
CCAACCAGTAAGATTTGCTAATGTTCTACATTAAGTGCCTTCTCCAAAGACATCCETCTT
TGECTCATATGTTGAATCATCCAGTGCGGATATTTCAATGAAAATATCATTGGTTGACTT
TTGTGATGGTAATAATGCTATGGCATCTTTGCCATGAAGTTGTGGCCTCCTTGGATTCTT
CTGACTTTGGCTTCTGAAAGGAAGGCCTAGATCCAGCCCTEGGTGGTAGTTCCTTICTGAG
GTCTCTCAGTCCCTTGAGACTTTGGGGTAGTTTGGCTGCCATTCTCACTGACARAATGTA
TATCAGCCCCCACCTCCACCCCCCAATATTCCTTGAACTTTGAATTGCTTCAGAACACAG
GIGTGGCCTGAAGGTATTCCCTTATTAGGGAAGTGTCACTGCTGTCTTCTAGTCAAACTT
GTAAAGAAAAAGATTCCAGTTCAGTATTTGCAGCAAGAAGCTTGAATGCTGTTCTTTTTA
TCGCATTGTTACATCGACTCATTCTCCATTTITGCTTITGGTTTTGTCTTGACTTGACTTGA
CTTTGGGGGTARAGTCTTTICACCAGCACACAAGAGTTTGATTGTACAAATATATCTTCTG
CATTAACATCTCTGCCTGTTGCTTAAGATCAGTTGCTTTTATACTCAGAATGGAAATACC
TGATCTTGGCTAGTTTTGTTATAAGATATTGATTTCATTTAGATTTCCCTCCACGAGGTC
AGCAAACTATCATGTTCTTATGTAAACTTIAGGCCAAGGCCAGAGTTATCATAGTCECTAG
GTTGCTACGGCTTATCATGTGCTTGGTAAAAGGTGATCGCAGGTTCTCAGACGAGTTTAC
TTTACATGAGATGGAATCAGCCAGAGAGGCTCGGATGATGCAGARAGCTCGAGGTGAAGT
TTTAAAAAAAAAGTTGTGGAAAGGAAAGTTCCAAAGAGGTGGTTTCTGAGGAAGTCAGAG
CGCCCAGGGCCAGAGCAGTCAGTAATGGGTGAATGAGGTTGTTTGGAAAGTCGETGTGAC
AGACACATGGATGCCATCTACTTCTAGGTTGCTGGTGGGTATTAAATATGCACAATATTC
CATAGCTCACTGAGGATTTTAAAATTATAAGCATAGGATTTTATATTTTIGCGCTGAAAGA
ATTATCTGGCACATTAGGTATTGGAGTTTAAAAAAAAAGCCAAATTTCACAGTCTTAATA
ACTTTTTTTAAAAAAAACTAAMAGGCGCTTCATGTCCAGTGTGTGGCCCTTCTGAAACTT
ATGGTCATCTCTCCCACTGAAACCAAGGTCTTT TCAAATGTCGCTAAATGCGCGATGAGGA
GACACGGGTAGGACTTTCTITGGTEGTGTGTGCATTICTTTAAAGAGCCAAGTTGCTTCGGGE
ADMACAGCCAGGAAAATGGTCAAGATTATTTTTAGAGGTTATTTTATTGGGGATT TTAAGA
ACTAATAACATCTTGAGTTATTTTTAATTCAGGGGGATGTGGAAAGGTTTGCAATTGTCA
AGTGTTTTGTTGTAGCTTAGTATCCATAAGGGAAACTTAGACTATAGACATAACTACAAA
GCCAGTGCAGCTTTIGTTTICTGTATCGTTGTTIGGGGGATCAACTTTCACACATAGCAAGC
ACATGGCCTCCCTGATGTCAGGATGCCTTTGTTAGGATCTGTATTTGCCCTTAATTTTGT
TGAAATCTTTTTTCCTTICTTICCTCTTGAAAAGTTCCAAAATATAGTTTATTGTATCTTTC
ATCACTAAAAATTTGITCCTTTTTCACTATGGGCAGTTCACACAAGGCAAAAACTATTGA

ACAGTTGGTTTTAGTGTGTTGTATAACTTTGCTGTATATCAAACTAATTTTGACAAGTTT
TCATCCTAAGCCTCAAATCATGTAATTAATAATTTGCCTGTTTATTTATGACCTAATTGT
GATTCTTTTATTAATAAAAGCTAATGGGAAAAGGATCCCTGATTAAGCTGATGACTAGAC
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CTACAATTAATTITCCTGCAGTATATGAAGTATTGTACCAGAGTATTAAAAGATATGTAA
TATTTTATTGATAAATCTATCCTTTAARAGGAATACGTTTTAGGATGTCATCATTTTGAT
GITGAATCATGTAAATGTTGATAATATGCTGTTTATTATACATTTAGTGTTTCAAGAGATT
CACTTAATTGCCTITTIGCCCACGTATATTATGTAGTCTATTITGCAACTGTTCT TAAAAA
AATGACATTAAAAGAATAGTTTATGTAGAGAAACATTAGTGGATGTTAATTGTCTCCCCA
CCTATATTTATGGGTGTTAGCGCAACTGECTTTGCTAGTTGCARAGCTGTATTATCAGAGT
AAAAGTGTATTTIGTAAACTGTATGGGAACTAAAAATTAGGAATAAAACCATTTTCTTATA
IEETGGCATTTGTCGTTTGCTTCATCAGAAATGTCCAGGAAAAAAATGGGATTATTGGTC

ACTCCACCTCTCACACTGGCAAAATACTGACATITAGCAGCTCTTATCTAGAAGTGACTT
GGAACATAGAATAAAGGCATGAGTTCCTGAAGAATTCATTGAGTGTITTCCTGTAGAAATA
GCTTTAGGAGATAGGGAGTTCTATCTGGGAGAACATATGAGTAACTCAAGAGTAAAAAGT
ATAGTCTGTGTAAACTATAGAAGAAATGCTGGGCATGGTGGCGCGCCCCTGTAATCTCAG
CTACTTGGAGGCTGAGACGGGAGGATTCCTTGAACCCAGGAGCCCAGGAGTTTTAGACCA
GICTGGGTAACATAGTGAGACCCTTTCTCACCTACTCTCACTGCATGCCCCCCAAAAATA
TATATGTGCGCGCACGCGCGCGCACACACACATACACACACACACACACACACACACACA
CAGAGGAAATTGITAGAAAACACACAGAACTGAATGTAAATAGTATTAGGTGGGAATAAG
AAGTAAAGGGATGGTAAGGAGGCTTGGAGGAGGAGTAAATTATCTGCTATGGGACATCAG
CTC

[0048] FIG. 11 shows a SHP2 translated amino acid sequence (SEQ ID
NO: 61). Alternating exons are underlined and non-underlined. Bold with italics
indicate a residue overlap splice site.

[0049] Like reference symbols in the various drawings indicate like

elements.

DETAILED DESCRIPTION OF THE INVENTION

[0050] Protein/nucleic acid complexes or assemblies are difficult to
manipulate due to their fragility and requirement for structural integrity (e.g.,
3-dimensional conformation. Genome editing technologies, such as clustered
regularly interspaced short palindromic repeats (CRISPR)-Cas9, transcription
activator-like effector nucleases (TALENS), and others, have shown much potential
in their ability to change the genetic code of cells. However, their activity is highly
dependent on structural and conformational integrity.

[0051] Zinc-finger nucleases (ZFNs) and transcription activator-like
effector nucleases (TALENSs) are examples of a class of gene editing tools. These

chimeric nucleases are composed of programmable, sequence-specific DNA-binding
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modules linked to a nonspecific DNA cleavage domain. ZFNs and TALENSs enable a
broad range of genetic modifications by inducing DNA double-strand breaks that
stimulate error-prone nonhomologous end joining or homology-directed repair at
specific genomic locations (Gaj et al., 2013, Trends Biotechnol. 31(7):397-405;
hereby incorporated by reference).

[0052] Numerous publications describe the use of viruses, mRNA and
plasmids to code for the Cas9 and/or gRNA and/or donor oligonucleotides (where
relevant). Compared to these methods, the methods and systems described herein
utilize a different strategy — delivery of the protein itself, complexed with the guide
RNA. This process is fundamentally different, because it does not require the cell to
translate/transcribe anything for the editing to work. For that reason, and because the
protein/guide complex has a short half-life, the approach of the invention results in

faster and more efficient editing with fewer off-target effects.

Other approaches such as liposome mediated protein delivery, microinjection, and

cell-penetrating peptides (CPP).

[0053] One example of liposome mediated protein delivery uses GFP
fused to Cas-9, has also been used (Zuris et al., 2015, Nature Biotechnology 33:73—
80). The GFP is capable of complexing with conventional lipofection agents (e.g.
lipofectamine) due to charge interactions and appears to mediate a gene editing
response. The main advantages of the invention relative to this approach are: 1) does
not require a fusion protein 2) does not require lipofection agents which can have
toxicity, endosome escape problems, and issues/problems translating to primary cells.

[0054] Microinjection mediated complex delivery is characterized by
extremely low throughput and can be difficult to implement for most mammalian cell
types. The latter drawback is highlighted by the fact that the work was done with
embryos, i.e., cells that are much larger than a fibroblast or a T cell (cells which are
desirable target cells for gene editing endeavors). By enabling high throughput and
translatability to smaller primary cells, e.g., fibroblasts, T cells, stem cells, the
methods described herein have a big advantage.

[0055] A CPP-based strategy does not involve a complex. One example
of such as strategy is described in Ramakrishna et al., 2014, Genome Res. 24(6):1020-
7. CPP mediated delivery of individual components is also associated with
drawbacks. Conjugating a CPP to the guide and Cas9 requires extra modification that
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may inhibit function, limit scalability. CPP mediated delivery is known to go through
endocytosis and is inefficient or ineffective in many primary cells (particularly
immune cells).

Target cells and pavload compositions

[0056] Any gene can be manipulated using the gene editing strategies
described. Some target genes/proteins are particularly relevant in clinical disease and
thus gene editing of such target genes/proteins is useful for therapy. Examples
include C-C chemokine receptor type 5 (CCRS5): prevent human immunodeficiency
virus (HIV) infection; major histocompatibility complex class I (MHC-I): reduce graft
vs. host disease; cluster of differentiation 1 (CD1): reduce graft vs. host disease;
programmed cell death protein 1 (PD-1), programmed death-ligand 1 (PDL-1),
Cytotoxic T-Lymphocyte-Associated Protein 4 (CTLA-4), interferon-regulatory
factor (IRF) protein family, TLR protein family, pattern recognition receptors (PRRs):
modulate immunity to enhance or dampen effector/antiviral responses; forkhead box
P3 (FoxP3): eliminate Treg mediated tolerance; cluster of differentiation 80 (CD80),
cluster of differentiation 86 (CD86) and other costimulatory molecules: knockout
costimulation abilities to promote tolerance; T cell receptor (TCR), B-cell receptor
(BCR): eliminate endogenous TCR or BCR to allow for engineering of T cells and B
cells with desired specificity; oncogenes (e.g., Kras, Myc, Tp53): cancer therapy. In
another example, targeting transcription factors is used to change cell fate, e.g., delete
FoxP3 to remove Treg type function. Delete nuclear factor-kappa B (NF-kB), t-bet,
Eomesodermin (Eomes), etc. to alter T cell differentiation.

[0057] A protein coding sequence for forkhead box P3 (FoxP3) is as
follows:

[0058] ATGCCCAACCCCAGGCCTGGCAAGCCCTCGGCCCCTTCC
TTGGCCCTTGGCCCATCCCCAGGAGCCTCGCCCAGCTGGAGGGCTGCACC
CAAAGCCTCAGACCTGCTGGGGGCCCGGGGCCCAGGGGGAACCTTCCAG
GGCCGAGATCTTCGAGGCGGGGCCCATGCCTCCTCTTCTTCCTTGAACCCC
ATGCCACCATCGCAGCTGCAGCTGCCCACACTGCCCCTAGTCATGGTGGC
ACCCTCCGGGGCACGGCTGGGCCCCTTGCCCCACTTACAGGCACTCCTCC
AGGACAGGCCACATTTCATGCACCAGCTCTCAACGGTGGATGCCCACGCC
CGGACCCCTGTGCTGCAGGTGCACCCCCTGGAGAGCCCAGCCATGATCAG
CCTCACACCACCCACCACCGCCACTGGGGTCTTCTCCCTCAAGGCCCGGCC
TGGCCTCCCACCTGGGATCAACGTGGCCAGCCTGGAATGGGTGTCCAGGG
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AGCCGGCACTGCTCTGCACCTTCCCAAATCCCAGTGCACCCAGGAAGGAC
AGCACCCTTTCGGCTGTGCCCCAGAGCTCCTACCCACTGCTGGCAAATGGT
GTCTGCAAGTGGCCCGGATGTGAGAAGGTCTTCGAAGAGCCAGAGGACTT
CCTCAAGCACTGCCAGGCGGACCATCTTCTGGATGAGAAGGGCAGGGCAC
AATGTCTCCTCCAGAGAGAGATGGTACAGTCTCTGGAGCAGCAGCTGGTG
CTGGAGAAGGAGAAGCTGAGTGCCATGCAGGCCCACCTGGCTGGGAAAA
TGGCACTGACCAAGGCTTCATCTGTGGCATCATCCGACAAGGGCTCCTGCT
GCATCGTAGCTGCTGGCAGCCAAGGCCCTGTCGTCCCAGCCTGGTCTGGC
CCCCGGGAGGCCCCTGACAGCCTGTTTGCTGTCCGGAGGCACCTGTGGGG
TAGCCATGGAAACAGCACATTCCCAGAGTTCCTCCACAACATGGACTACT
TCAAGTTCCACAACATGCGACCCCCTTTCACCTACGCCACGCTCATCCGCT
GGGCCATCCTGGAGGCTCCAGAGAAGCAGCGGACACTCAATGAGATCTAC
CACTGGTTCACACGCATGTTTGCCTTCTTCAGAAACCATCCTGCCACCTGG
AAGAACGCCATCCGCCACAACCTGAGTCTGCACAAGTGCTTTGTGCGGGT
GGAGAGCGAGAAGGGGGCTGTGTGGACCGTGGATGAGCTGGAGTTCCGC
AAGAAACGGAGCCAGAGGCCCAGCAGGTGTTCCAACCCTACACCTGGCCC
CTGA (SEQ ID NO: 62)

[0059] Src homology region 2 domain-containing phosphatase-1 (SHP1)
is also known as tyrosine-protein phosphatase non-receptor type 6 (PTPN6). A
protein coding sequence for SHP1 is as follows:

[0060] ATGGTGAGGTGGTTTCACCGAGACCTCAGTGGGCTGGAT
GCAGAGACCCTGCTCAAGGGCCGAGGTGTCCACGGTAGCTTCCTGGCTCG
GCCCAGTCGCAAGAACCAGGGTGACTTCTCGCTCTCCGTCAGGGTGGGGG
ATCAGGTGACCCATATTCGGATCCAGAACTCAGGGGATTTCTATGACCTGT
ATGGAGGGGAGAAGTTTGCGACTCTGACAGAGCTGGTGGAGTACTACACT
CAGCAGCAGGGTGTCCTGCAGGACCGCGACGGCACCATCATCCACCTCAA
GTACCCGCTGAACTGCTCCGATCCCACTAGTGAGAGGTGGTACCATGGCC
ACATGTCTGGCGGGCAGGCAGAGACGCTGCTGCAGGCCAAGGGCGAGCC
CTGGACGTTTCTTGTGCGTGAGAGCCTCAGCCAGCCTGGAGACTTCGTGCT
TTCTGTGCTCAGTGACCAGCCCAAGGCTGGCCCAGGCTCCCCGCTCAGGG
TCACCCACATCAAGGTCATGTGCGAGGGTGGACGCTACACAGTGGGTGGT
TTGGAGACCTTCGACAGCCTCACGGACCTGGTGGAGCATTTCAAGAAGAC
GGGGATTGAGGAGGCCTCAGGCGCCTTTGTCTACCTGCGGCAGCCGTACT
ATGCCACGAGGGTGAATGCGGCTGACATTGAGAACCGAGTGTTGGAACTG
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AACAAGAAGCAGGAGTCCGAGGATACAGCCAAGGCTGGCTTCTGGGAGG
AGTTTGAGAGTTTGCAGAAGCAGGAGGTGAAGAACTTGCACCAGCGTCTG
GAAGGGCAGCGGCCAGAGAACAAGGGCAAGAACCGCTACAAGAACATTC
TCCCCTTTGACCACAGCCGAGTGATCCTGCAGGGACGGGACAGTAACATC
CCCGGGTCCGACTACATCAATGCCAACTACATCAAGAACCAGCTGCTAGG
CCCTGATGAGAACGCTAAGACCTACATCGCCAGCCAGGGTTGTCTGGAGG
CCACGGTCAATGACTTCTGGCAGATGGCGTGGCAGGAGAACAGCCGTGTC
ATCGTCATGACCACCCGAGAGGTGGAGAAAGGCCGGAACAAATGCGTCC
CATACTGGCCCGAGGTGGGCATGCAGCGTGCTTATGGGCCCTACTCTGTG
ACCAACTGCGGGGAGCATGACACAACCGAATACAAACTCCGTACCTTACA
GGTCTCCCCGCTGGACAATGGAGACCTGATTCGGGAGATCTGGCATTACC
AGTACCTGAGCTGGCCCGACCATGGGGTCCCCAGTGAGCCTGGGGGTGTC
CTCAGCTTCCTGGACCAGATCAACCAGCGGCAGGAAAGTCTGCCTCACGC
AGGGCCCATCATCGTGCACTGCAGCGCCGGCATCGGCCGCACAGGCACCA
TCATTGTCATCGACATGCTCATGGAGAACATCTCCACCAAGGGCCTGGAC
TGTGACATTGACATCCAGAAGACCATCCAGATGGTGCGGGCGCAGCGCTC
GGGCATGGTGCAGACGGAGGCGCAGTACAAGTTCATCTACGTGGCCATCG
CCCAGTTCATTGAAACCACTAAGAAGAAGCTGGAGGTCCTGCAGTCGCAG
AAGGGCCAGGAGTCGGAGTACGGGAACATCACCTATCCCCCAGCCATGA
AGAATGCCCATGCCAAGGCCTCCCGCACCTCGTCCAAGAGCTTGGAGTCT
AGTGCAGGGACCGTGGCTGCGTCACCTGTGAGACGGGGTGGCCAGAGGG
GACTGCCAGTGCCGGGTCCCCCTGTGCTGTCTCCTGACCTGCACCAACTGC
CTGTACTTGCCCCCCTGCACCCGGCTGCAGACACAAGGAGGATGTGTATG
AGAACCTGCACACTAAGAACAAGAGGGAGGAGAAAGTGA (SEQ ID NO:
63)

[0061] Src homology region 2 domain-containing phosphatase-1 (SHP2)
is also known as tyrosine-protein phosphatase non-receptor type 11 (PTPN11). A
protein coding sequence for SHP2 is as follows:

[0062] ATGACATCGCGGAGATGGTTTCACCCAAATATCACTGGT
GTGGAGGCAGAAAACCTACTGTTGACAAGAGGAGTTGATGGCAGTTTTTT
GGCAAGGCCTAGTAAAAGTAACCCTGGAGACTTCACACTTTCCGTTAGAA
GAAATGGAGCTGTCACCCACATCAAGATTCAGAACACTGGTGATTACTAT
GACCTGTATGGAGGGGAGAAATTTGCCACTTTGGCTGAGTTGGTCCAGTA
TTACATGGAACATCACGGGCAATTAAAAGAGAAGAATGGAGATGTCATTG
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AGCTTAAATATCCTCTGAACTGTGCAGATCCTACCTCTGAAAGGTGGTTTC
ATGGACATCTCTCTGGGAAAGAAGCAGAGAAATTATTAACTGAAAAAGG
AAAACATGGTAGTTTTCTTGTACGAGAGAGCCAGAGCCACCCTGGAGATT
TTGTTCTTTCTGTGCGCACTGGTGATGACAAAGGGGAGAGCAATGACGGC
AAGTCTAAAGTGACCCATGTTATGATTCGCTGTCAGGAACTGAAATACGA
CGTTGGTGGAGGAGAACGGTTTGATTCTTTGACAGATCTTGTGGAACATTA
TAAGAAGAATCCTATGGTGGAAACATTGGGTACAGTACTACAACTCAAGC
AGCCCCTTAACACGACTCGTATAAATGCTGCTGAAATAGAAAGCAGAGTT
CGAGAACTAAGCAAATTAGCTGAGACCACAGATAAAGTCAAACAAGGCT
TTTGGGAAGAATTTGAGACACTACAACAACAGGAGTGCAAACTTCTCTAC
AGCCGAAAAGAGGGTCAAAGGCAAGAAAACAAAAACAAAAATAGATATA
AAAACATCCTGCCCTTTGATCATACCAGGGTTGTCCTACACGATGGTGATC
CCAATGAGCCTGTTTCAGATTACATCAATGCAAATATCATCATGCCTGAAT
TTGAAACCAAGTGCAACAATTCAAAGCCCAAAAAGAGTTACATTGCCACA
CAAGGCTGCCTGCAAAACACGGTGAATGACTTTTGGCGGATGGTGTTCCA
AGAAAACTCCCGAGTGATTGTCATGACAACGAAAGAAGTGGAGAGAGGA
AAGAGTAAATGTGTCAAATACTGGCCTGATGAGTATGCTCTAAAAGAATA
TGGCGTCATGCGTGTTAGGAACGTCAAAGAAAGCGCCGCTCATGACTATA
CGCTAAGAGAACTTAAACTTTCAAAGGTTGGACAAGGGAATACGGAGAG
AACGGTCTGGCAATACCACTTTCGGACCTGGCCGGACCACGGCGTGCCCA
GCGACCCTGGGGGCGTGCTGGACTTCCTGGAGGAGGTGCACCATAAGCAG
GAGAGCATCATGGATGCAGGGCCGGTCGTGGTGCACTGCAGTGCTGGAAT
TGGCCGGACAGGGACGTTCATTGTGATTGATATTCTTATTGACATCATCAG
AGAGAAAGGTGTTGACTGCGATATTGACGTTCCCAAAACCATCCAGATGG
TGCGGTCTCAGAGGTCAGGGATGGTCCAGACAGAAGCACAGTACCGATTT
ATCTATATGGCGGTCCAGCATTATATTGAAACACTACAGCGCAGGATTGA
AGAAGAGCAGAAAAGCAAGAGGAAAGGGCACGAATATACAAATATTAAG
TATTCTCTAGCGGACCAGACGAGTGGAGATCAGAGCCCTCTCCCGCCTTGT
ACTCCAACGCCACCCTGTGCAGAAATGAGAGAAGACAGTGCTAGAGTCTA
TGAAAACGTGGGCCTGATGCAACAGCAGAAAAGTTTCAGATGA (SEQ ID
NO: 64)

[0063] Other targets include areas of the genome that can have a plasmid

or donor DNA inserted into them so that the target cell can express a new gene, e.g. a
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recombinant TCR, a recombinant BCR, Chimerica Antigen Receptor, fluorescent
protein, reprogramming factors.

[0064] In some embodiments, a genomic sequence is edited in a coding
region. In certain embodiments, a genomic sequence is edited in a non-coding region.
[0065] In various embodiments relating to FoxP3, a genetic region

upstream of FoxP3 may be edited. In such embodiments a region where a
transcriptional repressor of Foxp3 might bind is edited. For example a site about 0.5,
1,1.5,2,2.5,3,3.5,4,4.5, 5, 0.5-2.5, or 0.5-5kb upstream of the FoxP3
transcriptional start site may be edited.

Treating Subjects

[0066] Aspects of the present invention relate to editing the genomes of a
plurality of a subject’s cells. In various embodiments, cells are removed from a
subject, receive a gene-editing complex using a method of the present subject matter,
and then are reintroduced back into the subject. For example, mutant cells may be
produced in a process involving delivery of a gene-editing complex as described
herein. The mutant cells may be heterozygous or homozygous for a mutated allele a
gene involved in a disease. In certain embodiments, the mutant cells are null for the
gene involved in a disease.

[0067] Cells, such as stem cells (e.g. hematopoietic stem cells) from bone
marrow, or circulating immune cells in whole blood, may be treated using methods
and devices described herein. Cells may be genetically modified to reduce the
expression of a receptor for a pathogen (such as a viral or bacterial pathogen) or a
toxin (such as a microbial pathogen toxin). Since a gene-editing protein complex or
components thereof may be directly introduced into target cells without the need for
expression, no transgene delivery is necessary. This approach has important
advantages over traditional gene-therapy approaches, which suffer from aberrant
expression, insertion, and silencing, as well as variable delivery of transgene copy
number.

[0068] In one embodiment, a gene-editing complex that targets the C-C
chemokine receptor type 5 (CCR5) gene is introduced into a blood (such as a CD4+ T
cell) or bone marrow cell (such as a hematopoietic stem cell) of a subject who is
infected with human immunodeficiency virus (HIV). The gene-editing complex may
be designed to mutate the CCRS gene such that cells receiving the gene-editing
complex no longer express CCRS or express CCRS at a reduced level. In one
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example, hematopoietic stem cells expressing a version of CCRS that binds HIV (or
that produce progeny that express the CCRS5) are removed from the subject, modified
to no longer express a version of CCRS that binds HIV, and then are transplanted into
the subject. In another example, CCR5-expressing CD4+ T cells of the subject receive
a gene-editing complex using methods and devices described herein such that the
CD4+ T cells no longer express a version of CCRS that binds HIV. The modified
CD4+ T cells are then returned into the subject. Such treatment of the CD4+ T cell
may be performed in whole blood from the subject. In these and other embodiments,
bone marrow cells or blood cells are modified to no longer express a version of C-X-
C chemokine receptor type 4 (CXCR4) to which HIV binds. Similarly, cells of a
subject may be modified to have reduced CCRS5 expression to treat or prevent an
infection associates with Yersinia pestis (bubonic plague) or Variola major (small
pox).

[0069] Subjects, other than humans, containing cells modified by methods
and devices disclosed herein are also provided. Such subjects include non-human
vertebrate, amphibian, mammalian, and primate subjects. Non-limiting examples
include Danio sp., Fugu sp., Xenopus sp., Mus sp., Rattus sp., and others.

Introducing Gene-Editing Proteins and Complexes into Cells

[0070] The delivery of pre-formed protein complexes allows for the study
of cellular processes without genetic modification of the cells being studied. The
present subject matter is useful for delivering protein complexes and gene editing
complexes to cells, including CRISPR.

[0071] The advantages of delivering protein complexes using the methods
and devices described herein include the controlled and temporary introduction of test
agents for the study of cell and protein complex function. Since transgene expression
and cellular assembly of complex components is not needed, the timing and ratios
(protein:RNA) of complex function can be controlled. Additionally, the transient
nature of delivery enables the observation of changes due to temporary function,
rather than prolonged expression which may result in off-target or secondary effects.
From an in vivo homing perspective and a gene expression format, microfluidic
delivery has far fewer side effects (10-fold) on treated cells rather than
electroporation.

[0072] For example, microfluidic delivery results in fewer aberrant and
non-specific gene expression changes compared to electroporation. Additionally, the
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structural and functional integrity of microfluidically squeezed cells is preserved
compared to electroporation-mediated cargo delivery. As an example, an increased
number of T cells exposed to microfluidic delivery ex vivo (and then introduced into a
subject in vivo) home to lymph nodes compared to T cells that have undergone
electroporation. Cells (e.g., T cells) treated by electroporation and then administered
into a subject are more likely to be cleared from the subject compared to cells treated
by microfluidic delivery. Such clearance is related to altered/aberrant gene expression
following electroporation that marks such cells for destruction or clearance by the
body.

Target cells and Payload Compositions

[0073] Any eukaryotic, e.g., mammalian such as human, cell can be
processed using the microfluidic device to alter the cell membrane for introduction of
protein/nucleic acid complexes or assemblies into the cytosol of the target cell.
Exemplary target cells include Lymphocytes/Immune cells: DCs, B cells, T cells,
Natural killer cells (NK cells), neutrophils, basophils, eosinophils, innate lymphoid
cells, monocytes, macrophages, hematopoietic stem cells, common lymphoid
progenitor cells; Stem cells: Embryonic, mesenchymal, induced pluripotent; Other
primary cells: Fibroblasts, hepatocytes, cardiomyocytes, neurons, epithelial,
epidermal, endothelial, pancreatic islet cells; as well as Cell lines, e.g., cell lines for
disease studies: T cell clones, Jurkat cells, HelLa cells, Human Embryonic Kidney 293
(HEK?293) cells, U20S cells, Chinese Hamster Ovary (CHO) cells. Prokaryotic cells
can also be processed. The dimensions of the constriction of the device are tailored
depending on the cell type to be processed.

[0074] In some embodiments, the cell is a prokaryotic cell. In other
embodiments, the cell is a eukaryotic cell. Non-limiting examples of eukaryotic cells
include protozoan, algal, fungi, yeast, plant, animal, vertebrate, invertebrate,
arthropod, mammalian, rodent, primate, and human cells. The cell may be a cell, e.g.,
of a unicellular organism or a multicellular organism. The cell may be, e.g., a primary
eukaryotic cell or an immortalized eukaryotic cell. In some embodiments, the cell is a
cancer cell. In certain embodiments, the cell is other than a human cell. For example,
a composition for treating cancer and/or a method of treating cancer or preparing a
composition for treating cancer, comprises treating immune cells using the gene-

editing methods described herein to reduce the expression/production of immune
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suppressing signals from tumor cells. An example includes reduction or SHP-2
knockout for increasing immune activity towards tumors.

[0075] In various embodiments, a cell may be in a mixture of two or more
cell types or a plurality of cells may be a mixture of two or more cell types. A mixture
of cell types may be a co-culture of multiple cell types (such as two or more of those
disclosed herein) or a mixture of cell types that naturally occur together, such as in
whole blood.

[0076] In some embodiments, the cell is a peripheral blood mononuclear
cell. In various embodiments, the cell suspension comprises a purified cell
population. In certain embodiments, the cell is a primary cell or a cell line cell.

[0077] In some embodiments, the cell is a blood cell. In some
embodiments, the blood cell is an immune cell. In some embodiments, the immune
cell is a lymphocyte. In some embodiments, the immune cell is a T cell, B cell,
natural killer (NK) cell, dendritic cell (DC), Natural killer T (NKT) cell, mast cell,
monocyte, macrophage, basophil, eosinophil, or neutrophil. In some embodiments,
the immune cell is an adaptive immune cell such as a T cell and B cell. In some
embodiments, the immune cell is an innate immune cell. Exemplary innate immune
cells include innate lymphoid cells (ILCs; ILC1, ILC2, ILC3), basophils, eosinophils,
mast cells, NK cells, neutrophils, and monocytes. In some embodiments, the immune
cell is a memory cell. In some embodiments, the immune cell is a primary human T
cell. In some embodiments, the cell is a mouse, dog, cat, horse, rat, goat, monkey, or
rabbit cell.

[0078] In some embodiments, the cell is a human cell. In some
embodiments, the cell suspension comprises a cell other than a human cell or a non-
mammalian cell. In some embodiments, the cell is a chicken, frog, insect, or
nematode cell.

[0079] Any physiologically-compatible or cell-compatible buffer system
can be used as a solution to bathe/incubate the cells and process the cells through the
device. For example, phosphate buffered saline (PBS), Opti-MEM®, Roswell Park
Memorial Institute (RPMI), Dulbecco’'s Modified Eagle's Medium (DMEM). A
reduced serum or serum-free media or buffer composition is preferable. The buffer or
medium is chosen based to maintain and preserve the health or viability of the target
cell and/or the effect on gene expression. For example, in some cases the presence of
calcium in the buffer is desirable to promote or support mRNA expression.
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[0080] Payload compositions include a protein-nucleic acid complex or
assembly. Exemplary complexes include components or modules of a gene editing
system as described above, e.g., nuclease/guide nucleic acid combination or assembly.
For example, gRNA:Cas9 molar ratio ranges from 1:100,000 to 100,000:1,e.g., a
preferred range, 1:10 to 10:1, e.g., 1:1 or 1:2, 2:1. Complex concentration in the
buffer to facilitate delivery (molar concentrations) typically ranges from 100mM to
1nM, e.g., 10uM to 100nM. Complexes can be mixed with cells before going through
constriction or afterwards.

Microfluidic Delivery of Gene Editing Complexes

[0081] In order to effect gene editing manipulations, Cas protein (such as
Cas9 protein), guide RNA and donor DNA can be delivered to a cell through
mechanical deformation using, for example, a microfluidic platform (e.g., as
described in U.S. Application Publication No. 20140287509, filed April 17, 2014;
PCT International Application No. PCT/US2014/051343 filed August 15, 2014; PCT
International Application No. PCT/US2015/060689 filed November 13, 2015; and
PCT International Application No. PCT/US2015/058489 filed October 30, 2015, each
of which is hereby incorporated by reference).

[0082] FIGS. 1-2 illustrate an example microfluidic system that can be
used for the delivery of genome editing protein, RNA, and DNA. The microfluidic
system 5 includes a channel 10 defining a tubular lumen. The microfluidic channel
10 includes a constriction 15 that is preferably configured such that only a single
target cell 20 can pass through the constriction 15 at one time. Preferably, the cells 20
pass through the channel 10 suspended in a solution buffer 25 that also includes
delivery materials 30, although the delivery materials can be added to the solution
buffer 25 after the cells 20 pass through the constriction 15. As the cell 20
approaches and passes through the constriction 15, the constriction 15 applies
pressure (e.g., mechanical compression) to the cell 20, squeezing the cell 20 (e.g.,
shown as cell 20;). The pressure applied to the cell by the constriction 15 causes
perturbations (e.g., holes) in the cell membrane (e.g., cell 20,). Once the cell passes
through the constriction 15, the cell 20 begins to uptake the material in the solution
buffer 25 through the holes, including the delivery material 30 (e.g., cell 203). The
cell membrane recovers over time, and at least a portion of the delivery material 30

preferably remains trapped inside the cell.
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[0083] In some embodiments, the device comprises a constriction length
of about 5 um to about 50 pm or any length or range of lengths therebetween. For
example, the constriction length ranges from about Sum to about 40um, about Spm to
about 30pm, about Sum to about 20um, or about Spm to about 10um. In some
embodiments, the constriction length ranges from about 10um to about 50pum, about
20um to about 50pum, about 30um to about 50um, or about 40pm to about 50pm. In
some embodiments, the constriction depth ranges from about 2um to about 200um or
any depth or range of depths there between. For example, the constriction depth
ranges from about 2um to about 150pm, about 2um to about 100pum, about 2um to
about 50pm, about 2um to about 25um, about 2um to about 15um, or about 2um to
about 10pum. In some embodiments, the constriction depth ranges from about 10pm
to about 200pm, about 25um to about 200pm, about 50pum to about 200pm, about
100um to about 200um, or about 150um to about 200um. In some embodiments, the
angle of the entrance or exit portion of the constriction ranges from about 0 degrees to
about 90 degrees or any angle or range of angles therebetween. For example, the
angle is about 5, about 10, about 15, about 20, about 30, about 40, about 50, about 60,
about 70, about 80, or about 90 degrees or more. In some embodiments, the pressure
ranges from about 50psi to about 200psi or any pressure or range of pressures there
between. For example, the pressure ranges from about 50psi to about 150psi, about
50psi to about 125psi, about 50psi to about 100psi, or about 50psi to about 75psi. In
some embodiments, the pressure ranges from about 75psi to about 200psi, about
100psi to about 200psi, about 125psi to about 200psi, about 150psi to about 200psi, or
about 175psi to about 200psi. In some embodiments, the device comprises a
constriction width of between about 2um and about 10pm or any width or range of
widths therebetween. For example, the constriction width can be any one of about
3um, about 4pum, about Sum, about 6pm, or about 7um.

[0084] The data described below was generated using the following
materials and methods. Complexes were made as follows: Mix 10ul of 1mg/ml
nuclear localization signal (NLS) tagged Cas9 protein with Sul of 1mg/ml guide
RNA. Incubate on ice for 20 min to allow complexes to form. For delivery, target
cells are suspended at 10 million cells/ml in serum-free media. Cells and Cas9-gRNA
complexes are mixed immediately before device treatment such that complex
concentration is ~0.15mg/ml. Cells are treated by the device using pressure,
temperature, chip design and buffer conditions specific to the target cell type. For
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example, for primary human T cells, pressure is approximately 100psi, on ice, through
a 30pm length, 4um width constriction. After a 2 min incubation post-treatment, cells
are diluted in media and washed to remove undelivered complexes. Cells are then
cultured to allow for gene editing to occur (e.g., 1, 2, 5, 12, 24 hours or more (for non-
clinical applications, timeframe depends on assay readout, e.g., 24 hours or later). For
clinical use, e.g., for patient therapy, the cells could be injected back into patient
immediately after device treatment. Optionally, the cells are incubated in vitro for a
time (e.g., 1, 2, 5, 12, 24 hours or more) prior to injecting the cells into a patient
recipient. Temperatures, concentrations, iterations of the molecules vary depending
on the target cell type.

[0085] FIG. 3 is a series of flow cytometry plots and a bar graph of the
recombination efficiency for K562 reporter cells (American Type Culture Collection
(ATCC)® CCL-243™, bone marrow-derived cells derived from patient with chronic
myelogenous leukemia; lymphoblast morphology) that had genetic editing material
delivered to cell cytoplasm using the microfluidic device illustrated in FIGS. 1-2. At
top are flow cytometry plots of K562 reporter cells that had a protein Cas9, site-
specific gRNA, and donor oligonucleotide delivered. A CRISPR complex is
~150kDa. These reporter cells had an mCherry gene and thus would normally appear
in Q1 of the plots. If the site-specific DNA cleavage and insertion of donor
oligonucleotide is successful it would lead to expression of green fluorescent protein
(GFP), i.e., cells would appear in Q2. At bottom is a quantification of recombination
efficiency based on flow cytometry for multiple device conditions as compared to
endocytosis (inlet) and untreated (NC) controls. Delivery of Cas9 protein, guide RNA
and donor DNA by cell squeezing led to successful changes in the genome of reporter
cell lines. These data indicate that delivery of gene editing components (in the form
of a complex or assembly) by mechanical cell disruption leads to effective changes in
the genome.

[0086] Delivery of TALEN proteins or mRNA, zinc finger nucleases,
mega nucleases, Cre recombinase or any other enzyme capable of cleaving DNA can
also be delivered to the cytoplasm of a cell by mechanical disruption of the cell
membrane. An exemplary TALEN genome-editing system, including exemplary
TALEN proteins, is described in Ding et al., (2013) Cell Stem Cell, 12, 238-251, the
entire content of which is incorporated herein by reference. Ding et al., (2013) Cell
Stem Cell, 12, 238-251 describes non-limiting examples of generic TALEN amino
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acid sequences to recognize 15 base pair sequences. Non-limiting examples of generic

TALEN amino acid sequences are:

LEY
HRRUES S0

R T e L et E TRATE oy : 3 STt A R NP Y R Y
\oé.sewhkl\\k T REGRHL . GRE

AERRRS

3T T
THIMNENE

(SEQ ID NO: 66)

[0087] In SEQ ID NOS: 65 and 66, to recognize C: XX = HD; to
recognize T: XX=NG; to recognize A: XX = NI; and to recognize G: XX = NN
except in the last position where XX = NK. Underline indicates N-term and C-term
of TAL effector.

[0088] Although a few variations have been described in detail above,
other modifications or additions are possible. For example, genetic editing material
can include TALEN proteins, TALEN mRNA, zinc finger nucleases, mega nucleases,
Cre recombinase or any other enzyme capable of cleaving DNA delivered to the

cytosol by mechanical disruption of the cell membrane.
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Delivery of RNA and Cas9 in Complex Form

[0089] The results achieved were surprising in view of numerous factors
that could potentially have impeded successful gene editing by microfluidic delivery
of the gene complexes. For example, the Cas9-gRNA complex may have caused a
Toll-like receptor (TLR) mediated or other PRR (pattern recognition receptor)
mediated response that would have inhibited gene editing function and/or survival but
this potential problem was not observed. Since the complex is not guaranteed to be
stable once it enters the cytoplasm, it could have been degraded and rendered non-
functional, but surprisingly, the delivered complexes were still able to edit.

[0090] The integrity of the gene editing complex was preserved using
microfluidic based, cell-squeezing delivery to the cell. The complex does not have the
same physical/chemical properties as a gRNA alone or protein alone and thus it was
uncertain if the delivery process would behave the same in the context of delivering a
complex vs. its individual components. Complexes are larger and less stable than
their constituents. Complexes may fall apart due to, e.g., shear forces. Additionally,
complexes may not survive membrane transit or in the cytosol because some other
elements may break the complexes up before they are functional or have an
opportunity to act on cellular targets. Complexes also have a different charge
distribution which may affect the ability of a complex to be delivered. Shape and thus
transport properties can also change compared to complex constituents. The delivery
methods successfully preserved the structural and functional integrity of the
complexes.

[0091] The shear forces involved with the delivery process could
potentially have disrupted the Protein/gRNA complex and rendered it non-functional
but surprisingly the delivery system was effective to introduce the complexes into the
cell and the gene editing still worked. It was also not obvious that the complex would
still have the appropriate nuclear localization behavior as compared to an
uncomplexed Cas (such as Cas9) protein alone with NLS; however, the behavior and
function was preserved throughout the process as demonstrated by the gene
expression results described above.

[0092] The CRISPR-Cas system is known in the art. Non-limiting aspects
of this system are described in U.S. Patent No. 8,697,359, issued April 15, 2014, the

entire content of which is incorporated herein by reference.
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[0093] Non-limiting examples of Cas proteins include Cas1, Cas1B, Cas2,
Cas3, Cas4, Cas3, Cas6, Cas7, Cas8, Cas9 (also known as Csnl and Csx12), Cas10,
Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2, Csa5, Csn2, Csm2, Csm3, Csm4, Csm3,
Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csb1, Csb2, Csb3, Csx17, Csx14, Csx10,
Csx16, CsaX, Csx3, Csx1, Csx15, Csfl, Csf2, Csf3, Csf4, homologs thereof, or
modified versions thereof. These enzymes are known; for example, the amino acid
sequence of S. pyogenes Cas9 protein may be found in the SwissProt database under
accession number Q99ZW?2. In some embodiments, the unmodified CRISPR enzyme
has DNA cleavage activity, such as Cas9. In some embodiments the CRISPR enzyme
is Cas9, and may be Cas9 from S. pyogenes or S. pneumoniae. In some embodiments,
the CRISPR enzyme directs cleavage of one or both strands at the location of a target
sequence, such as within the target sequence and/or within the complement of the
target sequence. In some embodiments, the CRISPR enzyme directs cleavage of one
or both strands within about 1, 2, 3,4, 5, 6,7, 8, 9, 10, 15, 20, 25, 50, 100, 200, 500,
or more base pairs from the first or last nucleotide of a target sequence. In some
embodiments, a vector encodes a CRISPR enzyme that is mutated to with respect to a
corresponding wild-type enzyme such that the mutated CRISPR enzyme lacks the
ability to cleave one or both strands of a target polynucleotide containing a target
sequence. For example, an aspartate-to-alanine substitution (D10A) in the RuvC I
catalytic domain of Cas9 from S. pyogenes converts Cas9 from a nuclease that
cleaves both strands to a nickase (cleaves a single strand). Other examples of
mutations that render Cas9 a nickase include, without limitation, H840A, N854A, and
N863A. In aspects of the invention, nickases may be used for genome editing via
homologous recombination.

[0094] Non-limiting examples of Cas9 amino acid and cDNA sequences
are provided below.

[0095] The amino acid sequence of a Streptococcus pyogenes Cas9 protein
may be found in the SwissProt database under accession number Q99ZW?2. This
amino acid sequence is:

[0096] MDKKYSIGLDIGTNSVGWAVITDEY KVPSKKFKVLGNTDR
HSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKYV
DDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDST
DKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEEN
PINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFK
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SNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY
AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPH
QIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMT
RKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFT
VYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFK
KIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTL
FEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGK
TILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGS
PAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERM
KRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLS
DYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSR
MNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLN
AVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNI
MNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIV
KKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVA
KVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY KEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNE
QKQLFVEQHKHYLDEIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQA
ENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRID
LSQLGGD (SEQ ID NO: 1)

[0097] SEQ ID NO: 1 may be encoded by the following nucleotide
sequence found in the European Nucleotide Archive under accession number
AAK33936.2:

[0098] ATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACA
AATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAA
AAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATC
TTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGT
CTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTG
TTATCTACAGGAGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTT
CTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCATG
AACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAGA
AATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATA
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AAGCGGATTTGCGCTTAATCTATTITGGCCTTAGCGCATATGATTAAGTTTC
GTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGG
ACAAACTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAA
AACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACG
ATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTG
AGAAGAAAAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGA
CCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTAAATTACAGC
TTTCAAAAGATACTTACGATGATGATTTAGATAATTTATTGGCGCAAATTG
GAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTA
TTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCC
TATCAGCTTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTC
TTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATC
TTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGGAGC
TAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGG
ATGGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGC
AAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTTGGGT
GAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAA
GACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTAT
GTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCGGAA
GTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAG
GTGCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATC
TTCCAAATGAAAAAGTACTACCAAAACATAGTTTGCTTTATGAGTATTTTA
CGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAATGCGA
AAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTC
TTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTT
CAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGATA
GATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAG
ATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATATT
GTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACT
TAAAACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAGCTTAAAC
GTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAATGGTA
TTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAATCAGAT
GGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACA
TTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTT
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ACATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTA
TTTTACAGACTGTAAAAGTTGTTGATGAATTGGTCAAAGTAATGGGGCGG
CATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAGACAAC
TCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAA
GGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAA
TACTCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCAAAATGGAAG
AGACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATG
ATGTCGATCACATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACA
ATAAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTT
CCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTATTGGAGACAACTTCT
AAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAACGAAAGCTG
AACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCCAA
TTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAG
TCGCATGAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTA
AAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCC
AATTCTATAAAGTACGTGAGATTAACAATTACCATCATGCCCATGATGCGT
ATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAACTTG
AATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGA
TTGCTAAGTCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTIT
TACTCTAATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGGA
GAGATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAAT
TGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCA
TGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTC
TCCAAGGAGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCG
TAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTGATAGTCCAACGG
TAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAG
AAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAG
TTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGG
AAGTTAAAAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGT
TAGAAAACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAA
AGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGC
TAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAA
CAATTGTTTGTGGAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCA
AATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCCAATTTAGATAA
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AGTTCTTAGTGCATATAACAAACATAGAGACAAACCAATACGTGAACAAG
CAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTG
CTTTTAAATATTTTGATACAACAATTGATCGTAAACGATATACGTCTACAA
AAGAAGTTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATG
AAACACGCATTGATTTGAGTCAGCTAGGAGGTGACTGA (SEQ ID NO: 2)

[0099] The amino acid sequence of a Streptococcus thermophilus Cas9
protein may be found in the UniProt database under accession number Q03J16.1. See
also, Sapranauskas et al., (2011) Nucleic Acids Res. 39:9275-9282. This amino acid
sequence is:

[00100] MTKPYSIGLDIGTNSVGWAVTTDNYKVPSKKMKVLGNTSK
KYIKKNLLGVLLFDSGITAEGRRLKRTARRRYTRRRNRILYLQEIFSTEMATLD
DAFFQRLDDSFLVPDDKRDSKYPIFGNLVEEKAYHDEFPTIYHLRKYLADSTK
KADLRLVYLALAHMIKYRGHFLIEGEFNSKNNDIQKNFQDFLDTYNAIFESDL
SLENSKQLEEIVKDKISKLEKKDRILKLFPGEKNSGIFSEFLKLIVGNQADFRKC
FNLDEKASLHFSKESYDEDLETLLGYIGDDYSDVFLKAKKLYDAILLSGFLTV
TDNETEAPLSSAMIKRYNEHKEDLALLKEYIRNISLKTYNEVFKDDTKNGY A
GYIDGKTNQEDFYVYLKKLLAEFEGADYFLEKIDREDFLRKQRTFDNGSIPYQ
IHLQEMRAILDKQAKFYPFLAKNKERIEKILTFRIPYYVGPLARGNSDFAWSIR
KRNEKITPWNFEDVIDKESSAEAFINRMTSFDLYLPEEKVLPKHSLLYETFENVY
NELTKVRFIAESMRDYQFLDSKQKKDIVRLYFKDKRKVTDKDIIEYLHAIYGY
DGIELKGIEKQFNSSLSTYHDLLNIINDKEFLDDSSNEAIEEIIHTLTIFEDREMI
KQRLSKFENIFDKSVLKKLSRRHYTGWGKLSAKLINGIRDEKSGNTILDYLID
DGISNRNFMQLIHDDALSFKKKIQKAQIIGDEDKGNIKEVVKSLPGSPAIKKGI
LQSIKIVDELVKVMGGRKPESIVVEMARENQYTNQGKSNSQQRLKRLEKSLK
ELGSKILKENIPAKLSKIDNNALQNDRLYLYYLQNGKDMYTGDDLDIDRLSN
YDIDHITPQAFLKDNSIDNKVLVSSASNRGKSDDVPSLEVVKKRKTFWYQLLK
SKLISQRKFDNLTKAERGGLSPEDKAGFIQRQLVETRQITKHVARLLDEKFENN
KKDENNRAVRTVKITLKSTLYVSQFRKDFELYKVREINDFHHAHDAYLNAVYV
ASALLKKYPKLEPEFVYGDYPKYNSFRERKSATEKVYFYSNIMNIFKKSISLA
DGRVIERPLIEVNEETGESVWNKESDLATVRRVLSYPQVNVVKKVEEQNHGL
DRGKPKGLFNANLSSKPKPNSNENLVGAKEYLDPKKYGGYAGISNSFTVLVK
GTIEKGAKKKITNVLEFQGISILDRINYRKDKLNFLLEKGYKDIELIIELPKYSLF
ELSDGSRRMLASILSTNNKRGEIHKGNQIFLSQKFVKLLYHAKRISNTINENHR
KYVENHKKEFEELFYYILEFNENY VGAKKNGKLLNSAFQSWQNHSIDELCSS
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FIGPTGSERKGLFELTSRGSAADFEFLGVKIPRYRDYTPSSLLKDATLIHQSVT
GLYETRIDLAKLGEG (SEQ ID NO: 3)

[00101] SEQ ID NO: 3 may be encoded by the following nucleotide
sequence found in the European Nucleotide Archive under accession number
ABJ66636.1:

[00102] ATGACTAAGCCATACTCAATTGGACTTGATATTGGAACG
AATAGTGTTGGATGGGCTGTAACAACTGATAATTACAAGGTTCCGTCTAA
AAAAATGAAAGTCTTAGGAAATACGAGTAAAAAGTATATCAAAAAGAAC
CTGTTAGGTGTATTACTCTTTGACTCTGGAATCACAGCAGAAGGAAGAAG
ATTGAAGCGTACTGCAAGAAGACGTTATACTAGACGCCGTAATCGTATCC
TTTATTTGCAGGAAATTTTITAGCACAGAGATGGCTACATTAGATGATGCTT
TCTTTCAAAGACTTGACGATTCGTTTTTAGTTCCTGATGATAAACGTGATA
GTAAGTATCCGATATTTGGAAACTTAGTAGAAGAAAAAGCCTATCATGAT
GAATTTCCAACTATCTATCATTTAAGGAAATATTTAGCAGATAGTACTAAA
AAAGCAGATTTGCGTCTAGTTTATCTTGCATTGGCTCATATGATTAAATAT
AGAGGTCACTTCTTAATTGAAGGAGAGTTTAATTCAAAAAATAATGATAT
TCAGAAGAATTTTCAAGACTTTTTGGACACTTATAATGCTATTTTTGAATC
GGATTTATCACTTGAGAATAGTAAACAACTTGAGGAAATTGTTAAAGATA
AGATTAGTAAATTAGAAAAGAAAGATCGTATTTTAAAACTCTTCCCTGGG
GAGAAGAATTCGGGGATTTTTTCAGAGTTTCTAAAGTTGATTGTAGGAAA
TCAAGCTGATTTTAGGAAATGTTTTAATTTAGACGAAAAAGCCTCCTTACA
TTTTTCCAAAGAAAGCTATGATGAAGATTTAGAGACTTTGTTAGGTTATAT
TGGAGATGATTACAGTGATGTCTTTCTCAAAGCAAAGAAACTTTATGATG
CTATTCTTTTATCGGGTTTTCTGACTGTAACTGATAATGAGACAGAAGCAC
CTCTCTCTTCTGCTATGATAAAGCGATATAATGAACACAAAGAAGATTTA
GCGTTACTAAAGGAATATATAAGAAATATTTCACTAAAAACGTATAATGA
AGTATTTAAAGATGACACCAAAAATGGTTATGCTGGTTATATTGATGGAA
AAACAAATCAGGAAGATTTCTACGTATATCTAAAAAAACTATTGGCTGAA
TTTGAAGGTGCGGATTATTTTCTTGAAAAAATTGATCGAGAAGATTTTTTG
AGAAAGCAACGTACATTTGACAATGGTTCGATACCATATCAGATTCATCTT
CAAGAAATGAGAGCAATTCTTGATAAGCAAGCTAAATTTTATCCTTTCTTG
GCTAAAAATAAAGAAAGAATCGAGAAGATTTTAACCTTCCGAATTCCTTA
TTATGTAGGTCCACTTGCGAGAGGGAATAGTGATTTTGCCTGGTCAATAA
GAAAACGAAATGAAAAAATTACACCTTGGAATTTTGAGGACGTTATTGAC
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AAAGAATCTTCGGCAGAGGCCTTCATTAATCGAATGACTAGTTTTGATTTG
TATTTGCCAGAAGAGAAGGTACTTCCAAAGCATAGTCTCTTATACGAAAC
TTTTAATGTATATAATGAATTAACAAAAGTTAGATTTATTGCCGAAAGTAT
GAGAGATTATCAATTTTTAGATAGTAAGCAGAAGAAAGATATTGTTAGAC
TTTATTTTAAAGATAAAAGGAAAGTTACTGATAAGGATATTATTGAATATT
TACATGCAATTTATGGGTATGATGGAATTGAATTAAAAGGCATAGAGAAA
CAGTTTAATTCTAGTTTATCTACTTATCACGATCTTTTAAATATTATTAATG
ATAAAGAGTTTTTGGATGATAGTTCAAATGAAGCGATTATCGAAGAAATT
ATCCATACTTTGACAATTTTTGAAGATAGAGAGATGATAAAACAACGTCT
TTCAAAATTTGAGAATATATTCGATAAATCCGTTTTGAAAAAGTTATCTCG
TAGACATTACACTGGCTGGGGTAAGTTATCTGCTAAGCTTATTAATGGTAT
TCGAGATGAAAAATCTGGTAATACTATTCTTGATTACTTAATTGATGATGG
TATTTCTAACCGTAATTTCATGCAACTTATTCACGATGATGCTCTTTCTTTT
AAAAAGAAGATACAGAAAGCACAAATTATTGGTGACGAAGATAAAGGTA
ATATTAAAGAGGTCGTTAAGTCTTTGCCAGGTAGTCCTGCGATTAAAAAA
GGTATTTTACAAAGCATAAAAATTGTAGATGAATTGGTCAAAGTAATGGG
AGGAAGAAAACCCGAGTCAATTGTTGTTGAGATGGCTCGTGAAAATCAAT
ATACCAATCAAGGTAAGTCTAATTCCCAACAACGCTTGAAACGTTTAGAA
AAATCTCTCAAAGAGTTAGGTAGTAAGATACTTAAGGAAAATATTCCTGC
AAAACTTTCTAAAATAGACAATAACGCACTTCAAAATGATCGACTTTACTT
ATACTATCTTCAAAATGGAAAAGATATGTATACCGGAGATGATTTAGATA
TTGATAGATTAAGTAATTATGATATTGATCATATTATTCCTCAAGCTTTTTT
GAAAGATAATTCTATTGACAATAAAGTACTTGTTTCATCTGCTAGTAACCG
TGGTAAATCAGATGATGTTCCAAGTTTAGAGGTTGTCAAAAAAAGAAAGA
CATTTTGGTATCAATTATTGAAATCAAAATTAATTTCTCAACGAAAATTTG
ATAATCTGACAAAAGCTGAACGGGGAGGATTGTCACCTGAGGACAAAGCT
GGTTTTATTCAACGCCAGTTGGTTGAAACACGTCAAATAACAAAACATGT
AGCTCGTTTACTTGATGAGAAATTTAATAATAAAAAAGATGAAAATAATA
GAGCGGTACGAACAGTAAAAATTATTACCTTGAAATCTACCTTAGTTTCTC
AATTTCGTAAGGATTTTGAACTTTATAAAGTTCGTGAAATCAATGATTTTC
ATCATGCTCATGATGCTTACTTGAATGCCGTTGTAGCAAGTGCTTTACTTA
AGAAATACCCTAAACTAGAGCCAGAATTTGTGTACGGTGATTATCCAAAA
TACAATAGTTTTAGAGAAAGAAAGTCCGCTACAGAAAAGGTATATTTCTA
TTCAAATATCATGAATATCTTTAAAAAATCTATTTCTTTAGCTGATGGTAG
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AGTTATTGAAAGACCACTTATTGAGGTAAATGAGGAGACCGGCGAATCCG
TTTGGAATAAAGAATCTGATTTAGCAACTGTAAGGAGAGTACTCTCTTATC
CGCAAGTAAATGTTGTGAAAAAAGTTGAGGAACAGAATCACGGATTGGAT
AGAGGAAAACCAAAGGGATTGTTTAATGCAAATCTTTCCTCAAAGCCAAA
ACCAAATAGTAATGAAAATTTAGTAGGTGCTAAAGAGTATCTTGACCCCA
AAAAGTATGGGGGGTATGCTGGAATTTCTAATTCTTTTACTGTTCTTGTTA
AAGGGACAATTGAAAAAGGTGCTAAGAAAAAAATAACAAATGTACTAGA
ATTTCAAGGTATTTCTATTTTAGATAGGATTAATTATAGAAAAGATAAACT
TAATTTTTTACTTGAAAAAGGTTATAAAGATATTGAGTTAATTATTGAACT
ACCTAAATATAGTTTATTTGAACTTTCAGATGGTTCACGTCGTATGTTGGC
TAGTATTTTGTCAACGAATAATAAGAGGGGAGAGATTCACAAAGGAAATC
AGATTTTTCTTTCACAGAAGTTTGTGAAATTACTTTATCATGCTAAGAGAA
TAAGTAACACAATTAATGAGAATCATAGAAAATATGTTGAGAACCATAAA
AAAGAGTTTGAAGAATTATTTTACTACATTCTTGAGTTTAATGAGAATTAT
GTTGGAGCTAAAAAGAATGGTAAACTCTTAAACTCTGCCTTTCAATCTTGG
CAAAATCATAGTATAGATGAACTCTGTAGTAGTTTTATAGGACCTACCGG
AAGTGAAAGAAAGGGGCTATTTGAATTAACCTCTCGTGGAAGTGCTGCTG
ATTTTGAATTTTTAGGTGTTAAAATTCCAAGGTATAGAGACTATACCCCAT
CATCCCTATTAAAAGATGCCACACTTATTCATCAATCTGTTACAGGCCTCT
ATGAAACACGAATAGACCTTGCCAAACTAGGAGAGGGTTAA (SEQ ID NO:
4)

[00103] An example of a Cas9 protein comprising a nuclear localization
signal (GGSGPPKKKRKYV; SEQ ID NO: 5) at the C-terminus thereof has the
following amino acid sequence:

[00104] MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDR
HSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKYV
DDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDST
DKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEEN
PINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFK
SNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY
AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPH
QIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYY VGPLARGNSRFAWMT
RKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFT
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VYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFK
KIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTL
FEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGK
TILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGS
PAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERM
KRIEEGIKELGSQILKEHPVENTQLOQNEKLYLYYLQNGRDMY VDQELDINRLS
DYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSR
MNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLN
AVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNI
MNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIV
KKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVA
KVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY KEVKKDLIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNE
QKQLFVEQHKHYLDEINEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQA
ENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRID
LSQLGGDGGSGPPKKKRKY (SEQ ID NO: 6)

[00105] In some embodiments, a Cas9 nickase may be used in combination
with guide sequence(s), e.g., two guide sequences, which target respectively sense and
antisense strands of the DNA target. This combination allows both strands to be
nicked and used to induce non-homologous end joining (NHEJ).

