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(57) Abstract: Provided herein are methods and compositions for editing a target genome in a cell comprising contacting the cell
with (i) a single homology arm construct comprising a replacement sequence and a targeted endonuclease cleavage site; and (ii) a
targeted endonuclease, wherein the replacement sequence comprises at least one nucleotide difference compared to the target genome
and wherein the target genome comprises a sequence homologous to the targeted endonuclease cleavage site.
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COMPOSITIONS AND METHODS FOR IN VIVO GENE EDITING

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 62/890,542, filed August
22,2019, and U.S. Provisional Application No. 62/891,210, filed August 23, 2019, each of which

application is incorporated herein by reference in its entirety.

BACKGROUND
[0002] Direct gene modification in living organisms by in vivo targeted genome-editing technology is a
powerful tool for many fields of life science, including animal science and developmental biology.
Furthermore, this technology could potentially be used to correct inherited diseases by eliminating

disease-causing mutations, offering the possibility of a permanent cure.

SUMMARY
[0003] /n vivo genome editing represents a powerful strategy for understanding basic biology as well as
treating inherited diseases. However, it remains challenging to develop universal and efficient genome-
editing tools for in vivo tissues, which consist of diverse cell types in either a dividing or non-dividing
state. Provided herein are versatile in vivo gene knock-in methodologies that enable targeting a broad
range of mutations and cell types by inserting a minigene at an intron of the target gene locus using an
intracellularly linearized single homology arm donor. As a proof-of-concept of this strategy, presented
herein is treatment of a mouse model of premature aging that is caused by a dominant point mutation,
which is difficult to repair using existing iz vivo genome-editing tools. Systemic treatment using this
method ameliorated aging-associated phenotypes and extended animal lifespan, highlighting the potential
of this methodology for a broad range of in vivo genome-editing applications.
[0004] In one aspect, there are provided methods of editing a target genome in a cell. In some
embodiments, methods herein comprise contacting the cell with (i) a single homology arm construct
comprising a replacement sequence and a targeted endonuclease cleavage site; and (ii) a targeted
endonuclease, wherein the replacement sequence comprises at least one nucleotide difference compared to
the target genome and wherein the target genome comprises a sequence homologous to the targeted
endonuclease cleavage site. In some embodiments, the single homology arm construct replaces at least a
portion of the target genome. In some embodiments, the targeted endonuclease is selected from a
CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger
Nuclease. In some embodiments, the CRISPR nuclease selected from the group consisting of Cas9,
Casl2a (Cpfl), Cas12b (c2cl), Casl2c (c2¢3), Casl2g, Casl2i, Casl4, CaslO, Cas3, CasX, CasY, Csfl,
Casl3a (c2c2), Cas13b (c2c6), Casl3c (c2c¢7), c2¢4, c2¢5, ¢2c8, ¢2¢9, ¢2¢10, Cas10, CAST and Tn6677.
In some embodiments, the method further comprises contacting the cell with a guide oligonucleotide. In
some embodiments, the guide oligonucleotide is a guide RNA. In some embodiments, the replacement
sequence comprises a single nucleotide difference compared to the target genome. In some embodiments,

the single base difference is selected from one of a substitution, an insertion, and a deletion. In some
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embodiments, the replacement sequence comprises a substitution, an insertion, an inversion, a

translocation, a duplication, or a deletion compared to the target genome. In some embodiments, the
replacement sequence comprises at least a portion of an intron and at least a portion of an exon. In some
embodiments, the replacement sequence comprises all introns and exons of a gene downstream of a
mutation in the gene of the target genome. In some embodiments, the cell is selected from one or more of
a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a cardiomyocyte, a pancreas beta cell, a
lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell, a mast cell, a plasma cell, a eosinophil,
a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an osteocyte, a platelet, an adipocyte, a
retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver lipocyte, a secretory cell, a urinary
cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a spermatocyte, and an oocyte. In some
embodiments, the single homology arm construct, the guide oligonucleotide, and the targeted
endonuclease are encoded in a construct. In some embodiments, the construct is a viral construct. In
some embodiments, the viral construct is an adeno-associated virus, an adenovirus, a lentivirus, or a
retrovirus. In some embodiments, the construct is a non-viral construct. In some embodiments, the non-
viral construct is a mini-circle or a plasmid. In some embodiments, the cell is contacted in vivo. In some
embodiments, the cell is contacted in vitro. In some embodiments, the cell is from a subject. In some
embodiments, the subject is a human, a non-human primate, a dog, a cat, a horse, a cow, a sheep, a pig, a
rabbit, a rat, or a mouse. In some embodiments, the subject has a mutation in a gene homologous to the
replacement sequence.

[0005] In another aspect, there are provided methods of treating a genctic disease in a subject having a
mutation in a gene. In some embodiments, the method comprises contacting a cell from the subject with
(1) a single homology arm construct comprising a replacement sequence and a targeted endonuclease
cleavage site; and (i1) a targeted endonuclease, wherein the replacement sequence comprises a wildtype
sequence of the gene and wherein the gene comprises a sequence homologous to the targeted
endonuclease cleavage site. In some embodiments, the single homology arm construct replaces at least a
portion of the gene. In some embodiments, the targeted endonuclease is selected from a CRISPR
nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger Nuclease. In
some embodiments, the CRISPR nuclease selected from the group consisting of Cas9, Casl12a (Cpfl),
Cas12b (c2cl), Casl2¢ (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX, CasY, Csfl, Casl3a (c2c2),
Cas13b (c2c6), Casl3c (c2¢7), c2¢4, c2c5, ¢2c8, ¢2¢9, ¢2¢10, Cas10, CAST and Tn6677. In some
embodiments, the method further comprises contacting the cell with a guide oligonucleotide. In some
embodiments, the guide oligonucleotide is a guide RNA. In some embodiments, the mutation comprises a
single nucleotide difference compared to the target genome. In some embodiments, the single nucleotide
difference is selected from one of a substitution, an insertion, and a deletion. In some embodiments, the
mutation comprises an insertion, an inversion, a translocation, a duplication, or a deletion compared to the
target genome. In some embodiments, the replacement sequence comprises at least a portion of an intron
and at least a portion of an exon. In some embodiments, the replacement sequence comprises all introns

and exons of a gene downstream of a mutation in the gene of the target genome. In some embodiments,
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the cell is selected from one or more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell,

a cardiomyocyte, a pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK
cell, amast cell, a plasma cell, a eosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte,
an osteocyte, a platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a
liver lipocyte, a secretory cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a
spermatocyte, and an oocyte. In some embodiments, the single homology arm construct, the guide
oligonucleotide, and the targeted endonuclease are encoded in a construct. In some embodiments, the
construct is a viral construct. In some embodiments, the viral construct is an adeno-associated virus, an
adenovirus, a lentivirus, or a retrovirus. In some embodiments, the construct is a non-viral construct. In
some embodiments, the non-viral construct is a mini-circle or a plasmid. In some embodiments, the cell is
contacted in vivo. In some embodiments, the cell is contacted in vitro. In some embodiments, the cell is a
non-dividing cell. In some embodiments, the subject is a human, a non-human primate, a dog, a cat, a
horse, a cow, a sheep, a pig, a rabbit, a rat, or a mouse. In some embodiments, the genetic disease is
selected from Achondroplasia, Alpha-1 Antitrypsin Deficiency, Alzheimer’s disease, Antiphospholipid
Syndrome, Autism, Autosomal Dominant Polycystic Kidney Disease, Breast cancer, Cancer, Charcot-
Marie-Tooth, Colon cancer, Cri du chat, Crohn's Disease, Cystic fibrosis, Dercum Disease, Down
Syndrome, Duane Syndrome, Duchenne Muscular Dystrophy, Factor V Leiden Thrombophilia, Familial
Hypercholesterolemia, Familial Mediterrancan Fever, Fragile X Syndrome, Gaucher Disease,
Hemochromatosis, Hemophilia, Holoprosencephaly, Huntington's disease, Klinefelter syndrome, Leber’s
congenital amaurosis, Marfan syndrome, Myotonic Dystrophy, Neurofibromatosis, Noonan Syndrome,
Osteogenesis Imperfecta, Parkinson's disease, Phenylketonuria, Poland Anomaly, Porphyria, Progeria,
Prostate Cancer, Retinitis Pigmentosa, Severe Combined Immunodeficiency (SCID), Sickle cell disease,
Skin Cancer, Spinal Muscular Atrophy, Stargardt disease, Tay-Sachs, Thalassemia, Trimethylaminuria,
Turner Syndrome, Velocardiofacial Syndrome, WAGR Syndrome, and Wilson Disease.

[0006] In an additional aspect, there are provided compositions comprising (i) a single homology arm
construct comprising a replacement sequence and a targeted endonuclease cleavage site; and (ii) a targeted
endonuclease, wherein the replacement sequence comprises at least one nucleotide difference compared to
a target genome and wherein the target genome comprises a sequence homologous to the targeted
endonuclease cleavage site for use in treating a genetic disease. In some embodiments, the single
homology arm construct replaces at least a portion of the gene. In some embodiments, the targeted
endonuclease is selected from a CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a
meganuclease, and a Zinc Finger Nuclease. In some embodiments, the CRISPR nuclease selected from
the group consisting of Cas9, Casl2a (Cpfl), Cas12b (c2cl), Casl2c (c2¢3), Casl2g, Casl2i, Casl4,
Casl0, Cas3, CasX, CasY, Csfl, Casl3a (c2¢2), Cas13b (c2¢6), Casl3c (c2c7), c2c4, c2c¢5, ¢2¢8, c2¢9,
¢2¢10, Cas10, CAST and Tn6677. In some embodiments, the composition further comprises a guide
oligonucleotide. In some embodiments, the guide oligonucleotide is a guide RNA. In some
embodiments, the genetic disease is caused by a mutation comprising a single nucleotide difference

compared to the target genome. In some embodiments, the single nucleotide difference is selected from
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ong of a substitution, an insertion, and a deletion. In some embodiments, the genetic disease is caused by

a mutation comprising a substitution, an insertion, an inversion, a translocation, a duplication, or a
deletion. In some embodiments, the replacement sequence comprises at least a portion of an intron and at
least a portion of an exon. In some embodiments, the replacement sequence comprises all introns and
exons of a gene downstream of a mutation in the gene of the target genome. In some embodiments, the
composition targets a cell selected from one or more of a stem cell, a neuron, a skeletal muscle cell, a
smooth muscle cell, a cardiomyocyte, a pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T
cell, a B cell, a NK cell, a mast cell, a plasma cell, a eosinophil, a basophil, an endothelial cell, an
epithelial cell, a hepatocyte, an osteocyte, a platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-
secreting cell, a glial cell, a liver lipocyte, a secretory cell, a urinary cell, an extracellular matrix cell, a
nurse cell, an interstitial cell, a spermatocyte, and an oocyte. In some embodiments, the single homology
arm construct, the guide oligonucleotide, and the targeted endonuclease are encoded in a construct. In
some embodiments, the construct is a viral construct. In some embodiments, the viral construct is an
adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus. In some embodiments, the construct is
a non-viral construct. In some embodiments, the non-viral construct is a mini-circle or a plasmid. In
some embodiments, the genetic disease is selected from Achondroplasia, Alpha-1 Antitrypsin Deficiency,
Alzheimer’s disease, Antiphospholipid Syndrome, Autism, Autosomal Dominant Polycystic Kidney
Disease, Breast cancer, Cancer, Charcot-Marie-Tooth, Colon cancer, Cri du chat, Crohn's Disease, Cystic
fibrosis, Dercum Disease, Down Syndrome, Duane Syndrome, Duchenne Muscular Dystrophy, Factor V
Leiden Thrombophilia, Familial Hypercholesterolemia, Familial Mediterranean Fever, Fragile X
Syndrome, Gaucher Disease, Hemochromatosis, Hemophilia, Holoprosencephaly, Huntington's disease,
Klinefelter syndrome, Leber’s congenital amaurosis, Marfan syndrome, Myotonic Dystrophy,
Neurofibromatosis, Noonan Syndrome, Osteogenesis Imperfecta, Parkinson's disease, Phenylketonuria,
Poland Anomaly, Porphyria, Progeria, Prostate Cancer, Retinitis Pigmentosa, Severe Combined
Immunodeficiency (SCID), Sickle cell disease, Skin Cancer, Spinal Muscular Atrophy, Stargardt disease,
Tay-Sachs, Thalassemia, Trimethylaminuria, Turner Syndrome, Velocardiofacial Syndrome, WAGR
Syndrome, and Wilson Disease.

[0007] In an additional aspect, there are provided compositions comprising (i) a single homology arm
construct comprising a replacement sequence and a targeted endonuclease cleavage site; and (ii) a targeted
endonuclease, wherein the replacement sequence comprises at least one nucleotide difference compared to
a target genome and wherein the target genome comprises a sequence homologous to the targeted
endonuclease cleavage site. In some embodiments, the composition comprises a cell. In some
embodiments, the single homology arm construct, the guide oligonucleotide, and the targeted
endonuclease are encoded in a construct. In some embodiments, the construct is a viral construct. In
some embodiments, the viral construct is an adeno-associated virus, an adenovirus, a lentivirus, or a
retrovirus. In some embodiments, the construct is a non-viral construct. In some embodiments, the non-
viral construct is a mini-circle or a plasmid. In some embodiments, the composition further comprises a

pharmaceutically acceptable buffer or excipient. In some embodiments, the targeted endonuclease is
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selected from a CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a

Zinc Finger Nuclease. In some embodiments, the CRISPR nuclease is selected from the group consisting
of Cas9, Casl12a (Cpfl), Cas12b (c2¢1), Casl2¢ (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX,
CasY, Csfl, Casl3a (c2¢2), Casl3b (c2¢6), Casl3c (c2¢7), c2¢4, c2¢5, c2¢8, ¢2¢9, ¢2¢10, Cas10, CAST
and Tn6677. In some embodiments, the composition further comprises a guide oligonucleotide.

[0008] Additionally provided herein, are kits comprising any composition provided herein and
instructions for use.

[0009] In a further aspect, there are provided nucleic acid molecules comprising a single homology arm
construct comprising a replacement sequence and a targeted endonuclease cleavage site, wherein the
replacement sequence comprises at least one nucleotide difference compared to a target genome. In some
embodiments, the nucleic acid molecule further comprises a sequence encoding a guide oligonucleotide.
In some embodiments, the nucleic acid molecule further comprises a sequence encoding a targeted
endonuclease. In some embodiments, the nucleic acid molecule 1s a viral construct. In some
embodiments, the viral construct is an adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus.
In some embodiments, the nucleic acid molecule is a non-viral construct. In some embodiments, the non-
viral construct is a mini-circle or a plasmid.

[0010] Further provided herein are kits comprising any one of the nucleic acid molecules provided herein
and instructions for use.

[0011] In another aspect, there are provided methods of homology-directed repair for editing a target
genome in a cell comprising contacting the cell with (i) a single homology arm construct comprising a
replacement sequence and a targeted endonuclease cleavage site; and (ii) a targeted endonuclease, wherein
the replacement sequence comprises at least one nucleotide difference compared to the target genome and
wherein the target genome comprises a sequence homologous to the targeted endonuclease cleavage site,
wherein the replacement sequence is integrated into the target genome using a homology-directed repair
protein. In some embodiments, the single homology arm construct replaces at least a portion of the target
genome. In some embodiments, the targeted endonuclease is selected from a CRISPR nuclease, a
TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger Nuclease. In some
embodiments, the CRISPR nuclease selected from the group consisting of Cas9, Cas12a (Cpfl), Cas12b
(c2cl), Casl2c¢ (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX, CasY, Csfl, Casl3a (c2¢2), Cas13b
(c2¢6), Casl3c (c2¢7), c2c4, c2¢5, c2¢8, c2¢9, c2¢10, Cas10, CAST and Tn6677. In some embodiments,
the method further comprises contacting the cell with a guide oligonucleotide. In some embodiments, the
guide oligonucleotide is a guide RNA. In some embodiments, the replacement sequence comprises a
single nucleotide difference compared to the target genome. In some embodiments, the single base
difference is selected from one of a substitution, an insertion, and a deletion. In some embodiments, the
replacement sequence comprises an insertion, an inversion, a translocation, a duplication, or a deletion
compared to the target genome. In some embodiments, the replacement sequence comprises at least a
portion of an intron and at least a portion of an exon. In some embodiments, the replacement sequence

comprises all introns and exons of a gene downstream of a mutation in the gene of the target genome. In
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some embodiments, the cell is selected from one or more of a stem cell, a neuron, a skeletal muscle cell, a

smooth muscle cell, a cardiomyocyte, a pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T
cell, a B cell, a NK cell, a mast cell, a plasma cell, a eosinophil, a basophil, an endothelial cell, an
epithelial cell, a hepatocyte, an osteocyte, a platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-
secreting cell, a glial cell, a liver lipocyte, a secretory cell, a urinary cell, an extracellular matrix cell, a
nurse cell, an interstitial cell, a spermatocyte, and an oocyte. In some embodiments, the single homology
arm construct, the guide oligonucleotide, and the targeted endonuclease are encoded in a construct. In
some embodiments, the construct is a viral construct. In some embodiments, the viral construct is an
adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus. In some embodiments, the construct is
a non-viral construct. In some embodiments, the non-viral construct is a mini-circle or a plasmid. In
some embodiments, the cell is contacted in vivo. In some embodiments, the cell is contacted in vitro. In
some embodiments, the cell is from a subject. In some embodiments, the subject is a human, a dog, a cat,
a horse, a cow, a sheep, a pig, a rabbit, a rat, or a mouse. In some embodiments, the subject has a
mutation in a gene homologous to the replacement sequence.

[0012] In a further aspect, there are provided compositions comprising (i) a single homology arm
construct configured for homology-directed repair comprising a replacement sequence and a targeted
endonuclease cleavage site; and (ii) a targeted endonuclease, wherein the replacement sequence comprises
at least one nucleotide difference compared to a target genome and wherein the target genome comprises a
sequence homologous to the targeted endonuclease cleavage site for use in treating a genetic disease. In
some embodiments, the single homology arm construct uses homology-directed repair to replace at least a
portion of the gene. In some embodiments, the targeted endonuclease is selected from a CRISPR
nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger Nuclease. In
some embodiments, the CRISPR nuclease selected from the group consisting of Cas9, Cas12a (Cpfl),
Cas12b (c2cl), Casl2¢ (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX, CasY, Csfl, Casl3a (c2c2),
Cas13b (c2¢6), Casl3c (c2¢7), c2¢4, c2c5, ¢2c8, ¢2¢9, ¢2¢10, Cas10, CAST and Tn6677. In some
embodiments, the composition further configured for contacting the cell with a guide oligonucleotide. In
some embodiments, the guide oligonucleotide is a guide RNA. In some embodiments, the genetic disease
is caused by a mutation comprising a single nucleotide difference compared to the target genome. In
some embodiments, the single nucleotide difference is selected from one of a substitution, an insertion,
and a deletion. In some embodiments, the genetic disease is caused by a mutation comprising an
insertion, an inversion, a translocation, a duplication, or a deletion. In some embodiments, the
replacement sequence comprises at least a portion of an intron and at least a portion of an exon. In some
embodiments, the replacement sequence comprises all introns and exons of a gene downstream of a
mutation in the gene of the target genome. In some embodiments, the composition targets a cell selected
from one or more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a cardiomyocyte, a
pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell, a mast cell, a
plasma cell, a eosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an osteocyte, a

platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver lipocyte, a
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secretory cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a spermatocyte,

and an oocyte. In some embodiments, the single homology arm construct, the guide oligonucleotide, and
the targeted endonuclease are encoded in a construct. In some embodiments, the construct is a viral
construct. In some embodiments, the viral construct is an adeno-associated virus, an adenovirus, a
lentivirus, or a retrovirus. In some embodiments, the construct is a non-viral construct. In some
embodiments, the non-viral construct is a mini-circle or a plasmid. In some embodiments, the genetic
disease is selected from Achondroplasia, Alpha-1 Antitrypsin Deficiency, Alzheimer’s disease,
Antiphospholipid Syndrome, Autism, Autosomal Dominant Polycystic Kidney Disease, Breast cancer,
Cancer, Charcot-Marie-Tooth, Colon cancer, Cri du chat, Crohn's Disease, Cystic fibrosis, Dercum
Disease, Down Syndrome, Duane Syndrome, Duchenne Muscular Dystrophy, Factor V Leiden
Thrombophilia, Familial Hypercholesterolemia, Familial Mediterranean Fever, Fragile X Syndrome,
Gaucher Disease, Hemochromatosis, Hemophilia, Holoprosencephaly, Huntington's disease, Klinefelter
syndrome, Leber’s congenital amaurosis, Marfan syndrome, Myotonic Dystrophy, Neurofibromatosis,
Noonan Syndrome, Osteogenesis Imperfecta, Parkinson's disease, Phenylketonuria, Poland Anomaly,
Porphyria, Progeria, Prostate Cancer, Retinitis Pigmentosa, Severe Combined Immunodeficiency (SCID),
Sickle cell disease, Skin Cancer, Spinal Muscular Atrophy, Stargardt disease, Tay-Sachs, Thalassemia,
Trimethylaminuria, Turner Syndrome, Velocardiofacial Syndrome, WAGR Syndrome, and Wilson

Discase..

