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INDUCIBLE MODIFICATION OF A CELL GENOME

RELATED APPLICATION
This application claims the benefit under 35 U.S.C. § 119(e) of U.S. provisional
application number 62/242,884, filed October 16, 2015, which is incorporated by reference

herein in its entirety.

BACKGROUND

Genome editing is a type of genetic engineering in which a genome is modified (e.g.,
DNA is introduced, removed or replaced) using engineered nucleases. Typically, the
nucleases create specific double-stranded break (DSBs) at desired locations in the genome
and harness the cell’s endogenous mechanisms to repair the induced break by natural
processes of homologous recombination (HR) and nonhomologous end-joining (NHEJ).
There are currently four families of engineered nucleases being used: zinc finger nucleases
(ZFNs), transcription activator-like effector nucleases (TALENs), the CRISPR/Cas system,

and engineered meganuclease re-engineered homing endonucleases.

SUMMARY

Provided herein, in some embodiments, are engineered nucleic acid constructs
(“engineered constructs™) useful for cross-species integration and introducing into a genome
an inducible genome editing system. In some embodiments, the engineered constructs are
introduced into a genome without also introducing vector (plasmid) material. The engineered
constructs of the present disclosure, in some embodiments, permit spatially-controlled and
temporally-controlled activation of target gene expression following site-specific integration
into a genome via the non-homologous end-joining (NHEJ) pathway (see, e.g., Maresca ef al.
Genome Res. 2013 Mar;23(3):539-46, incorporated herein by reference). Unlike presently-
available systems, which typically coordinate targeted modification of a cell genome through
the use of at least two independent constructs, the genome editing systems of the present
disclosure rely on activation of a single construct that comprises the genetic elements used to
express a regulatory protein as well as the inducible genetic elements used to express a target
gene. This single-construct configuration results in tightly regulated and substantially non-
leaky target gene expression, thereby providing more precise and efficient genome editing
capability relative to presently-available systems.

Thus, some embodiments of the present disclosure provide engineered nucleic acid

constructs that comprise (a) a promoter operably linked to a nucleic acid encoding a
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regulatory protein (e.g., an inducer protein or a repressor protein); (b) an inducible promoter
operably linked to a nucleic acid encoding an enzyme that cleaves nucleic acid (e.g., Cas9
nuclease, Cpfl nuclease, or a functional equivalent thereof), a nucleic acid encoding an
enzyme that nicks nucleic acid (e.g., Cas9 nickase), or a nucleic acid encoding an enzyme
that catalyzes exchange of nucleic acid (e.g., Cre recombinase), wherein activity of the
inducible promoter is modulated by the regulatory protein; (¢) at least two insulators (e.g.,
mammalian insulators) located downstream from (a) and upstream from (b); at least one
insulator located downstream from (b) and upstream from (a); and (e) at least one
deoxyribonucleic acid (DNA)-binding domain recognition sequence located downstream
from (b) and upstream from (a). In some embodiments, at least two DNA-binding domain
recognition sequence located downstream from (b) and upstream from (a). In some
embodiments, the inducible promoter is operably linked to a nucleic acid encoding an
enzyme that regulates gene expression (e.g., Cas9 fused to KRAB, Cas9 fused to VP64, Cas9
fused to p300), or a nucleic acid encoding an enzyme that modifies a nucleotide base (e.g.,
Cas9 dead or nickase fused to AID/ApoBEC domains and to an inhibitor of uracil
glycosylase).

The present disclosure further provides, in some embodiments, vectors comprising an
engineered nucleic acid construct, cells comprising an engineered nucleic acid construct, or
cells comprising vectors containing an engineered nucleic acid construct.

Also provided herein, in some embodiments, are methods of modifying a cell
genome. For example, methods of the present disclosure may be used to delete (knockout) a
gene of interest, introduce (knockin) a gene of interest, or modify a gene of interest.

In some embodiments, an enzyme is a nuclease, a nickase or a recombinase.

In some embodiments, an inducible promoter is a tissue-specific inducible promoter
or a developmental-specific inducible promoter.

In some embodiments, the regulatory protein is a tetracycline-controlled transactivator
(tTA) protein, a reverse tetracycline-controlled transactivator (rtTA) protein, or a Lac
repressor protein.

In some embodiments, the DNA-binding domain recognition sequence is cleaved by a
nuclease having a Fokl nuclease domain. Non-limiting examples of such “hybrid nucleases”
include zinc finger nucleases (ZFNs), transcription activator-like effector nucleases
(TALENS) and hybrid Cas9-FokI nucleases.

In some embodiments, a DNA-binding domain recognition sequence is cleaved by a

nuclease not having a Fokl nuclease domain. For example, Cpfl nuclease may be used to
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cleave a DNA-binding recognition sequence. Other nucleases, similar in structure and
function to those nucleases described herein, may be used in the present methods.

Also provided herein is a transgenic mouse comprising in the genome of the mouse an
engineered nucleic acid construct (e.g., a TOICas construct) as provided herein. In some
embodiments, the engineered nucleic acid construct is integrated in the Rosa26 locus of the
mouse genome. It should be understood that while the Rosa26 locus is exemplified in some
embodiments, the present disclosure is not limited to genomic integration at the Rosa26
locus. The engineered constructs of the present disclosure may be integrated into any locus
in the mouse genome (or the human genome when applicable to the generation of TOIC cell
lines, such as TOIC human iPSC lines).

In some embodiments, the mouse is immunocompetent. In some embodiments,
expression of the enzyme (e.g., Cas9) is not detectable in the absence of induction of the
inducible promoter (e.g., in the absence of Dox administration).

In some embodiments, an engineered nucleic acid of the present disclosure comprises
the sequence of SEQ ID NO: 8.

A transgenic mouse (e.g., an immunocompetent mouse) comprising in the genome of
the mouse an engineered nucleic acid construct that comprises the sequence of SEQ ID NO: 8
(TOICas9) is also provided herein. In some embodiments, the engineered nucleic acid
construct comprising the sequence of SEQ ID NO: 8 is integrated in the Rosa26 locus (or

another locus) of the mouse genome.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn to scale. For purposes of
clarity, not every component may be labeled in every drawing.

Fig. 1 is a schematic of an example of an engineered nucleic acid construct in
accordance with the present disclosure. Promoter P1 is operably linked to a nucleic acid
encoding a regulatory protein (e.g., an inducer protein or a repressor protein), which is
upstream from two (e.g., at least two) insulators. The insulators are upstream from promoter
P2, which is operably linked to a nucleic acid encoding an enzyme that cleaves (e.g., Cas9
nuclease, Cpfl nuclease, or a functional equivalent thereof) or nicks (e.g., Cas9 nickase)
nucleic acid, or catalyzes exchange of nucleic acid (e.g., Cre recombinase). The enzyme is
upstream from an additional insulator, which is upstream from a (e.g., at least one)
deoxyribonucleic acid (DNA)-binding domain recognition sequence (BDRS). The size of the

engineered construct may be, for example, at least 15 kilobases (kb).
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Fig. 2 is a schematic of an example of an engineered nucleic acid construct of the
present disclosure used for insertion in the adeno-associated virus integration site 1 (AAVS1)
locus (human) or the ROSABgeo026 (ROSA26) locus (mouse). The size of the engineered
construct is 17575 kb.

Figs. 3A-3B show images of induced pluripotent stem cells (iPSCs) containing a
doxycycline-inducible system of the present disclosure, as depicted in Fig. 3, in the absence
of doxycycline (-dox) (Fig. 4A) and in the presence of doxycycline (+dox). Green
fluorescent protein (GFP) is an indicator of activation of nuclease (e.g., Cas9 nuclease, Cpfl
nuclease, or a functional equivalent thereof) or recombinase (e.g., Cre) expression. GFP is
expressed only in the presence of doxycycline, indicating no “leakage” of the system (Fig.
3B).

Fig. 4 shows an electrophoretic gel image representative of induction at the level of
DNA. A Surveyor assay was used to cut a known human gene, Usp14 (note that this concept
is applicable to any sequence, e.g., of the human genome). The assay showed that the
inducible system is active in iPSCs only when doxycycline is added to the cell culture
medium and a guide RNA (gRNA) is present. Different pools or single clones (C6, C25,
C41) of cells were analyzed, each containing an inducible Cas9 system of the present
disclosure. Cleavage is indicated by the release of additional lower bands in the
electrophoresis gel. The same efficiency of cleavage was observed among all the cells
analyzed.

Fig. 5 is a schematic of an example of an engineered nucleic acid construct in
accordance with the present disclosure. Promoter P1 is operably linked to a nucleic acid
encoding an enzyme that cleaves, a nucleic acid encoding an enzyme that nicks nucleic acid,
or a nucleic acid encoding an enzyme that catalyzes exchange of nucleic acid, wherein the
nucleic acid encoding the enzyme is flanked by a modified version of estrogen receptor
(ERT2) sequences. The enzyme is upstream from a (e.g., at least one) deoxyribonucleic acid
(DNA)-binding domain recognition sequence (BDRS).

Fig. 6 is a schematic of an example of an engineered construct used to target the
MTHI1 gene. Promoter P1 is operably linked to a nucleic acid encoding a regulatory protein
(e.g., an inducer protein or a repressor protein), which is upstream from two (e.g., at least
two) insulators. The insulators are upstream from promoter P2, which is operably linked to a
nucleic acid encoding an enzyme that cleaves (e.g., Cas9 nuclease, Cpfl nuclease, or a
functional equivalent thereof), a nucleic acid encoding an enzyme that nicks (e.g., Cas9
nickase) nucleic acid, or a nucleic acid encoding an enzyme that catalyzes exchange of

nucleic acid (e.g., Cre recombinase). The enzyme is upstream from a nucleic acid encoding a
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guide RNA (gRNA), which is upstream from an additional insulator, which is upstream from
a (e.g., at least one) deoxyribonucleic acid (DNA)-binding domain recognition sequence
(BDRS). In this example, the gRNA is specific for MTH1 gene, is constitutively expressed
and will bind Cas9 to form an active complex upon expression of Cas9. The construct in this
examples comprises DNA-binding domain recognition sequences that correspond to
sequences located in the AAVSI locus of the human genome. The construct was integrated
in the AAVSI locus by and recombinant clones where selected. The recombinant clones
were assayed for cleavage of the endogenous MTH1 locus upon induction.

Fig. 7 is a graph showing cleavage efficiency as determined by TIDE software. The
analysis shows that 85% of the cells contain a deletion (knockout) in the MTH1 gene, while
no deletion was observed in absence of induction. The data from this analysis shows that
MTHI1 is not lethal when combined with a particular mutation present in the cell line tested.

Fig. 8 shows schematics of different engineered nucleic acid constructs, one of which
(top panel) expresses GFP upon induction with doxycycline.

Fig. 9 shows data confirming integration into the Rosa26 locus and germline
transmission of the engineered construct depicted in Fig. 8, top panel.

Fig. 10 shows a schematic of an example of an engineered TOICas construct. Cas9 is
fused to GFP by T2A peptide and is flanked by insulators for tight regulation.

Fig. 11 is an electrophoretic gel image showing efficient cleavage of DNA in the
presence of Dox and guide RNA.

Fig. 12 shows a schematic of a gene target strategy using AAV-U6 gRNA (p5 3"
/Kras(G12D) construct (top panel). A Kras target site is located in an intron to cause less
damage possible to the gene in case of failure of HDR ssODN-mediated point-mutation
“repair”. Trp53 CRISPR follows a “common” strategy (bottom panel).

Fig. 13 shows a GFP curve followed over time after Dox stimulation (48h) and
removal (112h) of cells.

Fig. 14 is an electrophoretic gel image showing results from a surveyor assay on
fibroblasts stimulated with Dox and infected with AAV-gRNA-Kras to produce both point
mutation and indel.

Fig. 15 is an electrophoretic gel image showing results of a surveyor nuclease assay
demonstrating the precise cut in Trp53 gene (red asterisks) in the lungs of mice administered
intra-tracheal with AAV-gRNA-Trp53 (#37, #42, #52), validating the function of TOICas.

Fig. 16 shows data from a Sanger sequencing analysis demonstrating that TOICas9

(inducible Cas9) cleavage is not observed in the absence of Dox.
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Fig. 17 is a graph showing GFP expression and Cas9 expression as a proportion of the
parental population and the stable pools.

Fig. 18 is a graph showing the effect of Cas9 expression on acute DNA damage
(gH2AX foci formation).

Fig. 19 is a graph showing the effect of Cas9 expression on persistent DNA damage
(micronuclei formation).

Figs. 20-28 show plasmid maps of examples of TOICas constructs encompassed by
the present disclosure. The sequences of Figs. 20-28 correspond respectively to SEQ ID NO:
12-20.

DETAILED DESCRIPTION

The present disclosure provides engineered nucleic acid constructs (e.g., “TOICas
constructs™) used for cross-species integration and introducing into a genome an inducible
genome editing system, in some embodiments, without also introducing vector (plasmid)
material. Engineered constructs of the present disclosure facilitate site-specific integration of
a linearized form of the construct into a single locus of a genome, into multiple different loci
of a genome, or into loci of different genomes (of different species). This direct integration
depends on coordinated enzymatic cleavage of the construct and the targeted genomic locus,
and ligation of the linearized construct into the genomic locus, for example, via the non-
homologous end-joining (NHEJ) pathway (see, e.g., Maresca et al. Genome Res. 2013
Mar;23(3):539-46, incorporated herein by reference).

Custom-designed nucleases, such as Cas9, Cpfl, zinc finger nucleases, Tale
nucleases, and functional equivalents thereof contain a DNA cleavage domain and a DNA
binding domain assembled from optimized DNA binding modules. In cells, these nucleases
generate a double-strand break in the genome at or near a sequence recognized by the DNA
binding domain of the nuclease (a “DNA-binding domain recognition sequence”) and induce
DNA damage repair. The engineered constructs of the present disclosure are based, in part,
on results showing that an episomal construct can be ligated into a target genomic locus if the
construct and the locus contain the same DNA-binding domain recognition sequence.

In some embodiments, multiple DNA-binding domain recognition sequences are
positioned in a construct such that they flank unwanted vector (e.g., bacterial plasmid) DNA.
This configuration results in the removal of vector DNA upon integration of the construct
into a genome.

The engineered constructs (e.g., “TOICas constructs”) of the present disclosure are

versatile in that they comprise, in some embodiments, the genetic elements used to induce
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gene expression in a temporally-controlled and spatially-controlled manner, an array (e.g.,
two or more) of DNA-binding domain recognition sequences that facilitate site-specific
integration of the construct into multiple different loci, and are substantially non-leaky. Thus,
the engineered constructs of the present disclosure provide more precise and efficient genome

editing capability relative to presently-available genome editing systems.

TOICas Constructs and Transgenic Animals

Engineered constructs are herein referred to, in some embodiments, as TOIC, TOICas
or TOICas9 constructs, which include a nucleic acid encoding a Cas9 enzyme. It should be
understood that in any of the TOIC, TOICas or TOICas9 constructs, the nucleic acid
encoding a Cas9 enzyme may be replaced with another enzyme that cleaves nucleic acid,
nicks nucleic acid, catalyzes the exchange of nucleic acid, regulates gene expression, or
modifies a nucleotide base. Non-limiting examples of TOIC constructs are depicted in Figs.
20-28, the nucleic acid sequences of which are represented by SEQ ID NO: 12-20,
respectively.

TOIC constructs, in some embodiments, include any one of Figs. 20-28, for example,
having a sequence of any one of SEQ ID NO: 12-20, respectively. The TOICas constructs of
the present disclosure, as discussed in greater detail below, include a promoter (P1) (e.g.,
CMV, CAGQG, CBh, or EF1alpha, or a tissue-specific promoter) operably linked to a
regulatory protein, which is upstream of two insulators positioned in tandem (insulator 1 and
insulator 2), which are upstream of a promoter (P2) (e.g., an arrayed sequence bound by the
regulator protein) operably lined to an enzyme (e.g., Cas9), which is upstream of an insulator
(insulator 3), which is upstream of a DNA-binding domain recognition site (BDRS) (e.g.,
nuclease, a recombinase, or an integrase), which is optionally upstream of a promoter (P3)
operably linked to a nucleic acid encoding a selection protein (e.g., a drug selection protein or
a fluorescent marker) (see, e.g., Fig. 1 and Fig. 10). In some embodiments, a TOIC construct
comprises a nucleic acid encoding a guide RNA (gRNA), which may be located, for example,
between the enzyme and insulator 3, or between insulator 3 and the BDRS.

Also provided herein are transgenic animals, such as transgenic mouse models,
comprising a TOIC construct. While many embodiments described herein refer to transgenic
mouse models, is should be understood that the disclosure covers a variety of transgenic
animal models (invertebrates and vertebrates), including, but not limited to: Amphimedon
queenslandica, Arbacia punctulata, Aplysia, Branchiostoma floridae, Caenorhabditis
elegans, Caledia captiva, Callosobruchus maculatus, Chorthippus parallelus, Ciona

intestinalis, Daphnia spp., Coelopidae, Diopsidae, Drosophila, Euprymna scolopes, Galleria
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mellonella, Gryllus bimaculatus, Hydra, Loligo pealei, Macrostomum lignano, Mnemiopsis
leidyi, Nematostella vectensis, Oikopleura dioica, Oscarella carmela, Parhyale hawaiensis,
Platynereis dumerilii, Podisma spp., Pristionchus pacificus, Scathophaga stercoraria,
Schmidtea mediterranea, Stomatogastric, Strongylocentrotus purpuratusSymsagittifera
roscoffensisTribolium castaneum, and Trichoplax adhaerens, Tubifex tubifex (invertebrates);
and Bombina, Carolina anole (Anolis carolinensis), Cat (Felis sylvestris catus), Chicken
(Gallus gallus domesticus) - Cotton rat (Sigmodon hispidus), Dog (Canis lupus familiaris),
Golden hamster (Mesocricetus auratus), Guinea pig (Cavia porcellus), Little brown bat
(Myotis lucifugus), Medaka (Oryzias latipes, or Japanese ricefish), Mouse (Mus musculus),
Naked mole-rat (Heterocephalus glaber), Nothobranchius furzeri, Pigeon (Columba livia
domestica), Poecilia reticulata, Rat (Rattus norvegicus), Rhesus macaque (or rthesus monkey)
(Macaca mulatta,) Sea lamprey (Petromyzon marinus), Takifugu (Takifugu rubripes, a
pufferfish), Three-spined stickleback (Gasterosteus aculeatus), Xenopus tropicalis and
Xenopus laevis (African clawed frog), Zebra finch (Taeniopygia guttata), and Zebrafish
(Danio rerio, a freshwater fish).

In some embodiments, the transgenic animal model is selected from a fish, a frog, a
bird, a mouse, a rat, a hamster, a cat, a dog, a pig, a sheep and a monkey. some
embodiments, the transgenic animal model is a mouse model. In some embodiments,
provided herein is an engineered nucleic acid comprising the sequence of SEQ ID NO: 8.
Also provided herein is a transgenic animal (e.g., mouse), for example, an immunocompetent
animal (e.g., mouse), comprising in the genome of the animal (e.g., mouse) an engineered
nucleic acid construct comprising the sequence of SEQ ID NO: 8 integrated, for example, in
the Rosa26 locus of the animal (e.g., mouse) genome.

In some embodiments, provided herein is an engineered nucleic acid comprising the
sequence of SEQ ID NO: 12. Also provided herein is a transgenic animal (e.g., mouse), for
example, an immunocompetent animal (e.g., mouse), comprising in the genome of the animal
(e.g., mouse) an engineered nucleic acid construct comprising the sequence of SEQ ID NO:
12 integrated, for example, in the Rosa26 locus of the animal (e.g., mouse) genome.

In some embodiments, provided herein is an engineered nucleic acid comprising the
sequence of SEQ ID NO: 13. Also provided herein is a transgenic animal (e.g., mouse), for
example, an immunocompetent animal (e.g., mouse), comprising in the genome of the animal
(e.g., mouse) an engineered nucleic acid construct comprising the sequence of SEQ ID NO:
13 integrated, for example, in the Rosa26 locus of the animal (e.g., mouse) genome.

In some embodiments, provided herein is an engineered nucleic acid comprising the

sequence of SEQ ID NO: 14. Also provided herein is a transgenic animal (e.g., mouse), for
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example, an immunocompetent animal (e.g., mouse), comprising in the genome of the animal
(e.g., mouse) an engineered nucleic acid construct comprising the sequence of SEQ ID NO:
14 integrated, for example, in the Rosa26 locus of the animal (e.g., mouse) genome.

In some embodiments, provided herein is an engineered nucleic acid comprising the
sequence of SEQ ID NO: 15. Also provided herein is a transgenic animal (e.g., mouse), for
example, an immunocompetent animal (e.g., mouse), comprising in the genome of the animal
(e.g., mouse) an engineered nucleic acid construct comprising the sequence of SEQ ID NO:
15 integrated, for example, in the Rosa26 locus of the animal (e.g., mouse) genome.

In some embodiments, provided herein is an engineered nucleic acid comprising the
sequence of SEQ ID NO: 16. Also provided herein is a transgenic animal (e.g., mouse), for
example, an immunocompetent animal (e.g., mouse), comprising in the genome of the animal
(e.g., mouse) an engineered nucleic acid construct comprising the sequence of SEQ ID NO:
16 integrated, for example, in the Rosa26 locus of the animal (e.g., mouse) genome.

In some embodiments, provided herein is an engineered nucleic acid comprising the
sequence of SEQ ID NO: 17. Also provided herein is a transgenic animal (e.g., mouse), for
example, an immunocompetent animal (e.g., mouse), comprising in the genome of the animal
(e.g., mouse) an engineered nucleic acid construct comprising the sequence of SEQ ID NO:
17 integrated, for example, in the Rosa26 locus of the animal (e.g., mouse) genome.

In some embodiments, provided herein is an engineered nucleic acid comprising the
sequence of SEQ ID NO: 18. Also provided herein is a transgenic animal (e.g., mouse), for
example, an immunocompetent animal (e.g., mouse), comprising in the genome of the animal
(e.g., mouse) an engineered nucleic acid construct comprising the sequence of SEQ ID NO:
18 integrated, for example, in the Rosa26 locus of the animal (e.g., mouse) genome.

In some embodiments, provided herein is an engineered nucleic acid comprising the
sequence of SEQ ID NO: 19. Also provided herein is a transgenic animal (e.g., mouse), for
example, an immunocompetent animal (e.g., mouse), comprising in the genome of the animal
(e.g., mouse) an engineered nucleic acid construct comprising the sequence of SEQ ID NO:
19 integrated, for example, in the Rosa26 locus of the animal (e.g., mouse) genome.

In some embodiments, provided herein is an engineered nucleic acid comprising the
sequence of SEQ ID NO: 20. Also provided herein is a transgenic animal (e.g., mouse), for
example, an immunocompetent animal (e.g., mouse), comprising in the genome of the animal
(e.g., mouse) an engineered nucleic acid construct comprising the sequence of SEQ ID NO:
29 integrated, for example, in the Rosa26 locus of the animal (e.g., mouse) genome.

Induction of enzyme (e.g., Cas9) expression in an animal model may be achieved by

administering doxycycline or other appropriate induction agent (depending on the particular
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induction system used in the TOIC construct). In some embodiments, the induction agent
(agent that directly or indirectly activates the inducible promoter of the TOIC construct) is
administered to an animal via injection (e.g., tail vein injection) or oral gavage.

Transgenic animals, as provided herein, may be used to generate knockout or
knockdown alleles, or to overexpress a gene or knock a gene into a particular loci, by
homologous recombination or by non-homologous end joining. This may be achieved, for
example, by administering to the animal a template DNA (e.g., containing a modification of
interest) and a nucleic acid encoding a gRNA targeting a loci and/or gene of interest.
Examples of genes of interest include, but are not limited to, oncogenes such as Pik3ca, Kras,
Braf, Nras, and tumor suppressor genes such as Pten, p53, Rb, Apc, p16/p19, Breal, Brea2,
Lkbl. Various disease models may be produced by combining TOIC transgenic mice with
template DNA and gRNA targeting a gene or genes of interest. Such models include, but are
not limited to, lung cancer (e.g., Kras, Lkb, p53 and/or Rb; e.g., targeting MAPK,
metabolism), pancreatic cancer (e.g., Kras, p53, p16/p19 and/or Pdx1; e.g., targeting MAPK),
prostate cancer (e.g., Pten, Brcal, Brca2 and/or p53; e.g., targeting PI3K, AR, ASO, DDR),
breast cancer (e.g., Pik2ca, p53 and/or Pten; e.g., targeting PI3K, SERD), ovarian cancer
(e.g., Brcal, Brca2, p53 and/or Rb; e.g., targeting Erk, MEK, Kras, ASO, modp53),
melanoma (e.g., Braf and/or Nras; e.g., targeting MAPK) and colorectal cancer (e.g., Pik3ca,
Kras and/or Apc; e.g., targeting MAPK, PI3K).

A nucleic acid encoding a gRNA and associated template DNA may be administered
to an animal via intratracheal, intravenal, or intraperitoneal transduction using a virus (e.g.,
adeno-associated virus or adenovirus), for example.

In some embodiments, a nucleic acid encoding a gRNA is integrated into the genome
of the transgenic animal model. For example, a tissue-specific gRNA or a constitutively-
expressed gRNA may be integrated into the genome of the transgenic animal model.

Also provided herein are organoids (three-dimensional organ-bud grown in vitro)
derived from (obtained from) transgenic animals of the present disclosure. Thus, an organoid
may comprise any of the TOIC constructs.

Advantageously, TOIC animals (e.g., mice), for example, those described in the
Examples, may be immunocompetent (able to produce a normal immune response following
exposure to an antigen). Also encompassed herein, however, are immunocompromised (have

a weakened immune system) TOIC animals.
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Enzymes for Genomic Integration

Engineered constructs (e.g., “TOICas constructs™) of the present disclosure are used
to facilitate direct, site-specific ligation of a linearized form of the construct into a single
locus or multiple different loci of a single genome or multiple different genomes. This direct
ligation occurs through the non-homologous end-joining (NHEJ) pathway (see, e.g., Maresca
et al. Genome Res. 2013 Mar;23(3):539-46, incorporated herein by reference). Site-specific
integration depends on the presence of hybrid nucleases that contain a DNA binding domain
and a DNA cleavage domain (typically a Fokl domain) and the presence of nucleic acids that
contain at least one DNA-binding domain recognition sequence. A “DNA-binding domain
recognition sequence” is a nucleotide sequence to which a nuclease DNA-binding domain
binds and a nuclease DNA cleavage domain cleaves. Engineered constructs contain at least
one DNA-binding domain recognition sequence that is recognized and cleaved by a hybrid
nuclease. Cleavage of the engineered construct results in a linearized form, which can then
be “ligated” into a genome in a site-specific manner.

Engineered constructs (e.g., “TOICas constructs™) of the present disclosure, in some
embodiments, comprise a single DNA-binding domain recognition sequence (BDRS) or an
array (e.g., two or more) of DNA-binding domain recognition sequences, which facilitate
site-specific genomic integration of the nucleic acid. Advantageously, an engineered
construct of the present disclosure can be used to facilitate site-specific ligation of a
linearized form of the construct into multiple different loci of several different genomes,
which is useful for cross-species integration of the same construct.

In some embodiments, a DNA-binding domain recognition sequence of an engineered
construct corresponds to a sequence located in the Rosa26 locus such that the nucleic acid
may be integrated in a mouse genome. In some embodiments, a DNA-binding domain
recognition sequence of an engineered construct corresponds to a sequence located in the
AAVSI locus such that the nucleic acid may be integrated in a human genome. Other DNA-
binding domain recognition sequence located in other genomic loci are encompassed by the
present disclosure.

Examples of hybrid nuclease for use in linearizing an engineered construct include,
without limitation, zinc finger nucleases (ZFNs), Tale nucleases (TALENSs), dCas9-FokI
fusion proteins (catalytically inactive Cas9 fused to FokI), Cas9, Cas9 nickase fused to Fokl,
and Cas9 variants evolved to generate overhangs.

In some embodiments, the DNA-binding domain recognition sequence is a ZFN DNA
binding domain recognition sequence, which is bound by one or more zinc finger(s). The

DNA-binding domain of individual ZFNs may contain between three and six individual zinc
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finger repeats and can each recognize between 9 and 18 base pairs. If the zinc finger domains
are specific for their intended target site, then even a pair of 3-finger ZFNs that recognize a
total of 18 base pairs can target a single locus in a mammalian genome.

In some embodiments, the DNA-binding domain recognition sequence is a TALEN
DNA binding domain recognition sequence, which is bound by one or more TAL effector
unit(s). TAL effectors are proteins secreted by Xanthomonas bacteria. The DNA binding
domain typically contains a repeated highly conserved 3334 amino acid sequence with the
exception of the 12 and 13™ amino acids. These two locations are highly variable (Repeat
Variable Diresidue, RVD) and show a strong correlation with specific nucleotide recognition
(Boch et al. Science 326 (5959): 1509-12, 2009; Moscou et al. Science 326 (5959): 1501,
2009, each of which is incorporated by reference herein). In some embodiments, specific
DNA-binding domains are engineered by selecting a combination of repeat segments
containing the appropriate RVDs (Boch et al. Nature Biotechnology 29 (2): 135-6, 2011).

In some embodiments, the DNA-binding domain recognition sequence is a sequence
complementary (e.g., 100% complementary) to two co-expressed guide RNAs. In some
embodiments, the DNA-binding domain recognition sequence is a sequence that is at least
80%, at least 85%, at least 90%, at least 95% or at least 98% complementary to two co-
expressed guide RNAs. In such embodiments, a catalytically inactive Cas9 (dCas9) fused to
FokI nuclease may be used to generate double strand breaks in an engineered nucleic acid.

It should be understood that the engineered constructs of the present disclosure may
comprise a nucleic acid encoding a nuclease (e.g., Cas9 nuclease, Cpfl nuclease, or a
functional equivalent thereof) and contain a DNA-binding nuclease recognition sequence that
is not necessarily recognized by the nuclease of the engineered nucleic acid. For example, an
engineered construct for use in genomic editing may encode Cas9 (e.g., wild-type or
otherwise catalytically active Cas9 for the purpose of editing the genome of a cell) or Cpfl
nuclease and may also contain a DNA-binding nuclease recognition sequence specific for a
zinc finger nuclease or a catalytically inactive Cas9 (dCas) fused to Fokl nuclease. If this is
the case, it may be necessary to introduce into a cell another nucleic acid encoding the zinc
finger nuclease or the dCas9 fused to FoklI that specifically recognizes and cleaves the DNA-

binding nuclease recognition.

Enzymes for Genomic Editing
Also described herein are nucleic acids that encode enzymes that cleave nucleic acid,

nick nucleic acid, or catalyze exchange of nucleic acid. Enzymes that cleave nucleic acids
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are referred to as nucleases. Enzymes that nick nucleic acids are referred to as nickases.
Enzymes that catalyze exchange of nucleic acid are referred to as recombinases.

“Cleavage” refers to the process by which a nuclease cuts (hydrolyzes) each nucleic
acid backbone (e.g., sugar-phosphate backbone) of a double-stranded nucleic acid. Thus, the
nuclease makes two incisions: one in the backbone between the nucleotide subunits of one
strand of the double-stranded nucleic acid, and another in the backbone between the
nucleotide subunits of the other strand of the double-stranded nucleic acid. Cleavage of a
single nucleic acid molecule typically results in the production of two separate nucleic acid
molecules. “Nicking,” by contrast, refers to the process by which a nickase cuts only one
strand of a double-stranded nucleic acid. “Catalyzing exchange of nucleic acid” refers to the
process by which genetic material is broken and joined to other genetic material and
encompasses genetic recombination. Recombination is recombining or rearranging genetic
material, for example, by crossing over in chromosomes or by joining segments of DNA.

In some embodiments, an engineered nucleic acid encodes a nuclease. Nucleases of
the present disclose may be engineered to cut a pre-determined nucleotide sequence,
permitting, for example, efficient engineering of genetic information and the creation of a
variety of diverse nucleic acid modifications. Examples of engineered nucleases include,
without limitation, DNA-guided endonucleases, RNA-guided endonucleases (RGENs) such
as Cas9 or Cpfl, zinc finger nucleases (ZFNs) (Kim et al. Proc Natl Acad Sci USA 93 (3):
1156-60, 1996; Bitinaite et al. Proc Natl Acad Sci USA 95 (18): 10570-5, 1998; and
Cathomen et al. Mol. Ther. 16 (7): 1200-7, 2008), TAL effector nucleases (TALENS,
transcription activator-like effector nucleases) (Boch et al. Science 326 (5959): 1509-12,
2009; Christian et al. Genetics 186 (2): 757-61, 2010); and Miller et al. Nature
Biotechnology 29 (2): 143-8, 2011) (Table 1), and functional equivalents thereof. Nucleases
typically comprise a DNA binding domain, which recognizes and binds to a particular DNA
sequence, and a DNA cleavage domain, which cleaves the DNA at or near (e.g., within 10
nucleotides of) the DNA binding domain. For example, ZFNs comprise zinc finger domains,
which bind DNA, and a Fok I domain, which cleaves the DNA (Kim et al. Natl Acad Sci
USA 93 (3): 115660, 1996). Similarly, TALENs comprise TAL effector units, which bind
DNA, and a Fok I domain, which cleaves DNA. The RNA-guided Cas9 nuclease cleaves the
DNA, but to do so, it must first be guided to the target cleavage site by a guide RNA, which

is complementary to and binds to the DNA cleavage site, as described elsewhere herein.
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Table 1. Examples of Engineered Nuclease Systems

Nuclease DNA binding domain DNA cleavage domain

RGEN Guide RNA that hybridizes to Cas9 protein (contains two nuclease
the target DNA (1:1 nucleotide | domains); or
base pairing) or Cpfl protein

ZFN Zinc fingers (each module Fok I restriction enzyme nuclease
recognizes 3 bp of target domain (requires dimerization for
sequence) cleavage)

TALEN TAL effector units (each Fok I restriction enzyme nuclease
module recognizes 1 bp of domain (requires dimerization for
target sequence) cleavage)

Cas9 (CRISPR associated protein 9) is an RNA-guided DNA nuclease associated with
the CRISPR (Clustered Regularly Interspersed Palindromic Repeats) adaptive immunity
system in Streptococcus pyogenes, among other bacteria. CRISPR systems for editing,
regulating and targeting genomes may comprise at least two distinct components: (1) a guide
RNA (gRNA) and (2) Cas9. A gRNA is a single chimeric transcript that combines the
targeting specificity of endogenous bacterial CRISPR targeting RNA (ctRNA) with the
scaffolding properties of trans-activating crRNA (tracrRNA). Typically, a gRNA used for
genome editing is transcribed from either a plasmid or a genomic locus within a cell. The
gRNA transcript forms a complex with Cas9, and then the gRNA/Cas9 complex is recruited
to a target sequence as a result of the base-pairing between the crRNA sequence and its
complementary target sequence in genomic DNA, for example.