[00106]  As a further example, two or more catalytic domains of Cas9
(RuvC I, RuvC II, and RuvC III) may be mutated to produce a mutated Cas9
substantially lacking all DNA cleavage activity. In some embodiments, a D10A
mutation is combined with one or more of H840A, N854 A, or N863 A mutations to
produce a Cas9 enzyme substantially lacking all DNA cleavage activity (where the
amino acid numbering is as in SEQ ID NO: 1). In some embodiments, a CRISPR
enzyme is considered to substantially lack all DNA cleavage activity when the DNA
cleavage activity of the mutated enzyme is less than about 25%, 10%, 5%, 1%, 0.1%,
0.01%, or lower with respect to its non-mutated form. Other mutations may be useful;
where the Cas9 or other CRISPR enzyme is from a species other than S. pyogenes,
mutations in corresponding amino acids may be made to achieve similar effects.

[00107] In some embodiments, an enzyme coding sequence encoding a
CRISPR enzyme is codon optimized for expression in particular cells, such as

77



WO 2016/115179 PCT/US2016/013113

eukaryotic cells. The eukaryotic cells may be those of or derived from a particular
organism, such as a mammal, including but not limited to human, mouse, rat, rabbit,
dog, or non-human primate. In general, codon optimization refers to a process of
modifying a nucleic acid sequence for enhanced expression in the host cells of interest
by replacing at least one codon (e.g. about or more than about 1, 2, 3, 4, 5, 10, 15, 20,
25, 50, or more codons) of the native sequence with codons that are more frequently
or most frequently used in the genes of that host cell while maintaining the native
amino acid sequence. Various species exhibit particular bias for certain codons of a
particular amino acid. Codon bias (differences in codon usage between organisms)
often correlates with the efficiency of translation of messenger RNA (mRNA), which
is in turn believed to be dependent on, among other things, the properties of the
codons being translated and the availability of particular transfer RNA (tRNA)
molecules. The predominance of selected tRNAs in a cell is generally a reflection of
the codons used most frequently in peptide synthesis. Accordingly, genes can be
tailored for optimal gene expression in a given organism based on codon
optimization. Codon usage tables are readily available, for example, at the "Codon
Usage Database"”, and these tables can be adapted in a number of ways. See
Nakamura, Y., et al. "Codon usage tabulated from the international DNA sequence
databases: status for the year 2000" Nucl. Acids Res. 28:292 (2000). Computer
algorithms for codon optimizing a particular sequence for expression in a particular
host cell are also available, such as Gene Forge (Aptagen; Jacobus, Pa.), are also
available. In some embodiments, one or more codons (e.g. 1, 2, 3, 4, 5, 10, 15, 20, 25,
50, or more, or all codons) in a sequence encoding a CRISPR enzyme corresponds to
the most frequently used codon for a particular amino acid.

[00108] In general, a guide sequence is any polynucleotide sequence having
sufficient complementarity with a target polynucleotide sequence to hybridize with
the target sequence and direct sequence-specific binding of a CRISPR complex to the
target sequence. In some embodiments, the degree of complementarity between a
guide sequence and its corresponding target sequence, when optimally aligned using a
suitable alignment algorithm, is about or more than about 50%, 60%, 75%, 80%,
85%, 90%, 95%, 97.5%, 99%, or more. Optimal alignment may be determined with
the use of any suitable algorithm for aligning sequences, non-limiting example of
which include the Smith-Waterman algorithm, the Needleman-Wunsch algorithm,
algorithms based on the Burrows-Wheeler Transform (e.g. the Burrows Wheeler
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Aligner), ClustalW, Clustal X, BLAT, Novoalign (Novocraft Technologies, ELAND
(Illumina, San Diego, Calif.), SOAP (available at soap.genomics.org.cn), and Maq
(available at maq.sourceforge.net). In some embodiments, a guide sequence is about
or more than about 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 35, 40, 45, 50, 75, or more nucleotides in length. In some
embodiments, a guide sequence is less than about 75, 50, 45, 40, 35, 30, 25, 20, 15,
12, or fewer nucleotides in length. The ability of a guide sequence to direct sequence-
specific binding of a CRISPR complex to a target sequence may be assessed by any
suitable assay. For example, the components of a CRISPR system sufficient to form a
CRISPR complex, including the guide sequence to be tested, may be provided to a
host cell having the corresponding target sequence, such as by transfection with
vectors encoding the components of the CRISPR sequence, followed by an
assessment of preferential cleavage within the target sequence, such as by Surveyor
assay as described herein. Similarly, cleavage of a target polynucleotide sequence
may be evaluated in a test tube by providing the target sequence, components of a
CRISPR complex, including the guide sequence to be tested and a control guide
sequence different from the test guide sequence, and comparing binding or rate of
cleavage at the target sequence between the test and control guide sequence reactions.
Other assays are possible, and will occur to those skilled in the art.

[00109] A guide sequence may be selected to target any target sequence. In
some embodiments, the target sequence is a sequence within a genome of a cell.
Exemplary target sequences include those that are unique in the target genome. For
example, for the S. pyogenes Cas9, a unique target sequence in a genome may include
a Cas9 target site of the form MMMMMMMMNNNNNNNNNNNNXGG
MMMMMMMMNNNNNNNNNNNNXXAGAAW where
NNNNNNNNNNNNXGG (N is A, G, T, or C; and X can be a deoxynucleotide) has a
single occurrence in the genome. A unique target sequence in a genome may include
an S. pyogenes Cas9 target site of the form
MMMMMMMMMNNNNNNNNNNNXGG where NNNNNNNNNNNXGG (N is A,
G, T, or C; and X can be a deoxynucleotide) has a single occurrence in the genome.
For the S. thermophilus CRISPR1 Cas9, a unique target sequence in a genome may
include a Cas9 target site of the form
MMMMMMMMNNNNNNNNNNNNXXAGAAW (SEQ ID NO: 7) where
NNNNNNNNNNNNXXAGAAW (SEQIDNO: 8) (Nis A, G, T,or C; Xcanbe a
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deoxynucleotide; and W is A or T) has a single occurrence in the genome. A unique
target sequence in a genome may include an S. thermophilus CRISPR1 Cas9 target
site of the form MMMMMMMMMNNNNNNNNNNNXXAGAAW (SEQ ID NO: 9)
where NNNNNNNNNNNXXAGAAW (SEQ ID NO: 10) (Nis A, G, T, or C; X can
be a deoxynucleotide; and W is A or T) has a single occurrence in the genome. For
the S. pyogenes Cas9, a unique target sequence in a genome may include a Cas9
target site of the form MMMMMMMMNNNNNNNNNNNNXGGXG where
NNNNNNNNNNNNXGGXG (Nis A, G, T, or C; and X can be a deoxynucleotide)
has a single occurrence in the genome. A unique target sequence in a genome may
include an S. pyogenes Cas9 target site of the form
MMMMMMMMMNNNNNNNNNNNXGGXG where NNNNNNNNNNNXGGXG
(Nis A, G, T, or C; and X can be a deoxynucleotide) has a single occurrence in the
genome. In each of these sequences "M” may be A, G, T, or C, and need not be
considered in identifying a sequence as unique.

[00110] In some embodiments, a guide sequence is selected to reduce the
degree of secondary structure within the guide sequence. Secondary structure may be
determined by any suitable polynucleotide folding algorithm. Some programs are
based on calculating the minimal Gibbs free energy. An example of one such
algorithm is mFold, as described by Zuker and Stiegler (Nucleic Acids Res. 9 (1981),
133-148). Another example folding algorithm is the online webserver RNAfold,
developed at Institute for Theoretical Chemistry at the University of Vienna, using the
centroid structure prediction algorithm (see e.g. A. R. Gruber et al., 2008, Cell 106(1):
23-24; and PA Carr and GM Church, 2009, Nature Biotechnology 27(12): 1151-62).
Further algorithms may be found in U.S. application Ser. No. 61/836,080;
incorporated herein by reference.

[00111]  Aspects of the present subject matter relate to delivery of CRISPR/
CRISPR/CRISPR from Prevotella and Francisella 1 (Cpfl) gene editing complexes
or components thereof (e.g., CPf1 proteins). Examples of human codon optimized
Cpf1-family proteins are provided below.

Human Codon Optimized Cpf1-family Proteins

[00112] Non-limiting examples of Cpf1-family protein sequences, and
aspects of CRISPR/Cpf1 gene-editing, are described in Zetsche et al., Cell 163, 759—
771, October 22, 2015, the entire content of which is incorporated herein by
reference.
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[00113] Francisella tularensis subsp. Novicida U112 (FnCpfl; pY004)),
including NLS and HA tag:

[00114] MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEK
RAKDYKKAKQIIDKYHQFFIEEILSSVCISEDLLQNYSDVYFKLKKSDDDNLQ
KDFKSAKDTIKKQISEYIKDSEKFKNLENQNLIDAKKGQESDLILWLKQSKDN
GIELFKANSDITDIDEALEIIKSFKGWTTYFKGFHENRKNVY SSNDIPTSITYRIV
DDNLPKFLENKAKYESLKDKAPEAINYEQIKKDLAEELTFDIDYKTSEVNQRYV
FSLDEVFEIANFNNYLNQSGITKFNTIIGGKFVNGENTKRKGINEYINLYSQQIN
DKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTMQSFYEQIAAFKTV
EEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDYSVIGTAVLE
YITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDIDKQC
RFEEILANFAAIPMIFDEIAQNKDNLAQISIKY QNQGKKDLLQASAEDDVKAIK
DLLDQTNNLLHKLKIFHISQSEDKANILDKDEHFYLVFEECYFELANIVPLYNK
IRNYITQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILFIKDDKYYLGVM
NKKNNKIFDDKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSE
DILRIRNHSTHTKNGSPQKGYEKFEFNIEDCRKFIDFY KQSISKHPEWKDFGFR
FSDTQRYNSIDEFYREVENQGYKLTFENISESYIDSVVNQGKLYLFQIYNKDEFS
AYSKGRPNLHTLYWKALFDERNLQDVVYKLNGEAELFYRKQSIPKKITHPAK
EATANKNKDNPKKESVFEYDLIKDKRFTEDKFFFHCPITINFKSSGANKFENDEI
NLLLKEKANDVHILSIDRGERHLAYYTLVDGKGNIKQDTENIIGNDRMKTNY
HDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQVVHEIAKLVIEYNAIVVF
EDLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEFDKTGGVLRAYQ
LTAPFETFKKMGKQTGIYYVPAGFTSKICPVTGFVNQLYPKYESVSKSQEFFS
KFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKNHN
WDTREVYPTKELEKLLKDYSIEY GHGECIKAAICGESDKKFFAKLTSVLNTIL
QMRNSKTGTELDYLISPVADVNGNFFDSRQAPKNMPQDADANGAYHIGLKG
LMLLGRIKNNQEGKKLNLVIKNEEYFEFVQNRNNKRPAATKKAGQAKKKKG
SYPYDVPDYAYPYDVPDYAYPYDVPDYA (SEQ ID NO: 11)

[00115] SEQ ID NO: 11 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a Human influenza hemagglutinin (HA) tag
(YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID NO: 13).

[00116] SEQ ID NO: 11 may be encoded by the following nucleotide
sequence:
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[00117] ATGAGCATCTACCAGGAGTTCGTCAACAAGTATTCACTG
AGTAAGACACTGCGGTTCGAGCTGATCCCACAGGGCAAGACACTGGAGA
ACATCAAGGCCCGAGGCCTGATTCTGGACGATGAGAAGCGGGCAAAAGA
CTATAAGAAAGCCAAGCAGATCATTGATAAATACCACCAGTTCTTTATCG
AGGAAATTCTGAGCTCCGTGTGCATCAGTGAGGATCTGCTGCAGAATTAC
TCAGACGTGTACTTCAAGCTGAAGAAGAGCGACGATGACAACCTGCAGAA
GGACTTCAAGTCCGCCAAGGACACCATCAAGAAACAGATTAGCGAGTACA
TCAAGGACTCCGAAAAGTTTAAAAATCTGTTCAACCAGAATCTGATCGAT
GCTAAGAAAGGCCAGGAGTCCGACCTGATCCTGTGGCTGAAACAGTCTAA
GGACAATGGGATTGAACTGTTCAAGGCTAACTCCGATATCACTGATATTG
ACGAGGCACTGGAAATCATCAAGAGCTTCAAGGGATGGACCACATACTTT
AAAGGCTTCCACGAGAACCGCAAGAACGTGTACTCCAGCAACGACATTCC
TACCTCCATCATCTACCGAATCGTCGATGACAATCTGCCAAAGTTCCTGGA
GAACAAGGCCAAATATGAATCTCTGAAGGACAAAGCTCCCGAGGCAATTA
ATTACGAACAGATCAAGAAAGATCTGGCTGAGGAACTGACATTCGATATC
GACTATAAGACTAGCGAGGTGAACCAGAGGGTCTTTTCCCTGGACGAGGT
GTTTGAAATCGCCAATTTCAACAATTACCTGAACCAGTCCGGCATTACTAA
ATTCAATACCATCATTGGCGGGAAGTTTGTGAACGGGGAGAATACCAAGC
GCAAGGGAATTAACGAATACATCAATCTGTATAGCCAGCAGATCAACGAC
AAAACTCTGAAGAAATACAAGATGTCTGTGCTGTTCAAACAGATCCTGAG
TGATACCGAGTCCAAGTCTTTTGTCATTGATAAACTGGAAGATGACTCAG
ACGTGGTCACTACCATGCAGAGCTTTTATGAGCAGATCGCCGCTTTCAAG
ACAGTGGAGGAAAAATCTATTAAGGAAACTCTGAGTCTGCTGTTCGATGA
CCTGAAAGCCCAGAAGCTGGACCTGAGTAAGATCTACTTCAAAAACGATA
AGAGTCTGACAGACCTGTCACAGCAGGTGTTTGATGACTATTCCGTGATTG
GGACCGCCGTCCTGGAGTACATTACACAGCAGATCGCTCCAAAGAACCTG
GATAATCCCTCTAAGAAAGAGCAGGAACTGATCGCTAAGAAAACCGAGA
AGGCAAAATATCTGAGTCTGGAAACAATTAAGCTGGCACTGGAGGAGTTC
AACAAGCACAGGGATATTGACAAACAGTGCCGCTTTGAGGAAATCCTGGC
CAACTTCGCAGCCATCCCCATGATTTTTGATGAGATCGCCCAGAACAAAG
ACAATCTGGCTCAGATCAGTATTAAGTACCAGAACCAGGGCAAGAAAGAC
CTGCTGCAGGCTTCAGCAGAAGATGACGTGAAAGCCATCAAGGATCTGCT
GGACCAGACCAACAATCTGCTGCACAAGCTGAAAATCTTCCATATTAGTC
AGTCAGAGGATAAGGCTAATATCCTGGATAAAGACGAACACTTCTACCTG
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GTGTTCGAGGAATGTTACTTCGAGCTGGCAAACATTGTCCCCCTGTATAAC
AAGATTAGGAACTACATCACACAGAAGCCTTACTCTGACGAGAAGTTTAA
ACTGAACTTCGAAAATAGTACCCTGGCCAACGGGTGGGATAAGAACAAG
GAGCCTGACAACACAGCTATCCTGTTCATCAAGGATGACAAGTACTATCT
GGGAGTGATGAATAAGAAAAACAATAAGATCTTCGATGACAAAGCCATT
AAGGAGAACAAAGGGGAAGGATACAAGAAAATCGTGTATAAGCTGCTGC
CCGGCGCAAATAAGATGCTGCCTAAGGTGTTCTTCAGCGCCAAGAGTATC
AAATTCTACAACCCATCCGAGGACATCCTGCGGATTAGAAATCACTCAAC
ACATACTAAGAACGGGAGCCCCCAGAAGGGATATGAGAAATTTGAGTTCA
ACATCGAGGATTGCAGGAAGTTTATTGACTTCTACAAGCAGAGCATCTCC
AAACACCCTGAATGGAAGGATTTTGGCTTCCGGTTTTCCGACACACAGAG
ATATAACTCTATCGACGAGTTCTACCGCGAGGTGGAAAATCAGGGGTATA
AGCTGACTTTTGAGAACATTTCTGAAAGTTACATCGACAGCGTGGTCAATC
AGGGAAAGCTGTACCTGTTCCAGATCTATAACAAAGATTTTTCAGCATAC
AGCAAGGGCAGACCAAACCTGCATACACTGTACTGGAAGGCCCTGTTCGA
TGAGAGGAATCTGCAGGACGTGGTCTATAAACTGAACGGAGAGGCCGAA
CTGTTTTACCGGAAGCAGTCTATTCCTAAGAAAATCACTCACCCAGCTAAG
GAGGCCATCGCTAACAAGAACAAGGACAATCCTAAGAAAGAGAGCGTGT
TCGAATACGATCTGATTAAGGACAAGCGGTTCACCGAAGATAAGTTCTTT
TTCCATTGTCCAATCACCATTAACTTCAAGTCAAGCGGCGCTAACAAGTTC
AACGACGAGATCAATCTGCTGCTGAAGGAAAAAGCAAACGATGTGCACA
TCCTGAGCATTGACCGAGGAGAGCGGCATCTGGCCTACTATACCCTGGTG
GATGGCAAAGGGAATATCATTAAGCAGGATACATTCAACATCATTGGCAA
TGACCGGATGAAAACCAACTACCACGATAAACTGGCTGCAATCGAGAAG
GATAGAGACTCAGCTAGGAAGGACTGGAAGAAAATCAACAACATTAAGG
AGATGAAGGAAGGCTATCTGAGCCAGGTGGTCCATGAGATTGCAAAGCTG
GTCATCGAATACAATGCCATTGTGGTGTTCGAGGATCTGAACTTCGGCTTT
AAGAGGGGGCGCTTTAAGGTGGAAAAACAGGTCTATCAGAAGCTGGAGA
AAATGCTGATCGAAAAGCTGAATTACCTGGTGTTTAAAGATAACGAGTTC
GACAAGACCGGAGGCGTCCTGAGAGCCTACCAGCTGACAGCTCCCTTTGA
AACTTTCAAGAAAATGGGAAAACAGACAGGCATCATCTACTATGTGCCAG
CCGGATTCACTTCCAAGATCTGCCCCGTGACCGGCTTTGTCAACCAGCTGT
ACCCTAAATATGAGTCAGTGAGCAAGTCCCAGGAATTTTTCAGCAAGTTC
GATAAGATCTGTTATAATCTGGACAAGGGGTACTTCGAGTTTTCCTTCGAT
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TACAAGAACTTCGGCGACAAGGCCGCTAAGGGGAAATGGACCATTGCCTC
CTTCGGATCTCGCCTGATCAACTTTCGAAATTCCGATAAAAACCACAATTG
GGACACTAGGGAGGTGTACCCAACCAAGGAGCTGGAAAAGCTGCTGAAA
GACTACTCTATCGAGTATGGACATGGCGAATGCATCAAGGCAGCCATCTG
TGGCGAGAGTGATAAGAAATTTTTCGCCAAGCTGACCTCAGTGCTGAATA
CAATCCTGCAGATGCGGAACTCAAAGACCGGGACAGAACTGGACTATCTG
ATTAGCCCCGTGGCTGATGTCAACGGAAACTTCTTCGACAGCAGACAGGC
ACCCAAAAATATGCCTCAGGATGCAGACGCCAACGGGGCCTACCACATCG
GGCTGAAGGGACTGATGCTGCTGGGCCGGATCAAGAACAATCAGGAGGG
GAAGAAGCTGAACCTGGTCATTAAGAACGAGGAATACTTCGAGTTTGTCC
AGAATAGAAATAACAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGC
AAAAAAGAAAAAGGGATCCTACCCATACGATGTTCCAGATTACGCTTATC
CCTACGACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTATGCCT
AA (SEQ ID NO: 14)

[00118] Lachnospiraceae bacterium MC2017 (Lb3Cpfl; pY005), including
NLS and HA tag:

[00119] MDYGNGQFERRAPLTKTITLRLKPIGETRETIREQKLLEQDA
AFRKLVETVTPIVDDCIRKIADNALCHFGTEYDFSCLGNAISKNDSKAIKKETE
KVEKLLAKVLTENLPDGLRKVNDINSAAFIQDTLTSFVQDDADKRVLIQELKG
KTVLMQRFLTTRITALTVWLPDRVFENFNIFIENAEKMRILLDSPLNEKIMKFD
PDAEQYASLEFYGQCLSQKDIDSYNLIISGIY ADDEVKNPGINEIVKEYNQQIR
GDKDESPLPKLKKLHKQILMPVEKAFFVRVLSNDSDARSILEKILKDTEMLPS
KIIEAMKEADAGDIAVYGSRLHELSHVIYGDHGKLSQIYDKESKRISELMETL
SPKERKESKKRLEGLEEHIRKSTYTFDELNRYAEKNVMAAYIAAVEESCAEIM
RKEKDLRTLLSKEDVKIRGNRHNTLIVKNYFNAWTVFRNLIRILRRKSEAEIDS
DFYDVLDDSVEVLSLTYKGENLCRSYITKKIGSDLKPEIATYGSALRPNSRWW
SPGEKFNVKFHTIVRRDGRLY YFILPKGAKPVELEDMDGDIECLQMRKIPNPTI
FLPKLVFKDPEAFFRDNPEADEFVFLSGMKAPVTITRETYEAYRYKLYTVGKL
RDGEVSEEEYKRALLQVLTAYKEFLENRMIYADLNFGFKDLEEYKDSSEFIKQ
VETHNTFMCWAKVSSSQLDDLVKSGNGLLFEIWSERLESYYKYGNEKVLRG
YEGVLLSILKDENLVSMRTLLNSRPMLVYRPKESSKPMVVHRDGSRVVDRFD
KDGKYIPPEVHDELYRFFNNLLIKEKLGEKARKILDNKKVKVKVLESERVKW
SKFYDEQFAVTFSVKKNADCLDTTKDLNAEVMEQYSESNRLILIRNTTDILYY
LVLDKNGKVLKQRSLNIINDGARDVDWKERFRQVTKDRNEGYNEWDYSRTS
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NDLKEVYLNYALKEIAEAVIEYNAILIIEKMSNAFKDKYSFLDDVTFKGFETK
LLAKLSDLHFRGIKDGEPCSFTNPLQLCQNDSNKILQDGVIFMVPNSMTRSLD
PDTGFIFAINDHNIRTKKAKLNFLSKFDQLKVSSEGCLIMKYSGDSLPTHNTDN
RVWNCCCNHPITNYDRETKKVEFIEEPVEELSRVLEENGIETDTELNKLNERE
NVPGKVVDAIYSLVLNYLRGTVSGVAGQRAVYYSPVTGKKYDISFIQAMNLN
RKCDYYRIGSKERGEWTDFVAQLINKRPAATKKAGQAKKKKGSYPYDVPDY
AYPYDVPDYAYPYDVPDYA (SEQ ID NO: 15)

[00120] SEQ ID NO: 15 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00121] SEQ ID NO: 15 may be encoded by the following nucleotide
sequence:

[00122] ATGGATTACGGCAACGGCCAGTTTGAGCGGAGAGCCCCC
CTGACCAAGACAATCACCCTGCGCCTGAAGCCTATCGGCGAGACACGGGA
GACAATCCGCGAGCAGAAGCTGCTGGAGCAGGACGCCGCCTTCAGAAAG
CTGGTGGAGACAGTGACCCCTATCGTGGACGATTGTATCAGGAAGATCGC
CGATAACGCCCTGTGCCACTTTGGCACCGAGTATGACTTCAGCTGTCTGGG
CAACGCCATCTCTAAGAATGACAGCAAGGCCATCAAGAAGGAGACAGAG
AAGGTGGAGAAGCTGCTGGCCAAGGTGCTGACCGAGAATCTGCCAGATG
GCCTGCGCAAGGTGAACGACATCAATTCCGCCGCCTTTATCCAGGATACA
CTGACCTCTTTCGTGCAGGACGATGCCGACAAGCGGGTGCTGATCCAGGA
GCTGAAGGGCAAGACCGTGCTGATGCAGCGGTTCCTGACCACACGGATCA
CAGCCCTGACCGTGTGGCTGCCCGACAGAGTGTTCGAGAACTTTAATATCT
TCATCGAGAACGCCGAGAAGATGAGAATCCTGCTGGACTCCCCTCTGAAT
GAGAAGATCATGAAGTTTGACCCAGATGCCGAGCAGTACGCCTCTCTGGA
GTTCTATGGCCAGTGCCTGTCTCAGAAGGACATCGATAGCTACAACCTGA
TCATCTCCGGCATCTATGCCGACGATGAGGTGAAGAACCCTGGCATCAAT
GAGATCGTGAAGGAGTACAATCAGCAGATCCGGGGCGACAAGGATGAGT
CCCCACTGCCCAAGCTGAAGAAGCTGCACAAGCAGATCCTGATGCCAGTG
GAGAAGGCCTTCTTTGTGCGCGTGCTGTCTAACGACAGCGATGCCCGGAG
CATCCTGGAGAAGATCCTGAAGGACACAGAGATGCTGCCCTCCAAGATCA
TCGAGGCCATGAAGGAGGCAGATGCAGGCGACATCGCCGTGTACGGCAG
CCGGCTGCACGAGCTGAGCCACGTGATCTACGGCGATCACGGCAAGCTGT
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CCCAGATCATCTATGACAAGGAGTCCAAGAGGATCTCTGAGCTGATGGAG
ACACTGTCTCCAAAGGAGCGCAAGGAGAGCAAGAAGCGGCTGGAGGGCC
TGGAGGAGCACATCAGAAAGTCTACATACACCTTCGACGAGCTGAACAGG
TATGCCGAGAAGAATGTGATGGCAGCATACATCGCAGCAGTGGAGGAGTC
TTGTGCCGAGATCATGAGAAAGGAGAAGGATCTGAGGACCCTGCTGAGCA
AGGAGGACGTGAAGATCCGGGGCAACAGACACAATACACTGATCGTGAA
GAACTACTTTAATGCCTGGACCGTGTTCCGGAACCTGATCAGAATCCTGA
GGCGCAAGTCCGAGGCCGAGATCGACTCTGACTTCTACGATGTGCTGGAC
GATTCCGTGGAGGTGCTGTCTCTGACATACAAGGGCGAGAATCTGTGCCG
CAGCTATATCACCAAGAAGATCGGCTCCGACCTGAAGCCCGAGATCGCCA
CATACGGCAGCGCCCTGAGGCCTAACAGCCGCTGGTGGTCCCCAGGAGAG
AAGTTTAATGTGAAGTTCCACACCATCGTGCGGAGAGATGGCCGGCTGTA
CTATTTCATCCTGCCCAAGGGCGCCAAGCCTGTGGAGCTGGAGGACATGG
ATGGCGACATCGAGTGTCTGCAGATGAGAAAGATCCCTAACCCAACAATC
TTTCTGCCCAAGCTGGTGTTCAAGGACCCTGAGGCCTTCTTTAGGGATAAT
CCAGAGGCCGACGAGTTCGTGTTTCTGAGCGGCATGAAGGCCCCCGTGAC
AATCACCAGAGAGACATACGAGGCCTACAGGTATAAGCTGTATACCGTGG
GCAAGCTGCGCGATGGCGAGGTGTCCGAAGAGGAGTACAAGCGGGCCCT
GCTGCAGGTGCTGACCGCCTACAAGGAGTTTCTGGAGAACAGAATGATCT
ATGCCGACCTGAATTTCGGCTTTAAGGATCTGGAGGAGTATAAGGACAGC
TCCGAGTTTATCAAGCAGGTGGAGACACACAACACCTTCATGTGCTGGGC
CAAGGTGTCTAGCTCCCAGCTGGACGATCTGGTGAAGTCTGGCAACGGCC
TGCTGTTCGAGATCTGGAGCGAGCGCCTGGAGTCCTACTATAAGTACGGC
AATGAGAAGGTGCTGCGGGGCTATGAGGGCGTGCTGCTGAGCATCCTGAA
GGATGAGAACCTGGTGTCCATGCGGACCCTGCTGAACAGCCGGCCCATGC
TGGTGTACCGGCCAAAGGAGTCTAGCAAGCCTATGGTGGTGCACCGGGAT
GGCAGCAGAGTGGTGGACAGGTTTGATAAGGACGGCAAGTACATCCCCCC
TGAGGTGCACGACGAGCTGTATCGCTTCTTTAACAATCTGCTGATCAAGG
AGAAGCTGGGCGAGAAGGCCCGGAAGATCCTGGACAACAAGAAGGTGAA
GGTGAAGGTGCTGGAGAGCGAGAGAGTGAAGTGGTCCAAGTTCTACGAT
GAGCAGTTTGCCGTGACCTTCAGCGTGAAGAAGAACGCCGATTGTCTGGA
CACCACAAAGGACCTGAATGCCGAAGTGATGGAGCAGTATAGCGAGTCC
AACAGACTGATCCTGATCAGGAATACCACAGATATCCTGTACTATCTGGT
GCTGGACAAGAATGGCAAGGTGCTGAAGCAGAGATCCCTGAACATCATCA
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ATGACGGCGCCAGGGATGTGGACTGGAAGGAGAGGTTCCGCCAGGTGAC
AAAGGATAGAAACGAGGGCTACAATGAGTGGGATTATTCCAGGACCTCTA
ACGACCTGAAGGAGGTGTACCTGAATTATGCCCTGAAGGAGATCGCCGAG
GCCGTGATCGAGTACAACGCCATCCTGATCATCGAGAAGATGTCTAATGC
CTTTAAGGACAAGTATAGCTTCCTGGACGACGTGACCTTCAAGGGCTTCG
AGACAAAGCTGCTGGCCAAGCTGAGCGATCTGCACTTTAGGGGCATCAAG
GACGGCGAGCCATGTTCCTTCACAAACCCCCTGCAGCTGTGCCAGAACGA
TTCTAATAAGATCCTGCAGGACGGCGTGATCTTTATGGTGCCAAATTCTAT
GACACGGAGCCTGGACCCCGACACCGGCTTCATCTTTGCCATCAACGACC
ACAATATCAGGACCAAGAAGGCCAAGCTGAACTTTCTGAGCAAGTTCGAT
CAGCTGAAGGTGTCCTCTGAGGGCTGCCTGATCATGAAGTACAGCGGCGA
TTCCCTGCCTACACACAACACCGACAATCGCGTGTGGAACTGCTGTTGCA
ATCACCCAATCACAAACTATGACCGGGAGACAAAGAAGGTGGAGTTCATC
GAGGAGCCCGTGGAGGAGCTGTCCCGCGTGCTGGAGGAGAATGGCATCG
AGACAGACACCGAGCTGAACAAGCTGAATGAGCGGGAGAACGTGCCTGG
CAAGGTGGTGGATGCCATCTACTCTCTGGTGCTGAATTATCTGCGCGGCAC
AGTGAGCGGAGTGGCAGGACAGAGGGCCGTGTACTATAGCCCTGTGACCG
GCAAGAAGTACGATATCTCCTTTATCCAGGCCATGAACCTGAATAGGAAG
TGTGACTACTATAGGATCGGCTCCAAGGAGAGGGGAGAGTGGACCGATTT
CGTGGCCCAGCTGATCAACAAAAGGCCGGCGGCCACGAAAAAGGCCGGC
CAGGCAAAAAAGAAAAAGGGATCCTACCCATACGATGTTCCAGATTACGC
TTATCCCTACGACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTA
TGCCTAA

[00123]  Butyrivibrio proteoclasticus (BpCpf1; pY006), including NLS and
HA tag:

[00124] MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEK
RAKDYKKAKQIIDKYHQFFIEEILSSVCISEDLLQNYSDVYFKLKKSDDDNLQ
KDFKSAKDTIKKQISEYIKDSEKFKNLFNQNLIDAKKGQESDLILWLKQSKDN
GIELFKANSDITDIDEALEIIKSFKGWTTYFKGFHENRKNVY SSNDIPTSITYRIV
DDNLPKFLENKAKYESLKDKAPEAINYEQIKKDLAEELTFDIDYKTSEVNQRV
FSLDEVFEIANFNNYLNQSGITKFNTIIGGKFVNGENTKRKGINEYINLYSQQIN
DKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTMQSFYEQIAAFKTV
EEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDYSVIGTAVLE
YITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDIDKQC
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RFEEILANFAAIPMIFDEIAQNKDNLAQISIKY QNQGKKDLLQASAEDDVKAIK
DLLDQTNNLLHKLKIFHISQSEDKANILDKDEHFYLVFEECYFELANIVPLYNK
IRNYITQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILFIKDDKYYLGVM
NKKNNKIFDDKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSE
DILRIRNHSTHTKNGSPQKGYEKFEFNIEDCRKFIDFY KQSISKHPEWKDFGFR
FSDTQRYNSIDEFYREVENQGYKLTFENISESYIDSVVNQGKLYLFQIYNKDEFS
AYSKGRPNLHTLYWKALFDERNLQDVVYKLNGEAELFYRKQSIPKKITHPAK
EATANKNKDNPKKESVFEYDLIKDKRFTEDKFFFHCPITINFKSSGANKFENDEI
NLLLKEKANDVHILSIDRGERHLAYYTLVDGKGNIKQDTENIIGNDRMKTNY
HDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQVVHEIAKLVIEYNAIVVF
EDLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEFDKTGGVLRAYQ
LTAPFETFKKMGKQTGIYYVPAGFTSKICPVTGFVNQLYPKYESVSKSQEFFS
KFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKNHN
WDTREVYPTKELEKLLKDYSIEY GHGECIKAAICGESDKKFFAKLTSVLNTIL
QMRNSKTGTELDYLISPVADVNGNFFDSRQAPKNMPQDADANGAYHIGLKG
LMLLGRIKNNQEGKKLNLVIKNEEYFEFVQNRNNKRPAATKKAGQAKKKKG
SYPYDVPDYAYPYDVPDYAYPYDVPDYA (SEQ ID NO: 17)

[00125] SEQ ID NO: 17 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00126] SEQ ID NO: 17 may be encoded by the following nucleotide
sequence:

[00127] ATGAGCATCTACCAGGAGTTCGTCAACAAGTATTCACTG
AGTAAGACACTGCGGTTCGAGCTGATCCCACAGGGCAAGACACTGGAGA
ACATCAAGGCCCGAGGCCTGATTCTGGACGATGAGAAGCGGGCAAAAGA
CTATAAGAAAGCCAAGCAGATCATTGATAAATACCACCAGTTCTTTATCG
AGGAAATTCTGAGCTCCGTGTGCATCAGTGAGGATCTGCTGCAGAATTAC
TCAGACGTGTACTTCAAGCTGAAGAAGAGCGACGATGACAACCTGCAGAA
GGACTTCAAGTCCGCCAAGGACACCATCAAGAAACAGATTAGCGAGTACA
TCAAGGACTCCGAAAAGTTTAAAAATCTGTTCAACCAGAATCTGATCGAT
GCTAAGAAAGGCCAGGAGTCCGACCTGATCCTGTGGCTGAAACAGTCTAA
GGACAATGGGATTGAACTGTTCAAGGCTAACTCCGATATCACTGATATTG
ACGAGGCACTGGAAATCATCAAGAGCTTCAAGGGATGGACCACATACTTT
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AAAGGCTTCCACGAGAACCGCAAGAACGTGTACTCCAGCAACGACATTCC
TACCTCCATCATCTACCGAATCGTCGATGACAATCTGCCAAAGTTCCTGGA
GAACAAGGCCAAATATGAATCTCTGAAGGACAAAGCTCCCGAGGCAATTA
ATTACGAACAGATCAAGAAAGATCTGGCTGAGGAACTGACATTCGATATC
GACTATAAGACTAGCGAGGTGAACCAGAGGGTCTTTTCCCTGGACGAGGT
GTTTGAAATCGCCAATTTCAACAATTACCTGAACCAGTCCGGCATTACTAA
ATTCAATACCATCATTGGCGGGAAGTTTGTGAACGGGGAGAATACCAAGC
GCAAGGGAATTAACGAATACATCAATCTGTATAGCCAGCAGATCAACGAC
AAAACTCTGAAGAAATACAAGATGTCTGTGCTGTTCAAACAGATCCTGAG
TGATACCGAGTCCAAGTCTTTTGTCATTGATAAACTGGAAGATGACTCAG
ACGTGGTCACTACCATGCAGAGCTTTTATGAGCAGATCGCCGCTTTCAAG
ACAGTGGAGGAAAAATCTATTAAGGAAACTCTGAGTCTGCTGTTCGATGA
CCTGAAAGCCCAGAAGCTGGACCTGAGTAAGATCTACTTCAAAAACGATA
AGAGTCTGACAGACCTGTCACAGCAGGTGTTTGATGACTATTCCGTGATTG
GGACCGCCGTCCTGGAGTACATTACACAGCAGATCGCTCCAAAGAACCTG
GATAATCCCTCTAAGAAAGAGCAGGAACTGATCGCTAAGAAAACCGAGA
AGGCAAAATATCTGAGTCTGGAAACAATTAAGCTGGCACTGGAGGAGTTC
AACAAGCACAGGGATATTGACAAACAGTGCCGCTTTGAGGAAATCCTGGC
CAACTTCGCAGCCATCCCCATGATTTTTGATGAGATCGCCCAGAACAAAG
ACAATCTGGCTCAGATCAGTATTAAGTACCAGAACCAGGGCAAGAAAGAC
CTGCTGCAGGCTTCAGCAGAAGATGACGTGAAAGCCATCAAGGATCTGCT
GGACCAGACCAACAATCTGCTGCACAAGCTGAAAATCTTCCATATTAGTC
AGTCAGAGGATAAGGCTAATATCCTGGATAAAGACGAACACTTCTACCTG
GTGTTCGAGGAATGTTACTTCGAGCTGGCAAACATTGTCCCCCTGTATAAC
AAGATTAGGAACTACATCACACAGAAGCCTTACTCTGACGAGAAGTTTAA
ACTGAACTTCGAAAATAGTACCCTGGCCAACGGGTGGGATAAGAACAAG
GAGCCTGACAACACAGCTATCCTGTTCATCAAGGATGACAAGTACTATCT
GGGAGTGATGAATAAGAAAAACAATAAGATCTTCGATGACAAAGCCATT
AAGGAGAACAAAGGGGAAGGATACAAGAAAATCGTGTATAAGCTGCTGC
CCGGCGCAAATAAGATGCTGCCTAAGGTGTTCTTCAGCGCCAAGAGTATC
AAATTCTACAACCCATCCGAGGACATCCTGCGGATTAGAAATCACTCAAC
ACATACTAAGAACGGGAGCCCCCAGAAGGGATATGAGAAATTTGAGTTCA
ACATCGAGGATTGCAGGAAGTTTATTGACTTCTACAAGCAGAGCATCTCC
AAACACCCTGAATGGAAGGATTTTGGCTTCCGGTTTTCCGACACACAGAG
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ATATAACTCTATCGACGAGTTCTACCGCGAGGTGGAAAATCAGGGGTATA
AGCTGACTTTTGAGAACATTTCTGAAAGTTACATCGACAGCGTGGTCAATC
AGGGAAAGCTGTACCTGTTCCAGATCTATAACAAAGATTTTTCAGCATAC
AGCAAGGGCAGACCAAACCTGCATACACTGTACTGGAAGGCCCTGTTCGA
TGAGAGGAATCTGCAGGACGTGGTCTATAAACTGAACGGAGAGGCCGAA
CTGTTTTACCGGAAGCAGTCTATTCCTAAGAAAATCACTCACCCAGCTAAG
GAGGCCATCGCTAACAAGAACAAGGACAATCCTAAGAAAGAGAGCGTGT
TCGAATACGATCTGATTAAGGACAAGCGGTTCACCGAAGATAAGTTCTTT
TTCCATTGTCCAATCACCATTAACTTCAAGTCAAGCGGCGCTAACAAGTTC
AACGACGAGATCAATCTGCTGCTGAAGGAAAAAGCAAACGATGTGCACA
TCCTGAGCATTGACCGAGGAGAGCGGCATCTGGCCTACTATACCCTGGTG
GATGGCAAAGGGAATATCATTAAGCAGGATACATTCAACATCATTGGCAA
TGACCGGATGAAAACCAACTACCACGATAAACTGGCTGCAATCGAGAAG
GATAGAGACTCAGCTAGGAAGGACTGGAAGAAAATCAACAACATTAAGG
AGATGAAGGAAGGCTATCTGAGCCAGGTGGTCCATGAGATTGCAAAGCTG
GTCATCGAATACAATGCCATTGTGGTGTTCGAGGATCTGAACTTCGGCTTT
AAGAGGGGGCGCTTTAAGGTGGAAAAACAGGTCTATCAGAAGCTGGAGA
AAATGCTGATCGAAAAGCTGAATTACCTGGTGTTTAAAGATAACGAGTTC
GACAAGACCGGAGGCGTCCTGAGAGCCTACCAGCTGACAGCTCCCTTTGA
AACTTTCAAGAAAATGGGAAAACAGACAGGCATCATCTACTATGTGCCAG
CCGGATTCACTTCCAAGATCTGCCCCGTGACCGGCTTTGTCAACCAGCTGT
ACCCTAAATATGAGTCAGTGAGCAAGTCCCAGGAATTTTTCAGCAAGTTC
GATAAGATCTGTTATAATCTGGACAAGGGGTACTTCGAGTTTTCCTTCGAT
TACAAGAACTTCGGCGACAAGGCCGCTAAGGGGAAATGGACCATTGCCTC
CTTCGGATCTCGCCTGATCAACTTTCGAAATTCCGATAAAAACCACAATTG
GGACACTAGGGAGGTGTACCCAACCAAGGAGCTGGAAAAGCTGCTGAAA
GACTACTCTATCGAGTATGGACATGGCGAATGCATCAAGGCAGCCATCTG
TGGCGAGAGTGATAAGAAATTTTTCGCCAAGCTGACCTCAGTGCTGAATA
CAATCCTGCAGATGCGGAACTCAAAGACCGGGACAGAACTGGACTATCTG
ATTAGCCCCGTGGCTGATGTCAACGGAAACTTCTTCGACAGCAGACAGGC
ACCCAAAAATATGCCTCAGGATGCAGACGCCAACGGGGCCTACCACATCG
GGCTGAAGGGACTGATGCTGCTGGGCCGGATCAAGAACAATCAGGAGGG
GAAGAAGCTGAACCTGGTCATTAAGAACGAGGAATACTTCGAGTTTGTCC
AGAATAGAAATAACAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGC
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AAAAAAGAAAAAGGGATCCTACCCATACGATGTTCCAGATTACGCTTATC
CCTACGACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTATGCCT
AA (SEQ ID NO: 18)

[00128] Peregrinibacteria bacterium GW2011_GWA_33_10 (PeCpf1;
pY007), including NLS and HA tag:

[00129] MSNFFKNFTNLYELSKTLRFELKPVGDTLTNMKDHLEYDE
KLQTFLKDQNIDDAYQALKPQFDEIHEEFITDSLESKKAKEIDFSEYLDLFQEK
KELNDSEKKLRNKIGETFNKAGEKWKKEKYPQYEWKKGSKIANGADILSCQ
DMLQFIKYKNPEDEKIKNYIDDTLKGFFTYFGGFNQNRANYYETKKEASTAV
ATRIVHENLPKFCDNVIQFKHIIKRKKDGTVEKTERKTEYLNAY QY LKNNNKI
TQIKDAETEKMIESTPIAEKIFDVY YFSSCLSQKQIEEYNRIIGHYNLLINLYNQ
AKRSEGKHLSANEKKYKDLPKFKTLY KQIGCGKKKDLFYTIKCDTEEEANKS
RNEGKESHSVEEIINKAQEAINKYFKSNNDCENINTVPDFINYILTKENYEGVY
WSKAAMNTISDKYFANYHDLQDRLKEAKVFQKADKKSEDDIKIPEAIELSGL
FGVLDSLADWQTTLFKSSILSNEDKLKITDSQTPSEALLKMIFNDIEKNMESFL
KETNDITLKKYKGNKEGTEKIKQWFDYTLAINRMLKYFLVKENKIKGNSLDT
NISEALKTLIYSDDAEWFKWYDALRNYLTQKPQDEAKENKLKLNFDNPSLAG
GWDVNKECSNFCVILKDKNEKKYLAIMKKGENTLFQKEWTEGRGKNLTKKS
NPLFEINNCEILSKMEYDFWADVSKMIPKCSTQLKAVVNHFKQSDNEFIFPIG
YKVTSGEKFREECKISKQDFELNNKVENKNELSVTAMRYDLSSTQEKQYIKA
FQKEYWELLFKQEKRDTKLTNNEIFNEWINFCNKKYSELLSWERKYKDALTN
WINFCKYFLSKYPKTTLENYSFKESENYNSLDEFYRDVDICSYKLNINTTINKS
ILDRLVEEGKLYLFEIKNQDSNDGKSIGHKNNLHTIYWNAIFENFDNRPKLNG
EAFIFYRKAISKDKLGIVKGKKTKNGTEIIKNYRFSKEKFILHVPITLNFCSNNE
YVNDIVNTKFYNFSNLHFLGIDRGEKHLAY YSLVNKNGEIVDQGTLNLPFTD
KDGNQRSIKKEKYFYNKQEDKWEAKEVDCWNYNDLLDAMASNRDMARKN
WQRIGTIKEAKNGY VSLVIRKIADLAVNNERPAFIVLEDLNTGFKRSRQKIDKS
VYQKFELALAKKLNFLVDKNAKRDEIGSPTKALQLTPPVNNYGDIENKKQAG
IMLYTRANYTSQTDPATGWRKTIYLKAGPEETTYKKDGKIKNKSVKDQIIETF
TDIGFDGKDYYFEYDKGEFVDEKTGEIKPKKWRLYSGENGKSLDRFRGEREK
DKYEWKIDKIDIVKILDDLFVNFDKNISLLKQLKEGVELTRNNEHGTGESLRF
AINLIQQIRNTGNNERDNDFILSPVRDENGKHFDSREY WDKETKGEKISMPSS
GDANGAFNIARKGIIMNAHILANSDSKDLSLFVSDEEWDLHLNNKTEWKKQL
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NIFSSRKAMAKRKKKRPAATKKAGQAKKKKGSYPYDVPDYAYPYDVPDYA
YPYDVPDYA (SEQ ID NO: 19)

[00130] SEQ ID NO: 19 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00131] SEQ ID NO: 19 may be encoded by the following nucleotide
sequence:

[00132] ATGTCCAACTTCTTTAAGAATTTCACCAACCTGTATGAGC
TGTCCAAGACACTGAGGTTTGAGCTGAAGCCCGTGGGCGACACCCTGACA
AACATGAAGGACCACCTGGAGTACGATGAGAAGCTGCAGACCTTCCTGAA
GGATCAGAATATCGACGATGCCTATCAGGCCCTGAAGCCTCAGTTCGACG
AGATCCACGAGGAGTTTATCACAGATTCTCTGGAGAGCAAGAAGGCCAAG
GAGATCGACTTCTCCGAGTACCTGGATCTGTTTCAGGAGAAGAAGGAGCT
GAACGACTCTGAGAAGAAGCTGCGCAACAAGATCGGCGAGACATTCAAC
AAGGCCGGCGAGAAGTGGAAGAAGGAGAAGTACCCTCAGTATGAGTGGA
AGAAGGGCTCCAAGATCGCCAATGGCGCCGACATCCTGTCTTGCCAGGAT
ATGCTGCAGTTTATCAAGTATAAGAACCCAGAGGATGAGAAGATCAAGAA
TTACATCGACGATACACTGAAGGGCTTCTTTACCTATTTCGGCGGCTTTAA
TCAGAACAGGGCCAACTACTATGAGACAAAGAAGGAGGCCTCCACCGCA
GTGGCAACAAGGATCGTGCACGAGAACCTGCCAAAGTTCTGTGACAATGT
GATCCAGTTTAAGCACATCATCAAGCGGAAGAAGGATGGCACCGTGGAG
AAAACCGAGAGAAAGACCGAGTACCTGAACGCCTACCAGTATCTGAAGA
ACAATAACAAGATCACACAGATCAAGGACGCCGAGACAGAGAAGATGAT
CGAGTCTACACCCATCGCCGAGAAGATCTTCGACGTGTACTACTTCAGCA
GCTGCCTGAGCCAGAAGCAGATCGAGGAGTACAACCGGATCATCGGCCA
CTATAATCTGCTGATCAACCTGTATAACCAGGCCAAGAGATCTGAGGGCA
AGCACCTGAGCGCCAACGAGAAGAAGTATAAGGACCTGCCTAAGTTCAA
GACCCTGTATAAGCAGATCGGCTGCGGCAAGAAGAAGGACCTGTTTTACA
CAATCAAGTGTGATACCGAGGAGGAGGCCAATAAGTCCCGGAACGAGGG
CAAGGAGTCCCACTCTGTGGAGGAGATCATCAACAAGGCCCAGGAGGCC
ATCAATAAGTACTTCAAGTCTAATAACGACTGTGAGAATATCAACACCGT
GCCCGACTTCATCAACTATATCCTGACAAAGGAGAATTACGAGGGCGTGT
ATTGGAGCAAGGCCGCCATGAACACCATCTCCGACAAGTACTTCGCCAAT
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TATCACGACCTGCAGGATAGACTGAAGGAGGCCAAGGTGTTTCAGAAGGC
CGATAAGAAGTCCGAGGACGATATCAAGATCCCAGAGGCCATCGAGCTGT
CTGGCCTGTTCGGCGTGCTGGACAGCCTGGCCGATTGGCAGACCACACTG
TTTAAGTCTAGCATCCTGAGCAACGAGGACAAGCTGAAGATCATCACAGA
TTCCCAGACCCCCTCTGAGGCCCTGCTGAAGATGATCTTCAATGACATCGA
GAAGAACATGGAGTCCTTTCTGAAGGAGACAAACGATATCATCACCCTGA
AGAAGTATAAGGGCAATAAGGAGGGCACCGAGAAGATCAAGCAGTGGTT
CGACTATACACTGGCCATCAACCGGATGCTGAAGTACTTTCTGGTGAAGG
AGAATAAGATCAAGGGCAACTCCCTGGATACCAATATCTCTGAGGCCCTG
AAAACCCTGATCTACAGCGACGATGCCGAGTGGTTCAAGTGGTACGACGC
CCTGAGAAACTATCTGACCCAGAAGCCTCAGGATGAGGCCAAGGAGAAT
AAGCTGAAGCTGAATTTCGACAACCCATCTCTGGCCGGCGGCTGGGATGT
GAACAAGGAGTGCAGCAATTTTTGCGTGATCCTGAAGGACAAGAACGAG
AAGAAGTACCTGGCCATCATGAAGAAGGGCGAGAATACCCTGTTCCAGAA
GGAGTGGACAGAGGGCCGGGGCAAGAACCTGACAAAGAAGTCTAATCCA
CTGTTCGAGATCAATAACTGCGAGATCCTGAGCAAGATGGAGTATGACTT
TTGGGCCGACGTGAGCAAGATGATCCCCAAGTGTAGCACCCAGCTGAAGG
CCGTGGTGAACCACTTCAAGCAGTCCGACAATGAGTTCATCTTTCCTATCG
GCTACAAGGTGACAAGCGGCGAGAAGTTTAGGGAGGAGTGCAAGATCTC
CAAGCAGGACTTCGAGCTGAATAACAAGGTGTTTAATAAGAACGAGCTGA
GCGTGACCGCCATGCGCTACGATCTGTCCTCTACACAGGAGAAGCAGTAT
ATCAAGGCCTTCCAGAAGGAGTACTGGGAGCTGCTGTTTAAGCAGGAGAA
GCGGGACACCAAGCTGACAAATAACGAGATCTTCAACGAGTGGATCAATT
TTTGCAACAAGAAGTATAGCGAGCTGCTGTCCTGGGAGAGAAAGTACAAG
GATGCCCTGACCAATTGGATCAACTTCTGTAAGTACTTTCTGAGCAAGTAT
CCCAAGACCACACTGTTCAACTACTCTTTTAAGGAGAGCGAGAATTATAA
CTCCCTGGACGAGTTCTACCGGGACGTGGATATCTGTTCTTACAAGCTGAA
TATCAACACCACAATCAATAAGAGCATCCTGGATAGACTGGTGGAGGAGG
GCAAGCTGTACCTGTTTGAGATCAAGAATCAGGACAGCAACGATGGCAAG
TCCATCGGCCACAAGAATAACCTGCACACCATCTACTGGAACGCCATCTT
CGAGAATTTTGACAACAGGCCTAAGCTGAATGGCGAGGCCGAGATCTTCT
ATCGCAAGGCCATCTCCAAGGATAAGCTGGGCATCGTGAAGGGCAAGAA
AACCAAGAACGGCACCGAGATCATCAAGAATTACAGATTCAGCAAGGAG
AAGTTTATCCTGCACGTGCCAATCACCCTGAACTTCTGCTCCAATAACGAG
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TATGTGAATGACATCGTGAACACAAAGTTCTACAATTTTTCCAACCTGCAC
TTTCTGGGCATCGATAGGGGCGAGAAGCACCTGGCCTACTATTCTCTGGTG
AATAAGAACGGCGAGATCGTGGACCAGGGCACACTGAACCTGCCTTTCAC
CGACAAGGATGGCAATCAGCGCAGCATCAAGAAGGAGAAGTACTTTTATA
ACAAGCAGGAGGACAAGTGGGAGGCCAAGGAGGTGGATTGTTGGAATTA
TAACGACCTGCTGGATGCCATGGCCTCTAACCGGGACATGGCCAGAAAGA
ATTGGCAGAGGATCGGCACCATCAAGGAGGCCAAGAACGGCTACGTGAG
CCTGGTCATCAGGAAGATCGCCGATCTGGCCGTGAATAACGAGCGCCCCG
CCTTCATCGTGCTGGAGGACCTGAATACAGGCTTTAAGCGGTCCAGACAG
AAGATCGATAAGAGCGTGTACCAGAAGTTCGAGCTGGCCCTGGCCAAGAA
GCTGAACTTTCTGGTGGACAAGAATGCCAAGCGCGATGAGATCGGCTCCC
CTACAAAGGCCCTGCAGCTGACCCCCCCTGTGAATAACTACGGCGACATT
GAGAACAAGAAGCAGGCCGGCATCATGCTGTATACCCGGGCCAATTATAC
CTCTCAGACAGATCCAGCCACAGGCTGGAGAAAGACCATCTATCTGAAGG
CCGGCCCCGAGGAGACAACATACAAGAAGGACGGCAAGATCAAGAACAA
GAGCGTGAAGGACCAGATCATCGAGACATTCACCGATATCGGCTTTGACG
GCAAGGATTACTATTTCGAGTACGACAAGGGCGAGTTTGTGGATGAGAAA
ACCGGCGAGATCAAGCCCAAGAAGTGGCGGCTGTACTCCGGCGAGAATG
GCAAGTCCCTGGACAGGTTCCGCGGAGAGAGGGAGAAGGATAAGTATGA
GTGGAAGATCGACAAGATCGATATCGTGAAGATCCTGGACGATCTGTTCG
TGAATTTTGACAAGAACATCAGCCTGCTGAAGCAGCTGAAGGAGGGCGTG
GAGCTGACCCGGAATAACGAGCACGGCACAGGCGAGTCCCTGAGATTCG
CCATCAACCTGATCCAGCAGATCCGGAATACCGGCAATAACGAGAGAGA
CAACGATTTCATCCTGTCCCCAGTGAGGGACGAGAATGGCAAGCACTTTG
ACTCTCGCGAGTACTGGGATAAGGAGACAAAGGGCGAGAAGATCAGCAT
GCCCAGCTCCGGCGATGCCAATGGCGCCTTCAACATCGCCCGGAAGGGCA
TCATCATGAACGCCCACATCCTGGCCAATAGCGACTCCAAGGATCTGTCC
CTGTTCGTGTCTGACGAGGAGTGGGATCTGCACCTGAATAACAAGACCGA
GTGGAAGAAGCAGCTGAACATCTTTTCTAGCAGGAAGGCCATGGCCAAGC
GCAAGAAGAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAA
AGAAAAAGGGATCCTACCCATACGATGTTCCAGATTACGCTTATCCCTAC
GACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTATGCCTAA
(SEQ ID NO: 20)
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[00133]  Parcubacteria bacterium GWC2011_GWC2_44_17 (PbCpf1;
pY008), including NLS and HA tag:

[00134] MENIFDQFIGKYSLSKTLRFELKPVGKTEDFLKINKVFEKDQ
TIDDSYNQAKFYFDSLHQKFIDAALASDKTSELSFQNFADVLEKQNKIILDKK
REMGALRKRDKNAVGIDRLQKEINDAEDIIQKEKEKIYKDVRTLFDNEAESW
KTYYQEREVDGKKITFSKADLKQKGADFLTAAGILKVLKYEFPEEKEKEFQA
KNQPSLFVEEKENPGQKRYIFDSFDKFAGYLTKFQQTKKNLYAADGTSTAVA
TRIADNFIIFHQNTKVFRDKYKNNHTDLGFDEENIFEIERY KNCLLQREIEHIKN
ENSYNKIIGRINKKIKEYRDQKAKDTKLTKSDFPFFKNLDKQILGEVEKEKQLI
EKTREKTEEDVLIERFKEFIENNEERFTAAKKLMNAFCNGEFESEYEGIYLKN
KAINTISRRWFVSDRDFELKLPQQKSKNKSEKNEPKVKKFISIAEIKNAVEELD
GDIFKAVFYDKKITAQGGSKLEQFLVIWKYEFEYLFRDIERENGEKLLGYDSCL
KIAKQLGIFPQEKEAREKATAVIKNY ADAGLGIFQMMKYFSLDDKDRKNTPG
QLSTNFYAEYDGYYKDFEFIKY YNEFRNFITKKPFDEDKIKLNFENGALLKGW
DENKEYDFMGVILKKEGRLYLGIMHKNHRKLFQSMGNAKGDNANRY QKMI
YKQIADASKDVPRLLLTSKKAMEKFKPSQEILRIKKEKTFKRESKNFSLRDLH
ALIEYYRNCIPQYSNWSFYDFQFQDTGKYQNIKEFTDDVQKYGYKISFRDIDD
EYINQALNEGKMYLFEVVNKDIYNTKNGSKNLHTLYFEHILSAENLNDPVFK
LSGMAEIFQRQPSVNEREKITTQKNQCILDKGDRAYKYRRYTEKKIMFHMSL
VLNTGKGEIKQVQFNKIINQRISSSDNEMRVNVIGIDRGEKNLLYYSVVKQNG
EINEQASLNEINGVNYRDKLIEREKERLKNRQSWKPVVKIKDLKKGYISHVIHK
ICQLIEKYSAIVVLEDLNMRFKQIRGGIERSVY QQFEKALIDKLGYLVFKDNRD
LRAPGGVLNGYQLSAPFVSFEKMRKQTGILFYTQAEYTSKTDPITGFRKNVYI
SNSASLDKIKEAVKKFDAIGWDGKEQSYFFKYNPYNLADEKYKNSTVSKEW
AIFASAPRIRRQKGEDGYWKYDRVKVNEEFEKLLKVWNFVNPKATDIKQEII
KKEKAGDLQGEKELDGRLRNFWHSFIYLFNLVLELRNSFSLQIKIKAGEVIAV
DEGVDFIASPVKPFFTTPNPYIPSNLCWLAVENADANGAYNIARKGVMILKKI
REHAKKDPEFKKLPNLFISNAEWDEAARDWGKYAGTTALNLDHKRPAATKK
AGQAKKKKGSYPYDVPDYAYPYDVPDYAYPYDVPDYA (SEQ ID NO: 21)

[00135] SEQ ID NO: 21 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).
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[00136] SEQ ID NO: 21 may be encoded by the following nucleotide
sequence:

[00137] ATGGAGAACATCTTCGACCAGTTTATCGGCAAGTACAGC
CTGTCCAAGACCCTGAGATTCGAGCTGAAGCCCGTGGGCAAGACAGAGGA
CTTCCTGAAGATCAACAAGGTGTTTGAGAAGGATCAGACCATCGACGATA
GCTACAATCAGGCCAAGTTCTATTTTGATTCCCTGCACCAGAAGTTTATCG
ACGCCGCCCTGGCCTCCGATAAGACATCCGAGCTGTCTTTCCAGAACTTTG
CCGACGTGCTGGAGAAGCAGAATAAGATCATCCTGGATAAGAAGAGAGA
GATGGGCGCCCTGAGGAAGCGCGACAAGAACGCCGTGGGCATCGATAGG
CTGCAGAAGGAGATCAATGACGCCGAGGATATCATCCAGAAGGAGAAGG
AGAAGATCTACAAGGACGTGCGCACCCTGTTCGATAACGAGGCCGAGTCT
TGGAAAACCTACTATCAGGAGCGGGAGGTGGACGGCAAGAAGATCACCT
TCAGCAAGGCCGACCTGAAGCAGAAGGGCGCCGATTTTCTGACAGCCGCC
GGCATCCTGAAGGTGCTGAAGTATGAGTTCCCCGAGGAGAAGGAGAAGG
AGTTTCAGGCCAAGAACCAGCCCTCCCTGTTCGTGGAGGAGAAGGAGAAT
CCTGGCCAGAAGAGGTACATCTTCGACTCTTTTGATAAGTTCGCCGGCTAT
CTGACCAAGTTTCAGCAGACAAAGAAGAATCTGTACGCAGCAGACGGCAC
CAGCACAGCAGTGGCCACCCGCATCGCCGATAACTTTATCATCTTCCACC
AGAATACCAAGGTGTTCCGGGACAAGTACAAGAACAATCACACAGACCT
GGGCTTCGATGAGGAGAACATCTTTGAGATCGAGAGGTATAAGAATTGCC
TGCTGCAGCGCGAGATCGAGCACATCAAGAATGAGAATAGCTACAACAA
GATCATCGGCCGGATCAATAAGAAGATCAAGGAGTATCGGGACCAGAAG
GCCAAGGATACCAAGCTGACAAAGTCCGACTTCCCTTTCTTTAAGAACCT
GGATAAGCAGATCCTGGGCGAGGTGGAGAAGGAGAAGCAGCTGATCGAG
AAAACCCGGGAGAAAACCGAGGAGGACGTGCTGATCGAGCGGTTCAAGG
AGTTCATCGAGAACAATGAGGAGAGGTTCACCGCCGCCAAGAAGCTGATG
AATGCCTTCTGTAACGGCGAGTTTGAGTCCGAGTACGAGGGCATCTATCT
GAAGAATAAGGCCATCAACACAATCTCCCGGAGATGGTTCGTGTCTGACA
GAGATTTTGAGCTGAAGCTGCCTCAGCAGAAGTCCAAGAACAAGTCTGAG
AAGAATGAGCCAAAGGTGAAGAAGTTCATCTCCATCGCCGAGATCAAGA
ACGCCGTGGAGGAGCTGGACGGCGATATCTTTAAGGCCGTGTTCTACGAC
AAGAAGATCATCGCCCAGGGCGGCTCTAAGCTGGAGCAGTTCCTGGTCAT
CTGGAAGTACGAGTTTGAGTATCTGTTCCGGGACATCGAGAGAGAGAACG
GCGAGAAGCTGCTGGGCTATGATAGCTGCCTGAAGATCGCCAAGCAGCTG
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GGCATCTTCCCACAGGAGAAGGAGGCCCGCGAGAAGGCAACCGCCGTGA
TCAAGAATTACGCCGACGCCGGCCTGGGCATCTTCCAGATGATGAAGTAT
TTTTCTCTGGACGATAAGGATCGGAAGAACACCCCCGGCCAGCTGAGCAC
AAATTTCTACGCCGAGTATGACGGCTACTACAAGGATTTCGAGTTTATCAA
GTACTACAACGAGTTTAGGAACTTCATCACCAAGAAGCCTTTCGACGAGG
ATAAGATCAAGCTGAACTTTGAGAATGGCGCCCTGCTGAAGGGCTGGGAC
GAGAACAAGGAGTACGATTTCATGGGCGTGATCCTGAAGAAGGAGGGCC
GCCTGTATCTGGGCATCATGCACAAGAACCACCGGAAGCTGTTTCAGTCC
ATGGGCAATGCCAAGGGCGACAACGCCAATAGATACCAGAAGATGATCT
ATAAGCAGATCGCCGACGCCTCTAAGGATGTGCCCAGGCTGCTGCTGACC
AGCAAGAAGGCCATGGAGAAGTTCAAGCCTTCCCAGGAGATCCTGAGAAT
CAAGAAGGAGAAAACCTTCAAGCGGGAGAGCAAGAACTTTTCCCTGAGA
GATCTGCACGCCCTGATCGAGTACTATAGGAACTGCATCCCTCAGTACAG
CAATTGGTCCTTTTATGACTTCCAGTTTCAGGATACCGGCAAGTACCAGAA
TATCAAGGAGTTCACAGACGATGTGCAGAAGTACGGCTATAAGATCTCCT
TTCGCGACATCGACGATGAGTATATCAATCAGGCCCTGAACGAGGGCAAG
ATGTACCTGTTCGAGGTGGTGAACAAGGATATCTATAACACCAAGAATGG
CTCCAAGAATCTGCACACACTGTACTTTGAGCACATCCTGTCTGCCGAGAA
CCTGAATGACCCAGTGTTCAAGCTGTCTGGCATGGCCGAGATCTTTCAGCG
GCAGCCCAGCGTGAACGAAAGAGAGAAGATCACCACACAGAAGAATCAG
TGTATCCTGGACAAGGGCGATAGAGCCTACAAGTATAGGCGCTACACCGA
GAAGAAGATCATGTTCCACATGAGCCTGGTGCTGAACACAGGCAAGGGCG
AGATCAAGCAGGTGCAGTTTAATAAGATCATCAACCAGAGGATCAGCTCC
TCTGACAACGAGATGAGGGTGAATGTGATCGGCATCGATCGCGGCGAGAA
GAACCTGCTGTACTATAGCGTGGTGAAGCAGAATGGCGAGATCATCGAGC
AGGCCTCCCTGAACGAGATCAATGGCGTGAACTACCGGGACAAGCTGATC
GAGAGGGAGAAGGAGCGCCTGAAGAACCGGCAGAGCTGGAAGCCTGTGG
TGAAGATCAAGGATCTGAAGAAGGGCTACATCTCCCACGTGATCCACAAG
ATCTGCCAGCTGATCGAGAAGTATTCTGCCATCGTGGTGCTGGAGGACCT
GAATATGAGATTCAAGCAGATCAGGGGAGGAATCGAGCGGAGCGTGTAC
CAGCAGTTCGAGAAGGCCCTGATCGATAAGCTGGGCTATCTGGTGTTTAA
GGACAACAGGGATCTGAGGGCACCAGGAGGCGTGCTGAATGGCTACCAG
CTGTCTGCCCCCTTTGTGAGCTTCGAGAAGATGCGCAAGCAGACCGGCAT
CCTGTTCTACACACAGGCCGAGTATACCAGCAAGACAGACCCAATCACCG
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GCTTTCGGAAGAACGTGTATATCTCTAATAGCGCCTCCCTGGATAAGATCA
AGGAGGCCGTGAAGAAGTTCGACGCCATCGGCTGGGATGGCAAGGAGCA
GTCTTACTTCTTTAAGTACAACCCTTACAACCTGGCCGACGAGAAGTATAA
GAACTCTACCGTGAGCAAGGAGTGGGCCATCTTTGCCAGCGCCCCAAGAA
TCCGGAGACAGAAGGGCGAGGACGGCTACTGGAAGTATGATAGGGTGAA
AGTGAATGAGGAGTTCGAGAAGCTGCTGAAGGTCTGGAATTTTGTGAACC
CAAAGGCCACAGATATCAAGCAGGAGATCATCAAGAAGGAGAAGGCAGG
CGACCTGCAGGGAGAGAAGGAGCTGGATGGCCGGCTGAGAAACTTTTGG
CACTCTTTCATCTACCTGTTTAACCTGGTGCTGGAGCTGCGCAATTCTTTCA
GCCTGCAGATCAAGATCAAGGCAGGAGAAGTGATCGCAGTGGACGAGGG
CGTGGACTTCATCGCCAGCCCAGTGAAGCCCTTCTTTACCACACCCAACCC
TTACATCCCCTCCAACCTGTGCTGGCTGGCCGTGGAGAATGCAGACGCAA
ACGGAGCCTATAATATCGCCAGGAAGGGCGTGATGATCCTGAAGAAGATC
CGCGAGCACGCCAAGAAGGACCCCGAGTTCAAGAAGCTGCCAAACCTGTT
TATCAGCAATGCAGAGTGGGACGAGGCAGCCCGGGATTGGGGCAAGTAC
GCAGGCACCACAGCCCTGAACCTGGACCACAAAAGGCCGGCGGCCACGA
AAAAGGCCGGCCAGGCAAAAAAGAAAAAGGGATCCTACCCATACGATGT
TCCAGATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCATATGA
TGTCCCCGACTATGCCTAA (SEQ ID NO: 22)

[00138]  Smithella sp. SC_KO08D17 (SsCpf1; pY009), including NLS and
HA tag:

[00139] MOQTLFENFTNQYPVSKTLRFELIPQGKTKDFIEQKGLLKKDE
DRAEKYKKVKNIDEYHKDFIEKSLNGLKLDGLEKYKTLYLKQEKDDKDKK
AFDKEKENLRKQIANAFRNNEKFKTLFAKELIKNDLMSFACEEDKKNVKEFE
AFTTYFTGFHQNRANMY VADEKRTAIASRLIHENLPKFIDNIKIFEKMKKEAP
ELLSPFNQTLKDMKDVIKGTTLEEIFSLDYFNKTLTQSGIDIYNSVIGGRTPEEG
KTKIKGLNEYINTDFNQKQTDKKKRQPKFKQLY KQILSDRQSLSFIAEAFKND
TEILEAIEKFY VNELLHFSNEGKSTNVLDAIKNAVSNLESFNLTKMYFRSGASL
TDVSRKVFGEWSIINRALDNY YATTYPIKPREKSEKYEERKEKWLKQDFNVS
LIQTAIDEYDNETVKGKNSGKVIADYFAKFCDDKETDLIQKVNEGYIAVKDLL
NTPCPENEKLGSNKDQVKQIKAFMDSIMDIMHFVRPLSLKDTDKEKDETFYS
LFTPLYDHLTQTIALYNKVRNYLTQKPYSTEKIKLNFENSTLLGGWDLNKETD
NTAINLRKDNLYYLGIMDKRHNRIFRNVPKADKKDFCYEKMVYKLLPGANK
MLPKVFFSQSRIQEFTPSAKLLENYANETHKKGDNFNLNHCHKLIDFFKDSIN
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KHEDWKNFDFRFSATSTYADLSGFYHEVEHQGYKISFQSVADSFIDDLVNEG
KLYLFQIYNKDFSPFSKGKPNLHTLYWKMLFDENNLKDVVYKLNGEAEVFY
RKKSTAEKNTTIHKANESIINKNPDNPKATSTFNYDIVKDKRYTIDKFQFHIPIT
MNFKAEGIFNMNQRVNQFLKANPDINIIGIDRGERHLLY YALINQKGKILKQD
TLNVIANEKQKVDYHNLLDKKEGDRATARQEWGVIETIKELKEGYLSQVIHK
LTDLMIENNAIIVMEDLNFGFKRGRQKVEKQVYQKFEKMLIDKLNYLVDKN
KKANELGGLLNAFQLANKFESFQKMGKQNGFIFY VPAWNTSKTDPATGFIDF
LKPRYENLNQAKDFFEKFDSIRLNSKADYFEFAFDFKNFTEKADGGRTKWTV
CTTNEDRYAWNRALNNNRGSQEKYDITAELKSLFDGKVDYKSGKDLKQQIA
SQESADFFKALMKNLSITLSLRHNNGEKGDNEQDYILSPVADSKGRFFDSRKA
DDDMPKNADANGAYHIALKGLWCLEQISKTDDLKKVKLAISNKEWLEFVQT
LKGKRPAATKKAGQAKKKKGSYPYDVPDYAYPYDVPDYAYPYDVPDYA
(SEQ ID NO: 23)

[00140] SEQ ID NO: 23 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00141] SEQ ID NO: 23 may be encoded by the following nucleotide
sequence:

[00142] ATGCAGACCCTGTTTGAGAACTTCACAAATCAGTACCCA
GTGTCCAAGACCCTGCGCTTTGAGCTGATCCCCCAGGGCAAGACAAAGGA
CTTCATCGAGCAGAAGGGCCTGCTGAAGAAGGATGAGGACCGGGCCGAG
AAGTATAAGAAGGTGAAGAACATCATCGATGAGTACCACAAGGACTTCAT
CGAGAAGTCTCTGAATGGCCTGAAGCTGGACGGCCTGGAGAAGTACAAG
ACCCTGTATCTGAAGCAGGAGAAGGACGATAAGGATAAGAAGGCCTTTG
ACAAGGAGAAGGAGAACCTGCGCAAGCAGATCGCCAATGCCTTCCGGAA
CAATGAGAAGTTTAAGACACTGTTCGCCAAGGAGCTGATCAAGAACGATC
TGATGTCTTTCGCCTGCGAGGAGGACAAGAAGAATGTGAAGGAGTTTGAG
GCCTTCACCACATACTTCACCGGCTTCCACCAGAACCGCGCCAATATGTAC
GTGGCCGATGAGAAGAGAACAGCCATCGCCAGCAGGCTGATCCACGAGA
ACCTGCCAAAGTTTATCGACAATATCAAGATCTTCGAGAAGATGAAGAAG
GAGGCCCCCGAGCTGCTGTCTCCTTTCAACCAGACCCTGAAGGATATGAA
GGACGTGATCAAGGGCACCACACTGGAGGAGATCTTTAGCCTGGATTATT
TCAACAAGACCCTGACACAGAGCGGCATCGACATCTACAATTCCGTGATC
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GGCGGCAGAACCCCTGAGGAGGGCAAGACAAAGATCAAGGGCCTGAACG
AGTACATCAATACCGACTTCAACCAGAAGCAGACAGACAAGAAGAAGCG
GCAGCCAAAGTTCAAGCAGCTGTATAAGCAGATCCTGAGCGATAGGCAGA
GCCTGTCCTTTATCGCCGAGGCCTTCAAGAACGACACCGAGATCCTGGAG
GCCATCGAGAAGTTTTACGTGAATGAGCTGCTGCACTTCAGCAATGAGGG
CAAGTCCACAAACGTGCTGGACGCCATCAAGAATGCCGTGTCTAACCTGG
AGAGCTTTAACCTGACCAAGATGTATTTCCGCTCCGGCGCCTCTCTGACAG
ACGTGAGCCGGAAGGTGTTTGGCGAGTGGAGCATCATCAATAGAGCCCTG
GACAACTACTATGCCACCACATATCCAATCAAGCCCAGAGAGAAGTCTGA
GAAGTACGAGGAGAGGAAGGAGAAGTGGCTGAAGCAGGACTTCAACGTG
AGCCTGATCCAGACCGCCATCGATGAGTACGACAACGAGACAGTGAAGG
GCAAGAACAGCGGCAAAGTGATCGCCGATTATTTTGCCAAGTTCTGCGAC
GATAAGGAGACAGACCTGATCCAGAAGGTGAACGAGGGCTACATCGCCG
TGAAGGATCTGCTGAATACACCCTGTCCTGAGAACGAGAAGCTGGGCAGC
AATAAGGACCAGGTGAAGCAGATCAAGGCCTTTATGGATTCTATCATGGA
CATCATGCACTTCGTGCGCCCCCTGAGCCTGAAGGATACCGACAAGGAGA
AGGATGAGACATTCTACTCCCTGTTCACACCTCTGTACGACCACCTGACCC
AGACAATCGCCCTGTATAACAAGGTGCGGAACTATCTGACCCAGAAGCCT
TACAGCACAGAGAAGATCAAGCTGAACTTCGAGAACAGCACCCTGCTGGG
CGGCTGGGATCTGAATAAGGAGACAGACAACACAGCCATCATCCTGAGG
AAGGATAACCTGTACTATCTGGGCATCATGGACAAGAGGCACAATCGCAT
CTTTCGGAACGTGCCCAAGGCCGATAAGAAGGACTTCTGCTACGAGAAGA
TGGTGTATAAGCTGCTGCCTGGCGCCAACAAGATGCTGCCAAAGGTGTTC
TTTTCTCAGAGCAGAATCCAGGAGTTTACCCCTTCCGCCAAGCTGCTGGAG
AACTACGCCAATGAGACACACAAGAAGGGCGATAATTTCAACCTGAATCA
CTGTCACAAGCTGATCGATTTCTTTAAGGACTCTATCAACAAGCACGAGG
ATTGGAAGAATTTCGACTTTAGGTTCAGCGCCACCTCCACCTACGCCGACC
TGAGCGGCTTTTACCACGAGGTGGAGCACCAGGGCTACAAGATCTCTTTT
CAGAGCGTGGCCGATTCCTTCATCGACGATCTGGTGAACGAGGGCAAGCT
GTACCTGTTCCAGATCTATAATAAGGACTTTTCCCCATTCTCTAAGGGCAA
GCCCAACCTGCACACCCTGTACTGGAAGATGCTGTTTGATGAGAACAATC
TGAAGGACGTGGTGTATAAGCTGAATGGCGAGGCCGAGGTGTTCTACCGC
AAGAAGAGCATTGCCGAGAAGAACACCACAATCCACAAGGCCAATGAGT
CCATCATCAACAAGAATCCTGATAACCCAAAGGCCACCAGCACCTTCAAC
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TATGATATCGTGAAGGACAAGAGATACACCATCGACAAGTTTCAGTTCCA
CATCCCAATCACAATGAACTTTAAGGCCGAGGGCATCTTCAACATGAATC
AGAGGGTGAATCAGTTCCTGAAGGCCAATCCCGATATCAACATCATCGGC
ATCGACAGAGGCGAGAGGCACCTGCTGTACTATGCCCTGATCAACCAGAA
GGGCAAGATCCTGAAGCAGGATACCCTGAATGTGATCGCCAACGAGAAG
CAGAAGGTGGACTACCACAATCTGCTGGATAAGAAGGAGGGCGACCGCG
CAACCGCAAGGCAGGAGTGGGGCGTGATCGAGACAATCAAGGAGCTGAA
GGAGGGCTATCTGTCCCAGGTCATCCACAAGCTGACCGATCTGATGATCG
AGAACAATGCCATCATCGTGATGGAGGACCTGAACTTTGGCTTCAAGCGG
GGCAGACAGAAGGTGGAGAAGCAGGTGTATCAGAAGTTTGAGAAGATGC
TGATCGATAAGCTGAATTACCTGGTGGACAAGAATAAGAAGGCAAACGA
GCTGGGAGGCCTGCTGAACGCATTCCAGCTGGCCAATAAGTTTGAGTCCT
TCCAGAAGATGGGCAAGCAGAACGGCTTTATCTTCTACGTGCCCGCCTGG
AATACCTCTAAGACAGATCCTGCCACCGGCTTTATCGACTTCCTGAAGCCC
CGCTATGAGAACCTGAATCAGGCCAAGGATTTCTTTGAGAAGTTTGACTCT
ATCCGGCTGAACAGCAAGGCCGATTACTTTGAGTTCGCCTTTGACTTCAAG
AATTTCACCGAGAAGGCCGATGGCGGCAGAACCAAGTGGACAGTGTGCA
CCACAAACGAGGACAGATATGCCTGGAATAGGGCCCTGAACAATAACAG
GGGCAGCCAGGAGAAGTACGACATCACAGCCGAGCTGAAGTCCCTGTTCG
ATGGCAAGGTGGACTATAAGTCTGGCAAGGATCTGAAGCAGCAGATCGCC
AGCCAGGAGTCCGCCGACTTCTTTAAGGCCCTGATGAAGAACCTGTCCAT
CACCCTGTCTCTGAGACACAATAACGGCGAGAAGGGCGATAATGAGCAG
GACTACATCCTGTCCCCTGTGGCCGATTCTAAGGGCCGCTTCTTTGACTCC
CGGAAGGCCGACGATGACATGCCAAAGAATGCCGACGCCAACGGCGCCT
ATCACATCGCCCTGAAGGGCCTGTGGTGTCTGGAGCAGATCAGCAAGACC
GATGACCTGAAGAAGGTGAAGCTGGCCATCTCCAACAAGGAGTGGCTGG
AGTTCGTGCAGACACTGAAGGGCAAAAGGCCGGCGGCCACGAAAAAGGC
CGGCCAGGCAAAAAAGAAAAAGGGATCCTACCCATACGATGTTCCAGATT
ACGCTTATCCCTACGACGTGCCTGATTATGCATACCCATATGATGTCCCCG
ACTATGCCTAA (SEQ ID NO: 24)

[00143]  Acidaminococcus sp. BV3L6 (AsCpf1; pY010), including NLS and
HA tag:

[00144] MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKA
RNDHYKELKPIIDRIYKTYADQCLQLVQLDWENLSAAIDSYRKEKTEETRNAL
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IEEQATYRNAIHDYFIGRTDNLTDAINKRHAETY KGLFKAELFNGKVLKQLGT
VTTTEHENALLRSFDKFTTYFSGFYENRKNVFSAEDISTAIPHRIVQDNFPKFK
ENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVESFPFYNQLLTQTQIDLY
NQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHIIASLPHRFIPLFKQILSDR
NTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHK
KLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHEDINLQEII
SAAGKELSEAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLY
HLLDWFAVDESNEVDPEFSARLTGIKLEMEPSLSFYNKARNYATKKPYSVEK
FKLNFQMPTLASGWDVNKEKNNGAILFVKNGLY YLGIMPKQKGRYKALSFE
PTEKTSEGFDKMYYDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIE
PLEITKEIYDLNNPEKEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKY
TKTTSIDLSSLRPSSQYKDLGEY YAELNPLLYHISFQRIAEKEIMDAVETGKLY
LFQIYNKDFAKGHHGKPNLHTLYWTGLFSPENLAKTSIKLNGQAELFYRPKSR
MKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARAL
LPNVITKEVSHEIIKDRRFTSDKFFFHVPITLNY QAANSPSKFNQRVNAYLKEH
PETPIIGIDRGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAA
RQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNFGFKSKRTGI
AEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQFTSFAKMGT
QSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNHESRKHFLEGFDFLHYDVKT
GDFILHFKMNRNLSFQRGLPGFMPAWDIVFEKNETQFDAKGTPFIAGKRIVPV
IENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNILPKLLENDDSHAIDTMVA
LIRSVLOQMRNSNAATGEDYINSPVRDLNGVCFDSRFQNPEWPMDADANGAY
HIALKGQLLLNHLKESKDLKLQNGISNQDWLAYIQELRNKRPAATKKAGQA
KKKKGSYPYDVPDYAYPYDVPDYAYPYDVPDYA (SEQ ID NO: 25)

[00145] SEQ ID NO: 25 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00146] SEQ ID NO: 25 may be encoded by the following nucleotide
sequence:

[00147] ATGACACAGTTCGAGGGCTTTACCAACCTGTATCAGGTG
AGCAAGACACTGCGGTTTGAGCTGATCCCACAGGGCAAGACCCTGAAGCA
CATCCAGGAGCAGGGCTTCATCGAGGAGGACAAGGCCCGCAATGATCACT
ACAAGGAGCTGAAGCCCATCATCGATCGGATCTACAAGACCTATGCCGAC
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CAGTGCCTGCAGCTGGTGCAGCTGGATTGGGAGAACCTGAGCGCCGCCAT
CGACTCCTATAGAAAGGAGAAAACCGAGGAGACAAGGAACGCCCTGATC
GAGGAGCAGGCCACATATCGCAATGCCATCCACGACTACTTCATCGGCCG
GACAGACAACCTGACCGATGCCATCAATAAGAGACACGCCGAGATCTAC
AAGGGCCTGTTCAAGGCCGAGCTGTTTAATGGCAAGGTGCTGAAGCAGCT
GGGCACCGTGACCACAACCGAGCACGAGAACGCCCTGCTGCGGAGCTTCG
ACAAGTTTACAACCTACTTCTCCGGCTTTTATGAGAACAGGAAGAACGTG
TTCAGCGCCGAGGATATCAGCACAGCCATCCCACACCGCATCGTGCAGGA
CAACTTCCCCAAGTTTAAGGAGAATTGTCACATCTTCACACGCCTGATCAC
CGCCGTGCCCAGCCTGCGGGAGCACTTTGAGAACGTGAAGAAGGCCATCG
GCATCTTCGTGAGCACCTCCATCGAGGAGGTGTTTTCCTTCCCTTTTTATA
ACCAGCTGCTGACACAGACCCAGATCGACCTGTATAACCAGCTGCTGGGA
GGAATCTCTCGGGAGGCAGGCACCGAGAAGATCAAGGGCCTGAACGAGG
TGCTGAATCTGGCCATCCAGAAGAATGATGAGACAGCCCACATCATCGCC
TCCCTGCCACACAGATTCATCCCCCTGTTTAAGCAGATCCTGTCCGATAGG
AACACCCTGTCTTTCATCCTGGAGGAGTTTAAGAGCGACGAGGAAGTGAT
CCAGTCCTTCTGCAAGTACAAGACACTGCTGAGAAACGAGAACGTGCTGG
AGACAGCCGAGGCCCTGTTTAACGAGCTGAACAGCATCGACCTGACACAC
ATCTTCATCAGCCACAAGAAGCTGGAGACAATCAGCAGCGCCCTGTGCGA
CCACTGGGATACACTGAGGAATGCCCTGTATGAGCGGAGAATCTCCGAGC
TGACAGGCAAGATCACCAAGTCTGCCAAGGAGAAGGTGCAGCGCAGCCT
GAAGCACGAGGATATCAACCTGCAGGAGATCATCTCTGCCGCAGGCAAGG
AGCTGAGCGAGGCCTTCAAGCAGAAAACCAGCGAGATCCTGTCCCACGCA
CACGCCGCCCTGGATCAGCCACTGCCTACAACCCTGAAGAAGCAGGAGGA
GAAGGAGATCCTGAAGTCTCAGCTGGACAGCCTGCTGGGCCTGTACCACC
TGCTGGACTGGTTTGCCGTGGATGAGTCCAACGAGGTGGACCCCGAGTTC
TCTGCCCGGCTGACCGGCATCAAGCTGGAGATGGAGCCTTCTCTGAGCTTC
TACAACAAGGCCAGAAATTATGCCACCAAGAAGCCCTACTCCGTGGAGAA
GTTCAAGCTGAACTTTCAGATGCCTACACTGGCCTCTGGCTGGGACGTGA
ATAAGGAGAAGAACAATGGCGCCATCCTGTTTGTGAAGAACGGCCTGTAC
TATCTGGGCATCATGCCAAAGCAGAAGGGCAGGTATAAGGCCCTGAGCTT
CGAGCCCACAGAGAAAACCAGCGAGGGCTTTGATAAGATGTACTATGACT
ACTTCCCTGATGCCGCCAAGATGATCCCAAAGTGCAGCACCCAGCTGAAG
GCCGTGACAGCCCACTTTCAGACCCACACAACCCCCATCCTGCTGTCCAA
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CAATTTCATCGAGCCTCTGGAGATCACAAAGGAGATCTACGACCTGAACA
ATCCTGAGAAGGAGCCAAAGAAGTTTCAGACAGCCTACGCCAAGAAAAC
CGGCGACCAGAAGGGCTACAGAGAGGCCCTGTGCAAGTGGATCGACTTCA
CAAGGGATTTTCTGTCCAAGTATACCAAGACAACCTCTATCGATCTGTCTA
GCCTGCGGCCATCCTCTCAGTATAAGGACCTGGGCGAGTACTATGCCGAG
CTGAATCCCCTGCTGTACCACATCAGCTTCCAGAGAATCGCCGAGAAGGA
GATCATGGATGCCGTGGAGACAGGCAAGCTGTACCTGTTCCAGATCTATA
ACAAGGACTTTGCCAAGGGCCACCACGGCAAGCCTAATCTGCACACACTG
TATTGGACCGGCCTGTTTTCTCCAGAGAACCTGGCCAAGACAAGCATCAA
GCTGAATGGCCAGGCCGAGCTGTTCTACCGCCCTAAGTCCAGGATGAAGA
GGATGGCACACCGGCTGGGAGAGAAGATGCTGAACAAGAAGCTGAAGGA
TCAGAAAACCCCAATCCCCGACACCCTGTACCAGGAGCTGTACGACTATG
TGAATCACAGACTGTCCCACGACCTGTCTGATGAGGCCAGGGCCCTGCTG
CCCAACGTGATCACCAAGGAGGTGTCTCACGAGATCATCAAGGATAGGCG
CTTTACCAGCGACAAGTTCTTTTTCCACGTGCCTATCACACTGAACTATCA
GGCCGCCAATTCCCCATCTAAGTTCAACCAGAGGGTGAATGCCTACCTGA
AGGAGCACCCCGAGACACCTATCATCGGCATCGATCGGGGCGAGAGAAA
CCTGATCTATATCACAGTGATCGACTCCACCGGCAAGATCCTGGAGCAGC
GGAGCCTGAACACCATCCAGCAGTTTGATTACCAGAAGAAGCTGGACAAC
AGGGAGAAGGAGAGGGTGGCAGCAAGGCAGGCCTGGTCTGTGGTGGGCA
CAATCAAGGATCTGAAGCAGGGCTATCTGAGCCAGGTCATCCACGAGATC
GTGGACCTGATGATCCACTACCAGGCCGTGGTGGTGCTGGAGAACCTGAA
TTTCGGCTTTAAGAGCAAGAGGACCGGCATCGCCGAGAAGGCCGTGTACC
AGCAGTTCGAGAAGATGCTGATCGATAAGCTGAATTGCCTGGTGCTGAAG
GACTATCCAGCAGAGAAAGTGGGAGGCGTGCTGAACCCATACCAGCTGAC
AGACCAGTTCACCTCCTTTGCCAAGATGGGCACCCAGTCTGGCTTCCTGTT
TTACGTGCCTGCCCCATATACATCTAAGATCGATCCCCTGACCGGCTTCGT
GGACCCCTTCGTGTGGAAAACCATCAAGAATCACGAGAGCCGCAAGCACT
TCCTGGAGGGCTTCGACTTTCTGCACTACGACGTGAAAACCGGCGACTTC
ATCCTGCACTTTAAGATGAACAGAAATCTGTCCTTCCAGAGGGGCCTGCC
CGGCTTTATGCCTGCATGGGATATCGTGTTCGAGAAGAACGAGACACAGT
TTGACGCCAAGGGCACCCCTTTCATCGCCGGCAAGAGAATCGTGCCAGTG
ATCGAGAATCACAGATTCACCGGCAGATACCGGGACCTGTATCCTGCCAA
CGAGCTGATCGCCCTGCTGGAGGAGAAGGGCATCGTGTTCAGGGATGGCT
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CCAACATCCTGCCAAAGCTGCTGGAGAATGACGATTCTCACGCCATCGAC
ACCATGGTGGCCCTGATCCGCAGCGTGCTGCAGATGCGGAACTCCAATGC
CGCCACAGGCGAGGACTATATCAACAGCCCCGTGCGCGATCTGAATGGCG
TGTGCTTCGACTCCCGGTTTCAGAACCCAGAGTGGCCCATGGACGCCGAT
GCCAATGGCGCCTACCACATCGCCCTGAAGGGCCAGCTGCTGCTGAATCA
CCTGAAGGAGAGCAAGGATCTGAAGCTGCAGAACGGCATCTCCAATCAG
GACTGGCTGGCCTACATCCAGGAGCTGCGCAACAAAAGGCCGGCGGCCA
CGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGGGATCCTACCCATACGA
TGTTCCAGATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCATA
TGATGTCCCCGACTATGCCTAA (SEQ ID NO: 26)

[00148] Lachnospiraceae bacterium MA2020 (Lb2Cpfl; pY011), including
NLS and HA tag:

[00149] MYYESLTKQYPVSKTIRNELIPIGKTLDNIRQNNILESDVKR
KONYEHVKGILDEYHKQLINEALDNCTLPSLKIAAEIY LKNQKEVSDREDFNK
TQDLLRKEVVEKLKAHENFTKIGKKDILDLLEKLPSISEDDYNALESFRNFYT
YFTSYNKVRENLYSDKEKSSTVAYRLINENFPKFLDNVKSYRFVKTAGILADG
LGEEEQDSLFIVETENKTLTQDGIDTYNSQVGKINSSINLYNQKNQKANGFRKI
PKMKMLYKQILSDREESFIDEFQSDEVLIDNVESYGSVLIESLKSSKVSAFFDA
LRESKGKNVYVKNDLAKTAMSNIVFENWRTFDDLLNQEYDLANENKKKDD
KYFEKRQKELKKNKSYSLEHLCNLSEDSCNLIENYIHQISDDIENIIINNETFLRI
VINEHDRSRKLAKNRKAVKAIKDFLDSIKVLERELKLINSSGQELEKDLIVYSA
HEELLVELKQVDSLYNMTRNYLTKKPFSTEKVKLNFNRSTLLNGWDRNKET
DNLGVLLLKDGKYYLGIMNTSANKAFVNPPVAKTEKVFKKVDYKLLPVPNQ
MLPKVFFAKSNIDFYNPSSEIYSNYKKGTHKKGNMFSLEDCHNLIDFFKESISK
HEDWSKFGFKFSDTASYNDISEFYREVEKQGYKLTYTDIDETYINDLIERNEL
YLFQIYNKDFSMYSKGKLNLHTLYFMMLFDQRNIDDVVYKLNGEAEVFYRP
ASISEDELIIHKAGEEIKNKNPNRARTKETSTFSYDIVKDKRYSKDKFTLHIPIT
MNFGVDEVKRFNDAVNSAIRIDENVNVIGIDRGERNLLY VVVIDSKGNILEQIS
LNSIINKEYDIETDYHALLDEREGGRDKARKDWNTVENIRDLKAGYLSQVVN
VVAKLVLKYNAIICLEDLNFGFKRGRQKVEKQVYQKFEKMLIDKLNYLVIDK
SREQTSPKELGGALNALQLTSKFKSFKELGKQSGVIYYVPAYLTSKIDPTTGF
ANLFYMKCENVEKSKRFFDGFDFIRFNALENVFEFGFDYRSFTQRACGINSK
WTVCTNGERIKYRNPDKNNMFDEKVVVVTDEMKNLFEQYKIPYEDGRNVK
DMIISNEEAEFYRRLYRLLQQTLQMRNSTSDGTRDYIISPVKNKREAYFNSELS
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DGSVPKDADANGAYNIARKGLWVLEQIRQKSEGEKINLAMTNAEWLEYAQT
HLLKRPAATKKAGQAKKKKGSYPYDVPDYAYPYDVPDYAYPYDVPDYA
(SEQ ID NO: 27)

[00150] SEQ ID NO: 27 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00151] SEQ ID NO: 27 may be encoded by the following nucleotide
sequence:

[00152] ATGTACTATGAGTCCCTGACCAAGCAGTACCCCGTGTCTA
AGACAATCCGGAATGAGCTGATCCCTATCGGCAAGACACTGGATAACATC
CGCCAGAACAATATCCTGGAGAGCGACGTGAAGCGGAAGCAGAACTACG
AGCACGTGAAGGGCATCCTGGATGAGTATCACAAGCAGCTGATCAACGAG
GCCCTGGACAATTGCACCCTGCCATCCCTGAAGATCGCCGCCGAGATCTA
CCTGAAGAATCAGAAGGAGGTGTCTGACAGAGAGGATTTCAACAAGACA
CAGGACCTGCTGAGGAAGGAGGTGGTGGAGAAGCTGAAGGCCCACGAGA
ACTTTACCAAGATCGGCAAGAAGGACATCCTGGATCTGCTGGAGAAGCTG
CCTTCCATCTCTGAGGACGATTACAATGCCCTGGAGAGCTTCCGCAACTTT
TACACCTATTTCACATCCTACAACAAGGTGCGGGAGAATCTGTATTCTGAT
AAGGAGAAGAGCTCCACAGTGGCCTACAGACTGATCAACGAGAATTTCCC
AAAGTTTCTGGACAATGTGAAGAGCTATAGGTTTGTGAAAACCGCAGGCA
TCCTGGCAGATGGCCTGGGAGAGGAGGAGCAGGACTCCCTGTTCATCGTG
GAGACATTCAACAAGACCCTGACACAGGACGGCATCGATACCTACAATTC
TCAAGTGGGCAAGATCAACTCTAGCATCAATCTGTATAACCAGAAGAATC
AGAAGGCCAATGGCTTCAGAAAGATCCCCAAGATGAAGATGCTGTATAAG
CAGATCCTGTCCGATAGGGAGGAGTCTTTCATCGACGAGTTTCAGAGCGA
TGAGGTGCTGATCGACAACGTGGAGTCTTATGGCAGCGTGCTGATCGAGT
CTCTGAAGTCCTCTAAGGTGAGCGCCTTCTTTGATGCCCTGAGAGAGTCTA
AGGGCAAGAACGTGTACGTGAAGAATGACCTGGCCAAGACAGCCATGAG
CAACATCGTGTTCGAGAATTGGAGGACCTTTGACGATCTGCTGAACCAGG
AGTACGACCTGGCCAACGAGAACAAGAAGAAGGACGATAAGTATTTCGA
GAAGCGCCAGAAGGAGCTGAAGAAGAATAAGAGCTACTCCCTGGAGCAC
CTGTGCAACCTGTCCGAGGATTCTTGTAACCTGATCGAGAATTATATCCAC
CAGATCTCCGACGATATCGAGAATATCATCATCAACAATGAGACATTCCT
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GCGCATCGTGATCAATGAGCACGACAGGTCCCGCAAGCTGGCCAAGAACC
GGAAGGCCGTGAAGGCCATCAAGGACTTTCTGGATTCTATCAAGGTGCTG
GAGCGGGAGCTGAAGCTGATCAACAGCTCCGGCCAGGAGCTGGAGAAGG
ATCTGATCGTGTACTCTGCCCACGAGGAGCTGCTGGTGGAGCTGAAGCAG
GTGGACAGCCTGTATAACATGACCAGAAATTATCTGACAAAGAAGCCTTT
CTCTACCGAGAAGGTGAAGCTGAACTTTAATCGCAGCACACTGCTGAACG
GCTGGGATCGGAATAAGGAGACAGACAACCTGGGCGTGCTGCTGCTGAA
GGACGGCAAGTACTATCTGGGCATCATGAACACAAGCGCCAATAAGGCCT
TCGTGAATCCCCCTGTGGCCAAGACCGAGAAGGTGTTTAAGAAGGTGGAT
TACAAGCTGCTGCCAGTGCCCAACCAGATGCTGCCAAAGGTGTTCTTTGCC
AAGAGCAATATCGACTTCTATAACCCCTCTAGCGAGATCTACTCCAATTAT
AAGAAGGGCACCCACAAGAAGGGCAATATGTTTTCCCTGGAGGATTGTCA
CAACCTGATCGACTTCTTTAAGGAGTCTATCAGCAAGCACGAGGACTGGA
GCAAGTTCGGCTTTAAGTTCAGCGATACAGCCTCCTACAACGACATCTCCG
AGTTCTATCGCGAGGTGGAGAAGCAGGGCTACAAGCTGACCTATACAGAC
ATCGATGAGACATACATCAATGATCTGATCGAGCGGAACGAGCTGTACCT
GTTCCAGATCTATAATAAGGACTTTAGCATGTACTCCAAGGGCAAGCTGA
ACCTGCACACACTGTATTTCATGATGCTGTTTGATCAGCGCAATATCGACG
ACGTGGTGTATAAGCTGAACGGAGAGGCAGAGGTGTTCTATAGGCCAGCC
TCCATCTCTGAGGACGAGCTGATCATCCACAAGGCCGGCGAGGAGATCAA
GAACAAGAATCCTAACCGGGCCAGAACCAAGGAGACAAGCACCTTCAGC
TACGACATCGTGAAGGATAAGCGGTATAGCAAGGATAAGTTTACCCTGCA
CATCCCCATCACAATGAACTTCGGCGTGGATGAGGTGAAGCGGTTCAACG
ACGCCGTGAACAGCGCCATCCGGATCGATGAGAATGTGAACGTGATCGGC
ATCGACCGGGGCGAGAGAAATCTGCTGTACGTGGTGGTCATCGACTCTAA
GGGCAACATCCTGGAGCAGATCTCCCTGAACTCTATCATCAATAAGGAGT
ACGACATCGAGACAGATTATCACGCACTGCTGGATGAGAGGGAGGGCGG
CAGAGATAAGGCCCGGAAGGACTGGAACACCGTGGAGAATATCAGGGAC
CTGAAGGCCGGCTACCTGAGCCAGGTGGTGAACGTGGTGGCCAAGCTGGT
GCTGAAGTATAATGCCATCATCTGCCTGGAGGACCTGAACTTTGGCTTCAA
GAGGGGCCGCCAGAAGGTGGAGAAGCAGGTGTACCAGAAGTTCGAGAAG
ATGCTGATCGATAAGCTGAATTACCTGGTCATCGACAAGAGCCGCGAGCA
GACATCCCCTAAGGAGCTGGGAGGCGCCCTGAACGCACTGCAGCTGACCT
CTAAGTTCAAGAGCTTTAAGGAGCTGGGCAAGCAGTCCGGCGTGATCTAC
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TATGTGCCTGCCTACCTGACCTCTAAGATCGATCCAACCACAGGCTTCGCC
AATCTGTTTTATATGAAGTGTGAGAACGTGGAGAAGTCCAAGAGATTCTT
TGACGGCTTTGATTTCATCAGGTTCAACGCCCTGGAGAACGTGTTCGAGTT
CGGCTTTGACTACCGGAGCTTCACCCAGAGGGCCTGCGGCATCAATTCCA
AGTGGACCGTGTGCACCAACGGCGAGCGCATCATCAAGTATCGGAATCCA
GATAAGAACAATATGTTCGACGAGAAGGTGGTGGTGGTGACCGATGAGAT
GAAGAACCTGTTTGAGCAGTACAAGATCCCCTATGAGGATGGCAGAAATG
TGAAGGACATGATCATCAGCAACGAGGAGGCCGAGTTCTACCGGAGACTG
TATAGGCTGCTGCAGCAGACCCTGCAGATGAGAAACAGCACCTCCGACGG
CACAAGGGATTACATCATCTCCCCTGTGAAGAATAAGAGAGAGGCCTACT
TCAACAGCGAGCTGTCCGACGGCTCTGTGCCAAAGGACGCCGATGCCAAC
GGCGCCTACAATATCGCCAGAAAGGGCCTGTGGGTGCTGGAGCAGATCAG
GCAGAAGAGCGAGGGCGAGAAGATCAATCTGGCCATGACCAACGCCGAG
TGGCTGGAGTATGCCCAGACACACCTGCTGAAAAGGCCGGCGGCCACGA
AAAAGGCCGGCCAGGCAAAAAAGAAAAAGGGATCCTACCCATACGATGT
TCCAGATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCATATGA
TGTCCCCGACTATGCCTAA (SEQ ID NO: 28)

[00153] Candidatus Methanoplasma termitum (CMtCpfl; pY012),
including NLS and HA tag:

[00154] MNNYDEFTKLYPIQKTIRFELKPQGRTMEHLETFNFFEEDRD
RAEKYKILKEAIDEYHKKFIDEHLTNMSLDWNSLKQISEKY YKSREEKDKKV
FLSEQKRMRQEIVSEFKKDDRFKDLFSKKLFSELLKEEIY KKGNHQEIDALKSF
DKFSGYFIGLHENRKNMYSDGDEITAISNRIVNENFPKFLDNLQKYQEARKKY
PEWIIKAESALVAHNIKMDEVFSLEYFNKVLNQEGIQRYNLALGGY VTKSGE
KMMGLNDALNLAHQSEKSSKGRIHMTPLFKQILSEKESESYIPDVFTEDSQLL
PSIGGFFAQIENDKDGNIFDRALELISSYAEYDTERIYIRQADINRVSNVIFGEW
GTLGGLMREYKADSINDINLERTCKKVDKWLDSKEFALSDVLEAIKRTGNND
AFNEYISKMRTAREKIDAARKEMKFISEKISGDEESIHIIKTLLDS VQQFLHFFN
LFKARQDIPLDGAFY AEFDEVHSKLFAIVPLYNKVRNYLTKNNLNTKKIKLNF
KNPTLANGWDQNKVYDYASLIFLRDGNY YLGIINPKRKKNIKFEQGSGNGPF
YRKMVYKQIPGPNKNLPRVFLTSTKGKKEYKPSKEIIEGYEADKHIRGDKFDL
DFCHKLIDFFKESIEKHKDWSKFNFYFSPTESYGDISEFYLDVEKQGYRMHFE
NISAETIDEY VEKGDLFLFQIYNKDFVKAATGKKDMHTIY WNAAFSPENLQD
VVVKLNGEAELFYRDKSDIKEIVHREGEILVNRTYNGRTPVPDKIHKKLTDYH
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NGRTKDLGEAKEYLDKVRYFKAHYDITKDRRYLNDKIYFHVPLTLNFKANG
KKNLNKMVIEKFLSDEKAHIIGIDRGERNLLY YSIIDRSGKIIDQQSLNVIDGFD
YREKLNQREIEMKDARQSWNAIGKIKDLKEGYLSKAVHEITKMAIQYNAIVV
MEELNYGFKRGRFKVEKQIYQKFENMLIDKMNYLVFKDAPDESPGGVLNAY
QLTNPLESFAKLGKQTGILFYVPAAYTSKIDPTTGFVNLENTSSKTNAQERKEF
LQKFESISYSAKDGGIFAFAFDYRKFGTSKTDHKNVWTAYTNGERMRYIKEK
KRNELFDPSKEIKEALTSSGIKYDGGQNILPDILRSNNNGLIYTMYSSFIAAIQM
RVYDGKEDYIISPIKNSKGEFFRTDPKRRELPIDADANGAYNIALRGELTMRAI
AEKFDPDSEKMAKLELKHKDWFEFMQTRGDKRPAATKKAGQAKKKKGSYP
YDVPDYAYPYDVPDYAYPYDVPDYA (SEQ ID NO: 29)

[00155] SEQ ID NO: 29 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00156] SEQ ID NO: 29 may be encoded by the following nucleotide
sequence:

[00157] ATGAACAATTACGACGAGTTCACCAAGCTGTATCCTATC
CAGAAAACCATCCGGTTTGAGCTGAAGCCACAGGGCAGAACCATGGAGC
ACCTGGAGACATTCAACTTCTTTGAGGAGGACCGGGATAGAGCCGAGAAG
TATAAGATCCTGAAGGAGGCCATCGACGAGTACCACAAGAAGTTTATCGA
TGAGCACCTGACCAATATGTCCCTGGATTGGAACTCTCTGAAGCAGATCA
GCGAGAAGTACTATAAGAGCAGGGAGGAGAAGGACAAGAAGGTGTTCCT
GTCCGAGCAGAAGAGGATGCGCCAGGAGATCGTGTCTGAGTTTAAGAAG
GACGATCGCTTCAAGGACCTGTTTTCCAAGAAGCTGTTCTCTGAGCTGCTG
AAGGAGGAGATCTACAAGAAGGGCAACCACCAGGAGATCGACGCCCTGA
AGAGCTTCGATAAGTTTTCCGGCTATTTCATCGGCCTGCACGAGAATAGG
AAGAACATGTACTCCGACGGCGATGAGATCACCGCCATCTCCAATCGCAT
CGTGAATGAGAACTTCCCCAAGTTTCTGGATAACCTGCAGAAGTACCAGG
AGGCCAGGAAGAAGTATCCTGAGTGGATCATCAAGGCCGAGAGCGCCCT
GGTGGCCCACAATATCAAGATGGACGAGGTGTTCTCCCTGGAGTACTTTA
ATAAGGTGCTGAACCAGGAGGGCATCCAGCGGTACAACCTGGCCCTGGGC
GGCTATGTGACCAAGAGCGGCGAGAAGATGATGGGCCTGAATGATGCCCT
GAACCTGGCCCACCAGTCCGAGAAGAGCTCCAAGGGCAGAATCCACATG
ACCCCCCTGTTCAAGCAGATCCTGTCCGAGAAGGAGTCCTTCTCTTACATC
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CCCGACGTGTTTACAGAGGATTCTCAGCTGCTGCCTAGCATCGGCGGCTTC
TTTGCCCAGATCGAGAATGACAAGGATGGCAACATCTTCGACCGGGCCCT
GGAGCTGATCTCTAGCTACGCCGAGTATGATACCGAGCGGATCTATATCA
GACAGGCCGACATCAATAGAGTGTCCAACGTGATCTTTGGAGAGTGGGGC
ACCCTGGGAGGCCTGATGAGGGAGTACAAGGCCGACTCTATCAATGATAT
CAACCTGGAGCGCACATGCAAGAAGGTGGACAAGTGGCTGGATTCTAAG
GAGTTTGCCCTGAGCGATGTGCTGGAGGCCATCAAGAGGACCGGCAACAA
TGACGCCTTCAACGAGTATATCTCCAAGATGCGGACAGCCAGAGAGAAGA
TCGATGCCGCCCGCAAGGAGATGAAGTTCATCAGCGAGAAGATCTCCGGC
GATGAGGAGTCTATCCACATCATCAAGACCCTGCTGGACAGCGTGCAGCA
GTTCCTGCACTTCTTTAATCTGTTTAAGGCAAGGCAGGACATCCCACTGGA
TGGAGCCTTCTACGCCGAGTTTGACGAGGTGCACAGCAAGCTGTTTGCCA
TCGTGCCCCTGTATAACAAGGTGCGGAACTATCTGACCAAGAACAATCTG
AACACAAAGAAGATCAAGCTGAATTTCAAGAACCCTACACTGGCCAATGG
CTGGGACCAGAACAAGGTGTACGATTATGCCTCCCTGATCTTTCTGCGGG
ACGGCAATTACTATCTGGGCATCATCAATCCTAAGAGAAAGAAGAACATC
AAGTTCGAGCAGGGCTCTGGCAACGGCCCCTTCTACCGGAAGATGGTGTA
TAAGCAGATCCCCGGCCCTAATAAGAACCTGCCAAGAGTGTTCCTGACCT
CCACAAAGGGCAAGAAGGAGTATAAGCCCTCTAAGGAGATCATCGAGGG
CTACGAGGCCGACAAGCACATCAGGGGCGATAAGTTCGACCTGGATTTTT
GTCACAAGCTGATCGATTTCTTTAAGGAGTCCATCGAGAAGCACAAGGAC
TGGTCTAAGTTCAACTTCTACTTCAGCCCAACCGAGAGCTATGGCGACATC
TCTGAGTTCTACCTGGATGTGGAGAAGCAGGGCTATCGCATGCACTTTGA
GAATATCAGCGCCGAGACAATCGACGAGTATGTGGAGAAGGGCGATCTGT
TTCTGTTCCAGATCTACAACAAGGATTTTGTGAAGGCCGCCACCGGCAAG
AAGGACATGCACACAATCTACTGGAATGCCGCCTTCAGCCCCGAGAACCT
GCAGGACGTGGTGGTGAAGCTGAACGGCGAGGCCGAGCTGTTTTATAGGG
ACAAGTCCGATATCAAGGAGATCGTGCACCGCGAGGGCGAGATCCTGGTG
AATAGGACCTACAACGGCCGCACACCAGTGCCCGACAAGATCCACAAGA
AGCTGACCGATTATCACAATGGCCGGACAAAGGACCTGGGCGAGGCCAA
GGAGTACCTGGATAAGGTGAGATACTTCAAGGCCCACTATGACATCACCA
AGGATCGGAGATACCTGAACGACAAGATCTATTTCCACGTGCCTCTGACC
CTGAACTTCAAGGCCAACGGCAAGAAGAATCTGAACAAGATGGTCATCGA
GAAGTTCCTGTCCGATGAGAAGGCCCACATCATCGGCATCGACAGGGGCG
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AGCGCAATCTGCTGTACTATTCCATCATCGACAGGTCTGGCAAGATCATCG
ATCAGCAGAGCCTGAATGTGATCGACGGCTTTGATTATCGGGAGAAGCTG
AACCAGAGAGAGATCGAGATGAAGGATGCCCGCCAGTCTTGGAACGCCA
TCGGCAAGATCAAGGACCTGAAGGAGGGCTACCTGAGCAAGGCCGTGCA
CGAGATCACCAAGATGGCCATCCAGTATAATGCCATCGTGGTCATGGAGG
AGCTGAACTACGGCTTCAAGCGGGGCCGGTTCAAGGTGGAGAAGCAGATC
TATCAGAAGTTCGAGAATATGCTGATCGATAAGATGAACTACCTGGTGTT
TAAGGACGCACCTGATGAGTCCCCAGGAGGCGTGCTGAATGCCTACCAGC
TGACAAACCCACTGGAGTCTTTCGCCAAGCTGGGCAAGCAGACCGGCATC
CTGTTTTACGTGCCAGCCGCCTATACATCCAAGATCGACCCCACCACAGG
CTTCGTGAATCTGTTTAACACCTCCTCTAAGACAAACGCCCAGGAGCGGA
AGGAGTTCCTGCAGAAGTTTGAGAGCATCTCCTATTCTGCCAAGGATGGC
GGCATCTTTGCCTTCGCCTTTGACTACAGAAAGTTCGGCACCAGCAAGAC
AGATCACAAGAACGTGTGGACCGCCTATACAAACGGCGAGAGGATGCGC
TACATCAAGGAGAAGAAGCGGAATGAGCTGTTTGACCCTTCTAAGGAGAT
CAAGGAGGCCCTGACCAGCTCCGGCATCAAGTACGATGGCGGCCAGAAC
ATCCTGCCAGACATCCTGAGGAGCAACAATAACGGCCTGATCTACACAAT
GTATTCTAGCTTCATCGCCGCCATCCAGATGCGCGTGTACGACGGCAAGG
AGGATTATATCATCAGCCCCATCAAGAACTCCAAGGGCGAGTTCTTTAGG
ACCGACCCCAAGAGGCGCGAGCTGCCTATCGACGCCGATGCCAATGGCGC
CTACAACATCGCCCTGAGGGGAGAGCTGACAATGAGGGCAATCGCAGAG
AAGTTCGACCCTGATAGCGAGAAGATGGCCAAGCTGGAGCTGAAGCACA
AGGATTGGTTCGAGTTTATGCAGACCAGAGGCGACAAAAGGCCGGCGGCC
ACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGGGATCCTACCCATACG
ATGTTCCAGATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCAT
ATGATGTCCCCGACTATGCCTAA (SEQ ID NO: 30)

[00158]  Eubacterium eligens (EeCpfl; pY013), including NLS and HA tag:

[00159] MNGNRSIVYREFVGVIPVAKTLRNELRPVGHTQEHIIQNGLI
QEDELRQEKSTELKNIMDDYYREYIDKSLSGVTDLDFTLLFELMNLVQSSPSK
DNKKALEKEQSKMREQICTHLQSDSNYKNIFNAKLLKEILPDFIKNYNQYDV
KDKAGKLETLALFNGFSTYFTDFFEKRKNVFTKEAVSTSIAYRIVHENSLIFLA
NMTSYKKISEKALDEIEVIEKNNQDKMGDWELNQIFNPDFYNMVLIQSGIDFY
NEICGVVNAHMNLYCQQTKNNYNLFKMRKLHKQILAYTSTSFEVPKMFEDD
MSVYNAVNAFIDETEKGNIIGKLKDIVNKYDELDEKRIYISKDFYETLSCFMSG
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NWNLITGCVENFYDENIHAKGKSKEEKVKKAVKEDKYKSINDVNDLVEKYI
DEKERNEFKNSNAKQYIREISNIITDTETAHLEYDDHISLIESEEKADEMKKRL
DMYMNMYHWAKAFIVDEVLDRDEMFY SDIDDIYNILENIVPLYNRVRNYVT
QKPYNSKKIKLNFQSPTLANGWSQSKEFDNNAIILIRDNKYYLAIFNAKNKPD
KKIIQGNSDKKNDNDYKKMVYNLLPGANKMLPKVFLSKKGIETFKPSDYIISG
YNAHKHIKTSENFDISFCRDLIDYFKNSIEKHAEWRKYEFKFSATDSYSDISEF
YREVEMQGYRIDWTYISEADINKLDEEGKIYLFQIYNKDFAENSTGKENLHT
MYFKNIFSEENLKDIHIKLNGQAELFYRRASVKNPVKHKKDSVLVNKTYKNQL
DNGDVVRIPIPDDIYNEIYKMYNGYIKESDLSEAAKEYLDKVEVRTAQKDIVK
DYRYTVDKYFIHTPITINY KVTARNNVNDMVVKYIAQNDDIHVIGIDRGERNL
IYISVIDSHGNIVKQKSYNILNNYDYKKKLVEKEKTREY ARKNWKSIGNIKEL
KEGYISGVVHEIAMLIVEYNAITAMEDLNYGFKRGRFKVERQVYQKFESMLIN
KLNYFASKEKSVDEPGGLLKGYQLTY VPDNIKNLGKQCGVIFYVPAAFTSKID
PSTGFISAFNFKSISTNASRKQFFMQFDEIRY CAEKDMFSFGFDYNNFDTYNIT
MGKTQWTVYTNGERLQSEFNNARRTGKTKSINLTETIKLLLEDNEINYADGH
DIRIDMEKMDEDKKSEFFAQLLSLYKLTVQMRNSYTEAEEQENGISYDKIISP
VINDEGEFFDSDNYKESDDKECKMPKDADANGAYCIALKGLYEVLKIKSEWT
EDGFDRNCLKLPHAEWLDFIQNKRYEKRPAATKKAGQAKKKKGSYPYDVPD
YAYPYDVPDYAYPYDVPDYA (SEQ ID NO: 31)

[00160] SEQ ID NO: 31 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00161] SEQ ID NO: 31 may be encoded by the following nucleotide
sequence:

[00162] ATGAACGGCAATAGGTCCATCGTGTACCGCGAGTTCGTG
GGCGTGATCCCCGTGGCCAAGACCCTGAGGAATGAGCTGCGCCCTGTGGG
CCACACACAGGAGCACATCATCCAGAACGGCCTGATCCAGGAGGACGAG
CTGCGGCAGGAGAAGAGCACCGAGCTGAAGAACATCATGGACGATTACT
ATAGAGAGTACATCGATAAGTCTCTGAGCGGCGTGACCGACCTGGACTTC
ACCCTGCTGTTCGAGCTGATGAACCTGGTGCAGAGCTCCCCCTCCAAGGA
CAATAAGAAGGCCCTGGAGAAGGAGCAGTCTAAGATGAGGGAGCAGATC
TGCACCCACCTGCAGTCCGACTCTAACTACAAGAATATCTTTAACGCCAA
GCTGCTGAAGGAGATCCTGCCTGATTTCATCAAGAACTACAATCAGTATG
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ACGTGAAGGATAAGGCCGGCAAGCTGGAGACACTGGCCCTGTTTAATGGC
TTCAGCACATACTTTACCGACTTCTTTGAGAAGAGGAAGAACGTGTTCACC
AAGGAGGCCGTGAGCACATCCATCGCCTACCGCATCGTGCACGAGAACTC
CCTGATCTTCCTGGCCAATATGACCTCTTATAAGAAGATCAGCGAGAAGG
CCCTGGATGAGATCGAAGTGATCGAGAAGAACAATCAGGACAAGATGGG
CGATTGGGAGCTGAATCAGATCTTTAACCCTGACTTCTACAATATGGTGCT
GATCCAGTCCGGCATCGACTTCTACAACGAGATCTGCGGCGTGGTGAATG
CCCACATGAACCTGTACTGTCAGCAGACCAAGAACAATTATAACCTGTTC
AAGATGCGGAAGCTGCACAAGCAGATCCTGGCCTACACCAGCACCAGCTT
CGAGGTGCCCAAGATGTTCGAGGACGATATGAGCGTGTATAACGCCGTGA
ACGCCTTCATCGACGAGACAGAGAAGGGCAACATCATCGGCAAGCTGAA
GGATATCGTGAATAAGTACGACGAGCTGGATGAGAAGAGAATCTATATCA
GCAAGGACTTTTACGAGACACTGAGCTGCTTCATGTCCGGCAACTGGAAT
CTGATCACAGGCTGCGTGGAGAACTTCTACGATGAGAACATCCACGCCAA
GGGCAAGTCCAAGGAGGAGAAGGTGAAGAAGGCCGTGAAGGAGGACAA
GTACAAGTCTATCAATGACGTGAACGATCTGGTGGAGAAGTATATCGATG
AGAAGGAGAGGAATGAGTTCAAGAACAGCAATGCCAAGCAGTACATCCG
CGAGATCTCCAACATCATCACCGACACAGAGACAGCCCACCTGGAGTATG
ACGATCACATCTCTCTGATCGAGAGCGAGGAGAAGGCCGACGAGATGAA
GAAGCGGCTGGATATGTATATGAACATGTACCACTGGGCCAAGGCCTTTA
TCGTGGACGAGGTGCTGGACAGAGATGAGATGTTCTACAGCGATATCGAC
GATATCTATAATATCCTGGAGAACATCGTGCCACTGTATAATCGGGTGAG
AAACTACGTGACCCAGAAGCCCTACAACTCTAAGAAGATCAAGCTGAATT
TCCAGAGCCCTACACTGGCCAATGGCTGGTCCCAGTCTAAGGAGTTCGAC
AACAATGCCATCATCCTGATCAGAGATAACAAGTACTATCTGGCCATCTTC
AATGCCAAGAACAAGCCAGACAAGAAGATCATCCAGGGCAACTCCGATA
AGAAGAACGACAACGATTACAAGAAGATGGTGTATAACCTGCTGCCAGG
CGCCAACAAGATGCTGCCCAAGGTGTTTCTGTCTAAGAAGGGCATCGAGA
CATTCAAGCCCTCCGACTATATCATCTCTGGCTACAACGCCCACAAGCAC
ATCAAGACAAGCGAGAATTTTGATATCTCCTTCTGTCGGGACCTGATCGAT
TACTTCAAGAACAGCATCGAGAAGCACGCCGAGTGGAGAAAGTATGAGTT
CAAGTTTTCCGCCACCGACAGCTACTCCGATATCTCTGAGTTCTATCGGGA
GGTGGAGATGCAGGGCTACAGAATCGACTGGACATATATCAGCGAGGCC
GACATCAACAAGCTGGATGAGGAGGGCAAGATCTATCTGTTTCAGATCTA
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CAATAAGGATTTCGCCGAGAACAGCACCGGCAAGGAGAATCTGCACACA
ATGTACTTTAAGAACATCTTCTCCGAGGAGAATCTGAAGGACATCATCAT
CAAGCTGAACGGCCAGGCCGAGCTGTTTTATCGGAGAGCCTCTGTGAAGA
ATCCCGTGAAGCACAAGAAGGATAGCGTGCTGGTGAACAAGACCTACAA
GAATCAGCTGGACAACGGCGACGTGGTGAGAATCCCCATCCCTGACGATA
TCTATAACGAGATCTACAAGATGTATAATGGCTACATCAAGGAGTCCGAC
CTGTCTGAGGCCGCCAAGGAGTACCTGGATAAGGTGGAGGTGAGGACCGC
CCAGAAGGACATCGTGAAGGATTACCGCTATACAGTGGACAAGTACTTCA
TCCACACACCTATCACCATCAACTATAAGGTGACCGCCCGCAACAATGTG
AATGATATGGTGGTGAAGTACATCGCCCAGAACGACGATATCCACGTGAT
CGGCATCGACCGGGGCGAGAGAAACCTGATCTACATCTCCGTGATCGATT
CTCACGGCAACATCGTGAAGCAGAAATCCTACAACATCCTGAACAACTAC
GACTACAAGAAGAAGCTGGTGGAGAAGGAGAAAACCCGGGAGTACGCCA
GAAAGAACTGGAAGAGCATCGGCAATATCAAGGAGCTGAAGGAGGGCTA
TATCTCCGGCGTGGTGCACGAGATCGCCATGCTGATCGTGGAGTACAACG
CCATCATCGCCATGGAGGACCTGAATTATGGCTTTAAGAGGGGCCGCTTC
AAGGTGGAGCGGCAGGTGTACCAGAAGTTTGAGAGCATGCTGATCAATAA
GCTGAACTATTTCGCCAGCAAGGAGAAGTCCGTGGACGAGCCAGGAGGCC
TGCTGAAGGGCTATCAGCTGACCTACGTGCCCGATAATATCAAGAACCTG
GGCAAGCAGTGCGGCGTGATCTTTTACGTGCCTGCCGCCTTCACCAGCAA
GATCGACCCATCCACAGGCTTTATCTCTGCCTTCAACTTTAAGTCTATCAG
CACAAATGCCTCTCGGAAGCAGTTCTTTATGCAGTTTGACGAGATCAGAT
ACTGTGCCGAGAAGGATATGTTCAGCTTTGGCTTCGACTACAACAACTTCG
ATACCTACAACATCACAATGGGCAAGACACAGTGGACCGTGTATACAAAC
GGCGAGAGACTGCAGTCTGAGTTCAACAATGCCAGGCGCACCGGCAAGA
CAAAGAGCATCAATCTGACAGAGACAATCAAGCTGCTGCTGGAGGACAAT
GAGATCAACTACGCCGACGGCCACGATATCAGGATCGATATGGAGAAGAT
GGACGAGGATAAGAAGAGCGAGTTCTTTGCCCAGCTGCTGAGCCTGTATA
AGCTGACCGTGCAGATGCGCAATTCCTATACAGAGGCCGAGGAGCAGGA
GAACGGCATCTCTTACGACAAGATCATCAGCCCTGTGATCAATGATGAGG
GCGAGTTCTTTGACTCCGATAACTATAAGGAGTCTGACGATAAGGAGTGC
AAGATGCCAAAGGACGCCGATGCCAACGGCGCCTACTGTATCGCCCTGAA
GGGCCTGTATGAGGTGCTGAAGATCAAGAGCGAGTGGACCGAGGACGGC
TTTGATAGGAATTGCCTGAAGCTGCCACACGCAGAGTGGCTGGACTTCAT
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CCAGAACAAGCGGTACGAGAAAAGGCCGGCGGCCACGAAAAAGGCCGGC
CAGGCAAAAAAGAAAAAGGGATCCTACCCATACGATGTTCCAGATTACGC
TTATCCCTACGACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTA
TGCCTAA (SEQ ID NO: 32)

[00163] Moraxella bovoculi 237 (MbCpf1; pY014), including NLS and HA
tag:

[00164] MLFQDFTHLYPLSKTVRFELKPIDRTLEHIHAKNFLSQDETM
ADMHQKVKVILDDYHRDFIADMMGEVKLTKLAEFYDVYLKFRKNPKDDEL
QKQLKDLQAVLRKEIVKPIGNGGKYKAGYDRLFGAKLFKDGKELGDLAKFVI
AQEGESSPKLAHLAHFEKFSTYFTGFHDNRKNMYSDEDKHTAIAYRLIHENLP
RFIDNLQILTTIKQKHSALYDQIINELTASGLDVSLASHLDGYHKLLTQEGITA
YNTLLGGISGEAGSPKIQGINELINSHHNQHCHKSERIAKLRPLHKQILSDGMS
VSFLPSKFADDSEMCQAVNEFYRHYADVFAKVQSLFDGFDDHQKDGIYVEH
KNLNELSKQAFGDFALLGRVLDGYYVDVVNPEFNERFAKAKTDNAKAKLTK
EKDKFIKGVHSLASLEQAIEHYTARHDDESVQAGKLGQYFKHGLAGVDNPIQ
KIHNNHSTIKGFLERERPAGERALPKIKSGKNPEMTQLRQLKELLDNALNVAH
FAKLLTTKTTLDNQDGNFYGEFGVLYDELAKIPTLYNKVRDYLSQKPFSTEK
YKLNFGNPTLLNGWDLNKEKDNFGVILQKDGCYYLALLDKAHKKVFDNAP
NTGKSIYQKMIYKYLEVRKQFPKVFFSKEAIAINYHPSKELVEIKDKGRQRSD
DERLKLYRFILECLKIHPKYDKKFEGAIGDIQLFKKDKKGREVPISEKDLFDKI
NGIFSSKPKLEMEDFFIGEFKRYNPSQDLVDQYNIYKKIDSNDNRKKENFYNN
HPKFKKDLVRYYYESMCKHEEWEESFEFSKKLQDIGCYVDVNELFTEIETRRL
NYKISFCNINADYIDELVEQGQLYLFQIYNKDFSPKAHGKPNLHTLYFKALFSE
DNLADPIYKLNGEAQIFYRKASLDMNETTIHRAGEVLENKNPDNPKKRQFVY
DIKDKRYTQDKFMLHVPITMNFGVQGMTIKEFNKKVNQSIQQYDEVNVIGID
RGERHLLYLTVINSKGEILEQCSLNDITTASANGTQMTTPYHKILDKREIERLN
ARVGWGEIETIKELKSGYLSHVVHQISQLMLKYNAIVVLEDLNFGFKRGRFK
VEKQIYQNFENALIKKLNHLVLKDKADDEIGSYKNALQLTNNFTDLKSIGKQT
GFLFY VPAWNTSKIDPETGFVDLLKPRYENIAQSQAFFGKFDKICYNADKDYF
EFHIDY AKFTDKAKNSRQIWTICSHGDKRY VYDKTANQNKGAAKGINVNDE
LKSLFARHHINEKQPNLVMDICQNNDKEFHKSLMYLLKTLLALRYSNASSDE
DFILSPVANDEGVFFNSALADDTQPQNADANGAYHIALKGLWLLNELKNSDD
LNKVKLAIDNQTWLNFAQNRKRPAATKKAGQAKKKKGSYPYDVPDYAYPY
DVPDYAYPYDVPDYA (SEQ ID NO: 33)
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[00165] SEQ ID NO: 33 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00166] SEQ ID NO: 33 may be encoded by the following nucleotide
sequence:

[00167] ATGCTGTTCCAGGACTTTACCCACCTGTATCCACTGTCCA
AGACAGTGAGATTTGAGCTGAAGCCCATCGATAGGACCCTGGAGCACATC
CACGCCAAGAACTTCCTGTCTCAGGACGAGACAATGGCCGATATGCACCA
GAAGGTGAAAGTGATCCTGGACGATTACCACCGCGACTTCATCGCCGATA
TGATGGGCGAGGTGAAGCTGACCAAGCTGGCCGAGTTCTATGACGTGTAC
CTGAAGTTTCGGAAGAACCCAAAGGACGATGAGCTGCAGAAGCAGCTGA
AGGATCTGCAGGCCGTGCTGAGAAAGGAGATCGTGAAGCCCATCGGCAAT
GGCGGCAAGTATAAGGCCGGCTACGACAGGCTGTTCGGCGCCAAGCTGTT
TAAGGACGGCAAGGAGCTGGGCGATCTGGCCAAGTTCGTGATCGCACAGG
AGGGAGAGAGCTCCCCAAAGCTGGCCCACCTGGCCCACTTCGAGAAGTTT
TCCACCTATTTCACAGGCTTTCACGATAACCGGAAGAATATGTATTCTGAC
GAGGATAAGCACACCGCCATCGCCTACCGCCTGATCCACGAGAACCTGCC
CCGGTTTATCGACAATCTGCAGATCCTGACCACAATCAAGCAGAAGCACT
CTGCCCTGTACGATCAGATCATCAACGAGCTGACCGCCAGCGGCCTGGAC
GTGTCTCTGGCCAGCCACCTGGATGGCTATCACAAGCTGCTGACACAGGA
GGGCATCACCGCCTACAATACACTGCTGGGAGGAATCTCCGGAGAGGCAG
GCTCTCCTAAGATCCAGGGCATCAACGAGCTGATCAATTCTCACCACAAC
CAGCACTGCCACAAGAGCGAGAGAATCGCCAAGCTGAGGCCACTGCACA
AGCAGATCCTGTCCGACGGCATGAGCGTGTCCTTCCTGCCCTCTAAGTTTG
CCGACGATAGCGAGATGTGCCAGGCCGTGAACGAGTTCTATCGCCACTAC
GCCGACGTGTTCGCCAAGGTGCAGAGCCTGTTCGACGGCTTTGACGATCA
CCAGAAGGATGGCATCTACGTGGAGCACAAGAACCTGAATGAGCTGTCCA
AGCAGGCCTTCGGCGACTTTGCACTGCTGGGACGCGTGCTGGACGGATAC
TATGTGGATGTGGTGAATCCAGAGTTCAACGAGCGGTTTGCCAAGGCCAA
GACCGACAATGCCAAGGCCAAGCTGACAAAGGAGAAGGATAAGTTCATC
AAGGGCGTGCACTCCCTGGCCTCTCTGGAGCAGGCCATCGAGCACTATAC
CGCAAGGCACGACGATGAGAGCGTGCAGGCAGGCAAGCTGGGACAGTAC
TTCAAGCACGGCCTGGCCGGAGTGGACAACCCCATCCAGAAGATCCACAA
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CAATCACAGCACCATCAAGGGCTTTCTGGAGAGGGAGCGCCCTGCAGGAG
AGAGAGCCCTGCCAAAGATCAAGTCCGGCAAGAATCCTGAGATGACACA
GCTGAGGCAGCTGAAGGAGCTGCTGGATAACGCCCTGAATGTGGCCCACT
TCGCCAAGCTGCTGACCACAAAGACCACACTGGACAATCAGGATGGCAAC
TTCTATGGCGAGTTTGGCGTGCTGTACGACGAGCTGGCCAAGATCCCCAC
CCTGTATAACAAGGTGAGAGATTACCTGAGCCAGAAGCCTTTCTCCACCG
AGAAGTACAAGCTGAACTTTGGCAATCCAACACTGCTGAATGGCTGGGAC
CTGAACAAGGAGAAGGATAATTTCGGCGTGATCCTGCAGAAGGACGGCTG
CTACTATCTGGCCCTGCTGGACAAGGCCCACAAGAAGGTGTTTGATAACG
CCCCTAATACAGGCAAGAGCATCTATCAGAAGATGATCTATAAGTACCTG
GAGGTGAGGAAGCAGTTCCCCAAGGTGTTCTTTTCCAAGGAGGCCATCGC
CATCAACTACCACCCTTCTAAGGAGCTGGTGGAGATCAAGGACAAGGGCC
GGCAGAGATCCGACGATGAGCGCCTGAAGCTGTATCGGTTTATCCTGGAG
TGTCTGAAGATCCACCCTAAGTACGATAAGAAGTTCGAGGGCGCCATCGG
CGACATCCAGCTGTTTAAGAAGGATAAGAAGGGCAGAGAGGTGCCAATC
AGCGAGAAGGACCTGTTCGATAAGATCAACGGCATCTTTTCTAGCAAGCC
TAAGCTGGAGATGGAGGACTTCTTTATCGGCGAGTTCAAGAGGTATAACC
CAAGCCAGGACCTGGTGGATCAGTATAATATCTACAAGAAGATCGACTCC
AACGATAATCGCAAGAAGGAGAATTTCTACAACAATCACCCCAAGTTTAA
GAAGGATCTGGTGCGGTACTATTACGAGTCTATGTGCAAGCACGAGGAGT
GGGAGGAGAGCTTCGAGTTTTCCAAGAAGCTGCAGGACATCGGCTGTTAC
GTGGATGTGAACGAGCTGTTTACCGAGATCGAGACACGGAGACTGAATTA
TAAGATCTCCTTCTGCAACATCAATGCCGACTACATCGATGAGCTGGTGG
AGCAGGGCCAGCTGTATCTGTTCCAGATCTACAACAAGGACTTTTCCCCA
AAGGCCCACGGCAAGCCCAATCTGCACACCCTGTACTTCAAGGCCCTGTT
TTCTGAGGACAACCTGGCCGATCCTATCTATAAGCTGAATGGCGAGGCCC
AGATCTTCTACAGAAAGGCCTCCCTGGACATGAACGAGACAACAATCCAC
AGGGCCGGCGAGGTGCTGGAGAACAAGAATCCCGATAATCCTAAGAAGA
GACAGTTCGTGTACGACATCATCAAGGATAAGAGGTACACACAGGACAA
GTTCATGCTGCACGTGCCAATCACCATGAACTTTGGCGTGCAGGGCATGA
CAATCAAGGAGTTCAATAAGAAGGTGAACCAGTCTATCCAGCAGTATGAC
GAGGTGAACGTGATCGGCATCGATCGGGGCGAGAGACACCTGCTGTACCT
GACCGTGATCAATAGCAAGGGCGAGATCCTGGAGCAGTGTTCCCTGAACG
ACATCACCACAGCCTCTGCCAATGGCACACAGATGACCACACCTTACCAC
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AAGATCCTGGATAAGAGGGAGATCGAGCGCCTGAACGCCCGGGTGGGAT
GGGGCGAGATCGAGACAATCAAGGAGCTGAAGTCTGGCTATCTGAGCCAC
GTGGTGCACCAGATCAGCCAGCTGATGCTGAAGTACAACGCCATCGTGGT
GCTGGAGGACCTGAATTTCGGCTTTAAGAGGGGCCGCTTTAAGGTGGAGA
AGCAGATCTATCAGAACTTCGAGAATGCCCTGATCAAGAAGCTGAACCAC
CTGGTGCTGAAGGACAAGGCCGACGATGAGATCGGCTCTTACAAGAATGC
CCTGCAGCTGACCAACAATTTCACAGATCTGAAGAGCATCGGCAAGCAGA
CCGGCTTCCTGTTTTATGTGCCCGCCTGGAACACCTCTAAGATCGACCCTG
AGACAGGCTTTGTGGATCTGCTGAAGCCAAGATACGAGAACATCGCCCAG
AGCCAGGCCTTCTTTGGCAAGTTCGACAAGATCTGCTATAATGCCGACAA
GGATTACTTCGAGTTTCACATCGACTACGCCAAGTTTACCGATAAGGCCA
AGAATAGCCGCCAGATCTGGACAATCTGTTCCCACGGCGACAAGCGGTAC
GTGTACGATAAGACAGCCAACCAGAATAAGGGCGCCGCCAAGGGCATCA
ACGTGAATGATGAGCTGAAGTCCCTGTTCGCCCGCCACCACATCAACGAG
AAGCAGCCCAACCTGGTCATGGACATCTGCCAGAACAATGATAAGGAGTT
TCACAAGTCTCTGATGTACCTGCTGAAAACCCTGCTGGCCCTGCGGTACAG
CAACGCCTCCTCTGACGAGGATTTCATCCTGTCCCCCGTGGCAAACGACG
AGGGCGTGTTCTTTAATAGCGCCCTGGCCGACGATACACAGCCTCAGAAT
GCCGATGCCAACGGCGCCTACCACATCGCCCTGAAGGGCCTGTGGCTGCT
GAATGAGCTGAAGAACTCCGACGATCTGAACAAGGTGAAGCTGGCCATCG
ACAATCAGACCTGGCTGAATTTCGCCCAGAACAGGAAAAGGCCGGCGGC
CACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGGGATCCTACCCATAC
GATGTTCCAGATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCA
TATGATGTCCCCGACTATGCCTAA (SEQ ID NO: 34)

[00168] Leptospira inadai (LiCpfl; pY015), including NLS and HA tag:

[00169] MEDYSGFVNIYSIQKTLRFELKPVGKTLEHIEKKGFLKKDKI
RAEDYKAVKKIIDKYHRAYIEEVFDSVLHQKKKKDKTRFSTQFIKEIKEFSELY
YKTEKNIPDKERLEALSEKLRKMLVGAFKGEFSEEVAEKYKNLFSKELIRNEI
EKFCETDEERKQVSNFKSFTTYFTGFHSNRQNIYSDEKKSTAIGYRIIHQNLPK
FLDNLKIIESIQRRFKDFPWSDLKKNLKKIDKNIKLTEYFSIDGFVNVLNQKGID
AYNTILGGKSEESGEKIQGLNEYINLYRQKNNIDRKNLPNVKILFKQILGDRET
KSFIPEAFPDDQSVLNSITEFAKYLKLDKKKKSITAELKKFLSSEFNRYELDGIYL
ANDNSLASISTFLFDDW SFIKKSVSFKYDES VGDPKKKIKSPLKYEKEKEKWL
KQKYYTISFLNDAIESYSKSQDEKRVKIRLEAYFAEFKSKDDAKKQFDLLERIE

118



WO 2016/115179 PCT/US2016/013113

EAYAIVEPLLGAEYPRDRNLKADKKEVGKIKDFLDSIKSLQFFLKPLLSAEIFD
EKDLGFYNQLEGYYEEIDSIGHLYNKVRNYLTGKIYSKEKFKLNFENSTLLKG
WDENREVANLCVIFREDQKYYLGVMDKENNTILSDIPKVKPNELFYEKMVY
KLIPTPHMQLPRITFSSDNLSIYNPSKSILKIREAKSFKEGKNFKLKDCHKFIDFY
KESISKNEDWSRFDFKFSKTSSYENISEFYREVERQGYNLDFKKVSKFYIDSLV
EDGKLYLFQIYNKDFSIFSKGKPNLHTIYFRSLFSKENLKDVCLKLNGEAEMFF
RKKSINYDEKKKREGHHPELFEKLKYPILKDKRYSEDKFQFHLPISLNFKSKER
LNFNLKVNEFLKRNKDINIIGIDRGERNLLYLVMINQKGEILKQTLLDSMQSG
KGRPEINYKEKLQEKEIERDKARKSWGTVENIKELKEGYLSIVIHQISKLMVE
NNAIVVLEDLNIGFKRGRQKVERQVYQKFEKMLIDKLNFLVFKENKPTEPGG
VLKAYQLTDEFQSFEKLSKQTGFLFYVPSWNTSKIDPRTGFIDFLHPAYENIEK
AKQWINKFDSIRFNSKMDWFEFTADTRKFSENLMLGKNRVWVICTTNVERYF
TSKTANSSIQYNSIQITEKLKELFVDIPFSNGQDLKPEILRKNDAVFFKSLLFYIK
TTLSLRQNNGKKGEEEKDFILSPVVDSKGRFFNSLEASDDEPKDADANGAYHI
ALKGLMNLLVLNETKEENLSRPKWKIKNKDWLEFVWERNRKRPAATKKAG
QAKKKKGSYPYDVPDYAYPYDVPDYAYPYDVPDYA (SEQ ID NO: 35)

[00170] SEQ ID NO: 35 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00171] SEQ ID NO: 35 may be encoded by the following nucleotide
sequence:

[00172] ATGGAGGACTATTCCGGCTTTGTGAACATCTACTCTATCC
AGAAAACCCTGAGGTTCGAGCTGAAGCCAGTGGGCAAGACACTGGAGCA
CATCGAGAAGAAGGGCTTCCTGAAGAAGGACAAGATCCGGGCCGAGGAT
TACAAGGCCGTGAAGAAGATCATCGATAAGTACCACAGAGCCTATATCGA
GGAGGTGTTTGATTCCGTGCTGCACCAGAAGAAGAAGAAGGACAAGACC
CGCTTTTCTACACAGTTCATCAAGGAGATCAAGGAGTTCAGCGAGCTGTA
CTATAAGACCGAGAAGAACATCCCCGACAAGGAGAGGCTGGAGGCCCTG
AGCGAGAAGCTGCGCAAGATGCTGGTGGGCGCCTTTAAGGGCGAGTTCTC
CGAGGAGGTGGCCGAGAAGTATAAGAACCTGTTTTCTAAGGAGCTGATCA
GGAATGAGATCGAGAAGTTCTGCGAGACAGACGAGGAGCGCAAGCAGGT
GTCTAACTTCAAGAGCTTCACCACATACTTTACCGGCTTCCACTCCAACAG
GCAGAATATCTATTCCGACGAGAAGAAGTCTACAGCCATCGGCTACCGCA
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TCATCCACCAGAACCTGCCTAAGTTCCTGGATAATCTGAAGATCATCGAGT
CCATCCAGCGGCGGTTCAAGGACTTCCCATGGTCTGATCTGAAGAAGAAC
CTGAAGAAGATCGATAAGAATATCAAGCTGACCGAGTACTTCAGCATCGA
CGGCTTCGTGAACGTGCTGAATCAGAAGGGCATCGATGCCTACAACACAA
TCCTGGGCGGCAAGTCCGAGGAGTCTGGCGAGAAGATCCAGGGCCTGAAC
GAGTACATCAATCTGTATCGGCAGAAGAACAATATCGACAGAAAGAACCT
GCCCAATGTGAAGATCCTGTTTAAGCAGATCCTGGGCGATAGGGAGACAA
AGAGCTTTATCCCTGAGGCCTTCCCAGACGATCAGTCCGTGCTGAACTCTA
TCACAGAGTTCGCCAAGTACCTGAAGCTGGATAAGAAGAAGAAGAGCAT
CATCGCCGAGCTGAAGAAGTTTCTGAGCTCCTTCAATCGCTACGAGCTGG
ACGGCATCTATCTGGCCAACGATAATAGCCTGGCCTCTATCAGCACCTTCC
TGTTTGACGATTGGTCCTTTATCAAGAAGTCCGTGTCTTTCAAGTATGACG
AGTCCGTGGGCGACCCCAAGAAGAAGATCAAGTCTCCCCTGAAGTACGAG
AAGGAGAAGGAGAAGTGGCTGAAGCAGAAGTACTATACAATCTCTTTCCT
GAACGATGCCATCGAGAGCTATTCCAAGTCTCAGGACGAGAAGAGGGTG
AAGATCCGCCTGGAGGCCTACTTTGCCGAGTTCAAGAGCAAGGACGATGC
CAAGAAGCAGTTCGACCTGCTGGAGAGGATCGAGGAGGCCTATGCCATCG
TGGAGCCTCTGCTGGGAGCAGAGTACCCAAGGGACCGCAACCTGAAGGC
CGATAAGAAGGAAGTGGGCAAGATCAAGGACTTCCTGGATAGCATCAAG
TCCCTGCAGTTCTTTCTGAAGCCTCTGCTGTCCGCCGAGATCTTTGACGAG
AAGGATCTGGGCTTCTACAATCAGCTGGAGGGCTACTATGAGGAGATCGA
TTCTATCGGCCACCTGTATAACAAGGTGCGGAATTATCTGACCGGCAAGA
TCTACAGCAAGGAGAAGTTTAAGCTGAACTTCGAGAACAGCACCCTGCTG
AAGGGCTGGGACGAGAACCGGGAGGTGGCCAATCTGTGCGTGATCTTCAG
AGAGGACCAGAAGTACTATCTGGGCGTGATGGATAAGGAGAACAATACC
ATCCTGTCCGACATCCCCAAGGTGAAGCCTAACGAGCTGTTTTACGAGAA
GATGGTGTATAAGCTGATCCCCACACCTCACATGCAGCTGCCCCGGATCA
TCTTCTCTAGCGACAACCTGTCTATCTATAATCCTAGCAAGTCCATCCTGA
AGATCAGAGAGGCCAAGAGCTTTAAGGAGGGCAAGAACTTCAAGCTGAA
GGACTGTCACAAGTTTATCGATTTCTACAAGGAGTCTATCAGCAAGAATG
AGGACTGGAGCAGATTCGACTTCAAGTTCAGCAAGACCAGCAGCTACGAG
AACATCAGCGAGTTTTACCGGGAGGTGGAGAGACAGGGCTATAACCTGGA
CTTCAAGAAGGTGTCTAAGTTCTACATCGACAGCCTGGTGGAGGATGGCA
AGCTGTACCTGTTCCAGATCTATAACAAGGACTTTTCTATCTTCAGCAAGG
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GCAAGCCCAATCTGCACACCATCTATTITCGGTCCCTGTTCTCTAAGGAGA
ACCTGAAGGACGTGTGCCTGAAGCTGAATGGCGAGGCCGAGATGTTCTTT
CGGAAGAAGTCCATCAACTACGATGAGAAGAAGAAGCGGGAGGGCCACC
ACCCCGAGCTGTTTGAGAAGCTGAAGTATCCTATCCTGAAGGACAAGAGA
TACAGCGAGGATAAGTTTCAGTTCCACCTGCCCATCAGCCTGAACTTCAA
GTCCAAGGAGCGGCTGAACTTTAATCTGAAAGTGAATGAGTTCCTGAAGA
GAAACAAGGACATCAATATCATCGGCATCGATCGGGGCGAGAGAAACCT
GCTGTACCTGGTCATGATCAATCAGAAGGGCGAGATCCTGAAGCAGACCC
TGCTGGACAGCATGCAGTCCGGCAAGGGCCGGCCTGAGATCAACTACAAG
GAGAAGCTGCAGGAGAAGGAGATCGAGAGGGATAAGGCCCGCAAGAGCT
GGGGCACAGTGGAGAATATCAAGGAGCTGAAGGAGGGCTATCTGTCTATC
GTGATCCACCAGATCAGCAAGCTGATGGTGGAGAACAATGCCATCGTGGT
GCTGGAGGACCTGAACATCGGCTTTAAGCGGGGCAGACAGAAGGTGGAG
CGGCAGGTGTACCAGAAGTTCGAGAAGATGCTGATCGATAAGCTGAACTT
TCTGGTGTTCAAGGAGAATAAGCCAACCGAGCCAGGAGGCGTGCTGAAG
GCCTATCAGCTGACAGACGAGTTTCAGTCTTTCGAGAAGCTGAGCAAGCA
GACCGGCTTTCTGTTCTACGTGCCAAGCTGGAACACCTCCAAGATCGACC
CCAGAACAGGCTTTATCGATTTCCTGCACCCTGCCTACGAGAATATCGAG
AAGGCCAAGCAGTGGATCAACAAGTTTGATTCCATCAGGTTCAATTCTAA
GATGGACTGGTTTGAGTTCACCGCCGATACACGCAAGTTTTCCGAGAACC
TGATGCTGGGCAAGAATCGGGTGTGGGTCATCTGCACCACAAATGTGGAG
CGGTACTTCACCAGCAAGACCGCCAACAGCTCCATCCAGTACAATAGCAT
CCAGATCACCGAGAAGCTGAAGGAGCTGTTTGTGGACATCCCTTTCAGCA
ACGGCCAGGATCTGAAGCCAGAGATCCTGAGGAAGAATGACGCCGTGTTC
TTTAAGAGCCTGCTGTTTTACATCAAGACCACACTGTCCCTGCGCCAGAAC
AATGGCAAGAAGGGCGAGGAGGAGAAGGACTTCATCCTGAGCCCAGTGG
TGGATTCCAAGGGCCGGTTCTTTAACTCTCTGGAGGCCAGCGACGATGAG
CCCAAGGACGCCGATGCCAATGGCGCCTACCACATCGCCCTGAAGGGCCT
GATGAACCTGCTGGTGCTGAATGAGACAAAGGAGGAGAACCTGAGCAGA
CCAAAGTGGAAGATCAAGAATAAGGACTGGCTGGAGTTCGTGTGGGAGA
GGAACCGCAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAA
AGAAAAAGGGATCCTACCCATACGATGTTCCAGATTACGCTTATCCCTAC
GACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTATGCCTAA
(SEQ ID NO: 36)
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[00173] Lachnospiraceae bacterium ND2006 (LbCpf1; pY016), including
NLS and HA tag:

[00174] MSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDE
KRAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKEL
ENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTT
AFTGFFDNRENMFSEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKHEVQ
EIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEY
INLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNKN
SEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEY
DDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIQ
KVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKA
FFGEGKETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYF
QNPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKY AKCLQKIDKDDVN
GNYEKINYKLLPGPNKMLPKVFFSKKWMAY YNPSEDIQKIYKNGTFKKGDM
FNLNDCHKLIDFFKDSISRYPKWSNAYDFENFSETEKYKDIAGFYREVEEQGYK
VSFESASKKEVDKLVEEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDEN
NHGQIRLSGGAELFMRRASLKKEELVVHPANSPIANKNPDNPKKTTTLSYDV
YKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPY VIGIDRGERN
LLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQNW
TSIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVY
QKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTQNGFIFY
IPAWLTSKIDPSTGFVNLLKTKYTSIADSKKFISSFDRIMY VPEEDLFEFALDYK
NESRTDADYIKKWKLYSYGNRIRIFRNPKKNNVFDWEEVCLTSAYKELFNKY
GINYQQGDIRALLCEQSDKAFYSSFMALMSLMLQMRNSITGRTDVDFLISPVK
NSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLD
KVKIAISNKEWLEYAQTSVKHKRPAATKKAGQAKKKKGSYPYDVPDYAYPY
DVPDYAYPYDVPDYA (SEQ ID NO: 37)

[00175] SEQ ID NO: 37 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00176] SEQ ID NO: 37 may be encoded by the following nucleotide

sequence:
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[00177] ATGAGCAAGCTGGAGAAGTTTACAAACTGCTACTCCCTG
TCTAAGACCCTGAGGTTCAAGGCCATCCCTGTGGGCAAGACCCAGGAGAA
CATCGACAATAAGCGGCTGCTGGTGGAGGACGAGAAGAGAGCCGAGGAT
TATAAGGGCGTGAAGAAGCTGCTGGATCGCTACTATCTGTCTTTTATCAAC
GACGTGCTGCACAGCATCAAGCTGAAGAATCTGAACAATTACATCAGCCT
GTTCCGGAAGAAAACCAGAACCGAGAAGGAGAATAAGGAGCTGGAGAAC
CTGGAGATCAATCTGCGGAAGGAGATCGCCAAGGCCTTCAAGGGCAACG
AGGGCTACAAGTCCCTGTTTAAGAAGGATATCATCGAGACAATCCTGCCA
GAGTTCCTGGACGATAAGGACGAGATCGCCCTGGTGAACAGCTTCAATGG
CTTTACCACAGCCTTCACCGGCTTCTTTGATAACAGAGAGAATATGTTTTC
CGAGGAGGCCAAGAGCACATCCATCGCCTTCAGGTGTATCAACGAGAATC
TGACCCGCTACATCTCTAATATGGACATCTTCGAGAAGGTGGACGCCATCT
TTGATAAGCACGAGGTGCAGGAGATCAAGGAGAAGATCCTGAACAGCGA
CTATGATGTGGAGGATTTCTTTGAGGGCGAGTTCTTTAACTTTGTGCTGAC
ACAGGAGGGCATCGACGTGTATAACGCCATCATCGGCGGCTTCGTGACCG
AGAGCGGCGAGAAGATCAAGGGCCTGAACGAGTACATCAACCTGTATAA
TCAGAAAACCAAGCAGAAGCTGCCTAAGTTTAAGCCACTGTATAAGCAGG
TGCTGAGCGATCGGGAGTCTCTGAGCTTCTACGGCGAGGGCTATACATCC
GATGAGGAGGTGCTGGAGGTGTTTAGAAACACCCTGAACAAGAACAGCG
AGATCTTCAGCTCCATCAAGAAGCTGGAGAAGCTGTTCAAGAATTTTGAC
GAGTACTCTAGCGCCGGCATCTTTGTGAAGAACGGCCCCGCCATCAGCAC
AATCTCCAAGGATATCTTCGGCGAGTGGAACGTGATCCGGGACAAGTGGA
ATGCCGAGTATGACGATATCCACCTGAAGAAGAAGGCCGTGGTGACCGAG
AAGTACGAGGACGATCGGAGAAAGTCCTTCAAGAAGATCGGCTCCTTTTC
TCTGGAGCAGCTGCAGGAGTACGCCGACGCCGATCTGTCTGTGGTGGAGA
AGCTGAAGGAGATCATCATCCAGAAGGTGGATGAGATCTACAAGGTGTAT
GGCTCCTCTGAGAAGCTGTTCGACGCCGATTTTGTGCTGGAGAAGAGCCT
GAAGAAGAACGACGCCGTGGTGGCCATCATGAAGGACCTGCTGGATTCTG
TGAAGAGCTTCGAGAATTACATCAAGGCCTTCTTTGGCGAGGGCAAGGAG
ACAAACAGGGACGAGTCCTTCTATGGCGATTTTGTGCTGGCCTACGACAT
CCTGCTGAAGGTGGACCACATCTACGATGCCATCCGCAATTATGTGACCC
AGAAGCCCTACTCTAAGGATAAGTTCAAGCTGTATTTTCAGAACCCTCAGT
TCATGGGCGGCTGGGACAAGGATAAGGAGACAGACTATCGGGCCACCAT
CCTGAGATACGGCTCCAAGTACTATCTGGCCATCATGGATAAGAAGTACG
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CCAAGTGCCTGCAGAAGATCGACAAGGACGATGTGAACGGCAATTACGA
GAAGATCAACTATAAGCTGCTGCCCGGCCCTAATAAGATGCTGCCAAAGG
TGTTCTTTTCTAAGAAGTGGATGGCCTACTATAACCCCAGCGAGGACATCC
AGAAGATCTACAAGAATGGCACATTCAAGAAGGGCGATATGTTTAACCTG
AATGACTGTCACAAGCTGATCGACTTCTTTAAGGATAGCATCTCCCGGTAT
CCAAAGTGGTCCAATGCCTACGATTTCAACTTTTCTGAGACAGAGAAGTA
TAAGGACATCGCCGGCTTTTACAGAGAGGTGGAGGAGCAGGGCTATAAG
GTGAGCTTCGAGTCTGCCAGCAAGAAGGAGGTGGATAAGCTGGTGGAGG
AGGGCAAGCTGTATATGTTCCAGATCTATAACAAGGACTTTTCCGATAAG
TCTCACGGCACACCCAATCTGCACACCATGTACTTCAAGCTGCTGTTTGAC
GAGAACAATCACGGACAGATCAGGCTGAGCGGAGGAGCAGAGCTGTTCA
TGAGGCGCGCCTCCCTGAAGAAGGAGGAGCTGGTGGTGCACCCAGCCAA
CTCCCCTATCGCCAACAAGAATCCAGATAATCCCAAGAAAACCACAACCC
TGTCCTACGACGTGTATAAGGATAAGAGGTTTTCTGAGGACCAGTACGAG
CTGCACATCCCAATCGCCATCAATAAGTGCCCCAAGAACATCTTCAAGAT
CAATACAGAGGTGCGCGTGCTGCTGAAGCACGACGATAACCCCTATGTGA
TCGGCATCGATAGGGGCGAGCGCAATCTGCTGTATATCGTGGTGGTGGAC
GGCAAGGGCAACATCGTGGAGCAGTATTCCCTGAACGAGATCATCAACAA
CTTCAACGGCATCAGGATCAAGACAGATTACCACTCTCTGCTGGACAAGA
AGGAGAAGGAGAGGTTCGAGGCCCGCCAGAACTGGACCTCCATCGAGAA
TATCAAGGAGCTGAAGGCCGGCTATATCTCTCAGGTGGTGCACAAGATCT
GCGAGCTGGTGGAGAAGTACGATGCCGTGATCGCCCTGGAGGACCTGAAC
TCTGGCTTTAAGAATAGCCGCGTGAAGGTGGAGAAGCAGGTGTATCAGAA
GTTCGAGAAGATGCTGATCGATAAGCTGAACTACATGGTGGACAAGAAGT
CTAATCCTTGTGCAACAGGCGGCGCCCTGAAGGGCTATCAGATCACCAAT
AAGTTCGAGAGCTTTAAGTCCATGTCTACCCAGAACGGCTTCATCTTTTAC
ATCCCTGCCTGGCTGACATCCAAGATCGATCCATCTACCGGCTTTGTGAAC
CTGCTGAAAACCAAGTATACCAGCATCGCCGATTCCAAGAAGTTCATCAG
CTCCTTTGACAGGATCATGTACGTGCCCGAGGAGGATCTGTTCGAGTTTGC
CCTGGACTATAAGAACTTCTCTCGCACAGACGCCGATTACATCAAGAAGT
GGAAGCTGTACTCCTACGGCAACCGGATCAGAATCTTCCGGAATCCTAAG
AAGAACAACGTGTTCGACTGGGAGGAGGTGTGCCTGACCAGCGCCTATAA
GGAGCTGTTCAACAAGTACGGCATCAATTATCAGCAGGGCGATATCAGAG
CCCTGCTGTGCGAGCAGTCCGACAAGGCCTTCTACTCTAGCTTTATGGCCC
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TGATGAGCCTGATGCTGCAGATGCGGAACAGCATCACAGGCCGCACCGAC
GTGGATTTTCTGATCAGCCCTGTGAAGAACTCCGACGGCATCTTCTACGAT
AGCCGGAACTATGAGGCCCAGGAGAATGCCATCCTGCCAAAGAACGCCG
ACGCCAATGGCGCCTATAACATCGCCAGAAAGGTGCTGTGGGCCATCGGC
CAGTTCAAGAAGGCCGAGGACGAGAAGCTGGATAAGGTGAAGATCGCCA
TCTCTAACAAGGAGTGGCTGGAGTACGCCCAGACCAGCGTGAAGCACAAA
AGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGGGA
TCCTACCCATACGATGTTCCAGATTACGCTTATCCCTACGACGTGCCTGAT
TATGCATACCCATATGATGTCCCCGACTATGCCTAA (SEQ ID NO: 38)

[00178]  Porphyromonas crevioricanis (PcCpf1; pY017), including NLS
and HA tag:

[00179] MDSLKDFTNLYPVSKTLRFELKPVGKTLENIEKAGILKEDEH
RAESYRRVKKIIDTYHKVFIDSSLENMAKMGIENEIKAMLQSFCELYKKDHRT
EGEDKALDKIRAVLRGLIVGAFTGVCGRRENTVQNEKYESLFKEKLIKEILPD
FVLSTEAESLPFSVEEATRSLKEFDSFTSYFAGFYENRKNIYSTKPQSTAIAYRL
IHENLPKFIDNILVFQKIKEPIAKELEHIRADFSAGGYIKKDERLEDIFSLNY YIH
VLSQAGIEKYNALIGKIVTEGDGEMKGLNEHINLYNQQRGREDRLPLFRPLYK
QILSDREQLSYLPESFEKDEELLRALKEFYDHIAEDILGRTQQLMTSISEYDLSR
IYVRNDSQLTDISKKMLGDWNAIYMARERAYDHEQAPKRITAKYERDRIKAL
KGEESISLANLNSCIAFLDNVRDCRVDTYLSTLGQKEGPHGLSNLVENVFASY
HEAEQLLSFPYPEENNLIQDKDNVVLIKNLLDNISDLQRFLKPLWGMGDEPDK
DERFYGEYNYIRGALDQVIPLYNKVRNYLTRKPYSTRKVKLNFGNSQLLSGW
DRNKEKDNSCVILRKGQNFYLAIMNNRHKRSFENKMLPEYKEGEPYFEKMD
YKFLPDPNKMLPKVFLSKKGIEITYKPSPKLLEQYGHGTHKKGDTFSMDDLHE
LIDFFKHSIEAHEDWKQFGFKFSDTATYENVSSFYREVEDQGYKLSFRKVSES
YVYSLIDQGKLYLFQIYNKDFSPCSKGTPNLHTLYWRMLFDERNLADVIYKL
DGKAEIFFREKSLKNDHPTHPAGKPIKKKSRQKKGEESLFEYDLVKDRRYTM
DKFQFHVPITMNFKCSAGSKVNDMVNAHIREAKDMHVIGIDRGERNLLYICVI
DSRGTILDQISLNTINDIDYHDLLESRDKDRQQEHRNWQTIEGIKELKQGYLSQ
AVHRIAELMVAYKAVVALEDLNMGFKRGRQKVESSVYQQFEKQLIDKLNYL
VDKKKRPEDIGGLLRAYQFTAPFKSFKEMGKQNGFLFYIPAWNTSNIDPTTGF
VNLFHVQYENVDKAKSFFQKFDSISYNPKKDWFEFAFDYKNFTKKAEGSRS
MWILCTHGSRIKNFRNSQKNGQWDSEEFALTEAFKSLFVRYEIDYTADLKTAI
VDEKQKDFFVDLLKLFKLTVQMRNSWKEKDLDYLISPVAGADGRFFDTREG
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NKSLPKDADANGAYNIALKGLWALRQIRQTSEGGKLKLAISNKEWLQFVQER
SYEKDKRPAATKKAGQAKKKKGSYPYDVPDYAYPYDVPDYAYPYDVPDYA
(SEQ ID NO: 39)

[00180] SEQ ID NO: 39 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00181] SEQ ID NO: 39 may be encoded by the following nucleotide
sequence:

[00182] ATGGACAGCCTGAAGGATTTCACCAACCTGTACCCCGTG
TCCAAGACACTGCGGTTTGAGCTGAAGCCTGTGGGCAAGACCCTGGAGAA
TATCGAGAAGGCCGGCATCCTGAAGGAGGATGAGCACAGAGCCGAGAGC
TACCGGAGAGTGAAGAAGATCATCGATACATATCACAAGGTGTTCATCGA
CAGCTCCCTGGAGAACATGGCCAAGATGGGCATCGAGAATGAGATCAAG
GCCATGCTGCAGTCCTTTTGCGAGCTGTATAAGAAGGACCACAGGACCGA
GGGAGAGGACAAGGCCCTGGATAAGATCAGGGCCGTGCTGAGGGGCCTG
ATCGTGGGAGCCTTCACCGGCGTGTGCGGCCGGCGGGAGAACACAGTGCA
GAATGAGAAGTATGAGAGCCTGTTTAAGGAGAAGCTGATCAAGGAGATC
CTGCCAGATTTCGTGCTGTCTACAGAGGCCGAGTCCCTGCCCTTTTCTGTG
GAGGAGGCCACCAGAAGCCTGAAGGAGTTCGACTCCTTTACATCTTACTT
CGCCGGCTTTTATGAGAACCGGAAGAATATCTACTCTACCAAGCCCCAGA
GCACAGCCATCGCCTATAGACTGATCCACGAGAACCTGCCTAAGTTCATC
GATAATATCCTGGTGTTTCAGAAGATCAAGGAGCCAATCGCCAAGGAGCT
GGAGCACATCAGGGCAGACTTCAGCGCCGGCGGCTACATCAAGAAGGAT
GAGCGCCTGGAGGACATCTTTTCCCTGAACTACTATATCCACGTGCTGTCT
CAGGCCGGCATCGAGAAGTACAATGCCCTGATCGGCAAGATCGTGACCGA
GGGCGATGGCGAGATGAAGGGCCTGAACGAGCACATCAACCTGTATAATC
AGCAGAGGGGCCGCGAGGACCGGCTGCCACTGTTCAGACCCCTGTATAAG
CAGATCCTGTCTGATAGGGAGCAGCTGTCCTATCTGCCAGAGTCTTTCGAG
AAGGACGAGGAGCTGCTGAGGGCCCTGAAGGAGTTTTACGATCACATCGC
AGAGGACATCCTGGGAAGGACCCAGCAGCTGATGACAAGCATCTCCGAGT
ACGATCTGTCCCGGATCTATGTGAGAAACGATAGCCAGCTGACCGACATC
TCCAAGAAGATGCTGGGCGATTGGAATGCCATCTACATGGCCCGGGAGAG
AGCCTATGACCACGAGCAGGCCCCCAAGCGCATCACAGCCAAGTACGAG
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AGGGACCGCATCAAGGCCCTGAAGGGCGAGGAGTCTATCAGCCTGGCCA
ACCTGAACAGCTGCATCGCCTTCCTGGACAACGTGAGGGATTGTCGCGTG
GACACCTATCTGTCTACACTGGGACAGAAGGAGGGACCTCACGGCCTGAG
CAACCTGGTGGAGAACGTGTTCGCCTCCTACCACGAGGCCGAGCAGCTGC
TGTCTTTTCCCTATCCTGAGGAGAACAATCTGATCCAGGACAAGGATAAC
GTGGTGCTGATCAAGAACCTGCTGGATAATATCAGCGACCTGCAGAGGTT
CCTGAAGCCACTGTGGGGCATGGGCGATGAGCCCGACAAGGATGAGAGG
TTTTACGGCGAGTACAATTATATCAGGGGCGCCCTGGACCAGGTCATCCCT
CTGTATAACAAGGTGCGGAATTATCTGACCCGCAAGCCATACTCCACACG
CAAGGTGAAGCTGAACTTCGGCAATAGCCAGCTGCTGTCCGGCTGGGATA
GGAACAAGGAGAAGGACAATTCTTGCGTGATCCTGCGCAAGGGCCAGAA
CTTCTACCTGGCCATCATGAACAATCGGCACAAGCGGAGCTTCGAGAATA
AGATGCTGCCCGAGTATAAGGAGGGCGAGCCTTACTTCGAGAAGATGGAT
TATAAGTTTCTGCCAGACCCCAACAAGATGCTGCCCAAGGTGTTCCTGTCT
AAGAAGGGCATCGAGATCTACAAGCCTAGCCCAAAGCTGCTGGAGCAGT
ATGGCCACGGCACCCACAAGAAGGGCGATACCTTCAGCATGGACGATCTG
CACGAGCTGATCGACTTCTTTAAGCACTCCATCGAGGCCCACGAGGATTG
GAAGCAGTTCGGCTTTAAGTTCAGCGACACCGCCACATACGAGAACGTGA
GCAGCTTCTACCGGGAGGTGGAGGACCAGGGCTACAAGCTGTCTTTTAGA
AAGGTGTCCGAGTCTTACGTGTATAGCCTGATCGATCAGGGCAAGCTGTA
CCTGTTCCAGATCTATAACAAGGACTTTAGCCCTTGTTCCAAGGGCACCCC
AAATCTGCACACACTGTACTGGCGGATGCTGTTCGATGAGAGAAACCTGG
CCGACGTGATCTATAAGCTGGATGGCAAGGCCGAGATCTTCTTTCGGGAG
AAGTCCCTGAAGAATGACCACCCAACCCACCCTGCAGGCAAGCCCATCAA
GAAGAAGAGCCGGCAGAAGAAGGGCGAGGAGAGCCTGTTCGAGTACGAT
CTGGTGAAGGACCGGAGATATACCATGGATAAGTTTCAGTTCCACGTGCC
AATCACAATGAACTTTAAGTGCTCTGCCGGCAGCAAGGTGAACGACATGG
TGAATGCCCACATCAGGGAGGCCAAGGACATGCACGTGATCGGCATCGAT
AGGGGCGAGCGCAATCTGCTGTATATCTGCGTGATCGACAGCCGCGGCAC
CATCCTGGATCAGATCTCCCTGAACACAATCAATGACATCGATTATCACG
ATCTGCTGGAGTCCAGGGACAAGGATCGCCAGCAGGAGCACAGGAACTG
GCAGACCATCGAGGGCATCAAGGAGCTGAAGCAGGGCTACCTGTCTCAGG
CCGTGCACCGCATCGCCGAGCTGATGGTGGCCTATAAGGCCGTGGTGGCC
CTGGAGGACCTGAACATGGGCTTCAAGCGGGGCAGACAGAAGGTGGAGA
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GCAGCGTGTACCAGCAGTTTGAGAAGCAGCTGATCGACAAGCTGAATTAT
CTGGTGGATAAGAAGAAGCGGCCCGAGGACATCGGAGGCCTGCTGAGAG
CCTACCAGTTCACCGCCCCTTTCAAGAGCTTTAAGGAGATGGGCAAGCAG
AACGGCTTTCTGTTCTATATCCCTGCCTGGAACACATCCAATATCGACCCA
ACCACAGGCTTCGTGAACCTGTTTCACGTGCAGTACGAGAATGTGGATAA
GGCCAAGAGCTTCTTTCAGAAGTTCGACAGCATCTCCTACAACCCTAAGA
AGGATTGGTTTGAGTTCGCCTTTGACTATAAGAACTTCACCAAGAAGGCC
GAGGGCTCTAGGAGCATGTGGATTCTGTGCACCCACGGCTCCCGGATCAA
GAACTTCAGAAATTCTCAGAAGAATGGCCAGTGGGATAGCGAGGAGTTTG
CCCTGACCGAGGCCTTCAAGTCCCTGTTTGTGCGGTACGAGATCGATTATA
CCGCCGACCTGAAAACCGCCATCGTGGACGAGAAGCAGAAGGATTTCTTT
GTGGACCTGCTGAAGCTGTTCAAGCTGACCGTGCAGATGAGAAACTCCTG
GAAGGAGAAGGACCTGGATTACCTGATCTCTCCAGTGGCCGGCGCCGATG
GCAGGTTCTTTGACACACGCGAGGGCAATAAGAGCCTGCCCAAGGACGCA
GATGCAAACGGAGCCTATAATATCGCCCTGAAGGGCCTGTGGGCACTGAG
GCAGATCAGACAGACCTCCGAGGGCGGCAAGCTGAAGCTGGCCATCTCTA
ACAAGGAGTGGCTGCAGTTTGTGCAGGAGAGATCCTACGAGAAGGACAA
AAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGGG
ATCCTACCCATACGATGTTCCAGATTACGCTTATCCCTACGACGTGCCTGA
TTATGCATACCCATATGATGTCCCCGACTATGCCTAA (SEQ ID NO: 40)
[00183]  Prevotella disiens (PdCpfl; pYO018), including NLS and HA tag:
[00184] MENYQEFTNLFQLNKTLRFELKPIGKTCELLEEGKIFASGSF
LEKDKVRADNVSYVKKEIDKKHKIFIEETLSSFSISNDLLKQYFDCYNELKAFK
KDCKSDEEEVKKTALRNKCTSIQRAMREAISQAFLKSPQKKLLAIKNLIENVF
KADENVQHFSEFTSYFSGFETNRENFYSDEEKSTSIAYRLVHDNLPIFIKNIYIF
EKLKEQFDAKTLSEIFENYKLYVAGSSLDEVFSLEYFNNTLTQKGIDNYNAVI
GKIVKEDKQEIQGLNEHINLYNQKHKDRRLPFFISLKKQILSDREALSWLPDM
FKNDSEVIKALKGFYIEDGFENNVLTPLATLLSSLDKYNLNGIFIRNNEALSSLS
QNVYRNFSIDEAIDANAELQTENNYELIANALRAKIKKETKQGRKSFEKYEEY
IDKKVKAIDSLSIQEINELVENY VSEFNSNSGNMPRKVEDYFSLMRKGDFGSN
DLIENIKTKLSAAEKLLGTKYQETAKDIFKKDENSKLIKELLDATKQFQHFIKP
LLGTGEEADRDLVFYGDFLPLYEKFEELTLLYNKVRNRLTQKPYSKDKIRLCF
NKPKLMTGWVDSKTEKSDNGTQYGGYLFRKKNEIGEYDYFLGISSKAQLFRK
NEAVIGDYERLDYYQPKANTIYGSAYEGENSYKEDKKRLNKVIAYIEQIKQT
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NIKKSIHESISKYPNISDDDKVTPSSLLEKIKKVSIDSYNGILSFKSFQSVNKEVID
NLLKTISPLKNKAEFLDLINKDYQIFTEVQAVIDEICKQKTFIYFPISNVELEKE
MGDKDKPLCLFQISNKDLSFAKTFSANLRKKRGAENLHTMLFKALMEGNQD
NLDLGSGAIFYRAKSLDGNKPTHPANEAIKCRNVANKDKVSLFTYDIYKNRR
YMENKFLFHLSIVQNYKAANDSAQLNSSATEYIRKADDLHIIGIDRGERNLLY
YSVIDMKGNIVEQDSLNIIRNNDLETDYHDLLDKREKERKANRQNWEAVEGI
KDLKKGYLSQAVHQIAQLMLKYNAITALEDLGQMFVTRGQKIEKAVYQQFE
KSLVDKLSYLVDKKRPYNELGGILKAYQLASSITKNNSDKQNGFLFYVPAWN
TSKIDPVTGFTDLLRPKAMTIKEAQDFFGAFDNISYNDKGYFEFETNYDKFKIR
MKSAQTRWTICTFGNRIKRKKDKNYWNYEEVELTEEFKKLFKDSNIDYENCN
LKEEIQNKDNRKFFDDLIKLLQLTLQMRNSDDKGNDYIISPVANAEGQFFDSR
NGDKKLPLDADANGAYNIARKGLWNIRQIKQTKNDKKLNLSISSTEWLDFVR
EKPYLKKRPAATKKAGQAKKKKGSYPYDVPDYAYPYDVPDYAYPYDVPDY
A (SEQID NO: 41)

[00185] SEQ ID NO: 41 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).

[00186] SEQ ID NO: 41 may be encoded by the following nucleotide
sequence:

[00187] ATGGAGAACTATCAGGAGTTCACCAACCTGTTTCAGCTG
AATAAGACACTGAGATTCGAGCTGAAGCCCATCGGCAAGACCTGCGAGCT
GCTGGAGGAGGGCAAGATCTTCGCCAGCGGCTCCTTTCTGGAGAAGGACA
AGGTGAGGGCCGATAACGTGAGCTACGTGAAGAAGGAGATCGACAAGAA
GCACAAGATCTTTATCGAGGAGACACTGAGCTCCTTCTCTATCAGCAACG
ATCTGCTGAAGCAGTACTTTGACTGCTATAATGAGCTGAAGGCCTTCAAG
AAGGACTGTAAGAGCGATGAGGAGGAGGTGAAGAAAACCGCCCTGCGCA
ACAAGTGTACCTCCATCCAGAGGGCCATGCGCGAGGCCATCTCTCAGGCC
TTTCTGAAGAGCCCCCAGAAGAAGCTGCTGGCCATCAAGAACCTGATCGA
GAACGTGTTCAAGGCCGACGAGAATGTGCAGCACTTCTCCGAGTTTACCA
GCTATTTCTCCGGCTTTGAGACAAACAGAGAGAATTTCTACTCTGACGAG
GAGAAGTCCACATCTATCGCCTATAGGCTGGTGCACGATAACCTGCCTAT
CTTCATCAAGAACATCTACATCTTCGAGAAGCTGAAGGAGCAGTTCGACG
CCAAGACCCTGAGCGAGATCTTCGAGAACTACAAGCTGTATGTGGCCGGC
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TCTAGCCTGGATGAGGTGTTCTCCCTGGAGTACTTTAACAATACCCTGACA
CAGAAGGGCATCGACAACTATAATGCCGTGATCGGCAAGATCGTGAAGG
AGGATAAGCAGGAGATCCAGGGCCTGAACGAGCACATCAACCTGTATAAT
CAGAAGCACAAGGACCGGAGACTGCCCTTCTTTATCTCCCTGAAGAAGCA
GATCCTGTCCGATCGGGAGGCCCTGTCTTGGCTGCCTGACATGTTCAAGAA
TGATTCTGAAGTGATCAAGGCCCTGAAGGGCTTCTACATCGAGGACGGCT
TTGAGAACAATGTGCTGACACCTCTGGCCACCCTGCTGTCCTCTCTGGATA
AGTACAACCTGAATGGCATCTTTATCCGCAACAATGAGGCCCTGAGCTCC
CTGTCCCAGAACGTGTATCGGAATTTTTCTATCGACGAGGCCATCGATGCC
AACGCCGAGCTGCAGACCTTCAACAATTACGAGCTGATCGCCAATGCCCT
GCGCGCCAAGATCAAGAAGGAGACAAAGCAGGGCCGGAAGTCTTTCGAG
AAGTACGAGGAGTATATCGATAAGAAGGTGAAGGCCATCGACAGCCTGTC
CATCCAGGAGATCAACGAGCTGGTGGAGAATTACGTGAGCGAGTTTAACT
CTAATAGCGGCAACATGCCAAGAAAGGTGGAGGACTACTTCAGCCTGATG
AGGAAGGGCGACTTCGGCTCCAACGATCTGATCGAAAATATCAAGACCAA
GCTGAGCGCCGCAGAGAAGCTGCTGGGCACAAAGTACCAGGAGACAGCC
AAGGACATCTTCAAGAAGGATGAGAACTCCAAGCTGATCAAGGAGCTGCT
GGACGCCACCAAGCAGTTCCAGCACTTTATCAAGCCACTGCTGGGCACAG
GCGAGGAGGCAGATCGGGACCTGGTGTTCTACGGCGATTTTCTGCCCCTG
TATGAGAAGTTTGAGGAGCTGACCCTGCTGTATAACAAGGTGCGGAATAG
ACTGACACAGAAGCCCTATTCCAAGGACAAGATCCGCCTGTGCTTCAACA
AGCCTAAGCTGATGACAGGCTGGGTGGATTCCAAGACCGAGAAGTCTGAC
AACGGCACACAGTACGGCGGCTATCTGTTTCGGAAGAAGAATGAGATCGG
CGAGTACGATTATTTTCTGGGCATCTCTAGCAAGGCCCAGCTGTTCAGAAA
GAACGAGGCCGTGATCGGCGACTACGAGAGGCTGGATTACTATCAGCCAA
AGGCCAATACCATCTACGGCTCTGCCTATGAGGGCGAGAACAGCTACAAG
GAGGACAAGAAGCGGCTGAACAAAGTGATCATCGCCTATATCGAGCAGA
TCAAGCAGACAAACATCAAGAAGTCTATCATCGAGTCCATCTCTAAGTAT
CCTAATATCAGCGACGATGACAAGGTGACCCCATCCTCTCTGCTGGAGAA
GATCAAGAAGGTGTCTATCGACAGCTACAACGGCATCCTGTCCTTCAAGT
CTTTTCAGAGCGTGAACAAGGAAGTGATCGATAACCTGCTGAAAACCATC
AGCCCCCTGAAGAACAAGGCCGAGTTTCTGGACCTGATCAATAAGGATTA
TCAGATCTTCACCGAGGTGCAGGCCGTGATCGACGAGATCTGCAAGCAGA
AAACCTTCATCTACTTTCCAATCTCCAACGTGGAGCTGGAGAAGGAGATG
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GGCGATAAGGACAAGCCCCTGTGCCTGTTCCAGATCAGCAATAAGGATCT
GTCCTTCGCCAAGACCTTTAGCGCCAACCTGCGGAAGAAGAGAGGCGCCG
AGAATCTGCACACAATGCTGTTTAAGGCCCTGATGGAGGGCAACCAGGAT
AATCTGGACCTGGGCTCTGGCGCCATCTTCTACAGAGCCAAGAGCCTGGA
CGGCAACAAGCCCACACACCCTGCCAATGAGGCCATCAAGTGTAGGAAC
GTGGCCAATAAGGATAAGGTGTCCCTGTTCACCTACGACATCTATAAGAA
CAGGCGCTACATGGAGAATAAGTTCCTGTTTCACCTGAGCATCGTGCAGA
ACTATAAGGCCGCCAATGACTCCGCCCAGCTGAACAGCTCCGCCACCGAG
TATATCAGAAAGGCCGATGACCTGCACATCATCGGCATCGATAGGGGCGA
GCGCAATCTGCTGTACTATTCCGTGATCGATATGAAGGGCAACATCGTGG
AGCAGGACTCTCTGAATATCATCAGGAACAATGACCTGGAGACAGATTAC
CACGACCTGCTGGATAAGAGGGAGAAGGAGCGCAAGGCCAACCGGCAGA
ATTGGGAGGCCGTGGAGGGCATCAAGGACCTGAAGAAGGGCTACCTGAG
CCAGGCCGTGCACCAGATCGCCCAGCTGATGCTGAAGTATAACGCCATCA
TCGCCCTGGAGGATCTGGGCCAGATGTTTGTGACCCGCGGCCAGAAGATC
GAGAAGGCCGTGTACCAGCAGTTCGAGAAGAGCCTGGTGGATAAGCTGTC
CTACCTGGTGGACAAGAAGCGGCCTTATAATGAGCTGGGCGGCATCCTGA
AGGCCTACCAGCTGGCCTCTAGCATCACCAAGAACAATTCTGACAAGCAG
AACGGCTTCCTGTTTTATGTGCCAGCCTGGAATACAAGCAAGATCGATCCC
GTGACCGGCTTTACAGACCTGCTGCGGCCCAAGGCCATGACCATCAAGGA
GGCCCAGGACTTCTTTGGCGCCTTCGATAACATCTCTTACAATGACAAGGG
CTATTTCGAGTTTGAGACAAACTACGACAAGTTTAAGATCAGAATGAAGA
GCGCCCAGACCAGGTGGACAATCTGCACCTTCGGCAATCGGATCAAGAGA
AAGAAGGATAAGAACTACTGGAATTATGAGGAGGTGGAGCTGACCGAGG
AGTTCAAGAAGCTGTTTAAGGACAGCAACATCGATTACGAGAACTGTAAT
CTGAAGGAGGAGATCCAGAACAAGGACAATCGCAAGTTCTTTGATGACCT
GATCAAGCTGCTGCAGCTGACACTGCAGATGCGGAACTCCGATGACAAGG
GCAATGATTATATCATCTCTCCTGTGGCCAACGCCGAGGGCCAGTTCTTTG
ACTCCCGCAATGGCGATAAGAAGCTGCCACTGGATGCAGACGCAAACGG
AGCCTACAATATCGCCCGCAAGGGCCTGTGGAACATCCGGCAGATCAAGC
AGACCAAGAACGACAAGAAGCTGAATCTGAGCATCTCCTCTACAGAGTGG
CTGGATTTCGTGCGGGAGAAGCCTTACCTGAAGAAAAGGCCGGCGGCCAC
GAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGGGATCCTACCCATACGAT
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GTTCCAGATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCATAT
GATGTCCCCGACTATGCCTAA (SEQ ID NO: 42)

[00188]  Porphyromonas macacae (PmCpfl; pY09), including NLS and HA
tag:

[00189] MKTQHFFEDFTSLYSLSKTIRFELKPIGKTLENIKKNGLIRRD
EQRLDDYEKLKKVIDEYHEDFIANILSSFSFSEEILQSYIQNLSESEARAKIEKT
MRDTLAKAFSEDERYKSIFKKELVKKDIPVWCPAYKSLCKKFDNFTTSLVPFH
ENRKNLYTSNEITASIPYRIVHVNLPKFIQNIEALCELQKKMGADLYLEMMEN
LRNVWPSFVKTPDDLCNLKTYNHLMVQSSISEYNRFVGGYSTEDGTKHQGIN
EWINIYRQRNKEMRLPGLVFLHKQILAKVDSSSFISDTLENDDQVFCVLRQFR
KLFWNTVSSKEDDAASLKDLFCGLSGYDPEAIYVSDAHLATISKNIFDRWNYI
SDAIRRKTEVLMPRKKESVERYAEKISKQIKKRQSYSLAELDDLLAHYSEESL
PAGFSLLSYFTSLGGQKYLVSDGEVILYEEGSNIWDEVLIAFRDLQVILDKDFT
EKKLGKDEEAVSVIKKALDSALRLRKFFDLLSGTGAEIRRDSSFYALYTDRMD
KLKGLLKMYDKVRNYLTKKPYSIEKFKLHFDNPSLLSGWDKNKELNNLSVIF
RONGYYYLGIMTPKGKNLFKTLPKLGAEEMFYEKMEYKQIAEPMLMLPKVF
FPKKTKPAFAPDQSVVDIYNKKTFKTGQKGFNKKDLYRLIDFYKEALTVHEW
KLFNFSFSPTEQYRNIGEFFDEVREQAYKVSMVNVPASYIDEAVENGKLYLFQ
IYNKDEFSPYSKGIPNLHTLYWKALFSEQNQSRVYKLCGGGELFYRKASLHMQ
DTTVHPKGISIHKKNLNKKGETSLFNYDLVKDKRFTEDKFFFHVPISINYKNK
KITNVNQMVRDYTIAQNDDLQIIGIDRGERNLLYISRIDTRGNLLEQFSLNVIESD
KGDLRTDYQKILGDREQERLRRRQEWKSIESIKDLKDGYMSQVVHKICNMV
VEHKAIVVLENLNLSFMKGRKKVEKSVYEKFERMLVDKLNYLVVDKKNLSN
EPGGLYAAYQLTNPLFSFEELHRYPQSGILFFVDPWNTSLTDPSTGFVNLLGRI
NYTNVGDARKFFDRFNAIRYDGKGNILFDLDLSRFDVRVETQRKLWTLTTFG
SRIAKSKKSGKWMVERIENLSLCFLELFEQFNIGYRVEKDLKKAILSQDRKEF
YVRLIYLENLMMOQIRNSDGEEDYILSPALNEKNLQFDSRLIEAKDLPVDADAN
GAYNVARKGLMVVQRIKRGDHESIHRIGRAQWLRYVQEGIVEKRPAATKKA
GQAKKKKGSYPYDVPDYAYPYDVPDYAYPYDVPDYA (SEQ ID NO: 43)

[00190] SEQ ID NO: 43 includes a nuclear localization signal
(KRPAATKKAGQAKKKK) (SEQ ID NO: 12), followed by a glycine-serine linker
(GS), followed by a HA tag (YPYDVPDYAYPYDVPDYAYPYDVPDYA) (SEQ ID
NO: 13).
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[00191] SEQ ID NO: 43 may be encoded by the following nucleotide
sequence:

[00192] ATGAAAACCCAGCACTTCTTTGAGGACTTCACAAGCCTG
TACTCTCTGAGCAAGACCATCCGGTTTGAGCTGAAGCCAATCGGCAAGAC
CCTGGAGAACATCAAGAAGAATGGCCTGATCCGGAGAGATGAGCAGAGA
CTGGACGATTACGAGAAGCTGAAGAAAGTGATCGACGAGTATCACGAGG
ATTTCATCGCCAACATCCTGAGCTCCTTTTCCTTCTCTGAGGAGATCCTGC
AGTCCTACATCCAGAATCTGAGCGAGTCCGAGGCCAGGGCCAAGATCGAG
AAAACCATGCGCGACACACTGGCCAAGGCCTTCTCTGAGGATGAGAGGTA
CAAGAGCATCTTTAAGAAGGAGCTGGTGAAGAAGGACATCCCCGTGTGGT
GCCCTGCCTATAAGAGCCTGTGCAAGAAGTTCGATAACTTTACCACATCTC
TGGTGCCCTTCCACGAGAACAGGAAGAACCTGTATACCAGCAATGAGATC
ACAGCCTCTATCCCTTATCGCATCGTGCACGTGAACCTGCCAAAGTTTATC
CAGAATATCGAGGCCCTGTGCGAGCTGCAGAAGAAGATGGGCGCCGACCT
GTACCTGGAGATGATGGAGAACCTGCGCAACGTGTGGCCCAGCTTCGTGA
AAACCCCAGACGACCTGTGCAACCTGAAAACCTATAATCACCTGATGGTG
CAGTCTAGCATCAGCGAGTACAACAGGTTTGTGGGCGGCTATTCCACCGA
GGACGGCACAAAGCACCAGGGCATCAACGAGTGGATCAATATCTACAGA
CAGAGGAATAAGGAGATGCGCCTGCCTGGCCTGGTGTTCCTGCACAAGCA
GATCCTGGCCAAGGTGGACTCCTCTAGCTTCATCAGCGATACACTGGAGA
ACGACGATCAGGTGTTTTGCGTGCTGAGACAGTTCAGGAAGCTGTTTTGG
AATACCGTGTCCTCTAAGGAGGACGATGCCGCCTCCCTGAAGGACCTGTT
CTGTGGCCTGTCTGGCTATGACCCTGAGGCCATCTACGTGAGCGATGCCCA
CCTGGCCACAATCTCCAAGAACATCTTTGACAGATGGAATTACATCTCCG
ATGCCATCAGGCGCAAGACCGAGGTGCTGATGCCACGGAAGAAGGAGAG
CGTGGAGAGATATGCCGAGAAGATCTCCAAGCAGATCAAGAAGAGACAG
TCTTACAGCCTGGCCGAGCTGGACGATCTGCTGGCCCACTATAGCGAGGA
GTCCCTGCCCGCAGGCTTCTCTCTGCTGAGCTACTTTACATCTCTGGGCGG
CCAGAAGTATCTGGTGAGCGACGGCGAAGTGATCCTGTACGAGGAGGGC
AGCAACATCTGGGACGAGGTGCTGATCGCCTTCAGGGATCTGCAGGTCAT
CCTGGACAAGGACTTCACCGAGAAGAAGCTGGGCAAGGATGAGGAGGCC
GTGTCTGTGATCAAGAAGGCCCTGGACAGCGCCCTGCGCCTGCGGAAGTT
CTTTGATCTGCTGTCCGGCACAGGCGCAGAGATCAGGAGAGACAGCTCCT
TCTATGCCCTGTATACCGACCGGATGGATAAGCTGAAGGGCCTGCTGAAG

133



WO 2016/115179 PCT/US2016/013113

ATGTATGATAAGGTGAGAAACTACCTGACCAAGAAGCCTTATTCCATCGA
GAAGTTCAAGCTGCACTTTGACAACCCATCCCTGCTGTCTGGCTGGGATAA
GAATAAGGAGCTGAACAATCTGTCTGTGATCTTCCGGCAGAACGGCTACT
ATTACCTGGGCATCATGACACCCAAGGGCAAGAATCTGTTCAAGACCCTG
CCTAAGCTGGGCGCCGAGGAGATGTTTTATGAGAAGATGGAGTACAAGCA
GATCGCCGAGCCTATGCTGATGCTGCCAAAGGTGTTCTTTCCCAAGAAAA
CCAAGCCAGCCTTCGCCCCAGACCAGAGCGTGGTGGATATCTACAACAAG
AAAACCTTCAAGACAGGCCAGAAGGGCTTTAATAAGAAGGACCTGTACCG
GCTGATCGACTTCTACAAGGAGGCCCTGACAGTGCACGAGTGGAAGCTGT
TTAACTTCTCCTTTTCTCCAACCGAGCAGTATCGGAATATCGGCGAGTTCT
TTGACGAGGTGAGAGAGCAGGCCTACAAGGTGTCCATGGTGAACGTGCCC
GCCTCTTATATCGACGAGGCCGTGGAGAACGGCAAGCTGTATCTGTTCCA
GATCTACAATAAGGACTTCAGCCCCTACTCCAAGGGCATCCCTAACCTGC
ACACACTGTATTGGAAGGCCCTGTTCAGCGAGCAGAATCAGAGCCGGGTG
TATAAGCTGTGCGGAGGAGGAGAGCTGTTTTATAGAAAGGCCAGCCTGCA
CATGCAGGACACCACAGTGCACCCCAAGGGCATCTCTATCCACAAGAAGA
ACCTGAATAAGAAGGGCGAGACAAGCCTGTTCAACTACGACCTGGTGAAG
GATAAGAGGTTTACCGAGGACAAGTTCTTTTTCCACGTGCCTATCTCTATC
AACTACAAGAATAAGAAGATCACCAACGTGAATCAGATGGTGCGCGATTA
TATCGCCCAGAACGACGATCTGCAGATCATCGGCATCGACCGCGGCGAGC
GGAATCTGCTGTATATCAGCCGGATCGATACAAGGGGCAACCTGCTGGAG
CAGTTCAGCCTGAATGTGATCGAGTCCGACAAGGGCGATCTGAGAACCGA
CTATCAGAAGATCCTGGGCGATCGCGAGCAGGAGCGGCTGAGGCGCCGG
CAGGAGTGGAAGTCTATCGAGAGCATCAAGGACCTGAAGGATGGCTACAT
GAGCCAGGTGGTGCACAAGATCTGTAACATGGTGGTGGAGCACAAGGCC
ATCGTGGTGCTGGAGAACCTGAATCTGAGCTTCATGAAGGGCAGGAAGAA
GGTGGAGAAGTCCGTGTACGAGAAGTTTGAGCGCATGCTGGTGGACAAGC
TGAACTATCTGGTGGTGGATAAGAAGAACCTGTCCAATGAGCCAGGAGGC
CTGTATGCAGCATACCAGCTGACCAATCCACTGTTCTCTTTTGAGGAGCTG
CACAGATACCCCCAGAGCGGCATCCTGTTTTTCGTGGACCCATGGAACAC
CTCTCTGACAGATCCCAGCACAGGCTTCGTGAATCTGCTGGGCAGAATCA
ACTACACCAATGTGGGCGACGCCCGCAAGTTTTTCGATCGGTTTAACGCC
ATCAGATATGACGGCAAGGGCAATATCCTGTTCGACCTGGATCTGTCCAG
ATTTGATGTGAGGGTGGAGACACAGAGGAAGCTGTGGACACTGACCACAT
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TCGGCTCTCGCATCGCCAAATCCAAGAAGTCTGGCAAGTGGATGGTGGAG
CGGATCGAGAACCTGAGCCTGTGCTTTCTGGAGCTGTTCGAGCAGTTTAAT
ATCGGCTACAGAGTGGAGAAGGACCTGAAGAAGGCCATCCTGAGCCAGG
ATAGGAAGGAGTTCTATGTGCGCCTGATCTACCTGTTTAACCTGATGATGC
AGATCCGGAACAGCGACGGCGAGGAGGATTATATCCTGTCTCCCGCCCTG
AACGAGAAGAATCTGCAGTTCGACAGCAGGCTGATCGAGGCCAAGGATCT
GCCTGTGGACGCAGATGCAAACGGAGCATACAATGTGGCCCGCAAGGGC
CTGATGGTGGTGCAGAGAATCAAGAGGGGCGACCACGAGTCCATCCACA
GGATCGGAAGGGCACAGTGGCTGAGATATGTGCAGGAGGGCATCGTGGA
GAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAA
GGGATCCTACCCATACGATGTTCCAGATTACGCTTATCCCTACGACGTGCC
TGATTATGCATACCCATATGATGTCCCCGACTATGCCTAA (SEQ ID NO: 44)

[00193] Some of the non-limiting sequences shown above include a
sequence such as a nuclear localization signal and/or a tag sequence (such as a HA
tags). In various embodiments, a different nuclear localization signal may be present.
In some embodiments, no nuclear localization signal is used. In certain embodiments
no tag (e.g., no HA tag) is used.

[00194] In various embodiments relating to a protein (such as a protein
within a gene-editing complex) the protein may include a nuclear localization signal.
For example, the protein (e.g., a Cas protein) may comprise a nuclear localization
signal (NLS). Such signals are known in the art, and non-limiting examples are
described in Kalderon et al., (1984) Cell 39 (3 Pt 2): 499-509; Makkerh et al., (1996)
Curr Biol. 6 (8): 1025-7; and Dingwall et al., (1991) Trends in Biochemical Sciences
16 (12): 478-81, the contents of each of which are hereby incorporated herein by
reference. Specific non-limiting examples of nuclear localization signals include
GGSGPPKKKRKYV (SEQ ID NO: 5), KRPAATKKAGQAKKKK (SEQ ID NO: 12),
PKKKRKYV (SEQ ID NO: 45), KRIPAATKKAGQA]JKKKK (SEQ ID NO: 46),
KRIXXXXXXXXXX]KKKK (SEQ ID NO: 47), KKXK (SEQ ID NO: 48), KRXK
(SEQ ID NO: 49), KKXR (SEQ ID NO: 50), KRXR (SEQ ID NO: 51),
AVKRPAATKKAGQAKKKKLD (SEQ ID NO: 52),
MSRRRKANPTKLSENAKKLAKEVEN (SEQ ID NO: 53), PAAKRVKLD (SEQ
ID NO: 54), and KLKIKRPVK (SEQ ID NO: 55).
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General Definitions and General Techniques

[00195]  Unless specifically defined otherwise, all technical and scientific
terms used herein shall be taken to have the same meaning as commonly understood
by one of ordinary skill in the art (e.g., in cell culture, molecular genetics, and
biochemistry).

[00196] As used herein, the term “about” in the context of a numerical
value or range means +10% of the numerical value or range recited or claimed, unless
the context requires a more limited range.

[00197] In the descriptions above and in the claims, phrases such as “at
least one of” or “one or more of”’ may occur followed by a conjunctive list of
elements or features. The term “and/or” may also occur in a list of two or more
elements or features. Unless otherwise implicitly or explicitly contradicted by the
context in which it is used, such a phrase is intended to mean any of the listed
elements or features individually or any of the recited elements or features in
combination with any of the other recited elements or features. For example, the
phrases “at least one of A and B;” “one or more of A and B;” and “A and/or B” are
each intended to mean “A alone, B alone, or A and B together.” A similar
interpretation is also intended for lists including three or more items. For example,
the phrases “at least one of A, B, and C;” “one or more of A, B, and C;” and “A, B,
and/or C” are each intended to mean “A alone, B alone, C alone, A and B together, A
and C together, B and C together, or A and B and C together.” In addition, use of the
term “based on,” above and in the claims is intended to mean, “based at least in part
on,” such that an unrecited feature or element is also permissible.

[00198] The terms “plasma membrane” and “cell membrane” are used
interchangeably herein, and refer to the semipermeable membrane that separates the
interior of a cell from the environment outside the cell.

[00199] As used herein, an “expression vector” is a DNA or RNA vector
that is capable of effecting expression of one or more polynucleotides. Preferably, the
expression vector is also capable of replicating within the host cell. Expression
vectors can be either prokaryotic or eukaryotic, and are typically plasmids. Expression
vectors of the present invention include any vectors that function (i.e., direct gene
expression) in host cells of the present invention, including in one of the prokaryotic
or eukaryotic cells described herein, e.g., protozoan, algal, fungi, yeast, plant, animal,
vertebrate, invertebrate, arthropod, mammalian, rodent, primate, or human cells.

136



WO 2016/115179 PCT/US2016/013113

Expression vectors of the present invention contain regulatory sequences such as
transcription control sequences, translation control sequences, origins of replication,
and other regulatory sequences that are compatible with the host cell and that control
the expression of a polynucleotide. In particular, expression vectors of the present
invention include transcription control sequences. Transcription control sequences are
sequences which control the initiation, elongation, and termination of transcription.
Particularly important transcription control sequences are those which control
transcription initiation such as promoter, enhancer, operator and repressor sequences.
Suitable transcription control sequences include any transcription control sequence
that can function in at least one of the cells of the present invention. A variety of such
transcription control sequences are known to those skilled in the art. In preferred
embodiments, the methods do not comprise the use of viral vectors such as
adenoviruses to deliver nucleic acid molecules or constructs.

[00200] It is understood that where a parameter range is provided, all
integers within that range, and tenths thereof, are also provided by the invention. For
example, “0.2-5 mg” is a disclosure of 0.2 mg, 0.3 mg, 0.4 mg, 0.5 mg, 0.6 mg etc. up
to 5.0 mg.

[00201] Unless otherwise implicitly or explicitly contradicted by the

99 ¢e

context in which it is used, references to cell “squeeze” “squeezing” “deformation”
and the like refer to a process used to deliver macromolecules directly into the cytosol
of cells with minimal cytotoxicity. The principle underlying this approach is
temporary membrane disruption by rapid mechanical deformation, or squeezing, of
the target cell, which permits the uptake by diffusion of macromolecules in the fluid
medium and is followed by cell membrane repair (see, e.g., U.S. Patent Application
Publication No. 2014/0287509, published September 25, 2014; PCT International
Patent Application No. PCT/US2015/058489, filed October 30, 2015; and PCT
International Patent Application No. PC'T/2015/060689, filed November 13, 2015, the
entire contents of each of which are incorporated herein by reference).

[00202]  As used herein, “gRNA” refers to a CRISPR-Cas system guide
RNA.

[00203]  As used herein the term “protein complex” refers to a composite
unit arising from the specific binding of a protein with a binding partner, wherein said
binding partner can be one or more proteins, one or more nucleic acids, or a

combination of one or more proteins and one or more nucleic acids, and the like, to
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form said protein complex. Protein complexes may be protein-protein complexes,
protein-nucleic acid complexes, and the like. In certain embodiments, a protein
complex may comprise protein-protein interactions, e.g. interactions between
different proteins, or dimers, trimers, tetramers or higher oligomers of the same
protein. Interactions between subunits of protein complexes (e.g., in protein-protein
complexes or protein-nucleic acid complexes that comprise more than one protein) or
between proteins and nucleic acids (e.g., in protein-nucleic acid complexes) are
usually non-binding interactions, such as those interactions caused by hydrogen
bridges, pi electron systems such as (optionally conjugated) C--C double bonds or
aromatic rings, e.g. phenyl, and heteroaromatic rings, e.g. pyrrole, imidazole, indole,
pyrimidine or purine rings, and interactions between metal atoms and oxygen,
nitrogen or sulfur atoms, but may also be weak, and in particular reversible, covalent
binding interactions, e.g. sulfur-sulfur bridges.

[00204] A “protein-protein complex” means a composite unit that is a
combination of two or more proteins formed by interaction between the proteins.
Typically but not necessarily, a “protein complex™ is formed by the binding of two or
more proteins together through specific non-covalent binding affinities. However,
covalent bonds may also be present between the interacting partners. For instance, the
two interacting partners can be covalently crosslinked so that the protein complex
becomes more stable.

[00205]  Similarly, a “protein-nucleic acid complex” means a composite
unit that is a combination of at least one protein and at least one nucleic acid formed
by interactions that include an interaction between a protein and a nucleic acid.
Typically but not necessarily, a “protein-nucleic acid complex” is formed by the
binding of a protein and a nucleic acid through non-covalent binding affinities.

[00206] In various embodiments, a gene-editing complex is a protein-
nucleic acid complex, such as a RNP. A non-limiting example of an RNP is a
CRISPR-Cas RNP comprising a Cas protein and a gRNA.

[00207] Methods and devices described herein deliver an intact and
functional gene-editing complex into cells. The components of the gene-editing
complex do not disassociate during delivery and remain functional after delivery into
the cell.

[00208] Various assays are available to determine whether an intact and
functional gene-editing complex has been delivered to a cell. For example, the
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detection of gene editing by the gene-editing complex may be used to indicate that an
intact and functional gene-editing complex was delivered into a cell. Alternatively or
in addition, cells to which the gene-editing complex has been delivered may be lysed
using non-denaturing conditions (such as a non-denaturing buffer or a French press),
and the lysate may be analyzed using a non-denaturing gel to determine whether the
gene-editing complex was intact within the cells. Alternatively or in addition, the cells
may be lysed using non-denaturing conditions and then immunoprecipitation may be
used to isolate the gene-editing complex from the lysate (i.e., to verify that one
component of the complex can be co-isolated with another using
immunoprecipitation). The isolated gene-editing complex can be assayed before or
after delivery to a cell using a non-denaturing gel or a denaturing assay (such as
sodium dodecyl sulfate polyacrylamide gel electrophoresis) to determine whether the
gene-editing complex was present in a pre-delivery/pre-cell squeeze buffer as well as
whether the complex is present after microfluidic/squeeze processing and found intact
and/or functional in the treated cells. In some embodiments relating to CRISPR-Cas9
RNPs, a band on a non-denaturing gel of about 145, 150, 155, or 145-160 kDa may
indicate that the RNP was delivered as a complete and functional gene-editing
complex into the cell.

[00209] As used herein, device dimensions are denoted by a series of
numbers indicating length, width, and optionally number of constrictions (e.g., 30um-
6mx5 denotes a device with a 30pm length, 6um width, and 5 constrictions).

Exemplary Embodiments

[00210]  Aspects of the present subject matter provide a method for
delivering a protein and a nucleic acid into a cell, the method comprising: providing a
cell in a solution; passing the solution through a microfluidic channel that includes a
cell-deforming constriction; passing the cell through the constriction such that a
pressure is applied to the cell causing perturbations of the cell large enough for the
protein and the nucleic acid to pass through; and contacting the cell with the protein
and the nucleic acid before, during, and/or after the cell passes through the
constriction.

[00211] In some embodiments, said solution comprises the protein and the

nucleic acid before, during, and/or after the cell passes through the constriction.
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[00212] In some embodiments, the protein and the nucleic acid form a
protein-nucleic acid complex.

[00213] In some embodiments, the protein and the nucleic acid are the
components of the protein-nucleic acid complex but are not complexed when
delivered to the cell.

[00214] In some embodiments, the protein and the nucleic acid form a
protein-nucleic acid complex after delivery into the cell.

[00215] In some embodiments, the protein and the nucleic acid form a
protein-nucleic acid complex before delivery into the cell.

[00216] In some embodiments, the protein and the nucleic acid comprise
gene editing components.

[00217] In some embodiments, said protein-nucleic acid complex
comprises a ribonucleoprotein (RNP).

[00218] In some embodiments, (a) the protein is a Cas protein or a Cpf1
protein; and (b) the nucleic acid is a single guide RNA (sgRNA) or a CRISPR RNA
(crRNA) and a trans-activating crRNA (tracrRNA).

[00219] In some embodiments, the complex is a RNP comprising a Cas
protein or a Cpf1 protein and a sgRNA, wherein the Cas protein or the Cpf1 protein
and the sgRNA were complexed using about a 0.5, 2.0, 2.5, or 3.0 molar excess of the
Cas protein or Cpf1 protein.

[00220] In some embodiments, the Cas protein comprises a Cas9 protein.

[00221] In some embodiments, said protein-nucleic acid complex
comprises a first RNP and a second RNP.

[00222] In some embodiments, the first RNP and the second RNP are both
nickases.

[00223] In some embodiments, the first RNP nicks a target sequence
different from the target sequence of the second RNP.

[00224]  In some embodiments, said protein-nucleic acid complex
comprises a TALEN protein, Zinc finger nuclease, mega nuclease, or Cre
recombinase.

[00225] In some embodiments, the nucleic acid comprises an mRNA
encoding a TALEN protein, a Zinc finger nuclease, a mega nuclease, or a Cre

recombinase
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[00226] In some embodiments, said protein-nucleic acid complex
comprises (a) a nucleic acid molecule that is complexed with a protein via
electrostatic attraction; (b) a nucleic acid molecule wrapped around a protein; (c)
DNA and a histone; (d) a ribonucleoprotein (RNP); (e) a ribosome, an enzyme
telomerase, a vault ribonucleoprotein, RNase P, hnRNP, or a small nuclear RNP
(snRNP); or (f) a chromosome comprising a protein.

[00227] In some embodiments, the solution further comprises donor DNA.

[00228] In some embodiments, the solution further comprises donor DNA
before, during, and/or after the cell passes through the constriction.

[00229] In some embodiments, said cell comprises a mammalian cell.

[00230] In some embodiments, said cell comprises a human cell.

[00231] In some embodiments, the diameter of the constriction is selected
to induce temporary perturbations of the cell membrane large enough for the protein
and the nucleic acid to pass through.

[00232] In some embodiments, a diameter of the constriction is about 20-
99% of the diameter of the cell.

[00233] In some embodiments, a diameter of the constriction is about 60%
of the diameter of the cell.

[00234] In some embodiments, the microfluidic channel is one of a
plurality of parallel microfluidic channels in the microfluidic system.

[00235] In some embodiments, the plurality of parallel microfluidic
channels comprises at least about 2, 5, 10, 20, 25, 30, 40, 45, 50, 75, 100, 500, 1,000,
or 2-1,000 microfluidic channels.

[00236] In some embodiments, the cell is a plurality of cells, and each cell
is passed through one of a plurality of parallel microfluidic channels, and wherein
each microfluidic channel of the plurality of parallel microfluidic channels includes a
cell-deforming constriction.

[00237] In some embodiments, (a) the diameter of the constriction is about
2,3,4,5,6,7,8,9, 10, 15, 20, 2-10pum, or 10-20pm; (b) the length of the constriction
is about 10, 15, 20, 24, 30, 40, 50, 60, 70, 80, 90, 100, 10-40, 10-50, 10-60, or 10-
100pm; (c) a pressure of about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or 10-100 psi is
used to pass the solution through the microfluidic channel; (d) the cell passes through
the microfluidic channel at a speed of about 300, 400, 500, 600, 700, 800, 900, 100-
300, 200-700, 250-400, 100-1000mm/s, 1-1000mm/s, 1m/s, 2m/s, 3m/s, 4m/s, Sm/s,
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6m/s, 7m/s, 8m/s, 9m/s, 10m/s, 0.01-5m/s, 5-10m/s, or 0.01-10m/s; (e) said
microfluidic channel comprises multiple cell-deforming constrictions in series; (f)
said microfluidic channel comprises a single cell-deforming constriction; (g) the
perturbations of the cell membrane include a maximum diameter of about 1-20, 1-
600, 4,5,6,7,8,9, 10, 12, 14, 16, 18, 20, 25, 50, 75, 100, 150, 200, 250, 300, 350,
400, 450, 500, or 600 nm; and/or (h) perturbations of the cell membrane having a
maximum diameter of about 1-20, 1-600, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 25, 50,
75, 100, 150, 200, 250, 300, 350, 400, 450, 500, or 600 nm persist on the cell
membrane for at least about 1, 2, 3,4, 5,6,7, 8,9, 10, or 1-10 minutes.

[00238] In some embodiments, (a) the expression of a target gene in the cell
is reduced by at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 75, 80, 85, 90,
95, or 99% or more; or (b) the cell is a plurality of cells and the expression of a target
gene in the plurality of cells is reduced by at least about 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 75, 80, 85, 90, 95, or 99% or more, after the protein and the nucleic
acid are delivered to the cell.

[00239] In some embodiments, (a) the expression of a target gene in the cell
is reduced by at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 75, 80, 85, 90,
95, or 99% or more; or (b) the cell is a plurality of cells and the expression of a target
gene in the plurality of cells is reduced by at least about 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 75, 80, 85, 90, 95, or 99% or more, about 1, 2, 5, 12, 24, 1-12, 6-12, 6-
18, 12-24, or 1-24 hours after the protein and the nucleic acid are delivered to the cell.

[00240] In some embodiments, (a) the expression of a target gene in the cell
is increased by at least about 5, 10, 25, 50, 75, 100, 250, 500% or more; or (b) the cell
is a plurality of cells and the expression of a target gene in the plurality of cells is
increased by at least about 5, 10, 25, 50, 75, 100, 250, 500% or more, after the
protein and the nucleic acid are delivered to the cell.

[00241] In some embodiments, (a) the expression of a target gene in the cell
is increased by at least about 5, 10, 25, 50, 75, 100, 250, 500% or more; or (b) the cell
is a plurality of cells and the expression of a target gene in the plurality of cells is
increased by at least about 5, 10, 25, 50, 75, 100, 250, 500% or more, about 1, 2, 5,
12,24, 1-12, 6-12, 6-18, 12-24, or 1-24 hours after the protein and the nucleic acid are
delivered to the cell.

[00242]  Aspects of the present subject matter provide a device for
delivering a protein-nucleic acid complex to a cell, comprising at least one
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microfluidic channel, wherein said channel comprises a constriction length of about
30 pm and a constriction width of about 4 pm.

[00243] Examples are provided below to facilitate a more complete
understanding of the invention. The following examples illustrate the exemplary
modes of making and practicing the invention. However, the scope of the invention is
not limited to specific embodiments disclosed in these Examples, which are for
purposes of illustration only, since alternative methods can be utilized to obtain
similar results.

Example 1: Editing of the B2M locus in primary human T cells using

CellSqueeze (50Q7) to deliver CRISPR/Cas9 gene editing complex

[00244] A series of experiments have been undertaken in unstimulated
human T cells to demonstrate the ability of the SQZ platform to deliver Cas9
ribonucleoproteins (RNPs; recombinant Cas9 protein complexed with a single-guide
RNA) and accomplish efficient genome editing of a model locus, the [,
microglobulin component of MHC class 1 (B2M).

Delivery of Cas9 RNP to Unstimulated Human T cells

[00245] Fresh PBMCs were isolated from human blood using a standard

Ficoll gradient. Next, T cells were negatively selected (Human T cell enrichment kit
(StemCell Technologies)) counted, washed and resuspended at 10-20 x10° cells/mL in
OptiMEM for delivery. Ten Llg of recombinant CAS9 (PNA Bio) was pre-complexed
with a 2.5 molar excess of unmodified gRNA (PNA Bio) designed to specifically
target the B2M locus. Recombinant CAS9 is reconstituted to a solution with a final
concentration of 20mM Hepes, 150mM KCl, 1% sucrose. gRNA is added directly to
the CAS9 solution and incubated on ice for 20 minutes to form the complex. The
complex is added directly to resuspended cells. RNP complexes were incubated on ice
20 minutes prior to SQZ-mediated delivery. The RNP (2.2uM) was co-delivered with
a 3kD-Cascade Blue Dextran (0.15mg/mL) used as a proxy for delivery efficiency.
Two different chips, 10-4 and 30-4 were used to deliver the complex at a pressures of
60 and 90 psi. The chips have constrictions of the same width (4 microns) but have
two different constriction lengths (30 vs. 10 microns).

[00246] At 48 hours post-delivery, a FACS based readout was used to
determine B2M protein levels. Reduced B2M expression was used as a measure of

functional editing. Two controls were used; 1) T cells incubated with the RNP
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complex at room temperature for the same time as the delivery process using the Cell
Squeeze process (endocytosis control; “endo control™), and 2) T cells squeezed with
Cas9 protein but no gRNA. Plots of B2M expression vs. delivered dextran are shown
(FIG. 4) for the four different cell populations. B2M expression on the Cas9 control
was not significantly different than the endocytosis control. The delivery of the RNP
using the 30-4 chip at 90 psi resulted in a 54.4% reduction in B2M expression as
compared to the endo control whereas the 10-4 chip at 90 psi resulted in a 25.2%
reduction in B2M expression. The longer constriction chip resulted in more delivery
of the RNP complex and a larger reduction in B2M expression.

[00247] Dextran delivery was used to define low, mid and high delivered
populations. The differences in efficiency of B2M knockdown for these specific
populations was then determined using the mean fluorescence intensity (MFI) of B2M
staining. For the 10-4 chip, the MFI of the highly delivered population was 18,637
versus 71,173 for the mid delivered populations and 83,676 for the low or non-
delivered populations. This nearly 5-fold intensity drop in B2M staining for the high
delivered populations demonstrates the degree to which delivery influences RNP
activity. Similarly, for the 30-4 chip, the MFI of the highly delivered population was
16,460 versus 44,207 for the mid delivered populations and 54,159 for the low
delivered population. These data demonstrated the importance that the cell squeezing
delivery system of gene editing complexes to the cytosol of a cell has on editing
efficiency, even within a single population.

[00248] To confirm the FACS readout, a second, sequence based analysis,
was also employed in which DNA was extracted and amplified using primers flanking
the target region thereby generating an amplicon of the edited region for Next
Generation Sequencing (NGS). Sequencing results were analyzed using a simple
algorithm designed to detect CRISPR variants from NGS reads. As expected, the
sequence-based readout showed higher editing efficiencies. Indeed, some of the indels
identified in sequencing still resulted in a functional, full length protein (i.e. single

base substitutions that did not change the resultant amino acid).
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Table: Comparison of FACS- and Sequence-based readouts from 10-4 editing

experiment.