INCORPORATION BY REFERENCE
[0013] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent application

was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The patent or application file contains at least one drawing executed in color. Copies of this patent
or patent application publication with color drawing(s) will be provided by the Office upon request and
payment of the necessary fee.
[001S] An understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompanying drawings of which:
[0016] FIG. 1A shows a schematic representation of targeted GFP knock-in at 7ubb3 locus by a SATI
(intercellular linearized Single homology Arm donor mediated intron-Targeting Integration) donor
harboring a single homology arm for targeting in intron 3.
[0017] FIG. 1B shows a schematic representation of targeted GFP knock-in at 7ubb3 locus by no
homology HITI donor targeting in exon 4.
[0018] FIG. 1C shows a schematic representation of targeted GFP knock-in at 7ubb 3 locus by a

conventional HDR donor harboring two homology arms targeting in exon 4.
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[0019] FIG. 1D shows a schematic representation of targeted GFP knock-in at 7ubb 3 locus by an HMEJ

donor harboring two homology arms targeting in intron 3.

[0020] FIG. 1E shows an experimental scheme for GFP knock-in in cultured primary neurons.

[0021] FIG. 1F shows representative immunofluorescence images of neurons transfected with Cas9,
one-armed SATI donor and int3gRNA-mCherry.

[0022] FIG. 1G shows the percentage of knock-in cells (GFP+) per transfected cells (mCherry+) with
different combinations of gRNAs and donors.

[0023] FIG. 1H shows the ratio of HITI- and oaHDR-mediated GFP knock-in after transfected with one-
armed SATI donor into primary neurons.

[0024] FIG. 2A shows a schematic representation of the Lmna“*®®

(c.1827C>T) gene correction with
SATI-mediated gene-correction donor.

[0025] FIG. 2B shows the ratio of HITI, oaHDR and undetermined (due to large deletion) in targeted
sequence after SATI mediated gene correction.

[0026] FIG. 2C shows the ratio of HITI, oaHDR and undetermined (due to large deletion) with or
without indel at targeting site after gene correction.

[0027] FIG. 2D shows an experimental scheme for in vivo gene correction by AAV-Progeria-SATI via

: s : 609 609
intravenous (IV) AAV injections to Lmna®?9%%4

progeria mouse model.

[0028] FIG. 2E shows gene correction efficiency at Lmna ¢.1827C>T dominant point mutation site from
the indicated tissues in SATI-treated (Pro + SATI) or only donor-treated without Cas9 (Pro + donor)
progeria mice at day 100.

[0029] FIG. 2F shows indel percentages at Lmna intron 10 gRNA target site from the indicated tissues in
SATlI-treated (Pro + SATI) or only donor-treated without Cas9 (Pro + donor) progeria mice at day 100.
[0030] FIG. 2G shows the ratio of HITI, oaHDR and undetermined (due to large deletion) with or
without indel at targeting site after gene correction by systemic AAV-Progeria-SATI injection for
progeria mice.

[0031] FIG. 3A shows survival plots of Lmna™" (WT), SATI treated Lmna™ (WT+SATI),
Lmna®°9%G (pro), SATI treated Lmna®*%%C (Pro+SATI), Lmna ' heterozygous (Het), SATI
treated Lmna’%9 heterozygous (Het+SATI) mice.

[0032] FIG. 3B shows RT-qPCR analysis for the expression ratio of Lamin A to Lamin C (left) and
Progerin to Lamin A (right) from represented tissues (7 = 3).

[0033] FIG. 3C shows representative photographs of WT, Progeria (Pro), and Progeria + SATI
(Pro+SATI) mice at 17-weeks-old.

[0034] FIG. 3D shows a histological analysis of the skin at 17-weeks-old.

[0035] FIG. 3E shows a histological analysis of the spleen at 17-weeks-old.

[0036] FIG. 3F shows a histological analysis of the kidney at 17-weeks-old.

[0037] FIG. 3G shows a histological analysis of the aorta at 17-weeks-old.
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[0038] FIG. 3H shows an electrocardiogram (ECG) analysis in WT, Pro, and Pro + SATI mice between

day 92 and day 110. Heart rate represented as beats per minute (bpm), » = 7. P values are indicated in
cach graph, one-way ANOV A with Tukey's multiple comparisons test.

[0039] FIG. 4A shows an experimental scheme for in vivo gene repair by AAV-Progeria-SATI via
Intramuscular (IM) AAV injections into the tibialis anterior (TA) muscles of adult Lmnag*®9®¢
progeria.

[0040] FIG. 4B shows representative pictures of H&E staining of TA muscle at 13-weeks-old.

[0041] FIG. 4C Muscle fiber cross-sectional area distribution of TA muscles in progeria mice at 13-
weeks-old.

[0042] FIG. 5A shows a schematic representation of the HDR-mediated gene-knock-in method.

[0043] FIG. 5B shows a schematic representation of the HITI-mediated gene knock-in method.

[0044] FIG. 5C shows the unidirectional gene knock-in by HITI.

[0045] FIG. 6A shows a schematic representation of the HMEJ-mediated intronic gene-knock-in
method.

[0046] FIG. 6B shows a schematic representation of the new intronic gene-knock-in method, SATIL
[0047] FIG. 6C shows a summary of the difference of applicability between gene-editing methods used
in this study.

[0048] FIG. 7A shows a scheme showing inserted DNA sequences with exon-targeting HITI donors via
a conventional HITI system.

[0049] FIG. 7B shows a number of the design capacity of gRNA in this study.

[0050] FIG. 7C shows a schematic representation of gene targeting by HITI with IRESmCherry-MC
donor and different Cas9s in the GFP-correction HEK293 line.

[0051] FIG. 7D shows mCherry knock-in HITI efficiency (%) with Normal SpCas9 (wtCas9) and NG
PAM Cas9 (Cas9-NG and xCas9) in HEK293.

[0052] FIG. 8A shows representative pictures of non-transfected and transfected neuronal cultures with
the different donors and gRNAs for recognizing the cutting patterns induced by one arm homology and
HITI donors.

[0053] FIG. 8B shows absolute and relative knock-in efficiency indicated by the percentage of GFP+
cells among total cells (DAPI+) or transfected cells (mCherry+) in EdU+ or EdU- neurons.

[0054] FIG. 8C shows an example of an actual sequence after GFP knock-in at the 3 end of the Tubb3
coding region via one homology arm donor (MC-Tubb3int3-SATI).

[005S] FIG. 8D shows the effect on the efficiency of GFP knock-in in neurons by comparison of wild-
type Cas9 (Cas9) and Cas9 nickase (Cas9D10A, introducing a single-strand break) in SATI donors (MC-
Tubb3int3-SATI, MC-Tubb3int3-scramble), HITI donor (Tubb3ex4-HITI) and HDR donor (Tubb3ex4-
HDR).

[0056] FIG. 9A shows a schematic representation of gene targeting by HDR and oaHDR in the
GFPcorrection HEK293 and hESC lines.
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[0057] FIG. 9B shows surveyor nuclease assay performed transfected with Cas9, gRNA and tGFP donor

DNA.

[0058] FIG. 9C shows GFP knock-in efficiency in HEK293 cells.

[0059] FIG. 9D shows GFP knock-in efficiency in hES cells.

[0060] FIG. 10A shows cell cycle analysis by propidium iodide (PI) staining after treatment with/without
20 uM Lovastatin, cell cycle inhibitor at G1 phase, for 2 days in GFP correction HeLa line. The efficiency
of each cell cycle phase is indicated in the graph (%).

[0061] FIG. 10B shows oaHDR- and HDR-mediated gene knock-in percentages in GFP correction HeLa
line with Lovastatin treatment.

[0062] FIG. 10C shows the structure of wild type Cas9 (Cas9), G1-phase-specific Cas9 (Cas9-Cdtl) and
S-M phase-specific Cas9 (Cas9-Geminin).

[0063] FIG. 10D shows oaHDR- and HDR-mediated gene knock-in% in GFP correction HEK293 line
with different Cas9 treatment.

[0064] FIG. 10E shows oaHDR- and HDR-mediated gene knock-in% in GFP correction HeLa line with
different Cas9 treatment.

[0065] FIG. 11A shows a schematic representation of gene targeting by HDR and HITI with mCherry
reporter donor in the GFP-correction HEK293 and hESC line. HDR donor (IRESmCherry-HDR-0c¢) is
inserted by HDR (top). HITI donor (IRESmCherry-MC) is inserted by HITI (bottom).

[0066] FIG. 11B shows mCherry knock-in efficiency in HEK293 cells.

[0067] FIG. 11C shows mCherry knock-in efficiency in hES cells.

[0068] FIG. 11D shows a schematic model of SATI conceptually from our observations in different cell
types.

[0069] FIG. 12A shows a schematic representation of the LmnaG609G (c.1827C>T) gene correction
with the plasmid (MC-Progeria-SATI) or AAV (AAV-Progeria-SATI) carrying SATI-mediated gene-
correction donor.

[0070] FIG. 12B shows an experimental scheme for the evaluation of the corrected gene sequence.
[0071] FIG. 13A shows a gene list of DNA repair-related shRNA used in this study.

[0072] FIG. 13B shows the effect of SATI knock-in efficiency in the presence of indicated shRNAs.
[0073] FIG. 13C shows a model of SATI donor mediated gene knock-in in the oaHDR and NHEJ
pathways.

[0074] FIG. 14A shows validation of HITT-mediated gene knock-in by PCR using the genomic template
from various tissues of the AAV-Progeria-SATI treated mouse at day 100.

[0073] FIG. 14B shows sequencing analyses of 3’ junction site of the liver (left) and heart (right) cells at
day 100 via IV AAV-Progeria-SATI injections.

[0076] FIG. 15A shows read count (Read) and genome editing (indels, HITI, and correction) efficiency
(%) by deep sequencing from the indicated organs.

[0077] FIG. 15B shows the distribution of indel size in liver.
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[0078] FIG. 15C shows the distribution of indel size in heart.

[0079] FIG. 15D shows the distribution of indel size in muscle.

[0080] FIG. 15E shows a list of the on-target site (On, Lmna intron 10) and off-target sites (OTS) that
were used to determine the indel frequency of SATI mediated genome editing.

[0081] FIG. 16A shows the intronic SATI-mediated gene-targeting strategy knock-ins a “half-gene of
Lmna” which including splicing acceptor.

[0082] FIG. 16B shows the list of the captured exons in the liver and heart from SATI-treated mice at
day 100. The data was obtained from two mice (#1 and #2).

[0083] FIG. 16C shows chromatin (H3K27Ac and DNasel HS) and expression (RNAseq) status of the
major off-target gene, Alb, in the liver of 8-week-old mice.

[0084] FIG. 16D shows chromatin (H3K27Ac¢ and DNasel HS) and expression (RNAseq) status of the
major off-target gene, Myh6, in the heart of 8-week-old mice.

[0083] FIG. 16E shows RT-qPCR analysis for the expression ratio of Albmin to Gapdh (left) and Lamin
A to Gapdh (right) in the liver from SATI-treated mouse at day 100.

[0086] FIG. 17A shows a cumulative plot of body weight of progeria (n = 5) and SATI treated progeria
(Progeria+SATI) mice.

[0087] FIG. 17B shows a representative photograph of WT, Progeria, and Progeria + SATI treated
spleens at 17 weeks old.

[0088] FIG. 17C shows validation of HITT-mediated gene knock-in by PCR using the genomic template
from tail-tip fibroblasts (TTFs) isolated from wild-type (WT), Progeria (NT), and SATI-treated progeria
(D).

[0089] FIG. 17D shows the protein level of Lamin A (top band), Progerin (middle band), and Lamin C
(bottom band) are detected from cultured TTFs of wild-type (WT), Progeria (NT), and SATI-treated
progeria (7T).

[0090] FIG. 17E shows the phenotypic rescue of nuclear morphological abnormality in fibroblasts
isolated from SATI-treated progeria mice.

[0091] FIG. 17F shows the phenotypic rescue of nuclear morphological abnormality in fibroblasts
isolated from SATI-treated progeria mice.

[0092] FIG. 17G shows a hematoxylin and eosin (H&E) staining of the liver at 17 weeks old mouse.

DETAILED DESCRIPTION
[0093] Direct gene modification could potentially be used to correct inherited diseases by eliminating
disease-causing mutations, offering the possibility of a permanent cure for the disease. In particular, in the
presence of an ectopic donor that possesses two stretches of homologous sequences to the target genome,
homology-directed repair (HDR) can replace endogenous genomic sequences with the exogenously
supplied donor sequences, allowing for the site-specific integration of a transgene, or the correction of a
disease-causing mutation (both recessive and dominant). However, these conventional HDR -based

targeted gene knock-in strategies have practical limitations, as HDR is mainly active in dividing cells.
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Thus, adult tissues comprised of non-dividing cells are inaccessible. I vivo tissues consist of many kinds

of cell types whose status is either dividing or non-dividing and changes during development and
regeneration. HDR-mediated gene correction strategies have shown promise in curing inherited diseases
in mice, but the targets are currently limited to tissues with dividing capacity in vivo (FIG. SA).

[0094] To overcome limitations of HDR-mediated genome editing, a CRISPR/Cas9-based homology-
independent targeted integration (HITI) was developed, which allows for efficiently targeted knock-in in
both dividing and non-dividing cells in vitro and in vivo (see, WO 2018/013932, hereby incorporated by
reference in its entirety). Rather than utilizing HDR, HITT instead relies on the other major DNA double-
strand break (DSB) repair pathway, the non-homologous end joining (NHEJ) pathway. In the case of
HITI, donor DNA lacks a homology arm and is designed to include a Cas9 cleavage site that flanks the
donor sequence (FIG. 5B). Cas9-mediated DSBs are created simultaneously in both genomic target
sequences and the exogenously provided donor DNA, generating blunt ends. The linearized donor DNA
can be used for repair by the NHEJ pathway, allowing for its integration into the genomic DSB site. Once
incorporated into the genome, donor DNA inserted in the desired orientation disrupts the Cas9 target
sequence and prevents further Cas9 cutting. If the donor DNA is inserted in the undesired orientation, the
Cas9 target sequence will remain intact and the second round of Cas9 cutting will remove the integrated
donor DNA. Therefore, HITI inserts the donor DNA to the targeted chromosome in a predetermined
direction (FIG. 5C).

[0095] Since NHEI] is active throughout the cell cycle in a variety of adult cell types (including
proliferating and post-mitotic cells) and its activity far exceeds HDR, the HITI strategy has enabled the
targeted integration of transgene cassettes in many organs, including non-dividing tissues, such as the
brain. Notably, HITI was used to restore visual function in a rat model of retinitis pigmentosa by targeted
insertion of a functional copy of exon 2 of the Mertk gene to correct the gene’s loss-of-function due to a
1.9 kb deletion, while conventional HDR was not able to restore it. These results suggest that HITI-based
treatments could be used to ameliorate a variety of genetic diseases and target tissues. However, HITI has
some limitations, for example, although HITI can insert DNA at a precise location within the genome, it
cannot repair genetic point and frameshift mutations due to the fact that HITI cannot remove pre-existing
mutations. Thus, HITI-mediated gene-correction strategies are effective for targeting loss-of-function
mutations caused by large deletions, but not all mutations, like gain-of-function dominant mutations (FIG.
5B). This severely limits the types of diseases that can be treated. Therefore, improved technologies for
the in vivo manipulation of the genome are still needed.

[0096] Recent studies have suggested that elements of DNA-repair complexes are more promiscuous
than previously thought, and are not restricted to NHEJ or HDR pathways, even in post-mitotic cells. This
grants cells flexibility for overcoming DNA damage and provides new opportunities for correcting the
genome. Previously, it was attempted to combine NHEJ-mediated HITI and canonical HDR by
constructing a HITI donor with two homology arms for conventional HDR. This donor structure is similar
to the homology-mediated end joining (HMEJ) strategy was previously reported (FIG. 6A) (Yao, X. et al.
Cell Res. 27, 801-814 (2017)). However, the targeted integration efficiency of the HMEJ-like HITI-HDR
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combined donor was lower than the HITI donor in HEK293 cells, suggesting that the addition of the

traditional two-homology arms does not increase targeted gene knock-in efficiency in dividing cells
(Suzuki, K. et al. Nature 540, 144-149 (2016)).

[0097] Described herein is a unique NHEJ and HDR mediated targeted gene knock-in method that
requires a DSB induction site within a single stretch of homologous sequence on the donor (FIG. 6B).
This design is termed “intercellular linearized Single homology Arm donor mediated intron-Targeting
Integration (SATI)”. SATI allows DNA knock-in via single homology arm mediated HDR or homology
independent NHEJ-based HITI, enabling targeting a broad range of mutations and cell types. The utility
of this system is illustrated herein as a potential therapy by in vivo correction of a dominant point mutation
that causes premature aging in mice. The data provided in the examples herein indicates that SATI, due to
its target flexibility and versatility, is a powerful genetic tool for in vivo genome editing.

[0098] SATI is a unique strategy combining intron-targeting gene knock-in with a specific donor vector
possessing a single homology arm and cleavage site by Cas9. The unique vector structure for SATI has a
bipotential capacity to achieve efficient gene knock-in by choosing the predominant DSB repair
machinery (i.c. non-canonical HDR mediated by single homology arm or NHEJ) in the target cell. SATI
is different from HMEJ because the HMEJ donor contains two homology arms as well as cutting sites and
allows the exogenous cassette to be integrated at the target site through either the canonical HDR or NHEJ
pathway. It had previously been attempted to make the same donor structure by constructing a HITI donor
with two homology arms for conventional HDR. However, the targeted integration efficiency of this
combined HMEJ-like donor was lower than the HITI donor, suggesting that the addition of the traditional
two-homology arms does not increase targeted gene knock-in efficiency in dividing cells and that the
canonical HDR and NHEJ pathways are competing with each other as previously described. In addition,
in vivo HDR applications are limited to the tissues that possess dividing capacity. In this study, HMEJ is
equally effective with HITI and SATI in primary neuron cultures. This result suggests that canonical HDR
and NHEJ do not compete in this cell type because canonical HDR is not active in neurons. Thus, the
efficiency of HMEJ might be affected by canonical HDR activity in the target cell types. Since in vivo
tissues consist of a mixture of cell types whose status is either dividing or non-dividing, it is still unclear
whether HMEJ can target a wide range of in vivo cell types. By contrast, SATI-mediated knock-in has
been achieved in both dividing and non-dividing cells, the same as HITL To clarify details of the
difference between HMEJ and SATI, further side-by-side comparison is needed in many different cell
types. Regarding applicability, SATI is a versatile in vivo genome-editing method that can target a broad
range of mutations and cell types (FIG. 6C). In addition, the design of the HMEJ donor is less flexible
than SATI because of the need to include two homology arms without the possibility of including the
splicing acceptor on the left homology arm, in order to avoid undesired splicing. Furthermore, two
homology arms reduce the size of the inserted cassette that can be packaged in AAV, thus limiting its in
vivo application.