In a typical synthetic CRISPR/Cas9 genome editing system, a genomic sequence of
interest (genomic target sequence) is modified by use of a gRNA complementary to the
sequence of interest, which directs the gRNA/Cas9 complex to the target (Sander JD et al.,
2014 Nature Biotechnology 32, 247-355, incorporated by reference herein). The Cas9
endonuclease cuts the genomic target DNA upstream of a protospacer adjacent motif (PAM),
resulting in double-strand breaks. Repair of the double-strand breaks often results in inserts
or deletions at the double-strand break site. This CRISPR/Cas9 system is often used to edit
the genome of a cell, each iteration requiring the design and introduction of a new gRNA
sequence specific to a target sequence of interest.

In some embodiments, an engineered construct of the present disclosure comprises a
promoter (e.g., an inducible promoter) operably linked to a nucleic acid encoding a guide
RNA (e.g., downstream from a nucleic acid encoding a Cas9 nuclease), which guides the
Cas9 nuclease to a genomic target (modification) site. Enzymes that are functionally similar

to Cas9 may be used in accordance with the present disclosure.
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Cpfl is a single RNA-guided endonuclease of a class 2 CRISPR-Cas system (Zetsche
etal., 2015, Cell 163: 1-13, incorporated by reference herein). Cpfl, like Cas9, is a two-
component RNA programmable DNA nuclease. Targeted DNA is cleaved as a 5-nt
staggered cut distal to a 5* T-rich protospacer adjacent motif (PAM). There are two Cpfl
orthologs that exhibit robust nuclease activity in human cells, either of which may be used as
provided herein. Enzymes that are functionally similar to Cpfl may be used in accordance
with the present disclosure.

In other embodiments, a nucleic acid encoding a guide RNA is introduced into a host
cell that is modified to express (e.g., stably express) in the cell genome an engineered
construct of the present disclosure (e.g., a construct encoding a Cas9 nuclease) and is used to
replace any unwanted DNA introduced into the host cell during modification of the host cell
genome. For example, a cell, such as a stem cell (e.g., a pluripotent stem cells), may be
modified to express (e.g., stably express) in the cell genome an engineered construct
comprising (a) a promoter operably linked to a nucleic acid encoding a regulatory protein, (b)
an inducible promoter operably linked to a nucleic acid encoding Cas9 or Cpfl, wherein
activity of the inducible promoter is modulated by the regulatory protein, (c) at least two
insulators located downstream from (a) and upstream from (b), and (d) at least one insulator
located downstream from (b). The modification of this host cell may result in the
introduction of vector (e.g., bacterial plasmid) DNA in the genome of the cell as well as other
unwanted DNA (e.g., sequence encoding a selection marker) following site-specific
integration of the construct. This vector DNA and any other unwanted DNA can be removed,
for example, by introducing (a) an engineered nucleic acid encoding a guide RNA flanked by
DNA-binding domain recognition sequences, (b) an engineered nucleic acid encoding a
hybrid nuclease that recognizes and cleaves DNA-binding domain recognition sequences
flanking the guide RNA as well as DNA-binding domain recognition sequences flanking
unwanted sequence located in the genome of the cells, and (¢) and an orthogonal Cas9 (Cas9
obtained from a species different than the species from which the host cell Cas9 was
obtained). For example, the host cell may be engineered to express Cas9 obtained from
Streptococcus pyogenes and the orthogonal Cas9 obtained from Streprococcus aureus,
Streptococcus thermophilis or Neisseira meningitis. Other orthogonal Cas9 nucleases are
encompassed by the present disclosure. The hybrid nuclease, the guide RNA and the
orthogonal Cas9 may be included on the same construct (e.g., vector) or each on a separate
construct. The guide RNA replaces the vector DNA or any unwanted DNA in the genome of
the host cell.
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In some embodiments, an orthogonal Cas9 is used to replace bacterial plasmid
sequence integrated in a host cell genome with a guide RNA of interest and, optionally, a
selection marker. In some embodiments, the host cell is a pluripotent stem cell (e.g., a human
pluripotent stem cell, such as a human induced pluripotent stem cell) or an embryonic stem
cell (e.g., a mouse embryonic stem cell used for the generation of a mouse model system). In
these cell types, bacterial plasmid sequence has the potential of inactivating a locus of
interest, thus removal of the bacterial plasmid sequence is preferred.

In some embodiments, an orthogonal Cas9 or Cpfl and a guide RNA are used to
delete expression (knockout), reduce expression (knockdown) or increase expression
(overexpress) a gene of interest in a differentiated state following a pluripotent state.

In some embodiments vector DNA or any unwanted DNA in the genome of the host
cell is removed by using a site-specific recombinase (e.g., Cre, FLP, Dre, Vike or a
combination thereof).

The process of introducing an engineered nucleic acid construct into the genome of a
cell and removing vector DNA or any unwanted DNA may be performed in a single step
(e.g., all constructs are delivered to the host cell(s) simultaneously) or in multiple steps (e.g.,
each construct is delivered to the host cell(s) sequentially).

The present disclosure also includes the use of catalytically inactive forms of any of
the nucleases described herein. For example, in some embodiments, a catalytically inactive
form of Cas9 (dCas9) or a catalytically inactive form of Cpfl, which can knockdown gene
expression by interfering with transcription, may be used as provided herein. In some
embodiments, a dCas9 (or catalytically inactive form of Cpfl or other nuclease) is fused to a
repressor peptide (a peptide that represses transcription, e.g., Cas9-KRAB (Urrutia 2003
Genome Biol. 4(10): 231)). In some embodiments, a dCas9 (or catalytically inactive form of
Cpfl or other nuclease) is fused to an activator peptide (a peptide that activates or increase
transcription, e.g., Cas9-VP64 (Beerli et al. 1998 Proc Natl Acad Sci USA. 95(25):14628-
33)). In some embodiments, a dCas9 (or catalytically inactive form of Cpfl or other
nuclease) is fused to an epigenomic regulator (e.g., Cas9-DNMT or Cas9-p500). In some
embodiments, a dCas9 (or catalytically inactive form of Cpfl or other nuclease) is fused to
FokI nuclease to generate double strand breaks at sequences homologous to two co-expressed
gRNAs.

In some embodiments, an engineered nucleic acid expressing dCas9 (or other
catalytically inactive nuclease) is used to image specific sequences in the genome (see, e.g.,

Chen B., ef al. (2013) Cell 155(7): 1479-1491, incorporated herein by reference).
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In some embodiments, wild-type or unmodified Cas9 or Cpfl (or other catalytically
inactive nuclease) fused to a repressor peptide (e.g., Cas9-KRAB) or an activator peptide
(e.g., Cas9-VP64) is used in combination with a short gRNAs to regulate gene expression
(see, e.g., Kiani S, et al. (2015) "Cas9 gRNA engineering for genome editing, activation and
repression." Nature Methods (2015) [epub ahead of print], incorporated herein by reference).

In some embodiments, an engineered nucleic acid encodes a nickase. A nickase is an
enzyme that generates a single-strand break in a double-stranded nucleic acid. In some
embodiments, the nickase is Cas9 nickase (Cong et al. 2013 Science 339(6121): 819-823;
Shen et al. 2014 Nature Methods 11,399-402). Cas9 nickase generates a single-strand DNA
break (nick) at a specific location based on a co-expressed gRNA-defined target sequence,
rather than a double-strand DNA break (cut) produced by the wild type enzyme. Nicks are
preferentially repaired in a cell by homology directed repair (HDR), using the intact strand as
the template. HDR has high fidelity and rarely results in errors. Two adjacent, opposite
strand nicks can cause a double strand break (DSB) and trigger error-prone non-homologous
end joining (NHEJ) repair; however, in the presence of a repair template, the double nicks
can be repaired by HDR. Double nicking typically reduces unwanted off-target effects.

In some embodiments, an engineered nucleic acid encodes a recombinase.
Recombinases, typically derived from bacteria and fungi, catalyze directionally sensitive
DNA exchange reactions between short (e.g., 30—40 nucleotides) target sequences that are
specific to each recombinase. These reactions enable four basic functions—
excision/insertion, inversion, translocation and cassette exchange—which may be used
individually or in combination. Examples of recombinases for use as provided herein
include, without limitation, Cre recombinase, FLLP recombinase, Hin recombinase (Dhar et al.
2004 Cell 119 (1): 33-45; Sanders et al. 2004 Mol Biol 340 (4): 753—66; Kamtekar ef al.
2006 Proc Natl Acad Sci USA 103 (28): 10642—7; Li et al. 2005 Science 309 (5738): 1210-5)
and Tre recombinase (Sarkar et al. 2007 Science 316 (5833): 1912-15).

Cre recombinase is a tyrosine recombinase enzyme derived from the P1
bacteriophage. The enzyme uses a topoisomerase I-like mechanism to carry out site-specific
recombination. The enzyme (e.g., 38kDa) is a member of the integrase family of site-specific
recombinase and catalyzes site-specific recombination between two DNA recognition sites
(loxP sites). The ~34 base pair (bp) loxP recognition site contains two ~13 bp palindromic
sequences that flank an ~8 bp spacer region. The products of Cre-mediated recombination at
loxP sites are dependent upon the location and relative orientation of the loxP sites. Two
separate DNA species both containing loxP sites can undergo fusion as the result of Cre

mediated recombination. DNA sequences found between two 1oxP sites are said to be
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"floxed". The products of Cre mediated recombination depends upon the orientation of the
loxP sites. DNA found between two loxP sites oriented in the same direction are excised as a
circular loop of DNA, while intervening DNA between two loxP sites that are opposingly
orientated are inverted. Cre recombinase requires no additional cofactors (such as ATP) or
accessory proteins for its function.

Flp-FRT recombination is a site-directed recombination technology analogous to Cre-
lox recombination. Flp-FRT recombination involves the recombination of sequences
between short flippase recognition target (FRT) sites by the recombinase (Flp) derived from
the 2 um plasmid of baker's yeast Saccharomyces cerevisiae (Zhu et al. 1995 Journal of
Biological Chemistry 270 (39): 23044-54; Schlake et al. 1994 Biochemistry 33 (43): 12746—
12751; and Turan et al 2010 J. Mol. Biol. 402 (1): 52-69).

In some embodiments, an engineered nucleic acid encodes a base editing enzyme. A
base editing enzyme is a fusion of a DNA binding protein (e.g., Cas9, TALE, ZF) to a
specific effector that induces base exchange (e.g., C to T) in the proximity of a DNA binding
site (see, e.g., Komor, A.C., et al. Nature, 2016; and Nishida, K., et al. Science 353: 6305,
2016).

Control of Gene Expression

Engineered constructs (e.g., “TOICas constructs™) of the present disclosure permit
spatial control of genomic editing, temporal control of genomic editing, of a combination of
spatial and temporal control. Spatial control generally refers to the activation of transcription
within specific tissues of an organism. Temporal control generally refers to the activation of
transcription at specific times during development. Spatial control and/or temporal control
may result from use of a cell-specific or tissue-specific promoter driving nucleic acid
expression, from control over the time during which an effector substance is delivered to a
cell or organism to induce or repress nucleic acid expression, or from a combination thereof,
for example. In some embodiments, a cell-specific or tissue-specific promoter drives
expression of a nucleic acid to which it is operably linked only during a particular phase of
cell specification or cell differentiation. In some embodiments, an effector substance (e.g.,
Dox) is delivered to a cell or organism only during a particular phase of cell specification or
cell differentiation.

Further, the engineered constructs (e.g., “TOICas constructs™) of the present
disclosure substantially reduce leaky gene expression. A gene expression system may be
considered “leaky” if gene transcription is initiated in the absence of a regulatory protein or

in an uncontrolled manner. As described elsewhere herein, regulatory proteins bind to
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promoters to regulate transcriptional activity. The expression of a gene is considered “leaky”
if expression occurs in the absence of the regulatory protein intended to bind the promoter
that controls expression of the gene. Expression of a gene is considered “substantially non-
leaky” if the level of gene expression in the absence of the regulatory protein is less than 15%
(e.g., less than 10%, less than 5%, less than 2%, less than 1%, less than 0.5%) of the level of
gene expression in the presence of the regulatory protein. As depicted in Figs. 1 and 2, for
example, at least one insulator (e.g., one, two or more insulators) is positioned between the
nucleic acid encoding the regulatory protein and the downstream promoter (P2) (to which the
regulatory protein binds) controlling expression of the enzyme (e.g., nuclease or
recombinase). An “insulator” is a nucleotide sequence that blocks the interaction between
enhancers and promoters. It should be understood that insulator(s) may be positioned, in
some embodiments, between any two promoters driving gene expression so as to prevent
transcriptional activation of the downstream promoter upon transcriptional activation of the
upstream promoter.

Thus, engineered constructs (e.g., “TOICas constructs™), in some embodiments,
comprise at least one insulator. In some embodiments, an engineered construct comprises at
least 2, at least 3 or at least 4 insulators. In some embodiments, an insulator comprises a
mammalian insulator. For example, the insulator may comprise a (at least one) human
insulator, such as 5°’HS5, DMD/ICR, BEAD-1, apoB (-57 kb), apoB (+43 kb), or DM site 1
or DMI1 site 2 (Table 2). In some embodiments, the insulator may comprise a (at least one)
Mus musculus insulator, such as BEAD-1, HS2-6 or DMR/ICR. See, e.g., Bell et al., Curr
Opin Genet Dev. 1999 Apr;9(2):191-8; Science. 2001 Jan 19;291(5503):447-50; West et al.,
Genes Dev. 2002 Feb 1;16(3):271-88; and Ziebarth ef al., Nucleic Acids Research. 2013;
41(D1):D188-D194, each of which is incorporated herein by reference.

In some embodiments, an insulator comprises a (at least one) non-mammalian
insulator. For example, the insulator may comprise a (at least one) Drosophila melanogaster
insulator, such as scs/scs’, gypsy, Fab-7, Fab-8, faSWb or the eve promoter. In some
embodiments, the insulator may comprise a Saccharomyces cerevisiae insulator, including
HMR {RNA™, Chal UAS, UAS,; or STAR. In some embodiments, the insulator may
comprise a (at least one) Gallus gallus insulator, such as Lys 5°A, HS4, or 3’HS. In some
embodiments, the insulator may comprise sus, a Parancentrotus lividus insulator, URI, a

Hemicentrotus pulcherrimus insulator, or RO, a Xenopus laevis insulator.



10

15

20

25

WO 2017/064566 PCT/IB2016/001902
20

Table 2

CATCTTGGACCATTAGCTCCACAGGTATCTTCTTC
5°HS5 (Homo sapiens) CCTCTAGTGGTCATAACAGCAGCTTCAGCTACCTC
TC (SEQ ID NO: 1)

CAAATTATCCTGCCCCCTAGACATAACCTCCC

apoB (-57 kb) (Homo sapiens) | <po 1p NO: 2)

TGCATTGGCTGCCCAGGCCTGCACTGCCGCCTGCC
BEAD-1(Homo sapiens) GGCAGGGGTCCAGTCCACGAGACCCAGCTCCCTG
C (SEQ ID NO: 3)

GCCGGCCGCGGACCCGGCCCCTCCCTCCCCAGGCC

DM1 site 1 (Homo sapiens) GCTAGGGGGCGGGCCCGGATCACAGGA (SEQ ID
NO: 4)
CATGCACAAGAAAGCTTTGCACTTTGCGAACCAA

DM1 site 2 (Homo sapiens) CGATAGGTGGGGGTGCGTGGAGGATGG (SEQ ID
NO: 5)

“Downstream” and “upstream” refer to the relative position of nucleic acid (e.g.,
DNA or RNA). Each strand of DNA or RNA has a 5' end and a 3' end, so named for the
carbon position on the deoxyribose (or ribose) ring. By convention, upstream and
downstream relate to the 5' to 3' direction in which RNA transcription takes place. Upstream
is toward the 5' end of the RNA molecule and downstream is toward the 3' end. When
considering double-stranded DNA, upstream is toward the 5' end of the coding strand for the

gene of interest and downstream is toward the 3' end.

Inducible Gene Editing Systems

Inducible gene editing systems are useful for temporally-controlled, spatially-
controlled, and both temporally-controlled and spatially-controlled modification of genes.
Some embodiments utilize a Tet-Off or Tet-On inducible system. Other embodiments utilize
a tamoxifen-inducible system. Yet other embodiments utilize an isopropyl p-D-1-
thiogalactopyranoside (IPTG)-inducible System.

Tetracycline-Inducible System

Tet technology comprises two complementary control circuits, initially described as
the tTA dependent (Gossen et al. Proc Natl Acad Sci USA. 1992 Jun 15;89(12):5547-51) and
1tTA dependent (Gossen ef al. Science. 1995 Jun 23;268(5218):1766-9) expression systems.
They are now commonly referred to as the Tet-Off system (tTA dependent) and the Tet-On
system (rtTA dependent). In each system, a recombinant tetracycline controlled transcription
factor (tTA or rtTA) interacts with a tTA/rtTA responsive promoter, Ptet, to drive expression
of the gene of interest. Expression is regulated by the effector substance tetracycline (Tc) or

one of its derivatives. Tet-On systems respond to doxycycline (Dox). Tetracyclines act at
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the level of DNA binding of tetracycline-controlled transactivator (tTA) and reverse
tetracycline-controlled transactivator (rtTA) transcription factors. rtTA requires a
tetracycline ligand for DNA binding and transcription. By contrast, the interaction between
tTA and DNA is prevented by tetracycline. Thus, the two versions of the Tet system respond
to tetracyclines differently and may be used in a complementary manner.

tTA is a hybrid transcription factor resulting from the fusion of the prokaryotic Tet
repressor, TetR, with a eukaryotic transcriptional transactivation domain (e.g., HSV VP16).
The TetR moiety confers sequence specific DNA binding, sensitivity to tetracyclines and
dimerization to the tTA fusion protein. Accordingly, the response of both TetR and tTA to
tetracyclines is similar: binding of the antibiotic lowers their affinity to their common cognate
binding sites, the tet operators.

rtTA differs from tTA by a few point mutations within TetR. These, however, result
in a complete reversal of tetracycline responsiveness of this transcription factor. rtTA
requires tetracyclines for binding to tetO. Specific tetracycline derivatives such as
doxycycline (Dox) or anhydrotetracycline (ATc) may be used to exploit the rtT A phenotype.

Ptet is a synthetic promoter responsive to both tTA and rtTA. It is comprised of a
minimal RNA polymerase Il promoter (transcriptionally silent in the absence of additional
transcription factor binding sites) fused to multimerized tetO sequences. This arrangement
makes the activity of Ptet dependent on the binding of tTA or rtTA. The design of such
synthetic tTA/rtTA responsive promoters is flexible with respect to both the origin of the
minimal promoter as well as the exact arrangement of the operators. The original version, for
example, which consists of a CMV minimal promoter fused to an array of seven tetO
sequences is designated Ptet-1. It is commercially distributed as part of the pTRE vector
series (for tetracycline responsive element), somewhat in line with the prevailing eukaryotic
nomenclature.

In some embodiments, doxycycline, a tetracycline derivative, is the effector substance
used for a Tet-On or a Tet-Off system. Doxycycline binds with high affinity to tTA as well
as to rtTA and, thus, is fully effective in a Tet-Off system at concentrations as low as 1-2
ng/ml in the case of tTA, for example. In a Tet-On system, concentrations as low as 80
ng/ml, in the case of tTA2-syn1, for example, are effective.

In some embodiments of the present disclosure, an engineered construct comprises a
promoter (e.g., CAQG) operably linked to a nucleic acid (e.g., gene) encoding rtTA, which is
located upstream from a Ptet promoter operably linked to a nucleic acid encoding an enzyme
that cleaves (e.g., Cas9 nuclease), a nucleic acid encoding an enzyme that nicks (e.g., Cas9

nickase) nucleic acid, or a nucleic acid encoding an enzyme that catalyzes exchange of
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nucleic acid (e.g., Cre recombinase). Typically, at least one (e.g., one, two or more) insulator
is located between the nucleic acid encoding rtTA and the Ptet promoter such that activating
transcription of the nucleic acid encoding rtTA does not also activate transcription of the
enzyme in the absence of a suitable effector substance, such as doxycycline.

In some embodiments of the present disclosure, an engineered construct comprises a
promoter (e.g., CAG) operably linked to a nucleic acid (e.g., gene) encoding tTA, which is
located upstream from a Ptet promoter operably linked to a nucleic acid encoding an enzyme
that cleaves (e.g., Cas9 nuclease), a nucleic acid encoding an enzyme that nicks (e.g., Cas9
nickase) nucleic acid, or a nucleic acid encoding an enzyme that catalyzes exchange of
nucleic acid (e.g., Cre recombinase). Typically, at least one (e.g., one, two or more) insulator
is located between the nucleic acid encoding rtTA and the Ptet promoter such that activating
transcription of the nucleic acid encoding tTA does not also activate transcription of the
enzyme in the absence of a suitable effector substance, such as doxycycline.

IPTG-Inducible System

Some embodiments of the present disclosure utilize a system that relies on the
presence of a lactose (lac) repressor protein and a /ac operon. The lac repressor is a DNA-
binding protein that binds to the /ac operon and inhibits expression of a nucleic acid operably
linked to the lac operon. The presence of allolactose or an allolactose mimic, such as
isopropyl B-D-1-thiogalactopyranoside (IPTG), inhibits the DNA binding ability of the lac
repressor protein. This loss of DNA binding by the lac repressor is used for transcriptional
activation of the lac operon and expression of any nucleic acid linked to that operon.

The lac operon contains three structural genes, and a promoter, a terminator,
regulator, and an operator. The three structural genes are lacZ, lacY, and lacA. lacZ encodes
B-galactosidase (LacZ), an intracellular enzyme that cleaves the disaccharide lactose into
glucose and galactose; lacY encodes lactose permease (LacY), a transmembrane symporter
that pumps -galactosides into the cell using a proton gradient in the same direction; and lacA
encodes galactoside O-acetyltransferase (LacA), an enzyme that transfers an acetyl group
from acetyl-CoA to B-galactosides.

In some embodiments of the present disclosure, an engineered construct comprises a
promoter (e.g., CAQG) operably linked to a nucleic acid (e.g., gene) encoding the lac repressor
protein, which is located upstream from a lac operon operably linked to a nucleic acid
encoding an enzyme that cleaves (e.g., Cas9 nuclease), a nucleic acid encoding an enzyme
that nicks (e.g., Cas9 nickase) nucleic acid, or a nucleic acid encoding an enzyme that
catalyzes exchange of nucleic acid (e.g., Cre recombinase). Typically, at least one (e.g., one,

two or more) insulator is located between the nucleic acid encoding the lac repressor protein
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and the lac operon such that activating transcription of the nucleic acid encoding the lac
repressor protein does not also activate transcription of the enzyme in the absence of a
suitable effector substance, such as IPTG.

Tamoxifen-Inducible System

Also provided herein are engineered constructs comprising (a) a promoter operably
linked to a nucleic acid encoding a Cas9 nuclease that does not comprise a nuclear
localization signal, wherein the nucleic acid encoding the enzyme is flanked by estrogen
receptor (ERT2) sequences, and (b) a deoxyribonucleic acid (DNA)-binding recognition
sequence. A nuclear localization signal or sequence (NLS) is an amino acid sequence that
'tags' a protein for import into the cell nucleus by nuclear transport. Typically, this signal
contains one or more short sequences of positively charged lysine residues or arginine
residues exposed on the protein surface. Different nuclear localized proteins may share the
same NLS. An NLS has the opposite function of a nuclear export signal, which targets
proteins out of the nucleus. A Cas9 nuclease that does not comprise a nuclear localization
signal is a modified Cas9 protein that is not imported into the cell nucleus by nuclear
transport.

Cas9 activity can be regulated by fusing the nuclease to a modified fragment of the
estrogen receptor (ERT2). In some embodiments, the ERT2 is a modified version of the ER
receptor that is highly selective for tamoxifen binding relative to endogenous estrogen. Cas9
fused to a modified fragment is sequestered outside of the nucleus where it cannot direct
recombination. In the presence of estrogen receptor antagonists (e.g. tamoxifen), Cas9 can
relocate into the nucleus where it is able to function. In some embodiments, an engineered
nucleic acid is flanked by ERT2 fragments (comprises an ERT2 fragment on either end of the
protein (ERT2Cas9ERT2; SEQ ID NO: 7)). If ERT2Cas9ERT?2 expression is driven by
(controlled by) tissue specific promoters, genes of interest can be modified in a tissue of
interest at any time in their development. Once this information is recorded, the cells can be
monitored over the lifetime of the animal. In some embodiments, an engineered construct
comprises a nucleic acid that encodes a Cas9 nuclease that does not comprise a nuclear
localization signal, wherein the nucleic acid encoding the enzyme is flanked by estrogen

receptor (ERT2) sequences (e.g., SEQ ID NO: 7).

Nucleic Acids
An “engineered construct” refers to an artificially constructed segment (linear or
circular) of nucleic acid that is used for introduction into a cell. Engineered constructs (e.g.,

“TOICas constructs”™) typically contain at least one promoter operably linked to a nucleic acid
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encoding a protein of interest. Embodiments of the present disclosure provide engineered
nucleic acids encoding elements of an inducible nucleic acid expression system. An
“engineered nucleic acid” is a nucleic acid (e.g., at least two nucleotides covalently linked
together, and in some instances, containing phosphodiester bonds, referred to as a
phosphodiester “backbone”) that does not occur in nature. Engineered nucleic acids include
recombinant nucleic acids and synthetic nucleic acids. A “recombinant nucleic acid” is a
molecule that is constructed by joining nucleic acids (e.g., isolated nucleic acids, synthetic
nucleic acids or a combination thereof) and, in some embodiments, can replicate in a living
cell. A “synthetic nucleic acid” is a molecule that is amplified or chemically, or by other
means, synthesized. A synthetic nucleic acid includes those that are chemically modified, or
otherwise modified, but can base pair with (also referred to as “binding to,” e.g., transiently
or stably) naturally-occurring nucleic acid molecules. Recombinant and synthetic nucleic
acids also include those molecules that result from the replication of either of the foregoing.

While an engineered nucleic acid, as a whole, is not naturally-occurring, it may
include wild-type nucleotide sequences. In some embodiments, an engineered nucleic acid
comprises nucleotide sequences obtained from different organisms (e.g., obtained from
different species). For example, in some embodiments, an engineered nucleic acid includes a
murine nucleotide sequence, a bacterial nucleotide sequence, a human nucleotide sequence, a
viral nucleotide sequence, or a combination of any two or more of the foregoing sequences.

In some embodiments, an engineered nucleic acid of the present disclosure may
comprise a backbone other than a phosphodiester backbone. For example, an engineered
nucleic acid, in some embodiments, may comprise phosphoramide, phosphorothioate,
phosphorodithioate, O-methylphophoroamidite linkages, peptide nucleic acids or a
combination of any two or more of the foregoing linkages. An engineered nucleic acid may
be single-stranded (ss) or double-stranded (ds), as specified, or an engineered nucleic acid
may contain portions of both single-stranded and double-stranded sequence. In some
embodiments, an engineered nucleic acid contains portions of triple-stranded sequence. An
engineered nucleic acid may comprise DNA (e.g., genomic DNA, cDNA or a combination of
genomic DNA and cDNA), RNA or a hybrid molecule, for example, where the nucleic acid
contains any combination of deoxyribonucleotides and ribonucleotides (e.g., artificial or
natural), and any combination of two or more bases, including uracil, adenine, thymine,
cytosine, guanine, inosine, xanthine, hypoxanthine, isocytosine and isoguanine.

Engineered nucleic acids of the present disclosure may be produced using standard
molecular biology methods (see, e.g., Green and Sambrook, Molecular Cloning, A

Laboratory Manual, 2012, Cold Spring Harbor Press). In some embodiments, nucleic acids
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are produced using GIBSON ASSEMBLY® Cloning (see, e.g., Gibson, D.G. et al. Nature
Methods, 343-345, 2009; and Gibson, D.G. ef al. Nature Methods, 901-903, 2010, each of
which is incorporated by reference herein). GIBSON ASSEMBLY® typically uses three
enzymatic activities in a single-tube reaction: 5" exonuclease, the 3" extension activity of a
DNA polymerase and DNA ligase activity. The 5° exonuclease activity chews back the 5~
end sequences and exposes the complementary sequence for annealing. The polymerase
activity then fills in the gaps on the annealed regions. A DNA ligase then seals the nick and
covalently links the DNA fragments together. The overlapping sequence of adjoining
fragments is much longer than those used in Golden Gate Assembly, and therefore results in a
higher percentage of correct assemblies. Other methods of producing engineered nucleic
acids are known in the art and may be used in accordance with the present disclosure.

Genetic Elements

Engineered nucleic acids of the present disclosure may include one or more genetic
elements. A “genetic element” refers to a sequence of nucleotides that has a role in nucleic
acid expression (e.g., promoters, insulators, enhancers, terminators and molecular (e.g., DNA
or protein) binding regions) or encodes a product of a nucleic acid (e.g., a sequence of
nucleotides encoding a regulatory protein or a sequence of nucleotides encoding an enzyme
that cleaves nucleic acid, a nucleic acid encoding an enzyme that nicks nucleic acid, or a
nucleic acid encoding an enzyme that catalyzes exchange of nucleic acid).

Expression of engineered nucleic acids is typically driven by a promoter operably
linked to the engineered nucleic acid. A “promoter” refers to a control region of a nucleic
acid at which initiation and rate of transcription of the remainder of a nucleic acid sequence
are controlled. A promoter drives transcription or of the nucleic acid sequence that it
regulates, thus, it is typically located at or near the transcriptional start site of a gene. A
promoter, in some embodiments, is 100 to 1000 nucleotides in length. A promoter may also
contain sub-regions at which regulatory proteins and other molecules may bind, such as RNA
polymerase and other transcription factors. Promoters may be constitutive (e.g., CAG
promoter, cytomegalovirus (CMYV) promoter), inducible (also referred to as activatable),
repressible, tissue-specific, developmental stage-specific or any combination of two or more
of the foregoing.

A promoter is considered to be “operably linked” when it is in a correct functional
location and orientation relative to a sequence of nucleic acid that it regulates (e.g., to control
(“drive”) transcriptional initiation and/or expression of that sequence).

A promoter, in some embodiments, is naturally associated with a nucleic acid and

may be obtained by isolating the 5' non-coding sequence(s) located upstream of the coding
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region of the given nucleic acid. Such a promoter is referred to as an “endogenous”
promoter.

A promoter, in some embodiments, is not naturally associated with a nucleic acid.
Such a promoter is referred to as a “heterologous” promoter and includes, for example,
promoters that regulate other nucleic acids and promoters obtained from other cells. A
heterologous promoter may be synthetic or recombinant. Synthetic heterologous promoters,
in some embodiments, contain various elements obtained from known transcriptional
regulatory regions. Synthetic heterologous promoters, in some embodiments, contain
mutations that alter expression through methods of genetic engineering that are known in the
art. Recombinant heterologous promoters, in some embodiments, are produced by
recombinant cloning, nucleic acid amplification (e.g., polymerase chain reaction (PCR)), or a
combination of recombinant cloning and nucleic acid amplification (see U.S. Pat. No.
4,683,202 and U.S. Pat. No. 5,928,906). Other methods of producing synthetic and
recombinant heterologous promoters are contemplated herein.

A promoter, in some embodiments, is an inducible promoter. An “inducible
promoter” regulates (e.g., activates or inactivates) transcriptional activity of a nucleic acid to
which it is operably linked when the promoter is influenced by or contacted by a
corresponding regulatory protein.

Thus, a “regulatory protein,” as used herein, is a protein that modulates (e.g., activates
or inactivates) transcriptional activity from a promoter (e.g., an inducible promoter). In some
embodiments, a regulatory protein binds directly to an inducible promoter (e.g., to a sequence
of nucleotides within a promoter). In some embodiments, a regulatory binds to a region
upstream from an inducible promoter (e.g., within 50 to 100 nucleotides upstream from an
inducible promoter). In some embodiments, a regulatory protein binds proximal to (e.g.,
adjacent to) an inducible promoter. Examples of regulatory proteins include, without
limitation, tetracycline-controlled transactivator (tTA) transcription factor, reverse
tetracycline-controlled transactivator (rtTA) transcription factor, and Lac repressor protein.

A regulatory protein that modulates transcription may activate or inactivate
transcription, depending on the system used. Activation of transcription may involve directly
acting on a promoter to drive transcription or indirectly acting on a promoter by inactivation a
repressor element (e.g., repressor protein) that is preventing the promoter from driving
transcription. Conversely, inactivation of transcription may involve directly acting on a
promoter to prevent transcription or indirectly acting on a promoter by activating a repressor

element that then acts on the promoter.
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Activity of a regulatory protein is often regulated by an effector substance. An
“effector substance” is any substance that modulates (e.g., activates or inactivates) activity of
a regulatory protein. An effector substance may be an endogenous or exogenous condition
(e.g., light or heat), compound (e.g., chemical or non-chemical compound) or other protein
that regulates (e.g., directly or indirectly) activity of a regulatory protein.

For example, in the Tet-Off System (also referred to as the tTA-dependent system)
and the Tet-On System (also referred to as the rtT A-dependent system), a recombinant
tetracycline controlled transcription factor (tTA or rtTA) (a “regulatory protein”) interacts
with a tTA/rtTA inducible promoter, Ptet, to drive expression of the gene operably linked to
the promoter. Gene expression is regulated by the effector substance tetracycline or one of its
derivatives. Tetracyclines act at the level of DNA binding of tTA and rtTA transcription
factors. rtTA requires a tetracycline ligand for DNA binding and hence, transcription. In
contrast, the interaction between tTA and DNA is prevented by tetracycline. Thus, the Tet-
Off System and the Tet-On System, two versions of the Tet System, respond to tetracyclines
(and their derivatives, such as doxycycline) differently.