Endo Cas9 RNP
FACS 0.3 8.15 20.4
Sequencing 3.87 3.04 27.18

[00249] These data demonstrated successful editing ability of the RNP
complex when delivered by the Cell Squeeze platform.

Effect of RNP complex amount on editing efficiency

[00250] RNP complex was delivered to unstimulated human T cells using
the 30-4 chip and at two different RNP amounts: 1) the standard 1X RNP complex
(10ug Cas9, 2.5 molar excess of gRNA) and, 2) 0.1X the standard RNP complex
amount. At 48 hours post-delivery, a FACS based readout was used to determine
B2M protein levels. Reduced B2M expression was used as a measure of functional
editing. Plots of B2M expression vs. delivered dextran are shown below for the four
different cell populations. Two controls were used; 1) T cells incubated in 1X RNP
complex at room temperature for the same time as the delivery process using the Cell
Squeeze process (endocytosis control), and 2) T cells squeezed with Cas9 protein but
no gRNA (FIG. 5).

[00251] B2M expression on the Cas9 control (Cas9 protein with no gRNA)
is not significantly different than the endocytosis control. The lower amount of the
RNP complex (0.1XRNP) resulted in a 20.7% reduction of B2M positive cells as
compared to the 55.4% reduction in B2M positive cells at the higher amount of RNP
complex (1X RNP complex (10ug CAS9, 2.5 molar excess of gRNA)). This
experiment demonstrates a dose-dependent response directly related to the delivery of

the RNP.

OTHER EMBODIMENTS
[00252]  Cited references are incorporated herein by reference. To the
extent that any of the incorporated material is inconsistent with the present disclosure,
the present disclosure shall control. Furthermore, to the extent necessary, material
incorporated by reference herein should be disregarded if necessary to preserve the

validity of the claims.
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[00253] Further, while the description above refers to the invention, the
description may include more than one invention.

[00254] The subject matter described herein can be embodied in systems,
apparatus, methods, and/or articles depending on the desired configuration. The
implementations set forth in the foregoing description do not represent all
implementations consistent with the subject matter described herein. Instead, they are
merely some examples consistent with aspects related to the described subject matter.
Although a few variations have been described in detail above, other modifications or
additions are possible. In particular, further features and/or variations can be provided
in addition to those set forth herein. For example, the implementations described
above can be directed to various combinations and subcombinations of the disclosed
features and/or combinations and subcombinations of several further features
disclosed above. In addition, the logic flows depicted in the accompanying figures
and/or described herein do not necessarily require the particular order shown, or
sequential order, to achieve desirable results. Other implementations may be within

the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method for delivering a protein and a nucleic acid into a cell, the method
comprising:

providing a cell in a solution;

passing the solution through a microfluidic channel that includes a cell-
deforming constriction;

passing the cell through the constriction such that a pressure is applied to
the cell causing perturbations of the cell large enough for the protein and the nucleic acid
to pass through; and

contacting the cell with the protein and the nucleic acid before, during,

and/or after the cell passes through the constriction.

2. The method of claim 1, wherein said solution comprises the protein and the

nucleic acid before, during, and/or after the cell passes through the constriction.

3. The method of claim 1 or 2, wherein the protein and the nucleic acid form a

protein-nucleic acid complex.
4. The method of any one of claims 1-3, wherein the protein and the nucleic acid are
the components of the protein-nucleic acid complex but are not complexed when

delivered to the cell.

5. The method of claim 4, wherein the protein and the nucleic acid form a protein-

nucleic acid complex after delivery into the cell.

6. The method of any one of claims 1-4, wherein the protein and the nucleic acid

form a protein-nucleic acid complex before delivery into the cell.

7. The method of any one of claims 1-6, wherein the protein and the nucleic acid

comprise gene editing components.
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8. The method of any one of claims 3-7, wherein said protein-nucleic acid complex

comprises a ribonucleoprotein (RNP).

9. The method of claim 7, wherein
(a) the protein is a Cas protein or a Cpf1 protein; and
(b) the nucleic acid is a single guide RNA (sgRNA) or a CRISPR RNA
(crRNA) and a trans-activating crRNA (tractrRNA).

10. The method of claim 9, wherein the complex is a RNP comprising a Cas protein
or a Cpf1 protein and a sgRNA, wherein the Cas protein or the Cpf1 protein and the
sgRNA were complexed using about a 0.5, 2.0, 2.5, or 3.0 molar excess of the Cas

protein or Cpf1 protein.

11. The method of claim 9, wherein the Cas protein comprises a Cas9 protein.

12. The method of any one of claims 3-11, wherein said protein-nucleic acid complex

comprises a first RNP and a second RNP.

13. The method of claim 11, wherein the first RNP and the second RNP are both

nickases.

14. The method of claim 13, wherein the first RNP nicks a target sequence different

from the target sequence of the second RNP.

15. The method of any one of claims 3-8, wherein said protein-nucleic acid complex

comprises a TALEN protein, Zinc finger nuclease, mega nuclease, or Cre recombinase.

16. The method of claim 1, wherein the nucleic acid comprises an mRNA encoding a

TALEN protein, a Zinc finger nuclease, a mega nuclease, or a Cre recombinase
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17. The method of any one of claims 3-8, wherein said protein-nucleic acid complex
comprises

(a) a nucleic acid molecule that is complexed with a protein via electrostatic
attraction;

(b) a nucleic acid molecule wrapped around a protein;

(©) DNA and a histone;

(d) a ribonucleoprotein (RNP);

(e) a ribosome, an enzyme telomerase, a vault ribonucleoprotein, RNase P,

hnRNP, or a small nuclear RNP (snRNP); or

) a chromosome comprising a protein.
18. The method of any one of claims 1-17, wherein the solution further comprises
donor DNA.
19. The method of claim 18, wherein the solution further comprises donor DNA

before, during, and/or after the cell passes through the constriction.

20. The method of any one of claims 1-19, wherein said cell comprises a mammalian
cell.

21. The method of any one of claims 1-20, wherein said cell comprises a human cell.
22. The method of any one of claims 1-21, wherein the diameter of the constriction is

selected to induce temporary perturbations of the cell membrane large enough for the

protein and the nucleic acid to pass through.

23. The method of any one of claims 1-22, wherein a diameter of the constriction is

about 20-99% of the diameter of the cell.

24. The method of any one of claims 1-23, wherein a diameter of the constriction is

about 60% of the diameter of the cell.
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25. The method of any one of claims 1-24, wherein the microfluidic channel is one of

a plurality of parallel microfluidic channels in the microfluidic system.

26. The method of claim 25, wherein the plurality of parallel microfluidic channels
comprises at least about 2, 5, 10, 20, 25, 30, 40, 45, 50, 75, 100, 500, 1,000, or 2-1,000

microfluidic channels.

27. The method of any one of claims 1-26, wherein the cell is a plurality of cells, and
each cell is passed through one of a plurality of parallel microfluidic channels, and
wherein each microfluidic channel of the plurality of parallel microfluidic channels

includes a cell-deforming constriction.

28. The method of any one of claims 1-27, wherein

(a) the diameter of the constriction is about 2, 3,4, 5,6, 7, 8, 9, 10, 15, 20, 2-
10um, or 10-20um,;

(b) the length of the constriction is about 10, 15, 20, 24, 30, 40, 50, 60, 70, 80,
90, 100, 10-40, 10-50, 10-60, or 10-100um;

(©) a pressure of about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or 10-100 psi is
used to pass the solution through the microfluidic channel,

(d) the cell passes through the microfluidic channel at a speed of about 300,
400, 500, 600, 700, 800, 900, 100-300, 200-700, 250-400, 100-1000mm/s, 1-1000mm/s,
1m/s, 2m/s, 3m/s, 4m/s, Sm/s, 6m/s, 7m/s, 8m/s, 9m/s, 10m/s, 0.01-5m/s, 5-10m/s, or
0.01-10m/s;

(e) said microfluidic channel comprises multiple cell-deforming constrictions
in series;
(H) said microfluidic channel comprises a single cell-deforming constriction;

(2) the perturbations of the cell membrane include a maximum diameter of
about 1-20, 1-600, 4, 5, 6,7, 8,9, 10, 12, 14, 16, 18, 20, 25, 50, 75, 100, 150, 200, 250,
300, 350, 400, 450, 500, or 600 nm; and/or
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(h) perturbations of the cell membrane having a maximum diameter of about

1-20, 1-600, 4, 5, 6,7, 8,9, 10, 12, 14, 16, 18, 20, 25, 50, 75, 100, 150, 200, 250, 300,
350, 400, 450, 500, or 600 nm persist on the cell membrane for at least about 1, 2, 3, 4, 5,
6,7,8,9, 10, or 1-10 minutes.

29.

30.

The method of any one of claims 7-11, wherein

(a) the expression of a target gene in the cell is reduced by at least about 5, 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 75, 80, 85, 90, 95, or 99% or more; or

(b) the cell is a plurality of cells and the expression of a target gene in the
plurality of cells is reduced by at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 75, 80, 85, 90, 95, or 99% or more,

after the protein and the nucleic acid are delivered to the cell.

The method of claim 29, wherein

(a) the expression of a target gene in the cell is reduced by at least about 5, 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 75, 80, 85, 90, 95, or 99% or more; or

(b) the cell is a plurality of cells and the expression of a target gene in the
plurality of cells is reduced by at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 75, 80, 85, 90, 95, or 99% or more,

about 1, 2, 5, 12, 24, 1-12, 6-12, 6-18, 12-24, or 1-24 hours after the protein and

the nucleic acid are delivered to the cell.

31.

32.

The method of any one of claims 7-11, wherein

(a) the expression of a target gene in the cell is increased by at least about 5,
10, 25, 50, 75, 100, 250, 500% or more; or

(b) the cell is a plurality of cells and the expression of a target gene in the
plurality of cells is increased by at least about 5, 10, 25, 50, 75, 100, 250, 500%
or more,

after the protein and the nucleic acid are delivered to the cell.

The method of claim 31, wherein
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(a) the expression of a target gene in the cell is increased by at least about 5,
10, 25, 50, 75, 100, 250, 500% or more; or

(b) the cell is a plurality of cells and the expression of a target gene in the
plurality of cells is increased by at least about 5, 10, 25, 50, 75, 100, 250, 500%
or more,

about 1, 2, 5, 12, 24, 1-12, 6-12, 6-18, 12-24, or 1-24 hours after the protein and

the nucleic acid are delivered to the cell.
33. A device for delivering a protein-nucleic acid complex to a cell, comprising at

least one microfluidic channel, wherein said channel comprises a constriction length of

about 30 ym and a constriction width of about 4 pm.
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AGGUTCAAGCAATCCTCTCACCTCAGCCTCCCGAGTAG -GGACTACAGGCGCECECCA

CCACGCCCGECTAATTTTTGTATTTTTTGTACAGATGGGATTTCACTATTTTGCCCGEGT
TGETTCCCAACTCCTGGACTCARGCGATTCLCCCGCCTCAGLCTCCCARAGGGAAGTGCT
GGGATTTCAGGCGTGTGCCACCGCTCCCACCCCAAAGTAGTATTTATTGTAATTATTATT
ATTATTTTGAGACGGAGTCTCGCTCTATTGCCAGGCTGGAGTGCAGTGGCGCGATCTCGG
CTCAATGCAACCTCTGCCTCCCGGETTCAAGCEATTCTCCTGUTTCAGACTCCCAAGCAG
CTGGGACTRACAGGCGCCCCCCACCACGCCAGGUTAATTCTTGARTTTTTAGTGGAGACGG
GGTTTCACCATGTTGECCAGGATGET CTCGATCTCTTGACCTCGTGATCCGCCCACCTCG

St TS T Ty T T T it T T o 14 e 74 75 8 Ty 458 74 T OCEO R COOT AT A M N
GCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACCGLGCCCAGCCTATTATTATTTTT

TTAGGCAGTGTCTTGCCCTGTICCUTCAGGGTGTAGTGCAGTGGCGTGATCACGACTCACT

e COTOTTEOTT r~~||—r1r—1|-»-|z-«f~r~<fa7«
= ( /\* "J SO AN E AL \/r“':r(

CTGGCCTCGAACTCC

TTGCCGCAGCCTCCCAAAGTGTTGLGATTACGGGCGTGAACC

FIG. 10

ORI D e MelelalauL g Rl lalelala GETTRAGCCCCE
GAGCCCCGAGEGGECCCGELGECEEEECTCEELECCEECCAICELCECHETTCEETTAGCCCCG

i leclcclscsonsccescccsilnscrcsilosecessscccilscc ccillecccces
TCCGGARGGEGEGECECCCCEECCEEECTTCEEECTCCCELCCOEGEETCEEEETT GEEGEEC(

GGTTCCCTCCTCETCCCCTCGCCCTCCAGGEGLELGEEECCGECCCCACCGCGCCCCCAC

lelalelilelele’euriele ~(r\r\-lr leruibinlelstiietelslielalelele sninlelalalalalnlalalalatat: Helaleleletetar il
CCCTCGHGTCCCCATTCATTTCCTECCTCCCCGAGTTCCGECTGCHGEAGCCCCEGEEGAT

GCCCGTCAGGLCCOGEECAGCTAGAGCCGCCEALGLARACCACLGGTGCCAGCGGCCAGET
TCAGCGCCGIATTCOTGACCCAT TGUCTCATGAGAATTGCCTCATGETGATTCCGAAATA
CCTGCTCACTTGGGGAGGCTCCTTGGEACACGAGAGGEGAGTTGCGLGGEGCEEEETC
CCCAGTGGTCTAGTCEGTTCTGGCTCACTGTGCCACTTTCGTGCATTTGGGGACTTCACGC

AGGACCCCTGACCCTTTTATATCCCTCTTITGTCGTCTTICTTTTCCTCCTACCCCTCACGTG
CCAGRAATGGARARACTGACTGTATCTGCAGCCACTAGAAGTATTTCCTTCCTCT GCGAT
CTTCGCTTTGGGAGATGGAANGGANGGGAGCCCGCATCTCGTTATTTAATCCTTCACTGCA

I Talitls itV /\n — N7 ’\Il'lr“\hl r\n alal AN r"lmm falay A Tal Y el S Tab Valalalalab
ACCTTRACAGTCAGGTCACTTT, GGTACCCGTT ATGGEATGAGGARACCGAGGCCCA
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GAAGCAACATGCTAGTAAATGACAAGATTTGAALAC T TAGGAGGAT TAGTGAGTTAATGAG

ﬁ>

AT O A A DT R ST A AT A CTE el Yarilninhiatalstink Valssinlalsfel le
ATCCTTTGAARAGGTCAGGGTAATACTACTACTAATAGCTAACATTTGCTTAGTTCTGACC

ACAGCCCTATCAGATGGCTACTATTAT CCCCATTGTAAAGATGAGTAARCCGAGT TTCAG
AGGTTARGTAAATTGCCTAACCTCACAGCTAGTAGGTGGTGGAGACAGAAT CCCTACTTT
TAATCACTATGTTGCTTCTATTATTTTGTAACTATTGCTAACCATTTGTAAGCCTTAATT

TTGTTGTCAARCAGTAGTGTGACCTGT TGTTTTCAGATAGTGATCCTGCTATTTITGTATA

GTCACTCTATATACCACTCACACTTAARGACCCATTGTCTATTCTTITITCCATGATTGETTCA

ATTATGGTCACTGTCTCAGACATTTAAAAAACCATTCAAGCTATTGAGGCTATTTGARTG

AGAT

,__

TTCTTTTCTTTTTTICITTTTT T T TTTGGAGACLGAGGCTCACTCTGTTGCCCAG

CTGGAGTGCAGTGGCGCAATCTCGGCTCACCACAAT CTCCGCCTCCTAGGTT CAAGTIGA

AL AT L UAL L AT\,

TTCTCCTGCCTCAGCCTCCCAAGTARCTAGEACTACAGGCGCACCACTATGCCCGECTAR

TTTTTGTATT T TAGTAGAGACRGGGTTTCACTATGTTGGCCAGGCTGGTCTCAARACTCC

TGACCTCGTGATCCGCCCGCCTTGGCCTCCCARAGTGCTGGAATTACAGGUGTGAGCCAC

et e slerYeeloule T
CGTACCCAGCCTGAATGAG

TATTAGGAA

TGTOTCCT
LAz

A AU L

AN AC T
AAC ‘G

GCATGTTATTCATACATGGATCTGGARTTTAARAAGGGGAGRAAARGARAACTGAGAACT

COTAGGARGT GAGTGACTTGGAC AGGTCCET TCECARGTGCTTACAGATCTGGGTAATAT
ATAACTGCATTTCAACAGAACAGTGTATAGLCTCARATGTTCTAATTC TTTAGGGAGCTT
TTAAATABACAGTTGTCTATTCT TTAATCTGTCARATAGTCATTGAGCCTTTTGT TCCTG

CTGTCTGCTCTTCCAGACAAGTRAAGGATCTECTGCTTTAGGAGACATCAGACGGEEETGE

GEGTTGEGAARAGETUTGGCTAGTAATAGACCCTACATTGTCCAGTTTGTTCATTTAGAA

GCATAGAAGTGTGGGCATAGTCARAGTAGCAACTGGTAAAGATGACAGTTTGARATGGAG

TAATTCCTTCTCCCCTCCAGCCCTGETATTATCCACCACCCAAARARGCCGGGTTATGAAC

ATAATACACATAATTTTGRAATGATTCATTATTTTI TGGATTATAAGCCTGTTTTATTTGT

TARTGAC

TS AT
'GTAATTARA

1 ]ﬂl‘l nmr

TN
REIOV-W

sTACAR
TTTGATCAGTTTTGACATACATATACACTTGGGAAACCACCACCATAGTCAAGAT AATGA
ACACATCTATCACCCCTGLTAATTTTGCCTTATGTTCTTTATAATCCTTCCTTTGTTCTT
AGGCAGCCACTATTCTGCTTICTGTCACT AT GTATTAGTTTGCATTTCCTAGAATTTTAT
TTTTAAARATTTTARAATTGTTTGAATAGAGATCGOGTCTCACTGTETTGCCCAGGGCAG

ivelUar Vi)
TCTCAAA

TCCTGGET SEATOOT
{GGETTCRAGTGATCH

etk

AAGTGTTGGGATTAT
AGGCATGAGACACCCTGCCCAGCCCTAGAATTTTATTATTATTGTTATTATTGTGTTTTT

T I TR (O T T (Y (TP T R ey CCOTRE TOCACTOOTCOARNT ST T, Y
TTGAGATAGGETCTCACTTTGTTGCCCAGGCTCGAGTGCAGTGETGCAATCACTGCAGCC

TTGTTTTCCTAGGCTCAATCCATCCCCCCTCCTCAGCTTTCCGETTACTGGGECTACAGG
TGTGCACCACCACACCCGECTARTTTTTCTATTTT TTTATAGAGACAGGGTTTTGCCATG
TTGGCCAGGCTGGETCTCARACTCCCGGGCTCAAGCGATCTTCCTGCCTCGGCCTCCCAAR

GTGCTGGEGATTACAGECATGAGCTATTGCET CCCGCCTTCAAATTACTTTAACCTAGTAT
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TAATTCATTCAACAGGARGTTAATGAGCCAGECAGGATAAAGCAGTAAGAT AGGARAATA
TTGCTATTTTCATGGCTGAGAGAGAGCAGACARRTACA CTAAATAGGGCAATTTCAG

GTAGTAATAANTTCTAGGAGGGRARRARTCCCRACAGAAATGTGAGGATGGGAGAATGCAG
TTAGTTTTGATAGGTGETTTAGAGARGGTGATCGTGTGAGCTGACACCTGAATGACAATT

AGTAGTCTGAATTTTGTTTTGCTTAATTATCARBATAL

Ifsleidsiiine’elehihisieleatnbdngs
[CCTCTTGEGTTCGGITTTTA

TATGCATCCAGTAATTARAATGTAAGTATATTCAATGTACTGATATCTCTCAGCATCATA

GGTAGGAARACTAAGGCATTCAGCAATTAA

[GACTCCTCCCTTGATCATGTAGCAGTGA
TAGTACTGGATTTAGATTTTGAGGTTGCTTCTCTGCCCTTTTCTGCCTTTGTGAAACCAA
CAAAGCTGCCTGTATTTTCCAACTCTTCCTTCAGCATGTGGTACCTCCTTTACATCTGTT
TTTGTTGCTCTGAAATCCATACGCGACGAT GAGCT GAGAGGGGCAGARAATTGAGTTTGT
TCTGAGACTGGAGGCTTTTGGTTTATCTCTTGCAGGTCAAGTACATTTTGTCCTGEGLTC
TCCCTGETGECCACGTTTGTTTATCTCCTGCGGGAGTALATARACTTGCCTTGCTGRARA

ATAACAGTTCTGTGTCTTTGCAGTGGARARCTG TCTTTATTARCGTTAGGTCCTGA

P
AGAGGCCACT

SCOCARGTT

TN
SCCA AAGATGACTT

ACCCCTCGTGTCCATGGETCARTGTGGAGACTGTTATGAGTGGCACATGATGCTGGARRAG
CAGAGCCAACTCATGTTTGTARTTCTCCTAGCAGGCCGTGETGTACTTTGTTAGECAGCT

ACAGAACAATAGAGAARCTCAGCTTATTCCCCTTCCCTCTGEGAARACACAGACAGTACTT

r‘

GCCCATCCAACGCCAATGTTTITRAAGGARGARAGAGGCARAAARGTGATGTTGGCAAGGTCT
CTGGLAGTTGTGGACCCCAACCRAGGATTGEACACCCTGAARNT GGATTCAGATGCCCTAR

ARTGCAGCCCAGTTCATTACTATGAAT TTTGGAGGACTTTGTGCCTTGAGCAARATGTGTA

TATGTGACGCTCTTTCGACAACACTGARATAGCGARANATACTATCCATGTTCGCGAGGAGC
ACTGAATTTAGAGAGGGAGACAGACTTTTATGCCAGCAT CAAATGRAAT TTGATARAGCTA

GTACCARAATGAAATTTGAARTTTTTTTTTTTTGAAATAGAGTCTTACTCAGTCACCCAG

oLy

[GCAGT

GCTGGAL GATACAATATTGGCTCACTGCAACCTCCACCTCTTGGGTTCARACAR

T T T TGOCTC AGTC T TG AC T A T GEE AT TACAGETCCOTGCCACCATCTOTCEOT

e SR (L Tl oG LA DG oG ALACOUATGLIOTGEO L
m r—lmr—l T T (0 I T D T e alaktn T e LTS S T AT U T T YT
AATTTTTATATTTTTAGTAGGCGATGGGETTTCACCATGTTGGCCAGECCGGTCTTGAACT

CCTGGCCTCAAGTGATCTGCCCACCTTGGLCTTCCARAGTGCTGGGATTATAGGCATGAG

CTACCACACAAGCCTGARATTTCARATGTATTGCTATAGARTATACTGCTTTAGAATCTAT

P AT
C] £l

TAT

ATGTATATTTET

By

‘«]'\r*(
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TAAACACAAATAL

ACACATTGTATGT

TOTG
TAATATGTATATCTGTCTACACATACATGTATATACACACATACAATGTCTTTTTTTTTT
TTTTPTTT TT TTGAGACAGGGTCTTACCCTGTTGOCCAGGCTGGAGAC TGCAGTGGCATA
ATCTTGGCTCACTCCAGCCTCGACCTCCTGEGOTCAAGTGATCCTCCCATCTCAGCCTCC

TGRAGTAGCTERE

GAGT CTGACTACAGGCACGTGECATCARACTTGTCCAATTTTTCTATTTTT

)
SGGACTGE GlalAal E1OV.) O A

TTGTAGAGTTAGGGTCTTGCTCTGTTGCCCAGGCTGGTCTCAAATTCCTGGGCTCAAGCT

GTCTGCOTGCCTCHGGEICTTCCARAGTACTAGGATTACAGATGTGARAACCACTGTACCTGGEC
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CTTTACAATGTCTATTTTARAGATARTGGTT CAAGTTTTTATCATCCCACTGGCUTACTC
TAATGAAACATCTATCCATTCATTGAAGAATTATTTATGGTGLGATAACTCTGTGCCAGG
TACCGUGCTAGGCATTGAGTATTCCAGGTTITTAGGARACAGCACATGCAARAGTGUTGAR

GTGGGAGARGATCTCGEAGTGATTGARGGCTAL

AGAGAGCAAGTGTGGGAGCTGTGAGS
CTGGGAAGGETGGGAGGTAGGTGGGAGCAGACCACATAGGGATTCTTAATGTCTTTAGTGT
CATGTGGACCATGGAGAGGAGTGTAGATTGTATTTTTAGAGCAATGCAAAATCATAGAAG

GATGTGATCGGGGGAGTGECATGAGCTGAT

ATTTAARARTATTTCTCTGGCTGITETG

AAGGARGGAT TGTAGGAGGCAGGAGTAGATT CAGGGAGAT GAGACARGTGATGAGAGAGG

CTTTGAACTTGGGTRAAAAGTAGTTTGTGCAAAGTCTTTTTTGGAGGTAGTTTTTGTTTAT

TCCCTTETCATC AAAGCCAGAGAT GO

N ABCT O ATAGTGATTTA
O3 AGCAGA S:CTGACCAATGAAACTCCATGAGAAARATAG TTTA

LTk

TARAGACATATCTATGCACTGCCATTAARAAGCTGCTTGCGARAAARAGGATAAARNAGCTG
CTTTAACAACTTTTTTTTTTGAGATGGGCTCTTACTCTGTCACCCAGGCTCACGACTTCA

I TCRCTGC e COTCCCRGEOT TU S T T T e Ty I () g T e T e T
GCTCACTGCAACCTCTGCCTCCCAGGCTCAAGCATTCTCCCACCT CAGCCTCCCGAGTGE

ACTGCAGGCACACGCCACTATY SIGTGETGT

S ARG

ATGTGTGTETGCTGTIGTGTGTGCTGTETGTGCTGGGACTGCAGGCACACACCACCATGTCAG

GCTAATTGTGTGIGIGTGTGTGTCTEIGIGT CTETGIGTGTGIGTGTGTGTGTGTETGTA
TGTAGAGATGGGGTTTTGCCATGTTGCCCAGGCTGGTCTCAAAATGTTGCCCAGGCTGET

CTCARACTCCTGAGCT CAGGTGATCCACCCECCTCGGUCTCCAAAGTGCTGGAGATTACA
CACGTGAGCCACTGTGCCCACCTARCAACTTTAARAAPAATTTTGACATTTAGTAGGATAT
TTATTGCATTATTGT TGAGATGECARAATAT TCCAGACAACTGARATGTTCATCAGTGGLG

Al
GGGGGCTAGTTAMATCGARNTACAGTGTAGCATCCATTAGANCACTTTTCAAGAATTTAAC

TTTTTTTGTAGCCTTT TACTTAT AATGCT

l"wf‘(“mhr“]"- 7 [:_}(‘4 !hll'. ]wn.['rﬁlrxmmk '] \\-_'C rﬁ(j

ACTTACTCTTTTACTATAGGATATTAAAATTTAAT TAGATTAGAAATGAGGAATATTCTT

GTAA

NS r[1'
v LT

SAAAGTAACAARCTATARA AAGRACARATATAATAATTTT
TCTGGAGTAGCAGGTAAGAANGATATARATTTATATGTATACAAGAAACTGARAT TAGAC
TTTATACATTTAAAGGTTACAAGTGCAGTTTTATTACATGARATGTATTATCCAGCATTGA
AGTCTGGGCTTTTAGTGTAACCAGCACCTGAATAACATACATTGTACCCATTARAGTAATT
TCTCATCCCTCAAACCCCTCCCACCCTGAAATTAGACTTTGGATCCCTAGTTTARATTCC

ACCCCTCTCTTTTTTTGAG

ACARAGGTCT

TCTGETC

A T D O A T
ACCCAGGUTGGAGGGCAA]

CARTGATAGCTTACTGTAGCCTCAACCTCCTGEGCTCAAGGGATACACCCTCCTCAGCCT
COTGAGTAGCTGGAACTGCAGGCGTGCACCACCACATTCAGCTAATTTTTTGATTTTTTT

ATAGCAGATCGAGGTCGGAACTCCTGGGCTCARGCGATTCTCCCCAAGTGCTGGGGETTACAL
ACATGGLGCCACTGCCCCCAGCCTARACCTCCTTTCTCAGTATAGCAGCCTTGAGATGAAG
TTCCTGAAATTACTGGCCAGCTTGACTGTTTCCCCACATCACT GGAGGAGGGGGATGCAT

AGATARAACARARTATTCAGCATCATTGTATTTTCTT T TTGTITCATCAGCATCTTTTTT
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TAAAACTCACTTGACATAAGTCCCTAGCCTCARAGAGTAAAGCCTTTECAGAATCTGCAT
TCAGATTTCGGGTGTCGATTTCCTGACAGATACTTCAGGT TTGTAAACTCTTTTTTTTTTC
TTTGAGACAGAGTTTCACTCTTGTAGCGCAGGUTGGAGT GCAGTGGTACCATCTTECITC
ACTGCARCTTCTGCCCCCTTGATTCACGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCT G
GGATTACAGGCATGCGCCACCACACCTGGGTARTT T T GTATTTT TAGTAGAGATGGGET
TTCACCATGTTGGCCAGGCTGGTTTITGARCTCCTGACTTCAGLTGATCTACCTGCCTCAG
CCTCCCRAARGTGAT GGGATTACAGGTGTGAGCCACCGCAGCCGGCCARRAACTTTGTTTTT
TTTCCTCTTTTTGTTGCTGAGRAATGTARACTCTTACAGACACAARNTTATGTCTCCCATT
TTTTAAARCCCACTCAACACAGEGGTCATGTGTAATAGGCCCTGGAGCTTATTTTAGACA

TG AT T GAGCC e T T T T e AAC TG T CE T T e TG T TG T o TS T AT S TG TG TG TAAGT

CTTTCTATGAGATGAGTGGTACCTACCTCGECTGTIGTCGATCTTTTITATT T TATTTATTT

TATTPTTGTAGATACGAGGTCTCACTATGTTGCTCAGGOTGGTCTTGAACTCTGEEECTC

AT T,
ARCCTA

ATCCTCCCTCCTTGGCCTCCTAGAGTGCTGAGATTACAGGTGTGAGCCACTGCAC

SGCCAGCGATCCTT

[AATARATATAGAT

TGGCCGGET

GGETGGCTCACACCTATAA
TACCAGTACTTTGAGGGECCGAGELTGGCAGETCACCTGAGCTGAGCAGTTTGAGACCAG
CCTGEGGTAACGTGLETGAARACCCTGTCTCTACAGAAALATAGAAARATTAGCCAGETGTGG
'GETGCATGCCTGTAGTCACAGCTACTTGGGAGGTTGAGACAGGAGAATTGCTTGAACCT
GCGARGGTGGAGGTTGCAGTGAGCCGAGATCETETCTTTGAACT CCAGCCTGGGTGACAGA
CTGAGACCTTGTCTCAAARANARATATAGATATALGCTGEECETGETEGGCTCACACITET
ARTCCCAGCACTTTGGGAGGCCGAGGCOGET GCATCAGEACGTCAGGAGAT CGAGACCAT
CCTAGCTAACATGGTGARACCCTGTCTCTACTARANATACANMCAATTAGCCAGGCCTGG
TGETGGGTGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAGGAGARTGGCGTGARACCC

GGGAGGTCGAGGTTGCAGTGAGCCGAGACTGTCCCACTGCCCTCCAGCCTGGGCGACAGA

TCTCAAARAARRAARATCT

PPN
GCGAGA

-'.hh—x(:hlp\ } L-D\.r.

TOTATATAGR

AN AIN fad sl Itelalel Yo Urer Ulelelollele
ATAGATATAGATARTGCCAGATGATGEGCT

;YT (w VW aral j(~ -m-l celsrYee T

- ”
[TAGAAGGGA Azl (G AL

TTTGCAGGTGTTAGAATGAGCARGATGAGGAGARGGATGCTTACTTCCCTCTCCTTGTARA

CTCTOTACCCOOTCCCCTCAGT dsalsainataalasliSaningl
CTCTCTACCCCCTCCCCTCAGTETTITT T TATT

TTATTTTTATTTATTTATTTITTTTTG

Jiy

AGACAAGGTCTTGCTCTCTCACCCACACTGGATTGCAGTGATGCAATCATAGCTCATTGA

o~y oo Male

7 N
AGCCCAAACTCCTGGEGEE

ARGTG

CCTCTTGCOTCAGCCTOCCAAGT e e
TCTTGCCTCAGCCTCCOCRAGTARACT GGGAC

GGTGCGTACAACTATGCCCAGTTAAGTTTTTCATTITTTTATACAGACGGGGTCTTGET

ATGCTGTCCAGGCTGGACTTGCACTTCTGGCTTCAAGTGATTCTCTTGCCTCAGTTTCCC

AACTGCTCGGCATTATGLGCATAACCCACTGTCGCCTAGCCCATCAGTCTCTTTTTATCCT
TTACTCCTATCAARAT TCATTCACTCAGCAGCCATTGAT CAAGTGCCTACTATATACATG

TTGAGGACTGGAAATTTATTTGTCTCTTCTCATCTTATCTGGACCCTCTGTGTTAATTGT

ARTTARCTGTAATCATTCTGTATTAAT TGTAATAARCTTGTTGATARACTCAARTGAGGC
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CATACCGTTTTGCCACTTCCCCTCCTTCCAGET TATATGGATGTACTTACATTGCAGGTT

TCATTTGTTGGTTCAGTTTTTARACTARGCCCTATTGTGTCAAATTATGCTAGGTGTGAG

ATGGGGAGTTCAAGCT GTGTGTTETCT T T TTTTT T Y T T TTTTTTITGCCTCACT TACTA
ATATACRAGCGCTTATAACCTTTGAGGCTGECCCTATACATTAAGATTTTTATTAATTCC
J‘A\(Nr]wc‘ r‘1hl ]nr[ ]wr\m ‘4I"‘II‘\If‘ et ]wm h(ﬂr[ A\}\(\Tm ‘l'"l(‘l ACC;C‘}TK (:TLC\J \] k‘: ~4rv1(\..[ '~4|r1 —_;Cu.—[ (\.(«4 ]mrx ’_}
A L VAL . £ e 3 e s

CTAGTGATAAGCAAGTTGCAAATTA WATTGTCAGTGATTGAATACACGTATTRAAACC
TGTAACTGGGRAAGCAT TTTTGGTARATTATGAATACTTTTGCGAARARARRARRGCTATGGAA
GGAAAGTTTAAAATCTACGAARGCTCAAGTAGATGGTCATGGAATAGCTATTTCAATTTC

TAACTATATATTACTTATTTATTTATTTATTTTTGAGACGGAL

%)
=
3
3

m el lactalaTare
TTAGCTCTTGTTGCCC
o

AGGCTGGAGTGTARATGGCETGAT CTCAGCTCACTGCAACCTCCACCTCCCGGGETTCAAGC

TATTCTCCTGCCTCAGCCTCCCGAGTAGCTEGCATTATACGACATGTGCCACCACGCCAGE

.

CTAATTTTGTAT T T TAGT AGAGACGGGGTT TCTCCACAT TGETCAGGCTEGTCTCEAAC

AT

TCCCAACCTCAGCTGATCCGCCTGCCTCGGECTCCCARAGTGCTGGGATTACAGECGTGA

O ACCGCCTCCGGOCTOT
GCCACCGCGETCCGGECCTCTT

el

CARCTAT AGCTCCAGAGCCA
TGAAGAAGTGTATGRAGARGCAGTGTTAGCTTAAATGACATACATGTCACAATTGCCTAT

GTGAARACTATCATARTTATGCATGAGRAGTATCTATCCTGCATAACCTCCACCAATAATA

ATAATGTTAATARATAGTGAAAACTAATGTTTATTAAGTCCTTACTGTCTCCAGCCTCTGT

GO ARAAT ACTGET T AC T AAG T T CCCTGALAAA T AC T AT T CTCATOTET TTGTTOT TAATA
ACAGGATAGCATAATTGTAAGTTGTA? AATAATACAGTTTATGTAATAAAAGGGTA

ARAGAGAAGACCACCTACCTTATCTTCTGTTGCTGATCTGEATGGAT GTAGGTGGTGTTT

ACCTAGTTTCACCTTTGCCAGTTGAAACTACTTTTTTTTTTTTITTTTTTTTTTTITTAAGA

ACAGGGTGGGCCAGGCGCAGTGGCTCACGCCTGTAATCCCCGCACTT TGGGAGGCTGAG
GCGGACACATCACTTGAGGTCAGAAGTTCGAGACCAGCCTGLCCAACATGG TGAARCCCT

£

[ACACACCTGTAATTCCAG

GTCTCTACTARARAATACAGAARRATTRACTGGGTGETGGETGE

Palaely; pul ey M ey o~ aleki N elelali el ¥ Valalalalarel ,»-n-r( f~<r~r~-||-r( eVl ~
CTACGTGGGAGGCTGAAGCAGGAGAAT CGCTTGAACCLGEGAGTGGAGGTTGCAGTGAGC
CAGATTOTGOC ACTGCACTCCRALOCTE TS TR N S T T ST ST S A R R T T T
TGAGATTCTGCCACTGCACTCCAGCCTGGGTGACAGAGCAGGACTCCGTCTCAAARARRLA

oY TR TITUTOTEP I el NODD AGAATGACGGTATT
AARACAACAACAARARAAGAAATTTTTAGAAATATGAGATGACAGCAAGAA AGGGTA

ARARAGARATTTTTAGAACTAAATAGCAGAATCTAATGETCAARAGTTTCGATTTICTCAAG

T T N T AGECATCTCEE A
TCTGCTTTGCACACAGGCATGETGGECAAA

alel
\ACCAG

ATAGCTGTAATTTTE

AN

CTGTAATGTATAATAGCCAACATATCACATTTITCTTTTTTCTTTTITTGAGACAGAGTCT

TCCTT O T TGO CCAGGCTCGAG TGO AGTTCECACCAT T O GGCTCACTGCAACCTCTECCT

(LN R A Lzl (AW o AUALE NG A\ LAz SR S L O

CCTGAGTTCARGTGATTCTTGTGCCTCAGCCTCTCAAGTAGCTGGGATTACAGGTGTETG

CCACCACACTCGGCTATTTTITGCATTTTTAGTAGAGAT GGGGCTGETCTTGAACTCCCA
GCCTCAGGTGATCTGCCTGCCTCAGCCTCCCARAGTGCTCGAGATTACAGGTGTGAGCCAC

S5

OO AT 'n"'\ CTT T O™ (T [STalabValsinlel TN r“lll'l "ﬂlf‘f\'ﬂ TR T
AGCGCCTGGCCATATATY ST TTTTCTTATTATCAGAGCCAGTTCATAAT E1GT VoV,
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ATAGTGTTTGTARCAATCTAAGTATGCGATAAATCATCTTTTTAATTTTGTGATTCATATA
GGTTTGTTGTITGTTGTTGTTGITTTGT T T TTATCT TGAGACAGAGTCTTGLGTCTGTCACC
CAGGCTGGAGTGTAATGGCACARCCATGGCTCRACTGCAGCCTCAGATGCCTGGET TCAAG
CAATCCTCCCGTCTCACCCTCTACGACGTACGATGCGACCACAGETGTGCGCCACCATCECCTG

ST R ICIA A T ¢ T T T T T T TR T T O P R €I (S T T ST O T T O T T R Y
GGTAATTACARAACTTTTTTTTTTITTTCTAGACGATGAGGTCTCACTATGTTGCCCAGGC

TGETCTCARACCTTTGACCTCGCTTCAGCCTTTAGAGTAGCTATGACTATAGGCATGTGC

CATCACCCAGCTAATTAAAATTT TTTTTCTITTTTITTITT TGGTGHAGATGCGGTCTTACT
TTGTTACCCAGACTGCAAGTTAGTTTCAGATATCAACATTTGGTGTTTCCARATGCACGG

GGAGGCTTTGGAGCRAGTTTTTGGCTCATATGCATAGGTGTCCTAGACATTCACTTTGCA
ARTTCTTATTRAARATGACTACAGTAGCATACAGATAGGCGAAARATATCCTTGTCAGTACC
ACCGATTCGETGAGRAACGACACTGTATATTAAARNCARATGACCATCTTTTTGCCACATAAR
TTGCTGETGGEGCCAGTTTGARGAGGGCTTTGTCAGCTGCCTTCTGCITCTTCCTCTTGA

A s e STINAN PR AN - do L

GTACGTGGAGTTGGAGTCATCCTTGACAGCCTCCTGTTGACACCACCCGGGETCACRAGATG

TGGATGTAG

e e ek Ves
AGAGAGCA

\GAGCAGTGATGGGGET

T

: r:1 (: r[ ]1 I (:-1 i

ACCCCRAC
TCCCTCTGGCCACAAATGTTTAGTARAGGRARCTCC GTATTAACCATTTGCTAGGGGCT
GCAGATACGGTGGETGAAGARATAGACATCTTCCTACTCGGEATGCTGAGGT GGGAGGATT
GCTTGAGCCCAGGAGTTGGACGCT GCAGTGAGCCATGATCACACCACTGCACTCCAGCCTG
GCGEGACAGAGCGAGACCCTATCTCTAARAAACRAT ARAAAGAAATAGATGTGTCCTTCACC
CTCATGGAACTGCCAGTCTAGCCTTCARACCTGETGACTGTAGAMATGTGTGATTAGATGC
TATATTGCCATGTTGAGTGTCACCCCTGAGARGCAGGGTTTTTTTTGAGRAGGTAGGATG

GGGGATCTGACTGTGGGACCACCAGAGGGAANAGCACATGTARANGCTGCGTGTACCARC

TGGAGGAAATCGGAGACGTGATCAGCGAGARCCAGAGTCAACCAGGGGCCATGCCGETACAGE

GICCTGTTAAGATCTGTGACTTTTTTCTAAACGTITTCTTCTGGATAACATCTAAATTTC

AGTTCCAAATGTGRAARCTCCAAGGGCGETTCTGTGCTA

TA

CRATTT TGO ATETATT Ty
ABCAT PGCATGT TAATTA

ATTTCCRCCACACAACATTGCTGTGAATTAAGACAGT TTCTAAGCATGGCAAGAAACTCA
GAAATCATAATGGAAAAATCTGATARATTTAACAATGCCARCATGAACCTCTGTAGGAAR
ARARATACCACAGACTAANANGEGEGEAAAAARNCCAGAGRACAARTATTTGCARZATATA

CAGTAAAGCGTAATTTTCTGOTTATATCAAGAGCTCCTACAAATCAGTAAGAARADADAT

— S ACTGACE AT A T T (T T
CTAATAGGAARTGAGCAACGACAAACTGACAALTCATAGAARAAGGA

U
AACACAAGTGGTCY

GARAACATGARAAAGTGCTCAGTCTCACARAGAAATGCAARACTAACATGGTACCATTTTC

CATTAATCAGATAGACARAGATGARAGAGTTTGGETAAT GTATGTAGTATTGGCACARGTG

3

AGCGCARRRCAGGGCGATTTCACACTCTATGCCCETCCARACCAGTACCTTATTTTGAGGGET
GGTTTGACAATATTTGTCAARRAT ARAARAATTATATATAGT CATTTGCCACATAATGATG
CGTTCAGTTGATGATGGACGGCATACATAATCCTGLTCCCATAAGAATATANTGGGETGGEE

NP T '*r\r"'W/Vrﬁ ~ NeULete lalaral P T #7027 SR N N N N ‘*r'1r\/“/\|r| nnleFaralalyils
TGECAGTGGUTCTCACCTGCAATCCCAGCACT TTEGGAGECCGAGGTGEETGGATTGCCTG
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TTTGAGACCAGCC

ANTIT

'GGCCAACATG

IPOTCTECT
J L L

BARBACA

TACAAACAATTAGCCAGGCATGETGGCGGETCCCTGTAATCCCAGCTACTCAGGAGGCAG

T A S T n
SAGETTGCAGTGAGGTGAGAT T GGECCAC

AGGCAGGAGARATCGCT TGRACTCEGAAGE

TGCACTCCCATCTAGATGACAAGGCARAACT CCATCTCARARAAADDAR DA ADARAARGAAT

VIGGGCCCAGCCACAGTGGCTCACACCTG STACTTTGGTAGGCCARGGC

AGGAGAATCATTTGAACTCAGGAGTTTGAGACTAGTGGGGACAACATAGCAAGACCCCAT

CTCAAARARARAAGAT TATGGTGGE

GCTGTCCTGTATAGACATACCATTITTAACTTTTT

TTTTTTTTGAGATGGAGTCTTGCTGTGTCACCCAGGCTGATGTGTAGTGGCETGATCT GG
GCTTACTGAARCCTCCACCTCCTGGETTCAAGCGATTCTCCTGCCTCAGCTTCCTGAGT A

CT GGG AC TGO ACG G ACGACACC AT ATCTGECT ARTT
COTGCRM e AGGAC ATCT AATT

PTTATATAT TTAGTAGAGAT
U SACTGCAGGCGCAGGACACCAT S GlzU L/ TTTAT VTTTAGTAGAGATG

GGETTTCACCATGT TGECCAGGCTGGTCTTCARCTCCTGACCTCARAGTGATCCGCCTGCC
TCAGCCTCCCAAAGTGCTGGGATTACAGGCATTAGCCAZCAT T TACAGGCACCTGGCCAC
CATTTTTAATCTTTTATATTGTATTTAARCTGTACCTTTTCTATGTATGGATGTGTTTAG
ATACACARAATACCATTGTGTTACAGTTACTTACAGTATTCAGTACAGTAGCATGCTGTAC
AGGTGTGTAGCCTAGGAGCAATAGGTTATACCATATAGCCCAGGTGTECTAGTAGGCTCTG
CCATCTAGETTTGTGTAAGTACGCTCCATGATCTTACCACAGT GACGAARATCGCUTAATG

ATGCATTTCTCAGAACATATTCCTGTTGTTAACCAATGCATGACCCGTATCTTGACARAAGC

CATTTTATTTCTAAAACTTTAAT TTTACAGATTTATT TGTARAAGTATGTARAARTGATT
GTAAAGGATATGTTCTGCTGCATTATTTGTAATARCAARARACCAGAGGATAACATARAT

GTCCTATAAGAAGGGTTAGATTATGCGATGGCACATTCATACAATGGGETATTATGTAGCC

ATTGAATAAARGGGTACTGGCTGGGCGCAGTGCCTCATGCCTATAATCTCARCACTTTGG

AGGAGCTTGEGGECCAGCCTGGGCAACA

S TGGCCRAAGAAGGAGGATTGCT TGAAGCC

CARGACCCTATCTCTACARAGGAAARATADAACARTTAGCCAGGTTTGGTATTGGACACC

T TET OO slaxly; rw A lelstalinls r — eclouine IS T C T

TTCATGETCCCAGUTACTGAGGAGECTGAGATTGGAGGEATCECTTGETGCCTGGCAGGETT
Do n sTalery '\r" el Joalalah Valilalah Valilalal.Yatalalil Ty T L el sl P

GAGGCTGTAGTGAGCCATGATTGTGCCACTGCACT CCAGGCTGGEGAGATAGAGTGEGACC

CTATCTCAARAAAACAAARRCARARRCARARAACCTCCTGTARAATGTCAAGAAGTCCTAGA

[efeletalel Yalainlalnl CCCTCACACT
GTGEGGCCAGETGETGEETES CACACTT

STAATCCCTGEACTTTGGCAGGUTGAGGCCAL

GAGTTTGAGACCAGGCAGAGCARGATAGCAACGACTCCATTTCTACAAAAANTARARDA DAL

TTAGTTGGEGCATAGTGETGCATTCCTGTAGTCCCAGCTACT CAGGAGGITGAGET GGGAG

GATTGCTTGAGCCTGGGAGGTTGAGGCTCCAGTGAGCCATGATCACACCTCTGCACTCCA
ACCTGCGCAACAGAGTGAGACCCTGETCTCTAAAAANCARACARCCARAAAARCCCAGCARAG

TACTGATAAAGATCTTTGGCTGGGCGCAGTGGCTCACACCTGTAATCCCAACACTTCAGS

OO GO CCCCACCT CAC ARCATC SR AR CATCOTGGOC AR P ST
GGCTGAGGLGGGCAGETCACARGATCAAGAGATCA ACCATCCTGGCCAACATEGTGA

ARCCCGGTCTCTACTAAAAATACAAARATTAGCTGGGCATGGT GGCETGCACCTGTAGTC
TCTGCTACTCEGGAGECTGAGGCAGGAGAAT CACT TGAACCCAGGTGECAGAGGTTGCAG
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] Natalalnbivs lalirs

[GAGCCGAGATCACGUCACTGCATTCCAGCCTGECGACAGAGCARGACTCCGTCTCAARA

ARARDARADAGAGAGAARGATCTTCAAGTTGTAGTATGTGAAARAATCAGGGTGTAAR

ARGAGARTCCCATTTGTGTGIGTGTCGAGTG

[GTTTCACACAGGCTCAGAGGGAGTAGTG

TGTATATGCACATGAACATACGTGTCAGTGTATATATGTATATATACARGGTTGTGGET

v

TETTTGTTTTTTTTGAGACAGAGTCTTACTCTGTTGCCCAGGCTGGEETGCAGTGETGCA

ATCTTGACCCACTGCAACCTTCACCTCCCAGGTTCAAGTGATTCTTGTGCCTCAGCCTCC

CAAGTAGCTGAGACTACAGGCACGCACCALK

ATGCCCAGTTARTTTTTGTATT TTTAGTA

O T T T TP Y A T T T (3 O A (S TP (T e NN I T A B T O T
GAGATGGGETTTCATCATETTGCCCAGGCTGETCTGGAACTCCTGGCCTCAAGTECTCTG

CCCGCCTTGGCCTCCCARAGTGCTGTTGCCCAGGCTGGAGCTCAGTGGCACAATCGCAGT

'CACTGCAACCCCGACGTCCCAGGCTCAGGCAATCTTTCCGTCTTAGCTTCCCAAGTAAC

TGGGACTACAGGTGTGTGCCATCAATGCCCCACCARATTTTTTAATTTTTTGTAGAGATGG
GGTTTCCCTACGTTGUCCAGGCTGATCTTGAACTCCTGETCTCAAGCAATCCTCCCACCT
CAGCCTCCCARAGTGCTGCGATTACAGGTCTGAGCCACCTTGCCCTGCCCTGTACARAAGA

TCTGCATARARGCAGT TAATAAT ACT!

N alalallelalar G
SAGGCTGCCA

o
TGAGGTCAA

GGACAAGTGTGAGARATTCTTTTAGARTCTATTITTAARAARARGAAGAGATGACAGTEGTG

ACAGTCAGGGRAACAGATAAGCAGGTAGAT TG TGEGGETUTAGGCTGTCTAACTGETGTTT

3

ABAATGARGCAACCGCTGAGCCTGCTGTATTTCATTTAATGGAGACTAGTARARCRACAG

I,

CCAGAARTTCTTCACT TTCCATCTAAGAGAGGCAAAAGT TATTTTCCCTTCARATARACCTG
GGACTGTAGGATTAAGCTTTTTTTTTTTTTTTTTTTAAATACTACAATATGACTACCAGT
ATAATTTARARATGATTAGAAT TCTAT TTGAGTAAGARATAGGTGTCTGCCTGAAGTAGA

GTCACTGARGTCACTAAGTGCCAANAGACACGAAAANAANTTGAAAGTAGGCARARCANTC

Mirs e

AGCAGATATGATACCARACATGAGCTGETC GATAATGGATTAAGTCCTTCAATAATGG

CTGAGCCAGATGGAATTARANGAAARAT

CCGGGCATGGTGGCTCACACCTGTAR

elen /\lrlrﬁlrl b Vel
CCTICH R NG F oG

TCCCAGCACTTTGGGAGGCTGAGGETG

CCTGAACAACATAGTGGGACCCCATCTCTATTTTATAAAAATATTTTGAANARAGAAAAR
ARRNTTCAGTTGTGTTCTGCTTTAAAAAGACARNTTGGCACAGAATCTCARRGAATAAAT
ARACRAACATGGGCAARAGAGATTCAGGTGETACCAATATCGGGCTAAGTAGCATTCAR

ATAAAGATTATTARATAATAAGTTAGTTAATACTAGACTAATTGCATATTAATCGAARCA

TAATCTATGE

JTGTTTTATGTATTCAT TAAGGTAACAAC
AAGCAARCAAGCTITAATAGTTTTAAATGCTTTATATGCTTTATAGTTCTTTTATGTGCA
TTAATTCATTAATTCTCATTTCCTATGAGGTARACACTATTATTATCCACATTTTACAGA
TCTAARAACCGAAGCAGAGAGATTAATTAGCTTGCCCAGGAGATGTGECATTCTGGGATT
TGAGACAGTGGTITTGGITCTGTRAGCTTGCTITCARTAACCARGAGATGCTTCARAT CAGAT

TTTTAAAATATGTTTTTCAGAAGCATTTTCCTCGATACTTCTCCCCTTACATGGGETGETTAG

TCTTTTGGETTGAAALRACATGAGTAAGTGCTAGAAGAGCARAATATGCATCCAGATTTAA
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TAGT

ATGTCTGTTTTTCTGAGCCTTGGUATT TCATTGCTT TTATAATAGAAATGARGECT
TTTTTTTTTTTTTGGCTGAGART AGCACTGAACTCAGTGGGAGGGACTGTGEGTTGTARG
TTGTCCGICTCTGAAT GGAGTTCAATT T ARG T TTCTTGETT TCCARAGAATGATTGATTT

AARGACCCTCAAATTGCAAGTTAGAACTCGACTTCAGTCCTTGAGGTTTTTTACCATTTAA

TGAATRAT TAAAT TTATGETARTAAATGCTAAT ABATGETARAAAT

e}

COTAATABDATTTTA

CCATTTAATGRATTTTTCTTAARARGCANTTCGAATTGTITGATGAAAGGTGATGTTAAAAT

TATCCCAGATTTATCAATCTTTTTTTTA

SCCCCTGEATTT

SAGTCATAGAAAGCCTT
TCCTTATTCTAAGGTTARCAAGACATTCACCCATGTTTTCCTCTAGTATTGCATTGTTTC

ATCTTTTACGTTTATTATTTATTTTAT TTTATTTTTTTGACGACAGGETCTCACTGTGTCA

CTCAGGCTGGAGTGCAGTGGAAT GATCTT

GO CACT GO AGCOTCTGCOTCCCRCOT OO0
SGCTCACTGCAGCCTCTGECCTCCCECETEC]

GGETTCAAGCGATTCTCCTGCCTCGGCCTCCCARGTAGCTGEGATTACAGGCACCTGCCA
CCGCGCCTGGCTAATTTTTGTATTTTTTTTT TAGT ACAGATGGGGTTTTGCTGTTGECC!