[0099] The proof of concept of SATI enabling targeted transgene knock-in in neurons in vifro and in vivo

will help to advance both basic and translational neuroscience research. For example, this system could be
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used to insert optogenetic activators downstream of a relevant genetic locus to gain precise cell type-

specific control of neuronal activity. SATI-mediated genome editing in the adult mouse brain and muscle
in vivo brings about the possibility to generate knock-in reporters to trace cell lineages in non-dividing
tissues other species. This would be particularly useful in animal models where transgenic tools are
limited (¢.g., non-human primates). Current viral vector-mediated transgene-complementation approaches
can be used to effectively treat diseases caused by recessive mutations, specifically those for which the
mutant allele produces no (or very little) functional protein. For inherited disorders such as these, gene
therapy has provided remarkable therapeutic benefits in clinical trials. However, this gene-
complementation strategy cannot be used to treat gain-of-function genetic mutations that produce proteins
with an increased or aberrant function such as achondroplasia, Huntington’s discase, and progeria
syndrome. The SATI system allowed targeted gene knock-in in multiple tissues, thus providing a first in
vivo proof-of-concept for in vivo gene correction.

[00100] Although the SATI-mediated in vivo gene correction efficiency achieved in a premature
aging mouse model caused by a dominant point mutation in this study is mild (2% in liver), diminished
aging phenotypes in several tissues, as well as an extension of lifespan, were observed. Additionally,
diminished aging phenotypes were observed in the skin and spleen as well as in tail-tip fibroblasts,
although SATI-mediated gene knock-in could not be detected by PCR and NGS at later stages (around
postnatal day 90) in these tissues. The development of efficient gene-delivery tools as well as the
clucidation of the detailed mechanisms of caHDR, are needed to increase SATI efficiency and to clarify
the extent of the phenotypic improvement as well as the relationship between corrected cells and non-cell-
autonomous effects.

[00101] Taken together, our results indicate that SATI could potentially be used to generate
knock-in animals and correct dominant mutations in vivo, even in adult tissues, by targeting multiple
tissues via systemic delivery. Importantly, it should be noted that over 90% of human RefSeq genes have
open reading frames that are less than 4 kb, which is within the capacity of current AAV-based delivery
methods. This advanced gene-repair approach, in some embodiments, is used in developing effective
strategies for in vivo target-gene replacement of a broad range of mutation types, including dominant
mutations, as well as devastating genetic multi-organ and systemic pathologies.

Methods of Genome Editing

[00102] In one aspect, there are provided herein methods of editing a target genome in a cell.
Some such methods, in some embodiments, comprise contacting the cell with (i) a single homology arm
construct comprising a replacement sequence and a targeted endonuclease cleavage site; and (ii) a targeted
endonuclease, wherein the replacement sequence comprises at least one nucleotide difference compared to
the target genome and wherein the target genome comprises a sequence homologous to the targeted
endonuclease cleavage site. In some embodiments, the single homology arm construct replaces at least a
portion of the target genome.

[00103] Methods of genome editing herein, in some embodiments, use a single homology arm

construct comprising a replacement sequence and a targeted endonuclease cleavage site. In some
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embodiments, the single homology arm construct has a nucleic acid sequence at least 90% homologous to

anucleic acid sequence in Table 2.

[00104] Methods of genome editing herein, in some embodiments, use a targeted endonuclease.
In some embodiments, the targeted endonuclease is selected from a CRISPR nuclease, a TALEN
nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger Nuclease. In some embodiments,
the targeted endonuclease is a CRISPR nuclease selected from the group consisting of Cas9, Cas12a
(Cpfl), Cas12b (c2cl), Casl2c (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX, CasY, Csfl, Cas13a
(c2c¢2), Casl3b (c2c6), Casl3c (c2c7), c2c¢c4, c2c5, ¢2c8, ¢2c¢9, ¢2¢10, Cas10, CAST and Tn6677.

[00105] Methods of genome editing herein, in some embodiments, further comprise contacting the
cell with a guide oligonucleotide. In some embodiments, the guide oligonucleotide is a guide RNA. In
some embodiments, the guide oligonucleotide or guide RNA has a sequence at least 90% identical to a
nucleic acid sequence in Table 3.

[00106] Methods of genome editing herein, in some embodiments, use a replacement sequence
that contains the sequence that is to replace the genomic sequence. In some embodiments, the
replacement sequence comprises a single nucleotide difference compared to the target genome. In some
embodiments, the single base difference is selected from one of a substitution, an insertion, and a deletion.
In some embodiments, the replacement sequence comprises a substitution, an insertion, an inversion, a
translocation, a duplication, or a deletion compared to the target genome. In some embodiments, the
replacement sequence comprises at least a portion of an intron and at least a portion of an exon. In some
embodiments, the replacement sequence comprises all introns and exons of a gene downstream of a
mutation in the gene of the target genome.

[00107] Methods of genome editing herein, in some embodiments, edit the genome of a cell. Any
cell is contemplated for use in methods herein, including but not limited to a cell selected from one or
more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a cardiomyocyte, a pancreas
beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell, a mast cell, a plasma cell, a
cosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an osteocyte, a platelet, an
adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver lipocyte, a secretory
cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a spermatocyte, and an
oocyte.

[00108] Methods of genome editing herein use a construct, for example, a DNA construct, that
comprises the necessary components for genome editing. For example, the construct, in some
embodiments, comprise the single homology arm construct, the guide oligonucleotide, and the targeted
endonuclease are encoded in a construct. In some embodiments, the construct is a viral construct,
including but not limited to, an adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus. In
some embodiments, the construct is a non-viral construct, including but not limited to a mini-circle or a
plasmid.

[00109] Methods of genome editing herein, in some embodiments, be conducted by contacting a

cell. In some embodiments, the cell is contacted in vivo. In some embodiments, the cell is contacted in
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vitro. In some embodiments, the cell is from a subject. In some embodiments, the subject is a human, a

non-human primate, a dog, a cat, a horse, a cow, a sheep, a pig, a rabbit, a rat, or a mouse. In some
embodiments, the subject has a mutation in a gene homologous to the replacement sequence.

Methods of Treatment

[00110] In another aspect, there are provided, methods of treating a genetic disease in a subject
having a mutation in a gene. Some such methods, in some embodiments, comprise contacting a cell from
the subject with (i) a single homology arm construct comprising a replacement sequence and a targeted
endonuclease cleavage site; and (ii) a targeted endonuclease, wherein the replacement sequence comprises
a wildtype sequence of the gene and wherein the gene comprises a sequence homologous to the targeted
endonuclease cleavage site. In some embodiments, the single homology arm construct replaces at least a
portion of the gene.

[00111] Methods of genome editing herein, in some embodiments, use a single homology arm
construct comprising a replacement sequence and a targeted endonuclease cleavage site. In some
embodiments, the single homology arm construct has a nucleic acid sequence at least 90% homologous to
anucleic acid sequence in Table 2.

[00112] Methods of treating a genetic disease herein, in some embodiments, use a targeted
endonuclease. In some embodiments, the targeted endonuclease is selected from a CRISPR nuclease, a
TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger Nuclease. In some
embodiments, the targeted endonuclease is a CRISPR nuclease selected from the group consisting of
Cas9, Casl2a (Cpfl), Cas12b (c2cl), Cas12c¢ (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX, CasY,
Csfl, Casl3a (c2c2), Cas13b (c2¢6), Casl3c (c2¢7), c2c4, c2¢5, c2¢8, ¢2¢9, c2¢10, Cas10, CAST and
Tn6677.

[00113] Methods of treating a genetic disease herein, in some embodiments, further comprise
contacting the cell with a guide oligonucleotide. In some embodiments, the guide oligonucleotide is a
guide RNA. In some embodiments, the guide oligonucleotide or guide RNA has a sequence at least 90%
identical to a nucleic acid sequence in Table 3.

[00114] Methods of treating a genetic disease herein, in some embodiments, use a replacement
sequence that contains the sequence that is to replace the genomic sequence. In some embodiments, the
replacement sequence comprises a single nucleotide difference compared to the target genome. In some
embodiments, the single base difference is selected from one of a substitution, an insertion, and a deletion.
In some embodiments, the replacement sequence comprises a substitution, an insertion, an inversion, a
translocation, a duplication, or a deletion compared to the target genome. In some embodiments, the
replacement sequence comprises at least a portion of an intron and at least a portion of an exon. In some
embodiments, the replacement sequence comprises all introns and exons of a gene downstream of a
mutation in the gene of the target genome.

[00115] Methods of treating a genetic disease herein, in some embodiments, edit the genome of a
cell. Any cell is contemplated for use in methods herein, including but not limited to a cell selected from

one or more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a cardiomyocyte, a

-16-



CA 03152056 2022-02-22

WO 2021/034336 PCT/US2019/052266
pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell, a mast cell, a

plasma cell, a eosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an osteocyte, a
platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver lipocyte, a
secretory cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a spermatocyte,
and an oocyte.

[00116] Methods of treating a genetic disease herein use a construct, for example, a DNA
construct, that comprises the necessary components for genome editing. For example, the construct, in
some embodiments, comprise the single homology arm construct, the guide oligonucleotide, and the
targeted endonuclease are encoded in a construct. In some embodiments, the construct is a viral construct,
including but not limited to, an adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus. In
some embodiments, the construct is a non-viral construct, including but not limited to a mini-circle or a
plasmid.

[00117] Methods of treating a genetic disease herein, in some embodiments, be conducted by
contacting a cell. In some embodiments, the cell is contacted in vivo. In some embodiments, the cell is
contacted in vitro. In some embodiments, the cell is from a subject. In some embodiments, the subject is
a human, a non-human primate, a dog, a cat, a horse, a cow, a sheep, a pig, a rabbit, a rat, or amouse. In
some embodiments, the subject has a mutation in a gene homologous to the replacement sequence.
[00118] Methods of treating a genetic disease include but are not limited to treating genetic
diseases wherein the genetic disease is selected from Achondroplasia, Alpha-1 Antitrypsin Deficiency,
Alzheimer’s disease, Antiphospholipid Syndrome, Autism, Autosomal Dominant Polycystic Kidney
Disease, Breast cancer, Cancer, Charcot-Marie-Tooth, Colon cancer, Cri du chat, Crohn's Disease, Cystic
fibrosis, Dercum Disease, Down Syndrome, Duane Syndrome, Duchenne Muscular Dystrophy, Factor V
Leiden Thrombophilia, Familial Hypercholesterolemia, Familial Mediterranean Fever, Fragile X
Syndrome, Gaucher Disease, Hemochromatosis, Hemophilia, Holoprosencephaly, Huntington's disease,
Klinefelter syndrome, Leber’s congenital amaurosis, Marfan syndrome, Myotonic Dystrophy,
Neurofibromatosis, Noonan Syndrome, Osteogenesis Imperfecta, Parkinson's disease, Phenylketonuria,
Poland Anomaly, Porphyria, Progeria, Prostate Cancer, Retinitis Pigmentosa, Severe Combined
Immunodeficiency (SCID), Sickle cell disease, Skin Cancer, Spinal Muscular Atrophy, Stargardt disease,
Tay-Sachs, Thalassemia, Trimethylaminuria, Turner Syndrome, Velocardiofacial Syndrome, WAGR
Syndrome, and Wilson Disease. In some embodiments, the genetic disease comprises Progeria.

[00119] In an additional aspect, there are provided compositions for use in treating a genetic
disease. Some such methods, in some embodiments, comprise (i) a single homology arm construct
comprising a replacement sequence and a targeted endonuclease cleavage site; and (ii) a targeted
endonuclease, wherein the replacement sequence comprises at least one nucleotide difference compared to
a target genome and wherein the target genome comprises a sequence homologous to the targeted
endonuclease cleavage site for use in treating a genetic disease. In some embodiments, the single

homology arm construct replaces at least a portion of the gene.
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[00120] Compositions for use in treating a genetic disease herein, in some embodiments, use a
single homology arm construct comprising a replacement sequence and a targeted endonuclease cleavage
site. In some embodiments, the single homology arm construct has a nucleic acid sequence at least 90%
homologous to a nucleic acid sequence in Table 2.

[00121] Compositions for use in treating a genetic disease herein, in some embodiments, use a
targeted endonuclease. In some embodiments, the targeted endonuclease is selected from a CRISPR
nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger Nuclease. In
some embodiments, the targeted endonuclease is a CRISPR nuclease selected from the group consisting
of Cas9, Casl12a (Cpfl), Cas12b (c2¢1), Casl2c (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX,
CasY, Csfl, Casl3a (c2¢2), Casl3b (c2¢6), Casl3c (c2¢7), c2¢4, c2¢5, c2¢8, ¢2¢9, ¢2¢10, Cas10, CAST
and Tn6677.

[00122] Compositions for use in treating a genetic disease herein, in some embodiments, further
comprise contacting the cell with a guide oligonucleotide. In some embodiments, the guide
oligonucleotide is a guide RNA. In some embodiments, the guide oligonucleotide or guide RNA has a
sequence at least 90% identical to a nucleic acid sequence in Table 3.

[00123] Compositions for use in treating a genetic disease herein, in some embodiments, use a
replacement sequence that contains the sequence that is to replace the genomic sequence. In some
embodiments, the replacement sequence comprises a single nucleotide difference compared to the target
genome. In some embodiments, the single base difference is selected from one of a substitution, an
insertion, and a deletion. In some embodiments, the replacement sequence comprises a substitution, an
insertion, an inversion, a translocation, a duplication, or a deletion compared to the target genome. In
some embodiments, the replacement sequence comprises at least a portion of an intron and at least a
portion of an exon. In some embodiments, the replacement sequence comprises all introns and exons of a
gene downstream of a mutation in the gene of the target genome.

[00124] Compositions for use in treating a genetic disease herein, in some embodiments, edit the
genome of a cell. Any cell is contemplated for use in methods herein, including but not limited to a cell
selected from one or more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a
cardiomyocyte, a pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell,
amast cell, a plasma cell, a eosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an
osteocyte, a platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver
lipocyte, a secretory cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a
spermatocyte, and an oocyte.

[00125] Compositions for use in treating a genetic disease herein use a construct, for example, a
DNA construct, that comprises the necessary components for genome editing. For example, the construct,
in some embodiments, comprise the single homology arm construct, the guide oligonucleotide, and the
targeted endonuclease are encoded in a construct. In some embodiments, the construct is a viral construct,

including but not limited to, an adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus. In
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some embodiments, the construct is a non-viral construct, including but not limited to a mini-circle or a
plasmid.

[00126] Compositions for use in treating a genetic disease herein, in some embodiments, be
conducted by contacting a cell. In some embodiments, the cell is contacted in vivo. In some
embodiments, the cell is contacted in vitro. In some embodiments, the cell is from a subject. In some
embodiments, the subject is a human, a non-human primate, a dog, a cat, a horse, a cow, a sheep, a pig, a
rabbit, a rat, or a mouse. In some embodiments, the subject has a mutation in a gene homologous to the
replacement sequence.

[00127] Compositions for use in treating a genetic disease include but are not limited to treating
genetic diseases wherein the genetic disease is selected from Achondroplasia, Alpha-1 Antitrypsin
Deficiency, Alzheimer’s disease, Antiphospholipid Syndrome, Autism, Autosomal Dominant Polycystic
Kidney Disease, Breast cancer, Cancer, Charcot-Marie-Tooth, Colon cancer, Cri du chat, Crohn's Disease,
Cystic fibrosis, Dercum Disease, Down Syndrome, Duane Syndrome, Duchenne Muscular Dystrophy,
Factor V Leiden Thrombophilia, Familial Hypercholesterolemia, Familial Mediterranean Fever, Fragile X
Syndrome, Gaucher Disease, Hemochromatosis, Hemophilia, Holoprosencephaly, Huntington's disease,
Klinefelter syndrome, Leber’s congenital amaurosis, Marfan syndrome, Myotonic Dystrophy,
Neurofibromatosis, Noonan Syndrome, Osteogenesis Imperfecta, Parkinson's disease, Phenylketonuria,
Poland Anomaly, Porphyria, Progeria, Prostate Cancer, Retinitis Pigmentosa, Severe Combined
Immunodeficiency (SCID), Sickle cell disease, Skin Cancer, Spinal Muscular Atrophy, Stargardt disease,
Tay-Sachs, Thalassemia, Trimethylaminuria, Turner Syndrome, Velocardiofacial Syndrome, WAGR
Syndrome, and Wilson Disease. In some embodiments, the genetic disease comprises Progeria.

[00128] In additional aspects, there are provided, compositions comprising (i) a single homology
arm construct configured for homology-directed repair comprising a replacement sequence and a targeted
endonuclease cleavage site; and (ii) a targeted endonuclease, wherein the replacement sequence comprises
at least one nucleotide difference compared to a target genome and wherein the target genome comprises a
sequence homologous to the targeted endonuclease cleavage site for use in treating a genetic disease. In
some embodiments, the single homology arm construct has a nucleic acid sequence at least 90%
homologous to a nucleic acid sequence in Table 2.

[00129] Compositions for use in treating a genetic disease herein, in some embodiments, use a
targeted endonuclease. In some embodiments, the targeted endonuclease is selected from a CRISPR
nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger Nuclease. In
some embodiments, the targeted endonuclease is a CRISPR nuclease selected from the group consisting
of Cas9, Casl12a (Cpfl), Cas12b (c2¢1), Casl2c (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX,
CasY, Csfl, Casl3a (c2¢2), Casl3b (c2¢6), Casl3c (c2¢7), c2¢4, c2¢5, c2¢8, ¢2¢9, ¢2¢10, Cas10, CAST
and Tn6677.

[00130] Compositions for use in treating a genetic disease herein, in some embodiments, further

comprise contacting the cell with a guide oligonucleotide. In some embodiments, the guide
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oligonucleotide is a guide RNA. In some embodiments, the guide oligonucleotide or guide RNA has a

sequence at least 90% identical to a nucleic acid sequence in Table 3.

[00131] Compositions for use in treating a genetic disease herein, in some embodiments, use a
replacement sequence that contains the sequence that is to replace the genomic sequence. In some
embodiments, the replacement sequence comprises a single nucleotide difference compared to the target
genome. In some embodiments, the single base difference is selected from one of a substitution, an
insertion, and a deletion. In some embodiments, the replacement sequence comprises a substitution, an
insertion, an inversion, a translocation, a duplication, or a deletion compared to the target genome. In
some embodiments, the replacement sequence comprises at least a portion of an intron and at least a
portion of an exon. In some embodiments, the replacement sequence comprises all introns and exons of a
gene downstream of a mutation in the gene of the target genome.

[00132] Compositions for use in a treating a genetic disease herein, in some embodiments, edit the
genome of a cell. Any cell is contemplated for use in methods herein, including but not limited to a cell
selected from one or more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a
cardiomyocyte, a pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell,
amast cell, a plasma cell, a eosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an
osteocyte, a platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver
lipocyte, a secretory cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a
spermatocyte, and an oocyte.

[00133] Compositions for use in treating a genetic disease herein use a construct, for example a
DNA construct, that comprises the necessary components for genome editing. For example, the construct,
in some embodiments, comprise the single homology arm construct, the guide oligonucleotide, and the
targeted endonuclease are encoded in a construct. In some embodiments, the construct is a viral construct,
including but not limited to, an adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus. In
some embodiments, the construct is a non-viral construct, including but not limited to a mini-circle or a
plasmid.