Typically, the administration or removal of an effector substance results in a switch
between activation and inactivation of transcription of the operably linked nucleic acid
sequence. Thus, the active state of a promoter operably linked to a nucleic acid sequence
refers to the state when the promoter is actively regulating transcription of the nucleic acid
sequence (e.g., the linked nucleic acid sequence is expressed). Conversely, the inactive state
of a promoter operably linked to a nucleic acid sequence refers to the state when the promoter
is not actively regulating transcription of the nucleic acid sequence (e.g., the linked nucleic
acid sequence is not expressed).

Examples of effector substances that regulate inducible promoters (e.g., via regulation
of a regulatory protein) include, without limitation, physiological conditions, such as changes
in light, pH, temperature, radiation, osmotic pressure, saline gradients and cell surface
binding. Inducible promoters may also be regulated by varying the concentration of extrinsic
or intrinsic effector substances. Examples of extrinsic effector substances include, without
limitation, amino acids and amino acid analogs, saccharides and polysaccharides, nucleic
acids, protein transcriptional activators and repressors, cytokines, toxins, petroleum-based
compounds, metal (e.g., copper) containing compounds, salts, ions, enzyme substrate
analogs, hormones or combinations of any two or more of the foregoing. Other effector
substances are known in the art and may be used in accordance with the present disclosure.

Examples of inducible promoters include, without limitation, chemically- or

biochemically-regulated and physically-regulated promoters, such as alcohol-regulated
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promoters, tetracycline-regulated promoters (e.g., anhydrotetracycline (aTc)-responsive
promoters and other tetracycline-responsive promoter systems, which include a tetracycline
repressor protein (tetR), a tetracycline operator sequence (tetO) and a tetracycline
transactivator fusion protein (tTA)), steroid-regulated promoters (e.g., promoters based on the
rat glucocorticoid receptor, human estrogen receptor, moth ecdysone receptors, and
promoters from the steroid/retinoid/thyroid receptor superfamily), metal-regulated promoters
(e.g., promoters derived from metallothionein (proteins that bind and sequester metal ions)
genes from yeast, mouse and human), pathogenesis-regulated promoters (e.g., induced by
salicylic acid, ethylene or benzothiadiazole (BTH)), temperature/heat-inducible promoters
(e.g., heat shock promoters), and light-regulated promoters (e.g., light responsive promoters
from plant cells). Other inducible promoters are known in the art and may be used in
accordance with the present disclosure.

Enhancers

Engineered nucleic acids, in some embodiments, comprise enhancers. An “enhancer”
is a cis-acting regulatory sequence of nucleotides involved in the transcriptional activation of
a nucleic acid sequence operably linked to a promoter. The enhancer may be located at any
functional location upstream or downstream from the promoter.

Terminators

Engineered nucleic acids, in some embodiments, comprise terminators. A
“terminator” is a sequence of nucleotides that causes transcription to stop. A terminator may
be unidirectional or bidirectional. A terminator comprises a DNA sequence involved in
specific termination of an RNA transcript by an RNA polymerase and prevents
transcriptional activation of downstream nucleic acid sequences by upstream promoters.

The most commonly used type of terminator is a forward terminator. When placed
downstream of a nucleic acid sequence that is usually transcribed, a forward transcriptional
terminator will cause transcription to abort. In some embodiments, bidirectional
transcriptional terminators are used, which usually cause transcription to terminate on both
the forward and reverse strand. In some embodiments, reverse transcriptional terminators are
provided, which usually terminate transcription on the reverse strand only.

Examples of terminators for use in accordance with the present disclosure include,
without limitation, termination sequences of genes such as, for example, the bovine growth
hormone terminator, and viral termination sequences such as, for example, the TO terminator,
the TE terminator, Lambda T1 and the T1T2 terminator found in bacterial systems. In some
embodiments, the termination signal may be a sequence that cannot be transcribed or

translated, such as those resulting from a sequence truncation.
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Selectable Markers

Engineered constructs (e.g., “TOICas constructs™), in some embodiments, comprise a
nucleic acid encoding a selectable marker protein. A selectable marker is a gene introduced
into a cell that confers a trait suitable for artificial selection. A selectable marker may be, for
example, an antibiotic resistance gene. Non-limiting examples of antibiotic resistance genes
include gene encoding resistance to ampicillin, chloroamphenicol, tetracycline or kanamycin.
For example, beta-lactamase confers ampicillin resistance to bacterial hosts, the neo gene
obtained from Tn5, confers resistance to kanamycin in bacteria and geneticin in eukaryotic
cells, the mutant Fabl gene (mFabl) obtained from the Escherichia coli genome confers
triclosan resistance to the host, and URA3, an orotidine-5' phosphate decarboxylase obtained

from yeast is a positive and negative selectable marker.

Vectors

Embodiments of the present disclosure provide vectors comprising engineered nucleic
acids encoding elements of an inducible nucleic acid expression system. A “vector” refers to
a nucleic acid (e.g., DNA) used as a vehicle to carry genetic material (e.g., an engineered
nucleic acid) into a cell where, for example, it can be replicated and/or expressed. It should
be understood that the term “vector,” as used herein, does not encompass lentiviral vectors.
Thus, in some embodiments, an engineered nucleic acid of the present disclosure is cloned
into a vector, or delivered to a cell via a vector, that is not a lentiviral vector. Vectors for use
as provided here are typically engineered and include episomal expression vectors. Examples
of episomal expression vectors include, without limitation, plasmids, which are double-
stranded generally circular DNA sequences that are capable of automatically replicating in a
host cell, and viral vectors, which may be based on sequences from DNA viruses, such as BK
virus, bovine papilloma virus 1 and Epstein-Barr virus.

Baculovirus vectors (Kost et al. 2005 Nat Biotechnol. 2005 May; 23(5): 567-575) are
also provided herein. Baculovirus gene expression systems and gene delivery systems are
known (see, e.g., Makela AR et al. Cold Spring Harb Protoc. 2010 Mar;2010(3),
incorporated herein by reference) and may be used in accordance with the present disclosure.
In some embodiments, a baculovirus vector is used to deliver TOICas constructs, as provided
herein, to cells, such as mammalian cells.

A vector may also be an engineered bacterial artificial chromosome (BAC)
(O’Conner M. et al. 1989 Science 244 (4910): 1307—1312; Shizuya H. ef al. 1992 Proc Natl
Acad Sci USA 89 (18): 8794-8797; and Shizuya H et al. 2001 Keio J Med. 50 (1): 26-30,

each of which is incorporated herein by reference) or a yeast artificial chromosome (YAC)
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(Struhl K er al. 1979 PNAS 76(3): 1035-39, incorporated herein by reference) where, for
example, the nucleic acid encoding the regulatory protein, the nucleic acid encoding the
nuclease or the nucleic acid encoding the recombinase is placed under an inducible promoter
(e.g., a tissue-specific promoter) or a housekeeping-gene promoter. The promoter present in
the BAC or YAC may, in some embodiments, regulate a downstream gene.

Vectors comprising engineered nucleic acids (or the engineered nucleic acids
themselves), in some embodiments, are larger than typical expression constructs. In some
embodiments, engineered nucleic acids (or vectors comprising an engineered nucleic acid) of
the present disclosure are at least 12 kilobases (kb). For example, the engineered nucleic
acids (or vectors comprising an engineered nucleic acid) may be at least 13 kb, at least 14 kb,
at least 15 kb, at least 16 kb, at least 17 kb, at least 18 kb, at least 19 kb or at least 20 kb. In
some embodiments, the engineered nucleic acids (or vectors comprising an engineered
nucleic acid) are 15 kb to 20 kb, 15 kb to 30 kb, 15 kb to 40 kb, 20 kb to 30 kb, or 20 kb to 40
kb.

Cells

Engineered constructs (e.g., “TOICas constructs™) of the present disclosure may be
introduced into a variety of different cells. Examples of cells into which an engineered
construct may be introduced include, without limitation, mammalian cells, insect cells,
bacterial cells and yeast cells. Mammalian cells may be human cells, primate cells (e.g., vero
cells), rat cells (e.g., GH3 cells, OC23 cells) or mouse cells (e.g., MC3T3 cells), for example.
There are a variety of human cell lines, including, without limitation, HEK cells (e.g., HEK
293 or HEK 293T cells), Hela cells, cancer cells from the National Cancer Institute's 60
cancer cell lines (NCI60), DU145 (prostate cancer) cells, Lncap (prostate cancer) cells, MCF-
7 (breast cancer) cells, MDA-MB-438 (breast cancer) cells, PC3 (prostate cancer) cells,
T47D (breast cancer) cells, THP-1 (acute myeloid leukemia) cells, U87 (glioblastoma) cells,
SHSYS5Y human neuroblastoma cells (cloned from a myeloma) and Saos-2 (bone cancer)
cells.

In some embodiments, engineered constructs are expressed in stem cells (e.g., human
stem cells) such as, for example, pluripotent stem cells (e.g., human pluripotent stem cells
including human induced pluripotent stem cells (hiPSCs)). A “stem cell” refers to a cell
with the ability to divide for indefinite periods in culture and to give rise to specialized cells.
A “pluripotent stem cell” refers to a type of stem cell that is capable of differentiating into all
tissues of an organism, but not alone capable of sustaining full organismal development. A

“human induced pluripotent stem cell” refers to a somatic (e.g., mature or adult) cell that has
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been reprogrammed to an embryonic stem cell-like state by being forced to express genes and
factors important for maintaining the defining properties of embryonic stem cells (see, e.g.,
Takahashi and Yamanaka, 2006 Cell 126 (4): 663—76, incorporated by reference herein).
Human induced pluripotent stem cell express stem cell markers and are capable of generating
cells characteristic of all three germ layers (ectoderm, endoderm, mesoderm).

Additional non-limiting examples of cell lines that may be used in accordance with
the present disclosure include 293-T, 293-T, 3T3, 4T1, 721, 9L, A-549, A172, A20, A253,
A2780, A2780ADR, A2780cis, A431, ALC, B16, B35, BCP-1, BEAS-2B, bEnd.3, BHK-21,
BR 293, BxPC3, C2C12, C3H-10T1/2, C6, C6/36, Cal-27, CGR8, CHO, CML T1, CMT,
COR-L23, COR-L23/5010, COR-L23/CPR, COR-L23/R23, COS-7, COV-434, CT26, D17,
DHS82, DU145, DuCaP, E14Tg2a, EL4, EM2, EM3, EMT6/AR1, EMT6/AR10.0, FM3,
H1299, H69, HB54, HB55, HCA2, Hepalclc7, High Five cells, HL-60, HMEC, HT-29,
HUVEC, J558L cells, Jurkat, JY cells, K562 cells, KCL22, KG1, Ku812, KYO1, LNCap,
Ma-Mel 1, 2, 3....48, MC-38, MCF-10A, MCF-7, MDA-MB-231, MDA-MB-435, MDA -
MB-468, MDCK II, MG63, MONO-MAC 6, MOR/0.2R, MRC5, MTD-1A, MyEnd, NALM-
1, NCI-H69/CPR, NCI-H69/LX10, NCI-H69/LX20, NCI-H69/L.X4, NIH-3T3, NW-145,
OPCN/OPCT Peer, PNT-1A/PNT 2, PTK2, Raji, RBL cells, RenCa, RIN-5F, RMA/RMAS,
S2, Saos-2 cells, Sf21, Sf9, SiHa, SKBR3, SKOV-3, T-47D, T2, T84, THP1, U373, U87,
U937, VCaP, WM39, WT-49, X63, YAC-1 and YAR cells.

In some embodiments, engineered constructs of the present disclosure are introduced
into human cells, for example, lymphocytes, such as T cells (e.g., CD8" cells, CD4" cells), B
cells or natural killer cells (NK cells).

Cells of the present disclosure, in some embodiments, are modified. A modified cell
is a cell that contains an exogenous nucleic acid or a nucleic acid that does not occur in
nature. In some embodiments, a modified cell contains a mutation in a genomic nucleic acid.
In some embodiments, a modified cell contains an exogenous independently replicating
nucleic acid (e.g., an engineered nucleic acid present on an episomal vector). In some
embodiments, a modified cell is produced by introducing a foreign or exogenous nucleic acid
into a cell.

An engineered construct may be introduced into a cell by methods, such as, for
example, electroporation (see, e.g., Heiser W.C. Transcription Factor Protocols: Methods in
Molecular Biology™ 2000; 130: 117-134), chemical (e.g., calcium phosphate or lipid),
transfection (see, e.g., Lewis W.H., et al., Somatic Cell Genet. 1980 May; 6(3): 333-47; Chen
C., et al., Mol Cell Biol. 1987 August; 7(8): 2745-2752), fusion with bacterial protoplasts
containing recombinant plasmids (see, e.g., Schaffner W. Proc Natl Acad Sci USA. 1980 Apr;
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77(4): 2163-7), or microinjection of purified DNA directly into the nucleus of the cell (see,
e.g., Capecchi ML.R. Cell. 1980 Nov; 22(2 Pt 2): 479-88).

Mammalian cells (e.g., human cells) modified to comprise an engineered construct of
the present disclosure may be cultured (e.g., maintained in cell culture) using conventional
mammalian cell culture methods (see, e.g., Phelan M.C. Curr Protoc Cell Biol. 2007 Sep;
Chapter 1: Unit 1.1, incorporated by reference herein). For example, cells may be grown and
maintained at an appropriate temperature and gas mixture (e.g., 37 °C, 5% CO; for
mammalian cells) in a cell incubator. Culture conditions may vary for each cell type. For
example, cell growth media may vary in pH, glucose concentration, growth factors, and the
presence of other nutrients. Growth factors used to supplement media are often derived from
the serum of animal blood, such as fetal bovine serum (FBS), bovine calf serum, equine
serum and/or porcine serum. In some embodiments, culture media used as provided herein
may be commercially available and/or well-described (see, e.g., Birch J. R., R.G. Spier (Ed.)
Encyclopedia of Cell Technology, Wiley. 411-424, 2000; Keen M. J. Cytotechnology 17:
125-132, 1995, Zang, et al. Bio/Technology. 13: 389-392, 1995). In some embodiments,
chemically defined media is used.

The inducible genome editing systems of the present disclosure permit temporally-
and spatially-controlled modification of genome, which is useful for a variety of applications.
For example, they may be used to generate animal models, cell lines and induced pluripotent
stem cells (iPSCs), where regulation of a target gene during a stage of differentiation must be
tightly controlled. Inducible genome editing systems may also be used to generate tissue

specific, inducible knockouts or knockins. Other applications include gene therapy.

EXAMPLES
Example 1: Protocol for insertion of inducible cassette

1. Grow cells and split around 500000 cells in a fresh well of a 6-well plate the day
before transfection.

2. Transfect cells with ZFNs vectors targeting the Nuclease binding site locus and the
TOICas inducible construct using the appropriate transfection reagents (usually
Lipofectamine LTX or Fugene HD (most often the ration ZFNs/TOICas is 3:1).

3. 3 days after transfection split the cell in 20 cm well and select with appropriate
selection (G418 for dox inducible, puromycine for C9Ert2).

4. 3 weeks after selection, pick clones and check for integration in safe harbor locus.

5. gRNA can be inserted as Lentivirus infection or re-targeting the locus with the

inducible construct or transient transfected.
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6. Induction is performed by adding Doxycycline (10 pg/ml) or Tamoxifen (0.5uM) to
the medium.

7. Cleavage is assessed 3 days after induction.

Example 2: Generation of Cell Lines Using TOICas Construct

Human induced pluripotent stem cells (hiPSCs) are a valuable tool to study the
multistep differentiation processes and for generating cell-based in vitro disease models.
They can also be used for chemical screens and cellular therapies. Each of these applications
can be significantly enhanced by genome engineering; in particular the inducible knock-in or
knock out of genes of interest facilitate the study of its function at different stages of
differentiation or disease progression without the use of animal models.

A TOICas construct (Fig. 10) was targeted to the human safe harbor AAVSI1 locus in
hiPSCs using a tightly-regulated one vector system to achieve doxycycline (Dox) inducible
Cas9. In the presence of Dox, the transactivator (3G) binds to responsive element and drives
the expression of the protein of interest, Cas9 T2A GFP.

The iPSC line generated shows no detectable GFP expression in the absence of Dox,
while a clear signal of GFP was detected in the presence of Dox (data not shown). GFP
could be detected with as low as 5 ng/ml of Dox, and the signal increased with
increasing concentrations (0 ng/ml, 1 ng/ml, 5 ng/ml, 10 ng/ml, 50 ng/ml and 100 ng/ml) over
the course of 40 hours, showing that the system can be tuned as required (fluorescent data
images not shown). There was no detectable genome cleavage (indicated by indels) on a
gRNA target locus in the absence of either Dox or a targeting guide RNA, whereas efficient
cleavage is observed in the presence of Dox and guide RNA, showing that the system is
efficient with no leaky expression of Cas9 (Fig. 11).

Single or multiple copies of a construct could be inserted using the method of the
present disclosure. Higher copy number corresponded with higher protein (e.g., GFP)
expression level.

Karyotype is particularly important in cells that are used for differentiation processes,
such as induced pluripotent stem cells (iPSC) and mouse embryonic stem cells (mESC).
Chromosome analysis of fixed cell suspensions from the human induced pluripotent stem cell
line showed an apparently normal make karyotype in 20 cells examined, indicating that the
integration method, as provided herein, does not interfere with pluripotency in induced

pluripotent stem cells containing the inducible Cas9 system (data not shown).
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A time-course of Cas9 induction was also performed following Dox treatment of the
cells, showing detectable GFP levels after only 6 hours and persisting for at least 40 hours
Maximum expression was observed at 30 hours (data not shown).

An induced pluripotent stem cell (iPSC) line expressing a variant of Cas9 that is
enzymatically inactive (Cas9 dead) was also generating using the same the same TOICas
system. When compared to Cas9 line in the same TOICas system, toxicity of Cas9 was
observed only when the system was overexpressed (100 ng/mL for 2 weeks of expression).
The toxicity was indicated by induction of differentiation of the iPSC line, as indicated by
morphological changes and by reduction in the expression of pluripotency genes (e.g., Oct4).
This indicates that the nuclease activity of Cas9 is associated with toxicity in induced
pluripotent stem cells.

Next, gene knockout efficiency was assessed in iPSCs or in cells derived from the
iPSCs. Efficient gene knockout was achieved by transfecting synthetic gRNA, synthetic
crRNA/tracR and gRNA encoded in an expression plasmid. The efficiency and the precision
of deletion increased by using 2 or more gRNA constructs targeting nearby sequences (~10-

400 bp apart).

Example 3: Human Endocannabinoid Receptor Deletions

Endocannabinoids (eCBs) play an important role in a diverse range of physiological
and pathological processes including neural development, immune function, pain, energy
homeostasis, lipid and glucose metabolism. Although endocannabinoids requirement has
been extensively studied in mouse little is known about the role of these small signaling
lipids in human neuronal development and pathology.

In order to study the need of endocannabinoid signaling in the human system,
human induced pluripotent stem cells (hiPSCs) pools were generated using TOICas, in which
the human endocannabinoid receptor 1 and 2 genes (CNR1 and CNR2) were targeted, alone
or in combination (single and double knock-out, respectively).

Precise deletion was achieved in the CNR1 and 2 genes using synthetic dual guide
RNA in presence of Cas9 upon a single DoxA induction in hiPSC (data not shown).

After one week in cell culture, cells were passaged and genomic DNA was extracted.
Precise deletion in the CNR1 and CNR2 coding sequence were confirmed by junction PCR,

cell assay, and Sanger sequencing (data not shown).
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Example 4: TOICAS-KRAB for CRISPR KO and CRISPRi

An iPSC cell line containing a modified version of TOIC was also generated. The
normal Cas9 was fused to KRAB domain. A gRNA with a normal/conventional protospacer
length or a gRNA with short protospacer length was used to induce respectively CRISPR KO
or CRISPRI (see, e.g., methods in Kiani, S., et al. Nature methods 12(11): 1051-1054, 2015)
This system was also used to target the Oct4 gene and achieved knock out or knock down of
the Oct4 gene by using the alternative gRNA indicated above. This system is generally
applicable to other modifications, such CRISPRa, base editing and to other orthogonal Cas9

enzymes.

Example 5: Generation of Functional Mouse Model in Immunocompetent Mice

Tet-On inducible Cas9 (iCas9) mouse for ex vivo primary cell modelling. CRISPR-
Cas9 is a modular and versatile tool for genetic perturbation. It is composed by the
ribonucleoprotein endonuclease (Cas9) and a guide RNA (gRNA). Cultured cells are
relatively amendable to CRISPR-Cas9 engineering. However, application in living animals
cast some major challenge, given the complexity to deliver all the components, precisely and
simultaneously, in the tissue of interest. Moreover, conventional knockout strategies affect
every cells in an animal, so that its often impossible to distinguish primary and secondary
changes in complex phenotype. Finally, any genetic change has potential consequences on
mouse development that either preclude or complicate studies on adult animals (e.g.,
embryonic lethality, abnormalities, metabolic defects, cancer). Therefore, there is a growing
necessity of a precise and temporal editing system to use in vivo.

Provided herein is a tight, one component system to achieve doxycycline inducible
expression of Cas9 in immunocompetent mice without any other phenotypic consequence.
An engineered TOICas construct of the present disclosure (Fig. 10) was inserted in the safe
126 locus in mouse embryonic stem cells (mES). Clones were successfully generated with
either single or double copy integration in r26 locus. After doxycycline induction and further
confirmation of Cas9 expression, different clones were selected to inject into the blastocyst to
produce chimeric mice (data not shown). The expression of Cas9 after dox treatment
correlates with the number of copies of the TOICas construct in the 126 locus. Introducing
multiple copies into a specific locus is only achievable by using a NHEJ-based method for
integration. This is the first animal model generated by this method.

In order to prove the functionality of TOICas in mouse cells, ear fibroblasts were

isolated from the founder mice and cultivate ex vivo. The cells were then stimulated with
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Dox. After imaging under fluorescence microscope, GFP expression was confirmed (data not
shown).

Tet-On inducible Cas9 (iCas9) mouse for AAV-mediated in vivo genome editing
and cancer modeling. CRISPR-Cas9 moved the boundaries of genome editing towards
complex in vivo applications. The promise of a sudden approach of CRISPR to gene therapy
is hampered by an increasing demand of more translatable and effective animal models.
Mouse molecular genetics has the potential to reproduce human diseases, but conventional
knockout strategies are not selective nor versatile enough to be controlled in a spatial or
temporal manner. In the recent years, the need for a more flexible in vivo genetic tool is
growing fast, especially in the field of complex modelling in adult mice.

Cas9 expression is tightly regulated in the TOICas mouse, and expression of Cas9
was observed in the majority of the tissues only upon doxycycline treatment. The TOICas
mouse has an immunocompetent background, therefore can be used for immuno-oncology
applications, for example. Here, immunocompetent TOICas mice (6 per cohort) were
administered 2 mg/ml of doxycycline (Dox) in drinking water ad libitum for 3 days. After
the treatment, a TOICas mouse was euthanized together with an untreated (-Dox) TOICas
control mouse (6 per cohort). Six tissues from both mice were immediately isolated and
imaged with a epifluorescent stereomicroscope, in order to benchmark Cas9 expression (data
not shown). In vivo TOICas activation/GFP expression was observed in the heart, lungs,
trachea, liver, spleen, pancreas, and brain after 3 days of Dox induction, while no GFP was
detected in tissues from the untreated control mouse (data not shown). Histopathological
analysis showed that the mouse tumors resembled human tumors. Low differentiated
adenocarcinoma could be observed in all areas of the lung. The growth pattern included
epithelial tumor cells that showed a papillary, trabecular, glandular and compact growth
pattern with local invasion in the alveolar spaces and adjacent tissues. Occasionally presence
of almost squamous epithelial-like transformation was observed. There was high mitotic
activity in tumor tissue as well as few areas of bronchial epithelium with presence of atypical
mitoses. There was also presence of highly undifferentiated cells with polyploidy,
anisocytosis and anisokaryosis, and a significant increase of alveolar macrophages. There
was no evidence of blood vessel infiltrations or metastases. A bronchoalveolar growth
pattern was observed as well as areas of trabecular and glandular growth pattern identified by
multifocal nodules in alveolar and bronchiolar spaces. High mitotic activity was observed
overall, particularly in all tumor nodules (based on an immunohistochemical assay for

proliferative marker Ki67) and randomly in bronchial epithelium (data not shown).
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Surprisingly, what was considered a negative control, the brain (the most difficult organ to
reach by drug treatment) also resulted positive to GFP.

To generate an in vivo mouse model of cancer, a gRNA against Trp53 and Kras
together with a template to introduce KrasG12D mutation were used. Cells were infected
with AAV harboring gRNA targeting Kras (Fig. 12, top panel). Cas9 endonuclease activity
was assessed by time-course monitoring of GFP expression (Fig. 13). A surveyor assay,
performed on genomic DNA collected from cells 4 or 9 weeks after infection, confirmed
precise editing represented by the distinct pattern expected from the targeting strategy (indel
and point mutation — Fig. 14). Both the knockout (KO) of p53 and kras mutagenesis were
confirmed in fibroblast and adult mice.

Next, TOICas mice were infected with AAV harboring the guide RNA targeting
Trp53 gene (Fig. 12, bottom panel) via intratracheal injection. 24 hours before infection,
Cas9 was activate by Dox in mice #37, #42 and #52, while mice #98 and #99 were left
untreated (-Dox). Four weeks after infection, lungs were collected from all mice and
genomic DNA was extracted to perform surveyor nuclease assay. The presence of precise
mutation in Trp53 gene was then confirmed in the treated and infected mice as shown in Fig.

15.

Example 6: Tissue-Specific Knockout

Several strategies were developed for spatial and temporal regulation of CRISPR in
the TOICas system of the present disclosure. One strategy is to drive the expression of the
tTA under a tissue-specific promoter. Aalpha myosin heavy chain (aMHC) was used to
drive the expression of rtTA and consequently the regulation of Cas9; this strategy is
generally applicable using any other tissue promoter and induces the expression of Cas9 only
in a particular tissue.

An alternative strategy is to introduce the gRNA cassette in a tissue-specific transcript
driven by a polll promoter (e.g., tissue specific). The gRNA is integrated in an intron and
may have rybozyme or other RNA processing sequence to be subsequently cleaved by the
original transcript.

Yet another strategy is based on the activation of gRNA upon induction of a tissue-
specific recombinase or a tissue-specific orthogonal Cas9/CRISPR. In this case, the
expression of the gRNA is prevented by the presence of a stop cassette present between the
promoter and the functional part of the gRNA. The presence of orthogonal Cas9/CRISPR or

a site-specific recombinase induces the removal of the stop cassette, therefore enabling the
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expression of the gRNA only in the tissue where the orthogonal Cas9/CRISPR or site specific
recombinase are expressed.

The examples described above enable the spatial and temporal regulation of the
Cas9/CRISPR system, therefore it is possible to generate tissue-specific Knock Out, Knock
Down, and Base Editing in adult animals as well as in differentiated cells, starting from
embryonic stem cells or induced pluripotent stem cells.

One of the application of the TOICas system is the inducible ablation of tissues or
cells of interest to study the function of a cell/tissue or to mimic disease status. In this case,
the temporal expression of Cas9 in TOICas system (regulated by Dox) is combined with a
tissue-specific expression of a gRNA targeting multiple repeats in the target genome. Two
non-limiting examples of repeats as target sites are the repeats B1 in the murine genome
(CTCACTATGTAGACCAGGC (SEQ ID NO: 10)) and the repeats Alul in the human
genome (CCTGTAATCCCAGCACTTTCACTTTGGGAGGCCGAGGCGAGTCTCGC
TCTGTCGCCC (SEQ ID NO: 11)). The tissue-specific and temporal activation of the system
promotes the cleavage in multiple sites and, therefore, the degradation of the target genome

only in the tissue where the TOICas system is expressed and only upon Dox treatment.

Example 7: gRNA Cloning Methods

Three main strategies were developed to clone the gRNA for a particular gene in a
cell or a plasmid expressing Cas9. T

The first strategy was to use recombineering to insert a cassette containing a site-
specific gRNA plus a bacterial selection marker and a pollll promoter driving the expression
of the gRNA. The gRNA can be inserted in a high throughput way by selecting in bacteria
for cells that received the gRNA and the selection marker.

The second strategy was to use Cas9 from Neisseria Meningitis to target the neo gene
in cells containing the TOICas construct and introduce a gRNA plus a mammalian selection
marker within the neo selection marker. This strategy is not restricted to the neo selection
marker and to the Cas9NM since any other orthogonal Cas9 and insertion point can be used
for gRNA integration.

The third strategy was to use Cas9 RiboNucleoProtein to deliver the gRNA by
homologous recombination method or NHEJ based method in a precise locus. Alternative

methods are insertions by lentivirus and transposons.
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Example 8: Further analysis of TOICas system

As shown in Figs. 16-19, although there is the occasional cell expressing Cas9 in the
absence of doxycycline, Cas9 induction is very clean. Maximal amount of Cas9 is expressed
after just 24 hours of doxycycline exposure. Further, induction of Cas9 expression in A549
cells does not appear to effect: cell growth, incidence of DNA damage (as measured by
gH2AX foci), or persistence of DNA damage (as measured by micronuclei formation).
Generally, Cas9 expression does not appear to increase sensitivity to IR or increase DNA

damage caused by IR.

SEQUENCES

Additional example of a mammalian insulator sequence for use in accordance with the
present disclosure:

CTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCA

GCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGT

GCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGC

TCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAG
AATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCC
TGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGA

ATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTG
GGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCT

TGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAG

TGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGC

AGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAG

ATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAG
ACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGG
AAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCA
TGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCA

ACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATC

ACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGA
GAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCAT
CCAACTCCAGGACGGAGTCAGTGAGGATGGGGCT (SEQ ID NO: 6)

Cas9 ERT2:

ATGGCTCTCGAGCCATCTGCTGGAGACATGAGAGCTGCCAACCTTTGGCCAAGCCCGCTCATGATC
AAACGCTCTAAGAAGAACAGCCTGGCCTTGTCCCTGACGGCCGACCAGATGGTCAGTGCCTTGTTG
GATGCTGAGCCCCCCATACTCTATTCCGAGTATGATCCTACCAGACCCTTCAGTGAAGCTTCGATG
ATGGGCTTACTGACCAACCTGGCAGACAGGGAGCTGGTTCACATGATCAACTGGGCGAAGAGGGT
GCCAGGCTTTGTGGATTTGACCCTCCATGATCAGGTCCACCTTCTGGAATGTGCCTGGCTAGAGAT
CCTGATGATTGGTCTCGTCTGGCGCTCTATGGAGCACCCAGTGAAGCTACTGTTTGCTCCTAACTTG
CTCTTGGACAGGAACCAGGGAAAATGTGTAGAGGGCATGGTGGAGATCTTCGACATGCTGCTGGC
TACATCATCTCGGTTCCGCATGATGAATCTGCAGGGAGAGGAGTTTGTGTGCCTCAAATCTATTAT
TTTGCTTAATTCTGGAGTGTACACATTTCTGTCCAGCACCCTGAAGTCTCTGGAAGAGAAGGACCA
TATCCACCGAGTCCTGGACAAGATCACAGACACTTTGATCCACCTGATGGCCAAGGCAGGCCTGA
CCCTGCAGCAGCAGCACCAGCGGCTGGCCCAGCTCCTCCTCATCCTCTCCCACATCAGGCACATGA
GTAACAAAGGCATGGAGCATCTGTACAGCATGAAGTGCAAGAACGTGGTGCCCCTCTATGACCTG
CTGCTGGAGGCGGCGGACGCCCACCGCCTACATGCGCCCACTAGCCGTGGAGGGGCATCCGTGGA
GGAGACGGACCAAAGCCACTTGGCCACTGCGGGCTCTACTTCATCGCATTCCTTGCAAAAGTATTA
CATCACGGGGGAGGCAGAGGGTTTCCCTGCCACAGCTGACAAGAAATACTCAATCGGGCTGGACA
TCGGAACTAACTCAGTGGGGTGGGCAGTCATTACTGACGAGTACAAAGTGCCAAGCAAGAAATTT
AAGGTCCTGGGCAACACCGATAGGCACTCCATCAAGAAAAATCTGATTGGGGCCCTGCTGTTCGA
CTCTGGAGAGACAGCTGAAGCAACTAGACTGAAAAGGACTGCTAGAAGGCGCTATACCCGGCGAA
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AGAATCGCATCTGCTACCTGCAGGAGATTTTCTCTAACGAAATGGCCAAGGTGGACGATAGTTTCT
TTCATCGGCTGGAGGAATCATTCCTGGTCGAGGAAGATAAGAAACACGAGAGACATCCTATCTTT
GGAAACATTGTGGACGAGGTCGCTTATCACGAAAAATACCCCACCATCTATCATCTGCGCAAGAA
ACTGGTGGACTCTACAGATAAAGCAGACCTGCGGCTGATCTATCTGGCCCTGGCTCACATGATTAA
GTTCAGAGGCCATTTTCTGATCGAGGGAGATCTGAACCCAGACAATAGCGATGTGGACAAGCTGT
TCATCCAGCTGGTCCAGACATACAATCAGCTGTTTGAGGAAAACCCTATTAATGCATCTGGCGTGG
ACGCAAAAGCCATCCTGAGTGCCAGGCTGTCTAAGAGTAGAAGGCTGGAGAACCTGATCGCTCAG
CTGCCAGGCGAAAAGAAAAACGGCCTGTTTGGAAATCTGATTGCACTGTCACTGGGACTGACACC
TAACTTCAAGAGCAATTTTGATCTGGCCGAGGACGCTAAACTGCAGCTGAGCAAGGACACTTATG
ACGATGACCTGGATAACCTGCTGGCTCAGATCGGAGATCAGTACGCAGACCTGTTCCTGGCCGCTA
AGAATCTGTCTGACGCTATCCTGCTGAGTGATATTCTGCGGGTGAACACCGAGATTACAAAAGCCC
CTCTGTCAGCTAGCATGATCAAGAGATATGACGAGCACCATCAGGATCTGACCCTGCTGAAGGCA
CTGGTGCGCCAGCAGCTGCCCGAGAAGTACAAGGAAATCTTCTTTGATCAGAGTAAGAACGGGTA
CGCCGGTTATATTGACGGCGGAGCTTCACAGGAGGAATTCTACAAGTTTATCAAACCTATTCTGGA
GAAGATGGACGGCACCGAGGAACTGCTGGTGAAACTGAATCGCGAGGACCTGCTGCGCAAGCAG
CGGACATTTGATAACGGCTCCATCCCCCACCAGATTCATCTGGGAGAGCTGCACGCAATCCTGCGA
CGACAGGAAGACTTCTACCCATTTCTGAAGGATAACCGCGAGAAGATCGAAAAAATTCTGACCTT
CCGGATCCCTTACTATGTGGGGCCCCTGGCAAGGGGTAATTCCCGCTTTGCCTGGATGACACGGAA
ATCTGAGGAAACAATCACTCCTTGGAACTTCGAGGAAGTGGTCGATAAGGGAGCTTCCGCACAGT
CTTTCATCGAGAGAATGACAAACTTCGACAAAAACCTGCCAAATGAGAAAGTGCTGCCTAAGCAC
AGTCTGCTGTACGAGTATTTCACAGTCTATAACGAACTGACTAAGGTGAAATACGTCACCGAGGG
GATGAGGAAGCCCGCCTTCCTGAGCGGTGAACAGAAGAAAGCTATCGTGGACCTGCTGTTTAAAA
CCAATCGCAAGGTGACAGTCAAGCAGCTGAAGGAGGACTACTTCAAGAAAATTGAATGTTTCGAT
TCTGTGGAGATCAGTGGCGTCGAAGACAGATTTAACGCTTCTCTGGGAACCTACCACGATCTGCTG
AAGATCATTAAGGATAAAGACTTCCTGGACAACGAGGAAAATGAGGATATCCTGGAAGACATTGT
GCTGACCCTGACACTGTTTGAGGATCGCGAAATGATCGAGGAACGGCTGAAAACTTATGCCCATCT
GTTCGATGACAAGGTGATGAAACAGCTGAAGCGAAGAAGGTACACCGGCTGGGGACGACTGAGC
AGAAAGCTGATCAACGGCATTCGGGACAAACAGAGTGGAAAGACTATCCTGGACTTTCTGAAATC
AGATGGCTTCGCTAACAGAAATTTTATGCAGCTGATTCACGATGACAGCCTGACCTTCAAAGAGGA
TATCCAGAAGGCACAGGTGTCCGGGCAGGGTGACTCTCTGCACGAGCATATCGCAAACCTGGCCG
GGTCCCCCGCCATCAAGAAAGGTATTCTGCAGACCGTGAAGGTGGTCGATGAGCTGGTGAAAGTC
ATGGGCAGGCATAAGCCAGAAAACATCGTGATTGAGATGGCCCGCGAAAATCAGACCACACAGA
AAGGACAGAAGAACAGCCGCGAGCGGATGAAAAGGATCGAGGAAGGCATTAAGGAACTGGGATC
CCAGATCCTGAAAGAGCACCCTGTGGAAAACACTCAGCTGCAGAATGAGAAGCTGTATCTGTACT
ATCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAGCTGGATATTAACCGACTGTCTGATTAC
GACGTGGATCATATCGTCCCACAGTCATTCCTGAAAGATGACAGCATTGACAATAAGGTGCTGACC
CGGAGTGACAAAAACCGAGGAAAGAGTGATAATGTCCCTTCAGAGGAAGTGGTCAAGAAAATGA
AGAACTACTGGAGACAGCTGCTGAATGCCAAACTGATCACACAGCGAAAGTTTGATAACCTGACT
AAAGCTGAGAGAGGGGGTCTGTCAGAACTGGACAAAGCAGGCTTCATCAAGCGACAGCTGGTGG
AGACCAGACAGATCACAAAGCACGTCGCTCAGATTCTGGATAGCAGGATGAACACAAAGTACGAT
GAGAATGACAAACTGATCCGCGAAGTGAAGGTCATTACTCTGAAGTCAAAACTTGTGAGCGACTT
CAGAAAGGATTTCCAGTTCTACAAAGTCAGGGAGATCAACAATTATCACCATGCTCATGACGCAT
ACCTGAACGCAGTGGTCGGGACCGCCCTGATTAAGAAATACCCCAAACTGGAGAGCGAATTCGTG
TACGGTGACTATAAGGTGTACGATGTCAGAAAAATGATCGCCAAGAGTGAGCAGGAAATTGGAAA
AGCCACCGCTAAGTATTTCTTTTACTCAAACATCATGAATTTCTTTAAGACTGAGATCACCCTGGCA
AATGGGGAAATCCGAAAGAGACCACTGATTGAGACTAACGGCGAGACCGGAGAAATCGTGTGGG
ACAAGGGTAGGGATTTTGCCACAGTGCGCAAGGTCCTGTCCATGCCTCAAGTGAATATTGTCAAGA
AAACAGAGGTGCAGACTGGCGGATTCAGTAAGGAATCAATTCTGCCCAAACGGAACTCTGATAAG
CTGATCGCCCGAAAGAAAGACTGGGATCCCAAGAAATATGGGGGTTTCGACTCCCCAACAGTGGC
TTACTCTGTCCTGGTGGTCGCAAAGGTGGAGAAGGGGAAAAGCAAGAAACTGAAATCCGTCAAGG
AGCTGCTGGGTATCACTATTATGGAGAGGAGCTCCTTCGAGAAGAACCCCATCGATTTTCTGGAGG
CTAAAGGCTATAAGGAAGTGAAGAAAGACCTGATCATTAAACTGCCAAAGTACAGCCTGTTTGAG
CTGGAAAACGGAAGGAAGCGAATGCTGGCATCCGCAGGAGAGCTGCAGAAGGGTAATGAACTGG
CCCTGCCTTCTAAGTACGTGAACTTCCTGTATCTGGCTAGCCACTACGAGAAGCTGAAAGGCTCCC
CCGAGGATAACGAACAGAAACAGCTGTTTGTGGAGCAGCACAAGCATTATCTGGACGAGATCATT
GAACAGATTAGCGAGTTCTCCAAAAGAGTGATCCTGGCTGACGCAAATCTGGATAAGGTCCTGAG
CGCATACAACAAACACAGAGATAAGCCAATCAGGGAGCAGGCCGAAAATATCATTCATCTGTTCA
CTCTGACCAACCTGGGAGCCCCTGCAGCCTTCAAGTATTTTGACACTACCATCGATCGGAAACGAT
ACACATCCACTAAGGAGGTGCTGGACGCTACCCTGATTCACCAGAGCATTACCGGCCTGTATGAA
ACAAGGATTGACCTGTCTCAGCTGGGGGGCGACCTCGAGCCATCTGCTGGAGACATGAGAGCTGC
CAACCTTTGGCCAAGCCCGCTCATGATCAAACGCTCTAAGAAGAACAGCCTGGCCTTGTCCCTGAC
GGCCGACCAGATGGTCAGTGCCTTGTTGGATGCTGAGCCCCCCATACTCTATTCCGAGTATGATCC
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TACCAGACCCTTCAGTGAAGCTTCGATGATGGGCTTACTGACCAACCTGGCAGACAGGGAGCTGG
TTCACATGATCAACTGGGCGAAGAGGGTGCCAGGCTTTGTGGATTTGACCCTCCATGATCAGGTCC
ACCTTCTGGAATGTGCCTGGCTAGAGATCCTGATGATTGGTCTCGTCTGGCGCTCTATGGAGCACC
CAGTGAAGCTACTGTTTGCTCCTAACTTGCTCTTGGACAGGAACCAGGGAAAATGTGTAGAGGGC
ATGGTGGAGATCTTCGACATGCTGCTGGCTACATCATCTCGGTTCCGCATGATGAATCTGCAGGGA
GAGGAGTTTGTGTGCCTCAAATCTATTATTTTGCTTAATTCTGGAGTGTACACATTTCTGTCCAGCA
CCCTGAAGTCTCTGGAAGAGAAGGACCATATCCACCGAGTCCTGGACAAGATCACAGACACTTTG
ATCCACCTGATGGCCAAGGCAGGCCTGACCCTGCAGCAGCAGCACCAGCGGCTGGCCCAGCTCCT
CCTCATCCTCTCCCACATCAGGCACATGAGTAACAAAGGCATGGAGCATCTGTACAGCATGAAGT
GCAAGAACGTGGTGCCCCTCTATGACCTGCTGCTGGAGGCGGCGGACGCCCACCGCCTACATGCG
CCCACTAGCCGTGGAGGGGCATCCGTGGAGGAGACGGACCAAAGCCACTTGGCCACTGCGGGCTC
TACTTCATCGCATTCCTTGCAAAAGTATTACATCACGGGGGAGGCAGAGGGTTTCCCTGCCACAGC

TTGA (SEQ ID NO: 7)

Sequence of TOIC construct depicted in Fig. 2

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATAT
GTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCAC
CCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTAC
GGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATC
ATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTA
GCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC
TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAG
CCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTG
TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAAC
GACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGA
GAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT
TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC
GTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG
AATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCGAGGTTTATT
TATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAA
CAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTATAAAGTAAC
AAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACAGTCATGTTG
TATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTATTAATCGCAT
TGATTATTGACTAGTCGTATTAAGGGTTCCGGATCAGCTTGATTCGAGCCCCAGCTGGTTCTTTCCG
CCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCCAATCCTCCCCCTT
GCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCGATGCAATTTC
CTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAGCTCTAGAGAA
TTGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGG
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CGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGG
GTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTC
GCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTC
GTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTT
CGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCA
TGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCC
AATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGT
CGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGT
CTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGC
AATCCATCTTGTTCAATGGCCGATCCCATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGA
TATACTATGCCGATGATTAATTGTCAACACGTGCTGCTGCAGGTCGAAAGGCCCGGAGATGAGGA
AGAGGAGAACAGCGCGGCAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGCCCCCGGACCCACCCCTTCCCAGCC
TCTGAGCCCAGAAAGCGAAGGAGCAAAGCTGCTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTC
CATTGCTCAGCGGTGCTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCACGTC
CTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGGGAGGAGTAGAAGGTGGCG
CGAAGGGGCCACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGATGTGGAATGTGTGCGAGCC
AGAGGCCACTTGTGTAGCGCCAAGTGCCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTT
GGGAAAAGCGCCTCCCCTACCCGGTAGACACCCCACAGTGGGTGGCCTAGGGACAGGATTGCAAC
TCCAGTCTTTCTTCTTCTTGGGCGGGAGTCACTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTT
TCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATC
ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGT
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGG
TCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTA
TTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGCGCGCGCCAGGCG
GGGCGGGGCGGGGCCGAGGGGECAEGGGECEGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGA
GCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGA
AGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGL
CGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCT
CCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTA
AAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTG
CGTGGGGAGCGCCGCATGCGGCCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGAG
GCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG
GGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGG
GCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCT
TCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCA
GGTGGGGGTGCCGGGCGGGECEGGEGECCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGC
GGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCG
TGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGCCGC
CGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGA
GGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTGCCGCAGGGG
GACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTC
TAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT
ATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCCAAGAAGAAGAGGAAAGTC
TCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTCAATGGAGTCGGTATCGA
AGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACG
TGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTGGACAGGCATCATACCCAC
TCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCATACCGCTGT
GCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCGCCCAACAGAGAAACAGTA
CGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCCTGGAGAACGCACTGTA
CGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGGAACAGGAGCATCAAGTAGC
AAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTCTGAAACAAGCAATTGAGC
TGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAACTAATCATATGTGGCCTGG
AGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGACGATTTTGACTTAGACATG
CTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGACGCTCTTGACGATTTTG
ACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGT
AGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGC
AATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
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TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCT
TAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCC
GCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAG
CCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGC
TTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAG
AGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGA
TCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCC
TGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCAC
CACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCC
ATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGC
CAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGG
GACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGA
TAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGACCTAGAGGGACAGCCCCCC
CCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGAGG
CTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCA
CGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACAC
CTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAA
CGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATC
AACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGC
ATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTC
ATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGT
TTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGA
TCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGA
CACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGA
GCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCT
GAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGAT
ACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCG
TCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTG
CCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCC
CCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAAT
CCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCA
GTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAACGTATGAAGAGTTTACTCCCT
ATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGATAGAGAACGTATAAGGAGTTTA
CTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATCAGTGATAGAGAACGTATCTAC
AGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTCCCTATCAGTGATAGAGAACGT
ATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGTACCACTTCCTACCCTCGTAAA
AAGCTTGTCCACCATGGCTCCTAAGAAAAAGCGGAAGGTGGACAAGAAATACTCAATCGGGCTGG
ACATCGGAACTAACTCAGTGGGGTGGGCAGTCATTACTGACGAGTACAAAGTGCCAAGCAAGAAA
TTTAAGGTCCTGGGCAACACCGATAGGCACTCCATCAAGAAAAATCTGATTGGGGCCCTGCTGTTC
GACTCTGGAGAGACAGCTGAAGCAACTAGACTGAAAAGGACTGCTAGAAGGCGCTATACCCGGCG
AAAGAATCGCATCTGCTACCTGCAGGAGATTTTCTCTAACGAAATGGCCAAGGTGGACGATAGTTT
CTTTCATCGGCTGGAGGAATCATTCCTGGTCGAGGAAGATAAGAAACACGAGAGACATCCTATCTT
TGGAAACATTGTGGACGAGGTCGCTTATCACGAAAAATACCCCACCATCTATCATCTGCGCAAGA
AACTGGTGGACTCTACAGATAAAGCAGACCTGCGGCTGATCTATCTGGCCCTGGCTCACATGATTA
AGTTCAGAGGCCATTTTCTGATCGAGGGAGATCTGAACCCAGACAATAGCGATGTGGACAAGCTG
TTCATCCAGCTGGTCCAGACATACAATCAGCTGTTTGAGGAAAACCCTATTAATGCATCTGGCGTG
GACGCAAAAGCCATCCTGAGTGCCAGGCTGTCTAAGAGTAGAAGGCTGGAGAACCTGATCGCTCA
GCTGCCAGGCGAAAAGAAAAACGGCCTGTTTGGAAATCTGATTGCACTGTCACTGGGACTGACAC
CTAACTTCAAGAGCAATTTTGATCTGGCCGAGGACGCTAAACTGCAGCTGAGCAAGGACACTTAT
GACGATGACCTGGATAACCTGCTGGCTCAGATCGGAGATCAGTACGCAGACCTGTTCCTGGCCGCT
AAGAATCTGTCTGACGCTATCCTGCTGAGTGATATTCTGCGGGTGAACACCGAGATTACAAAAGCC
CCTCTGTCAGCTAGCATGATCAAGAGATATGACGAGCACCATCAGGATCTGACCCTGCTGAAGGC
ACTGGTGCGCCAGCAGCTGCCCGAGAAGTACAAGGAAATCTTCTTTGATCAGAGTAAGAACGGGT
ACGCCGGTTATATTGACGGCGGAGCTTCACAGGAGGAATTCTACAAGTTTATCAAACCTATTCTGG
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AGAAGATGGACGGCACCGAGGAACTGCTGGTGAAACTGAATCGCGAGGACCTGCTGCGCAAGCA
GCGGACATTTGATAACGGCTCCATCCCCCACCAGATTCATCTGGGAGAGCTGCACGCAATCCTGCG
ACGACAGGAAGACTTCTACCCATTTCTGAAGGATAACCGCGAGAAGATCGAAAAAATTCTGACCT
TCCGGATCCCTTACTATGTGGGGCCCCTGGCAAGGGGTAATTCCCGCTTTGCCTGGATGACACGGA
AATCTGAGGAAACAATCACTCCTTGGAACTTCGAGGAAGTGGTCGATAAGGGAGCTTCCGCACAG
TCTTTCATCGAGAGAATGACAAACTTCGACAAAAACCTGCCAAATGAGAAAGTGCTGCCTAAGCA
CAGTCTGCTGTACGAGTATTTCACAGTCTATAACGAACTGACTAAGGTGAAATACGTCACCGAGGG
GATGAGGAAGCCCGCCTTCCTGAGCGGTGAACAGAAGAAAGCTATCGTGGACCTGCTGTTTAAAA
CCAATCGCAAGGTGACAGTCAAGCAGCTGAAGGAGGACTACTTCAAGAAAATTGAATGTTTCGAT
TCTGTGGAGATCAGTGGCGTCGAAGACAGATTTAACGCTTCTCTGGGAACCTACCACGATCTGCTG
AAGATCATTAAGGATAAAGACTTCCTGGACAACGAGGAAAATGAGGATATCCTGGAAGACATTGT
GCTGACCCTGACACTGTTTGAGGATCGCGAAATGATCGAGGAACGGCTGAAAACTTATGCCCATCT
GTTCGATGACAAGGTGATGAAACAGCTGAAGCGAAGAAGGTACACCGGCTGGGGACGACTGAGC
AGAAAGCTGATCAACGGCATTCGGGACAAACAGAGTGGAAAGACTATCCTGGACTTTCTGAAATC
AGATGGCTTCGCTAACAGAAATTTTATGCAGCTGATTCACGATGACAGCCTGACCTTCAAAGAGGA
TATCCAGAAGGCACAGGTGTCCGGGCAGGGTGACTCTCTGCACGAGCATATCGCAAACCTGGCCG
GGTCCCCCGCCATCAAGAAAGGTATTCTGCAGACCGTGAAGGTGGTCGATGAGCTGGTGAAAGTC
ATGGGCAGGCATAAGCCAGAAAACATCGTGATTGAGATGGCCCGCGAAAATCAGACCACACAGA
AAGGACAGAAGAACAGCCGCGAGCGGATGAAAAGGATCGAGGAAGGCATTAAGGAACTGGGATC
CCAGATCCTGAAAGAGCACCCTGTGGAAAACACTCAGCTGCAGAATGAGAAGCTGTATCTGTACT
ATCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAGCTGGATATTAACCGACTGTCTGATTAC
GACGTGGATCATATCGTCCCACAGTCATTCCTGAAAGATGACAGCATTGACAATAAGGTGCTGACC
CGGAGTGACAAAAACCGAGGAAAGAGTGATAATGTCCCTTCAGAGGAAGTGGTCAAGAAAATGA
AGAACTACTGGAGACAGCTGCTGAATGCCAAACTGATCACACAGCGAAAGTTTGATAACCTGACT
AAAGCTGAGAGAGGGGGTCTGTCAGAACTGGACAAAGCAGGCTTCATCAAGCGACAGCTGGTGG
AGACCAGACAGATCACAAAGCACGTCGCTCAGATTCTGGATAGCAGGATGAACACAAAGTACGAT
GAGAATGACAAACTGATCCGCGAAGTGAAGGTCATTACTCTGAAGTCAAAACTTGTGAGCGACTT
CAGAAAGGATTTCCAGTTCTACAAAGTCAGGGAGATCAACAATTATCACCATGCTCATGACGCAT
ACCTGAACGCAGTGGTCGGGACCGCCCTGATTAAGAAATACCCCAAACTGGAGAGCGAATTCGTG
TACGGTGACTATAAGGTGTACGATGTCAGAAAAATGATCGCCAAGAGTGAGCAGGAAATTGGAAA
AGCCACCGCTAAGTATTTCTTTTACTCAAACATCATGAATTTCTTTAAGACTGAGATCACCCTGGCA
AATGGGGAAATCCGAAAGAGACCACTGATTGAGACTAACGGCGAGACCGGAGAAATCGTGTGGG
ACAAGGGTAGGGATTTTGCCACAGTGCGCAAGGTCCTGTCCATGCCTCAAGTGAATATTGTCAAGA
AAACAGAGGTGCAGACTGGCGGATTCAGTAAGGAATCAATTCTGCCCAAACGGAACTCTGATAAG
CTGATCGCCCGAAAGAAAGACTGGGATCCCAAGAAATATGGGGGTTTCGACTCCCCAACAGTGGC
TTACTCTGTCCTGGTGGTCGCAAAGGTGGAGAAGGGGAAAAGCAAGAAACTGAAATCCGTCAAGG
AGCTGCTGGGTATCACTATTATGGAGAGGAGCTCCTTCGAGAAGAACCCCATCGATTTTCTGGAGG
CTAAAGGCTATAAGGAAGTGAAGAAAGACCTGATCATTAAACTGCCAAAGTACAGCCTGTTTGAG
CTGGAAAACGGAAGGAAGCGAATGCTGGCATCCGCAGGAGAGCTGCAGAAGGGTAATGAACTGG
CCCTGCCTTCTAAGTACGTGAACTTCCTGTATCTGGCTAGCCACTACGAGAAGCTGAAAGGCTCCC
CCGAGGATAACGAACAGAAACAGCTGTTTGTGGAGCAGCACAAGCATTATCTGGACGAGATCATT
GAACAGATTAGCGAGTTCTCCAAAAGAGTGATCCTGGCTGACGCAAATCTGGATAAGGTCCTGAG
CGCATACAACAAACACAGAGATAAGCCAATCAGGGAGCAGGCCGAAAATATCATTCATCTGTTCA
CTCTGACCAACCTGGGAGCCCCTGCAGCCTTCAAGTATTTTGACACTACCATCGATCGGAAACGAT
ACACATCCACTAAGGAGGTGCTGGACGCTACCCTGATTCACCAGAGCATTACCGGCCTGTATGAA
ACAAGGATTGACCTGTCTCAGCTGGGGGGCGACCTCGAGGGAAGCGGAGAGGGCAGAGGAAGTC
TGCTAACATGCGGTGACGTCGAGGAGAATCCTGGCCCAGCACCGGGATCCATGGTGAGCAAGGGC
GAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCT
GCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCACCTACGGCGTGCAGT
GCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCT
ACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAG
TTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAA
CATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAGGTCTATATCACCGCCGACAAGC
AGAAGAACGGCATCAAGGTGAACTTCAAGACCCGCCACAACATCGAGGACGGCAGCGTGCAGCTC
GCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTA
CCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAACCTAATCTAGC
AGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCG
CATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGA
TTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAA
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CCAGCTGGGGCTCGATCCTCTAGTTGGCGCGTCATGGTCCATATGAATATCCTCCTTAGTTCCTATT
CCGCTAGCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCT
AGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCG
GCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTC
TCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGA
GATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCC
AACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTG
GCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCA
CCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCAT
TCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCA
ATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGG
ACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGAT
AAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGGATCCGAAGCAGCTCCAGCCTAC
ACAATCGCTCAAGACGTGTAATGCTTTTATTATATATTAGTCACGATATCTATAACAAGAAAATAT
ATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATC
TTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCA
GTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAA
ATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAA
TTTTACGCAGACTATCTTTCTAGGGTTAAAAAAGATTTGCGCTTTACTCGACCTAAACTTTAAACAC
GTCATAGAATCTTCGTTTGACAAAAACCACATTGTGGGGTACCGAGCTCTTAATTAAGGCGCGCCG
GGGAGGTTCCCTTTAGTGAGGGTTAATTGCGGGTCGCCCTATAGTGAGTCGTATTACAATTCACTG
GCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCA
CATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTG
CGCAGCCTGAATGGCGAATGGCAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTT
TGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAA
TAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGA
CTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCT
AATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGA
TTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAG
CGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTT

AATGCGCCGCTACAGGGCGCGTCAG (SEQ ID NO: 8)

AAV gRNA Sequence

CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCAGTCGGGCG
ACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCAC
TAGGGGTTCCTGCGGCCGCACGCGTGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACG
ATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAA
ATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGG
ACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGG
ACGAAACACCGCAGCGTTACCTCTATCGTAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGC
TAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTGGATCCGAGGGCCTATTTC
CCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGA
CTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTG
CAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTT
CTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGTGTAATAGCTCCTGCATGGGTTTTAGAG
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGT
GCTTTTTTTCTAGAAGGTACCAGGTCTTGAAAGGAGTGGGAATTGGCTCCGGTGCCCGTCAGTGGG
CAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCC
TAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGA
GGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGC
CGCCAGAACACAGGCGTACGGCCACCATGACTTCGAAAGTTTATGATCCAGAACAAAGGAAACGG
ATGATAACTGGTCCGCAGTGGTGGGCCAGATGTAAACAAATGAATGTTCTTGATTCATTTATTAAT
TATTATGATTCAGAAAAACATGCAGAAAATGCTGTTATTTTTTTACATGGTAACGCGGCCTCTTCTT
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ATTTATGGCGACATGTTGTGCCACATATTGAGCCAGTAGCGCGGTGTATTATACCAGACCTTATTG
GTATGGGCAAATCAGGCAAATCTGGTAATGGTTCTTATAGGTTACTTGATCATTACAAATATCTTA
CTGCATGGTTTGAACTTCTTAATTTACCAAAGAAGATCATTTTTGTCGGCCATGATTGGGGTGCTTG
TTTGGCATTTCATTATAGCTATGAGCATCAAGATAAGATCAAAGCAATAGTTCACGCTGAAAGTGT
AGTAGATGTGATTGAATCATGGGATGAATGGCCTGATATTGAAGAAGATATTGCGTTGATCAAATC
TGAAGAAGGAGAAAAAATGGTTTTGGAGAATAACTTCTTCGTGGAAACCATGTTGCCATCAAAAA
TCATGAGAAAGTTAGAACCAGAAGAATTTGCAGCATATCTTGAACCATTCAAAGAGAAAGGTGAA
GTTCGTCGTCCAACATTATCATGGCCTCGTGAAATCCCGTTAGTAAAAGGTGGTAAACCTGACGTT
GTACAAATTGTTAGGAATTATAATGCTTATCTACGTGCAAGTGATGATTTACCAAAAATGTTTATT
GAATCGGACCCAGGATTCTTTTCCAATGCTATTGTTGAAGGTGCCAAGAAGTTTCCTAATACTGAA
TTTGTCAAAGTAAAAGGTCTTCATTTTTCGCAAGAAGATGCACCTGATGAAATGGGAAAATATATC
AAATCGTTCGTTGAGCGAGTTCTCAAAAATGAACAATAAAGCGCTAATAAAAGATCTTTATTTTCA
TTAGATCTGTGTGTTGGTTTTTTGTGTAAGCTTTGGCTCCAACACAGATGTTCTTAGGCTACCTAAC
TTCTAACTTTTAATATCCAGTCAACAAAGAATACCGCAAGGGTAGGTGTTGGGATAGCTGTCGACA
AGCTCATGCGGGTGTGTCCACAGGGTATAGCGTACTATGCAGAATATTTGTACTGAGTGAAGTCAT
GATACATTCCTTTGAGAGCCATTAGCTGCTACAAAACAGTAATCTGGCTGTTTAGATCAACAAGCT
AAATGATAGAAGATGAAAGTACTGGTTTCCATGTATTTTTATTAAGTGTTGATGAGAAAGTTGTAA
GTGACTTACAGGTTACTCTGTACATCTGTAGTCACTGAATTCGGAATATCTTAGAGTTTTACACACA
AAGGTGAGTGTTAAAATATTGATAAAGTTTTTGATAATCTTGTGTGAGACATGTTCTAATTTAGTTG
TATTTTATTATTTTTATTGTAAGGCCTGCTGAAAATGACTGAGTATAAACTTGTGGTCGTGGGCGCC
GACGGCGTGGGCAAGAGCGCTTTGACGATACAGCTAATTCAGAATCACTTTGTGGATGAGTATGA
TCCAACCATCGAGGTAACGCTGCTCTACAGTCTGCGTGCGCTTGTAAAGGACGGCAGCCAGCCGCT
TTGAAAAAGATATCATTTTTATATTTATTAGAAAATTATATTGAAAGTTATTTCAGTTATATGTGAT
GTCCTTTAGTTCCAAGGCTTTAAACTGGGTGTTAGGGAACCATAGGTGCAAGAAAGTCCACTTCTC
ATGAGAGCTCACCACAGAGAAAGAAAGTCCACTTCTCAGGTAACCACGTGCGGACCGAGCGGCCG
CAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGG
CGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG
CTGCCTGCAGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCAAAGCAACCA
TAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGC
TACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCG
GCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCT
CGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTT
TCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTC
AACCCTATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAA
ATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTTATGGT
GCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCG
CTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCG
GGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTG
ATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTC
GGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCAT
GAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATT
TCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTG
GTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAA
CAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGT
TCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACA
CTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGAC
AGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGAC
AACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCC
TTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCT
GTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAA
CAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCT
GGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTG
GGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGA
TGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACC
AAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAA
GATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGAC
CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAA
CAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGA
AGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCC
ACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCG
CAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGA
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ACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGAC
AGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACG
CCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTC
GTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTG

CTGGCCTTTTGCTCACATGT (SEQ ID NO: 9).

TOIC ApoL1 wt PgkPuro
SequenceGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATT
CAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAG
AGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTT
TGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTT
ACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAA
TGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGC
AACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGC
ATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACT
GCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATG
GGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGA
GCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTAC
TTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTC
TGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTC
GCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGG
GGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAG
CATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAAT
TTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTT
CGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGC
GCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAG
AGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTC
TAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGC
TAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGAC
GATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTG
GAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCC
CGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGG
GAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAG
CGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTT
TTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGT
GGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCA
GCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGG
CCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGC
AATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATG
TTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAA
GCGCGCAATTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATA
TTGTGACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCG
AGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAA
TTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTA
TAAAGTAACAAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACA
GTCATGTTGTATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTAT
TAATCGCATTGATTATTGACTAGTCGTATTAAGGGTTCCGGATCAGCTTGATTCGAGCCCCAGCTG
GTTCTTTCCGCCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCCAAT
CCTCCCCCTTGCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCG
ATGCAATTTCCTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGC
ACGGGGGAGGGGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAG
CTCTAGAGAATTGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAA
TCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCC Ctecaggeacecgggcettgegg
gtcatgcaccaggtgegeggtecttegggeacctegacgteggeggtgacggtgaageegagecgetegtagaaggggaggttgcggggcgeggaggtetee
aggaaggegggeaccceggegegetecggecegectecactceggggageacgacggegetgeecagaccecttgeectggtggtegggegagacgeegacgg
tggecaggaaccacgegggetecttgggeeggtgeggegecaggaggecttecatetgttgetgegeggeecagecgggaacegetcaactcggeeatgegeg
ggeegatcteggegaacaccgeccecgettegacgetetceggegtggtecagaccgecacegeggegecgtegtecgegacccacaccttgecgatgtegag
cecegacgegegtgaggaagagttettgeageteggtgaccegetcgatgtggeggtecgggtegacggtgtggegegtggeggggtagteggegaacgegge
ggcgagggtgcgtacggeccgggggacgtegtcgegggtggegaggegeaccgtgggcettgtactcggtcat GGTTTAGTTCCTCACCTTGT
CGTATTATACTATGCCGATATACTATGCCGATGATTAATTGTCAACACGTGCTGCTGCAGGTCGAA
AGGCCCGGAGATGAGGAAGAGGAGAACAGCGCGGCAGACGTGCGCTTTTGAAGCGTGCAGAATG
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CCGGGCCTCCGGAGGACCTTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGLCCCCCGaG
ACCCACCCCTTCCCAGCCTCTGAGCCCAGAAAGCGAAGGAGCAAAGCTGCTATTGGCCGCTGCCC
CAAAGGCCTACCCGCTTCCATTGCTCAGCGGTGCTGTCCATCTGCACGAGACTAGTGAGACGTGCT
ACTTCCATTTGTCACGTCCTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGGG
AGGAGTAGAAGGTGGCGCGAAGGGGCCACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGAT
GTGGAATGTGTGCGAGCCAGAGGCCACTTGTGTAGCGCCAAGTGCCCAGCGGGGCTGCTAAAGCG
CATGCTCCAGACTGCCTTGGGAAAAGCGCCTCCCCTACCCGGTAGACACCCCACAGTGGGTGGCCT
AGGGACAGGATTGCAACTCCAGTCTTTCTTCTTCTTGGGCGGGAGTCACTAGTTATTAATAGTAAT
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATG
GCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAG
TAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGG
CAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCG
CCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGT
CATCGCTATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTC
CCCACCCCCAATTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGG
GGGGCGCGCGCCAGGCGAGGGCAGGGELEGGEAECGAGGGGELCAGGEGCAELGGEGCGAGGCGGAGAGGTGC
GGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGC
GGCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCG
CTCCGCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGG
CGGGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGT
GGCTGCGTGAAAGCCTTAAAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGG
TGCGTGCGTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGCCCGCGCTGCCCGGCGGCTGTGAGCG
CTGCGGGCGCGGCGCGGGGCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGG
TGCCCCGCGGTGCGGGGGGGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGG
GGTGAGCAGGGGGTGTGGGCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGT
TGCTGAGCACGGCCCGGCTTCGGGTGCGGGGCTCCGTGCGGGGCAGTGGCGCGGGGCTCGCCGTGC
CGGGCGGGGGATGGCGGCAGGTGGGGGTGCCGGGCGGGGECGGGGCCGCCTCGGGCCGGGGAGGG
CTCGGGGGAGGGGCGCGGCGGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCC
ATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCC
GAAATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAG
GAAGGAAATGGGCGGGGAGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCC
TCGGGGCTGCCGCAGGGGGACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTG
GCGTGTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTC
CTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCC
AAGAAGAAGAGGAAAGTCTCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACT
CAATGGAGTCGGTATCGAAGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGC
CTACCCTGTACTGGCACGTGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTG
GACAGGCATCATACCCACTCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAA
CGCCAAGTCATACCGCTGTGCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCG
CCCAACAGAGAAACAGTACGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCT
CCCTGGAGAACGCACTGTACGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGG
AACAGGAGCATCAAGTAGCAAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTT
CTGAAACAAGCAATTGAGCTGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAA
CTAATCATATGTGGCCTGGAGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGA
CGATTTTGACTTAGACATGCTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCT
GACGCTCTTGACGATTTTGACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAA
TCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCT
GAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATA
AAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCC
AAACTCATCAATGTATCTTAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATG
TAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCT
CCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGA
TCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAA
AAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAG
CACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCC
CAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCA
ACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCC
CTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCT
GGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGC
AGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGT
TCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCAT
GGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGG
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TGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGAC
TGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGA
AAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCA
GTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCT
GTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGG
CACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGA
CCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGC
AGCAGCGAGCCGCCCGGGGCTCCGCTCCGAGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCG
TGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTG
CTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTA
GAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCC
CTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGA
ATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTG
GGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCT
TGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAG
TGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGC
AGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAG
ATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAG
ACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGG
AAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCA
TGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCA
ACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATC
ACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGA
GAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCAT
CCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAA
CGTATGAAGAGTTTACTCCCTATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGAT
AGAGAACGTATAAGGAGTTTACTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATC
AGTGATAGAGAACGTATCTACAGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTC
CCTATCAGTGATAGAGAACGTATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCT
CGTTTAGTGAACCGTCAGATCGCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGT
ACCACTTCCTACCCTCGTAAAAAGCTTGTCCACCATGAGATTCAAAAGCCACACTGTGGAATTGAG
GAGGCCCTGCAGCGACATGGAGGGAGCTGCTTTGCTGAGAGTCTCTGTCCTCTGCATCTGGATGAG
TGCACTTTTCCTTGGTGTGGGAGTGAGGGCAGAGGAAGCTGGAGCGAGGGTGCAACAAAACGTTC
CAAGTGGGACAGATACTGGAGATCCTCAAAGTAAGCCCCTCGGTGACTGGGCTGCTGGCACCATG
GACCCAGAGAGCAGTATCTTTATTGAGGATGCCATTAAGTATTTCAAGGAAAAAGTGAGCACACA
GAATCTGCTACTCCTGCTGACTGATAATGAGGCCTGGAACGGATTCGTGGCTGCTGCTGAACTGCC
CAGGAATGAGGCAGATGAGCTCCGTAAAGCTCTGGACAACCTTGCAAGACAAATGATCATGAAAG
ACAAAAACTGGCACGATAAAGGCCAGCAGTACAGAAACTGGTTTCTGAAAGAGTTTCCTCGGTTG
AAAAGTGAGCTTGAGGATAACATAAGAAGGCTCCGTGCCCTTGCAGATGGGGTTCAGAAGGTCCA
CAAAGGCACCACCATCGCCAATGTGGTGTCTGGCTCTCTCAGCATTTCCTCTGGCATCCTGACCCTC
GTCGGCATGGGTCTGGCACCCTTCACAGAGGGAGGCAGCCTTGTACTCTTGGAACCTGGGATGGA
GTTGGGAATCACAGCCGCTTTGACCGGGATTACCAGCAGTACCATGGACTACGGAAAGAAGTGGT
GGACACAAGCCCAAGCCCACGACCTGGTCATCAAAAGCCTTGACAAATTGAAGGAGGTGAGGGA
GTTTTTGGGTGAGAACATATCCAACTTTCTTTCCTTAGCTGGCAATACTTACCAACTCACACGAGGC
ATTGGGAAGGACATCCGTGCCCTCAGACGAGCCAGAGCCAATCTTCAGTCAGTACCGCATGCCTC
AGCCTCACGCCCACGAGTCACTGAGCCAATCTCAGCTGAAAGCGGTGAACAGGTGGAGAGGGTTA
ATGAACCCAGCATCCTGGAAATGAGCAGAGGAGTCAAGCTCACGGATGTGGCCCCTGTAAGCTTC
TTTCTTGTGCTGGATGTAGTCTACCTCGTGTACGAATCAAAGCACTTACATGAGGGGGCAAAGTCA
GAGACAGCTGAGGAGCTGAAGAAGGTGGCTCAGGAGCTGGAGGAGAAGCTAAACATTCTCAACA
ATAATTATAAGATTCTGCAGGCGGACCAAGAACTGTGAAATTCTAAAATACAGCATAGCAAAACT
TTAACCTCCAAATCAAGCCTCTACTTGAATCCTTTTCTGAGGGATGAATAAGGCATAGGCATCAGG
GGCTGTTGCCAATGTGCATTAGCTGTTTGCAGCCTCACCTTCTTTCATGGAGTTTAAGATATAGTGT
ATTTTCCCAAGGTTTGAACTAGCTCTTCATTTCTTTATGTTTTAAATGCACTGACCTCCCACATTCCC
TTTTTAGTAAAATATTCAGAAATAATTTAAATACATCATTGCAATGAAAATAAATGTTTTTTATTAG
GCAGAATCCAGATGCTCAAGGCCCTTCATAATATCCCCCAGTTTAGTAGTTGGACTTAGGGAACAA
AGGAACCTTTAATAGAAATTGGACAGCAAGAAAGCGAGCTTCTAGCTCGAGATGGTCCATATGAA
TATCCTCCTTAGTTCCTATTCCGCTAGCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGT
AATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTC
CCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGAT
CGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAA
AGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGC
ACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCC
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AGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAA
CCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCC
TGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTG
GGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCA
GGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTT
CAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATG
GAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGT
GTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACT
GGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAA
AAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAG
TGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTG
TGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGC
ACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGGATCC
GAAGCAGCTCCAGCCTACACAATCGCTCAAGACGTGTAATGCTTTTATTATATATTAGTCACGATA
TCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAA
TTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGG
TCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCG
GCGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTT
CAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAAAAAAGATTTGCGCTTTACT
CGACCTAAACTTTAAACACGTCATAGAATCTTCGTTTGACAAAAACCACATTGTGGGGTACCGAGC
TCTTAATTAAGGCGCGCCGGGGAGGTTCCCTTTAGTGAGGGTTAATTGCGGGTCGCCCTATAGTGA
GTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCA
ACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGA
TCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCAAATTGTAAGCGTTAATATTTTGTT
AAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAAT
CCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTC
CACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCA
CTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAAC
CCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAG
GGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAAC
CACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAG (SEQ ID NO: 12)