GCTGGTCTCGAACTCCTGACCTTAAGTGATCCACCCGECTTGGCCTCCCARAGT GCTGGE

0
£

T O D T T (R T N T N e R T (Y
[ACAGGCATGAGCCACCGETGCCUGGCCTARAR,

2

SATATGATGT
ATGETTCTAACTACTTTGTTACGGTGCATTATT TTCTARATGTGGTATTGGATTCTTTTA
TATTTTGT TTAGRAGTTC TGCATCARTAT TCATGAGTACCAT TGGTCTCTETTGTTTTTC
TTGTGCCATCTTTATTGGTATAGETATCAGTGTTATATT TAGT TTCTAARAGCAAGTTGE

el rlr'1 n telousidt '1n PP A (T A YT i AT R A f rvnr] - '\ XTI ITITUTIAY (0 A~
AR ceTT TTTTAGTACTCAGGAATGAT T TTARGAATTGAGACTATTTGETCTY

TGAAGGTTTGGTAGAAGCTCCATTGGGAATCCATCTGGGUCTGETGATTTTCTGTGCGGTA
GITCCTTAATTGTTTTCCCTAT TTTTTCTITATTTTTAATCAGGTAGCCTCT GAATCAGAA
TAGGTTCAGAGAGGCTCCCTCTATTTTTTTTAATACAAGTTGGTCTGCCTAAGTTTTCTT

ACTCTARTGGGTTAAT TTTTGTAGACTGCATTTCCCTGAARAATTACACGTTTGTTCTAG

GITTTCTGACTTA

-

TTCCACAACTTTTTAGTCTTTCCCCCTGGAATCATGCCCCTTTCCA

AT He e et e
GATE]

[TCACACTTCGGETGGAC

e Na Lt et
CTCT

TARACAGGA

ACCTGAAGT:

TP CTGTTTOTG

GGGGTGGETTTTAGAGCAATTTTAGGCCTGC

CTAGCT

TACCCTGTTCTCTACACCATGCT

A
GTTTTTCTCAGAATGCTCTTCTTTTGCACARAGGCTTGGAGTAGGAGGTTGAGCAGTCAC

[ ACTTCGACGTT T GO ATAT T T T T T T TGO TT A CTAATCTGGAAGTTTGEGCAT
TCACTGACET TIGGTATATTTTCTTTTTT T GCTTACALGTARTCTGEARGTTTGEGECAT

TCTCTTTAAGTTGAGGETGTCGTTTTCATGTCATTTTATTTGTTTATTGTTTTCTTGTGT

~<-«p.,~>.,,~ NeLeley
SCCTGGCTGEEA

GTGTTTCTTAGAGAC

-
\GGEETCCCACTCE

[GUAGT

CGIC

TTGATC
ATAGCTTACTGCATCCTCAAGCTGCTGGECTTAGATGAARCCTCCCACCTCAGCCTCCTGA
GTAGCTGGGACTACAGCGAGCACACCACCATACCTAATTTTTTTTTTTTTGAGACGAAGTC
TTGCTCTGTCCCCCAGATTGGAGTGCTAGTGETGCAATCTCGGCTCACTGCAACCTCTGCC
TCCCGGGETTCAAGCGATTCTCTCACCTCAGUCTCCCGAGTAGC T GAGACTGCAGGTGCAT
GCCACCATACCCGGCTAATTTTTGTATTTTT TAGTAGAAACAGGGTTTCACCATGTTGGC

TAGGCTGGTCTCAAACTCTTGACCTCAAGTGAT CCACCCACCTTGECCTCCCARAGTGCT
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GGGATTACAGECTTGAGCCACTETECCTGET CCCTGECTAAT T T T TAAT T T TTTTGTAGA

ATGGGATCTTGCTATGTTGCCCAGGLTGGTCTTGAACACCTGGCCTTAAGCAATCCTCC

CACCCTAGCCOTGCCAARRCACTGGGAT T TACAGGCAT GARCCATTGTGCCTGGCT TGTTT
TGCTTTTTAATTCTATGTTGTTTTTGARGCAT GTATGGGGAGAGATGGATTTAGGCAATCA
TCGETTGTCCTTGGCTACCTGAAAGTCCAGGCACTCTTCTAGATACTT TATARATATTARAC
TCATTTTATCCTCTCAACAACACTATGACATCGGGTACTGTTACACCTTCCATTTTATAGG

e T

CACAGAGAGCTGEGCTTCAGACCAAG

CTTRACAGAGAGGTTAAATATGTAGCCC

GETC

ACAATCTGGCACCAGAGTCTATGTGGCTACCCCTAAGGETTTGCCACCATGTGTTAGTGA

TTCTCAGCCTGTCATTTGGGCAGGGGATTGCCCTTTTITTTAAACTTTTTAAARARTTTA
TTCTTATTTTATTATATTTTTGAGACAGAGTCTCCCTCTTT TGCCGAGGCTGGAGTGGAG
TGGTGTGATTTCAGCTCACTGTAACCTCTGCCTCTGGGETTCAAGTGATTCTCATGCCTC

COCTCOC ARG ACCTCOCATTACAGT TGO AGCCCACCATCCS SCTAATTTTTCTATT
AG TCCCAAGTAGCTGGEGATTACAGTTGCCAGCCACCATGCCCAGCTAAT I TGTATT

ATTATTATTATTATTTGAGACGGAGTCTCGCTCTTTTIGTTCAGGCTGGAGTGCAGTGLTG
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CCGGAGTAGCTGGGACTATAGGCGCGCACCACCATACTTGGCTAATTTTTTGTATTTTTA
GTAGAGACGGGETTTCACTATGTTGGCCAGGUTGGTCTCGARCTCCTGACCTCAGGTGAT
CTACCTGCCTTGGCCTTCCAAAGTGCTGCGATTACAGGTGTGAGCCACCATGCATGGCTG
GATTGTCCTTTTTTAAAARARARAACAAAALCAARARARARRACCCAAACCATAARCCCA
ATATTCTGAAAGATTTGGTCTCCACACCTGTGTTATATAATAATTAGTTTTTCCATTTTT
TTCCTCTTGGTAGARGGCACATATGCCCACTCAGTTTCCAGTTGCCACACCCAATTAACAT

ARTTGTTTTGCAGCCARRAGCARANGAGAGT TCGACATTTTAATTAGCTTATGTAGGTAGA

CAAATTGAGGCCTAATGTAAGAGTTTCATTATACCTTITTGARRARACTATARATAGCTAG

AAGCCAGTTGTCA

]

TACTTTTTGATTCCTTAGAATTCTGGGCATCTITTCATCTGGAACCA

NETS

CAGAT ACGGRATAGTTTARCCATTCTG

SARAGAAGCTGCAAGCAAGGATT

T AT TCGATCOTAGARTAR
ARTGCARARGTATTGGATGCTAGARTAAT

AGGTATCACATARATTGAGGTTGACGTTTTC

CCGGLTGAAATTCTATTCTGICTCAATTTTCCTTTTTTTTTGAGACGGAATCTTGCTCTG
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CATGCCATTTTCCTGCCTCAGCCTCCCGAGTAGCTGGLATTACAGGGGCCTGCCACAAC

ACCCAGCTAATTTTTTTGTATTTTTAGTAGAGACC TTCCCAGGATGGTCTCAATCT

CCTGACCTCGTGATCCGCCTGUCTCGGCCTCCCARAGTGCCGEGATTACAGGCETGAGCC

CTETGCCTGECCTTTTTTT I T TTTT T T U T TT TT T T T TT TARGACAGAGTCTCGCTTTG

NN et d - L NI

TTGCCTAGGCTGGAGCGCAGTGGECATGATCTCAGCTTATTGCARCCTCCGCCTCCCGEE

;
=

TCRAAGTGATTCTCCTGICTCAGCCTCCCLAGTATCTGAGATTACAGATGTGTGCCACCAT
GCCTGGCTAATTTTTGTATTTTTAGTACAGATCAGGTTTTGCCATGTTGCCCAGGCTGGEC

CTCARACTCCTGACCTCAGGTAATCCTCCTGCCTCAGCTCTTCCCAAAGTGCTGEGATTA
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TAGGCATGAGTCACCEGECCCAGACTCARTCTTCTGACAAGCTCTCAGAGAGAGTARARA

CARATGAATATTTCATTATTTTGATCTGAGCTTTACGATTTTTCTTT TCTTT TCTTTTT
TTTTIUTTTTTGAGAT GGAGTTT TGUGTTGTTGCCCAGGUTAGAGTGCAGTGGTGECEAT
CTITGGCTCACCGCACCCTCCGCTTCCCGGGTTCAAGCGATTCTTCTGCCTCAGCITCCTG
AGTARCTGGGATTACAGGCATGCGCCACCAT GCCCGLCTGATTTTGTATTTTTAGTAGGG
ACAGGGTTTCTCCATGTTGGTCAGGCTGCTCTTAAGCTCCCGACCTCAGGTGATCCACCT
GCCTCGGCCTCCCARAGTGCTGGGATTACARGCATGAGCCACCTTGCCCAGCCTT TTTTT
TTTAAATCTGAGAAGAGETCTTGCTCGATTGCCTAGGCTGGAGTGCAGTGGTGCGATCTC
TGCTCACTGCATTCTCTGCCTCCCAGACTCAAGCAATCCTCCCACCTTAGCCTCCTGAGT

AGCTGGGACTACAGGCATATGCCACCACACCTGGCTAATGTTCGTATTTTTTTG

rjfx
CAGGGTTTTGCCATTTTGCCCAGGCTGGTCTTCAACTCCTGACCTCAGGTGATCCTCCCA
COTTGGCCTCCCARAGTGCTGGGATTACAGGTCTGAGCTACTGTGCCTGGETCTCOTTCAC

TCTTGTAAGATACTTGAATTGGGTCAATATTTGTGGAGAAGTCTCTTARAAGTTCACTTG

ATTGTCAGTACTAGAACTCTACATTTAA TTGACATATT GGAGCATTTCAGAGCA
TTCTATTAGCTTAGRAAGGTCCAGGATAATTTCACTT TAGARAGTTACTGTTACCATGAAT

CTCARTGACTTTIGAAATCCATGRAAGRATATCTTTTTTITTTTI TT TGAGACGGAGTCTCA
CTCTGTCGCCCAGGCTGGAGTGCAGTGETGATCTGGGCT CACTGCAAGCTCCGCCTACTG
GGTTCACGCCATTCTCCTGCCTCAGCCTCCCGAGT AGUT GGEATT ACAGGCACAT GCCAC
CACGCCTGGCTAATTTTTTTGCATTTTTAGT ACGALAGGGEETTTCACTGTGTTAGCCAGS
ATGGETCTCGATCTCCTGACCTTGTGAT CCGCLCLCCTCEGUCTCCCAARGT GUTGGGATT
ACAGGCGTCGAGCCACCGCLGCCTGCCCAAGAATATCTTTTTGCT GG TAACTAGAGAGGACT
CCTCTGAAGCAGAT GCCATTCATGATGGATTTCATCATT TATGGGTTTTAAARAACATTT

TATTTTGAAATAATTTCALRATTTAARTAAGAGT TGCAARATAGTACAARTAATTCGETGTT

ARCTT

MTCATCCAR

TCCCTTATCY
LA

TACAAGTCAACCTTATACAGGT

GOTTGGGACCAGAAGTGT TTTGCAT TTCAGAT TTTTTCGAR

T CGAATATTTTTATTA
TATACTTAAGCATCTCTAATCCCCARATCTCARATCTGAAATATCTGARATGCTATGATG

AGCATTTCCTTTGAGTGTTATGTGEGCACTT TTTAAAT TTATTTAATTARATTTATTTTTT

GAGATGGAGTATTGCTCCATCACCCAGGCTEEACTGCAGTGAGCGATCTTGLCTTATTG

T O ACC T T O GGG T TCAAC TG AT T T C TGO O CAC O OO TCAGT ACT TGEGACT
AARACTTCACCTTCTGGETTCAAGTGATTCTCCTGCCTCAGCICCUTGA AGTTGGGACT

ATAGGCGCTTGCCACCACLGCCGECTAATTTTTGTATTTTTAGTAGAGACAGGGETTTCAC
CETETTGCCCAGGLTGCTCTCGAACTCCTGACCTCAGGTGGTCCACCTGCCTCCGCOTCC
CARARGTGCTGGGATTACAGGAGTGAACCACCLLGCCTGGCCATGGATTTTGCAGCATTTT

AGATTTGGGATACT CAACCTGTACCATGTTTACTCTCTCTCCTCTCTCTCTCTCTCTTTT

TATATATATATATATATATATATATATATATATATATATATATATATAAATTATATATAC

ACTACARCATATATGTATGTATATGTATGTATTTTATATATAARATACATATCTACATATA
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ARCCACTTGAGGGTAAGTTGCAGACAT GGCGTCTCATTGUTCCAARATACTTCAGTGTGT

ATTTCTTABATACAAGGACACTT GGTTACATAACCACAGTATATCACCAAATGTATATTA
TAACAAGACTACCATCAMATCCTTATATCTCTT TCARATTGTTTTACGTAATATCCTTATA
GCAARAGACAARACABCARCABAAACTGT TCCCTT T TATT TTGTTTET TTTGETCCATTE
TATGTCCAGGTTATGCATTAATGCATTGTGTTACT TGCTAAGTCTTGTTACTGGCCTTTA

ATTAGGATATTTCTTTGCATCCCGCCARACTCCTCTTCATGET TGTATCT T T T TT TTTTT
TP TGGAGAT GGAAT T T TCCTTATGTTGCOCACGOTGGAGTATAATCATGCGATC TTCGT
TCACTGCAACCTCCGTCTCCCGEETTCARGCEATTCTCCTGCCTCAGCCTCCCGAGTARS

COCATTCCACGCCTGCGCCACCTTGOC COTARTTTTGG FRERUTIOT S T T 0 T (0 0 e~ T
TGGGATTGCAGGCCTGCGCCACCTTGCCCAGCTAA TTGGAATTTTCTGAGACGEEETT

TTGCCATGTTGGTCAGACTAGTCTCCAACTCCTGACCTCATCATCCGCCCGCCTTGGLCT

CCCARACTGTTGGGATTACAGGTGTGAGCCACTGTGLCCGGTCT T TT T TT T T T T T TTTTT
GAGACRAGGGTCTTATTCTGTTGCCTEGCCTGEAGTGCAGTGGTATGATCTTGGCTCACTG

~ry

\.A\Z\ NN L
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CTGGEGITCAGGCGATCCTCCCACCTCAGCCTCCTTAGTAGCT GGGAC

CALr VRO SAG L EIREICIET.

TATAGGCACACACCACCATGCATGGCTAATTTTITATATTTTTTTGTAGAGACTGGETTTC
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CCCAAAATGCTAGGATTACAGGTCGTAAGCCACTGCGCCTGGCCCTAATTTTTGCATTTTT
TGTAGAGATGGGGTTTCACTATATTGCCCAGGCUTGETCT TGAACT CCTGGGCTCAAGTGA
TCTTCCCATCACAGCCCCCTAAAGTGCTGGGAT TATAGGCGTGAACCACTGTGCCTEGCT

GAGGATTAAGTTTCAACCTCAGGGGAGCCLCATTCAARS

[ATAGCATTGTCCTTTAGTGA
CTGGCTTAGTTCACTTAGAATGTTTGTCTATTCATCCATCTATAGACACTGTTTTCTTTC

Neuiiiiiresihhielsl TN TN T T T
ACCTTTTGGCTTTGCARRATARTGCTGCTGT

ARTATGAGTTATAGAAARATACCAATTTG

AATCCGTGTTTTCAATTACTTTGAGTATATACCTGGAAGTGGAATTTCTGGATCATATGS

TACT

AL

NV T /\: r'1|r1r'1r||r~
CCAAGTT

[TTTTTCTTTTTTC

ARGGTCTCACTCTGTCACCCAGECTG

AT PN e erurehilalslels U N Iafalnlal ﬂ‘“f\f“‘"\/‘(,"l sleleeulidal: seeruihiell
GAGTGTAGTGGCACGATCTTGGCTCACTGCAACCTCCGCITCCCGGEETTCAAGCGATTCT

CCTGCCTCAGCCTCTCAAGTAGCTGGGATTACAGGCACGCGCCACCACGCCCAACTAATT
TTGTATTTTTAGTAGAGATGGGTTTCTCCAT GTTGETCAGECTGCTCCCGARCTCCIGAC
CTCAGGTGATCTGCCTGCCTCACGCCTCCCAARARATTCTGLGATTACAGLTGTGAGCCACCG

AOCTE
CACCHC

A CTCCATGTTTCAATTTTTARACAARCAATTAG

STTARAAAAARTAGGARACTAR

GAATGAACTATTTCCTGTTITTATTCAGTGGGTTATAATCTGTTACTATCATTGTTTAT
TTTGAGGTACARAATTGTCCCTACTTTGGCCAGCAGAGGATCCTGCAGTTTGTCTCCTGTG
TCCTTTTCATAGCTCCTTGTTGGARCTCTTACTGGCCCACAATAGGATGTTCCAAGTTCA
TCTTCTTACTTTTACTGCCCCARCGUTGLGATCAGCCAT TTCTTCAAGGAGGCCAGTTCC
TTTCATTGGAGAAT GGAARACCCANTATCTAGAAACCAAGATAGAGGTGTTAGGTGTGAT

TGCTACTGGAGTGTCATTGCTTCCAARCCCT TTCAGARAGAGACCT AGGARATGTGTGTGET
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GTGTATATATRATATGTGTGTGTETGIGTGTATTCATAARAGCACATACACATACACAT
ACCCCGARGCATGTATTTCTGTATTATTATTATTT TTTTGAGATGGAGTCTTGCTCTETC
GCCCAGGUTGGAGTACAGTGGUACGATCATGGUTCACTGCAACCTCTGCCTCCTGGATTC
AAGCAATTCTCCTGTCTCAGCCTCOTGAGTAGCTGGGATTACAGGTGTCCACCACCACGC
CCACCTAATTTTIGTATTTTTAGTAGRAGATGGGETTTCACCACATTGGCCAGGATGETCT

GAACTCCTGACGTCAAGTGATCTGCCCCCOTCGGCCTCCCARAGTGCTGGGATTATAGG

CGTGAGCCRCTGTTCCCATCCAGARAGCATACATATCTATTTCTATATCTACATTTCTGETC

TTTACATGTATATATTAAAAATTACAGTTTGCACTAATACCTCCAATTACAATCTAACAT
CATGGGATTTATTCTGGCTTTCTCCCTTCTCATATTTGTGTCTCCCCAACAGTGAGAAAT
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TTTTTTCTGAGATTCACTTTCGCTCTTGT TGCCCARGCTGGAGTGCACTGETGTGATCTT
GECTCACCECAACCTCTGCCTCOTGGETT CARGCGATTCTCCTGCOTCAGCTTCTCARAGT

A TLL o et

AGCTGGGATTACAGGCATGCACCACCATGCCCAGCTAATTTCGTATTTTTAGTAGAGATG

GGTTTCTCCATGTTGGTCAGGCT GCTCTGGAACTCCCGACCCCAGCTGATCTGCCTGICT
CGGCCTCCCARAGTCCTGLGATTACAGGCGT GAGCCACCETGCCCTGCCTCTAGTTTATT
TATTTTTATTCCATGTGCTCAGTCTTGCCGAGCACGTGETCTGITTTCTTGGGCCTGECCT

CCTCAGTGCACTGTCTTAATACCCTAGCCCCCAGTCCCTCTGATCATATCCCCAGACACC
CCTACTGAATCCCAGGTCTCTACCARGGLARACGCAGGGAGGAGHCATTGACCAAGGAGA
AGAGGGGEARGGCACAGGGARAGGTCTTGATTTCTATTTTCTARRATTTTCTACTCTGCTC

ATAATGUGTCTTAGCTGTGTIGTTGTGGAAAGTAGTGCTGACAGTGTCTIGTTTTTTTAT

TACTTACTTTETCTT

TAAGTTGGAAT GARAAAGAGAGGATCCTGAGA

NI

VAGTGGTAARACCATG

GTGT TTGGATAGCTTGCTGCCTGCATTTCGA

FTCT

AGGTAGHE

GTTTGAAGGCCTTATCTGAGCCCTGEGCTGLCTTCAGGETTTGGGGAGTGGCCTCCTGGA
CATTTAGCAGAAGAGGAGTAAGGAGGGCCCTTCTTCTCCCTCTGAGACCTCATGGAAGGT

GAGTTGGAGCAGGTCATAGAAGTTCTTARGCCCTCCAGTGCTTGAGACTTGTTCCACACA

TCTTGAACCTGGTTTCTGCATTTTTCTTTTCCTTCCTGTTGATTTATTTAAAAATTTTAT

Ao (*(* - '~l r[,m r[

~ 1 Hetnlalalalah Vel el
MWolod CCAATETTG LA

TTCTTITCAATT T T TTTTTITTTTAAAT] A AGE

PN

GGCCTTGARCTTCTGGCCTCAAGCAATCCTGCCTCGGCCTCCCAARGT GTTAGGATTACA
GGECGETGAGCCACTAT GCOTGGCCTTCT T T TTTGAGACAAGCTGTTGCTCTGTTGCCCAG
GCTGGAGTGCAGTGGTACGATCACAGCTTACAGCAGCCTTGAACTCCTGGGCTTARGTGA
TCCTCCCGCOTCAGCCTCCCGGETAGCTGGEHGACTCCAGGUT TGTGCCACCATGUT CAGCA

TTTTTAAAAANTATTTTTTGTAGAGATGAGETCTCACTGTATTACCAAGGCTGATCTTTA

ACTCTTAGCCTCRAAGTGATCCTCCTGCCTCAGCCTCCCARAGTGT TGEGATTACAGGCAT
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Yalninlel

GAGCCACCACACTCAGACTTTGTTCGACTTICT TAATAAGAAAAATACTTGTTAAGAGTTTC
TTCAGATCACTTTCCTTTATCARCAAGTARAACATGACT GAGGAAGTTGTGLTCCCCTTT

GCTTCCCTGCCCAGHCICETTTCCCTCCCTTTTTCCCCAGAGGAAACCACCARGAGGTTG

GCATATATTCTTCCTGAACGTGTTTTTATAGTTGTACTGCACTTGTACTGTGTATGAACA

ATATAAACTTCET T TG TeTCT T T AR R A A DT T C A A TACATCGATT TATAATCTATCTATC

ATTTTGCAACTTAARAATTTTTTTTTGAGCTCCAT GCTCGATTGATAACGAT CTATTTTTT

laTeraln sP T -~4 ~ r'1 Tarsy

TTTTTTGAGATGGAGT TTCAGTCTTATTCCCCAGGCTGAAGTGCARTGGCGTGATCTCALG

CTCACTGCAACCTCAGCCTCCTGGETTCAAGCTATTCTZCTGTCTCAGCCTCCGGAGTGE
CTGGGATTACAGGTGCATGCCACCATGCCCAGCTAATTTTTGTATTTTTAGTAGAGATGG

GGTTTCACCATGTCGACCAGGCT GGTCTCARACTCCTGACCTCAGGTGATCTGCCTGICT

TGGCCTCCCARAGTGCTEGAATTACAGGCATGAGCTACCATGCCTGGCCTTTTTTTTTTT

T T T T T T GAGACARAGCT CT T GC T T T T TCOC AGGO T GG ACTGCAGTCGT A ATCTT
T T T T TGAGACARAGTCTTGCTCTT T TCCCAGGC T GEAGTGCAGTGGCCACAATCTT
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GGCTCACTGCARCCTCTGCCTCCTGAGTTCAAGCAGTTCTCCTGCCTCAGCCTCCTGAGT
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AGCTGE

SATTACAGACATG

TAGCTTTTACCATGTTGGCCAGGCTGGTCCTGARCTCCTGACTTARAGTGATCCATCTGC
CTTGEGCTTCCCARAGTGCTGGGETTACAGGCATGAGCTATCGCGCOTGGCOTGAGARATC
TCATTCTTACTCCTACTCCCTTGCACACTATCTCCATTCTGTAGGTAGCCATTTCTATTA
ATTTCTTCTTTACCCTTCTGTIGTTTCT T TCATTCT Y T TCTTTTTTITCTTTTYTTTTTTT
CAGACAATCTTGCTCTGTTGCCCAGACTGGAGTGCAGTGETGTGATCTTGGCTCACCGCA
ACCTCCACCTCCTGGETTCAAGTGATT TTCATGACTCAGCCACCTARAGTAGTTGGGATTA

CAGCGCCTGETGTACACTACCACACCCAGCTAATTTGTGTATTTTTAGTAGAGAT GGGGT

TTCACCATGTTGTCCAGGCTAATCTCCAACTCTTGGCCT CAAGGGATCTGCCTGT

[CAG

CCTCCCAAAGTGCTGGEATTATAGGCATGAGCCACCATGCCTGGCCCTATGTTTCTTTTT

[AATATTTTTATTACTATT

T A

AGCAAAT [TTACACATCAAGT

ACAACAT T AART AT AT T TCTC T TAAT T T T T T TCAGT T

COTARATCTTTTAGTCATOTC
TCTCATCTTTTTAATCAGCTGGATCGCATTCTATCATGTCAATATTTTATARCTTCTATA

TACTGTCACCAGCAGETAGCGATTTAGTTGT GTCTAATATTTTARAATGATATATARTGC

CTCAATGAATATAGTAACCTTTTGCATATATTCTTTTGTGCTT TGGGATAACACTACCTC

TR

T L

GTATTGG

2\ L\'I\ lals r_;l:’! e

STOATTACATCTS

TTAT

TTTTATTTTTTTTGACTGGGAGT TTCACTCTTGTTGCCCAGGC TCEACTGCAGTGETGAG

ATCTCGGCCGACTGCAACTTCCGCOTCCCHGETTCAAGTGATTCTCCTGCCTCAGCITCC

CCAGTAGGTGAGATTACAGGTGCCTGCCACCACGCCCAGCTAATTTTTGTATTTTTAGTA
GGEACGGEGETTTCACCATGTTGGCCAGGUTGCTATCGET CTGCTGACCTCAGGTGATCCT
CCCACCTCAGCCTCCCAAAGTGCTGGGATTACAGACGTGAGCCACCATGCCTGGCCATCA

CTTTTTTTTTTTICTTAATTGCTGCATAGTGGCCGEECACAGT GGUTCACGCCTETAATC

SUBSTITUTE SHEET (RULE 26)

FiG. 10
{continued)



WO 2016/115179 PCT/US2016/013113
45/75

lalaNa'al T NN R Ia ~ AT A T GETC Sy NS RUTUR, T
CCAGCACTTTGEGGAGGCCAAGGCAGGCGGCGGATCATGAGETCAGGAGACCAATACCATC

CTGGCTAACATGGTGAAARCCCCGTCTCTACTAARAATACARAAADATTTAGCTGGGCETC

[GGCGGECECCTGETAGTC TACTTGGEGAGETTGAGGCAGGAGAATGGTGTGAACC

NN
GTGEECEEECEC CCCAGT

CGGGACGTGGAGCTTGCAGTCAGCCAAGATTGCACCACTGCACTCCAGCCTGGGETCGATGG
AGTGAGACTCTGTCTCAARAAACARACAARCRAACAAARAAATTGCTGCATAGTATTCCAT

TGTATGAGTAGTAACACAACAATTTTTATAATGCATAGTATTCCATTGTATGAATAGTAA
TGTAGCACTATTTGTTTATACAT TTTTATGATTAAAAAACARRATGTTTTTCTATTATGA
ATAAAGTGGCAATGRATATTTT TGTACAAGT GTTTTGGTAGCTATACAGTTATTGTCACT
TAATATATGCAATTCGATAGGCCAGTCATTCARRATAGARAGATATACAAGGTAGECCEEG
CETGETGGECTCACGCCTGTAATCTCAGCACTTTGGGAGGCCGAGGTGGETGEATCACCTG
TGGTTAGGAGTTTCAGACCAGCCTGACCAACATGGAGARACCTCATCTCTACTARALATA
CAAANGTAGCTGAGCETGETGGCCCATTCCTGTAATCCIAGCTTCTTGGGAGGCTGAGET

ALG

AGGAGAATCACTTGRACCTGGATTTATAATGTATGTAAATCCACCGCGAAGGTTGCGETG

Y P e Ty T
AACCGAGATCACGTY

ATTGCACTCCAGCCTGGGCAATARG

=GE0A

\GCGAAACTCCATCTCAAAR
ARRDARRARARAGATATGCAAGCTAAAGATACTAATAARAGACCTTTGTGTTGAGTTGGTT
GACATGTGETTATTTCACCCATCGTATTICT TATAGGGAATAGGTARATTCGTTCCTTGG
GTTTCTTTCAACACTTAGGTAARATCCGACGTCGAAGAT GAGATCTGATTTTACT GGTGT

ARCTCTTTATTTGYCCCCTTGCCTCCCTTTCCAATGGACTATTTT

AATGCATGACGGTCTGTGTATGACTCT CTIGACTCCAAAGGCTTGTGACTGTTTTTTGAGC

TA

BOTAARDG

lagh
RN o Vi W R L

ATCTTT [GAGACTRAATAGCATCARAY

TTTTCAGAGTACT
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ATTCCTGCATATACTTGGTACGTGTATTAGTTTTAAGACTTATTGAACTTCAGCAGATAA

TCTTTGAGAGTTATTAGAGGARAACARAT GATART GGAGACACCARAATAGCAGCAGTTT
TCTATGGETCGGCTCTCCACCAGTTATTCAGCAATCTCACCAACAGATGTCAGTTTAAGCTC

-
AGAAGT

g NaF ey e seuerYerd inlal Waralslslsslrstrafal
GGARAAGCAGAGAGCTCAGAGGGTCAGCTTTTTCA

TCAGTTCT

-
i

AATGTTAT

CCACAATTATGTGAGAATGACCTTGCT TAGAGAAAATTATGTTATTTTCGAGATCTTT
CCCOCTGTGETTGGAACTAGGCT GATGRARGCAT GLGCT TGACTTATT TATTGATTGTATT
COTTTTGTACATTCCCAATCTCCTCTCTGACTTGGTGCAAATTCAGGATCTCTTAGTTAG
TTTGTATATTTTIGTGTCTTCAGGTATGATTITTTTCAGCT TATACCTTTATGTCAGTGCTA
TTATGTGCTGATAATTTGTTTCTCTAGCTACCACCGTAGCTTCAGGCAARNGGCTGTCAG

CCAACTCTGTACAGT TTATTTCTARATTTTACTGTTTTCAGTTGAGTATGGATGAAGAAT
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ARCTCARAGTTTATTCTTTTGATGATGAGCCCTTARCACCACCTGCCATGATAGTACTTG
CTTTCTGACCAAGATCCTGACGGARARAGCCACTTTATTATTAGAACTATGTTAAGATGC

TTCCCARAARANCATGGAGCAGTATTGICTCAARGTCTGT CCTT GGATGLCTTTGGATGCC

TACATCAGGACTGTCTCGATGTGCTGGTTAAAATGCAGATTCCTGGGCCTCATTCAGACTT
ACATGYATTGATATTGCTGGTTGTGGAGCCT GGGAAT TCATATTTTTAGCARAATCCCTC
ATTTTTACTCCAAGTCTTATGTGCATTATACAGTTTGAGATGATCACCCAGGATATAGTC

CAARGACACTGGAGGCTGTTGARGTATAGGTTGTATATATGCGARARGGTTGGAATGTTTG

AATTARTTTATARTGARAGATCCTTTTTAATTGAGTGTTCACATGCCAAGGCAAGGATAAA

CATTCAARATGATTTTCTGICTCTGTTACAACTTTTTCTTTCTTTTTTTTAATTTATTTA

TTTGAGATGGAGTCTCACTCIGT CACCCAGLCTGGAGTCAAGTGACGCGATCTCGGCTCA

CTACAACCTCCGCCTCCCAGATTCARGTAATTCTCTTGCCTCAGCCTCCCGAGTAGCTGE
GACTACAGGCATGTGCCACCATGCCCAGT TAATTITTGTATTT T TAGTAGAGACAGEGTT

TTGTCATGTTTGCCAGGCTGGTCTCARACTCCTGAACTCAGGTGAT

9]
ol

CGCCCACCTTGAC

~ YR T T T P T AT g
TCAAAGTGCTGGEGATTATAGGCE

(G

CCACCGTGEC ACAACTTY

ATTACARCTTCTTTATTTTGACT T TATTTTTACAAAT TATTTATT TATTTTTTTTGAGAT

S AT T CCC T CT A G ACCC TECACT O AR TG CCCATOTCALCT SO RACCT
AT TC VCCCAGGUTGEGAGTGCAATGETGCGATCTCAGCTCACTGCAACCT

CCGCCTCCCAGGTTCAAGTGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGATTACAGG
CACTTGCCACCACACCCGECCARTTTTGTATTTTTAGCAGAGACAGEGTTTCACCATETT

GGTCAGGCTGETCTCGAATTCTTGACCTCAGGTGATCCACCTGCCTCGGCCTCCCAAAGT

GTTGGGAT TACAGGCATGAGCCACCACGTICCGECCGACTTTTATTITTTTTTCTTGAGAC
AGGGTCTTCCTCTGTCACCCAAGCTGLAGTGCEGTGGCATGATCATAGCGCACTGCAGCC

)

TCGACCTCCTGGACTCAAGTGATCCTCCTGCCTCGGCCT TGTETATAGCTGGGATTACAG
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ARTTAARCAGTTGGTCCTTTTAAGATTGCGCARTGGACGAATGGCARATTGCATTTTTAA
ARGAGGAGGGATTTAARAAARABCAGGARAGAT TGGGGEATTTGTCTCTAARAGGACTGT G
GACTCATTTAAGAAGTTTAGTGETCATTCTTACCATCTITTCTGGTTTTTCCTGCCTLCAT
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SATT T CTETCTCAGETGEGATTGATCAATCCCTT
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TGTGTTTAGGAGAGCTGACTGTATACAGTAGT TTTGTGRAAAGAACAACATGAL

CCCATAGTAGAGCTRAAATTCTTTTTITATTTTTTARARACTTTAC

SNGTA

ARTCTCCAGTTGRAARARTGGETCTGGCARGATGTTACCTTTGEGTGATTTTTCTGCTGAC
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AGAARGRCAGACACCATTACATTCAAAGTCAGAT TGTCTTTTATTTATTTATTTATTTATT
TATTTATTTGAGACAGGGTCTTGCTCTATCACCTACAGATGGGGTTTCACCACGT TGGET
CTGEGETGACCCARATCT TTGGGTGATTTTTCTGCTGGAAGAGGACARACACCAT TACATTC
AAAGTCAGATTTTCTGTTTTITTTT T T T TTTCTI TT TGTTTT T T TAATATTCATTTGTT
TATTCATTTGAGACTGGETCTTGCTCTGTCACGCAGGCTGGAGTGCAACCTCCCTGEGCT
CAGTTGATCTTCCCTCAGCCTCTTGAGTAGCTCGGACTACAGGTGTETGCCACCATGCCC
AGCTAGTGTTTGTATTTTTTGTGGAGATGGTETTITGCCGCATTGCCCAGTGTGGETCTTG
AACTAGTGCTCARGRGGCCTGCCTCCTTCARCCTCTCAAAGTGT TAGGATTACAGATGT G
AACTACTGTGCCTGATCCAAAGTCAGATTTTCTTTGCTTACTTAGTCAAGTTCGTCTATG
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TATTATTATACTTATCATACTTGAGTATATTGAGTATATTTACACTTTTAGTATATTTGT

ATACACACACCACATTTTTATTATTTATCTTTTTTTTGAGACAGAGTCTCCCTCTGTCTC

CCAGGCTGAAGCACAGTTGGCTCACTGCAACCTCTGCCTCTTGGGCTCAAGTGATTCTCG

TGCOTC
N L

CCTGAGTAGCAGGGAT CRACCACCARGCET

=\

GGCH

TGTATTTTTAGTGGATATGGGGETTTTACCATGTTGGCCAGGCTGETCTCGAACTCCTGAC
CTCARATGATCTGCCCGCCTTGECCTCCCAAACTGCTGGAATTACTGECETGAGCCACTG

CACCCAGCCTATTATCTGTCITTTGATGGACATTTAAGT TGTCTCTATATACTAGCTATT

CTGAATAATGCTGCAGTGAACAT GAGAGTGUTTGAALACACTAATGTAACATAAAGGTAR

ATAARTGTCATGTGTTTATCTT

STV R
SAAAGE

CAGATTGGRAAGCTCAAGCT TTCTC

CTTARAAACTTAAAACARATCCTAATAGAGAATTTITGCAAACATACAGAGGTAGACAGAR

TAGTATCATCAGCCTCCATGTACCCATTGCAGCTTCAACTATCAAATCTTTTTTITTTTTT

IMTTGAGACAGTCTTACTCTGTCACCCA

TCTGGAGTACAC ["TGCAATCTTGG

CTCACTACAACCTCTGITTCCTGGGTTCARA
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ZNGCEATTCTCCTGECCTCAGE SCTGAGTAG

CTGGGACTACAGGTGCCCACCACCATGCCCLGCTAGTTTTTGTGTTTTTAATAGAGATGE
GGTTTCACCATGTTGECCTGECTGETCTTGAAT TCCCGACTCTCAGETTTTCTGCCCEECT
TGGCCTCCCGAAGT TTTGEGATTACAGGCETCAGCTACCACGCCCGGCCCTAAATCTTTT

'GATTCCACTCACTGACTGCCGCTA

AACATATTCCAGAT

TATTATTCCCATATTTATCTGTAARAAGGCATTACAGAGGTTCTTTITTTTTTTTTITTTTT
TTTGAGATGGAGTTTTCCTCTGTCGCCCAGGCTGGAGTGCAGTGGLGTGTTCTTGGUTCA

CTGCARCCTCTGCGETCCCGLETTCAAGAGCTTCTCCTGCCTCAGCCTCCTGAGTAGC TGS
GATTATAGGTGGTGCCACTACACCCAGCTARATTTTTGTATTTTTAGTAGAGAT GGEGETTT
CACCATGTTAGCCAGGCTGGTICTTCGAACTCCTCACCTCAAGTGATCTGCCTGCCTCAGCC

TCTCARAGTGCTGGGATTATAGECATGAGCCACTGCATCTGGCCTAAGGCT GTACAGAGT
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TN AN TN O T 7 T 2l T
TTTAARGCAAGTTTTCATTATAGATCCACTT

SGTTRACCTTTAGGTAACCTCACTTATT

ACTTTGGCATTGTTGCTATTTCARAT TTCACCTTTATGATAGTGCGAAARNTGATATAATC
TCTCTAALAT AR TG GGTCTATICATARAGALARATAGGCTTGAATTTATATCAGCAGAGT
AMAGTGTATGCTGAAGACTGARGRANGATACATTTTCTGGCTGAACAGARAANCACGETGAR
ACGATTTGAARACTTTTATTGTGAATTACAGGGTCCTATGARCCCTCTGTCCGTGCCTTT
ATGAATATCAACATAGACATGITTTTITITTTTTT TTTGCATTAACACCGTTTTCTGTAA
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'CAAGTGATCCTCCTACTTAAGCTTCCCGAGTAGCTGEGACTACAGGCACACGATACCA

TGCCCATCTAATTTTTGTATTTTTTTGTAGAGATGGGGTTT TGCAGTGTTGCCCAGGCTG

GTCTTGRACTCTTGEGOTCARGT GATCCTCOAGCT TTGACGTECCABATGTGGTGECTTT
AATTTCAGAGTTCARATTGATARCTCT GCTAAGTTAAGTGAACTGATT TCT T T TTTTTTT
ABATTATT TTTGETTGAT TATACTTTARGT TCTGGGATATATGT GCAGRACGTGCAGGETTT
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GTACATAGGTATACATGTGCCATCATGETTTGCTEGCACACATTAACCCATCATTTAGC

TTAAGTCCTGCATGCATTAGGTGTTTGTCCTAATGCTCTCCCTCCCCTTTAATGCATCAG
TGAARAAGTGATGATAGECTGGECETGLTGECTCACTCITGTAAT CTCAGCACTTTGAGA
GGETGAGGCAGGTGGACCACTTCARTCCAGGAGCTTTGCCCCCATCCCCAGACAGTETETG

TGATGTTCCCCTCCOTGTGTCCATG TG T TCTCATTGT TTGGTTTTCTGTTCCTGTGTTAG
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TATGTCTTTATAGTAGAATX ‘ TCCTTTGGGTATATAC
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CCAGTAATGGGATTGCTGGETCAAATGGTAT TTCTGGTTCTAGAT CCTTGAGGAGTCACC
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CTATTTCTCCACATCTTCTCCAGCATCTGCTTCTTTCOTGACTTTAAGTGAACTGATCTCT

TTCCTGAAACTAACTTGGET TGCAGAATGTCCCTGATGEGAATGTGCTGTGTTCCCATTG

CACTCTTCTATATCACTTACCCATTGACARATGTGATCTCTTTCATTTTCTCCTCATCCAT
TTGACAGARRNCTTCARARACARNGGATTCTGGCATATTTACCTTTGCAGTTGTCCCCAGC
ATGTAGCACGGETGCCTAGTACACAGARGRAAACT CCATAAATGTTYGTTGRATGAGATTTA

CATTTAACTCATGTTTACATCATTTTATTTTCCTGTTCTGTTT TATGGGAATGATTATTC

TATGCTTTTTGAGGACTACARTTTATARATATTTC [GARATGAATARAGTGAATACT
GGGCAAATAAAGTCCTTTTAGCCAGAGTATGTCTGAACAACTTGCTGAGAT AGATATGAT

TTCCCATTTTCCAGCTGAGGGGCCTAAGCGAGCTTAAGTAAATTATTCAATCTTCATACC
ACAGTTTTTGTTTIGTTTTGTTTTGTT T TTTTTCCTCCT GAGACAGAGTCTCACT TTGCT
GCCATACTGGAGTACAGTGGTGCAATCATACCTCACTCGCAGCGTCCAACTTCTGGECTCA
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CGCCATCCTCCCACCTCAGCCTCCTGAGTAGC

GGTACTACAGGTGTGCACCACTATAGC
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TGETGGAATAGAACATTCTCAGTCCTTGCTCAACATTACTGARCAGAGACTTGAATTTGAG
TTTATTCTCTCATCCCAGGCTTCGCGTTAGGCTCTGAAGACACTAGTGARCAAGACAGAC

AGGGTTACTGCCTTTAAAGGGAGTTTT TAGTTCAGAGARGGAARACAGTGATGARAAGCA

TCAGTGAARANGTGATCATAGGCTGGGGCETACTLGCTACTCCTGTAATCTCAGCACTTT

TAGAGGGTGAGGCAGECAGCTCACTTGATTCCAGGAGT TTGAGACCAGGCTGGGIAACAT
GGTAAAACCCCGTCTCTACAAARARTACARANNGTAGCTGGETGTGGGEGTGCGCACCCA

CAGTCCCAGCTACT CTGGEGETTGAGGTCGGAGGATTGCTCGAGUCTGEGAGATTGAGGC

TGCAGTGAGCTGAGATCACGTCACTGCTCTCCAGCCTGAGCAACAGAGCCAGAACCTCTC

CCARARAARARARAARATTGATGATARACH [GAGACAGRAATTTTGAARTCTCAGCCTC

T AT (S (YT (3 (ST P T30 (4 () (TS R e (1T 7 7y e SR T T T CACCAGT
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TTCATTTCATTACTTTCACTTCATTTCACCTTCATAAAGCCTCATGAGGTAAGATGGGAR
GATACAGAAGTTTTAGARACCGCTCATCAAAAT TGART GGAAAGCCGATTGTTCCAAS

TTTTTAGTCGTGGAARATTTCTATTATATGCARAAGTAGAGAGAATGGCATAGTTATAGCA

GTATACCTGACACCCAGCATTAL
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TGATAATATGGCCAATC

CCCCACTCACTTCCCCAGCCCTGACTTGTCTTCAAGCARATACTTITTTTTTTITITTITGA
GATAGAGTTTTGTTTTGTTTTIGTTTTTTGTT TT TGAGATGGAGTCTCACTCTGTCCICCA
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AGCCACTGCTCCCGGECTTGAAGCAARTCTTAACACATCATTTICGTCTGTARCTATTTTA
TTTCAAAAAATTATAACCTGAATAGCATTATCATATCTAARNACTATTAACAGTATTTCCT

TAATATTAACACATATCAGTCACATTITCCTGATTGCTACACACACACACACACACACAC

[

ACACACARCACACTTGCAATTIGTGTTTTITTCTTI TTAGATGGATCTCACTCTGTTGCCC
AGGCTGGAGTGCAATGGTGCATTCTCAGCTCACTGCARZCTCCACCTCCTGGLCTCARACT
GATTCTCTTGCCTCAGCCTCCTGAGTAGCTGCGACTACAGGTGCCCACCACCTCACCTGE

CTAGTTTTTGTATTTT TAGTAGAGGTGGEGTTTCACCAT GTTGGCCAGGTTGGTCTCARA

lcatifele/erYelniver Yeleuler ~ Nelorite elielatalelie) r-v~ I Palatal itaalsali el Ialabiila
STTCCGACCTCAGGTGATCCACCCACCTTGGCCTCCCRAAG CTGGEGATTACAGGCATG

AGCCACTGTGCCCAGCAGCARTTTGTT TGAATTGGGAGTGCTTITCTTCCACCTTGATTAT

GAAAPAATTTCAAATGTGTATARAACAGATTCATATAAAGGATCCTGATATGCCATTATC
AGCTTTATCAATTATCCCTGTICATCATATTTTTTATT TATARATATTTCARTATTTGTGE

ARTCCTTAARRATGCATCACATAACCCARACATTGTTCATATTATACCARTTGTCTTATARA
TTTAARAATATTTTGTTCAATCATTTTTCAGATAAGCTTCACACACTGTGGTTGGCTAAG
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GGETGGCAGTTGCAGTGAGCCGAGAT CGCLCTACTGCACT CCAGCCTAGAGACAGAGTGCG
GCTTCATCTCAAAACGAARCAARACARARACAATCTTAAGTCTCTTAGAATACTTTGATGC
CCCTTCCATCTCTCTTTTTCTGTCTTCCTTCCCCTCTCTCCCTGTCTTTTCT GCTGTTGAA

GAMAGCAGATCATTTCGTCCTGAGAGTTACTTATAGTCTGAATTTTGCTGAGTGCCTCTCT
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GTGGTGGACTTAAGCATGTATCCATCCCTTATATTTCTTGTAAGT TGATATATCTAGAGA

CITTCATTGGATACAAGTTTTCTTTGGCAAGATAGCATGTATGGTGGTGTAT CAGGAGGTG

TTTATGTCC
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GTCTGGGCTCAAGCAATCTTTCTACCTCAGCCTCCTGAGTAGCTGGGACTACAGGCACAT
ACCACCATGCCCAGCTAATTTTTTAAT TITTATTTTTAGTAGAGATGTGGTCGTATTATG
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GTGCTGGGATTATAGGTGTACTACAGGCAAGAGCCAATGAGCCTGGTCAGATTTTTTTTT

CCTGATTTGARATCTGTTATGGET TCAATTGATACTTCCAAAT CAAACTCAGGGTTTCAG
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kiU il tisaivulas it
GATTTTTA

CTARCCTCATTGATCTTACCCATGTATCTC

TTTCTCTAATGCCAARARTCC
TACTTCTTGAAGCCATAATAAGATTATTCATTTGTTTTATCCCACATTACACACAACAAT
CTTAGAATAATGACTTCCCAATRAATATGATTACTGARAACAGTTTAAT TTTTTITGCECT
TTTCAARARARNTCCTTCAGAGATGTGTAGTCARGTTACTGTATTCTGCTGLGCACAGTGS

CTCACGCCTATAATCCCAGTACTTTGGGAGGACAAGAAGGGAGGATCGCTGGACCTCAGG
AGTTTGAGACCAGCCGGEGCAATATAGTGAGACCCTGTCTCTACARRAGAARATTARAARR
TTAACCAGACATGGTGECATGTCCCTATAGTCCCAGCTATTGAGAGECTGT GGCGAGAGT
AGGCTTAAGCCCAGGAGTTTGAAGCTGCAGT GAGATACGATTGTGACACTGTACTCTAGG
CTGACAGAGCAGGGACCCTGTTTTTAARAAAAARAAANTCGARAANACTTCCTGTGCCTTAG
ACTCATTTGTRATCGTCCTTCTCTCTGIGTGGCTATATGUTAACTGGGTATATGGTTAGT
TTATTTGTTTCATT TAAARANTCTCTTTCTCTTAAGTTTTATTTATAATTACACAANTAC
TGGCTTTGATAGTCAAATTGARAARACARAGTGTATTCARAGAAGTCTACCTTCTATCCT

TCTCCTTTCCTATGTTTTAGCCATAGTATARARAGTTATGGTTTATCATTATATTTCARAA
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DT AR SN L A (NI (R TR (Y
AATATAAGAAGATA \GCATAACTT CATAC

TTTTTTCTAACCTTGCTTTTTTAAATATCCTGCACATCCTGGATATCCATAATAGTGTCT
AGAGATAGTCTTCATTCTTT T TTACTGTATAGTARTCCACTGTGTACTTIGTACCATAGT
TTATTCAACCTATTGATGGGCATTTGGGTAGTTTCCAAATGTATCACAGAGAGGATTACA
GCTGAATAGCCTTGIGTATGCATCCTGCTTTACTTTITGCT GACTACTGGTAATATT AACAT
TTTTTATGTTCTGTATTTAARARATGGTGGTTATTATTCATCTATAACTTT TATTATACA
TGACTTTGET TAGCATGCTTTAACCTTTTAGCATAACATTTGCAAGCTACT TGT TTTAAT
TAAAATTTTGGTTARATGTARARARTAGTGAGCTATTTTGTAATCTAGATTCAATAGAAT

CTTATACTTCCTTTACABATGAT AGCTGAGT TGATCATT TETETARATGACTGTGARCTT

AMARAATTACAGCATTTTTTARAATAAATTTTTTTAACATTTTAAAATTATT TAAAATAAT
SACACACAAAGTARAAAGAGAAGRARARARALAGAGACAGGET [GCTATGTTGCCCA
GGCTGGTCTCARACTCCCAGGCT CARATGATCCTCCTGECT TGGLCTCCTAARGT GTAAG

CCACCACACTTGGCARAARTTAGTTTCTTTAARACARAAACATTACAGGTTATCTGGTAC
CATGGTAGCTTCTTTAACACTAGGTTCACTT AGAACALAGTTTAGGAACAAAGTCAGACT
TTCACAAACGAGCTTGTGTGGCARATCEGLETATTTTTTGCAAATTCCATTGGTGGGETCAAG
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GATCACATCTGTACTCTACAGGCTCTCCACAGAGGTCAGACTGAGGTGGTARARTTGTTG

TGCACTAAATTAGGGCATTARCGTT TCATGGARACTGAAGCTATATCTAAATAGCTGATG

GCCTGCTTTCTAGATCTCCTATATACCTGCTTCTCAAATTCAGTCTGTTTTAAAAANTTG
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ATTAGGAAC

TGGARGCAGATACTCATARTCTARATCCTCTGAAGTUTAAAGTTTGATCCA

CAATAGCAAAGCATTATCATTTTAGTGATTGTACCTTAGTTGTTTCCTGGCAGGTGATAR

ATTTGLGATCACTTTCTTCTTACAGTGTIGCTCTGATAGT CTTTAARACAARCCAGAGCTC
TARATTGTAATGCCATTGGTAATTTARCTCTGATTTGTCTCTATGCCTGTCTCCTGETGT
TCTGTAAAAT TCTACACGTCAT TTCAGGTAT CACT AT CCAGARGACGT TACTTTITGCCTT

TCGATGCACTTTAAAATGTGAAGTC TCTGAAGCTCITTGGTTATTTTCTCCTTTGETG

CTGARATARATTCAGGTTGATGATTTTCYT

TAGGATATGTTGTGTGATCTAGACATTGC

ARACCCAAGTCTTTGATTTTTTTTTCCCTACACGATTGCCTGTTTCTTTTTTATT TTAATT

TTTATTAGTTATTATTATTT TTGAGATGCGAGTCTCACTCTGTCACCCAGGCTGGAGTGCA

GAGGTGTGATAGCTCACTGCAACCTCCACCTCCCGGETTCT TGTGCCTCAGCCACCCAGG

TAGCTGGGATTACAGGCACGTACCACCACTCTCAGCTAATTTTTTTGTATTTTTAGTAGG
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GATGGGATTTCTCCATGTTGGCCAGGCTGAT CTCAAACTCCTGACCTTARGTGATCTTCC
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TACAGGCACTGTTGTAGTGCACTGCAGCCTTGAACTCCTGGGCTCAAGTGATCCTCCTGA
GAGGCTGGAATTACAGGCACACACCACTGCTGTCCAACAGATTGCCCATTTIGTGATCTGETG

TAAATATCTCTCACTTCCTGCAGTATCTCTGCTCAAGAATGTAAAGAGATGGATAATATT

TTTAGATTTGTTGAAACARAGTAAAGT TCTECTCARATGAGAATGACACTARCTAAATGA
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AADRARATACARAARATTAGCTGCGETGTGGTGETG GCCTGTAATACCAGCTACTAGGGA
GGGAGAATTGCTTAAACCTGGEAGGCAGAGGTTGCAGTGAGCTGAGATT G

TGCCACTGCACTCCAGCCTGAGT GTATCACAAARAAAAAAANRAAAAGGTTTTTGCCCTCT
CTCTGTGCCTGCTGCTCCCTGTTGAGTCCTATAGGCCTGAGCTGCCAGLGLETACTETGE
GCTGAGACTGGACATTGCARCCGACT GCAAGGCACCGTEGEACCCAGETTGTGGATEGAC

TGCTCTCTCCGGCTTTICTTCTTTCCATTCATCTTCCTCCTCTAACTCCCCTCTGTATCCAG
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TCAGTCTTTATCTTTATAGAGTCTACAGTCAAGTGGEAGAGACAGGCAGTAMACARAGAR
ACAGTTCAATATTCAATCTGTGAGATGGTGATARGTGCTACAGAGARRACARACTAGTGT
ARGATARARAGGGTGT TT TGATAGGCCTTTACTATTTAGCETCTCTTTGAT ARGGT GGCAT
TTGAACAARGCTCTGAAGGARMATAATGGAGCCAACCATECATATARCCTCAGGGAGARCA

TTCTAGGTAGAGGGAACAGCAAGTGCAARGGUCCTGAAGTGGGGGTTTGTTTACCTTGTT

GCACAATCTGCACACAGGCCAGTACAATTGGAATGGATGGGAAATGTAAAAGAGAGAAGT

TGARRAGGCCAGGTGCAGTGGCTCATGCCTACAAT CCCAGCATTTTGGGAGGCTGARGTG

GGAGG ATCAGCCTGGGCARCAGAACCAGACCTCGGGCTAATTTTTGTATTTT
TAGTAGAGACAGGGTTTCACCATATTGGCCAGGCTGATCTCAAACTCCTGACCTCAGGTG
ATCCTCCTGCCTCAGCCTCCCARAGCTGCTAGGATTACAGETGTGAGECATGGCCCCCAGC

CGTATCTTTGTCTTARAARGTARTCTCTCTCCTTGGTAGGCCAAGAATTTAAAATATAAR

ARATTTAAGARAGARARANAATAAGTA

AACTATACAGGTTGGETCTGGCCGTAATGG

TCAGTGTCATTATTTTTCTTCCCTAGGTATTTTGGCTCTGTTGCTCAGAGCAGTGCAGGC
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GAGGGECAGACGATCA

T N Y

TGGCCGGAGTGETG

SCAAGGGTGEGGETGEGAGCCA

CGCTCT

TTTTTTAATTTTATTTTAATTTGAGACAGTGTCTCACTCTT

RSN

PGCCCAGCCTGGAGTGCA

CGOGETE falnfar) m alaralnalafsVere 4 T T CAATTCTCCTROCT
GTGGCETGATCTCAGCTCACTGCAGCCTCTGCCTCCCAGGTTCAAGCAATTCTCCTGLCT

CoOTCCTE NN s alalay Y al ey Yelalaleialalar UL A ATGECOCAGCTGATTT PR
CAGCCTCCTGAGTAGTTGEGACTACAGGCGCECATCACAATGCCCAGCTGAT TTTTGETAT