[00134] Compositions for use in treating a genetic disease herein, in some embodiments, be
conducted by contacting a cell. In some embodiments, the cell is contacted in vivo. In some
embodiments, the cell is contacted in vitro. In some embodiments, the cell is from a subject. In some
embodiments, the subject is a human, a non-human primate, a dog, a cat, a horse, a cow, a sheep, a pig, a
rabbit, a rat, or a mouse. In some embodiments, the subject has a mutation in a gene homologous to the
replacement sequence.

[00135] Compositions for use in treating a genetic disease include but are not limited to treating
genetic diseases wherein the genetic disease is selected from Achondroplasia, Alpha-1 Antitrypsin
Deficiency, Alzheimer’s disease, Antiphospholipid Syndrome, Autism, Autosomal Dominant Polycystic
Kidney Disease, Breast cancer, Cancer, Charcot-Marie-Tooth, Colon cancer, Cri du chat, Crohn's Disease,
Cystic fibrosis, Dercum Disease, Down Syndrome, Duane Syndrome, Duchenne Muscular Dystrophy,

Factor V Leiden Thrombophilia, Familial Hypercholesterolemia, Familial Mediterrancan Fever, Fragile X
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Syndrome, Gaucher Disease, Hemochromatosis, Hemophilia, Holoprosencephaly, Huntington's disease,

Klinefelter syndrome, Leber’s congenital amaurosis, Marfan syndrome, Myotonic Dystrophy,
Neurofibromatosis, Noonan Syndrome, Osteogenesis Imperfecta, Parkinson's disease, Phenylketonuria,
Poland Anomaly, Porphyria, Progeria, Prostate Cancer, Retinitis Pigmentosa, Severe Combined
Immunodeficiency (SCID), Sickle cell disease, Skin Cancer, Spinal Muscular Atrophy, Stargardt disease,
Tay-Sachs, Thalassemia, Trimethylaminuria, Turner Syndrome, Velocardiofacial Syndrome, WAGR
Syndrome, and Wilson Disease. In some embodiments, the genetic disease comprises Progeria.

[00136] Genetic discases that are treated by methods and compositions disclosed herein include but are
not limited to aceruloplasminemia, Achondrogenesis type I, achondroplasia, acute intermittent porphyria,
adenylosuccinate lyase deficiency, Adrenoleukodystrophy, ALA dehydratase deficiency, Alagille
syndrome, Albinism, Alexander disease, alkaptonuria, alpha 1-antitrypsin deficiency, Alstrom syndrome,
Alzheimer's disease, Amelogenesis imperfecta, amyotrophic lateral sclerosis, androgen insensitivity
syndrome, Anemia, Angelman syndrome, Apert syndrome, ataxia telangiectasia, Beare-Stevenson cutis
gyrata syndrome, Benjamin syndrome, beta-thalassemia, biotinidase deficiency, bladder cancer, Bloom
syndrome, Bone diseases, breast cancer, Birt—-Hogg—Dub¢ syndrome, CADASIL syndrome, CGD Chronic
granulomatous disorder, Campomelic dysplasia, Canavan disease, Cancer, Charcot-Marie-Tooth disease,
CHARGE syndrome, Cockayne syndrome, Coffin-Lowry syndrome, collagenopathy, types 11 and XI,
Colorectal cancer, Connective tissue disease, Cowden syndrome, Cri du chat, Crohn's discase
(fibrostenosing), Crouzon syndrome, Crouzonodermoskeletal syndrome, Degenerative nerve diseases,
developmental disabilities, Di George's syndrome, distal hereditary motor neuropathy, Dwarfism, Ehlers—
Danlos syndrome, erythropoietic protoporphyria, Fabry disease, Facial injuries and disorders, factor V
Leiden thrombophilia, familial adenomatous polyposis, familial dysautonomia, FG syndrome, fragile X
syndrome, Friedreich's ataxia, GOPD deficiency, galactosemia, Gaucher disease, Genetic brain disorders,
Harlequin type ichthyosis, Head and brain malformations, Hearing disorders and deafness, Hearing
problems in children, hemochromatosis, hemophilia, hepatoerythropoietic porphyria, Hereditary
coproporphyria, Hereditary hemorrhagic telangiectasia (HHT), Hereditary multiple exostoses, Hereditary
nonpolyposis colorectal cancer, homocystinuria, Huntington's disease, primary hyperoxaluria,
hyperphenylalaninemia, Hypochondrogenesis, Hypochondroplasia, Incontinentia pigmenti, infantile-onset
ascending hereditary spastic paralysis, Infertility, Jackson-Weiss syndrome, Joubert syndrome, Klinefelter
syndrome, Leber’s congenital amaurosis, Kniest dysplasia, Krabbe disease, Lesch-Nyhan syndrome,
Leukodystrophies, Li-Fraumeni syndrome, familial lipoprotein lipase deficiency, Male genital disorders,
Marfan syndrome, McCune—-Albright syndrome, McLeod syndrome, MEDNIK, Familial Mediterranean
fever, Menkes disease, Metabolic disorders, Methemoglobinemia beta-globin type, methylmalonic
academia, Micro syndrome, Microcephaly, Movement disorders, Mowat-Wilson syndrome,
Mucopolysaccharidosis (MPS I), Muenke syndrome, Muscular dystrophy, Muscular dystrophy, Duchenne
and Becker type, myotonic dystrophy, Neurofibromatosis type I, Neurofibromatosis type I, Neurologic
diseases, Neuromuscular disorders, Sphingomyelin phosphodiesterase 1SMPDI1, nonsyndromic deafness,

Noonan syndrome, Ogden syndrome, osteogenesis imperfecta, otospondylomegaepiphyseal dysplasia,
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pantothenate kinase-associated neurodegeneration, Pendred syndrome, Peutz-Jeghers syndrome, Pfeiffer

syndrome, phenylketonuria, Polycystic kidney disease, porphyria, Prader-Willi syndrome, Primary ciliary
dyskinesia (PCD), primary pulmonary hypertension, progeria, propionic academia, protein C deficiency,
protein S deficiency, pseudo-Gaucher disease, pseudoxanthoma elasticum, Retinal disorders,
Retinoblastoma, Rett syndrome, Rubinstein-Taybi syndrome, Schwartz—Jampel syndrome, severe
achondroplasia with developmental delay and acanthosis nigricans (SADDAN), sickle cell anemia,
Siderius X-linked mental retardation syndrome, Skin pigmentation disorders, Smith-Lemli-Opitz
syndrome, Smith Magenis Syndrome, Speech and communication disorders, spinal and bulbar muscular
atrophy, Spinal Muscular Atrophy, Stargardt disease, spinocerebellar ataxia, Strudwick type
spondyloepimetaphyseal dysplasia, spondyloepiphyseal dysplasia congenital, Stickler syndrome, Tay-
Sachs disease, tetrahydrobiopterin deficiency, thanatophoric dysplasia, Thyroid disease, Treacher Collins
syndrome, Usher syndrome, variegate porphyria, von Hippel-Lindau disease, Waardenburg syndrome,
Weissenbacher-Zweymiiller syndrome, Williams Syndrome, Wilson disease, Wolf-Hirschhorn syndrome,
Xeroderma pigmentosum, X-linked severe combined immunodeficiency, or X-linked sideroblastic
anemia.

Methods of one-armed homology-directed repair

[00137] In another aspect, there are provided methods of one-armed homology-directed repair for
editing a target genome in a cell. Some such methods, in some embodiments, comprise contacting the cell
with (i) a single homology arm construct comprising a replacement sequence and a targeted endonuclease
cleavage site; and (i1) a targeted endonuclease, wherein the replacement sequence comprises at least one
nucleotide difference compared to the target genome and wherein the target genome comprises a sequence
homologous to the targeted endonuclease cleavage site, wherein the replacement sequence is integrated
into the target genome using homology-directed repair and unknown proteins. In some embodiments, the
single homology arm construct replaces at least a portion of the target genome.

[00138] Methods of one-armed homology-directed repair herein, in some embodiments, use a
single homology arm construct comprising a replacement sequence and a targeted endonuclease cleavage
site. In some embodiments, the single homology arm construct has a nucleic acid sequence at least 90%
homologous to a nucleic acid sequence in Table 2.

[00139] Methods of one-armed homology-directed repair herein, in some embodiments, use a
targeted endonuclease. In some embodiments, the targeted endonuclease is selected from a CRISPR
nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger Nuclease. In
some embodiments, the targeted endonuclease is a CRISPR nuclease selected from the group consisting
of Cas9, Casl12a (Cpfl), Cas12b (c2¢1), Casl2c (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX,
CasY, Csfl, Casl3a (c2¢2), Casl3b (c2¢6), Casl3c (c2¢7), c2¢4, c2¢5, c2¢8, ¢2¢9, ¢2¢10, Cas10, CAST
and Tn6677.

[00140] Methods of one-armed homology-directed repair herein, in some embodiments, further

comprise contacting the cell with a guide oligonucleotide. In some embodiments, the guide
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oligonucleotide is a guide RNA. In some embodiments, the guide oligonucleotide or guide RNA has a

sequence at least 90% identical to a nucleic acid sequence in Table 3.

[00141] Methods of one-armed homology-directed repair herein, in some embodiments, use a
replacement sequence that contains the sequence that is to replace the genomic sequence. In some
embodiments, the replacement sequence comprises a single nucleotide difference compared to the target
genome. In some embodiments, the single base difference is selected from one of a substitution, an
insertion, and a deletion. In some embodiments, the replacement sequence comprises a substitution, an
insertion, an inversion, a translocation, a duplication, or a deletion compared to the target genome. In
some embodiments, the replacement sequence comprises at least a portion of an intron and at least a
portion of an exon. In some embodiments, the replacement sequence comprises all introns and exons of a
gene downstream of a mutation in the gene of the target genome.

[00142] Methods of one-armed homology-directed repair herein, in some embodiments, edit the
genome of a cell. Any cell is contemplated for use in methods herein, including but not limited to a cell
selected from one or more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a
cardiomyocyte, a pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell,
amast cell, a plasma cell, a eosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an
osteocyte, a platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver
lipocyte, a secretory cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a
spermatocyte, and an oocyte.

[00143] Methods of one-armed homology-directed repair herein use a construct, for example a
DNA construct, that comprises the necessary components for genome editing. For example, the construct,
in some embodiments, comprise the single homology arm construct, the guide oligonucleotide, and the
targeted endonuclease are encoded in a construct. In some embodiments, the construct is a viral construct,
including but not limited to, an adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus. In
some embodiments, the construct is a non-viral construct, including but not limited to a mini-circle or a
plasmid.

[00144] Methods of one-armed homology-directed repair herein, in some embodiments, be
conducted by contacting a cell. In some embodiments, the cell is contacted in vivo. In some
embodiments, the cell is contacted in vitro. In some embodiments, the cell is from a subject. In some
embodiments, the subject is a human, a non-human primate, a dog, a cat, a horse, a cow, a sheep, a pig, a
rabbit, a rat, or a mouse. In some embodiments, the subject has a mutation in a gene homologous to the
replacement sequence.

Compositions and Kits

[00145] In additional aspects, there are provided compositions comprising (i) a single homology
arm construct comprising a replacement sequence and a targeted endonuclease cleavage site; and (ii) a
targeted endonuclease, wherein the replacement sequence comprises at least one nucleotide difference

compared to a target genome and wherein the target genome comprises a sequence homologous to the
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targeted endonuclease cleavage site. In some embodiments, the single homology arm construct has a

nucleic acid sequence at least 90% homologous to a nucleic acid sequence in Table 2.

[00146] Compositions herein, in some embodiments, comprise a cell. In some embodiments, the
cell 1s a mammalian cell. In some embodiments, the cell is a human cell. In some embodiments, the cell
1s selected from one or more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a
cardiomyocyte, a pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell,
amast cell, a plasma cell, a eosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an
osteocyte, a platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver
lipocyte, a secretory cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a
spermatocyte, and an oocyte.

[00147] Compositions herein comprise a construct, for example, a DNA construct, that comprises
the necessary components for genome editing. For example, the construct, in some embodiments,
comprise the single homology arm construct, the guide oligonucleotide, and the targeted endonuclease are
encoded in a construct. In some embodiments, the construct is a viral construct, including but not limited
to, an adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus. In some embodiments, the
construct is a non-viral construct, including but not limited to a mini-circle or a plasmid.

[00148] Compositions herein, in some embodiments, comprise a pharmaceutically acceptable
buffer or excipient. Compositions described herein, in some embodiments, include but are not limited to
water, saline, phosphate buffered saline, dextrose, glycerol, ethanol, mannitol, sorbitol, sodium chloride,
and combinations thereof.

[00149] Compositions provided herein, in some embodiments, comprise a targeted endonuclease.
In some embodiments, the targeted endonuclease is selected from a CRISPR nuclease, a TALEN
nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger Nuclease. In some embodiments,
the targeted endonuclease is a CRISPR nuclease selected from the group consisting of Cas9, Cas12a
(Cpfl), Cas12b (c2cl), Casl2c (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX, CasY, Csfl, Cas13a
(c2c¢2), Casl3b (c2c6), Casl3c (c2¢7), c2¢4, c2¢5, c2¢8, ¢2¢9, ¢2¢10, Cas10, CAST and Tn6677.
[00150] Compositions provided herein, in some embodiments, further comprise a guide
oligonucleotide. In some embodiments, the guide oligonucleotide is a guide RNA. In some
embodiments, the guide oligonucleotide or guide RNA has a sequence at least 90% identical to a nucleic
acid sequence in Table 3.

[00151] Further provided herein are kits comprising at least one composition described herein and
instructions for use in at least one method provided herein.

Compositions for Delivery

[00152] Any suitable delivery method is contemplated to be used for delivering the compositions of the
disclosure. The individual components of the SATI system (e.g., nuclease and/or the exogenous DNA
sequence), in some embodiments, are delivered simultaneously or temporally separated. The choice of
method of genetic modification is dependent on the type of cell being transformed and/or the

circumstances under which the transformation is taking place (¢.g., in vitro, €x vivo, or in vivo). A
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general discussion of these methods is found in Ausubel, et al., Short Protocols in Molecular Biology, 3rd

ed., Wiley & Sons, 1995,

[001S3] In some embodiments, a method as disclosed herein involves contacting a target DNA or
introducing into a cell (or a population of cells) one or more nucleic acids comprising nucleotide
sequences encoding a complementary strand nucleic acid (e.g., gRNA), a site-directed modifying
polypeptide (e.g., Cas protein), and/or a exogenous DNA sequence. Suitable nucleic acids comprising
nucleotide sequences encoding a complementary strand nucleic acid and/or a site-directed modifying
polypeptide include expression vectors, where an expression vector comprising a nucleotide sequence
encoding a complementary strand nucleic acid and/or a site-directed modifying polypeptide is a
recombinant expression vector.

[00154] Non-limiting examples of delivery methods or transformation include, for example, viral or
bacteriophage infection, transfection, conjugation, protoplast fusion, lipofection, electroporation, calcium
phosphate precipitation, polyethyleneimine (PEI)-mediated transfection, DEAE-dextran mediated
transfection, liposome-mediated transfection, particle gun technology, calcium phosphate precipitation,
direct microinjection, and nanoparticle-mediated nucleic acid delivery (see, e.g., Panyam et., al Adv Drug
Deliv Rev. 2012 Sep. 13. pii: 50169-409X(12)00283-9. doi: 10.1016/j.addr.2012.09.023).

[001S5] In some aspects, the present disclosure provides methods comprising delivering one or more
polynucleotides, such as or one or more vectors as described herein, one or more transcripts thereof,
and/or one or proteins transcribed therefrom, to a host cell. In some aspects, the disclosure further
provides cells produced by such methods, and organisms (such as animals, plants, or fungi) comprising or
produced from such cells. In some embodiments, a nuclease protein in combination with, and optionally
complexed with, a complementary strand sequence is delivered to a cell. Conventional viral and non-viral
based gene transfer methods are contemplated to be used to introduce nucleic acids in mammalian cells or
target tissues. Such methods are used to administer nucleic acids encoding components of a SATI system
to cells in culture, or in a host organism. Non-viral vector delivery systems include DNA plasmids, RNA
(e.g. atranscript of a vector described herein), naked nucleic acid, and nucleic acid complexed with a
delivery vehicle, such as a liposome. Viral vector delivery systems can include DNA and RNA viruses,
which can have either episomal or integrated genomes after delivery to the cell. For a review of gene
therapy procedures, see Anderson, Science 256:808-813 (1992); Nabel & Felgner, TIBTECH 11:211-217
(1993); Mitani & Caskey, TIBTECH 11:162-166 (1993); Dillon. TIBTECH 11:167-175 (1993); Miller,
Nature 357:455-460 (1992); Van Brunt, Biotechnology 6(10): 1149-1154 (1988); Vigne, Restorative
Neurology and Neuroscience 8:35-36 (1995); Kremer & Perricaudet, British Medical Bulletin 51(1):31-44
(1995); Haddada et al., in Current Topics in Microbiology and Immunology Doerfler and Bohm (eds)
(1995); and Yu et al., Gene Therapy 1:13-26 (1994).

[00156] Methods of non-viral delivery of nucleic acids can include lipofection, nucleofection,
microinjection, electroporation, biolistics, virosomes, liposomes, immunoliposomes, nanoparticle,
polycation or lipid:nucleic acid conjugates, naked DNA, artificial virions, and agent-enhanced uptake of

DNA. Lipofection is described in e¢.g., U.S. Pat. Nos. 5,049,386, 4,946,787; and 4,897,355) and
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lipofection reagents are sold commercially (e.g., Transfectam . TM. and Lipofectin. TM.). Cationic and

neutral lipids that are suitable for efficient receptor-recognition lipofection of polynucleotides include
those of Felgner, WO 91/17424; WO 91/16024. Delivery is contemplated to be to cells (e.g. in vitro or ex
vivo administration) or target tissues (e.g. in vivo administration).

[001S7] The preparation of lipid:nucleic acid complexes, including targeted liposomes such as
immunolipid complexes, is well known (see, €.g., Crystal, Science 270:404-410 (1995); Blacse et al.,
Cancer Gene Ther. 2:291-297 (1995): Behr et al., Bioconjugate Chem. 5:382-389 (1994); Remy et al ,
Bioconjugate Chem. 5:647-654 (1994); Gao et al., Gene Therapy 2:710-722 (1995); Ahmad et al., Cancer
Res. 52:4817-4820 (1992); U.S. Pat. Nos. 4,186,183, 4,217,344, 4,235,871, 4,261,975, 4,485,054,
4,501,728, 4,774,085, 4,837,028, and 4,946,787).

[00158] RNA or DNA viral based systems are used to target specific cells in the body and trafficking the
viral payload to the nucleus of the cell. Viral vectors are alternatively administered directly (in vivo) or
they are used to treat cells in vitro, and the modified cells are optionally be administered (ex vivo). Viral
based systems include, but are not limited to, retroviral, lentivirus, adenoviral, adeno-associated, and
herpes simplex virus vectors for gene transfer. Integration in the host genome, in some embodiments,
occurs with the retrovirus, lentivirus, and adeno-associated virus gene transfer methods, which results in
long term expression of the inserted transgene, in some embodiments. High transduction efficiencies are
observed in many different cell types and target tissues.

[00159] The tropism of a retrovirus is altered, in certain embodiments, by incorporating foreign envelope
proteins, expanding the potential target population of target cells. Lentiviral vectors are retroviral vectors
that are capable of transducing or infecting non-dividing cells and produce high viral titers. Selection of a
retroviral gene transfer system depends on the target tissue. Retroviral vectors, in some embodiments,
comprise cis-acting long terminal repeats with packaging capacity for up to 6-10 kb of foreign sequence.
The minimum cis-acting LTRs, in some embodiments, are sufficient for replication and packaging of the
vectors, which are capable of integrating the therapeutic gene into the target cell to provide permanent
transgene expression. Retroviral vectors include but are not limited to those based upon murine leukemia
virus (MuLV), gibbon ape leukemia virus (GaLV), Simian Immuno deficiency virus (SIV), human
immuno deficiency virus (HIV), and combinations thereof (see, €.g., Buchscheretal., J. Virol. 66:2731-
2739 (1992); Johann et al., J. Virol. 66:1635-1640 (1992); Sommnerfelt et al., Virol. 176:58-59 (1990);
Wilson et al., J. Virol. 63:2374-2378 (1989); Miller et al., J. Virol. 65:2220-2224 (1991);
PCT/US94/05700).