TOIC-Cas9 Obl 126 AAVS SANeo

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATAT
GTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCAC
CCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTAC
GGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATC
ATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTA
GCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC
TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAG
CCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTG
TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAAC
GACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGA
GAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT
TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC



10

15

20

25

30

35

40

45

50

55

60

WO 2017/064566 PCT/IB2016/001902
51

GTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG
AATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCGAGGTTTATT
TATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAA
CAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTATAAAGTAAC
AAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACAGTCATGTTG
TATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTATTAATCGCAT
TGATTATTGACTAGTCACAATATGATTATCTTTCTAGGGTTAATTAAGATATCTGAAGTTCCTATAC
TTTCTAGAGAATAGGAACTTCGGAATAGGAACTTCAAAGCAAGCTAGAGACCATTAAGGGTTCCG
GATCAGCTTGATTCGAGCCCCAGCTGGTTCTTTCCGCCTCAGAAGCCATAGAGCCCACCGCATCCC
CAGCATGCCTGCTATTGTCTTCCCAATCCTCCCCCTTGCTGTCCTGCCCCACCCCACCCCCCAGAAT
AGAATGACACCTACTCAGACAATGCGATGCAATTTCCTCATTTTATTAGGAAAGGACAGTGGGAGT
GGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGGGGCAAACAACAGATGGCTGGCAACTAGAA
GGCACAGTCGAGGCTGATCAGCGAGCTCTAGAGAATTGATCCCCTCAGAAGAACTCGTCAAGAAG
GCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCA
GCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCC
GCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATATTCGG
CAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCGTCGGGCATGCGCGCCTTGAGCCTGG
CGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGG
CTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTAGCCG
GATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGG
TGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTG
ACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTC
GTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCG
CTGACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAAT
AGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATGGCCGATCCCATG
GCGGTATCGATAAGCTAGCTTGGGCTGCAGGTCGAGGGACCTAATTAAGGGTTCCGGATCCACTA
GTTCTAGAGCGGCCTCGACTCTACGATACCGTCGATCCCCACTGGAAAGACCGCGAAGAGTTTGTC
CTCAACCGCGAGCTGTGGAAAAAAAAGGGACAGGATAAGTATGACATCATCAAGGAAACCCTGG
ACTACTGCGCCCTACAGATCCCTGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGA
ACTTCAAAGATGCAACTCCAGTCTTTCTTCTTCTTGGGCGGGAGTCTACTAGTTATTAATAGTAATC
AATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGG
CCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT
AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTC
ATCGCTATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCC
CCACCCCCAATTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGG
GGGCGCGCGCCAGGCGGAGGCGAGEECEGGGCEAGGGGCGGGGECGGLGGCGAGGCGGAGAGGTGCG
GCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCG
GCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGC
TCCGCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGC
GGGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTG
GCTGCGTGAAAGCCTTAAAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGT
GCGTGCGTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGCCCGCGCTGCCCGGCGGCTGTGAGCGC
TGCGGGCGCGGCGCGGGGCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGAET
GCCCCGCGGTGCGGGGGGGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGG
GTGAGCAGGGGGTGTGGGCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTT
GCTGAGCACGGCCCGGCTTCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCC
GGGCGGGGGGETGGCGGCAGGTGGGGGTGCCGGGCGGGGECEGGGECCGCCTCGGGCCGGGGAGGGC
TCGGGGGAGGGGCGCGGCGGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCA
TTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCG
AAATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAGG
AAGGAAATGGGCGGGGAGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCT
CGGGGCTGCCGCAGGGGGACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGG
CGTGTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCC
TGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCCA
AGAAGAAGAGGAAAGTCTCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTC
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AATGGAGTCGGTATCGAAGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCC
TACCCTGTACTGGCACGTGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTGG
ACAGGCATCATACCCACTCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAAC
GCCAAGTCATACCGCTGTGCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCGC
CCAACAGAGAAACAGTACGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCTC
CCTGGAGAACGCACTGTACGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGGA
ACAGGAGCATCAAGTAGCAAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTC
TGAAACAAGCAATTGAGCTGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAAC
TAATCATATGTGGCCTGGAGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGAC
GATTTTGACTTAGACATGCTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTG
ACGCTCTTGACGATTTTGACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAAT
CAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTG
AAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAA
AGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCA
AACTCATCAATGTATCTTAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGT
AATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTC
CCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGAT
CGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAA
AGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGC
ACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCC
AGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAA
CCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCC
TGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTG
GGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCA
GGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTT
CAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATG
GAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGT
GTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACT
GGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAA
AAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAG
TGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTG
TGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGC
ACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGAC
CTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCA
GCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGT
GCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGC
TCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAG
AATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCC
TGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGA
ATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTG
GGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCT
TGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAG
TGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGC
AGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAG
ATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAG
ACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGG
AAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCA
TGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCA
ACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATC
ACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGA
GAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCAT
CCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAA
CGTATGAAGAGTTTACTCCCTATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGAT
AGAGAACGTATAAGGAGTTTACTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATC
AGTGATAGAGAACGTATCTACAGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTC
CCTATCAGTGATAGAGAACGTATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCT
CGTTTAGTGAACCGTCAGATCGCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGT
ACCACTTCCTACCCTCGTAAAAAGCTTGTCCACCATGGCTCCTAAGAAAAAGCGGAAGGTGGACA
AGAAATACTCAATCGGGCTGGACATCGGAACTAACTCAGTGGGGTGGGCAGTCATTACTGACGAG
TACAAAGTGCCAAGCAAGAAATTTAAGGTCCTGGGCAACACCGATAGGCACTCCATCAAGAAAAA
TCTGATTGGGGCCCTGCTGTTCGACTCTGGAGAGACAGCTGAAGCAACTAGACTGAAAAGGACTG
CTAGAAGGCGCTATACCCGGCGAAAGAATCGCATCTGCTACCTGCAGGAGATTTTCTCTAACGAA
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ATGGCCAAGGTGGACGATAGTTTCTTTCATCGGCTGGAGGAATCATTCCTGGTCGAGGAAGATAA
GAAACACGAGAGACATCCTATCTTTGGAAACATTGTGGACGAGGTCGCTTATCACGAAAAATACC
CCACCATCTATCATCTGCGCAAGAAACTGGTGGACTCTACAGATAAAGCAGACCTGCGGCTGATCT
ATCTGGCCCTGGCTCACATGATTAAGTTCAGAGGCCATTTTCTGATCGAGGGAGATCTGAACCCAG
ACAATAGCGATGTGGACAAGCTGTTCATCCAGCTGGTCCAGACATACAATCAGCTGTTTGAGGAA
AACCCTATTAATGCATCTGGCGTGGACGCAAAAGCCATCCTGAGTGCCAGGCTGTCTAAGAGTAG
AAGGCTGGAGAACCTGATCGCTCAGCTGCCAGGCGAAAAGAAAAACGGCCTGTTTGGAAATCTGA
TTGCACTGTCACTGGGACTGACACCTAACTTCAAGAGCAATTTTGATCTGGCCGAGGACGCTAAAC
TGCAGCTGAGCAAGGACACTTATGACGATGACCTGGATAACCTGCTGGCTCAGATCGGAGATCAG
TACGCAGACCTGTTCCTGGCCGCTAAGAATCTGTCTGACGCTATCCTGCTGAGTGATATTCTGCGG
GTGAACACCGAGATTACAAAAGCCCCTCTGTCAGCTAGCATGATCAAGAGATATGACGAGCACCA
TCAGGATCTGACCCTGCTGAAGGCACTGGTGCGCCAGCAGCTGCCCGAGAAGTACAAGGAAATCT
TCTTTGATCAGAGTAAGAACGGGTACGCCGGTTATATTGACGGCGGAGCTTCACAGGAGGAATTCT
ACAAGTTTATCAAACCTATTCTGGAGAAGATGGACGGCACCGAGGAACTGCTGGTGAAACTGAAT
CGCGAGGACCTGCTGCGCAAGCAGCGGACATTTGATAACGGCTCCATCCCCCACCAGATTCATCTG
GGAGAGCTGCACGCAATCCTGCGACGACAGGAAGACTTCTACCCATTTCTGAAGGATAACCGCGA
GAAGATCGAAAAAATTCTGACCTTCCGGATCCCTTACTATGTGGGGCCCCTGGCAAGGGGTAATTC
CCGCTTTGCCTGGATGACACGGAAATCTGAGGAAACAATCACTCCTTGGAACTTCGAGGAAGTGG
TCGATAAGGGAGCTTCCGCACAGTCTTTCATCGAGAGAATGACAAACTTCGACAAAAACCTGCCA
AATGAGAAAGTGCTGCCTAAGCACAGTCTGCTGTACGAGTATTTCACAGTCTATAACGAACTGACT
AAGGTGAAATACGTCACCGAGGGGATGAGGAAGCCCGCCTTCCTGAGCGGTGAACAGAAGAAAG
CTATCGTGGACCTGCTGTTTAAAACCAATCGCAAGGTGACAGTCAAGCAGCTGAAGGAGGACTAC
TTCAAGAAAATTGAATGTTTCGATTCTGTGGAGATCAGTGGCGTCGAAGACAGATTTAACGCTTCT
CTGGGAACCTACCACGATCTGCTGAAGATCATTAAGGATAAAGACTTCCTGGACAACGAGGAAAA
TGAGGATATCCTGGAAGACATTGTGCTGACCCTGACACTGTTTGAGGATCGCGAAATGATCGAGG
AACGGCTGAAAACTTATGCCCATCTGTTCGATGACAAGGTGATGAAACAGCTGAAGCGAAGAAGG
TACACCGGCTGGGGACGACTGAGCAGAAAGCTGATCAACGGCATTCGGGACAAACAGAGTGGAA
AGACTATCCTGGACTTTCTGAAATCAGATGGCTTCGCTAACAGAAATTTTATGCAGCTGATTCACG
ATGACAGCCTGACCTTCAAAGAGGATATCCAGAAGGCACAGGTGTCCGGGCAGGGTGACTCTCTG
CACGAGCATATCGCAAACCTGGCCGGGTCCCCCGCCATCAAGAAAGGTATTCTGCAGACCGTGAA
GGTGGTCGATGAGCTGGTGAAAGTCATGGGCAGGCATAAGCCAGAAAACATCGTGATTGAGATGG
CCCGCGAAAATCAGACCACACAGAAAGGACAGAAGAACAGCCGCGAGCGGATGAAAAGGATCGA
GGAAGGCATTAAGGAACTGGGATCCCAGATCCTGAAAGAGCACCCTGTGGAAAACACTCAGCTGC
AGAATGAGAAGCTGTATCTGTACTATCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAGCTG
GATATTAACCGACTGTCTGATTACGACGTGGATCATATCGTCCCACAGTCATTCCTGAAAGATGAC
AGCATTGACAATAAGGTGCTGACCCGGAGTGACAAAAACCGAGGAAAGAGTGATAATGTCCCTTC
AGAGGAAGTGGTCAAGAAAATGAAGAACTACTGGAGACAGCTGCTGAATGCCAAACTGATCACA
CAGCGAAAGTTTGATAACCTGACTAAAGCTGAGAGAGGGGGTCTGTCAGAACTGGACAAAGCAGG
CTTCATCAAGCGACAGCTGGTGGAGACCAGACAGATCACAAAGCACGTCGCTCAGATTCTGGATA
GCAGGATGAACACAAAGTACGATGAGAATGACAAACTGATCCGCGAAGTGAAGGTCATTACTCTG
AAGTCAAAACTTGTGAGCGACTTCAGAAAGGATTTCCAGTTCTACAAAGTCAGGGAGATCAACAA
TTATCACCATGCTCATGACGCATACCTGAACGCAGTGGTCGGGACCGCCCTGATTAAGAAATACCC
CAAACTGGAGAGCGAATTCGTGTACGGTGACTATAAGGTGTACGATGTCAGAAAAATGATCGCCA
AGAGTGAGCAGGAAATTGGAAAAGCCACCGCTAAGTATTTCTTTTACTCAAACATCATGAATTTCT
TTAAGACTGAGATCACCCTGGCAAATGGGGAAATCCGAAAGAGACCACTGATTGAGACTAACGGC
GAGACCGGAGAAATCGTGTGGGACAAGGGTAGGGATTTTGCCACAGTGCGCAAGGTCCTGTCCAT
GCCTCAAGTGAATATTGTCAAGAAAACAGAGGTGCAGACTGGCGGATTCAGTAAGGAATCAATTC
TGCCCAAACGGAACTCTGATAAGCTGATCGCCCGAAAGAAAGACTGGGATCCCAAGAAATATGGG
GGTTTCGACTCCCCAACAGTGGCTTACTCTGTCCTGGTGGTCGCAAAGGTGGAGAAGGGGAAAAG
CAAGAAACTGAAATCCGTCAAGGAGCTGCTGGGTATCACTATTATGGAGAGGAGCTCCTTCGAGA
AGAACCCCATCGATTTTCTGGAGGCTAAAGGCTATAAGGAAGTGAAGAAAGACCTGATCATTAAA
CTGCCAAAGTACAGCCTGTTTGAGCTGGAAAACGGAAGGAAGCGAATGCTGGCATCCGCAGGAGA
GCTGCAGAAGGGTAATGAACTGGCCCTGCCTTCTAAGTACGTGAACTTCCTGTATCTGGCTAGCCA
CTACGAGAAGCTGAAAGGCTCCCCCGAGGATAACGAACAGAAACAGCTGTTTGTGGAGCAGCACA
AGCATTATCTGGACGAGATCATTGAACAGATTAGCGAGTTCTCCAAAAGAGTGATCCTGGCTGAC
GCAAATCTGGATAAGGTCCTGAGCGCATACAACAAACACAGAGATAAGCCAATCAGGGAGCAGG
CCGAAAATATCATTCATCTGTTCACTCTGACCAACCTGGGAGCCCCTGCAGCCTTCAAGTATTTTG
ACACTACCATCGATCGGAAACGATACACATCCACTAAGGAGGTGCTGGACGCTACCCTGATTCAC
CAGAGCATTACCGGCCTGTATGAAACAAGGATTGACCTGTCTCAGCTGGGGGGCGACCTCGAGGG
AAGCGGAGAGGGCAGAGGAAGTCTGCTAACATGCGGTGACGTCGAGGAGAATCCTGGCCCAGCA
CCGGGATCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCT
GGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACG
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GCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGA
CCACCTTCACCTACGGCGTGCAGTGCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCT
TCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAAC
TACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGG
CATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACA
AGGTCTATATCACCGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGACCCGCCACAAC
ATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCC
CGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGA
AGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAG
CTGTACAAGTAAACCTAATCTAGCAGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCC
ATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCT
AATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGG
GGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTC
TATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCGATCCTCTAGTTGGCGCGTCATGGTCCATA
TGAATATCCTCCTTAGTTCCTATTCCGCTAGCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGG
ATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGC
GCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGG
GATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGA
AAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGG
AGCACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTG
CCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGC
AACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCC
CCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTC
TGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTG
CAGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCG
TTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCA
TGGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATG
GTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGA
CTGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGG
AAAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTC
AGTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGC
TGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTG
GCACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGGAT
CCGAAGCAGCTCCAGCCTACACAATCGCTCAAGACGTGTAATGCTTTTATTATATATTAGTCACGA
TATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATAT
AATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGC
GGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAG
CGGCGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATAT
TTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAAAAAAGATTTGCGCTTTA
CTCGACCTAAACTTTAAACACGTCATAGAATCTTCGTTTGACAAAAACCACATTGTGGGGTACCGA
GCTCTTAATTAAGGCGCGCCGGGGAGGTTCCCTTTAGTGAGGGTTAATTGCGGGTCGCCCTATAGT
GAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACC
CAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACC
GATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCAAATTGTAAGCGTTAATATTTTG
TTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAA
ATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAG
TCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCC
CACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGA
ACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGA
AGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTA
ACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAG (SEQ ID NO: 13)

TOIC Cas9Dead Obl r26 AAV_ PgkNeo

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATAT
GTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA

GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCAC

CCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTAC
GGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
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ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATC
ATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTA
GCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC
TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAG
CCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTG
TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAAC
GACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGA
GAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT
TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC
GTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG
AATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCGAGGTTTATT
TATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAA
CAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTATAAAGTAAC
AAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACAGTCATGTTG
TATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTATTAATCGCAT
TGATTATTGACTAGTCGTATTAAGGGTTCCGGATCAGCTTGATTCGAGCCCCAGCTGGTTCTTTCCG
CCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCCAATCCTCCCCCTT
GCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCGATGCAATTTC
CTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAGCTCTAGAGAA
TTGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGG
CGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGG
GTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTC
GCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTC
GTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTT
CGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCA
TGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCC
AATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGT
CGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGT
CTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGC
AATCCATCTTGTTCAATGGCCGATCCCATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGA
TATACTATGCCGATGATTAATTGTCAACACGTGCTGCTGCAGGTCGAAAGGCCCGGAGATGAGGA
AGAGGAGAACAGCGCGGCAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGCCCCCGGACCCACCCCTTCCCAGCC
TCTGAGCCCAGAAAGCGAAGGAGCAAAGCTGCTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTC
CATTGCTCAGCGGTGCTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCACGTC
CTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGGGAGGAGTAGAAGGTGGCG
CGAAGGGGCCACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGATGTGGAATGTGTGCGAGCC
AGAGGCCACTTGTGTAGCGCCAAGTGCCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTT
GGGAAAAGCGCCTCCCCTACCCGGTAGACACCCCACAGTGGGTGGCCTAGGGACAGGATTGCAAC
TCCAGTCTTTCTTCTTCTTGGGCGGGAGTCACTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTT
TCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATC
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ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGT
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGG
TCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTA
TTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGCGCGCGCCAGGCG
GGGCGGGGCGGGGCCGAGGGGCEGGEGCEGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGA
GCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGA
AGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGL
CGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCT
CCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTA
AAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTG
CGTGGGGAGCGCCGCATGCGGCCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGG
GCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG
GGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGG
GCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCT
TCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCA
GGTGGGGGTGCCGGGCGGGECEGGEGECCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGC
GGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCG
TGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGCCGC
CGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGA
GGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTGCCGCAGGGG
GACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTC
TAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT
ATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCCAAGAAGAAGAGGAAAGTC
TCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTCAATGGAGTCGGTATCGA
AGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACG
TGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTGGACAGGCATCATACCCAC
TCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCATACCGCTGT
GCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCGCCCAACAGAGAAACAGTA
CGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCCTGGAGAACGCACTGTA
CGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGGAACAGGAGCATCAAGTAGC
AAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTCTGAAACAAGCAATTGAGC
TGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAACTAATCATATGTGGCCTGG
AGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGACGATTTTGACTTAGACATG
CTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGACGCTCTTGACGATTTTG
ACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGT
AGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGC
AATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCT
TAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCC
GCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAG
CCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGC
TTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAG
AGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGA
TCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCC
TGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCAC
CACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCC
ATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGC
CAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGG
GACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGA
TAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGACCTAGAGGGACAGCCCCCC
CCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGAGG
CTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCA
CGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACAC
CTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAA
CGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATC
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AACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGC
ATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTC
ATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGT
TTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGA
TCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGA
CACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGA
GCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCT
GAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGAT
ACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCG
TCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTG
CCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCC
CCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAAT
CCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCA
GTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAACGTATGAAGAGTTTACTCCCT
ATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGATAGAGAACGTATAAGGAGTTTA
CTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATCAGTGATAGAGAACGTATCTAC
AGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTCCCTATCAGTGATAGAGAACGT
ATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGTACCACTTCCTACCCTCGTAAA
AAGCTTGTCCACCATGGCTCCTAAGAAAAAGCGGAAGGTGGACAAGAAATACTCAATCGGGCTGG
CCATCGGAACTAACTCAGTGGGGTGGGCAGTCATTACTGACGAGTACAAAGTGCCAAGCAAGAAA
TTTAAGGTCCTGGGCAACACCGATAGGCACTCCATCAAGAAAAATCTGATTGGGGCCCTGCTGTTC
GACTCTGGAGAGACAGCTGAAGCAACTAGACTGAAAAGGACTGCTAGAAGGCGCTATACCCGGCG
AAAGAATCGCATCTGCTACCTGCAGGAGATTTTCTCTAACGAAATGGCCAAGGTGGACGATAGTTT
CTTTCATCGGCTGGAGGAATCATTCCTGGTCGAGGAAGATAAGAAACACGAGAGACATCCTATCTT
TGGAAACATTGTGGACGAGGTCGCTTATCACGAAAAATACCCCACCATCTATCATCTGCGCAAGA
AACTGGTGGACTCTACAGATAAAGCAGACCTGCGGCTGATCTATCTGGCCCTGGCTCACATGATTA
AGTTCAGAGGCCATTTTCTGATCGAGGGAGATCTGAACCCAGACAATAGCGATGTGGACAAGCTG
TTCATCCAGCTGGTCCAGACATACAATCAGCTGTTTGAGGAAAACCCTATTAATGCATCTGGCGTG
GACGCAAAAGCCATCCTGAGTGCCAGGCTGTCTAAGAGTAGAAGGCTGGAGAACCTGATCGCTCA
GCTGCCAGGCGAAAAGAAAAACGGCCTGTTTGGAAATCTGATTGCACTGTCACTGGGACTGACAC
CTAACTTCAAGAGCAATTTTGATCTGGCCGAGGACGCTAAACTGCAGCTGAGCAAGGACACTTAT
GACGATGACCTGGATAACCTGCTGGCTCAGATCGGAGATCAGTACGCAGACCTGTTCCTGGCCGCT
AAGAATCTGTCTGACGCTATCCTGCTGAGTGATATTCTGCGGGTGAACACCGAGATTACAAAAGCC
CCTCTGTCAGCTAGCATGATCAAGAGATATGACGAGCACCATCAGGATCTGACCCTGCTGAAGGC
ACTGGTGCGCCAGCAGCTGCCCGAGAAGTACAAGGAAATCTTCTTTGATCAGAGTAAGAACGGGT
ACGCCGGTTATATTGACGGCGGAGCTTCACAGGAGGAATTCTACAAGTTTATCAAACCTATTCTGG
AGAAGATGGACGGCACCGAGGAACTGCTGGTGAAACTGAATCGCGAGGACCTGCTGCGCAAGCA
GCGGACATTTGATAACGGCTCCATCCCCCACCAGATTCATCTGGGAGAGCTGCACGCAATCCTGCG
ACGACAGGAAGACTTCTACCCATTTCTGAAGGATAACCGCGAGAAGATCGAAAAAATTCTGACCT
TCCGGATCCCTTACTATGTGGGGCCCCTGGCAAGGGGTAATTCCCGCTTTGCCTGGATGACACGGA
AATCTGAGGAAACAATCACTCCTTGGAACTTCGAGGAAGTGGTCGATAAGGGAGCTTCCGCACAG
TCTTTCATCGAGAGAATGACAAACTTCGACAAAAACCTGCCAAATGAGAAAGTGCTGCCTAAGCA
CAGTCTGCTGTACGAGTATTTCACAGTCTATAACGAACTGACTAAGGTGAAATACGTCACCGAGGG
GATGAGGAAGCCCGCCTTCCTGAGCGGTGAACAGAAGAAAGCTATCGTGGACCTGCTGTTTAAAA
CCAATCGCAAGGTGACAGTCAAGCAGCTGAAGGAGGACTACTTCAAGAAAATTGAATGTTTCGAT
TCTGTGGAGATCAGTGGCGTCGAAGACAGATTTAACGCTTCTCTGGGAACCTACCACGATCTGCTG
AAGATCATTAAGGATAAAGACTTCCTGGACAACGAGGAAAATGAGGATATCCTGGAAGACATTGT
GCTGACCCTGACACTGTTTGAGGATCGCGAAATGATCGAGGAACGGCTGAAAACTTATGCCCATCT
GTTCGATGACAAGGTGATGAAACAGCTGAAGCGAAGAAGGTACACCGGCTGGGGACGACTGAGC
AGAAAGCTGATCAACGGCATTCGGGACAAACAGAGTGGAAAGACTATCCTGGACTTTCTGAAATC
AGATGGCTTCGCTAACAGAAATTTTATGCAGCTGATTCACGATGACAGCCTGACCTTCAAAGAGGA
TATCCAGAAGGCACAGGTGTCCGGGCAGGGTGACTCTCTGCACGAGCATATCGCAAACCTGGCCG
GGTCCCCCGCCATCAAGAAAGGTATTCTGCAGACCGTGAAGGTGGTCGATGAGCTGGTGAAAGTC
ATGGGCAGGCATAAGCCAGAAAACATCGTGATTGAGATGGCCCGCGAAAATCAGACCACACAGA
AAGGACAGAAGAACAGCCGCGAGCGGATGAAAAGGATCGAGGAAGGCATTAAGGAACTGGGATC
CCAGATCCTGAAAGAGCACCCTGTGGAAAACACTCAGCTGCAGAATGAGAAGCTGTATCTGTACT
ATCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAGCTGGATATTAACCGACTGTCTGATTAC
GACGTGGATGCCATCGTCCCACAGTCATTCCTGAAAGATGACAGCATTGACAATAAGGTGCTGAC
CCGGAGTGACAAAAACCGAGGAAAGAGTGATAATGTCCCTTCAGAGGAAGTGGTCAAGAAAATG
AAGAACTACTGGAGACAGCTGCTGAATGCCAAACTGATCACACAGCGAAAGTTTGATAACCTGAC
TAAAGCTGAGAGAGGGGGTCTGTCAGAACTGGACAAAGCAGGCTTCATCAAGCGACAGCTGGTGG
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AGACCAGACAGATCACAAAGCACGTCGCTCAGATTCTGGATAGCAGGATGAACACAAAGTACGAT
GAGAATGACAAACTGATCCGCGAAGTGAAGGTCATTACTCTGAAGTCAAAACTTGTGAGCGACTT
CAGAAAGGATTTCCAGTTCTACAAAGTCAGGGAGATCAACAATTATCACCATGCTCATGACGCAT
ACCTGAACGCAGTGGTCGGGACCGCCCTGATTAAGAAATACCCCAAACTGGAGAGCGAATTCGTG
TACGGTGACTATAAGGTGTACGATGTCAGAAAAATGATCGCCAAGAGTGAGCAGGAAATTGGAAA
AGCCACCGCTAAGTATTTCTTTTACTCAAACATCATGAATTTCTTTAAGACTGAGATCACCCTGGCA
AATGGGGAAATCCGAAAGAGACCACTGATTGAGACTAACGGCGAGACCGGAGAAATCGTGTGGG
ACAAGGGTAGGGATTTTGCCACAGTGCGCAAGGTCCTGTCCATGCCTCAAGTGAATATTGTCAAGA
AAACAGAGGTGCAGACTGGCGGATTCAGTAAGGAATCAATTCTGCCCAAACGGAACTCTGATAAG
CTGATCGCCCGAAAGAAAGACTGGGATCCCAAGAAATATGGGGGTTTCGACTCCCCAACAGTGGC
TTACTCTGTCCTGGTGGTCGCAAAGGTGGAGAAGGGGAAAAGCAAGAAACTGAAATCCGTCAAGG
AGCTGCTGGGTATCACTATTATGGAGAGGAGCTCCTTCGAGAAGAACCCCATCGATTTTCTGGAGG
CTAAAGGCTATAAGGAAGTGAAGAAAGACCTGATCATTAAACTGCCAAAGTACAGCCTGTTTGAG
CTGGAAAACGGAAGGAAGCGAATGCTGGCATCCGCAGGAGAGCTGCAGAAGGGTAATGAACTGG
CCCTGCCTTCTAAGTACGTGAACTTCCTGTATCTGGCTAGCCACTACGAGAAGCTGAAAGGCTCCC
CCGAGGATAACGAACAGAAACAGCTGTTTGTGGAGCAGCACAAGCATTATCTGGACGAGATCATT
GAACAGATTAGCGAGTTCTCCAAAAGAGTGATCCTGGCTGACGCAAATCTGGATAAGGTCCTGAG
CGCATACAACAAACACAGAGATAAGCCAATCAGGGAGCAGGCCGAAAATATCATTCATCTGTTCA
CTCTGACCAACCTGGGAGCCCCTGCAGCCTTCAAGTATTTTGACACTACCATCGATCGGAAACGAT
ACACATCCACTAAGGAGGTGCTGGACGCTACCCTGATTCACCAGAGCATTACCGGCCTGTATGAA
ACAAGGATTGACCTGTCTCAGCTGGGGGGCGACCTCGAGGGAAGCGGAGAGGGCAGAGGAAGTC
TGCTAACATGCGGTGACGTCGAGGAGAATCCTGGCCCAGCACCGGGATCCATGGTGAGCAAGGGC
GAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCT
GCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCACCTACGGCGTGCAGT
GCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCT
ACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAG
TTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAA
CATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAGGTCTATATCACCGCCGACAAGC
AGAAGAACGGCATCAAGGTGAACTTCAAGACCCGCCACAACATCGAGGACGGCAGCGTGCAGCTC
GCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTA
CCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAACCTAATCTAGC
AGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCG
CATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGA
TTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAA
CCAGCTGGGGCTCGATCCTCTAGTTGGCGCGTCATGGTCCATATGAATATCCTCCTTAGTTCCTATT
CCGCTAGCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCT
AGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCG
GCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTC
TCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGA
GATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCC
AACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTG
GCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCA
CCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCAT
TCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCA
ATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGG
ACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGAT
AAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGGATCCGAAGCAGCTCCAGCCTAC
ACAATCGCTCAAGACGTGTAATGCTTTTATTATATATTAGTCACGATATCTATAACAAGAAAATAT
ATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATC
TTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCA
GTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAA
ATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAA
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TTTTACGCAGACTATCTTTCTAGGGTTAAAAAAGATTTGCGCTTTACTCGACCTAAACTTTAAACAC
GTCATAGAATCTTCGTTTGACAAAAACCACATTGTGGGGTACCGAGCTCTTAATTAAGGCGCGCCG
GGGAGGTTCCCTTTAGTGAGGGTTAATTGCGGGTCGCCCTATAGTGAGTCGTATTACAATTCACTG
GCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCA
CATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTG
CGCAGCCTGAATGGCGAATGGCAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTT
TGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAA
TAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGA
CTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCT
AATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGA
TTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAG
CGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTT
AATGCGCCGCTACAGGGCGCGTCAG (SEQ ID NO: 14)