TTTTAGCAGAGACAGGGTTTCACCATGTTGECCAGGCTGGTCTCCGACTCCTGATCTCAA

A AT OGO COCTO RGO OO
GTAATCCGCOTGCCTCGGICTCCCA

~ NIRRT
ATTA

AGGCATGAGCCACTGIGTAC
GGCCACCACACTGTTTTARACAACCAGATTGCACGTGAACTTAGAGTGAGAACTCACTGT
GAGGATGGCACCAAARCATTCATGRAAGGATCCACCACCTTCCTTTAGGCCCCACTITCCAA
CACTGGAGGTCATATTTCAACT TGAGATTTGCAGGGGACAGACATCCARACCGTATCATT
AARRATTTRATAGTTTTATGCAGTTTTTTTGGCTCTAGATCTGTTTAGACTCCTGCAGTCAG
CTGTCTGTRAACTAGCCTCTGGTCCTTT T TGAGAGT TCACAGTTTGCTGCARAACCCTTTGS

ATGTATTATTTGGGRARATGGGATATCTGGCAGCCTGTGTCCCTGCTTTACATTATCCTT
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TTTGECTGCCTECCCCAAGCCTCCTCATTAGCAT CCCTGICAAGGCTCAGTGGAGAAGLATG
GAGATGCGETGACATTCAGCTTGACAGGTCATTAGCAGCTTTTGTGCCCTAGGGACTGCT
GETGGHAGGEAGGT TGTGEARAGATARACCCTGRCAGGAATGTATTCTCCTCGAGGECAGG

GTTTATTTGATATTTTTCTGCAGCTTAGAACCATAAGCCTGGTGCTGGGGAGGAAGCGCC

CTTAGCATTTGGTAGCCTCTGYGGGCAGAGCATGGARAGTCACAACT TCTGRATTGTTTG

TATTTTCAGTCTCACTCTAGATGGATGGCATCTTCTGCTATGLGARAATGAAATATGTTTA

CAACTTGAGTCCCAGGTGCAGATGAGGCTGGGCTAATTGE

~ SAGCC

SCRCTAGGGAAGGAGC

GGGGGAGAGATGTGCTGTTAGCTATTATCAATCTGTGACAACTGTCAGCTGCTGGCAGTT

f

AGCACCCACCTGAGCCTGEOATCCAGLGGTECCTCTCCTETCCTCTGTGGAAGCLTCTGE

ACCCAGCACGCCATCTTGACTGTCCACTGTT GOCCORAGT SCTGER SAGGTGAT
ACCCAGCAGCCATCTTGACTGETGCAC FTCAAGCCCCAAGTCCGCOCTGGAAGAGGETGAT

TGAGAACTTACTGCAGGATAAGGARRGCCCAGCACAGET GCAGTGGCTCACGCCTGTAAT

CTCAGTGCTT TGGGAGGITGAGGCCGGAGGAGGGCTGGAGTCCTTGAGTGCGAGACTAGC

CTGGGCAACATAGTGAGACCCTGTCTTTACAAARAAGGAARAAGAATTACCCAGATETGGTG
T GO T O AGT OO C AGC O AC T O AL GOTG P ety N e
GTGECETGCCTETAGTCCCAGCCACTCAR SGCTGAGE GGATCACTTGAGCCCAG

GTTTGAGGTTACAGTGAGCTATGATCATACCACTGCATTCCAGCCTGGGTGAGAGAGC
ATGACTCTGTCCCARCAACAARAAAARAGAT TAAGGGAAGCCTCTGGCAGACCTGATGAT
GGGTGGCCCAGCCARAATGAGTATTGATCGAGGATTTCCCTGETCTGGAACTCTGAATTTA

Fanis 1/‘4' i ST T AT O O T AT S T T D S AT 7‘ iy leleut "rw nl lalalalarilal Vol r"r“|7
[CTGGCARAGTATTCCCTTTIGT GTTGTGAGATGATTCTTGET WCCCCATCACGETA

GGTAAGATGAATTAGCAARTGAGARAGGCTTTCTCTTTTTCATCCTTATCTAGTCCGETAG
ATGAAGCCTGRAGARGGTCTCCATATGGTAGTAGTAAGTGTTTARCATCTACCTCTAACA
CITGCCTGTGTCTTITTTTT T TTGCARAGCCTCAGGAAT GCCCCAGTATCTAGGTAGAL
TTGATAATATTTCATTTTTGTTATATTCCCTTTTCTGTTTACCTTCTATATACAGCARAAR
TGAARADATTTTTAAARTTTGTGCARGTAAGGCCAATTTCTTTTTICTTTTTCTTTTTTT

U

\GTGACACAATCTCGGCTCAC

ST GOTOTGGECACCC el e iculelnd:
i TGCTCTGGCACCCAGGLTGEAGT G,

GO TCEETTT ARG GATTCTCOTGOC

aralaalalalel aiaal nf~/-«-1r~ ~
ORI WONRGIE, Akl CTGZCTCALC A 5(

SCTTCCAAGTAGCT
ATTACAGGTGCCTGCCACCACTCCCAGCTAATTTTCATATTTTTAGTAGAGACCAGGTTT
TGCCATGTTGACTGGECTGGETCTTGAACT CCTGACCTCAGETGATCCATCCACCTTGGCC

TCCCARAGTGCTGGEATTATAGGCTTGAGCCACTGEGCCTEGCTGAGGCASTTTCTTTTT

12

MAALNTATATTTTGT o
GAAATATATTTTGT GARARAAGA

{

SGAGTTCAGTTT

AAAGARACAAATGACATRAAG
AGGTGGTATGCAGAGATGCCAARGCATCTTGAAGGTGCTTTTTTTTTTGGARAACAGAGTC
TTGCTTCATTGCCCAGTOTGGTCTGCAGT GGTGCAATCAT GGTTCCCTGCAGCCTTGACC
TTCTGGGCTCAAGTAATCCTCCCACCTCAGCCTCTCARAGTAGCTGGGACTACAGATGCAT
GCCACTATGTCTGGCTAATCTTTAAATTTTITTCTAGAAGCCAGCTCTCACCATATTGCCC
AGGCTGGTCTTGACCTCCTGTCCTCGAGCARARATACCGATTTTGATTAAGTCTGGGGTA

Ialad Vala i Valalaralals o el W Warall NETI N N R O AT AT P NI Ty PP AT N plifely TSN Vel
GCACCTGGEGCTGEGATTCTARCCAGCTCCCAGETGETGCTARTGCTGCTGETCTACAGA
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CCACACGTGGAGTAGUCAGTGTAGAGTTCAT GTAGCAATAGTGATGTCATAGAARTAGCT

\.(/

AGTATCTGTATACTTGCTTTGTTGTATGTCACCCACTGTATAGTGATGTACATGCATCTC
ATTTGACCCTCACCCCGCLCCTTTGEEEETAGAARGGAT TGTGCTCATTTICACACTCRAG

GARACTGAGGCACAGACAGGCAARAGTAGCTT GCCLAAACAGAAAGGAACTTAGAGGCAGS

CCCTGATTAGCTCAGAGACTAGAAGGCCTTGTGCGTCATCCTGAACAGCTTGGACTTGAT
CTTGAAGGTGGAGGGAGAAATTGAAGGGTAATTAAACAGGAACTGTAGGAAATTCACCTT

ATAGTGATTGCITTGGCCACGTGTGCCCTGCCACCGCCCCCCCACCTCAGTGAAGTGT
CATGCGAAGTTGGGTTCGTAARTGAAGGCCCGAATGCTTTCCTGACAAGTTTGTTTTARA

TCAAGCTGCTAATTAGTCCCAGTCCCCCTCCCCCGOTATGTATTTTTTTGTTGATGTCGT

TTCACTTCATTTAGTTGAAGTGATTGAT TCAGT TCAGTGTT TGAACTTCTTTT TGARCCT

CACCTTAATANCCTGTCTAAACATCAAGCTTARACCTTCTTGCTARCACAGCAGTATTGC
TTGGTAAGACTGGCTCACAGTCCARGGARAT GCTTGCCTAGAGAGGGIAAACTGECTTA
CTCCTTAACCTGAGCTCATTARAARARAATTCARATGACTGATTCCTTCTCACAGTTCTAC

AR

CTACATTGTTTTTAT

TTTTGTOCAGET
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EERIOVACIE CTAGTT

LT
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TGTCCAGGCTGAAGETTGCATTTTGAAACTGACCGTCAAATACCAATTTAAAGTCCAGAC
CTTTACACTTGTGARATTCAGATARRATGAAATCGAAATARALNCAGGGCTGCTGIGTTETG
ARATATGACTGTGTTTTTCCTTGTAGGACTCTTTGAGGETAGCCATTTTGGCATTTTATA
TATARATTTTCTTTTCTTAGCCTACCTTTTACTTTICTTGAT TTGCCTATTTGTGATTTC

CATTAAACACTAGGCTTTTTGTAAACCAATTATCCC
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GAGACAGGAT CTTGTTTTGCCACACAGGCTGGAGTGCCETGGCTCCATCATATGATAARC
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AGAAAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGACCCTGTCTTATTTAAAACAH

AAAARAGARGAAGRARAARAGARATATAGATCACAGCTGTTATTTGTATATGCTACGCCAA

CCTTIGTTGGGTTTCATTCTITATAATTGTITATTTTTAAAGA

- ity

TATTGTT AARRTTTAAGGGAGAACACAGT G
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GACTTCATAATCCTGCTACCCTGGGAGAARAARAAAATCACCATTACCTATTTGGTTITT

CTCCCACTTTTTTTTTTTTCGAGATGGAGTCTCCCTTTGTTACCCAGGCTGGAGGECAGE

GACGTGATCT TGGCTCTCTGCAACCTCTGCCTCCTGGGETTCAAGCGATTCTCGTECITCA
GCCTCCCGAGTATCTGGCATTACAGGGGTGTCCCATCACACCTGGCTAATTTTTGTATTT

TTAGTAGAGACGEGET TTTGTCATGTT TGGOCATGTCTGE

T L

TTGTCATATTGGCCAGTCTGTTTGTCATGTCAGGCTGACATGTTTICGTCATGTTGGCCAG

GCTGGTCTTTAACTCCTGACTTCAGGTARTCCTGAAGTGCTAGGATTATAGGCGTGAGCC
ATTGCACCTGGCCTTCTGCCTTITTTTI TARAGARAARARATTARRACATTTTTTTCTTTIT
TAAGATAGCGTCTCATTTTGTTGCCCAGLCTGETCTTGAACTCCTGGGCTCARGTGATCC

CCAGCCTCAGCCTCTGGAGTAGCTGGGACTACAGATGCACATCATGGTGTCCTTATGCC

ATTTCTTTTGTACGTAGGTGAATGCARGTGTATGATTACATCATATGCTAT
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TTGACTTY TTTCACTTTCATCATCTTICCARGGTGTITATTTTCOTAGTACATCTTTTT
ARATGGACATAGAACATTCTTTTGTATGAACAAACAATAGTTTTATTTAGGCGGTCCTTT
CCTGTUGGACATTTATATTATTT TCAGCATTTCTCCACAGTTGTTGCAGCATTCAGATGA
ACCTICTTTTTTTTITTTTTTTGAGACGGAGT CTCGCTCTTTCGCCCAGGCT GGAGTGCAL
TGGCACAATCTCTCCTCAAGTGATTCCTGTGTCACCCT CCCACGTAGCTGGGATTACAGG
TGCCCATGTCTGGCTAATTTTTGTGTTTTTGCTAGAGCTGTGGTTTTACCATGTTGGCCA
N

GGCTGETTTCGRACTCCTGCCCTGAAGTCGATCTGCCCACCTCAGCCTCCCAARGT GT GGG

GATTACAGGTGTAAGCCATCACGCCTGACCCAGATGAACZATTCTTGTAGCTATCGCACAC

ARTTCTGAACATTTCCTAGGATGAATT CCTTAAAGAAGTAATGCTGATCCAGGCTTTTTT
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TCCARAATA

TGGTGEGETGTTGATGACTTCATTCACTGAGCTCCCETGATGCTGATTACTGAGTARAGTT

GCCACTAGGETGGCTTTGTCTGYGETTGETITCCTTCTGTTAATTAATTTTCTGTCTGECCA

AGATAGATCATCTCAAGGCTTGGGATCTCTCACTGTCAGGGACCTTAGGGTGCCAGATT

&

GTETCTTGACTCCTCCTCACTGGECCTGTGAGTCCTGEETAAGGCCTGCCTCCTTTCTGE
CGACTCAGTTCCCTTAAGTGGGARACAGACAAACACCTCOTGAGGGCTCCTAGAACTETTC
TGCTTGCTGATCCCCTGAGCTCAAGTTACTGGAGARAAGEGTATATACCTAARCTGCTCAG
-

ARGAAGACTTTGTGGGCCEGECECAGTGGCTCACACCTGTAATCCCAGCACTTTCGGAGG

CCGAGGCAAGCGGATCACCTCTGATCAGGA

[TCAAGACCAGCCTGGECCARCATGGTGAR
A\CCCCATCTCTACTARAARTACAAARATTAGCCATATGTGETGGTGTGCGCCTGTAATCC

AGGCEGEAAATT

: SO T R (T S T P T O T T
TGAACCCAGGAGATGGAGGETTGCAGTG

\D
o ax

AGCCGAGATGETGCCATTGCACTCCAGCCTGHGTGACAAGAGCARARCT CCGTCTCARAAA
ARRDARRGGARGACTTTGTGAATATTCGCAAACCTGTARAGCTGTACCTTTCAATTTTTT

TTTGAGACATAGTCTCE

i

CTCTGTTGCTCAGGETGCAGTCACAGCT CACTGTAGCETCAAC
CTCCTGGECTCAAGCCATTCTCCCACCTCAGCCTCCTGATTAGCTGGLACARTAGGCAGG

INeler el YerYeleuleleui T AC
CACCAGTACACCTGGETTGAT N

SlelalalalaT e alaF At Talal el Ly WPty
SGUCGECGCAGTGGUTTACGCCT

GTAATCCCAGCACCCTGGGAGEC TCACCTGAGGTTAGGAGTTCGAGA

GTAGCCTGGCCAACATGETGAAACCCCATCTCTATTARALARTTACAAARATTAGCTGGGEC
GIGGTGGTGGATGCCTGTAATCCCAGCTACTTGGGAGGCTGAGGCTGAGGCAGGAGAATC
GCTTGARCCTGGGAGGIGEAGGT TGCARTGAGCCGGAGGTGCUTATGTGCACCACT GCACT
CCAGGCTGGEGCGACAGAGTGAGACTCTGTCTCAAAACAAAANACGATTTANAAAATANTA

ATTTTTTCTAGGEGOGGEGTCTCCCTAT BT TECCCAGECTGGTCTTGARCTCCTGGECT
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CAAGTAGTCCTCCTGLCTCAGCCTCCCARACTCTTGGGATTACCAGTGCAAGUCATTGTG
CCTGGCTGTACCTTCTGTAACACCCARATGE CTGGCAAAGCCCAAGTTGAATCATGA

GGAAAAALGGCCTGGAAGGATGT AGACCTTCCTTT T T ICTACTTATTTATTTATT TATTT

BRI 4

TTGAGATAGGGTCTTACTCTGTTGCCCAGGLTG

AGTGCAGTGGCATG

CATGGGTCAC

TGCAGCCTCARCCTCCCGGGCTCAAGTGCTCCTTCCCACCCCAGCCTGCAATGTAGCTGG

GACTACAGGCATGTGCTACCATGCCCAGCTAATTTTTGTATTTTTTGTAATTATTTTTTT

T

SGCTGGETCTCGAA

ninfels
LU L

TGTAGAGACAGGGTTTCGTCATGTTGECCT [GGGCTCARAACGA

TCTGCCTGCATCGGCOTCCCARAGTGTTGGGAT TACAGETGTGAACCACTGTGTCTGGCT
ATATCTTCTGTAACACCCAARTGCCACCAGGCARAGCCCARGTTGARACCAGGAGGGARAR
AGGCCTGGCAGGAT GTAGGCCTTGCATGAGGATCTCAGRAACTGCACTAARCCAGTCACA
CTTCCTCTCTCCCGAGGTCTAACTCTATCCTGAACTCTTTGCATTTTTATCTCACTTAAT

CCATATCACATGCACAGGARGGRAGCATT CGTAGTATCOTGGTTTCCTAGACCATTTTAG

CAAGGTTATARGTGAAGGGGAGTGGETGCGAGARCTGGCACTAGAGCCCCCAARAGTCACT

alislals

GT CACTCTARATGCATG

AGGCAGTGCA

AARGGARAGGARACATTTACAACTTCTCTTTATTTATATCCTGTCCCTAARRAR
ARARGRARRAGARARATTTGTCTGAGGCCTAGATTGAT TGCAGGGAGTGCATARTGTTTT
ATTGATTGATTGATTGATTGTATATAGAGCATGEGGGETCTCACTATATTGCCCAGGCTGA

TCTCGAACTCCTAGGCTCAAGCAATCCTCCTGETTTGECTTCCCARAGTGCTGGGATTAC
AGGCATGAGCGACTGCACCTGGCTATGCATACTATATTTATCCARCTTACAAATANGSGCT
TGCTTGCCTGTAGTGUATATGTGTATACATT TCAGCATAGAAAAACTGTGTGATTGEGEE

TTGTGATCAANTTTGCGAGAGCATTGCTCTCATCTCTTAT CAGGTCAGAGTCATTTTGTCA

ARTCTTGTAABCCATTC

TP CTETE T O ATCECATCARAC AT ACTCT TTCTCTTTC TGO

ATGCATATGTACATATACATGGTATATATGTATATCATATCTACATGGATATTGTAATGT
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ACTGAGAAAAGGCAGTGAGGA

TGTAA

SGAT GGGGEGARAGTGGAGAC

ATTTGCRAGAGRAGCAGTTTGAGCTGTAGCATGGTACTAGTGACCTTGAGGAAGCCTTATC

CTTTITTTTTGGAATTTATTTITTTCAATTTTTAGARATAGACAAGAGTTTCTCTATGTTG

lelaler Xeletaldelal Tk ettt el alalalatal N i, Anlafalnlatelfales 11T|r'1r~<r~r‘|-r1r~~| VOV T aaaral
CCCAGGCTEETCTTGACCTCCTGGECCCAAACTATCCTCCTGCCTTGECTTCCCARAGTG

CCAGGATTACAGGTGTGGACCACCATGCCTGECCACCTTGTCCTTTCTATCTCTAAGTTS

TGACATCTGITCAGGGETCAGGT GGT!

[GAAGG

GATCAATGGTATGCAGTATCTARATAGAATATCGCTTTTTCCTCCCTTRAAAGGTCTCATT

CAGATGTTTCCTCTGATGAACATCTCATTTCCTTARAGATGAGGAGTCTGAAGCARARAAR
GACATTATTCTTTTAAGACACATGGCTGTICTTACTAATTCCCATTGCARRATATCTTGTT
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ATACAARARATTAGCCAGATGTGETGGCACGCTCCTGTAATCCCAGTTACTCAGGAGGCTG

AGGTATGAGARATTGCT TGAGCCCAGGAGECAGAGLTTGCAGAGRAGCCGAGATAGT GCTAT
TGCACTCCAACCTGGGTGACACGAGGAAAACCCTGTCTCAAARMATARATTTAAAACARCA
ACAACAACAACARCRARALNCCCCTCTTTATTATGGARAATTTTCARATATATTCAAGAGCA
TAAAGAACCCACATGTACCCATCACCCAGCTTCAACAATTATCAACTCATGCCCAGTCTT
GGTTTCATCTATACTCTGATCCACATCTCCTCTCTCCTTGAATTATTT TGAAGCCCATCT
CAGACATCATGTCATATATGTATACTTCAATCTTCTTTTTTTITAAAACTCCCCOTCCCC

TTTTCTTTTTTCTTGAGACTGTGTCTCACTCTCTCATCCAGGCTGGAGTGATCTTGGCTC

el

ACTGCAATGTCCGCOTCTCGEET TCAAGLGAT TTTTGTACCTCAGCCTCCCTAGT AGCTA

AT

CGATTACAGATGTGGACCAACATGCCTGECTAATT TTTGTATTTTTAATAGAGACAGLGGT
TTTGTCATGT TGGLCAGGCTGGTCTTGACCT CCTGACCTCATATGATCCACCTGCCTTGE
CCTCCCARAGTGCTGARATT GGCCACTGCCGCCCAGCCCAAARTTTCTTGGTTTGAAR
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o r»-|r T
\GTAGAGAGAAT 'TC

LWCCTTCTC

TGAGCTTCCTATATACCCAATGATAACATCCTATATACCCATAGTATATGATCAARACTA

CORAATTETCEAR T AT T R AG A AT AC G AT T TCACCTTACTETTT T TR
Gl ¢ X ATCA AGTETTCACGTT o

sANAL LG LGAA st 4 GAGALAL Gl AL UL
NI Y mimr q\7'[""'”"'”"_] uanl th r“lr"lr"r"! _'\V'"l 1T r'—l\ i) "*1"“‘""7‘ _'\ T\ nal iVl Ty
CCTGGGCTTTAATTTTTATGTGTTTTT TTCAATCATTGAATGAAL AACT TGGALTA
elsuleeleterteul 7‘ 'r\ sile I IalsfalssilssbilshFaralin s els v\ r“ me e YeulivUrelen ~
GGCTGEGEAGTAACTGATTTGARCTET T TTCCTGAAGT TCCAGGACTTATGTGACC

C«r C :~ M (‘1 m f“i Iy ..]‘v r[. T "“l m r[ Tl r[ Z‘

TAAGCTTTGCTTTTCACAG

TGTTTTCTGACCATACATTTCTAGCCTATTTTTGTATTITTAANTCCTTCCTCATGTCCTG

ACTTTAAGGTGTTTGARAGG CTTCCTAAATTTCTAG
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TTTAAAGTATCAGACATGTCAGATTGGCCATGTTTAGGAATTGAATAAATGAATTAAGCT
TACTGTAACT GATTCTCTGGARAARAGGGACTAGGAGALATTTGATTATGTTATTCOTTG

GTAGTTTTCTTTATGTTICTTCTGCTIGEGGATTTGTTGAGCTTICTTGGCTCCATCGAT

TTGTZ

AGTTTTCCTTAAATTTGGATAATGT STCTTAGTTTCTTCAGATACATATC!

GGCTGGGCATGGTGGCTCATGCCTGTAGTCCCAGCACTGTGLEETGTTGAGGTGGECGGA
TCACTTGAGGTCAGGAGTTTGAGACCAGCCT GGGCAATGTAGTAAGACCCCATCTCTTAA

ARARADARRATGTACCCTGCACARCCTTGTCCTAGGACAGCAGTCATACGTGTATTAGAC
TACTTGRAGTTGTCTCATAGCCCACTGATACTTGGTTTATTTTATTCAGTTTTTTCTCCC

CGTGTTTCATTTCGAATAGCTTCTTTTGCTATCGTCTCCAAGTTAATCTTCTGCAATATGT

CATCCGCTCTTAATCCTATCCAGAGTATTTT TCATCACAGACATT GTATTTTTCATCTCT
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AGAARGTGTTAATGTCATCTATAGCTTICCTTTTAACATGTCTAGCATTTTCCTTACCTTT
TGAATGTATGGAGTATTTCTGTTGTTGT T TTTTGTTTTGTAGAGACAGGGTCTCGETET

nsifatalal Talalalala TS T CETE el SCTCACTGEOR NPT SR PN T N ST
TTGCCCAGGLCGGAGT GCAGTGGUATGATCTCAGCTCACTGCAGCCTCTGCCTCCTUGETT

CARATGATTCTCATGCCTCAGCCTCCCAAGTAGCTGGGACTACAGGTGCETGCCACCACS
CCTGGCTAATTTTTGTATTTTTAGTAGAGAT GCEEGTTTITGCCATGTTGCGCCAGGITGETT
TTGGAACCCCTGAGCTTAGGTGATCCACCTTCCTTGACCTCCCAAAGTGTTGGGATTATA

T AT OO DT el Vs saslat DaPaily:
GGTGTGAGCCACCATGCCTGGCCATETTGET

[CTTTTAATTAACTCTGCCTARCTGTCCT

CCCARATGGETTGCTGCAGTGCTCACTCCCACCAGCAGCACCTGCCTAGGACTCATTACTC

CATACTCTTCAAGACACTTCAGATTARABABATARAT TGTARCACCCCACACCTACAGAR
GAGCGGACAGATCT TATTGAGTGACAGCCCTCTGT GT TATCTCARAGTGAGCCTACCATG
GTGETTTTTTTTTTARATATGGAARAGTTCTGTET TTTTGTTTGTGTTCTAGTGRARGTT
CTT T TAGATATCCTTTAATTGGTTTATAT ARGATT TTATGTGGAATGCTAGC AGTCATA
CCTATRARTTAAACCTRAGGCAGATGGAGARCT TTGGAGTTGAGCCTTCCTACTGTARTT
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TTGGTATACTTCTGRATACCTTTGAGGCCAGTTICTGGTCATCEGTGAAACARAAGGTTTCCT

TCAGCAAATGCCTGIGGTARCATTAGGTCTTCTTGAATTAATGGACCAATGAARACATCT

TTGTAGTTTCTGCT TCAGGCAAGGGTTTTTTGCCCTAAATGTGGATAGGAAGAAT GAAGC
CCTTCATCCTCCTTTTTGCCTGATTATAGCTATAGGAGGTTCACCTETTCTCAGAAGACA

TGAGGATTGTGAAGAGAGGGGTCTTCTGTTGCTTCAGAGCGART CAGTATCAGTCCCTTTC
AGAAGCTCTCCTGGATAGACAGECATTAGGGCCAARTCACTCTGCCCCACCCCTCACCAL

CATCTCCTACTCTCTGCTCCCTCTCTCATTCTTCCTCTTTACTTTGGTGGTGCCCAGAGG

ATGACATGATGGGTAT TGATTCTCT SACCTTTICTGACATCCTACTTTCAGTATC

CCCCAGTGCACAGAAGACAAGCCAGACTGTGGACTGTGTTTGATTCCTGGLCTCTATTTT
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CTGTAGCTGCTCTCTTATTTCCAGTTTTATACGCTGTARATTTCTCTGTCTT CCTARGATA

CAAGGTAAATTTCTCTTGCTGATATTGETGETTTT GGAAAGTGAGTGETGT GGATGACTG
CCCAGAAAACARCAGAACRACAARAGCATTCTCTGCCCAGAACACAT CACCARATAGATAC

AARCTCATCTCTTACTGAGTGARATAGCTTCCTTITTGGCAGCAAGAATGATTTTCTTGG

TGCCATATTT TTCARTCCGCCTGCTCTTCARGCCAGCAGCTAT TGUAGACT TGGCATTCC
CAGGCACCCAGTTAAGGGAAAGT GACGTGTAGAGEAGGTATCAGATGGGTCTGEATATAG
ABRAARGCAGCTGGT TCARAACCCUATGEECTGCCT TTCTGTGATAGAGTTAT TCACACTT

GGGTTAGATAAGGCACAGAGTCCTCCTACACTCGETGCGEAAAT GAAACAGACAGTCTGGC

TCGTTGGGCAGCCTAGCCTCCTCCAGAATCTGTGCTTGCCTTCCCTATGGAGTGACTGET

AGATCTTAGARTTCAGACCTCAGTGETTECTACCCAGCACTCTCACAT TEGTTGGTCCTT
CTCTCTGCATCTTTGATTCTTTAGAGATAGATAAACCARGCACCGACTCTCCTTTGACAT
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ACTTRAGGCTGGEGCARAGTGETUTT CCTGTARTC

TGCACTTTGEGAGGCTGAAGTGEGTGLATTACTTGAGGTCAGGAGTACAAGACCAGCCTG
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AATCTAAGCCTACACATTCTARRATGTGTATATTTTCTARARATAAGGGCATTCTCTTAC

ATAACCARTGTCACAATTATTTGATACAGTGATCAAAAT CAGGAANCTARCATTGATATA
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CTTTTTAAAACTAATATCCATGCTGGACACCCTGLCTCATGCCTGTAATCCCAGCACTTT

e elsuner e GG ATCACTTGAGGT CACGAGT TCCAGACCACCCTCRCE
AAGGUT GAGGAGGGETGGATCACTTGAGGT CAGGAGT TCEGAGACCAGCCT GG

ADCAM
AL

GGTGARACCCCATCTCTACCARAARATATAARARATTAGCTGGATGTGGTGGCGCACACCT

ATCCCE
AN

T e
GGATCGECT

GAGGCGGAGG

TTGCAGTGAGCCAAGATGGTGCCACTGCACTTTAGCCTGEATGTTGATGTTGTTCCACTT

g

C-. [‘ ']'s .-[ ‘r_\} e '] i r[‘ ']‘i 'r\ m l't'l m I'ﬁ'l Fal ']'. .'[‘ % (\4 L’j III :‘ b C; N ['t'l m I“'w m r‘- :‘ ']‘ A r:‘! C A_/ZA\. A ]_. (: (\. ‘I‘."L A iy ‘/\§<‘; : .’”\1 III I':'I ; f: (: L-C! ]‘& G'ur_\1

CATTGTCATGTTACTTTCCCCATATGCTTTCTTCTAGAACTTTTAAGGTTCATCATTCC

T O G T T T T AT TEC AAGCO T AC T AT A AGCCAACGECT T T T OT T TCTTCCTTATTTA

(R R
TTTATTCATGTCTATCAGAATGGGCACCTTACTACTATTTTTGTTGTTATTGCTTGAATT
GACTTGAATTTGGCTAGTGGARACCTTTTCAGATCGGGTACTCTGTCCTTTTGATCTCTT

TCCATTTTCAAGCACTTCTTTAGACTTAAGATCGTCTAGGCTCATCTTCTCCTTTCCCAG
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P GCGATGTATCCCCA]

TAARGT

SGAGCATTATACATATCTCTG

TATAACAGAGTGAGTTCCTTATACCTTTCATCCACTTTCCCCTGAAGTTAACATTTTACC

s ()

TAARCCATGATACATTTATCAAAACTARARCATTAACATCAATACATTGCTATTAACTARA

CTAGAGTTTAATTGGATTTTGCCACTTTTCCAATGAATATCCTTTITTCTGTTCCTTCGATC
CAATTCATGGTCACACACTGAGT TTGGTCACTTGTCACT GTAGTCTTCTCCARTCTGCGA

CAGCTTCTTAGGCTTTCCTTGTTTTTCATGTACTCTTGACGATTTTTAAGAGTACTGGTC

"

AGATATCTTGTAGGATATCCCACAACTTGTGTTTAARTCTTATGTTTTCTCATGATTAGAC
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TTGAGTAATGCATT T TTGGCGARGAATACCACAGAGGTATATTGTTAAGTGTTCTY
TTGGAGGTAAANTGTTATCAACATGGCCTGETCATGTTAAACTTGTCAGTTTGTTTAGTTA

GTATCTGCCAGATT TT TCTCACT GCATAAT TACARATCCTCCTTARCT TATGATGGEGETT
ACAGCCTGATAAGCCCATCATARATTGAAARTATCATAAGTCARAAARTGCATTTAATGCA
TCTAAACTACTARAACATCACAGCTTAGCCTAGCCTGCCTTGARCGTAT TCAGGACACTTA

ATTAGCCTACAGT

3

GGGCAAAATCATCTCATGGGAAGCCTGTTTTATAATGTGTTGCAT
ATCTTATGTARTGIGT TGAGTACTGTACTCAGAATGRARAACAGARGGETTGTATTGCTT
TTGCACCATCATAARATCARARAARCCATAAGCCAAACTCATCATGAAGTTGGGGACTGCC
TGTACTTTTTTCCTCTTTCCCTGTTCAATTCCTTGGARAGARAGTCATTTAGTTCAGACCA
TACTCAAGAARAGGGAAATANAGCTCCATCTCTTGGAGCTTAATTGARACT GGAATGACT
AGTTTCTATATACATTATTTAGAATCCTTTTGTAAGAAACGATTTGTTCCTTCTCTCCATT
TATTTATTCCATTATTTATATT GATAGAGACGCATGTACATTTAT TTTATACTTTGEGTT

ATAATCTATTTTICTTGCTCARATTGT TACAGCTTTGGTCACT GGCGAGGTTCTTCAGATT

GGCTCCTGETGTCATTT GAL

e elsr\s
L AL

LA A

TCTCETT

CTCTACTTTGG
CATTACAAAAGATGTTCCAGGCTCCTCTTATATTTTTCCCTGOCGCAGCCCTAGARTCAT
f\ I A h [‘ m l‘i'l m '] ekt ']‘i A (" PO PN ST CJ r[‘ 'I ST I“'w m ,A Il ']‘ '[‘ TR L‘\( ey [ falarate C_}IIl I"'1 ']' NS Lbu”\)_ﬂ(:: (wz AJA\.t[‘ (: III C_}

LA [CERGCIOSIONN G, LA Tl Galsaa -

GGTGTTGGETGTGCTCATTGCTACTGGAATCACTGCTTCTAGGCCCTCTCAGCAGATAGA

CCTAGARARACATATGGCTETATATGAATCCATCGATTCATATATATCTATAATTGTTTTC

TGTATCTGGCCATCTATATATATATTAAGCTARACATGAATTCATACTGATGTCTCAGAC

TCGARATCCATTGCCGUAGGGCTCATTCTIGCCTTCCTCTTGCTTATTTGTGACTTCTTTIC
TCTAACAGCGAGAAACCCCAGTCTCATTATCACCAACCTATCTACTCATTTGTTCARCCC

TGET AT AGETET AAAGCTAGTTTCAGAL T

ATINT LT

e}

[AACCTATACCCATGTGAGRATTGTATTT
GCACTTCTTGTTTGAAGGAANTACATACAACACAGGTAGCGTCTCTACACTTCAGTATAC

T el

SATCTGARCAGTGTTCTCTCTGAGTGAAT

ATATTGCAGGACAGRARATTACTTTTAA

OIS AP i eletsulal Nalalalal -1-/\ o afalal - slrakaiay b Valslal welnlalslarel i
ARATTCTGTARTGGGT CAGGCCTATAATCCTAGCACT TTGGGAGGCTGAGGTGLGTAGAT

CACCTGAGGETCAGGAGTTCGAGACCAGCCTGGCCARAATGGTAAARCCCCATCTCTACAR

ARARTRCARARATTAGCCAGGCETAGT GGTGTETGCCTETAATCCCAGCTACTCAGGAGS

N e 4 -7

CTGAGGCACGAGAATCACTTGARCCTGGCAGGCAGAGCTTGCAGTGAGCTGAGATTCAGC

A
CACT

T T T e T (N T
[CCAGTCTGEGECGACAGAGCE

TCTGTCTCAARARAARNADARNADARAA
AATTCCATAATGATAGCAGAGCTGGAATAGAAATGGGATTGCACAGGCTGAATCTGAGTT
GITGCAACAGTAAACGAGCAAGATTTAARCT GGCCTTGTGTAGCACT TGCTATTTGECTC
CTCATATTTTATTAGACGCTTATTCTT T T TTGTITTGGIGTCATTCCTTTGAGARATATTT
GAGTGCCTTTTCTGTTGCAGACRATTGATTAGATGCTGAGGTTGTAACAATGARGAAGATA
GCCATCGCTGTTGCCTCATGGARCTGAAGTTTTACTAGATGTAAAATTTGAGTTAACATG

aTalaral *rﬂ/\r‘*r\/\t"nr] st T arararain Qaralaaisataarattiuly VP TN N '*hll’ﬂr\‘/\ Kool qn|r Yalatslarel
A CG CTATG CCTATTGETTTCTTCACACAGCT TCT T'CC
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ARTGARRAGGTTTTTITCATACTTGTTCATTCATTCCTGCATTAATTAARAGTAGGTTGTALC
GTGCCAGGCACTGGGAATATTTARGTAGTTGTGTTCCTGAATTGGAAATGAATCCAGCA

TGETTIGGAGTAGAAGGAGITGGGEEECAAT

[GGAGTGTGATGGGGAGATTGGARAAGTA

AGCTGAGACCAGATTTTTCAGTTTGGAGGGAGAGGTGGECCTT GTAGGCCATA

3

TACAGA
TTGTAGACTT TATT T GGAGGGACATGGARAGT CATTGAGGAGTCTGAAGCAGGGGAATGAC
ATARAARGATCCTCATTTTAGGCCGEATGCTGETGECTCACGCCTGTAATCCCAGCACTTT

CGRGET CTGECTGRATTEE
GGGAGGTTGAAGTGGGTGEATTG

TGAGGUCAAGAGTT TGAGACTAGCCTGGGCAACAT

GGTGAAACCCTGTCTCTATCARAAATACAAAARATT AGCTGGGCAT GGTGGCTCACACCTG

TAGTCCCAGCTACTTGGGAGCCTGAGGCATGAGAATCGCTTGAACCCLGGAGGCAGAGAT
TGCAGTGAGCCGAGATTGTGCCACTGCATTCCAGCCTGEETGACAGAGTGAGACT TCETG

TCAAAAPARADACARAAARCCCCTCATTTTGARRAGGGAACCCTGGCTTGAGGGTGAAGAT

TGEETGGGCACTAGGTTAGAGCAGCTGCAGGET CAGTGAGGAGCT GCCGCAGTGITGCAC
GTGAGAACCCGTCATGGTTTGGTCAGGGTGEGCAGGACTGACAL GCAC ZGCGARAG
CAGCAARATTTCATGAT TGGA TGGA GTCTTCA

AATGTGRACCCAGAGTGCACTGGACAAGTAGTCTAGGCTGCTCTGTAACCAAGGCARGTG

TTTTCATTTTACCCTCTCTTCCTGCTCTIGGCCTTTGGATTTI T GTAATTTARGGETTTA

TGAA

o
3
)]
-3
ey
s
]
hq

\GTTACTTARCATGGAAAGATACTTAATACCAGATGATTTTGGAGTCTT
GCTGATCAATACCTTICTCTCAATCTTGGGETGTGTGTICAGT TGECAAGGCCAT ARAATTTGT
TATARACATTGCAGAAGCGCTTGGTTACTGTCGCTCGTGACGTTGAAT TTGGET GGAGATAGA
TCAATTTCAGTTGATTTTCTAGGCTTCAGAARCATCATTACCCTCTACTCCACARACACAA

ATCAAAACAARMCAATCCCTATTCCCTGAGCATTTCTCTTCATCTATAACACAGCCTGGE

CTGTCACAGTACTAAGACRAGCCCATCTGATT TGTGAGT CAGTTTTATTTCTTGGTCTTC

TACATAACCTAAAARAGTTTCAACATTTTAATGCTTTTCCTTGGATTCCTTTGAGTCATTG

VTTTGTACTAATT AT TCCACACT;

STTETART

AT
enl

TTTATGTATTAATAGAAATACTGAT TTTTATTTTCAAGGAAGT ATTGAGTAGGGAGGEGG

ARRTAGGGATTTGCTGTTCARATGGGTATAGAGTTTCAGTAATACAACACAARAANCTTCA

ey Yarnlalsinlals sk Vel Vel CAGCTG AT A
AGATCTTCTATACAGCAGTGGETATAT

ST TAACAATACTGCACATCTAACAGTTTGTT

ARGAGGGTAGATCTCATCTCATGTGTI TITAAAAATTGCTTTTAARAARAGTATCGAGTA

GCAGTTTTACTCCTCAGT TTCTATT TATAT T TAAAATT TTTAT

A

TAARANGTGAG
TTGAGATTTTTAAACCTCAGGATAAGTTTTATTITTTTAARARATTTATTTTTTATTATTT
TTTGAGATGGAGTCTCACTCCATCTCAAGTCACCCAGGITGGAGTGCAGTGGTGTCTTGSE
CTCACTGCGACCTCTATCTCCCAGGTTCAAGTGTTTCTGCTGCTTCAGCCTCCTGAGTAG
CTGGGATTACAGGTCTGCACCACCACGCCTGGUTAATTT TTGTAT T TTTAGTAGAGATGG
GGTGTCACCATGTTGGCCAGGTTTGTCTTGAACTCCTAACCTCAAGTGACCACCTGECTT

rv“/\/“m NPV T T T N o e ey mm i bl Iab Varalel i alalals SOGEC r\m N7 TR
GECCTCTCARAGTGCTGEGATTACAGGTATGAGCCACAGTGCCCGLCEGGATAAGTTTTA
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CATGGTGGCTCATGUCTGTARACCCAGCACTTTGEGS
AGGCTGAGGCAGGAGCATCACTCGAGECCAAGAGTTTGAGACCAGTCTGLGCAACATAAT
AGACCCCCTCTCTACARRARATAARRARALAT TTGGCTGAGTGTGGCATGTTCCTETAGC
TATCGGGAGGCTGAGATGGGAGGATTGCT TGACGCCCAGGAGTTTGAGGCTGCAGTGAGCT

ATGATTGCACCACTGUGUTCTAGTCTGGCTGACAGTGTGAGACCCTGTCTCTTAARAARA
ARARRARBAANGGCCAGGCACAGTGECTCAGGCCTGTARCCCCAGCACTTTGEGAGGCCG
AGGCGGGTGEATCACTTGAGGCCAGGAAT T TGAGACCAGGCTGGCCARCATGATGAARCC
CCGTCTCTACTAAARATACAARAATARGCTGGETGTTGTGGTGCACACCTGTAATCCCAG
CTACTTGGGAGGCTGAGGGAGAGAATT GCTTGAACCTGLGAGGCAGAGGCTACAGTGAGT
CGAGATCACACCACTGCACTCCAGCUTGEGETGACAGAGCAAGACTCCATCTCARAARAATANA

CAACAACAAADAAACCAARTGTTCTTGCCAATTCTTCCATTTAATATTTAATTTTGAAT

ATATTGTATCTTTCTARGGATTGTTTCTTATATAAGCAAAGATTTTTCAGTGCTAAACAT

TTACGACTGCTATTCAGAAATGGTTATTTACAAGTCTITTTGTTTTAAGAAAATCGCTGT

TCAAARAATTAAAATAGTATATARRCCARACARAATATT TTTGCTTTGCGATGTCTGTTTT

GCAGCTTCTTCCCTACACTATARGTTCTTACTCACTGCTTTATCACTTAATARAATTGSTT
TGGCTACTTTAACAGAGGCAARTAGTATCAGCGCAARAAAT TATTTTTTATTTTTATTTTT

TGAGACAGTCTCACTCCATCACCCAGGCTGCACTGCAGT GGECTGATCTTGGCTCACTGC

ACOTCCACCTCCCACET TCAACCCATTC

4] T /\ slalnlal r"f\/“"‘l ST TR ‘ir'1f"/‘ 7y AT
AU LT L Gl Al ATGC CA CCTGAGTAG staAnl L

(N AN I 7o A AL PR
ATAGGCATGCACCACCACACTCAGCTAATTTTTGTATTTTTAGTAGAGACAGGETTTTGC

CATGTTGACCAGGUTAGTCTTGRACTCCTIGACCTCAAGTGAT CCATCTGCTTTGECCTCC

AARGTGCTGGGATAACAGGCATGAGCCACCATGCCCAGCCCTATTTTTTATTTTTTAGA

GEETCTCECTTTTT

[ TAGAGATGGGET

oy

CT

- P ———
[TGCCCAGGCCAGAGTGCAGT

CATAGCTTACTGCAGCCTTGAATTCCTGGGCTCAAGCAATTCTCCTGCCTCAGCITCCCG
AGTAGCTGGGACTACAGGCCTGTGCCACCAGGCCTGGCTTGTACATTAGTATTTGATATG

GCTACCCTAAGGGCAATCCTATAGTGAAG

FYRPUTIN AN AT ret laralstlal NeiFats s Pal s ~
ACATTAGATARTGATGCTCATCTGATGG

ATTAGATTTTCAGAGTTGGCTGTTTCCAGGTGCCTATAGGAGTAGAAAAGGGTGACARAAC

CTCCTAACTAGATGTCCTACCAAATATAGTT CACTCCACATCTGAGATGAGACTGCATGA

CTGCTGGETTTTCTTTGCCTTTTCCCCCCCAGGGTATCATCAGAACCARAANTARPAGTTTT

ARAGGTCECTCAGCTC TG TETTGECTOATC

GG GGCTC! CCTGTAATCCTAGCACTTTGGGAGGETGAG

GCAGGTGGATCATCTGAGCTCA GCTTCAAGACCAGCCTGGCTAATARCATGGETTARGC

CCCATCTCTACTAARATACAALRAAGTTAGCGCT GGGCATGET GETGGGCACCTGTAATCCCA
GCTACTCAGGAGGCTGAGGCATGARAATCGCTTGAACCCCAGAGGCGGGGETTGCAGT

GCCGAGATCATGCCACTGCACACTAGCCTGRAACAACAGAGCAAGGCTCTGTCTCCARACA
ARCAARRATGETGCCAGAGTCTTTTCCACGGCTGAGGGEAGATACAATGAAGTGTGTTAT

TTTTTCTGATAAGAGTGCTACCATCTTTCAT TCTTGTGTGCCATTTCTAGT TGGEETGAA
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TTTGETTT

ey Neutiusteukil '~< Ny letellelnlishre ,f\/“r"l Nalar Ul ayiwwi Uy '*nlr HalabValk
CGGAGTTCCTTTCCCAGCTGET T GCCTGARAAACCAT GAAATGTGTTCCACA

TGAACTATGARATGATTAGATGCTAATGTGECARAGAAAGTGTGAATTCTCTTGTAGAAR

AGGGACATTTGETTCEGTACAGTAAGTTGTTAATGCGT GACTCTGTGCTTTCARAT TCT
GTGGTTCARAAGTACTTTTCACTCCTACTGTGTATTTACCTTGAGAAGGTGARTCCCCTA
ACAATTTGGTCAATGTATCAGTATTCTCAACCCGTCTATCAAT TTTT TTTTCTTTCTCCC
TCTTTTTTCTTT T T T TGGGCARAATACCTTTTTTGCTTTTTATCCCOT TARAATARCCAT

TGTCCCTCACATGTGCA

TAAGTAGTGCTGAAGGARATTCTTTTTACCTGG

TCATGGTGGTTTAARARGGTTTAARAARCARARACAARAACAARACACAAGTT TGTAGCA
CATGCCTTTCACTGGTGCACGTTCCTETTGCCCTACTGT TAGTGTATCTETGACTGETGA
TATCTATTGATTGTGT TAATGCTATCTCAACCACGTT T TART TTTCCTAAGCTGECCAGS

o) SR Prp ¥t VI

CACGGTGGCTAACGCCTGTAATCCCAGTGCT TTGGGAGGCCGAGGTTCATGGATTACTTT

L

G ‘Z\\Z\r‘l‘ﬂ("‘ 7;(': E/\rn-ﬂr’w :— \f:l‘ Ialal M»«pw-«» I

LA (s AN

ATGGTC

AARCCCTGTCTCTALCT
CARAARATTAGCCGGGCATGGTGECGCATGCCTGTAATCCCAGCTACT CAGGAGGCTGAG

GCAGGAGAAT CGCTTGAACCCAGGARACGGATCTTGCAGTGAGCCGAGATCATGCCACTG

CACTCCAGCCTGGGCCATAGAGTGAGCCTCTGTCTAARAATANAATARAATAANATAAT

TCCTRAARACTGARGGTTGACTGCTATGCTAGUTAGGATTATATGGGATTTTAAGTATATCA

AGTGGTGETTCTCCAAGARGAATCTAATTTTTCTTTTGATGGGCTGEGGATTGTARCAAN

ABGGTCATATGTCTIARTGATCTGT TAAGGCTCTTTGCARAAT CARAGTARATARATT
GACCACTAATGTGTCAGCCCAGCCATGTTCTGCTCATTTGCCACCAGTCAACAGARATCT
ACTTTGGETGT T TAAACCAGGAGTCAGCARACT ACAGCT CACAAGGCCAGATGTGEGCCA

TGCCCTGTTACTGTATGGCCTGTTAATGCTTTTARAGGGTTGTAARACAARAGAACACAR

AACARRACARAGCCCGRAGAATAATATGCGACAGAGACCATGTATG

f‘“f« ]'\ NN f‘“}L\’" el (‘4 r'1]3d A7 \Z“erl‘ ~ l‘ﬂ o -' ]‘\ el r"| (*4 n

Ton L AGEAGEU L JJ.

N T Y e ATCCT TCCCGACTCOTT
ZGCCCTTCCCAGAAATCCTTCCCGACTCCTT

GTTGAARACACGGTAGGARAGCATTTGTCARAATTGAGGATATGAATAGCAATTGTAAGTT

ATTATTTTTCTATATATTCGARAGTCACT TGUTAGTATAACATTTACCTTTTATTTTTCC

CTAAGAATCTTCTCTCTGTTTGCTTTCGACATGCATTTITTAAACCCCTGCAGATTTTAAT

ATTCTATATARATGTTT SGCTGGCATATE
ATTCTATATARATGTTTTAGGTGGCATATATG

AGGTTTGTATTAACATTTG

TAARCATTGAARTGARATTATACAGCAGAGGTATTITCTCGTCCAAGTTGCCACTTCTTTC
TATCTTTTTTCTTTTCTTTCCCAGTGGACTGCCTGGGAAAATTGATATTTTAAATTGCTC

TCTGCAATAATTTGCARATGGAACTGGAATGCCAGGGTICTGAGTCCTTGCCAGACAGCTC

GTCCCTCCTETTGGCATGACTGRAGTCAGCTGTCATGATT CCCTCAGTACCAGT GGLATG(
CTGTGACAGACAGCCTGTCTGCCTTTCATTCCCGTCGTCTCCCTTGTAGGGTTCAGATCC

DL 7 rwvwrw»qr] NP T wr*r\n OO RO CTERODNOTOR N N e "r'1n|r‘~(\| 7 Y
AGGATACACTGEGTCCTGEAGCC TCTCAGCCTGGCACCCACAGCTGCTGGETTCCTTAC
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TCTCCTGGACTGCTCTGATGTCATCTCCCTGCT CAGUAGARAGALGTCTGGGATCTTGAT

-3
4

GCTTTGGCCCTCTGTCCTAGGCCCTAARCCACCCATTGCCCTTCACATAACCTGAGCTGG
GGCTAAATAGATCTCTCATCACT GCCTGCCTGCTCCTGTATTTTCCOT TCTTGGAGCTTT

TGCCTGTTCAGATCCCTCTACTGGARATTAATAGGATTTCATTCTATGTGTGCATTTCCA

ACCTTTCTTCACAGTGCGATCCARATGCCTCATCCTACAGGCCTCCTTAAAACAACCTGC

TTTCTGCCAGRCCCCAGGGAGCACCAGGACTTCAGGCTTTTATTGCACTTCTGTITGETTTT

e PO T (T T (T T T e o ST I TR L T GO R (AT T N
TTTGAGRATGGAGTCTCELTCTGET CGCCCAGECTGEAGTGCAGTGGCACGATCTCTELCTCA

CTGOARCCTC AT T CCCGAGTTCARG T (TR N (T OV T O T YV NN
CTGCARCCTCCATCTCCCGAGT TCAAGAGATTCTTCTGCCTCAGCCTCTC CAGCTGG
S\ ST T O RNTOTEOOR lalalalslayiur W a i iadnbTsl i ey Vo Yalalaletauin
GACTACAGGCATCTGCCATGACACCCGGATAATTTTTGTATTTTTAGTAGAGACGGGETT
ey YaleaUutidalalelal —<f~<r->-|r~ ST T sl tatnlal Natalufataliial el alalal slelle’atalelauile
CACCATATTGGCCAGGUTGGTCTCAAACTCCTGACCTCGTGATCCACCCACCTGGEECCTC

CCAAAGTTCTGGGATTACAGGCGTGAGCCACCATGCCCAGCGTITATTTCACTTCTGCCTC

TGTAATTATATTGUTGTATGGCTATCTCTTCTCTCCOTEGGRAATGTCAGGTCOTAGGCAC
AGGAACTGTCETCTGTACCATATCTGETGCCCARAGAATGTAGTATGTGTTTTATAGATAT

TN D (O T
CATGTARGCTTARAA

ATTTTTGTA?

TGETCTTTCTE

L

rCTCT
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GTGCTCTATTGGTTAATTGTTTATATAATTGCGCAGTATTTTTAAGCAGGCARGCAATTTG
CGARTGTTTTAGCAAAGTGTACCATAATTGAGTTTTACAAACCAGGCTCCTTTITCCTCT

CCCTGTACTTCTTTTTCCAAGATCGGTTTTACTTTAGAGTTCATTAAACATTAAAATCAAR

CACAGAATTAATTCTGCATGAGGCAAGGCTAGCACTTATTCCAGAGAAATGGCTGATACT
GGTGGETAGAGTGCAGGTATCACTGTTCCTGCAATTTTTATTAGAGTTGGTTAGCCCAGGC

AT G UL aIararar S el sl Tel aPaalan

TGTGCTGEGEGATGATCTGTAGGGATCTCGEARGCAT CGGGACTCAGCACTGGCETGETTG

D

GGAGTCACGAAGCCTGAGTTCTCATTTCAGTCAGTCTCTGACCAACTGTGTGGCATGLGG

TGCTAGACCACT

TEGEOT

GGETCACCER L NI Seliealeleut ST T
ACTGGGETCACCCGACATCCCTTCCAGCTCTGCTGUTGGAA,

ATTCATCTCTCCCATATGTTGZCTCCC

;\E/_\.’]ﬂ \I( ]\ N ]-1 .-[ ]-n-

T geus NECUSTVTL TR
PTTARGTGTGACCCAAGTA

TATGATGTATGTTTTCATGATARATTAGARAACTTATCTGGGCATGGTGGCTCATACCTGET

AATCCCAGCACTTTGGGAS alay} GOTGGCEOGEAT etk Valrainlal Carak taliniel NN
AATCCCAGCALT PGGEEAGGCTGAGGTGGGECECATCACCTGAGGT CAGGAGTTCGAGACC

AGCCTGACCARC VATAGTAGAGACCAACCCGTCTCTACTARARATAGARAATTAGCT

P pp—— NPT AT
GAGCATGGETGGTGCATGCITATAATL

gl A R0y,

o SN N e T 7y
[ACTCAGGAGGCTC

GGCAGG SGCAG

CGGTTGCAGTGTGCCAAGATCGCGCCATTGCACTCCACCTGGGCCACARAGAGTGAAACTC
CATCTCAARARAAARALRRAAAAAARRAARANCTCAGTGTCAGTATTTCATGTCGARATTC

...... SLALL

CACTTCAATGGGTAGTGTAGTTAARAAGCTCTARGTCTACCTTARAATCACCTAATGCTTT

GTTAAGCTTTTAGATATATGTTCCTTAAARACTCTTAACTTATTTCTTCCCCAG
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sGCATTTGTCGTTTECTTCATCAGARATGETCCAGGARRARRARTGGGATTATTGETC

ACTCCACCTCTCACACTGGCAARATACTGACATTTAGCAGCTCTTATCTAGARAGT GACTT
GGAACATAGAANTANAGCCATGAGTTCCTGAAGAATTCATTGAGTGTTTCCTGTAGAAATA

GCTTTAGGAGATAGGGAGTTCTATCTGGCAGAACATATGAGTAACTCAAGAGT AAAAAGT

SUBSTITUTE SHEET (RULE 26)

FIG. 10
{confinued}



WO 2016/115179 74175

PCT/US2016/013113

N Neuveldelis (\n NIRRT T Uifelelitetalalay ity ,’\f" = 1rw/~f\|rl"|rl T f"' e ¥l
ATAGTCTGTGTARACTATAGARAGARATGCTGEECATGETGECECGCCCCTGTAATCTCAC
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CTACTTGGAGGCTGAGACGGGAGGATTCCTTCAACCCAGGAGCCCAGGAGTTTTAGACCA

GTCTGGGTARCATAGTGAGACCCTTTCTCACZCTACTCTCACTGCATGCT

TATATGTGCGCGCACGCECGCGCACACACACATACA

CAGAGGAAATTGTTAGAAAACACACAGARCT GAATGTAARATAGTAT"
ARGTAARGGGATGGTAAGGAGGCTTGGAGCGAGCAGTAAATTATCTGCTATG
(o

[P S
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