[00160] In some embodiments, adenoviral-based systems are used. Adenoviral-based systems, in some
embodiments, lead to transient expression of the transgene. Adenoviral based vectors are capable of high
transduction efficiency in cells and in some embodiments do not require cell division. High titer and
levels of expression are possible with adenoviral based vectors. In some embodiments, adeno-associated
virus ("AAV") vectors are used to transduce cells with target nucleic acids, e.g., in the in vitro production
of nucleic acids and peptides, and for in vivo and ex vivo gene therapy procedures (see, €.g., West et al.,

Virology 160:38-47 (1987); U.S. Pat. No. 4,797,368, WO 93/24641; Kotin, Human Gene Therapy
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5:793-801 (1994); Muzyczka, J. Clin. Invest. 94:1351 (1994). Construction of recombinant AAV

vectors is described in a number of publications, including U.S. Pat. No. 5,173,414; Tratschin et al.,
Mol. Cell. Biol. 5:3251-3260 (1985); Tratschin, et al., Mol. Cell. Biol. 4:2072-2081 (1984); Hermonat
& Muzyczka, PNAS 81:6466-6470 (1984); and Samulski et al., J. Virol. 63:03822-3828 (1989).
[00161] Packaging cells, in some embodiments, are used to form virus particles capable of infecting a
host cell. Such cells include but are not limited to 293 cells, (¢.g., for packaging adenovirus), and .psi.2
cells or PA317 cells (e.g., for packaging retrovirus). Viral vectors are generated by producing a cell line
that packages a nucleic acid vector into a viral particle. In some cases, the vectors contain the minimal
viral sequences required for packaging and subsequent integration into a host. In some cases, the vectors
contain other viral sequences being replaced by an expression cassette for the polynucleotide(s) to be
expressed. In some embodiments, the missing viral functions are supplied in trans by the packaging cell
line. For example, in some embodiments, AAV vectors comprise ITR sequences from the AAV genome
which are required for packaging and integration into the host genome. Viral DNA is packaged in a cell
line, which contains a helper plasmid encoding the other AAV genes, namely rep and cap, while lacking
ITR sequences. Alternatively, the cell line is infected with adenovirus as a helper. The helper virus
promotes the replication of the AAV vector and expression of AAV genes from the helper plasmid.
Contamination with adenovirus is reduced by, ¢.g., heat treatment, to which adenovirus is more sensitive
than AAV.

[00162] A host cell is alternatively transiently or non-transiently transfected with one or more vectors
described herein. In some embodiments, a cell is transfected as it naturally occurs in a subject. In some
embodiments, a cell is taken or derived from a subject and transfected. In some embodiments, a cell is
derived from cells taken from a subject, such as a cell line. In some embodiments, a cell transfected with
one or more vectors described herein is used to establish a new cell line comprising one or more vector-
derived sequences. In some embodiments, a cell transiently transfected with the components of a
CRISPR system as described herein (such as by transient transfection of one or more vectors, or
transfection with RNA), and modified through the activity of a CRISPR complex, is used to establish a
new cell line comprising cells containing the modification but lacking any other exogenous sequence.
[00163] Any suitable vector compatible with the host cell is contemplated to be used with the methods of
the invention. Non-limiting examples of vectors for eukaryotic host cells include pXT1, pSGS, pSVK3,
pBPV, pMSG, and pSVLSV40.

[00164] In some embodiments, a nucleotide sequence encoding a complementary strand nucleic acid
and/or a site-directed modifying polypeptide is operably linked to a control element, ¢.g., a transcriptional
control element, such as a promoter. The transcriptional control element is functional, in some
embodiments, in either a eukaryotic cell, e.g., a mammalian cell, or a prokaryotic cell (e.g., bacterial or
archacal cell). In some embodiments, a nucleotide sequence encoding a complementary strand nucleic
acid and/or a site-directed modifying polypeptide is operably linked to multiple control elements that
allow expression of the nucleotide sequence encoding a complementary strand nucleic acid and/or a site-

directed modifying polypeptide in prokaryotic and/or eukaryotic cells.

27-



CA 03152056 2022-02-22
WO 2021/034336 PCT/US2019/052266

[00165] Depending on the host/vector system utilized, any of a number of suitable transcription and
translation control elements, including constitutive and inducible promoters, transcription enhancer
elements, transcription terminators, etc. may be used in the expression vector (¢.g., U6 promoter, H1
promoter, etc.; see above) (see ¢.g., Bitter et al. (1987) Methods in Enzymology, 153:516-544).

[00166] In some embodiments, a complementary strand nucleic acid and/or a site-directed modifying
polypeptide is provided as RNA. In such cases, the complementary strand nucleic acid and/or the RNA
encoding the site-directed modifying polypeptide is produced by direct chemical synthesis or may be
transcribed in vitro from a DNA encoding the complementary strand nucleic acid. The complementary
strand nucleic acid and/or the RNA encoding the site-directed modifying polypeptide are synthesized in
vitro using an RNA polymerase enzyme (¢.g., T7 polymerase, T3 polymerase, SP6 polymerase, etc.).
Once synthesized, the RNA directly contacts a target DNA or is introduced into a cell using any suitable
technique for introducing nucleic acids into cells (e.g., microinjection, electroporation, transfection, etc).
[00167] Nucleotides encoding a complementary strand nucleic acid (introduced either as DNA or
RNA) and/or a site-directed modifying polypeptide (introduced as DNA or RNA) and/or an exogenous
DNA sequence are provided to the cells using a suitable transfection technique; see, €.g. Angel and Yanik
(2010) PLoS ONE 5(7): ¢11756, and the commercially available TransMessenger RTM. reagents from
Qiagen, Stemfect. TM. RNA Transfection Kit from Stemgent, and TransIT.RTM.-mRNA Transfection Kit
from Mirus Bio LLC. Nucleic acids encoding a complementary strand nucleic acid and/or a site-directed
modifying polypeptide and/or a chimeric site-directed modifying polypeptide and/or an exogenous DNA
sequence may be provided on DNA vectors. Many vectors, ¢.g., plasmids, cosmids, minicircles, phage,
viruses, etc., useful for transferring nucleic acids into target cells are available. The vectors comprising
the nucleic acid(s) in some embodiments are maintained episomally, ¢.g. as plasmids, minicircle DNAs,
viruses such cytomegalovirus, adenovirus, etc., or they are integrated into the target cell genome, through
homologous recombination or random integration, ¢.g. retrovirus-derived vectors such as MMLV, HIV-1,
and ALV,

Nucleic Acid Molecules

[00168] In additional aspects, there are provided nucleic acid molecules comprising a single
homology arm construct comprising a replacement sequence and a targeted endonuclease cleavage site.

In some embodiments, the replacement sequence comprises at least one nucleotide difference compared to
a target genome. In some embodiments, the single homology arm construct has a nucleic acid sequence at
least 90% homologous to a nucleic acid sequence in Table 2.

[00169] Compositions provided herein, in some embodiments, further comprise a guide
oligonucleotide. In some embodiments, the guide oligonucleotide is a guide RNA. In some
embodiments, the guide oligonucleotide or guide RNA has a sequence at least 90% identical to a nucleic
acid sequence in Table 3.

[00170] Nucleic acids provided herein, in some embodiments, further comprise a sequence
encoding a targeted endonuclease. In some embodiments, the targeted endonuclease is selected from a

CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger
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Nuclease. In some embodiments, the targeted endonuclease is a CRISPR nuclease selected from the

group consisting of Cas9, Cas12a (Cpfl), Cas12b (c2¢cl), Casl2c (c2¢3), Casl2g, Casl2i, Casl4, Casl0,
Cas3, CasX, CasY, Csfl, Casl13a (c2c2), Cas13b (c2c6), Casl3c (c2¢7), c2¢4, c2c5, ¢2c8, ¢2¢9, c2¢10,
Cas10, CAST and Tn6677.

[00171] Nucleic acids provided herein, in some embodiments, comprise a construct, for example a
DNA construct, that comprises the necessary components for genome editing. For example, the construct,
in some embodiments, comprise the single homology arm construct, the guide oligonucleotide, and the
targeted endonuclease are encoded in a construct. In some embodiments, the construct is a viral construct,
including but not limited to, an adeno-associated virus, an adenovirus, a lentivirus, or a retrovirus. In
some embodiments, the construct is a non-viral construct, including but not limited to a mini-circle or a
plasmid.

[00172] In additional aspects, there are provided kits comprising at least one nucleic acid provided

herein and instructions for use according to at least one method provided herein.

Table 1: Construct Sequences

SEQ
Construct Sequence ID
NO:
PAAV- Cctgcaggcagetgcgegetegetegeteactgaggecgeccgggeaaageccgggegtegggegaccttt | 1
CjPVCGaMP- ggtecgeecggectcagtgagegagegagegegeagagagggagtggoccaactccatcactaggggttectg
SATI cggccgcacgcgtGCCAACTTTGTACAAGAAAGCTGGGTCTAGAAAAAAA

GCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTT
ATTTTAACTTGCTATTTCTAGCTCTAAAACACTGTATCTTTTGCTTCA
TCGGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCGA
AATACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAACA
TAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTACGTC
ACGTATTTTGTACTAATATCTTTGTGTTTACAGTCAAATTAATTCTA
ATTATCTCTCTAACAGCCTTGTATCGTATATGCAAATATGAAGGAAT
CATGGGAAATAGGCCCTCTTCCTGCCCGACCTTAGAGGGCGTTTAA
ACCCTACTGTATCTTTTGCTTCATCACTCACTCTCTGGGTCTCCTGCA
GCAGACGCAAGACCCCAAAGAAAGCACCACCCAGGGTCTCACAGT
AAGGTGAACAGTCTCTTTTGCACCCCCGCCTCTGACTCACTTTCCTT
TGTCATTTTCTTCTGCAGAATTCTCCACTCTGGTGGCTGAAAGCGTG
GCCGAGTCAGGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAG
GCTGGAGACGTGGAGGAGAACCCTGGACC CTatgggttctcatcatcatcatcatcat
ggtatggctagcatgactggtggacagcaaatgggtecgggatctgtacgacgatgacgataaggatctegeea
ccatggtcgactcatcacgtcgtaagtggaataagacaggtcacgcagtcagagcetataggtecggcetgagetca
ctcgagaacgtctatatcaaggcecgacaagcagaagaacggcatcaaggegaacttcaagatcegecacaac
atcgaggacggceggcgtgcagcetcgectaccactaccagecagaacacceccateggegacggececgtgct
gcetgeccgacaaccactacctgagegtgcagtecaaactttcgaaagaccecaacgagaagegegatcacatg

gtectgetggagttcgtgaccgecgecgggatcactctecggeatggacgagetgtacaagggcggtaccgga

gggagcatggteagcaagggcgaggagcetgttcaccggggtggtgcccatectggtecgagetggacggega
cgtaaacggccacaagttcagegtgtccggegagggtgaggecgatgecacctacggeaagetgaccetgaa
gttcatctgcaccaccggceaagcetgeccgtgecctggeccacccetegtgaccacectgacctacggegtgcagt
gcttcageegcetaccccgaccacatgaagceageacgacttcttcaagtcegecatgeccgaaggctacatecag
gagcgcaccatcttcttcaaggacgacggcaactacaagacccgegecgaggtgaagticgagggcgacace
ctggtgaaccgceatcgagetgaagggcatcgacttcaaggaggacggceaacatectggggcacaagetggag
tacaacctgccggaccaactgactgaagagceagatcgcagaatttaaagaggaattcteectatttgacaaggac
ggggatggoacaataacaaccaaggagetggggacggteatgcggtetetggggcagaacceccacagaage
agagctgcaggacatgatcaatgaagtagatgccgacggtgacggcacaatcgacttcectgagttcctgacaa
tgatggcaagaaaaatgaaatacagggacacggaagaagaaattagagaagegttcggtatatitgataaggat

-20-




CA 03152056 2022-02-22

WO 2021/034336 PCT/US2019/052266

ggcaatggctacatcagtgcageagagcettcgecacgtgatgacaaaccttggagagaagttaacagatgaag
aggttgatgaaatgatcagggaagcagacatcgatggegatggtcaggtaaactacgaagagtttgtacaaatg
atgacagcgaag TAAGAAGCACTGACTGCCCCAGGTCTTCCACCTCTCTGC
CCTGAACACCCAATCTCAGACCCTCTTACCACCCTCCTGCATTTCTG
TTCAGTTTGTTTATGTTATTITTTTACTCCCCCCATCCCCTGTGATCCC
CTAATGACACCATTCTTCTGGAAAATGCTGGAGAAGCAATAAAGGC
TGTACCAGTCAGACTCTGCATGCTCAGGAAGACCCAGGCCTGGTCA
GGCACTGGCTTTCTAGATGCATCTGGGAGGGGGTGGGGGCCGGATT
TCAACAGCTAGAAAAGATGTGATAGGAGGGAATGAAAGGGAACAC
CCTCTTTTCCACActaagtactaagcatggceactctacagaggttacccacttactccccaaaaccac
cccataaggtaggtgatgaaacteccattctctgaaaaactaagtctcagagaggggaagtgagatgtctaagee
cacaaaaacagaatttgttagtgttggootttoaatgcaggtctg TAGATGGGTAGGtggatCCTA
CTGTATCTTTTGCTTCATCGACCTAGGccattgacgtcaataatgacgtatgttcccatag
taacgccaatagggactttccattgacgtcaatgggtegagtatttacggtaaactgeccacttggceagtacatca
agtgtatcatatgccaagtacgecccctattgacgtcaatgacggtaaatggeccgectggceattatgeccagtac
atgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgcetattaccatggtegaggtgageccece
acgttctgcttcactctceccatcteccececctecccacccecaattttgtatttatttattttttaattattttgtgcage

£atgggeecegeaaaaaaaaaaeeaCceCaCgccagaceggecegeecggaacsagaaaceeeecy
gggcgaggcggagaggtgcggcggcagecaatcagageggcegegcetccgaaagttiecttttatggcgagg
cggcggeggceggcggecctataaaaagegaagegegeggegggcgggagtegetgegegetgecttegec
ccgtgeecegetecgecgecgectegegecgeccgecccggetctgactgaccgegttactcccacaggtga
geggecgagacggcccttctecteccgggetgtaattagegcettggtttaatgacggcttgtttcttttctgtggcetece
gtgaaagcctigaggggctecegggagggccctitgtgcggggggageggeteggggctgicegegggeeg

acggctgecttegggggggacggggcagggcgggaticggctictggegtgtgaccggeggctctagagect
ctgctaaccatgttcatgecttcttctttttcctacagetectgggcaacgtgetggttattgtgctgtetcateatttty

gcaaagaattgGATCCGAATTCACCATGTCTAGACTGGACAAGAGCAAAG
TCATAAACTCTGCTCTGGAATTACTCAATGAAGTCGGTATCGAAGG
CCTGACGACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCC
TACCCTGTACTGGCACGTGAAGAACAAGCGGGCCCTGCTCGATGCC
CTGGCAATCGAGATGCTGGACAGGCATCATACCCACTTCTGCCCCC
TGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTC
ATTCCGCTGTGCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATC
TCGGCACCCGCCCAACAGAGAAACAGTACGAAACCCTGGAAAATC
AGCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCCTGGAGAACGCACT
GTACGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATTGG
AGGATCAGGAGCATCAAGTAGCAAAAGAGGAAAGAGAGACACCTA
CCACCGATTCTATGCCCCCACTTCTGAGACAAGCAATTGAGCTGTTC
GACCATCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGAACTAA
TCATATGTGGCCTGGAGAAACAGCTAAAGTGCGAAAGCGGCGGGC
CGGCCGACGCCCTTGACGATTTTGACTTAGACATGCTCCCAGCCGA
TGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGACGCTCTTG
ACGATTTTGACCTTGACATGCTCCCCGGGTAACTAAGTAAGCGGCC
GCTAGGCCTCACCTGCGATCTCGATGCTTTATTTGTGAAATTTGTGA
TGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTA
ACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGT
GTGGGAGGTTTTTTAAACTAGTCCcacgtgeggaccgageggccgcaggaaccectag
tgatggagttggccactecctetetgegegetegetegetcactgaggecgggegaccaaaggtegeecgacg
ccegggctttgeccgggeggectecagtgagegagegagegegeagetgectgecaggggcgectgatgeggt
attttctccttacgcatctgtgeggtatttcacaccgeatacgtcaaagceaaccatagtacgegecctgtageggc
geattaagecgeggegggtgtggtgottacgegeagegtgaccgcetacacttgeccagegecctagegecegcete
ctttegcetttctteccttectttctegecacgtticgecggctttccecgtecaagetctaaatcgggggctecctttagg
gttcegatttagtgctttacggceacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgggecatege
cctgatagacggtttttcgecctttgacgttggagtecacgttctttaatagtggactcttgttccaaactggaacaac
actcaaccctatctcgggctattcttttgatttataagggattttgccgatttcggectattggttaaaaaatgagetga
tttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattttatggtgcactctcagtacaatctgetcetg
atgccgceatagttaagccagecccgacacccgecaacacccgetgacgegecectgacgggcttgtetgetece
ggcatccgcettacagacaagetgtgaccgteteccgggagcetgcatgtgtcagaggttttcaccgtecatcaccgaa
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acgcgcegagacgaaagggcectcgtgatacgcectatttttataggttaatgtcatgataataatggtttcttagacgte
aggtggcacttttcggggaaatgtgcgcggaaccectatttgtttatttttctaaatacattcaaatatgtatccgete
atgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtege
ccttatteccttttttgeggcattttgecttectgtttttgetcacccagaaacgetggtgaaagtaaaagatgetgaa
gatcagttgggtogcacgagtggettacatcgaactggatctcaacageggtaagatccttgagagttttcgeece
gaagaacgttttccaatgatgagcacttttaaagttctgetatgtggcgeggtattatccegtattgacgecgggea
agagcaactcggtcgecgceatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatctt
acggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgeggecaacttactt
ctgacaacgatcggaggaccgaaggagetaaccgcttttttgcacaacatgggggatcatgtaactcgecttgat
cgttgggaaccggagetgaatgaagecataccaaacgacgagegtgacaccacgatgectgtageaatggca
acaacgttgcgcaaactattaactggegaactacttactctagettcccggeaacaattaatagactggatggagg
cggataaagttgcaggaccacttctgegeteggeccttceggetggctggtttattgctgataaatctggagecgg
tgagcgtgggtctegeggtatcattgecageactgggeccagatggtaageccteccgtategtagttatctacac
gacggggagtcaggcaactatggatgaacgaaatagacagatcgetgagataggtgcctcactgattaageatt
ggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtga
agatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagegtcagaccecgtagaaa
agatcaaaggatcttcttgagatcctttttttctgcgegtaatctgetgettgcaaacaaaaaaaccaccgetaccag
cggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggettcagecagagegeagatace
aaatactgtccttctagtgtagecgtagttaggcecaccacttcaagaactctgtagecaccgcectacatacctegete
tgctaatcctgttaccagtggcetgctgecagtggcgataagtegtgtcettaccgggttggactcaagacgatagtt
accggataaggcegcageggtegggctgaacgggegottcgtgcacacageccagettggagegaacgacct
acaccgaactgagatacctacagcgtgagctatgagaaagegecacgcettccegaagggagaaaggcggac
aggtatccggtaageggeagggtcggaacaggagagegcacgagggagcettccagggggaaacgectggt
atctttatagtcctgtegggtttcgecacctetgacttgagegtegatttttgtgatgctegtcaggggggcggage
ctatggaaaaacgccagceaacgeggcctttttacggticctggecttttgetggecttttgctcacatgt