TOIC_Cas9 KRAB_Obl 126 AAVS_PGKNeo

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATAT
GTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCAC
CCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTAC
GGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATC
ATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTA
GCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC
TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAG
CCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTG
TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAAC
GACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGA
GAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT
TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC
GTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG
AATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCGAGGTTTATT
TATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAA
CAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTATAAAGTAAC
AAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACAGTCATGTTG
TATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTATTAATCGCAT
TGATTATTGACTAGTCGTATTAAGGGTTCCGGATCAGCTTGATTCGAGCCCCAGCTGGTTCTTTCCG
CCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCCAATCCTCCCCCTT
GCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCGATGCAATTTC
CTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAGCTCTAGAGAA
TTGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGG
CGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGG
GTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
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AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTC
GCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTC
GTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTT
CGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCA
TGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCC
AATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGT
CGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGT
CTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGC
AATCCATCTTGTTCAATGGCCGATCCCATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGA
TATACTATGCCGATGATTAATTGTCAACACGTGCTGCTGCAGGTCGAAAGGCCCGGAGATGAGGA
AGAGGAGAACAGCGCGGCAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGCCCCCGGACCCACCCCTTCCCAGCC
TCTGAGCCCAGAAAGCGAAGGAGCAAAGCTGCTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTC
CATTGCTCAGCGGTGCTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCACGTC
CTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGGGAGGAGTAGAAGGTGGCG
CGAAGGGGCCACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGATGTGGAATGTGTGCGAGCC
AGAGGCCACTTGTGTAGCGCCAAGTGCCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTT
GGGAAAAGCGCCTCCCCTACCCGGTAGACACCCCACAGTGGGTGGCCTAGGGACAGGATTGCAAC
TCCAGTCTTTCTTCTTCTTGGGCGGGAGTCACTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTT
TCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATC
ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGT
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGG
TCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTA
TTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGCGCGCGCCAGGCG
GGGCGGGGCGGGGCCGAGGGGECAEGGGECAGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGA
GCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGA
AGCGCGCGGCGAGGCAGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGL
CGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCT
CCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTA
AAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTG
CGTGGGGAGCGCCGCATGCGGCCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGG
GCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG
GGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGG
GCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCT
TCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCA
GGTGGGGGTGCCGGGCGGGECEGGEGECCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGC
GGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCG
TGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGCCGC
CGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGA
GGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTGCCGCAGGGG
GACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTC
TAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT
ATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCCAAGAAGAAGAGGAAAGTC
TCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTCAATGGAGTCGGTATCGA
AGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACG
TGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTGGACAGGCATCATACCCAC
TCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCATACCGCTGT
GCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCGCCCAACAGAGAAACAGTA
CGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCCTGGAGAACGCACTGTA
CGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGGAACAGGAGCATCAAGTAGC
AAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTCTGAAACAAGCAATTGAGC
TGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAACTAATCATATGTGGCCTGG
AGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGACGATTTTGACTTAGACATG
CTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGACGCTCTTGACGATTTTG
ACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGT
AGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGC
AATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCT
TAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCC
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GCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAG
CCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGC
TTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAG
AGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGA
TCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCC
TGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCAC
CACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCC
ATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGC
CAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGG
GACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGA
TAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGACCTAGAGGGACAGCCCCCC
CCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGAGG
CTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCA
CGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACAC
CTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAA
CGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATC
AACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGC
ATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTC
ATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGT
TTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGA
TCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGA
CACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGA
GCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCT
GAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGAT
ACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCG
TCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCAGTG
CCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCC
CCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAAT
CCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCA
GTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAACGTATGAAGAGTTTACTCCCT
ATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGATAGAGAACGTATAAGGAGTTTA
CTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATCAGTGATAGAGAACGTATCTAC
AGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTCCCTATCAGTGATAGAGAACGT
ATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGTACCACTTCCTACCCTCGTAAA
AAGCTTGTCCACCATGGCTCCTAAGAAAAAGCGGAAGGTGGACAAGAAATACTCAATCGGGCTGG
ACATCGGAACTAACTCAGTGGGGTGGGCAGTCATTACTGACGAGTACAAAGTGCCAAGCAAGAAA
TTTAAGGTCCTGGGCAACACCGATAGGCACTCCATCAAGAAAAATCTGATTGGGGCCCTGCTGTTC
GACTCTGGAGAGACAGCTGAAGCAACTAGACTGAAAAGGACTGCTAGAAGGCGCTATACCCGGCG
AAAGAATCGCATCTGCTACCTGCAGGAGATTTTCTCTAACGAAATGGCCAAGGTGGACGATAGTTT
CTTTCATCGGCTGGAGGAATCATTCCTGGTCGAGGAAGATAAGAAACACGAGAGACATCCTATCTT
TGGAAACATTGTGGACGAGGTCGCTTATCACGAAAAATACCCCACCATCTATCATCTGCGCAAGA
AACTGGTGGACTCTACAGATAAAGCAGACCTGCGGCTGATCTATCTGGCCCTGGCTCACATGATTA
AGTTCAGAGGCCATTTTCTGATCGAGGGAGATCTGAACCCAGACAATAGCGATGTGGACAAGCTG
TTCATCCAGCTGGTCCAGACATACAATCAGCTGTTTGAGGAAAACCCTATTAATGCATCTGGCGTG
GACGCAAAAGCCATCCTGAGTGCCAGGCTGTCTAAGAGTAGAAGGCTGGAGAACCTGATCGCTCA
GCTGCCAGGCGAAAAGAAAAACGGCCTGTTTGGAAATCTGATTGCACTGTCACTGGGACTGACAC
CTAACTTCAAGAGCAATTTTGATCTGGCCGAGGACGCTAAACTGCAGCTGAGCAAGGACACTTAT
GACGATGACCTGGATAACCTGCTGGCTCAGATCGGAGATCAGTACGCAGACCTGTTCCTGGCCGCT
AAGAATCTGTCTGACGCTATCCTGCTGAGTGATATTCTGCGGGTGAACACCGAGATTACAAAAGCC
CCTCTGTCAGCTAGCATGATCAAGAGATATGACGAGCACCATCAGGATCTGACCCTGCTGAAGGC
ACTGGTGCGCCAGCAGCTGCCCGAGAAGTACAAGGAAATCTTCTTTGATCAGAGTAAGAACGGGT
ACGCCGGTTATATTGACGGCGGAGCTTCACAGGAGGAATTCTACAAGTTTATCAAACCTATTCTGG
AGAAGATGGACGGCACCGAGGAACTGCTGGTGAAACTGAATCGCGAGGACCTGCTGCGCAAGCA
GCGGACATTTGATAACGGCTCCATCCCCCACCAGATTCATCTGGGAGAGCTGCACGCAATCCTGCG
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ACGACAGGAAGACTTCTACCCATTTCTGAAGGATAACCGCGAGAAGATCGAAAAAATTCTGACCT
TCCGGATCCCTTACTATGTGGGGCCCCTGGCAAGGGGTAATTCCCGCTTTGCCTGGATGACACGGA
AATCTGAGGAAACAATCACTCCTTGGAACTTCGAGGAAGTGGTCGATAAGGGAGCTTCCGCACAG
TCTTTCATCGAGAGAATGACAAACTTCGACAAAAACCTGCCAAATGAGAAAGTGCTGCCTAAGCA
CAGTCTGCTGTACGAGTATTTCACAGTCTATAACGAACTGACTAAGGTGAAATACGTCACCGAGGG
GATGAGGAAGCCCGCCTTCCTGAGCGGTGAACAGAAGAAAGCTATCGTGGACCTGCTGTTTAAAA
CCAATCGCAAGGTGACAGTCAAGCAGCTGAAGGAGGACTACTTCAAGAAAATTGAATGTTTCGAT
TCTGTGGAGATCAGTGGCGTCGAAGACAGATTTAACGCTTCTCTGGGAACCTACCACGATCTGCTG
AAGATCATTAAGGATAAAGACTTCCTGGACAACGAGGAAAATGAGGATATCCTGGAAGACATTGT
GCTGACCCTGACACTGTTTGAGGATCGCGAAATGATCGAGGAACGGCTGAAAACTTATGCCCATCT
GTTCGATGACAAGGTGATGAAACAGCTGAAGCGAAGAAGGTACACCGGCTGGGGACGACTGAGC
AGAAAGCTGATCAACGGCATTCGGGACAAACAGAGTGGAAAGACTATCCTGGACTTTCTGAAATC
AGATGGCTTCGCTAACAGAAATTTTATGCAGCTGATTCACGATGACAGCCTGACCTTCAAAGAGGA
TATCCAGAAGGCACAGGTGTCCGGGCAGGGTGACTCTCTGCACGAGCATATCGCAAACCTGGCCG
GGTCCCCCGCCATCAAGAAAGGTATTCTGCAGACCGTGAAGGTGGTCGATGAGCTGGTGAAAGTC
ATGGGCAGGCATAAGCCAGAAAACATCGTGATTGAGATGGCCCGCGAAAATCAGACCACACAGA
AAGGACAGAAGAACAGCCGCGAGCGGATGAAAAGGATCGAGGAAGGCATTAAGGAACTGGGATC
CCAGATCCTGAAAGAGCACCCTGTGGAAAACACTCAGCTGCAGAATGAGAAGCTGTATCTGTACT
ATCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAGCTGGATATTAACCGACTGTCTGATTAC
GACGTGGATCATATCGTCCCACAGTCATTCCTGAAAGATGACAGCATTGACAATAAGGTGCTGACC
CGGAGTGACAAAAACCGAGGAAAGAGTGATAATGTCCCTTCAGAGGAAGTGGTCAAGAAAATGA
AGAACTACTGGAGACAGCTGCTGAATGCCAAACTGATCACACAGCGAAAGTTTGATAACCTGACT
AAAGCTGAGAGAGGGGGTCTGTCAGAACTGGACAAAGCAGGCTTCATCAAGCGACAGCTGGTGG
AGACCAGACAGATCACAAAGCACGTCGCTCAGATTCTGGATAGCAGGATGAACACAAAGTACGAT
GAGAATGACAAACTGATCCGCGAAGTGAAGGTCATTACTCTGAAGTCAAAACTTGTGAGCGACTT
CAGAAAGGATTTCCAGTTCTACAAAGTCAGGGAGATCAACAATTATCACCATGCTCATGACGCAT
ACCTGAACGCAGTGGTCGGGACCGCCCTGATTAAGAAATACCCCAAACTGGAGAGCGAATTCGTG
TACGGTGACTATAAGGTGTACGATGTCAGAAAAATGATCGCCAAGAGTGAGCAGGAAATTGGAAA
AGCCACCGCTAAGTATTTCTTTTACTCAAACATCATGAATTTCTTTAAGACTGAGATCACCCTGGCA
AATGGGGAAATCCGAAAGAGACCACTGATTGAGACTAACGGCGAGACCGGAGAAATCGTGTGGG
ACAAGGGTAGGGATTTTGCCACAGTGCGCAAGGTCCTGTCCATGCCTCAAGTGAATATTGTCAAGA
AAACAGAGGTGCAGACTGGCGGATTCAGTAAGGAATCAATTCTGCCCAAACGGAACTCTGATAAG
CTGATCGCCCGAAAGAAAGACTGGGATCCCAAGAAATATGGGGGTTTCGACTCCCCAACAGTGGC
TTACTCTGTCCTGGTGGTCGCAAAGGTGGAGAAGGGGAAAAGCAAGAAACTGAAATCCGTCAAGG
AGCTGCTGGGTATCACTATTATGGAGAGGAGCTCCTTCGAGAAGAACCCCATCGATTTTCTGGAGG
CTAAAGGCTATAAGGAAGTGAAGAAAGACCTGATCATTAAACTGCCAAAGTACAGCCTGTTTGAG
CTGGAAAACGGAAGGAAGCGAATGCTGGCATCCGCAGGAGAGCTGCAGAAGGGTAATGAACTGG
CCCTGCCTTCTAAGTACGTGAACTTCCTGTATCTGGCTAGCCACTACGAGAAGCTGAAAGGCTCCC
CCGAGGATAACGAACAGAAACAGCTGTTTGTGGAGCAGCACAAGCATTATCTGGACGAGATCATT
GAACAGATTAGCGAGTTCTCCAAAAGAGTGATCCTGGCTGACGCAAATCTGGATAAGGTCCTGAG
CGCATACAACAAACACAGAGATAAGCCAATCAGGGAGCAGGCCGAAAATATCATTCATCTGTTCA
CTCTGACCAACCTGGGAGCCCCTGCAGCCTTCAAGTATTTTGACACTACCATCGATCGGAAACGAT
ACACATCCACTAAGGAGGTGCTGGACGCTACCCTGATTCACCAGAGCATTACCGGCCTGTATGAA
ACAAGGATTGACCTGTCTCAGCTGGGGGGCGACCTCGAGGATGGCGGTGGCGCGCTGTCCCCGCA
GCACTCCGCCGTGACCCAGGGGAGTATAATCAAAAACAAAGAGGGCATGGATGCTAAGAGCCTTA
CCGCCTGGTCCCGAACACTGGTCACGTTTAAGGATGTGTTCGTCGATTTTACCCGGGAGGAGTGGA
AACTGCTCGACACCGCGCAGCAGATCGTGTACCGGAATGTCATGCTCGAAAATTACAAAAACTTG
GTCAGCCTCGGGTACCAATTGACCAAACCAGATGTCATACTGCGACTGGAAAAAGGAGAGGAACC
CTGGCTCGTCGAGCGCGAAATTCATCAAGAAACACACCCGGATTCTGAAACCGCCTTCGAGATTA
AGAGCAGTGTGCCTAGGCTCGAGGGAAGCGGAGAGGGCAGAGGAAGTCTGCTAACATGCGGTGA
CGTCGAGGAGAATCCTGGCCCAGCACCGGGATCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGC
GAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCT
GCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCACCTACGGCGTGCAGTGCTTCGCCCGCTACCC
CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCA
CCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACC
CTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAA
GCTGGAGTACAACTACAACAGCCACAAGGTCTATATCACCGCCGACAAGCAGAAGAACGGCATCA
AGGTGAACTTCAAGACCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAG
CAGAACACCCCCATCGGCGACGGCCCCAGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTC
CGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAACCTAATCTAGCAGCTCGCTGATCAGCC
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TCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGG
AAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGT
GTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAG
CAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCGA
TCCTCTAGTTGGCGCGTCATGGTCCATATGAATATCCTCCTTAGTTCCTATTCCGCTAGCCTAGAGG
GACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGA
GCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGA
CAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAG
CCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACA
GAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGCTATG
TGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTG
CAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAA
AAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTA
TCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCA
CGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTT
GAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGAT
AGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTGC
TGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCT
TGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTAGAT
GTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCCCAA
CCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAG
GGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTA
AATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAACTC
CAGGACGGAGTCAGTGAGGATGGGGCTGGATCCGAAGCAGCTCCAGCCTACACAATCGCTCAAGA
CGTGTAATGCTTTTATTATATATTAGTCACGATATCTATAACAAGAAAATATATATATAATAAGTT
ATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTA
AAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGC
ATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGG
ATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTAT
CTTTCTAGGGTTAAAAAAGATTTGCGCTTTACTCGACCTAAACTTTAAACACGTCATAGAATCTTC
GTTTGACAAAAACCACATTGTGGGGTACCGAGCTCTTAATTAAGGCGCGCCGGGGAGGTTCCCTTT
AGTGAGGGTTAATTGCGGGTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACA
ACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGC
CAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATG
GCGAATGGCAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTC
ATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAG
GGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAG
GGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGG
GGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGG
GGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCG
CTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACA
GGGCGCGTCAG (SEQ ID NO: 15)

TOIC Cas9 Dead VP64 Obl r26 AAVS SANeo

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATAT
GTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCAC
CCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTAC
GGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATC
ATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTA
GCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC
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TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAG
CCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTG
TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAAC
GACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGA
GAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT
TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC
GTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG
AATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCGAGGTTTATT
TATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAA
CAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTATAAAGTAAC
AAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACAGTCATGTTG
TATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTATTAATCGCAT
TGATTATTGACTAGTCGTATTAAGGGTTCCGGATCAGCTTGATTCGAGCCCCAGCTGGTTCTTTCCG
CCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCCAATCCTCCCCCTT
GCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCGATGCAATTTC
CTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAGCTCTAGAGAA
TTGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGG
CGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGG
GTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTC
GCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTC
GTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTT
CGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCA
TGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCC
AATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGT
CGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGT
CTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGC
AATCCATCTTGTTCAATGGCCGATCCCATGGCGGTATCGATAAGCTAGCTTGGGCTGCAGGTCGAG
GGACCTAATTAAGGGTTCCGGATCCACTAGTTCTAGAGCGGCCTCGACTCTACGATACCGTCGATC
CCCACTGGAAAGACCGCGAAGAGTTTGTCCTCAACCGCGAGCTGTGGAAAAAAAAGGGACAGGAT
AAGTATGACATCATCAAGGAAACCCTGGACTACTGCGCCCTACAGATCCCTGAAGTTCCTATACTT
TCTAGAGAATAGGAACTTCGGAATAGGAACTTCAAAGAACGCGTACCCCACAGTGGGTGGCCTAG
GGACAGGATTGCAACTCCAGTCTTTCTTCTTCTTGGGCGGGAGTCACTAGTTATTAATAGTAATCA
ATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGC
CCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTA
ACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCA
GTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCC
TGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCA
TCGCTATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCC
CACCCCCAATTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGG
GGCGCGCGCCAGGCGGGGCEGAEGCGGGGCGAGGGGCEGAGGCGGGGCGAGGCGGAGAGGTGCGG
CGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGG
CCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCT
CCGCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCG
GGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGG
CTGCGTGAAAGCCTTAAAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGTG
CGTGCGTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGCCCGCGCTGCCCGGCGGCTGTGAGCGCT
GCGGGCGCGGCGCGGGGCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGATG
CCCCGCAGGTGCGGGGGGGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGG
TGAGCAGGGGGTGTGGGCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGC
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TGAGCACGGCCCGGCTTCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGG
GCGGGGGGTGGCGGCAGGTGGGGGTGCCGGGCGGGGCGGGEGECCGCCTCGGGCCGGGGAGGGCTC
GGGGGAGGGGCGCGGCEGECCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATT
GCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAA
ATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAGGAA
GGAAATGGGCGGGGAGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCG
GGGCTGCCGCAGGGGGACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCG
TGTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTG
GGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCCAAG
AAGAAGAGGAAAGTCTCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTCAA
TGGAGTCGGTATCGAAGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTA
CCCTGTACTGGCACGTGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTGGAC
AGGCATCATACCCACTCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGC
CAAGTCATACCGCTGTGCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCGCCC
AACAGAGAAACAGTACGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCC
TGGAGAACGCACTGTACGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGGAAC
AGGAGCATCAAGTAGCAAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTCTG
AAACAAGCAATTGAGCTGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAACTA
ATCATATGTGGCCTGGAGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGACGA
TTTTGACTTAGACATGCTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGAC
GCTCTTGACGATTTTGACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAATCA
GCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGA
AACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAA
GCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAA
ACTCATCAATGTATCTTAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCC
CCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATC
GCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAA
GCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCA
CAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCA
GAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAAC
CTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCT
GTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGG
GGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAG
GACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTC
AGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGG
AGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTG
TCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTG
GGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAA
AGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGT
GCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGT
GCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCA
CAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGACCT
AGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGC
AGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGC
GGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCT
TTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAAT
GACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGC
TATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATG
CCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGG
GAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTC
CTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCA
TCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGT
GTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAG
GATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACAC
TGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGA
GCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTA
GATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCC
CAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTC
CAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAG
GTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAA
CTCCAGGACGGAGTCAGTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAACGTAT
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GAAGAGTTTACTCCCTATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGATAGAGA
ACGTATAAGGAGTTTACTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATCAGTGA
TAGAGAACGTATCTACAGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTCCCTAT
CAGTGATAGAGAACGTATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCTCGTTT
AGTGAACCGTCAGATCGCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGTACCA
CTTCCTACCCTCGTAAAAAGCTTGTCCACCATGGCTCCTAAGAAAAAGCGGAAGGTGGACAAGAA
ATACTCAATCGGGCTGGCCATCGGAACTAACTCAGTGGGGTGGGCAGTCATTACTGACGAGTACA
AAGTGCCAAGCAAGAAATTTAAGGTCCTGGGCAACACCGATAGGCACTCCATCAAGAAAAATCTG
ATTGGGGCCCTGCTGTTCGACTCTGGAGAGACAGCTGAAGCAACTAGACTGAAAAGGACTGCTAG
AAGGCGCTATACCCGGCGAAAGAATCGCATCTGCTACCTGCAGGAGATTTTCTCTAACGAAATGG
CCAAGGTGGACGATAGTTTCTTTCATCGGCTGGAGGAATCATTCCTGGTCGAGGAAGATAAGAAA
CACGAGAGACATCCTATCTTTGGAAACATTGTGGACGAGGTCGCTTATCACGAAAAATACCCCACC
ATCTATCATCTGCGCAAGAAACTGGTGGACTCTACAGATAAAGCAGACCTGCGGCTGATCTATCTG
GCCCTGGCTCACATGATTAAGTTCAGAGGCCATTTTCTGATCGAGGGAGATCTGAACCCAGACAAT
AGCGATGTGGACAAGCTGTTCATCCAGCTGGTCCAGACATACAATCAGCTGTTTGAGGAAAACCCT
ATTAATGCATCTGGCGTGGACGCAAAAGCCATCCTGAGTGCCAGGCTGTCTAAGAGTAGAAGGCT
GGAGAACCTGATCGCTCAGCTGCCAGGCGAAAAGAAAAACGGCCTGTTTGGAAATCTGATTGCAC
TGTCACTGGGACTGACACCTAACTTCAAGAGCAATTTTGATCTGGCCGAGGACGCTAAACTGCAGC
TGAGCAAGGACACTTATGACGATGACCTGGATAACCTGCTGGCTCAGATCGGAGATCAGTACGCA
GACCTGTTCCTGGCCGCTAAGAATCTGTCTGACGCTATCCTGCTGAGTGATATTCTGCGGGTGAAC
ACCGAGATTACAAAAGCCCCTCTGTCAGCTAGCATGATCAAGAGATATGACGAGCACCATCAGGA
TCTGACCCTGCTGAAGGCACTGGTGCGCCAGCAGCTGCCCGAGAAGTACAAGGAAATCTTCTTTGA
TCAGAGTAAGAACGGGTACGCCGGTTATATTGACGGCGGAGCTTCACAGGAGGAATTCTACAAGT
TTATCAAACCTATTCTGGAGAAGATGGACGGCACCGAGGAACTGCTGGTGAAACTGAATCGCGAG
GACCTGCTGCGCAAGCAGCGGACATTTGATAACGGCTCCATCCCCCACCAGATTCATCTGGGAGA
GCTGCACGCAATCCTGCGACGACAGGAAGACTTCTACCCATTTCTGAAGGATAACCGCGAGAAGA
TCGAAAAAATTCTGACCTTCCGGATCCCTTACTATGTGGGGCCCCTGGCAAGGGGTAATTCCCGCT
TTGCCTGGATGACACGGAAATCTGAGGAAACAATCACTCCTTGGAACTTCGAGGAAGTGGTCGAT
AAGGGAGCTTCCGCACAGTCTTTCATCGAGAGAATGACAAACTTCGACAAAAACCTGCCAAATGA
GAAAGTGCTGCCTAAGCACAGTCTGCTGTACGAGTATTTCACAGTCTATAACGAACTGACTAAGGT
GAAATACGTCACCGAGGGGATGAGGAAGCCCGCCTTCCTGAGCGGTGAACAGAAGAAAGCTATCG
TGGACCTGCTGTTTAAAACCAATCGCAAGGTGACAGTCAAGCAGCTGAAGGAGGACTACTTCAAG
AAAATTGAATGTTTCGATTCTGTGGAGATCAGTGGCGTCGAAGACAGATTTAACGCTTCTCTGGGA
ACCTACCACGATCTGCTGAAGATCATTAAGGATAAAGACTTCCTGGACAACGAGGAAAATGAGGA
TATCCTGGAAGACATTGTGCTGACCCTGACACTGTTTGAGGATCGCGAAATGATCGAGGAACGGCT
GAAAACTTATGCCCATCTGTTCGATGACAAGGTGATGAAACAGCTGAAGCGAAGAAGGTACACCG
GCTGGGGACGACTGAGCAGAAAGCTGATCAACGGCATTCGGGACAAACAGAGTGGAAAGACTAT
CCTGGACTTTCTGAAATCAGATGGCTTCGCTAACAGAAATTTTATGCAGCTGATTCACGATGACAG
CCTGACCTTCAAAGAGGATATCCAGAAGGCACAGGTGTCCGGGCAGGGTGACTCTCTGCACGAGC
ATATCGCAAACCTGGCCGGGTCCCCCGCCATCAAGAAAGGTATTCTGCAGACCGTGAAGGTGGTC
GATGAGCTGGTGAAAGTCATGGGCAGGCATAAGCCAGAAAACATCGTGATTGAGATGGCCCGCGA
AAATCAGACCACACAGAAAGGACAGAAGAACAGCCGCGAGCGGATGAAAAGGATCGAGGAAGG
CATTAAGGAACTGGGATCCCAGATCCTGAAAGAGCACCCTGTGGAAAACACTCAGCTGCAGAATG
AGAAGCTGTATCTGTACTATCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAGCTGGATATT
AACCGACTGTCTGATTACGACGTGGATGCCATCGTCCCACAGTCATTCCTGAAAGATGACAGCATT
GACAATAAGGTGCTGACCCGGAGTGACAAAAACCGAGGAAAGAGTGATAATGTCCCTTCAGAGG
AAGTGGTCAAGAAAATGAAGAACTACTGGAGACAGCTGCTGAATGCCAAACTGATCACACAGCGA
AAGTTTGATAACCTGACTAAAGCTGAGAGAGGGGGTCTGTCAGAACTGGACAAAGCAGGCTTCAT
CAAGCGACAGCTGGTGGAGACCAGACAGATCACAAAGCACGTCGCTCAGATTCTGGATAGCAGGA
TGAACACAAAGTACGATGAGAATGACAAACTGATCCGCGAAGTGAAGGTCATTACTCTGAAGTCA
AAACTTGTGAGCGACTTCAGAAAGGATTTCCAGTTCTACAAAGTCAGGGAGATCAACAATTATCA
CCATGCTCATGACGCATACCTGAACGCAGTGGTCGGGACCGCCCTGATTAAGAAATACCCCAAAC
TGGAGAGCGAATTCGTGTACGGTGACTATAAGGTGTACGATGTCAGAAAAATGATCGCCAAGAGT
GAGCAGGAAATTGGAAAAGCCACCGCTAAGTATTTCTTTTACTCAAACATCATGAATTTCTTTAAG
ACTGAGATCACCCTGGCAAATGGGGAAATCCGAAAGAGACCACTGATTGAGACTAACGGCGAGAC
CGGAGAAATCGTGTGGGACAAGGGTAGGGATTTTGCCACAGTGCGCAAGGTCCTGTCCATGCCTC
AAGTGAATATTGTCAAGAAAACAGAGGTGCAGACTGGCGGATTCAGTAAGGAATCAATTCTGCCC
AAACGGAACTCTGATAAGCTGATCGCCCGAAAGAAAGACTGGGATCCCAAGAAATATGGGGGTTT
CGACTCCCCAACAGTGGCTTACTCTGTCCTGGTGGTCGCAAAGGTGGAGAAGGGGAAAAGCAAGA
AACTGAAATCCGTCAAGGAGCTGCTGGGTATCACTATTATGGAGAGGAGCTCCTTCGAGAAGAAC
CCCATCGATTTTCTGGAGGCTAAAGGCTATAAGGAAGTGAAGAAAGACCTGATCATTAAACTGCC
AAAGTACAGCCTGTTTGAGCTGGAAAACGGAAGGAAGCGAATGCTGGCATCCGCAGGAGAGCTGC
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AGAAGGGTAATGAACTGGCCCTGCCTTCTAAGTACGTGAACTTCCTGTATCTGGCTAGCCACTACG
AGAAGCTGAAAGGCTCCCCCGAGGATAACGAACAGAAACAGCTGTTTGTGGAGCAGCACAAGCAT
TATCTGGACGAGATCATTGAACAGATTAGCGAGTTCTCCAAAAGAGTGATCCTGGCTGACGCAAA
TCTGGATAAGGTCCTGAGCGCATACAACAAACACAGAGATAAGCCAATCAGGGAGCAGGCCGAA
AATATCATTCATCTGTTCACTCTGACCAACCTGGGAGCCCCTGCAGCCTTCAAGTATTTTGACACTA
CCATCGATCGGAAACGATACACATCCACTAAGGAGGTGCTGGACGCTACCCTGATTCACCAGAGC
ATTACCGGCCTGTATGAAACAAGGATTGACCTGTCTCAGCTGGGGGGCGACCTCGAGCCGAAAAA
GAAACGCAAAGTTGGGCGCGCCGACGCGCTGGACGATTTCGATCTCGACATGCTGGGCAGCGACG
CCCTGGATGACTTCGACCTGGATATGCTGGGCTCTGATGCCCTGGACGACTTTGACTTGGACATGT
TGGGATCCGACGCTCTCGATGATTTTGACCTTGACATGCTGATCAACGGCAGCGGCGAGGGCAGA
GGCAGCCTGCTAACATGCGGTGACGTCGAGGAGAATCCTGGCCCAGCACCGGGATCCATGGTGAG
CAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACG
GCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAG
TTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCACCTACGGC
GTGCAGTGCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCC
GAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGA
GGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGG
ACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAGGTCTATATCACCGCC
GACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGACCCGCCACAACATCGAGGACGGCAGCG
TGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGAC
AACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGT
CCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAACCTA
ATCTAGCAGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTC
CCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAAT
TGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGG
GGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCG
GAAAGAACCAGCTGGGGCTCGATCCTCTAGTTGGCGCGTCATGGTCCATATGAATATCCTCCTTAG
TTCCTATTCCGCTAGCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCT
CCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCC
CGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGA
ACGCTTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGA
AAGAGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCC
AGATCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCC
AGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCG
TCACCACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAA
AGCCATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATG
TTTGCCAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGA
CGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTT
AAGGATAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACA
AAAAGGCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAG
CAGAAGGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGC
TGGAGAATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAG
ATCCCCAAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCC
ACAGTTCTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGC
ACCGCTCTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGC
CATTATCTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGGATCCGAAGCAGCTCCA
GCCTACACAATCGCTCAAGACGTGTAATGCTTTTATTATATATTAGTCACGATATCTATAACAAGA
AAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGT
TAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCA
AAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATG
TCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATG
CGTCAATTTTACGCAGACTATCTTTCTAGGGTTAAAAAAGATTTGCGCTTTACTCGACCTAAACTTT
AAACACGTCATAGAATCTTCGTTTGACAAAAACCACATTGTGGGGTACCGAGCTCTTAATTAAGGC
GCGCCGGGGAGGTTCCCTTTAGTGAGGGTTAATTGCGGGTCGCCCTATAGTGAGTCGTATTACAAT
TCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTT
GCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAA
CAGTTGCGCAGCCTGAATGGCGAATGGCAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTA
AATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCA
AAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAA
CGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCAT
CACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGC
CCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGA
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AAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCAG (SEQ ID NO: 16)