PAAV-mLMNA-
SATI

Cctgcaggcagetgcgegetegetegeteactgaggecgeccgggcaaageccgggcgtegggcgaccttt
ggtecgeecggectcagtgagegagegagegegeagagagggagtggoccaactccatcactaggggttectg
cggccgeacgcgtAAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTC
CTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAATTAG
AATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGA
CGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATG
TTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCG
ATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGCCAT
AAGTGTCTAAGATTCGTTTTAGAGCTAGAAATAGCAAGTTAAAATA
AGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT
TTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCGTTTAAACCCT
GAATCTTAGACACTTATGGCCAGCCACAGGTCTCCCAAGTCCCCAT
CACTTGGTTGTCTGGGTACAGACAGAGGTCACCTTCCTGCCCAATG
GCCAGGAAGCTCCAAGAGCCCACAGCCTAGGTGCCGGTCCTAAGA
AGTCAGTCCCAAACTCGCTGTCCCTCCTGAGCCTTGTCTCCCTTCCC
AGGGTTCCCACTGCAGCGGCTCGGGGGACCCCGCTGAGTACAACCT
GCGCTCACGCACCGTGCTGTGCGGGACGTGTGGGCAGCCTGCTGAC
AAGGCTGCCGGTGGAGCGGGAGCCCAGGTGGGCGGATCCATCTCCT
CTGGCTCTTCTGCCTCCAGTGTCACAGTCACTCGAAGCTTCCGCAGT
GTGGGGGGCAGTGGGGGTGGCAGCTTCGGGGACAACCTAGTCACC
CGCTCCTACCTCCTGGGCAACTCCAGTCCCCGGAGCCAGGTGAGTC
ATCTCTGCCCTACAGCAGGACACTGCTCACTGAGCAGCAGGGCAGG
GCAGCCCAAGGGAGTGGGGTCCCCCTCCTTGCAGTCCCTCTTGCAT
CCTGCCCCTCCTGTCTGAACCCCAGACTCGAGGTCAGGGCAAGGCC
CAGAGTGTGAGGGTTGGGGAGACAACCCCCTTTGGGGTCAGGGAG
GGAGAGGAAGGGCCAGCCACTGCTGCTCACACCTCTGCCTTCTCTT
CTCTCTTAGAGCTCCCAGAACTGCAGCATCATGTAATCTGGGACCT
GCCAGGCAGGGCTGGGGGCAGAGGCCACCTGCTCCCCCCTCACCAC
ATGCCACCTCCTGTCTGCTCCTTAGGAGAGCAGGCCTGAAGCCAAA
GAAAAATTTATCCCCTGCCTTTGGttttttttttttttcttctattttttttttctttttctaAGAGA
AGTTATTTTCTACAGTGGTTTTATACTGAAGGAAAAACTCAAGCaaaa
2222222222 TCTTTATCTCAATCCTAAGTCCTTCCCCTTTCTTTCCTTGT
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ATCTGCCTTAAAACCAAAGGGCTTCTCTAGGAGCCCAGGGAAAGGA
CTGCTTTTTATAGAGTCTAGATTTTTGTCCTGCTGCCTTGGCTTTACC
CTCATCCCAGGACCCTGTGACAATGGTGCCTGAGAGGCAGGCATGG
AGTTCTCTTCACCAGCCTCCTCCAACAGCTGGCCCACTGCCACGCCA
GCTGCAGAGAAATGGGGCGCAGAGAGGATGACTGAGAAGGTCAAG
CCCCTCCCCGGCACTACACGAGGCCGAGGCTCCTCTGCCTGCCTTA
CCTTCTTCCTGCCCTTCCCTAGCCTGGGGCGAGTGGATTCCCAGAGG
CAAATCTGCCGTGCTTGCTTTTTCTATATTTTATTITAGACAAGAGAT
GGGAATGACGGGGAAGGAGAAGGGAAGATCAGTTTGAGCCTACCT
TTTCCCAGCTTCTGAGCCTGGTGGGCTCTGTCTCAATGATGGAGGGC
AATGTCAAGTGGGATACAGGGAAGAGTGGGGGACGAAGGCTCCCA
GAGATGGGGAGAACCTGCTGGGGCTGGTGAGAAGTCTAGAGGTGC
GGCGATTGGTGGCTACAGCAAACACTAAGGAACCCTTCACCCCATT
TCCCATCTGCACCTCTGCTCTCCCCTCCAAATCAATACACTAGTTGT
TTCCATCCCAGATGCTGTGGTGTCTCTTTGTTGGGTGTGATGTGTGT
TTTCAGGGGCAGACACATGCACACAGAGGTGCCACACATTCACTAT
ATATTCACTACCCAGCTATAAAGGTGTGTATGAGGGAGACTTCTAG
AAAGGTCAGCATATGTGGGGTGAGCGAGGGGTGTCCTTCCTATCCC
TCATCCATCCAGCACCTTTTAAAAGGGGCCAGCAATCCACATGTGC
ATCAGACACAGGAGCACAGAGAGACGGAGGGTAGAGTAGGGGCCA
GAAGTCCTGAATCTTAGACACTTATGGCGCTAGCacgcegtgtcagtgggcaga

gcegceacatcgeccacagtceccecgagaagttggggegagogotcgecaattgaacgggtgcctagagaaggt
ggcgeggggtaaactgggaaagtgatgtegtgtactggctecgectttttcccgagggtggegeagaaccegtat
ataagtgcagtagtcgecgtgaacgttctttttcgcaacgggtttgccgecagaacacagetgaagcettcgagge
getegeatctetecttcacgegeccgecgceectacctgaggecgecatccacgecggttgagtegegttetgee
gecteccgectgtggtgectectgaactgegtecgecgtctaggtaagtttaaagetcaggtegagaccgggect
ttgtecggegceteccttggagectacctagactcagecggcetctecacgcetttgectgacectgettgetcaactct
acgtctttgtttegttttctgttctgcgecgttacagatccaagetgtgaccggcgegtecgacgecaccatggCAt
atccgtatgatgtgccggattatgcggtgageaagggcgaggaggataacatggecatcatcaaggagttcatg
cgcttcaaggtgcacatggagggctcegtgaacggecacgagttcgagatcgagggcgaggecgageeccy
ccectacgagggceacccagaccgecaagetgaaggtgaccaagggtggeccecctgeccticgectgggacat
cctgtecccteagttcatgtacggcetccaaggectacgtgaageaccccgecgacatcceccgactacttgaaget
gtecttceccecgagggcettcaagtgggagcgegtgatgaacttcgaggacggeggegtggtgaccgtgaccea
ggactcctccctgecaggacggegagttcatctacaaggtgaagetgegeggceaccaacttecectecgacgge
ccegtaatgcagaagaagaccatgggctgggagecctecteccgageggatgtaceccecgaggacggegecct
gaagggcgagatcaagcagaggcetgaagetgaaggacggeggecactacgacgetgaggtcaagaccace
tacaaggccaagaagcecgtgecagetgeccggegectacaacgtcaacatcaagttggacatcaccteccaca
acgaggactacaccatcgtggaacagtacgaacgcegecgagggcecgecactccaccggeggeatggacga
gctgtacaagTccggactcagatctcgagaggaggagoageagacagacageaggatgeeccacctcgac
agcecceggceageteccagecgagacgctecttectctcaagggtgatcagggcagegcetacegttgecagetge
ttctgetgetgetgetgetectggectgectgetacctgectetgaagatgactacagetgecacccaggecaacaa
ctttgccegatccttctaceccatgetgeggtacaccaacgggccaccteccacctaggaattcAATAAAA
GATCTTTATTTTCATTAGATCTGTGTGTTGGTTTTTTGTGTgcacgtgcgg
accgagceggcecgceaggaacccctagtgatggagttgeccactcectetetgegegetegetegetcactgagg
ccgggcegaccaaaggtegeccgacgeecgggctttgecegggeggectcagtgagegagegagegegeag
ctgectgcaggggcgectgatgeggtattttctecttacgcatctgtgeggtatttcacaccgeatacgtcaaage
aaccatagtacgcgcecctgtageggegceattaagegeggegggtategtogttacgegeagegtgaccgcetac
acttgccagcegcecectagegeccgcetectttegetttetteccttectttetegecacgttegecggcttteccecgtea
agctctaaatcgggggactcectttagggttccgatttagtgetttacggcacctecgaccccaaaaaacttgatttgg
gtgatggttcacgtagtgggoccatcgecctgatagacggtttttcgecctttgacgttggagtecacgttctttaata
gtggactcttgttccaaactggaacaacactcaaccctatctcgggctattcttttgatttataaggeattttgccgatt
tcggcectattggttaaaaaatgagctgatttaacaaaaatttaacgcegaattttaacaaaatattaacgtttacaatttt
atggtgcactctcagtacaatctgetctgatgecgeatagttaagecagecccgacaccegecaacaccegcetg
acgegcecectgacgggcttgtetgctecceggceatecgettacagacaagetgtgaccgtetcegggagcetgcatg
tgtcagaggttttcaccgtcatcaccgaaacgegcegagacgaaagggcctegtgatacgectatttttataggtta
atgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgeggaacccectatttgtttatt
tttctaaatacattcaaatatgtatccgetcatgagacaataaccctgataaatgctticaataatattgaaaaaggaa
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gagtatgagtattcaacatttccgtgtcgeccttattcecttitttgeggcattttgecttectgtttttgetcacccagaa
acgctggtgaaagtaaaagatgctgaagatcagttgggtecacgagtgggttacatcgaactggatctcaacag
cggtaagatccttgagagttttcgeccccgaagaacgttttccaatgatgageacttttaaagttetgetatgtggege
ggtattatccegtattgacgecgggceaagageaactcggtegecgeatacactattctcagaatgacttggttgag
tactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatg
agtgataacactgcggcecaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaac
atgggogoatcatgtaactcgecttgategttgggaaccggagetgaatgaagecataccaaacgacgagegty
acaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggegaactacttactctagettceeg
gcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgegeteggecctteceggetggct
ggatttattgctgataaatctggagecggtgagegtgggtetcgeggtatcattgcageactggggecagatggta
agcccteccegtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcget
gagataggtgcctcactgattaagceattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaac
ttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcecttaacgtgagttttegtt
ccactgagcegtcagaccecgtagaaaagatcaaaggatcttcttgagatectttttttctgegegtaatctgetgett
gcaaacaaaaaaaccaccgctaccageggtggtttgtttgccggatcaagagcetaccaactctttttccgaaggt
aactggcttcagcagagcgceagataccaaatactgtecttctagtgtagecgtagttaggccaccacttcaagaa
ctetgtagcaccgcectacatacctegcetetgetaatectgttaccagtggetgetgecagtggegataagtegtgte
ttaccgggttggactcaagacgatagttaccggataaggegeageggtegggctgaacggggggttegtecac
acagcccagcttggagcegaacgacctacaccgaactgagatacctacagegtgagcetatgagaaagegecac
gcettcccgaagggagaaaggcggacaggtatceggtaageggeagggteggaacaggagagegeacgag
ggagcettccagggggaaacgcectggtatctttatagtectgtegggtttcgecacctetgacttgagegtegattttt
gtgatgctcgtcaggggggcggagectatggaaaaacgecageaacgeggcectttttacggttecctggecttttg
ctggcecttttgctcacatgt

pAAV-
mTubb3GFP-
SATI

Cctgcaggcagetgcgegetegetegeteactgaggecgeccgggeaaageccgggcgtegggcgaccttt
ggtecgeecggectcagtgagegagegagegegeagagagggagtggoccaactccatcactaggggttectg
cggccgcacgcgtGCCAACTTTGTACAAGAAAGCTGGGTCTAGAAAAAAA
GCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTT
ATTTTAACTTGCTATTTCTAGCTCTAAAACGGATAAATAGGTCAGCC
TTCGGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCG
AAATACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAAC
ATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTACGT
CACGTATTTTGTACTAATATCTTTGTGTTTACAGTCAAATTAATTCT
AATTATCTCTCTAACAGCCTTGTATCGTATATGCAAATATGAAGGA
ATCATGGGAAATAGGCCCTCTTCCTGCCCGACCTTAGAGGGCGTTT
AAACGGCTCCCCGGGCGCGACCCTGGATAAATAGGTCAGCCTTCGC
CCAGGTCTTATCCCAGATCCCCATTCCCTGTTCAGAGCATCTGCAGC
AGGGACCCCCTGCACTCAACAGTGATGCCCAGGGTGGAATGAGAT
GTTATGCAGTGCAGACATTTTATAGAATACAAGGGAACCAACTTTC
TTCTAGAGGAGAGAGCGGTTGGCAGGTCCTAGAGGTCTCTGCACTG
TAAACCCCCGACCTTACCTCTTACCTGCCTCTTCTCTCCTCATAGGT
CAGAGTGGTGCTGGCAACAACTGGGCCAAAGGGCACTATACGGAG
GGCGCGGAGCTGGTGGACTCAGTCCTAGATGTCGTGCGGAAAGAGT
GTGAGAATTGTGACTGCCTGCAGGGCTTCCAGCTGACACACTCACT
GGGTGGGGGCACAGGCTCAGGCATGGGCACACTGCTCATCAGCAA
GGTGCGTGAGGAGTACCCCGACCGCATCATGAACACCTTCAGCGTG
GTGCCTTCACCCAAAGTGTCGGACACTGTGGTGGAGCCCTACAACG
CCACCCTGTCCATCCACCAGCTAGTGGAGAACACAGACGAGACCTA
CTGCATCGACAATGAAGCCCTCTACGACATCTGCTTCCGCACCCTC
AAGCTGGCCACACCCACCTATGGGGACCTCAACCACCTTGTGTCTG
CCACCATGAGTGGAGTCACCACCTCCCTTCGATTCCCTGGTCAGCTC
AATGCCGACCTCCGCAAGCTGGCTGTGAACATGGTGCCGTTCCCAC
GTCTCCACTTCTTCATGCCCGGCTTCGCCCCACTTACAGCCCGGGGC
AGCCAGCAGTACCGTGCCCTGACGGTGCCTGAGCTCACGCAGCAGA
TGTTCGATGCCAAGAACATGATGGCTGCCTGTGACCCGCGCCACGG
TCGCTACCTGACCGTGGCCACTGTCTTCCGTGGGCGCATGTCTATGA
AGGAGGTGGACGAGCAGATGCTGGCCATCCAGAGTAAGAACAGCA
GCTACTTCGTGGAGTGGATCCCCAACAACGTCAAGGTAGCCGTGTG
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TGACATCCCACCCCGTGGGCTCAAAATGTCATCCACCTTCATTGGC
AACAGCACGGCCATCCAGGAGCTGTTCAAACGCATCTCGGAGCAGT
TCACAGCCATGTTCCGGCGCAAGGCCTTCCTGCACTGGTACACGGG
CGAGGGCATGGATGAGATGGAGTTCACCGAGGCCGAGAGCAACAT
GAATGACCTGGTGTCCGAGTACCAGCAGTACCAGGACGCCACTGCG
GAGGAGGAGGGGGAGATGTATGAAGATGATGACGAGGAATCGGAA
GCCCAaGGGCCCAAGcetggeegetgcaATGGTGAGCAAGGGCGAGGAGCT
GTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTA
AACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCC
ACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGC
TGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGT
GCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTC
TTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCT
TCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTT
CGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGA
CTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAA
CTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAA
CGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGG
CAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGC
GACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGT
CCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCT
GCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAG
CTGTACAAGTAAagttgctcgcagetggggtotegggoccaagtggcagecagggecaagacaag
cagcatctgtcccccccagagecatctagetactgacactgeccccagetttgettctcaccagetcattagggcet
cccaggttaaagtcettcagtatttatggccaccccecactecatgtgagtecacttggctctgtectececattttag
ccacctctgtatttatgttgcettattcgtetgtttttatggtttgttttgtttttttactgggttgtatttatattcggegosag
gggtatacttaataaagttactgetgtctgtcagatacctetgectggtattggagatttctttttctttatctttttetgee
cctcttaaaaaaaaaaaaaagacaaggatgacacggaagceatgtttcatagaaataaggtttatttttgtttcagge
aagagaaatgtagatctaaaaggggtgagaacaattaagggctgtecttatcteccecggcetgctgacgaagattt
gcetcagtaageggcetcaggttgtatccagggagtcagggaggggaactagagaaggaagetctgegtggatta
aattccactgcagaacccctggaatatcttttgactcagaaggcageccacccetgttecctggtettcccacaaggt
gactcatatccagcattcttcctgetgtctacactgaaagtcaaatgtaagecagecatataaagacgetgaaacca
gagacttgaactggagagacggggaggggaagagaaaaaaacgcagggaaggetgggactiggcetttigag
aagggctacctgagggctaggtggggctaacgaaataacgagggggeotegootaggaaeacggcaaccyc
ggcagceggeageggtggtcaggattcaacccetgtactggctecatgtgececctagtggtggtttcccacaactt
cagaatgccctgtatccagtcagtcagaaagcettgecgectccagagaggcttgeccagegttctecetectect
cagggagaagactaaaaccaagagagaccaactctttagagatccacagtaagtgtacagagetgggtgaaag
cagaacttctaaacccagacgcetegtctgeccacteccttatggtcaagggtgttgtcaaagcettgageccctace
ctttgcttggtegcacctgaaagaat CCTGGATAAATAGGTCAGCCTTCeacgtgcggace
gagcggccgceaggaacccectagtgatggagttggccactecctetetgegegetegetegetcactgaggecg
ggcgaccaaaggtcgeecgacgecegggctttgececgggeggcectcagtgagegagegagegegeagetg
cctgecaggggcegectgatgeggtattttctecttacgeatctgtgeggtatttcacaccgeatacgtcaaageaac
catagtacgcgcecctgtageggegceattaagegeggegggtatgotgattacgegcagegtgacegetacact
tgccagegecctagegececgcetectttegetttettcecttectttctegecacgttcgecggcetttcecegtcaage
tctaaatcgggggctecctttagggtteccgatttagtgctttacggeacctcgaccccaaaaaacttgatttgg oty
atggttcacgtagtgggccatcgecctgatagacggtttttcgecctttgacgttggagtecacgttctttaatagtg
gactcttgttccaaactggaacaacactcaaccctatctcgggctattcttttgatttataagggattttgccgatttcg
gcectattggttaaaaaatgagctgatttaacaaaaatttaacgcegaattttaacaaaatattaacgtttacaattttatg
gtgcactctcagtacaatctgctctgatgecgceatagttaagecagecccgacacccgecaacaccegcetgacg
cgceectgacgggcttgtetgeteceggeatecgettacagacaagetgtgaccgteteccgggagetgeatgtgte
agaggttttcaccgtcatcaccgaaacgcgegagacgaaagggcctegtgatacgectatttttataggttaatgt
catgataataatggtttcttagacgtcaggtggcacttticggggaaatgtgcgcggaacccctatttgtttatttttct
aaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgettcaataatattgaaaaaggaagagt
atgagtattcaacatttccgtgtcgeccttatteccttttttgeggeattttgecttectgtttttgectcacccagaaacg
ctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagegg
taagatccttgagagttttcgecccecgaagaacgttttccaatgatgageacttttaaagttctgctatgtggegeggt
attatcccgtattgacgecgggceaagagceaactcggtecgecgceatacactattctcagaatgacttggttgagtac
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tcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgecataaccatgagt
gataacactgcggcecaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg
ggggatcatgtaactcgecttgatcgttgggaaccggagetgaatgaagecataccaaacgacgagegtgaca
ccacgatgcectgtagcaatggcaacaacgttgegcaaactattaactggcegaactacttactctagettccegge

aacaattaatagactggatggaggcggataaagttgcaggaccacttctgegeteggecectteceggetggetgg
tttattgctgataaatctggagecggtgagegtgggtetcgeggtatcattgcageactggggecagatggtaag
cccteccgtatcgtagttatctacacgacggggagtcaggceaactatggatgaacgaaatagacagatcgetga
gataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttc
atttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcecttaacgtgagttttcgttee
actgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgecgegtaatctgetgettge
aaacaaaaaaaccaccgctaccageggtggttigtitgeccggatcaagagetaccaactetttttccgaaggtaa

ctggcettcagcagagegeagataccaaatactgtecttctagtgtagecgtagttaggccaccacttcaagaacte
tgtagcaccgcectacatacctegetetgctaatectgttaccagtggetgctgeccagtggegataagtegtgtetta
ccgggttggactcaagacgatagttaccggataaggcgeageggteggactgaacgggggettegtecacac
agcccagcttggagegaacgacctacaccgaactgagatacctacagegtgagcetatgagaaagegecacgce
ttcccgaagggagaaaggeggacaggtatcecggtaageggeagggtcggaacaggagagegeacgagsg

agcttccagggggaaacgcectggtatctttatagtcctgtegggtttcgecacctetgacttgagegtegatttttgt
gatgctegtcaggggogcggagcctatggaaaaacgecageaacgeggcectttttacggttectggecttttget
ggccttttgetcacatgt

PAAV-pLMNA-
SATI

Cctgcaggcagetgcgegetegetegeteactgaggecgeccgggeaaageccgggcgtegggcgaccttt
ggtecgeecggectcagtgagegagegagegegeagagagggagtggoccaactccatcactaggggttectg
cggccgcacgcgtGCCAACTTTGTACAAGAAAGCTGGGTCTAGAAAAAAA
GCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTT
ATTTTAACTTGCTATTTCTAGCTCTAAAACCCGTTTTCTGTGGCGTG
CACGGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCG
AAATACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAAC
ATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTACGT
CACGTATTTTGTACTAATATCTTTGTGTTTACAGTCAAATTAATTCT
AATTATCTCTCTAACAGCCTTGTATCGTATATGCAAATATGAAGGA
ATCATGGGAAATAGGCCCTCTTCCTGCCCGACCTTAGAGGGCGTTT
AAACGTGCACGCCACAGAAAACGGGGGCACTGTCCCTCCTTCCCAG
TTGATTTTGCATGCCTGCTGCTCTGCAAGCTTGCTCACGCTCACCTT
ACCCTCTTAACCTTAGAGTAGCTTAGGACAGAGTCAAAGCCACAACct
cccattcectgeccctaagtettactgacccteeecctetttectgtecgteeccectetecctggeteccagggect
ctcaagecctgtcacccacccatcaagetetgtcgeccaccCTAACATTGGTTAGAGTTACT
TGAGAGCAGAACGCCACCTTCCTGCCTAGAGCCTGCAGGAGCGCGG
AGCCTGGGCGTTGGGCCTGAGCGCTCAGTCCCAGACCCGCCGTCCC
GCCTGAGCCTTGTCTCCCTCCTCAGGGCTCCCATGGCAGCAGCTCG
GGGGACCCCGCCGAGTACAACCTGCGCTCACGCACCGTGCTGTGTG
GGACCTGCGGGCAGCCCGCCGACAAGGCGTCTGCCAGCAGCTCGG
GAGCCCAGGTGGGCGGATCCATCTCCTCTGGCTCCTCCGCCTCCAG
TGTCACAGTCACTCGCAGCTACCGCAGTGTGGGGGGCAGTGGGGGT
GGCAGCTTCGGGGACAACCTGGTCACCCGCTCCTACCTCCTGGGCA
ACTCTAGACCCCGAACCCAGGTGAGTTGTCCCTCTATGTCCACAGC
CCCTGGTCCTGTegggoteeeeesg AGCGCCTTCTCCTCCGCAGCCCGGG
GGAGTGGGAGCCTCCTCCCCGCAGCCCAATATCCTAGACAGTCACT
CCTGCGTCCTGCCCCTCCTGTCTGAGCCCCAggctggaggecagggecaggact
gcaggeaageogageecGGGTTTGGGCCTGGTACCGCCACTCACATCTCTCC
CCTTCTTTCTTCTCTCTTAGAGCCCCCAGAACTGCAGCATCATGTAA
TCTGGGACCTGCCAGGCAGGGGTGGGGGTGGAGGCCTCCCGCTTCC
TCCTCACCTCATGCCCACTCCTGCCCTACACCTCAAGGGAAGGGGC
TTGAAGCCAAAGAAAAATACTCCTTTGGGttttttttttcttctatgttttttttttttttttttC
TAAGAGAAGTTATTTTCTACAGTGGTTTTATATTGAAGGAAAAACA
CAAGCAAAG2222222222aGCATCTATCTCAAATTCCCCTTCCTTTTCCC
TGCTTCCAGGAAACTCCACATCTGCCTTAAAACCAAAGAGGGGAGC
CAAGGGAAAGGATGCTTTTACAGAGCCTAGTTTCTGCTTTTCTGTCC
TGCCCGCCGCCCCCATCCCGGGGACCCTGTGACATGGTGCCTGAGA
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GGCAGGTGTGGAGTCTTCTCCGCCAGCCTCCAAGGGAGGAGGGCTG
AGCCAGCCCCTGGGCCGGCCCCCATCATCCACTACACCTGGCTGAG
GCTCCTCCGCCTGececcgtecccagtecccccctgeecccagececGGGGTGACTCGT
TTCTCCCAGGTACCAGCTGCACTTGCTTTTTCTGTATGTTATITAGA
CAAGAGATGGGAATGAGGTGGGAGGTGGAAGGAGGGGGGAGAAA
GGTGAGTTTGAGCCTGCCTTCACTTTGAggegegs TGGGCTCTGCCCA
GTCACTGGAGGTCGAGGTCAAGTGGGTGTAGGAGGAGGGAGAGGG
AGGCCTACCAGAAAGAGGAGAGCCTGCTGGGGCCCCACCGCAGAG
GAAGAAAGTGAGAAGCGATGGAGGGTGTGCGGCTGTGGGTTTTGG
CGAACACTAAGGAGCCCCCTTGCCTCGTGTTTCCCATCTGCATCCCT
TCTCTCCTCCCCGAATCAATACACTAGTTGTTTCTATCCCTGGCTGC
CGTGGTGTCTGTCTTTGTTGGTGAGCGTCACCGTGTGTCCTGAGGGG
cacacacacgtgtgggcacgtgaacacacacacacacacacacacaAATGTTGCCTGGTCAC
CCGCATCCTGTGCACGCCACAGAAAACGGGGGGACCTAGGccattgacg
tcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggta
aactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccctattgacgtcaatgacggtaaatgg
ccegectggceattatgeccagtacatgaccttatgggactttectacttggeagtacatctacgtattagtcateget
attaccatggtcgaggtgagcecccacgttctgettcactctccecatctecececcectecccacccecaattttgtat

ttatttattttttaattattttgtgcagcgatg gggeceggggee099999999CICaCICCagICIIIICLL
£8CggLCLAZIIICLLLLCLIICIAZICIZagaggtecggcggcageraatcagageggcgegct
ccgaaagtttecttttatggegaggceggeggeggeggcggccctataaaaagegaagcgegcgecegecss
gagtcgctgegegcetgecttegeccegtgecccgetecgecgecgectegegecgeccgecccggetetgac
tgaccgcegttactcccacaggtgagegggcgggacggeccttctectcegggctgtaattagegcettggtttaat
gacggcttgtttcttttctgtggctgcgtgaaagecttgagggecteccgggagggcccetttgtecggggggasc
ggcteggggctgtecgeggggggacggcetgecticgggggggacggggcagggcggggticggettctgy
cgtgtgaccggeggctctagagectctgctaaccatgttcatgecttcttctttttcctacagetectgggcaacgtyg
ctggttattgtectgtctcatcattttggcaaagaattgGATCCGAATTCACCATGTCTAGAC
TGGACAAGAGCAAAGTCATAAACTCTGCTCTGGAATTACTCAATGA
AGTCGGTATCGAAGGCCTGACGACAAGGAAACTCGCTCAAAAGCT
GGGAGTTGAGCAGCCTACCCTGTACTGGCACGTGAAGAACAAGCG
GGCCCTGCTCGATGCCCTGGCAATCGAGATGCTGGACAGGCATCAT
ACCCACTTCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGC
GGAACAACGCCAAGTCATTCCGCTGTGCTCTCCTCTCACATCGCGA
CGGGGCTAAAGTGCATCTCGGCACCCGCCCAACAGAGAAACAGTA
CGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCAAGGCTTC
TCCCTGGAGAACGCACTGTACGCTCTGTCCGCCGTGGGCCACTTTA
CACTGGGCTGCGTATTGGAGGATCAGGAGCATCAAGTAGCAAAAG
AGGAAAGAGAGACACCTACCACCGATTCTATGCCCCCACTTCTGAG
ACAAGCAATTGAGCTGTTCGACCATCAGGGAGCCGAACCTGCCTTC
CTTTTCGGCCTGGAACTAATCATATGTGGCCTGGAGAAACAGCTAA
AGTGCGAAAGCGGCGGGCCGGCCGACGCCCTTGACGATTTTGACTT
AGACATGCTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATG
CTGCCTGCTGACGCTCTTGACGATTTTGACCTTGACATGCTCCCCGG
GTAACTAAGTAAGCGGCCGCTAGGCCTCACCTGCGATCTCGATGCT
TTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATA
AGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGT
TTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAACTAGTCC Ccacgt
geggaccgageggcecegcaggaacccectagtgatggagttggccactecctetetgegegetegetegetcact
gaggccgggcgaccaaaggtegeccgacgeccgggctttgcecgggcggcectcagtgagegagegagege
geagctgectgecaggggcegcectgatgeggtattttctecttacgcatctgtgeggtatttcacaccgeatacgtca
aagcaaccatagtacgcgecctgtageggcegeattaagegeggegggtgtggtggttacgegecagegtgacce
gctacacttgccagegcecctagegeccgcetectttegcetttctteccttectttctecgecacgttecgeeggcetttece
cgtcaagctctaaatcgggggoctcectttagggttccgatttagtgetttacggcacctecgaccccaaaaaacttg
atttgggtoatggttcacgtagtggoccatcgecctgatagacggtttttcgecctttgacgttggagtccacgttcet
ttaatagtggactcttgttccaaactggaacaacactcaaccctatctcgggcetattettttgatttataagggattttg
ccgatttcggcectattggttaaaaaatgagetgatttaacaaaaatttaacgcgaattttaacaaaatattaacgttta
caattttatggtgcactctcagtacaatctgetctgatgecgeatagttaagecagecccgacaccegecaacace
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cgctgacgegecectgacgggcettgtetgetececcggeatecgettacagacaagetgtgaccgteteccgggaget
geatgtgtcagaggttttcaccgtcatcaccgaaacgegegagacgaaagggcctegtgatacgectatttttata
ggttaatgtcatgataataatggtttcttagacgtcaggtggcacttticggggaaatgtgcgcggaaccectatttg
tttatttttctaaatacattcaaatatgtatccgetcatgagacaataaccctgataaatgcttcaataatattgaaaaa
ggaagagtatgagtattcaacatttccgtgtcgeccttattcecttttttgeggcattttgecttectgtttttgctcace
cagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtecacgagtgggttacatcgaactggatcte
aacagcggtaagatccttgagagttttcgececccgaagaacgttttccaatgatgagceacttttaaagttctgctatgt
ggcgeggtattatccegtattgacgecgggceaagagceaactcggtegecgeatacactattctcagaatgacttg
gttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgecata
accatgagtgataacactgcggecaacttacttctgacaacgatcggaggaccgaaggagctaaccgcettttttg
cacaacatgggggatcatgtaactcgecttgatcgtigggaaccggagetgaatgaagecataccaaacgacg
agcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgeaaactattaactggegaactacttactctag
cttcceggeaacaattaatagactggatgeagocggataaagttgcaggaccacttetgegeteggeccttceg
getggctggatttattgctgataaatctggagecggtgagegtggatetcgeggtatcattgcageactggggeca
gatggtaagccctcecgtategtagttatctacacgacggggagtcaggceaactatggatgaacgaaatagaca
gatcgctgagataggtecctcactgattaageattggtaactgtcagaccaagtttactcatatatactttagattgat
ttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtga
gttttcgttccactgagegtcagaccecgtagaaaagatcaaaggatcttettgagatectttttttctgegegtaate
tgctgcttgcaaacaaaaaaaccaccgcetaccageggtggtttgtttgccggatcaagagctaccaactctttttee
gaaggtaactggcttcagcagagcegceagataccaaatactgtectictagtgtagecgtagttaggccaccactt
caagaactctgtagcaccgcectacatacctegetetgetaatectgttaccagtggetgetgecagtggegataag
tegtgtcttaccgggttggactcaagacgatagttaccggataaggegecageggtegggctgaacgggggatt
cgtgcacacagceccagcttggagegaacgacctacaccgaactgagatacctacagegtgagcetatgagaaa
gegecacgcettccegaagggagaaaggeggacaggtatccggtaageggcagggteggaacaggagagcg
cacgagggagcttccagggggaaacgcectggtatcetttatagtectgtegggtttecgecacctetgacttgagegt
cgatttttgtgatgctcgtcaggggggocggagectatggaaaaacgecageaacgeggcectttttacggttectg
gecttttgetggecttttgctcacatgt

pMC-mLMNA-
SATI-Donor
Only

ACATTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGALG
ACATTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCTAGAT
GACATTTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGA
TGACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGAT
GACATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATG
ACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGA
CATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGAC
ATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACA
TACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACAT
TACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATA
CCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTA
CCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATACC
CTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTACC
CTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATACCCT
GTTATCCCTAGATGACATTACCCTGTTATCCCAGATAAACTCAATGA
TGATGATGATGATGGTCGAGACTCAGCGGCCGCGGTGCCAGGGCGT
GCCCTTGGGCTCCCCGGGCGCGACCCTGAATCTTAGACACTTATGG
CCAGCCACAGGTCTCCCAAGTCCCCATCACTTGGTTGTCTGGGTAC
AGACAGAGGTCACCTTCCTGCCCAATGGCCAGGAAGCTCCAAGAGC
CCACAGCCTAGGTGCCGGTCCTAAGAAGTCAGTCCCAAACTCGCTG
TCCCTCCTGAGCCTTGTCTCCCTTCCCAGGGTTCCCACTGCAGCGGC
TCGGGGGACCCCGCTGAGTACAACCTGCGCTCACGCACCGTGCTGT
GCGGGACGTGTGGGCAGCCTGCTGACAAGGCTGCCGGTGGAGCGG
GAGCCCAGGTGGGCGGATCCATCTCCTCTGGCTCTTCTGCCTCCAGT
GTCACAGTCACTCGAAGCTTCCGCAGTGTGGGGGGCAGTGGGGGTG
GCAGCTTCGGGGACAACCTAGTCACCCGCTCCTACCTCCTGGGCAA
CTCCAGTCCCCGGAGCCAGGTGAGTCATCTCTGCCCTACAGCAGGA
CACTGCTCACTGAGCAGCAGGGCAGGGCAGCCCAAGGGAGTGGGG
TCCCCCTCCTTGCAGTCCCTCTTGCATCCTGCCCCTCCTGTCTGAAC
CCCAGACTCGAGGTCAGGGCAAGGCCCAGAGTGTGAGGGTTGGGG
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AGACAACCCCCTTTGGGGTCAGGGAGGGAGAGGAAGGGCCAGCCA
CTGCTGCTCACACCTCTGCCTTCTCTTCTCTCTTAGAGCTCCCAGAA
CTGCAGCATCATGTAATCTGGGACCTGCCAGGCAGGGCTGGGGGCA
GAGGCCACCTGCTCCCCCCTCACCACATGCCACCTCCTGTCTGCTCC
TTAGGAGAGCAGGCCTGAAGCCAAAGAAAAATTTATCCCCTGCCTT
TGGtttttetttettttcttctattttttttttctttttctaAGAGAAGTTATTTTCTACAGTGGTTT
TATACTGAAGGAAAAACTCAAGCaaaaaaaaaaaaaaTCTTTATCTCAATC
CTAAGTCCTTCCCCTTTCTTTCCTTGTATCTGCCTTAAAACCAAAGG
GCTTCTCTAGGAGCCCAGGGAAAGGACTGCTTTTTATAGAGTCTAG
ATTTTTGTCCTGCTGCCTTGGCTTTACCCTCATCCCAGGACCCTGTG
ACAATGGTGCCTGAGAGGCAGGCATGGAGTTCTCTTCACCAGCCTC
CTCCAACAGCTGGCCCACTGCCACGCCAGCTGCAGAGAAATGGGGC
GCAGAGAGGATGACTGAGAAGGTCAAGCCCCTCCCCGGCACTACA
CGAGGCCGAGGCTCCTCTGCCTGCCTTACCTTCTTCCTGCCCTTCCC
TAGCCTGGGGCGAGTGGATTCCCAGAGGCAAATCTGCCGTGCTTGC
TTTTTCTATATTTTATTTAGACAAGAGATGGGAATGACGGGGAAGG
AGAAGGGAAGATCAGTTTGAGCCTACCTTTTCCCAGCTTCTGAGCC
TGGTGGGCTCTGTCTCAATGATGGAGGGCAATGTCAAGTGGGATAC
AGGGAAGAGTGGGGGACGAAGGCTCCCAGAGATGGGGAGAACCTG
CTGGGGCTGGTGAGAAGTCTAGAGGTGCGGCGATTGGTGGCTACAG
CAAACACTAAGGAACCCTTCACCCCATTTCCCATCTGCACCTCTGCT
CTCCCCTCCAAATCAATACACTAGTTGTTTCCATCCCAGATGCTGTG
GTGTCTCTTTGTTGGGTGTGATGTGTGTTTTCAGGGGCAGACACATG
CACACAGAGGTGCCACACATTCACTATATATTCACTACCCAGCTAT
AAAGGTGTGTATGAGGGAGACTTCTAGAAAGGTCAGCATATGTGG
GGTGAGCGAGGGGTGTCCTTCCTATCCCTCATCCATCCAGCACCTTT
TAAAAGGGGCCAGCAATCCACATGTGCATCAGACACAGGAGCACA
GAGAGACGGAGGGTAGAGTAGGGGCCAGAAGTGGGCCCGCCCCAA
CTGGGGTAACCTTTGAGTTCTCTCAGTTGGGGGTAATCAGCATCAT
GATGTGGTACCACATCATGATGCTGATTATAAGAATGCGGCCGCCA
CACTCTAGTGGATCTCGAGTTAATAATTCAGAAGAACTCGTCAAGA
AGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACCG
TAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAG
CAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCAC
ACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGGCCATTTTCC
ACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGAT
CCTCGCCGTCGGGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGGC
TGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGATCGACA
AGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCG
CTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCG
CCGCATTGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGG
TGTAGATGACATGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAG
CCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAA
GGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTT
GCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAAC
CGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCA
GCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCC
AAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCG
AAACGATCCTCATCCTGTCTCTTGATCAGAGCTTGATCCCCTGCGCC
ATCAGATCCTTGGCGGCGAGAAAGCCATCCAGTTTACTTTGCAGGG
CTTCCCAACCTTACCAGAGGGCGCCCCAGCTGGCAATTCCGGTTCG
CTTGCTGTCCATAAAACCGCCCAGTCTAGCTATCGCCATGTAAGCC
CACTGCAAGCTACCTGCTTTCTCTTTGCGCTTGCGTTTTCCCTTGTCC
AGATAGCCCAGTAGCTGACATTCATCCGGGGTCAGCACCGTTTCTG
CGGACTGGCTTTCTACGTGCTCGAGggeGeccAAACGGTCTCCAGCTT
GGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCCTGATACAGATTA
AATCAGAACGCAGAAGCGGTCTGATAAAACAGAATTTGCCTGGCG
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GCAGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGT
GAAACGCCGTAGCGCCGATGGTAGTGTGGGGTCTCCCCATGCGAGA
GTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGAA
AGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCC
TGAGTAGGACAAATCCGCCGGGAGCGGATTTGAACGTTGCGAAGC
AACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCA
GGCATCAAATTAAGCAGAAGGCCATCCTGACGGATGGCCTTTTTGC
GTTTCTACAAACTCTTTTGTTTATTITTCTAAATACATTCAAATATGT
ATCCGCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGA
GCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTT
TTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCT
ACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTC
CGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCT
TCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCA
CCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGC
CAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAG
TTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGC
ACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATAC
CTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGA
AAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAG
CGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTC
CTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGC
TCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCC
TTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTT
CCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGA
GTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGA
GTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTC
CTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGCACTCTCAG
TACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACTCCGCT
ATCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACA
CCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTA
CAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTT
TCACCGTCATCACCGAAACGCGCGAGGCAGCAGATCAATTCGCGCG
CGAAGGCGAAGCGGCATGCATAATGTGCCTGTCAAATGGACGAAG
CAGGGATTCTGCAAACCCTATGCTACTCCGTCAAGCCGTCAATTGT
CTGATTCGTTACCAATTATGACAACTTGACGGCTACATCATTCACTT
TTTCTTCACAACCGGCACGGAACTCGCTCGGGCTGGCCCCGGTGCA
TTTTTTAAATACCCGCGAGAAATAGAGTTGATCGTCAAAACCAACA
TTGCGACCGACGGTGGCGATAGGCATCCGGGTGGTGCTCAAAAGCA
GCTTCGCCTGGCTGATACGTTGGTCCTCGCGCCAGCTTAAGACGCT
AATCCCTAACTGCTGGCGGAAAAGATGTGACAGACGCGACGGCGA
CAAGCAAACATGCTGTGCGACGCTGGCGAT