TOIC Bsd BE Cas9 Obl 126 AAVS PgkNeo

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATAT
GTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCAC
CCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTAC
GGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATC
ATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTA
GCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC
TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAG
CCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTG
TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAAC
GACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGA
GAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT
TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC
GTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG
AATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCGAGGTTTATT
TATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAA
CAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTATAAAGTAAC
AAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACAGTCATGTTG
TATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTATTAATCGCAT
TGATTATTGACTAGTCGTATTAAGGGTTCCGGATCAGCTTGATTCGAGCCCCAGCTGGTTCTTTCCG
CCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCCAATCCTCCCCCTT
GCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCGATGCAATTTC
CTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAGCTCTAGAGAA
TTGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGG
CGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGG
GTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTC
GCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTC
GTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTT
CGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCA
TGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCC
AATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGT
CGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGT
CTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGC
AATCCATCTTGTTCAATGGCCGATCCCATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGA
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TATACTATGCCGATGATTAATTGTCAACACGTGCTGCTGCAGGTCGAAAGGCCCGGAGATGAGGA
AGAGGAGAACAGCGCGGCAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGCCCCCGGACCCACCCCTTCCCAGCC
TCTGAGCCCAGAAAGCGAAGGAGCAAAGCTGCTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTC
CATTGCTCAGCGGTGCTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCACGTC
CTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGGGAGGAGTAGAAGGTGGCG
CGAAGGGGCCACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGATGTGGAATGTGTGCGAGCC
AGAGGCCACTTGTGTAGCGCCAAGTGCCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTT
GGGAAAAGCGCCTCCCCTACCCGGTAGACACCCCACAGTGGGTGGCCTAGGGACAGGATTGCAAC
TCCAGTCTTTCTTCTTCTTGGGCGGGAGTCACTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTT
TCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATC
ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGT
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGG
TCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTA
TTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGCGCGCGCCAGGCG
GGGCGGGGCGGGGCCGAGGGGECAEGGGECEGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGA
GCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGA
AGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGL
CGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCT
CCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTA
AAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTG
CGTGGGGAGCGCCGCATGCGGCCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGG
GCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG
GGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGG
GCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCT
TCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCA
GGTGGGGGTGCCGGGCGGGECEGGEGECCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGC
GGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCG
TGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGCCGC
CGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGA
GGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTGCCGCAGGGG
GACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTC
TAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT
ATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCCAAGAAGAAGAGGAAAGTC
TCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTCAATGGAGTCGGTATCGA
AGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACG
TGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTGGACAGGCATCATACCCAC
TCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCATACCGCTGT
GCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCGCCCAACAGAGAAACAGTA
CGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCCTGGAGAACGCACTGTA
CGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGGAACAGGAGCATCAAGTAGC
AAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTCTGAAACAAGCAATTGAGC
TGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAACTAATCATATGTGGCCTGG
AGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGACGATTTTGACTTAGACATG
CTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGACGCTCTTGACGATTTTG
ACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGT
AGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGC
AATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCT
TAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCC
GCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAG
CCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGC
TTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAG
AGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGA
TCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCC
TGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCAC
CACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCC
ATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGC
CAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGG
GACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGA
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TAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGACCTAGAGGGACAGCCCCCC
CCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGAGG
CTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCA
CGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACAC
CTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAA
CGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATC
AACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGC
ATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTC
ATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGT
TTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGA
TCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGA
CACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGA
GCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCT
GAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGAT
ACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCG
TCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTG
CCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCC
CCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAAT
CCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCA
GTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAACGTATGAAGAGTTTACTCCCT
ATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGATAGAGAACGTATAAGGAGTTTA
CTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATCAGTGATAGAGAACGTATCTAC
AGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTCCCTATCAGTGATAGAGAACGT
ATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGTACCACTTCCTACCCTCGTAAA
AAGCTTGTCCACTCGAGATTCTCTAGACATCATTAATTCCTAATTTTTGTTGACACTCTATCATTGA
TAGAGTTATTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAATGGCCAAGCCTTTGTCTCAAG
AAGAATCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTGAAGACTAC
AGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTGTCAATGTATATCATTTT
ACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTGCTGCTGCTGCGGCAGCTGGCAACCTG
ACTTGTATCGTCGCGATCGGAAATGAGAACAGGGGCATCTTGAGCCCCTGCGGACGGTGTCGACA
GGTGCTTCTCGATCTGCATCCTGGGATCAAAGCGATAGTGAAGGACAGTGATGGACAGCCGACGG
CAGTTGGGATTCGTGAATTGCTGCCCTCTGGTTATGTGTGGGAGGGCTAACTCGAGATGAGCTCAG
AGACTGGCCCAGTGGCTGTGGACCCCACATTGAGACGGCGGATCGAGCCCCATGAGTTTGAGGTA
TTCTTCGATCCGAGAGAGCTCCGCAAGGAGACCTGCCTGCTTTACGAAATTAATTGGGGGGGCCGG
CACTCCATTTGGCGACATACATCACAGAACACTAACAAGCACGTCGAAGTCAACTTCATCGAGAA
GTTCACGACAGAAAGATATTTCTGTCCGAACACAAGGTGCAGCATTACCTGGTTTCTCAGCTGGAG
CCCATGCGGCGAATGTAGTAGGGCCATCACTGAATTCCTGTCAAGGTATCCCCACGTCACTCTGTT
TATTTACATCGCAAGGCTGTACCACCACGCTGACCCCCGCAATCGACAAGGCCTGCGGGATTTGAT
CTCTTCAGGTGTGACTATCCAAATTATGACTGAGCAGGAGTCAGGATACTGCTGGAGAAACTTTGT
GAATTATAGCCCGAGTAATGAAGCCCACTGGCCTAGGTATCCCCATCTGTGGGTACGACTGTACGT
TCTTGAACTGTACTGCATCATACTGGGCCTGCCTCCTTGTCTCAACATTCTGAGAAGGAAGCAGCC
ACAGCTGACATTCTTTACCATCGCTCTTCAGTCTTGTCATTACCAGCGACTGCCCCCACACATTCTC
TGGGCCACCGGGTTGAAAAGCGGCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAG
TGATAAAAAGTATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA
TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAA
AGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGA
ACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTTTAGCAA
TGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGA
CAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGT
ACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTA
ATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATC
CGGACAACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAG
AGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCC
GACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTT
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ATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAA
TTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGATCA
GTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAG
AGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCA
CCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATT
CTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCT
ACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAAT
CGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTT
AGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGA
AAAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC
TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTG
TCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGAATTTACCGA
ACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAATGAACTCACGA
AAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCA
ATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACTT
TAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACT
TGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATG
AAGATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGATTGAGGAAA
GACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTAT
ACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA
CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATG
ACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCAC
GAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGT
AGTGGATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCAC
GCGAAAATCAAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAG
AGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAG
AACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGA
CATAAACCGTTTATCTGATTACGACGTCGATCACATTGTACCCCAATCCTTTTTGAAGGACGATTCA
ATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGA
GGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAA
GAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTT
ATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATACTAGATTCCCG
AATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTTAAAGT
CAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACC
ACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAAGC
TAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGC
GAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAG
ACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGAC
AGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCC
AAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTCCA
AAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCTT
CGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAGA
AACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAAC
CCCATCGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACC
AAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTC
AAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTACG
AGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTTGAGCAGCACAAACAT
TATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCCAAT
CTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAA
ATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAAC
GATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCA
TCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGGGGGTGACTCTGGTGGTTCTACTA
ATCTGTCAGATATTATTGAAAAGGAGACCGGTAAGCAACTGGTTATCCAGGAATCCATCCTCATGC
TCCCAGAGGAGGTGGAAGAAGTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCC
TACGACGAGAGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTTG
GGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTGGTGGTTCTCCCAA
GAAGAAGAGGAAAGTCTAAAAATTCTAAAATACAGCATAGCAAAACTTTAACCTCCAAATCAAGC
CTCTACTTGAATCCTTTTCTGAGGGATGAATAAGGCATAGGCATCAGGGGCTGTTGCCAATGTGCA
TTAGCTGTTTGCAGCCTCACCTTCTTTCATGGAGTTTAAGATATAGTGTATTTTCCCAAGGTTTGAA
CTAGCTCTTCATTTCTTTATGTTTTAAATGCACTGACCTCCCACATTCCCTTTTTAGTAAAATATTCA
GAAATAATTTAAATACATCATTGCAATGAAAATAAATGTTTTTTATTAGGCAGAATCCAGATGCTC
AAGGCCCTTCATAATATCCCCCAGTTTAGTAGTTGGACTTAGGGAACAAAGGAACCTTTAATAGAA
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ATTGGACAGCAAGAAAGCGAGCTTCTAGATGGTCCATATGAATATCCTCCTTAGTTCCTATTCCGC
TAGCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGG
GGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCA
GCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCG
CTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGAT
TTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAAC
CCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCT
TGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCT
CTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCC
CCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTC
AGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACAT
GCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGA
AGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCAC
AGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGT
GGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGC
CATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGAC
CAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCA
TCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTG
GAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTC
ATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGGATCCGAAGCAGCTCCAGCCTACACAAT
CGCTCAAGACGTGTAATGCTTTTATTATATATTAGTCACGATATCTATAACAAGAAAATATATATA
TAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAA
AGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGAC
ACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCA
CAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTAC
GCAGACTATCTTTCTAGGGTTAAAAAAGATTTGCGCTTTACTCGACCTAAACTTTAAACACGTCAT
AGAATCTTCGTTTGACAAAAACCACATTGTGGGGTACCGAGCTCTTAATTAAGGCGCGCCGGGGA
GGTTCCCTTTAGTGAGGGTTAATTGCGGGTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCG
TCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATC
CCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCA
GCCTGAATGGCGAATGGCAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTA
AATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGAC
CGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCA
ACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCA
AGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAG
AGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATG
CGCCGCTACAGGGCGCGTCAG (SEQ ID NO: 17)

TOIC_Cas9 Bsd p300 _Obl 126 AAVS PgkNeo

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATAT
GTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCAC
CCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTAC
GGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATC
ATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTA
GCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC
TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAG
CCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTG
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TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAAC
GACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGA
GAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT
TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC
GTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG
AATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCGAGGTTTATT
TATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAA
CAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTATAAAGTAAC
AAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACAGTCATGTTG
TATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTATTAATCGCAT
TGATTATTGACTAGTCGTATTAAGGGTTCCGGATCAGCTTGATTCGAGCCCCAGCTGGTTCTTTCCG
CCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCCAATCCTCCCCCTT
GCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCGATGCAATTTC
CTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAGCTCTAGAGAA
TTGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGG
CGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGG
GTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTC
GCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTC
GTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTT
CGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCA
TGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCC
AATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGT
CGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGT
CTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGC
AATCCATCTTGTTCAATGGCCGATCCCATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGA
TATACTATGCCGATGATTAATTGTCAACACGTGCTGCTGCAGGTCGAAAGGCCCGGAGATGAGGA
AGAGGAGAACAGCGCGGCAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGCCCCCGGACCCACCCCTTCCCAGCC
TCTGAGCCCAGAAAGCGAAGGAGCAAAGCTGCTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTC
CATTGCTCAGCGGTGCTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCACGTC
CTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGGGAGGAGTAGAAGGTGGCG
CGAAGGGGCCACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGATGTGGAATGTGTGCGAGCC
AGAGGCCACTTGTGTAGCGCCAAGTGCCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTT
GGGAAAAGCGCCTCCCCTACCCGGTAGACACCCCACAGTGGGTGGCCTAGGGACAGGATTGCAAC
TCCAGTCTTTCTTCTTCTTGGGCGGGAGTCACTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTT
TCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATC
ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGT
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGG
TCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTA
TTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGCGCGCGCCAGGCG
GGGCGGGGCGGGGCCGAGGGGECAEGGGECEGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGA
GCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGA
AGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGL
CGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCT
CCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTA
AAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTG
CGTGGGGAGCGCCGCATGCGGCCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGG
GCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG
GGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGG
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GCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCT
TCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCA
GGTGGGGGTGCCGGGCGGGGCEGGEECCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGL
GGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCG
TGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGCCGC
CGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGA
GGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTGCCGCAGGGG
GACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTC
TAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT
ATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCCAAGAAGAAGAGGAAAGTC
TCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTCAATGGAGTCGGTATCGA
AGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACG
TGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTGGACAGGCATCATACCCAC
TCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCATACCGCTGT
GCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCGCCCAACAGAGAAACAGTA
CGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCCTGGAGAACGCACTGTA
CGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGGAACAGGAGCATCAAGTAGC
AAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTCTGAAACAAGCAATTGAGC
TGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAACTAATCATATGTGGCCTGG
AGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGACGATTTTGACTTAGACATG
CTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGACGCTCTTGACGATTTTG
ACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGT
AGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGC
AATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCT
TAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCC
GCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAG
CCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGC
TTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAG
AGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGA
TCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCC
TGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCAC
CACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCC
ATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGC
CAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGG
GACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGA
TAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGACCTAGAGGGACAGCCCCCC
CCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGAGG
CTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCA
CGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACAC
CTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAA
CGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATC
AACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGC
ATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTC
ATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGT
TTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGA
TCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGA
CACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGA
GCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCT
GAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGAT
ACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCG
TCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTG
CCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCC
CCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAAT
CCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCA
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GTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAACGTATGAAGAGTTTACTCCCT
ATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGATAGAGAACGTATAAGGAGTTTA
CTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATCAGTGATAGAGAACGTATCTAC
AGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTCCCTATCAGTGATAGAGAACGT
ATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGTACCACTTCCTACCCTCGTAAA
AAGCTTGTCCACCATGGCTCCTAAGAAAAAGCGGAAGGTGGACAAGAAATACTCAATCGGGCTGG
CCATCGGAACTAACTCAGTGGGGTGGGCAGTCATTACTGACGAGTACAAAGTGCCAAGCAAGAAA
TTTAAGGTCCTGGGCAACACCGATAGGCACTCCATCAAGAAAAATCTGATTGGGGCCCTGCTGTTC
GACTCTGGAGAGACAGCTGAAGCAACTAGACTGAAAAGGACTGCTAGAAGGCGCTATACCCGGCG
AAAGAATCGCATCTGCTACCTGCAGGAGATTTTCTCTAACGAAATGGCCAAGGTGGACGATAGTTT
CTTTCATCGGCTGGAGGAATCATTCCTGGTCGAGGAAGATAAGAAACACGAGAGACATCCTATCTT
TGGAAACATTGTGGACGAGGTCGCTTATCACGAAAAATACCCCACCATCTATCATCTGCGCAAGA
AACTGGTGGACTCTACAGATAAAGCAGACCTGCGGCTGATCTATCTGGCCCTGGCTCACATGATTA
AGTTCAGAGGCCATTTTCTGATCGAGGGAGATCTGAACCCAGACAATAGCGATGTGGACAAGCTG
TTCATCCAGCTGGTCCAGACATACAATCAGCTGTTTGAGGAAAACCCTATTAATGCATCTGGCGTG
GACGCAAAAGCCATCCTGAGTGCCAGGCTGTCTAAGAGTAGAAGGCTGGAGAACCTGATCGCTCA
GCTGCCAGGCGAAAAGAAAAACGGCCTGTTTGGAAATCTGATTGCACTGTCACTGGGACTGACAC
CTAACTTCAAGAGCAATTTTGATCTGGCCGAGGACGCTAAACTGCAGCTGAGCAAGGACACTTAT
GACGATGACCTGGATAACCTGCTGGCTCAGATCGGAGATCAGTACGCAGACCTGTTCCTGGCCGCT
AAGAATCTGTCTGACGCTATCCTGCTGAGTGATATTCTGCGGGTGAACACCGAGATTACAAAAGCC
CCTCTGTCAGCTAGCATGATCAAGAGATATGACGAGCACCATCAGGATCTGACCCTGCTGAAGGC
ACTGGTGCGCCAGCAGCTGCCCGAGAAGTACAAGGAAATCTTCTTTGATCAGAGTAAGAACGGGT
ACGCCGGTTATATTGACGGCGGAGCTTCACAGGAGGAATTCTACAAGTTTATCAAACCTATTCTGG
AGAAGATGGACGGCACCGAGGAACTGCTGGTGAAACTGAATCGCGAGGACCTGCTGCGCAAGCA
GCGGACATTTGATAACGGCTCCATCCCCCACCAGATTCATCTGGGAGAGCTGCACGCAATCCTGCG
ACGACAGGAAGACTTCTACCCATTTCTGAAGGATAACCGCGAGAAGATCGAAAAAATTCTGACCT
TCCGGATCCCTTACTATGTGGGGCCCCTGGCAAGGGGTAATTCCCGCTTTGCCTGGATGACACGGA
AATCTGAGGAAACAATCACTCCTTGGAACTTCGAGGAAGTGGTCGATAAGGGAGCTTCCGCACAG
TCTTTCATCGAGAGAATGACAAACTTCGACAAAAACCTGCCAAATGAGAAAGTGCTGCCTAAGCA
CAGTCTGCTGTACGAGTATTTCACAGTCTATAACGAACTGACTAAGGTGAAATACGTCACCGAGGG
GATGAGGAAGCCCGCCTTCCTGAGCGGTGAACAGAAGAAAGCTATCGTGGACCTGCTGTTTAAAA
CCAATCGCAAGGTGACAGTCAAGCAGCTGAAGGAGGACTACTTCAAGAAAATTGAATGTTTCGAT
TCTGTGGAGATCAGTGGCGTCGAAGACAGATTTAACGCTTCTCTGGGAACCTACCACGATCTGCTG
AAGATCATTAAGGATAAAGACTTCCTGGACAACGAGGAAAATGAGGATATCCTGGAAGACATTGT
GCTGACCCTGACACTGTTTGAGGATCGCGAAATGATCGAGGAACGGCTGAAAACTTATGCCCATCT
GTTCGATGACAAGGTGATGAAACAGCTGAAGCGAAGAAGGTACACCGGCTGGGGACGACTGAGC
AGAAAGCTGATCAACGGCATTCGGGACAAACAGAGTGGAAAGACTATCCTGGACTTTCTGAAATC
AGATGGCTTCGCTAACAGAAATTTTATGCAGCTGATTCACGATGACAGCCTGACCTTCAAAGAGGA
TATCCAGAAGGCACAGGTGTCCGGGCAGGGTGACTCTCTGCACGAGCATATCGCAAACCTGGCCG
GGTCCCCCGCCATCAAGAAAGGTATTCTGCAGACCGTGAAGGTGGTCGATGAGCTGGTGAAAGTC
ATGGGCAGGCATAAGCCAGAAAACATCGTGATTGAGATGGCCCGCGAAAATCAGACCACACAGA
AAGGACAGAAGAACAGCCGCGAGCGGATGAAAAGGATCGAGGAAGGCATTAAGGAACTGGGATC
CCAGATCCTGAAAGAGCACCCTGTGGAAAACACTCAGCTGCAGAATGAGAAGCTGTATCTGTACT
ATCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAGCTGGATATTAACCGACTGTCTGATTAC
GACGTGGATGCCATCGTCCCACAGTCATTCCTGAAAGATGACAGCATTGACAATAAGGTGCTGAC
CCGGAGTGACAAAAACCGAGGAAAGAGTGATAATGTCCCTTCAGAGGAAGTGGTCAAGAAAATG
AAGAACTACTGGAGACAGCTGCTGAATGCCAAACTGATCACACAGCGAAAGTTTGATAACCTGAC
TAAAGCTGAGAGAGGGGGTCTGTCAGAACTGGACAAAGCAGGCTTCATCAAGCGACAGCTGGTGG
AGACCAGACAGATCACAAAGCACGTCGCTCAGATTCTGGATAGCAGGATGAACACAAAGTACGAT
GAGAATGACAAACTGATCCGCGAAGTGAAGGTCATTACTCTGAAGTCAAAACTTGTGAGCGACTT
CAGAAAGGATTTCCAGTTCTACAAAGTCAGGGAGATCAACAATTATCACCATGCTCATGACGCAT
ACCTGAACGCAGTGGTCGGGACCGCCCTGATTAAGAAATACCCCAAACTGGAGAGCGAATTCGTG
TACGGTGACTATAAGGTGTACGATGTCAGAAAAATGATCGCCAAGAGTGAGCAGGAAATTGGAAA
AGCCACCGCTAAGTATTTCTTTTACTCAAACATCATGAATTTCTTTAAGACTGAGATCACCCTGGCA
AATGGGGAAATCCGAAAGAGACCACTGATTGAGACTAACGGCGAGACCGGAGAAATCGTGTGGG
ACAAGGGTAGGGATTTTGCCACAGTGCGCAAGGTCCTGTCCATGCCTCAAGTGAATATTGTCAAGA
AAACAGAGGTGCAGACTGGCGGATTCAGTAAGGAATCAATTCTGCCCAAACGGAACTCTGATAAG
CTGATCGCCCGAAAGAAAGACTGGGATCCCAAGAAATATGGGGGTTTCGACTCCCCAACAGTGGC
TTACTCTGTCCTGGTGGTCGCAAAGGTGGAGAAGGGGAAAAGCAAGAAACTGAAATCCGTCAAGG
AGCTGCTGGGTATCACTATTATGGAGAGGAGCTCCTTCGAGAAGAACCCCATCGATTTTCTGGAGG
CTAAAGGCTATAAGGAAGTGAAGAAAGACCTGATCATTAAACTGCCAAAGTACAGCCTGTTTGAG



10

15

20

25

30

35

40

45

50

55

60

WO 2017/064566 PCT/IB2016/001902
76

CTGGAAAACGGAAGGAAGCGAATGCTGGCATCCGCAGGAGAGCTGCAGAAGGGTAATGAACTGG
CCCTGCCTTCTAAGTACGTGAACTTCCTGTATCTGGCTAGCCACTACGAGAAGCTGAAAGGCTCCC
CCGAGGATAACGAACAGAAACAGCTGTTTGTGGAGCAGCACAAGCATTATCTGGACGAGATCATT
GAACAGATTAGCGAGTTCTCCAAAAGAGTGATCCTGGCTGACGCAAATCTGGATAAGGTCCTGAG
CGCATACAACAAACACAGAGATAAGCCAATCAGGGAGCAGGCCGAAAATATCATTCATCTGTTCA
CTCTGACCAACCTGGGAGCCCCTGCAGCCTTCAAGTATTTTGACACTACCATCGATCGGAAACGAT
ACACATCCACTAAGGAGGTGCTGGACGCTACCCTGATTCACCAGAGCATTACCGGCCTGTATGAA
ACAAGGATTGACCTGTCTCAGCTGGGGGGCGACCTCGAGATGGCCAAGCCCCTGAGCCAAGAGGA
AAGCACCCTGATCGAGCGGGCCACCGCCACCATCAACAGCATCCCCATCAGCGAGGACTACAGCG
TGGCCTCTGCCGCCCTGAGCAGCGACGGCAGAATCTTCACCGGCGTGAACGTGTACCACTTCACAG
GCGGCCCTTGCGCCGAGCTGGTGGTGCTGGGAACAGCTGCCGCCGCTGCCGCTGGCAACCTGACCT
GTATCGTGGCCATCGGCAACGAGAACCGGGGCATCCTGAGCCCCTGCGGCAGATGCAGACAGGTG
CTGCTGGACCTGCACCCCGGCATCAAGGCCATCGTGAAGGACAGCGACGGCCAGCCCACCGCCGT
GGGCATTAGAGAGCTGCTGCCCAGCGGCTACGTGTGGGAGGGCTGACTCGAGATTTTCAAACCAG
AAGAACTACGACAGGCACTGATGCCCACCCTGGAAGCCCTGTACCGGCAGGACCCCGAGAGCCTG
CCCTTCAGACAGCCCGTGGATCCCCAGCTGCTGGGCATCCCCGACTACTTCGACATCGTGAAGTCC
CCCATGGACCTGAGCACCATCAAGCGGAAGCTGGACACCGGCCAGTACCAAGAGCCCTGGCAGTA
CGTGGACGACATCTGGCTGATGTTCAACAACGCCTGGCTGTACAACAGAAAGACCAGCCGGGTGT
ACAAGTACTGCAGCAAGCTGAGCGAGGTGTTCGAGCAAGAGATCGACCCCGTGATGCAGAGCCTG
GGCTACTGCTGCGGCAGAAAGCTGGAATTCAGCCCCCAGACCCTGTGCTGCTACGGCAAGCAGCT
GTGCACCATCCCCCGGGACGCCACCTACTACAGCTACCAGAACAGATACCACTTCTGCGAGAAGT
GCTTCAACGAGATCCAGGGCGAGAGCGTGTCCCTGGGCGACGACCCTAGCCAGCCCCAGACCACA
ATCAACAAAGAGCAGTTCAGCAAGCGGAAGAACGACACCCTGGACCCCGAGCTGTTCGTGGAATG
CACCGAGTGCGGCCGGAAGATGCACCAGATCTGCGTGCTGCACCACGAGATCATCTGGCCTGCCG
GCTTCGTGTGCGACGGCTGCCTGAAGAAGTCCGCCCGGACCCGGAAAGAGAACAAGTTCAGCGCC
AAGCGGCTGCCCTCTACCCGGCTGGGCACCTTCCTGGAAAACAGAGTGAACGACTTCCTGCGGCG
GCAGAACCACCCCGAGTCCGGCGAAGTGACAGTGCGGGTGGTGCACGCCAGCGACAAGACCGTG
GAAGTGAAGCCTGGCATGAAGGCCAGATTCGTGGACAGCGGCGAGATGGCCGAGAGCTTCCCCTA
CCGGACCAAGGCCCTGTTCGCCTTCGAAGAGATCGATGGCGTGGACCTGTGCTTCTTCGGCATGCA
CGTGCAAGAGTACGGCAGCGACTGCCCCCCACCCAACCAGCGGCGGGTGTACATCAGCTACCTGG
ACAGCGTGCACTTCTTCCGGCCCAAGTGCCTGCGGACCGCCGTGTATCACGAGATCCTGATCGGCT
ACCTGGAATACGTGAAGAAGCTGGGCTACACCACCGGCCACATCTGGGCCTGTCCTCCCAGCGAG
GGCGACGACTACATCTTCCACTGCCACCCCCCCGACCAGAAGATCCCCAAGCCCAAGAGACTGCA
AGAGTGGTACAAGAAGATGCTGGACAAGGCCGTGTCCGAGCGGATCGTGCACGACTACAAGGAC
ATCTTCAAGCAGGCCACCGAGGACCGGCTGACCAGCGCCAAAGAGCTGCCCTACTTCGAGGGCGA
CTTCTGGCCCAACGTGCTGGAAGAGAGCATCAAAGAGCTGGAACAAGAGGAAGAGGAACGCAAG
CGGGAAGAGAACACCAGCAACGAGAGCACCGACGTGACCAAGGGCGACAGCAAGAACGCCAAGA
AGAAGAACAACAAGAAAACCAGCAAGAACAAGAGCAGCCTGAGCCGGGGAAACAAGAAAAAGC
CCGGCATGCCCAACGTGTCCAACGACCTGAGCCAGAAACTGTACGCCACCATGGAAAAGCACAAA
GAGGTGTTCTTCGTCATCCGGCTGATCGCCGGACCTGCCGCCAACAGCCTGCCCCCCATCGTGGAC
CCCGACCCCCTGATCCCCTGCGACCTGATGGACGGCAGGGACGCCTTCCTGACCCTGGCCCGGGAC
AAGCACCTGGAATTCTCCAGCCTGCGGAGAGCCCAGTGGTCCACCATGTGCATGCTGGTGGAACT
GCACACCCAGAGCCAGGACGAGGGCAGAGGAAGTCTGCTAACATGCGGTGACGTCGAGGAGAAT
CCTGGCCCAGCACCGGGATCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCAT
CCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCG
ATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGC
CCACCCTCGTGACCACCTTCACCTACGGCGTGCAGTGCTTCGCCCGCTACCCCGACCACATGAAGC
AGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGG
ACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATC
GAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTA
CAACAGCCACAAGGTCTATATCACCGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGA
CCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATC
GGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGA
CCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCG
GCATGGACGAGCTGTACAAGTAAACCTAATCTAGCAGCTCGCTGATCAGCCTCGACTGTGCCTTCT
AGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCA
CTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGG
GGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGAT
GCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCGATCCTCTAGTTGGCGCGT
CATGGTCCATATGAATATCCTCCTTAGTTCCTATTCCGCTAGCCTAGAGGGACAGCCCCCCCCCAA
AGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCG
CTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGAGG
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AAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGG
GGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAACGGCC
TGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATCAACCA
GCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCA
CAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTCATATC
CAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCT
GTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGATCTTG
GGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTC
TCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGAGCAA
GTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCTGAGC
CTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGATACAG
CTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCGTCAA
ATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTGCCCA
CTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCCCCCC
ACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAATCCAG
CCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCAGTGA
GGATGGGGCTGGATCCGAAGCAGCTCCAGCCTACACAATCGCTCAAGACGTGTAATGCTTTTATTA
TATATTAGTCACGATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACAT
GAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCA
TTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCA
CGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAA
GAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAAAAAA
GATTTGCGCTTTACTCGACCTAAACTTTAAACACGTCATAGAATCTTCGTTTGACAAAAACCACAT
TGTGGGGTACCGAGCTCTTAATTAAGGCGCGCCGGGGAGGTTCCCTTTAGTGAGGGTTAATTGCGG
GTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAA
CCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGA
AGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCAAATTGTAA
GOGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGC
CGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAG
TTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAA
GCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGT
GGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTC
ACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAG (SEQ ID
NO: 18)

TOIC Cas9 Obl 26 AAVS PgkNeo Bsd tracR

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATAT
GTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCAC
CCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTAC
GGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATC
ATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTA
GCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC
TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAG
CCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTG
TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAAC
GACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGA
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GAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT
TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC
GTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG
AATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCGAGGTTTATT
TATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAA
CAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTATAAAGTAAC
AAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACAGTCATGTTG
TATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTATTAATCGCAT
TGATTATTGACTAGTCGTATTAAGGGTTCCGGATCAGCTTGATTCGAGCCCCAGCTGGTTCTTTCCG
CCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCCAATCCTCCCCCTT
GCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCGATGCAATTTC
CTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAGCTCTAGAGAA
TTGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGG
CGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGG
GTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTC
GCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTC
GTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTT
CGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCA
TGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCC
AATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGT
CGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGT
CTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGC
AATCCATCTTGTTCAATGGCCGATCCCATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGA
TATACTATGCCGATGATTAATTGTCAACACGTGCTGCTGCAGGTCGAAAGGCCCGGAGATGAGGA
AGAGGAGAACAGCGCGGCAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGCCCCCGGACCCACCCCTTCCCAGCC
TCTGAGCCCAGAAAGCGAAGGAGCAAAGCTGCTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTC
CATTGCTCAGCGGTGCTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCACGTC
CTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGGGAGGAGTAGAAGGTGGCG
CGAAGGGGCCACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGATGTGGAATGTGTGCGAGCC
AGAGGCCACTTGTGTAGCGCCAAGTGCCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTT
GGGAAAAGCGCCTCCCCTACCCGGTAGACACCCCACAGTGGGTGGCCTAGGGACAGGATTGCAAC
TCCAGTCTTTCTTCTTCTTGGGCGGGAGTCACTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTT
TCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATC
ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGT
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGG
TCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTA
TTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGCGCGCGCCAGGCG
GGGCGGGGCGGGGCCGAGGGGECAEGGGECEGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGA
GCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGA
AGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGL
CGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCT
CCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTA
AAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTG
CGTGGGGAGCGCCGCATGCGGCCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGG
GCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG
GGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGG
GCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCT
TCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCA
GGTGGGGGTGCCGGGCGGGGCEGGGECCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGC
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GGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCG
TGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGCCGC
CGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGA
GGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTGCCGCAGGGG
GACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTC
TAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT
ATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCCAAGAAGAAGAGGAAAGTC
TCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTCAATGGAGTCGGTATCGA
AGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACG
TGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTGGACAGGCATCATACCCAC
TCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCATACCGCTGT
GCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCGCCCAACAGAGAAACAGTA
CGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCCTGGAGAACGCACTGTA
CGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGGAACAGGAGCATCAAGTAGC
AAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTCTGAAACAAGCAATTGAGC
TGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAACTAATCATATGTGGCCTGG
AGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGACGATTTTGACTTAGACATG
CTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGACGCTCTTGACGATTTTG
ACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGT
AGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGC
AATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCT
TAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCC
GCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAG
CCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGC
TTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAG
AGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGA
TCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCC
TGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCAC
CACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCC
ATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGC
CAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGG
GACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGA
TAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGACCTAGAGGGACAGCCCCCC
CCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGAGG
CTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCA
CGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACAC
CTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAA
CGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATC
AACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGC
ATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTC
ATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGT
TTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGA
TCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGA
CACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGA
GCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCT
GAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGAT
ACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCG
TCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTG
CCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCC
CCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAAT
CCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCA
GTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAACGTATGAAGAGTTTACTCCCT
ATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGATAGAGAACGTATAAGGAGTTTA
CTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATCAGTGATAGAGAACGTATCTAC
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AGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTCCCTATCAGTGATAGAGAACGT
ATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGTACCACTTCCTACCCTCGTAAA
AAGCTTGTCCACCATGGCTCCTAAGAAAAAGCGGAAGGTGGACAAGAAATACTCAATCGGGCTGG
ACATCGGAACTAACTCAGTGGGGTGGGCAGTCATTACTGACGAGTACAAAGTGCCAAGCAAGAAA
TTTAAGGTCCTGGGCAACACCGATAGGCACTCCATCAAGAAAAATCTGATTGGGGCCCTGCTGTTC
GACTCTGGAGAGACAGCTGAAGCAACTAGACTGAAAAGGACTGCTAGAAGGCGCTATACCCGGCG
AAAGAATCGCATCTGCTACCTGCAGGAGATTTTCTCTAACGAAATGGCCAAGGTGGACGATAGTTT
CTTTCATCGGCTGGAGGAATCATTCCTGGTCGAGGAAGATAAGAAACACGAGAGACATCCTATCTT
TGGAAACATTGTGGACGAGGTCGCTTATCACGAAAAATACCCCACCATCTATCATCTGCGCAAGA
AACTGGTGGACTCTACAGATAAAGCAGACCTGCGGCTGATCTATCTGGCCCTGGCTCACATGATTA
AGTTCAGAGGCCATTTTCTGATCGAGGGAGATCTGAACCCAGACAATAGCGATGTGGACAAGCTG
TTCATCCAGCTGGTCCAGACATACAATCAGCTGTTTGAGGAAAACCCTATTAATGCATCTGGCGTG
GACGCAAAAGCCATCCTGAGTGCCAGGCTGTCTAAGAGTAGAAGGCTGGAGAACCTGATCGCTCA
GCTGCCAGGCGAAAAGAAAAACGGCCTGTTTGGAAATCTGATTGCACTGTCACTGGGACTGACAC
CTAACTTCAAGAGCAATTTTGATCTGGCCGAGGACGCTAAACTGCAGCTGAGCAAGGACACTTAT
GACGATGACCTGGATAACCTGCTGGCTCAGATCGGAGATCAGTACGCAGACCTGTTCCTGGCCGCT
AAGAATCTGTCTGACGCTATCCTGCTGAGTGATATTCTGCGGGTGAACACCGAGATTACAAAAGCC
CCTCTGTCAGCTAGCATGATCAAGAGATATGACGAGCACCATCAGGATCTGACCCTGCTGAAGGC
ACTGGTGCGCCAGCAGCTGCCCGAGAAGTACAAGGAAATCTTCTTTGATCAGAGTAAGAACGGGT
ACGCCGGTTATATTGACGGCGGAGCTTCACAGGAGGAATTCTACAAGTTTATCAAACCTATTCTGG
AGAAGATGGACGGCACCGAGGAACTGCTGGTGAAACTGAATCGCGAGGACCTGCTGCGCAAGCA
GCGGACATTTGATAACGGCTCCATCCCCCACCAGATTCATCTGGGAGAGCTGCACGCAATCCTGCG
ACGACAGGAAGACTTCTACCCATTTCTGAAGGATAACCGCGAGAAGATCGAAAAAATTCTGACCT
TCCGGATCCCTTACTATGTGGGGCCCCTGGCAAGGGGTAATTCCCGCTTTGCCTGGATGACACGGA
AATCTGAGGAAACAATCACTCCTTGGAACTTCGAGGAAGTGGTCGATAAGGGAGCTTCCGCACAG
TCTTTCATCGAGAGAATGACAAACTTCGACAAAAACCTGCCAAATGAGAAAGTGCTGCCTAAGCA
CAGTCTGCTGTACGAGTATTTCACAGTCTATAACGAACTGACTAAGGTGAAATACGTCACCGAGGG
GATGAGGAAGCCCGCCTTCCTGAGCGGTGAACAGAAGAAAGCTATCGTGGACCTGCTGTTTAAAA
CCAATCGCAAGGTGACAGTCAAGCAGCTGAAGGAGGACTACTTCAAGAAAATTGAATGTTTCGAT
TCTGTGGAGATCAGTGGCGTCGAAGACAGATTTAACGCTTCTCTGGGAACCTACCACGATCTGCTG
AAGATCATTAAGGATAAAGACTTCCTGGACAACGAGGAAAATGAGGATATCCTGGAAGACATTGT
GCTGACCCTGACACTGTTTGAGGATCGCGAAATGATCGAGGAACGGCTGAAAACTTATGCCCATCT
GTTCGATGACAAGGTGATGAAACAGCTGAAGCGAAGAAGGTACACCGGCTGGGGACGACTGAGC
AGAAAGCTGATCAACGGCATTCGGGACAAACAGAGTGGAAAGACTATCCTGGACTTTCTGAAATC
AGATGGCTTCGCTAACAGAAATTTTATGCAGCTGATTCACGATGACAGCCTGACCTTCAAAGAGGA
TATCCAGAAGGCACAGGTGTCCGGGCAGGGTGACTCTCTGCACGAGCATATCGCAAACCTGGCCG
GGTCCCCCGCCATCAAGAAAGGTATTCTGCAGACCGTGAAGGTGGTCGATGAGCTGGTGAAAGTC
ATGGGCAGGCATAAGCCAGAAAACATCGTGATTGAGATGGCCCGCGAAAATCAGACCACACAGA
AAGGACAGAAGAACAGCCGCGAGCGGATGAAAAGGATCGAGGAAGGCATTAAGGAACTGGGATC
CCAGATCCTGAAAGAGCACCCTGTGGAAAACACTCAGCTGCAGAATGAGAAGCTGTATCTGTACT
ATCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAGCTGGATATTAACCGACTGTCTGATTAC
GACGTGGATCATATCGTCCCACAGTCATTCCTGAAAGATGACAGCATTGACAATAAGGTGCTGACC
CGGAGTGACAAAAACCGAGGAAAGAGTGATAATGTCCCTTCAGAGGAAGTGGTCAAGAAAATGA
AGAACTACTGGAGACAGCTGCTGAATGCCAAACTGATCACACAGCGAAAGTTTGATAACCTGACT
AAAGCTGAGAGAGGGGGTCTGTCAGAACTGGACAAAGCAGGCTTCATCAAGCGACAGCTGGTGG
AGACCAGACAGATCACAAAGCACGTCGCTCAGATTCTGGATAGCAGGATGAACACAAAGTACGAT
GAGAATGACAAACTGATCCGCGAAGTGAAGGTCATTACTCTGAAGTCAAAACTTGTGAGCGACTT
CAGAAAGGATTTCCAGTTCTACAAAGTCAGGGAGATCAACAATTATCACCATGCTCATGACGCAT
ACCTGAACGCAGTGGTCGGGACCGCCCTGATTAAGAAATACCCCAAACTGGAGAGCGAATTCGTG
TACGGTGACTATAAGGTGTACGATGTCAGAAAAATGATCGCCAAGAGTGAGCAGGAAATTGGAAA
AGCCACCGCTAAGTATTTCTTTTACTCAAACATCATGAATTTCTTTAAGACTGAGATCACCCTGGCA
AATGGGGAAATCCGAAAGAGACCACTGATTGAGACTAACGGCGAGACCGGAGAAATCGTGTGGG
ACAAGGGTAGGGATTTTGCCACAGTGCGCAAGGTCCTGTCCATGCCTCAAGTGAATATTGTCAAGA
AAACAGAGGTGCAGACTGGCGGATTCAGTAAGGAATCAATTCTGCCCAAACGGAACTCTGATAAG
CTGATCGCCCGAAAGAAAGACTGGGATCCCAAGAAATATGGGGGTTTCGACTCCCCAACAGTGGC
TTACTCTGTCCTGGTGGTCGCAAAGGTGGAGAAGGGGAAAAGCAAGAAACTGAAATCCGTCAAGG
AGCTGCTGGGTATCACTATTATGGAGAGGAGCTCCTTCGAGAAGAACCCCATCGATTTTCTGGAGG
CTAAAGGCTATAAGGAAGTGAAGAAAGACCTGATCATTAAACTGCCAAAGTACAGCCTGTTTGAG
CTGGAAAACGGAAGGAAGCGAATGCTGGCATCCGCAGGAGAGCTGCAGAAGGGTAATGAACTGG
CCCTGCCTTCTAAGTACGTGAACTTCCTGTATCTGGCTAGCCACTACGAGAAGCTGAAAGGCTCCC
CCGAGGATAACGAACAGAAACAGCTGTTTGTGGAGCAGCACAAGCATTATCTGGACGAGATCATT
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GAACAGATTAGCGAGTTCTCCAAAAGAGTGATCCTGGCTGACGCAAATCTGGATAAGGTCCTGAG
CGCATACAACAAACACAGAGATAAGCCAATCAGGGAGCAGGCCGAAAATATCATTCATCTGTTCA
CTCTGACCAACCTGGGAGCCCCTGCAGCCTTCAAGTATTTTGACACTACCATCGATCGGAAACGAT
ACACATCCACTAAGGAGGTGCTGGACGCTACCCTGATTCACCAGAGCATTACCGGCCTGTATGAA
ACAAGGATTGACCTGTCTCAGCTGGGGGGCGACCTCGAGGGAAGCGGAGAGGGCAGAGGAAGTC
TGCTAACATGCGGTGACGTCGAGGAGAATCCTGGCCCAGCACCGGGATCCATGGTGAGCAAGGGC
GAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCT
GCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCACCTACGGCGTGCAGT
GCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCT
ACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAG
TTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAA
CATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAGGTCTATATCACCGCCGACAAGC
AGAAGAACGGCATCAAGGTGAACTTCAAGACCCGCCACAACATCGAGGACGGCAGCGTGCAGCTC
GCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTA
CCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAACCTAATCTAGC
AGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCG
CATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGA
TTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAA
CCAGCTGGGGCTCGATCCTCTAGTTGGCGCGTCTGTACAAAAAAGCAGGCTTTAAAGGAACCAATT
CAGTCGACTGGATCCGGTACCAAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATAT
TTGCATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGAT
ATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATG
TTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATC
TTGTGGAAAGGACGAAACACCGAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTAATTCT
CTAGACATCATTAATTCCTAATTTTTGTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCT
ATCAGTGATAGAGAAAAGTGAAATGGCCAAGCCTTTGTCTCAAGAAGAATCCACCCTCATTGAAA
GAGCAACGGCTACAATCAACAGCATCCCCATCTCTGAAGACTACAGCGTCGCCAGCGCAGCTCTCT
CTAGCGACGGCCGCATCTTCACTGGTGTCAATGTATATCATTTTACTGGGGGACCTTGTGCAGAAC
TCGTGGTGCTGGGCACTGCTGCTGCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAA
ATGAGAACAGGGGCATCTTGAGCCCCTGCGGACGGTGTCGACAGGTGCTTCTCGATCTGCATCCTG
GGATCAAAGCGATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAATTGCTG
CCCTCTGGTTATGTGTGGGAGGGCTAAATGGTCCATATGAATATCCTCCTTAGTTCCTATTCCGCTA
GCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGG
CAGCAGCGAGCCGCCCAGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGC
GTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCT
GCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTT
AGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCC
CCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTG
AATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCT
GGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCC
TTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCA
GTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATG
CAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAA
GATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACA
GACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTG
GAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCC
ATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACC
AACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCAT
CACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGG
AGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCA
TCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGGATCCGAAGCAGCTCCAGCCTACACAATC
GCTCAAGACGTGTAATGCTTTTATTATATATTAGTCACGATATCTATAACAAGAAAATATATATAT
AATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAA
GTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACA
CTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCAC
AGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTAC
GCAGACTATCTTTCTAGGGTTAAAAAAGATTTGCGCTTTACTCGACCTAAACTTTAAACACGTCAT
AGAATCTTCGTTTGACAAAAACCACATTGTGGGGTACCGAGCTCTTAATTAAGGCGCGCCGGGGA
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GGTTCCCTTTAGTGAGGGTTAATTGCGGGTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCG
TCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATC
CCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCA
GCCTGAATGGCGAATGGCAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTA
AATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGAC
CGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCA
ACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCA
AGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAG
AGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATG
CGCCGCTACAGGGCGCGTCAG (SEQ ID NO: 19)

TOIC Cas9 Nickase Obl 126 AAVS PgkNeo

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATAT
GTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCAC
CCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTAC
GGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATC
ATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTA
GCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCAC
TGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAG
CCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTG
TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAAC
GACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGA
GAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT
TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC
GTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG
AATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACCTCCCCTAGCTTAATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGATCTGTATATCGAGGTTTATT
TATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAA
CAATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCAAAATTTCTTCTATAAAGTAAC
AAAACTTTTAAACATTCTCTCTTTTACAAAAATAAACTTATTTTGTACTTTAAAAACAGTCATGTTG
TATTATAAAATAAGTAATTAGCTTAACTTATACATAATAGAAACAAATTATACTTATTAATCGCAT
TGATTATTGACTAGTCGTATTAAGGGTTCCGGATCAGCTTGATTCGAGCCCCAGCTGGTTCTTTCCG
CCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCCAATCCTCCCCCTT
GCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCGATGCAATTTC
CTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAGCTCTAGAGAA
TTGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGG
CGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGG
GTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTC
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GCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTC
GTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTT
CGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCA
TGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCC
AATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGT
CGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGT
CTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGC
AATCCATCTTGTTCAATGGCCGATCCCATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGA
TATACTATGCCGATGATTAATTGTCAACACGTGCTGCTGCAGGTCGAAAGGCCCGGAGATGAGGA
AGAGGAGAACAGCGCGGCAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGCCCCCGGACCCACCCCTTCCCAGCC
TCTGAGCCCAGAAAGCGAAGGAGCAAAGCTGCTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTC
CATTGCTCAGCGGTGCTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCACGTC
CTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGGGAGGAGTAGAAGGTGGCG
CGAAGGGGCCACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGATGTGGAATGTGTGCGAGCC
AGAGGCCACTTGTGTAGCGCCAAGTGCCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTT
GGGAAAAGCGCCTCCCCTACCCGGTAGACACCCCACAGTGGGTGGCCTAGGGACAGGATTGCAAC
TCCAGTCTTTCTTCTTCTTGGGCGGGAGTCACTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTT
TCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATC
ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGT
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGG
TCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTA
TTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGCGCGCGCCAGGCG
GGGCGGGGCGGGGCCGAGGGGECAEGGGECEGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGA
GCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGA
AGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGL
CGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCT
CCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTA
AAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTG
CGTGGGGAGCGCCGCATGCGGCCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGG
GCTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG
GGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGG
GCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCT
TCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCA
GGTGGGGGTGCCGGGCGGGECEGGEGECCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGC
GGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCG
TGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGCCGC
CGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGA
GGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTGCCGCAGGGG
GACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTC
TAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT
ATTGTGCTGTCTCATCATTTTGGCAAAGAATTCGCCACCATGGTGCCCAAGAAGAAGAGGAAAGTC
TCTAGACTGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTCAATGGAGTCGGTATCGA
AGGCCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACG
TGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCCAATCGAGATGCTGGACAGGCATCATACCCAC
TCCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCATACCGCTGT
GCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCTCGGCACCCGCCCAACAGAGAAACAGTA
CGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCCTGGAGAACGCACTGTA
CGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGGAGGAACAGGAGCATCAAGTAGC
AAAAGAGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTCTGAAACAAGCAATTGAGC
TGTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAACTAATCATATGTGGCCTGG
AGAAACAGCTAAAGTGCGAAAGCGGCGGGCCGACCGACGCCCTTGACGATTTTGACTTAGACATG
CTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGACGCTCTTGACGATTTTG
ACCTTGACATGCTCCCCGGGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGT
AGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGC
AATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCT
TAAGGGATCCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCC
GCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAG
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CCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGC
TTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAG
AGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGA
TCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCC
TGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCAC
CACCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCC
ATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGC
CAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGG
GACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGA
TAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGTCGACCTAGAGGGACAGCCCCCC
CCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGAGG
CTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCA
CGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACAC
CTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACAGAATCATAGAA
CGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATC
AACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGC
ATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTC
ATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGT
TTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGA
TCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGA
CACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAAGA
GCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCT
GAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGAGAGAT
ACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCG
TCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCGTG
CCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCC
CCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATCTTGCTAAAT
CCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCA
GTGAGGATGGGGCTCAATTGTTTACTCCCTATCAGTGATAGAGAACGTATGAAGAGTTTACTCCCT
ATCAGTGATAGAGAACGTATGCAGACTTTACTCCCTATCAGTGATAGAGAACGTATAAGGAGTTTA
CTCCCTATCAGTGATAGAGAACGTATGACCAGTTTACTCCCTATCAGTGATAGAGAACGTATCTAC
AGTTTACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTCCCTATCAGTGATAGAGAACGT
ATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGTACCACTTCCTACCCTCGTAAA
AAGCTTGTCCACCATGGCTCCTAAGAAAAAGCGGAAGGTGGACAAGAAATACTCAATCGGGCTGG
CCATCGGAACTAACTCAGTGGGGTGGGCAGTCATTACTGACGAGTACAAAGTGCCAAGCAAGAAA
TTTAAGGTCCTGGGCAACACCGATAGGCACTCCATCAAGAAAAATCTGATTGGGGCCCTGCTGTTC
GACTCTGGAGAGACAGCTGAAGCAACTAGACTGAAAAGGACTGCTAGAAGGCGCTATACCCGGCG
AAAGAATCGCATCTGCTACCTGCAGGAGATTTTCTCTAACGAAATGGCCAAGGTGGACGATAGTTT
CTTTCATCGGCTGGAGGAATCATTCCTGGTCGAGGAAGATAAGAAACACGAGAGACATCCTATCTT
TGGAAACATTGTGGACGAGGTCGCTTATCACGAAAAATACCCCACCATCTATCATCTGCGCAAGA
AACTGGTGGACTCTACAGATAAAGCAGACCTGCGGCTGATCTATCTGGCCCTGGCTCACATGATTA
AGTTCAGAGGCCATTTTCTGATCGAGGGAGATCTGAACCCAGACAATAGCGATGTGGACAAGCTG
TTCATCCAGCTGGTCCAGACATACAATCAGCTGTTTGAGGAAAACCCTATTAATGCATCTGGCGTG
GACGCAAAAGCCATCCTGAGTGCCAGGCTGTCTAAGAGTAGAAGGCTGGAGAACCTGATCGCTCA
GCTGCCAGGCGAAAAGAAAAACGGCCTGTTTGGAAATCTGATTGCACTGTCACTGGGACTGACAC
CTAACTTCAAGAGCAATTTTGATCTGGCCGAGGACGCTAAACTGCAGCTGAGCAAGGACACTTAT
GACGATGACCTGGATAACCTGCTGGCTCAGATCGGAGATCAGTACGCAGACCTGTTCCTGGCCGCT
AAGAATCTGTCTGACGCTATCCTGCTGAGTGATATTCTGCGGGTGAACACCGAGATTACAAAAGCC
CCTCTGTCAGCTAGCATGATCAAGAGATATGACGAGCACCATCAGGATCTGACCCTGCTGAAGGC
ACTGGTGCGCCAGCAGCTGCCCGAGAAGTACAAGGAAATCTTCTTTGATCAGAGTAAGAACGGGT
ACGCCGGTTATATTGACGGCGGAGCTTCACAGGAGGAATTCTACAAGTTTATCAAACCTATTCTGG
AGAAGATGGACGGCACCGAGGAACTGCTGGTGAAACTGAATCGCGAGGACCTGCTGCGCAAGCA
GCGGACATTTGATAACGGCTCCATCCCCCACCAGATTCATCTGGGAGAGCTGCACGCAATCCTGCG
ACGACAGGAAGACTTCTACCCATTTCTGAAGGATAACCGCGAGAAGATCGAAAAAATTCTGACCT
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TCCGGATCCCTTACTATGTGGGGCCCCTGGCAAGGGGTAATTCCCGCTTTGCCTGGATGACACGGA
AATCTGAGGAAACAATCACTCCTTGGAACTTCGAGGAAGTGGTCGATAAGGGAGCTTCCGCACAG
TCTTTCATCGAGAGAATGACAAACTTCGACAAAAACCTGCCAAATGAGAAAGTGCTGCCTAAGCA
CAGTCTGCTGTACGAGTATTTCACAGTCTATAACGAACTGACTAAGGTGAAATACGTCACCGAGGG
GATGAGGAAGCCCGCCTTCCTGAGCGGTGAACAGAAGAAAGCTATCGTGGACCTGCTGTTTAAAA
CCAATCGCAAGGTGACAGTCAAGCAGCTGAAGGAGGACTACTTCAAGAAAATTGAATGTTTCGAT
TCTGTGGAGATCAGTGGCGTCGAAGACAGATTTAACGCTTCTCTGGGAACCTACCACGATCTGCTG
AAGATCATTAAGGATAAAGACTTCCTGGACAACGAGGAAAATGAGGATATCCTGGAAGACATTGT
GCTGACCCTGACACTGTTTGAGGATCGCGAAATGATCGAGGAACGGCTGAAAACTTATGCCCATCT
GTTCGATGACAAGGTGATGAAACAGCTGAAGCGAAGAAGGTACACCGGCTGGGGACGACTGAGC
AGAAAGCTGATCAACGGCATTCGGGACAAACAGAGTGGAAAGACTATCCTGGACTTTCTGAAATC
AGATGGCTTCGCTAACAGAAATTTTATGCAGCTGATTCACGATGACAGCCTGACCTTCAAAGAGGA
TATCCAGAAGGCACAGGTGTCCGGGCAGGGTGACTCTCTGCACGAGCATATCGCAAACCTGGCCG
GGTCCCCCGCCATCAAGAAAGGTATTCTGCAGACCGTGAAGGTGGTCGATGAGCTGGTGAAAGTC
ATGGGCAGGCATAAGCCAGAAAACATCGTGATTGAGATGGCCCGCGAAAATCAGACCACACAGA
AAGGACAGAAGAACAGCCGCGAGCGGATGAAAAGGATCGAGGAAGGCATTAAGGAACTGGGATC
CCAGATCCTGAAAGAGCACCCTGTGGAAAACACTCAGCTGCAGAATGAGAAGCTGTATCTGTACT
ATCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAGCTGGATATTAACCGACTGTCTGATTAC
GACGTGGATCATATCGTCCCACAGTCATTCCTGAAAGATGACAGCATTGACAATAAGGTGCTGACC
CGGAGTGACAAAAACCGAGGAAAGAGTGATAATGTCCCTTCAGAGGAAGTGGTCAAGAAAATGA
AGAACTACTGGAGACAGCTGCTGAATGCCAAACTGATCACACAGCGAAAGTTTGATAACCTGACT
AAAGCTGAGAGAGGGGGTCTGTCAGAACTGGACAAAGCAGGCTTCATCAAGCGACAGCTGGTGG
AGACCAGACAGATCACAAAGCACGTCGCTCAGATTCTGGATAGCAGGATGAACACAAAGTACGAT
GAGAATGACAAACTGATCCGCGAAGTGAAGGTCATTACTCTGAAGTCAAAACTTGTGAGCGACTT
CAGAAAGGATTTCCAGTTCTACAAAGTCAGGGAGATCAACAATTATCACCATGCTCATGACGCAT
ACCTGAACGCAGTGGTCGGGACCGCCCTGATTAAGAAATACCCCAAACTGGAGAGCGAATTCGTG
TACGGTGACTATAAGGTGTACGATGTCAGAAAAATGATCGCCAAGAGTGAGCAGGAAATTGGAAA
AGCCACCGCTAAGTATTTCTTTTACTCAAACATCATGAATTTCTTTAAGACTGAGATCACCCTGGCA
AATGGGGAAATCCGAAAGAGACCACTGATTGAGACTAACGGCGAGACCGGAGAAATCGTGTGGG
ACAAGGGTAGGGATTTTGCCACAGTGCGCAAGGTCCTGTCCATGCCTCAAGTGAATATTGTCAAGA
AAACAGAGGTGCAGACTGGCGGATTCAGTAAGGAATCAATTCTGCCCAAACGGAACTCTGATAAG
CTGATCGCCCGAAAGAAAGACTGGGATCCCAAGAAATATGGGGGTTTCGACTCCCCAACAGTGGC
TTACTCTGTCCTGGTGGTCGCAAAGGTGGAGAAGGGGAAAAGCAAGAAACTGAAATCCGTCAAGG
AGCTGCTGGGTATCACTATTATGGAGAGGAGCTCCTTCGAGAAGAACCCCATCGATTTTCTGGAGG
CTAAAGGCTATAAGGAAGTGAAGAAAGACCTGATCATTAAACTGCCAAAGTACAGCCTGTTTGAG
CTGGAAAACGGAAGGAAGCGAATGCTGGCATCCGCAGGAGAGCTGCAGAAGGGTAATGAACTGG
CCCTGCCTTCTAAGTACGTGAACTTCCTGTATCTGGCTAGCCACTACGAGAAGCTGAAAGGCTCCC
CCGAGGATAACGAACAGAAACAGCTGTTTGTGGAGCAGCACAAGCATTATCTGGACGAGATCATT
GAACAGATTAGCGAGTTCTCCAAAAGAGTGATCCTGGCTGACGCAAATCTGGATAAGGTCCTGAG
CGCATACAACAAACACAGAGATAAGCCAATCAGGGAGCAGGCCGAAAATATCATTCATCTGTTCA
CTCTGACCAACCTGGGAGCCCCTGCAGCCTTCAAGTATTTTGACACTACCATCGATCGGAAACGAT
ACACATCCACTAAGGAGGTGCTGGACGCTACCCTGATTCACCAGAGCATTACCGGCCTGTATGAA
ACAAGGATTGACCTGTCTCAGCTGGGGGGCGACCTCGAGGGAAGCGGAGAGGGCAGAGGAAGTC
TGCTAACATGCGGTGACGTCGAGGAGAATCCTGGCCCAGCACCGGGATCCATGGTGAGCAAGGGC
GAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCT
GCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCACCTACGGCGTGCAGT
GCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCT
ACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAG
TTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAA
CATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAGGTCTATATCACCGCCGACAAGC
AGAAGAACGGCATCAAGGTGAACTTCAAGACCCGCCACAACATCGAGGACGGCAGCGTGCAGCTC
GCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTA
CCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAACCTAATCTAGC
AGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCG
CATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGA
TTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAA
CCAGCTGGGGCTCGATCCTCTAGTTGGCGCGTCATGGTCCATATGAATATCCTCCTTAGTTCCTATT
CCGCTAGCCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCT
AGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCG
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GCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTC
TCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGA
GATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCC
AACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCACATCCAGCCTG
GCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCA
CCCTCTGGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCAT
TCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGCCA
ATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGG
ACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGAT
AAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAG
GCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGAA
GGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAG
AATTGCCATGTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAAGCCCTCCAAGATCCCC
AAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTT
CTTCATCACCTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTAT
CTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGGCTGGATCCGAAGCAGCTCCAGCCTAC
ACAATCGCTCAAGACGTGTAATGCTTTTATTATATATTAGTCACGATATCTATAACAAGAAAATAT
ATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATC
TTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCA
GTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAA
ATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAA
TTTTACGCAGACTATCTTTCTAGGGTTAAAAAAGATTTGCGCTTTACTCGACCTAAACTTTAAACAC
GTCATAGAATCTTCGTTTGACAAAAACCACATTGTGGGGTACCGAGCTCTTAATTAAGGCGCGCCG
GGGAGGTTCCCTTTAGTGAGGGTTAATTGCGGGTCGCCCTATAGTGAGTCGTATTACAATTCACTG
GCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCA
CATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTG
CGCAGCCTGAATGGCGAATGGCAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTT
TGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAA
TAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGA
CTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCT
AATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGA
TTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAG
CGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTT
AATGCGCCGCTACAGGGCGCGTCAG (SEQ ID NO: 20)

All references, patents and patent applications disclosed herein are incorporated by
reference with respect to the subject matter for which each is cited, which in some cases may
encompass the entirety of the document.

The indefinite articles “a” and “an,” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to mean “at least one.”

It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or acts
of the method is not necessarily limited to the order in which the steps or acts of the method
are recited.

In the claims, as well as in the specification above, all transitional phrases such as

9% ¢6

“comprising,” “including,

2% 66

carrying,” “having,

2% ¢ 9% 662

containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially
of” shall be closed or semi-closed transitional phrases, respectively, as set forth in the United

States Patent Office Manual of Patent Examining Procedures, Section 2111.03.
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What is claimed is:
CLAIMS
1. A engineered nucleic acid construct comprising:

(a) a promoter operably linked to a nucleic acid encoding a regulatory protein;

(b) an inducible promoter operably linked to a nucleic acid encoding an enzyme
that cleaves nucleic acid, a nucleic acid encoding an enzyme that nicks nucleic acid, or a
nucleic acid encoding an enzyme that catalyzes exchange of nucleic acid, wherein activity of
the inducible promoter is modulated by the regulatory protein;

(©) at least two insulators located downstream from (a) and upstream from (b);

(d) at least one insulator located downstream from (b) and upstream from (a);
and

(e) at least one deoxyribonucleic acid (DNA)-binding domain recognition

sequence located downstream from (b) and upstream from (a).

2. The engineered nucleic acid construct of claim 1, comprising at least two DNA-

binding domain recognition sequences.

3. The engineered nucleic acid construct of claim 2, wherein each of the at least two

DNA-binding domain recognition sequences are obtained from different species.

4. The engineered nucleic acid construct of claim 3, wherein at least one of the DNA-
binding domain recognition sequences corresponds to a nucleotide sequence in a AAVS1

locus of a human genome.

5. The engineered nucleic acid construct of claim 3, wherein at least one of the DNA-
binding domain recognition sequences corresponds to a nucleotide sequence in a Rosa26

locus of a mouse genome.

6. The engineered nucleic acid construct of claim 2, wherein at least one DNA-binding
domain recognition sequence is located upstream of and adjacent to (a), and wherein at least

one DNA-binding domain recognition sequence is located downstream of and adjacent to (b).

7. The engineered nucleic acid construct of any one of claims 1-6, further comprising a

promoter operably linked to a nucleic acid encoding a selectable marker protein.
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8. The engineered nucleic acid construct of any one of claims 1-7, wherein the enzyme
is a nuclease, a nickase or a recombinase.
9. The engineered nucleic acid construct of claim 8, wherein the enzyme is a nuclease.
10.  The engineered nucleic acid construct of claim 9, wherein the nuclease is a Cas
nuclease.
11.  The engineered nucleic acid construct of claim 10, wherein the Cas nuclease is a Cas9
nuclease.
12.  The engineered nucleic acid construct of claim 11, wherein the Cas9 nuclease is a
wild-type Cas9 nuclease.
13.  The engineered nucleic acid construct of claim 11 wherein the Cas9 nuclease is a
catalytically inactive Cas9 nuclease.
14.  The engineered nucleic acid construct of claim 13, wherein the catalytically inactive

Cas9 nuclease is fused to a transcriptional activator peptide, transcriptional repressor peptide,

or an epigenomic regulator peptide.

15.  The engineered nucleic acid construct of claim 9, wherein the nuclease is a Cpfl
nuclease.
16.  The engineered nucleic acid construct of any one of claims 10-15, wherein the

construct further comprises a nucleic acid encoding a guide RNA.

17. The engineered nucleic acid construct of claim 16, wherein the guide RNA is located

downstream of (b) and upstream of (d).

18.  The engineered nucleic acid construct of claim 8, wherein the enzyme is a

recombinase.
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19.  The engineered nucleic acid construct of claim 18, wherein the recombinase is Cre

recombinase.

20.  The engineered nucleic acid construct of any one of claims 1-19, wherein the

promoter of (b) is a tissue-specific inducible promoter.

21.  The engineered nucleic acid construct of any one of claims 1-19, wherein the

promoter of (b) is a developmental-specific inducible promoter.

22.  The engineered nucleic acid construct of any one of claims 1-21, wherein the
regulatory protein is a tetracycline-controlled transactivator (tTA) protein, a reverse

tetracycline-controlled transactivator (rtTA) protein, or a Lac repressor protein.

23.  The engineered nucleic acid construct of claim 22, wherein the regulatory protein is a
1tTA protein.
24.  The engineered nucleic acid construct of any one of claims 1-23, wherein the

promoter of (a) is an inducible promoter.

25.  The engineered nucleic acid construct of claim 24, wherein the promoter of (a) is a

tissue-specific inducible promoter.

26.  The engineered nucleic acid construct of claim 24, wherein the promoter of (a) is a

developmental-specific inducible promoter.
27.  The engineered nucleic acid construct of any one of claims 1-26, wherein the at least
one DNA-binding domain recognition sequence is cleaved by a nuclease having a Fokl

nuclease domain.

28.  The engineered nucleic acid construct of claim 27, wherein the nuclease is a zinc

finger nuclease, a Tale nuclease, a Cpfl nuclease or a hybrid dCas9-FoklI nuclease.

29. A vector comprising the engineered nucleic acid construct of any one of claims 1-28.

30. The vector of claim 29, wherein the vector has a size of at least 20 kilobases.
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The vector of claim 29or 30, wherein the vector is a baculovirus vector, a bacterial

artificial chromosome, or a yeast artificial chromosome.

32.

33.

34.

35.

36.

37.

A cell comprising the engineered nucleic acid construct of any one of claims 1-31.

A cell comprising the vector of any one of claims 29-32.

The cell of claim 32 or 33, wherein the cell is a stem cell.

The cell of claim 34, wherein the stem cell is a pluripotent stem cell.

The cell of claim 35, wherein the pluripotent stem cell is an induced pluripotent stem
cell iPSC).

A method of modifying a cell genome, comprising:

introducing into a cell an engineered nucleic acid construct comprising

(@

(b)

(©

(d)

(©

a promoter operably linked to a nucleic acid encoding a regulatory
protein;

an inducible promoter operably linked to a nucleic acid encoding an
enzyme that cleaves nucleic acid, a nucleic acid encoding an enzyme
that nicks nucleic acid, or a nucleic acid encoding an enzyme that
catalyzes exchange of nucleic acid, wherein activity of the inducible
promoter is modulated by the regulatory protein;

at least two insulators located downstream from (a) and upstream from
(b);

at least one insulator located downstream from (b) and upstream from
(a); and

at least one deoxyribonucleic acid (DNA)-binding domain recognition

sequence located downstream from (b) and upstream from (a);

introducing into the cell an engineered nucleic acid comprising a promoter operably

linked to a nucleic acid encoding a guide RNA (gRNA) that targets a genomic region of the

cell;

introducing into the cell an engineered nucleic acid comprising a promoter operably
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linked to a nucleic acid encoding a hybrid nuclease that binds to the at least one DNA-
binding domain recognition sequence; and
incubating the cell in the presence of an effector substance that modulates activity of

the regulatory protein under conditions that result in modification of the cell genome.

38. A method of modifying a cell genome, comprising:
introducing into a cell an engineered nucleic acid construct comprising

() a promoter operably linked to a nucleic acid encoding a regulatory
protein;

(b) an inducible promoter operably linked to a nucleic acid encoding an
enzyme that cleaves nucleic acid, nicks nucleic acid, or catalyzes
exchange of nucleic acid, wherein activity of the inducible promoter is
modulated by the regulatory protein;

(c) at least two insulators located downstream from (a) and upstream from
(b);

(d) at least one insulator located downstream from (b) and upstream from
(a);

(e) a promoter operably linked to a nucleic acid encoding a guide RNA
(gRNA) that targets a genomic region of the cell; and

® at least one deoxyribonucleic acid (DNA)-binding domain recognition
sequence located downstream from (b) and upstream from (a);

introducing into the cell an engineered nucleic acid comprising a promoter operably
linked to a nucleic acid encoding a hybrid nuclease that binds to the at least one DNA-
binding domain recognition sequence; and

incubating the cell in the presence of an effector substance that modulates activity of

the regulatory protein under conditions that result in modification of the cell genome.

39.  An engineered nucleic acid comprising;:

(a) a promoter operably linked to a nucleic acid encoding a Cas9 nuclease that
does not comprise a nuclear localization signal, wherein the nucleic acid encoding the
enzyme is flanked by estrogen receptor (ERT2) sequences; and

(b) a deoxyribonucleic acid (DNA)-binding nuclease recognition sequence.

40. A method of modifying a cell genome, comprising:

introducing into a cell an engineered nucleic acid comprising
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() a promoter operably linked to a nucleic acid encoding a Cas9 nuclease
that does not comprise a nuclear localization signal, wherein the nucleic acid
encoding the enzyme is flanked by estrogen receptor (ERT2) sequences; and

(b) a deoxyribonucleic acid (DNA)-binding nuclease recognition
sequence;
introducing into the cell an engineered nucleic acid comprising a promoter operably

linked to a nucleic acid encoding a guide RNA (gRNA) that targets a genomic region of the
cell; and
incubating the cell in the presence of tamoxifen under conditions that result in

modification of the cell genome.

41. A transgenic mouse comprising in the genome of the mouse an engineered nucleic

acid construct of any one of claims 1-31.

42.  The transgenic mouse of claim 41, wherein the engineered nucleic acid construct is

integrated in the Rosa26 locus of the mouse genome.

43.  The transgenic mouse of claim 41 or 42, wherein the mouse is immunocompetent.

44.  The transgenic mouse of any one of claims 41-43, wherein expression of the enzyme

is not detectable in the absence of induction of the inducible promoter.

45.  An engineered nucleic acid comprising the sequence of any one of SEQ ID NO: 8 or

12-20.

46. A transgenic mouse comprising in the genome of the mouse the engineered nucleic

acid construct of claim 45.

47.  The transgenic mouse of claim 46, wherein the engineered nucleic acid construct is

integrated in the Rosa26 locus of the mouse genome.

48.  The transgenic mouse of claim 45 or 46 wherein the mouse is immunocompetent.

49.  The transgenic mouse of any one of claims 46-48, wherein expression of the enzyme

is not detectable in the absence of induction of the inducible promoter.
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