pMC-mOct4-
SATI

ACATTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGALG
ACATTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCTAGAT
GACATTTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGA
TGACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGAT
GACATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATG
ACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGA
CATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGAC
ATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACA
TACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACAT
TACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATA
CCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTA
CCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATACC
CTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTACC
CTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATACCCT
GTTATCCCTAGATGACATTACCCTGTTATCCCAGATAAACTCAATGA
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TGATGATGATGATGGTCGAGACTCAGCGGCCGCGGTGCCAGGGCGT
GCCCTTGGGCTCCCCGGGCGCGACTATCCAGCACTAGACGGGGTTC
TGGCCCCCTTCCAGAGCCCCTTTCAGTAACCCCTGGCTCTGGGGCCA
CATCCAGTCAATGCTCCCTTAGCACAATCCCTTAGCGGTTTGTTCTT
CAGTCCCATCTCAAGGTGGGGCTGTTGCCAAGTCAAATACTAAAGT
TGCTCTTGTCGCCCCCATCTTCCCCTGCCCAGATATGCAAATCGGAG
ACCCTGGTGCAGGCCCGGAAGAGAAAGCGAACTAGCATTGAGAAC
CGTGTGAGGTGGAGTCTGGAGACCATGTTTCTGAAGTGCCCGAAGC
CCTCCCTACAGCAGATCACTCACATCGCCAATCAGCTTGGGCTAGA
GAAGGATGTGAGTGCCAAGATCCTGCCCTGTGGTACCTGGATGTTT
CCCTGTTCCCATTccccaccccecccaccececcacccccACCGCCGCCACCGCTG
ACTGCAGCATCCCAGAGCTTATGATCTGATGTCCATCTCTGTGCCCA
TCCTAGGTGGTTCGAGTATGGTTCTGTAACCGGCGCCAGAAGGGCA
AAAGATCAAGTATTGAGTATTCCCAACGAGAAGAGTATGAGGCTAC
AGGGACACCTTTCCCAGGGGGGGCTGTATCCTTTCCTCTGCCCCCA
GGTCCCCACTTTGGCACCCCAGGCTATGGAAGCCCCCACTTCACCA
CACTCTACTCAGTCCCTTTTCCTGAGGGCGAGGCCTTTCCCTCTGTT
CCCGTCACTGCTCTGGGCTCTCCCATGCATTCAAACctggecgctgcaatgtat
ccgtatgatgtgccggattatgeggtgagcaagggegaggaggataacatggecatcatcaaggagttcatge
gcttcaaggtgcacatggagggctcegtgaacggecacgagttcgagatcgagggcgaggecgageeccge
ccctacgagggceacccagaccegcecaagetgaaggtgaccaagggtggcccectgeccttegectgggacate
ctgtcecctcagttcatgtacggeteccaaggectacgtgaageaccecgecgacatcecegactacttgaagetg
tecttecccecgagggcttcaagtgggagegegtgatgaacttcgaggacggeggcegtggtgacegtgacccag
gactcctecctgecaggacggcegagttcatctacaaggtgaagetgegeggeaccaactteeectecgacggece
ccgtaatgcagaagaagaccatgggetgggaggcctecteccgageggatgtaccecgaggacggegecctg
aagggcgagatcaagcagaggctgaagetgaaggacggeggcecactacgacgetgaggtcaagaccaccta
caaggccaagaagceccegtgcagetgeceggegectacaacgtcaacatcaagttggacatcaccteccacaa
cgaggactacaccatcgtggaacagtacgaacgcegecgagggcecgecactccaccggeggeatggacgag
ctgtacaag TGAGGCACCAGCCCTCCCTGGGGATGCTGTGAGCCAAGGC
AAGGGAGGTAGACAAGAGAACCTGGAGCTTTGGGGTTAAATTCTTT
TACTGAGGAGGGATTAAAAGCACAACAGGGGTGGGGGGTGGGATG
GGGAAAGAAGCTCAGTGATGCTGTTGATCAGGAGCCTGGCCTGTCT
GTCACTCATCATTTTGTTCTTAAATAAAGACTGGGACACACAGTAG
ATAGCTGAATTTTGTTTTCCTTCAGTTCCTAGAGAGCCTGCGGTTGG
AGAAAGCCAGTAATGGATTCTCAAACCCCAGGTGATCTTCAAAACA
GGCGCCATTGAAACCATTGGAGTTCCACAAAATGCCCAGGGATAGT
TGGGGTTGGAGCCCAACCTATAGAGGAAGGCATTGCATATTCGCCA
TGGGCCCGCCCCAACTGGGGTAACCTTTGAGTTCTCTCAGTTGGGG
GTAATCAGCATCATGATGTGGTACCACATCATGATGCTGATTATAA
GAATGCGGCCGCCACACTCTAGTGGATCTCGAGTTAATAATTCAGA
AGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGG
GAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGC
CGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTG
ATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAA
AAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCAT
GGGTCACGACGAGATCCTCGCCGTCGGGCATGCTCGCCTTGAGCCT
GGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGA
TCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCT
CGATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTAGCCGGATC
AAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTC
TCGGCAGGAGCAAGGTGTAGATGACATGGAGATCCTGCCCCGGCA
CTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTC
GAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAG
CCGCGCTGCCTCGTCTTGCAGTTCATTCAGGGCACCGGACAGGTCG
GTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAAC
ACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGC
CGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCC

-40-




WO 2021/034336

CA 03152056 2022-02-22

PCT/US2019/052266

ATCTTGTTCAATCATGCGAAACGATCCTCATCCTGTCTCTTGATCAG
AGCTTGATCCCCTGCGCCATCAGATCCTTGGCGGCGAGAAAGCCAT
CCAGTTTACTTTGCAGGGCTTCCCAACCTTACCAGAGGGCGCCCCA
GCTGGCAATTCCGGTTCGCTTGCTGTCCATAAAACCGCCCAGTCTA
GCTATCGCCATGTAAGCCCACTGCAAGCTACCTGCTTTCTCTTTGCG
CTTGCGTTTTCCCTTGTCCAGATAGCCCAGTAGCTGACATTCATCCG
GGGTCAGCACCGTTTCTGCGGACTGGCTTTCTACGTGCTCGAGggeG
gccAAACGGTCTCCAGCTTGGCTGTTTTGGCGGATGAGAGAAGATTT
TCAGCCTGATACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAA
ACAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCACCTGACCCC
ATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGATGGTAGTGTG
GGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAA
ACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTT
TGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCGGGAGCGGA
TTTGAACGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACG
CCCGCCATAAACTGCCAGGCATCAAATTAAGCAGAAGGCCATCCTG
ACGGATGGCCTTTTTGCGTTTCTACAAACTCTTTTGTTTATTITTTCTA
AATACATTCAAATATGTATCCGCTCATGACCAAAATCCCTTAACGT
GAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAG
GATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAA
ACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAG
AGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCA
GATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCAC
TTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCT
GTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGG
TTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCT
GAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCT
ACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCA
CGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCA
GGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACG
CCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAG
CGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAA
ACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCT
TTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAAC
CGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAA
CGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCC
TGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGC
ATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAA
GCCAGTATACACTCCGCTATCGCTACGTGACTGGGTCATGGCTGCG
CCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTC
TGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAG
CTGCATGTGTCAGAGGTTITTCACCGTCATCACCGAAACGCGCGAGG
CAGCAGATCAATTCGCGCGCGAAGGCGAAGCGGCATGCATAATGT
GCCTGTCAAATGGACGAAGCAGGGATTCTGCAAACCCTATGCTACT
CCGTCAAGCCGTCAATTGTCTGATTCGTTACCAATTATGACAACTTG
ACGGCTACATCATTCACTTTTTCTTCACAACCGGCACGGAACTCGCT
CGGGCTGGCCCCGGTGCATTTTTTAAATACCCGCGAGAAATAGAGT
TGATCGTCAAAACCAACATTGCGACCGACGGTGGCGATAGGCATCC
GGGTGGTGCTCAAAAGCAGCTTCGCCTGGCTGATACGTTGGTCCTC
GCGCCAGCTTAAGACGCTAATCCCTAACTGCTGGCGGAAAAGATGT
GACAGACGCGACGGCGACAAGCAAACATGCTGTGCGACGCTGGCG
AT

pMC-mTubb3-
LIKIGFP

ACATTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGALG

ACATTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCTAGAT
GACATTTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGA
TGACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGAT
GACATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATG
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ACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGA
CATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGAC
ATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACA
TACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACAT
TACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATA
CCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTA
CCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATACC
CTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTACC
CTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATACCCT
GTTATCCCTAGATGACATTACCCTGTTATCCCAGATAAACTCAATGA
TGATGATGATGATGGTCGAGACTCAGCGGCCGCGGTGCCAGGGCGT
GCCCTTGGGCTCCCCGGGCGCGACCCTGGATAAATAGGTCAGCCTT
CGCCCAGGTCTTATCCCAGATCCCCATTCCCTGTTCAGAGCATCTGC
AGCAGGGACCCCCTGCACTCAACAGTGATGCCCAGGGTGGAATGA
GATGTTATGCAGTGCAGACATTTTATAGAATACAAGGGAACCAACT
TTCTTCTAGAGGAGAGAGCGGTTGGCAGGTCCTAGAGGTCTCTGCA
CTGTAAACCCCCGACCTTACCTCTTACCTGCCTCTTCTCTCCTCATA
GGTCAGAGTGGTGCTGGCAACAACTGGGCCAAAGGGCACTATACG
GAGGGCGCGGAGCTGGTGGACTCAGTCCTAGATGTCGTGCGGAAA
GAGTGTGAGAATTGTGACTGCCTGCAGGGCTTCCAGCTGACACACT
CACTGGGTGGGGGCACAGGCTCAGGCATGGGCACACTGCTCATCAG
CAAGGTGCGTGAGGAGTACCCCGACCGCATCATGAACACCTTCAGC
GTGGTGCCTTCACCCAAAGTGTCGGACACTGTGGTGGAGCCCTACA
ACGCCACCCTGTCCATCCACCAGCTAGTGGAGAACACAGACGAGAC
CTACTGCATCGACAATGAAGCCCTCTACGACATCTGCTTCCGCACC
CTCAAGCTGGCCACACCCACCTATGGGGACCTCAACCACCTTGTGT
CTGCCACCATGAGTGGAGTCACCACCTCCCTTCGATTCCCTGGTCAG
CTCAATGCCGACCTCCGCAAGCTGGCTGTGAACATGGTGCCGTTCC
CACGTCTCCACTTCTTCATGCCCGGCTTCGCCCCACTTACAGCCCGG
GGCAGCCAGCAGTACCGTGCCCTGACGGTGCCTGAGCTCACGCAGC
AGATGTTCGATGCCAAGAACATGATGGCTGCCTGTGACCCGCGCCA
CGGTCGCTACCTGACCGTGGCCACTGTCTTCCGTGGGCGCATGTCTA
TGAAGGAGGTGGACGAGCAGATGCTGGCCATCCAGAGTAAGAACA
GCAGCTACTTCGTGGAGTGGATCCCCAACAACGTCAAGGTAGCCGT
GTGTGACATCCCACCCCGTGGGCTCAAAATGTCATCCACCTTCATTG
GCAACAGCACGGCCATCCAGGAGCTGTTCAAACGCATCTCGGAGCA
GTTCACAGCCATGTTCCGGCGCAAGGCCTTCCTGCACTGGTACACG
GGCGAGGGCATGGATGAGATGGAGTTCACCGAGGCCGAGAGCAAC
ATGAATGACCTGGTGTCCGAGTACCAGCAGTACCAGGACGCCACTG
CGGAGGAGGAGGGGGAGATGTATGAAGATGATGACGAGGAATCGG
AAGCCCAaGGGCCCAAGcetggecgetgcaATGGTGAGCAAGGGCGAGGAG
CTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACG
TAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATG
CCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAA
GCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGC
GTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACT
TCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCAT
CTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAA
GTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATC
GACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTAC
AACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAG
AACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGAC
GGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCG
GCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCA
GTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGT
CCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGAC
GAGCTGTACAAGTAAagttgctcgeagetggggtatggggccaagtggeagecagggecaaga
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caagcagcatctgtcceccccagagecatctagetactgacactgeccccagctttgcttctcaccagcetcattag
ggctcccaggttaaagtecttcagtatttatggccacccccactecatgtgagtccacttggetctgtecteeecatt
ttagccacctctgtatttatgttgettattcgtctgtttttatggtttgttttgtttttttactgggttgtgtttatattcggego
gagggotatacttaataaagttactgctgtctgtcagatacctetgectggtattggagatttctttttctitatetttttct
gcccctcttaaaaaaaaaaaaaagacaaggatgacacggaageatgtttcatagaaataaggtttatttttgtttca
gggaagagaaatgtagatctaaaaggggteagaacaattaagggctgtecttatctcceccggetgetgacgaag
atttgctcagtaageggctcaggttgtatccagggagtcagggagggeaactagagaaggaagcetctgegteg
attaaattccactgcagaacccctggaatatcttttgactcagaaggeageccaccctgttectggtettcccacaa
ggtgactcatatccagcattcttcetgetgtctacactgaaagtcaaatgtaagcagecatataaagacgetgaaa
ccagagacttgaactggagagacggggaggggaagagaaaaaaacgcagggaagectgggacttggetttt
gagaagggctacctgagggctaggiggggctaacgaaataacgagggggggtegegtggggggcggcaa

ccgeggeagceggceageggtegtecaggattcaacectgtactggetecatgtgececctagtggtggtttcecac
aacttcagaatgccctgtatccagtcagtcagaaagcettgecgectccagagaggcettgeccagegtteteccte

ctectcagggagaagactaaaaccaagagagaccaactctttagagatccacagtaagtgtacagagetgggt
gaaagcagaacttctaaacccagacgcetcegtetgeccacteccttatggtcaagggtgttgtcaaagettgagec
cctacccetttgettggtggcacctgaaagaatGGGCCCGCCCCAACTGGGGTAACCTTT
GAGTTCTCTCAGTTGGGGGTAATCAGCATCATGATGTGGTACCACA
TCATGATGCTGATTATAAGAATGCGGCCGCCACACTCTAGTGGATC
TCGAGTTAATAATTCAGAAGAACTCGTCAAGAAGGCGATAGAAGG
CGATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGA
AGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGT
AGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCA
CAGTCGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATATTCG
GCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCGTCGGG
CATGCTCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCC
TGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCTTCCAT
CCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAAT
GGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAG
CCATGATGGATACTTTCTCGGCAGGAGCAAGGTGTAGATGACATGG
AGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCG
CTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGT
GGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGCAGTTCATTCAGG
GCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGC
GCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTT
GTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGA
ACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCATC
CTGTCTCTTGATCAGAGCTTGATCCCCTGCGCCATCAGATCCTTGGC
GGCGAGAAAGCCATCCAGTTTACTTTGCAGGGCTTCCCAACCTTAC
CAGAGGGCGCCCCAGCTGGCAATTCCGGTTCGCTTGCTGTCCATAA
AACCGCCCAGTCTAGCTATCGCCATGTAAGCCCACTGCAAGCTACC
TGCTTTCTCTTTGCGCTTGCGTTTTCCCTTGTCCAGATAGCCCAGTA
GCTGACATTCATCCGGGGTCAGCACCGTTTCTGCGGACTGGCTTTCT
ACGTGCTCGAGgggGgccAAACGGTCTCCAGCTTGGCTGTTTTGGCGG
ATGAGAGAAGATTTTCAGCCTGATACAGATTAAATCAGAACGCAGA
AGCGGTCTGATAAAACAGAATTTGCCTGGCGGCAGTAGCGCGGTGG
TCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGC
CGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAG
GCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGT
TITTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCC
GCCGGGAGCGGATTTGAACGTTGCGAAGCAACGGCCCGGAGGGTG
GCGGGCAGGACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCA
GAAGGCCATCCTGACGGATGGCCTTTTTGCGTTTCTACAAACTCTTT
TGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGACCAA
AATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAG
AAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTT
TGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTT
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CAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAG
TTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCG
CTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC
GTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCG
CAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGG
AGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATG
AGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCC
GGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC
AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCAC
CTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGA
GCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGC
CTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGA
TTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTC
GCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAG
CGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGT
ATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGC
CGCATAGTTAAGCCAGTATACACTCCGCTATCGCTACGTGACTGGG
TCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTG
ACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACC
GTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGA
AACGCGCGAGGCAGCAGATCAATTCGCGCGCGAAGGCGAAGCGGC
ATGCATAATGTGCCTGTCAAATGGACGAAGCAGGGATTCTGCAAAC
CCTATGCTACTCCGTCAAGCCGTCAATTGTCTGATTCGTTACCAATT
ATGACAACTTGACGGCTACATCATTCACTTTTTCTTCACAACCGGCA
CGGAACTCGCTCGGGCTGGCCCCGGTGCATTTTTTAAATACCCGCG
AGAAATAGAGTTGATCGTCAAAACCAACATTGCGACCGACGGTGG
CGATAGGCATCCGGGTGGTGCTCAAAAGCAGCTTCGCCTGGCTGAT
ACGTTGGTCCTCGCGCCAGCTTAAGACGCTAATCCCTAACTGCTGG
CGGAAAAGATGTGACAGACGCGACGGCGACAAGCAAACATGCTGT
GCGACGCTGGCGAT

tGFP

ctaaattgtaagcgttaatattttgttaaaattcgegttaaatttttgttaaatcagctcattttttaaccaataggcegaa
atcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttottccagtttggaacaagagte
cactattaaagaacgtggactccaacgtcaaagggcegaaaaaccgtctatcagggegatggcccactacgtga
accatcaccctaatcaagttttttggggotcgaggtgccgtaaagcactaaatcggaaccctaaagggageccce
gatttagagcttgacggggaaagccggegaacgtggcgagaaaggaageeaagaaagcganaggagcey
gegetagggcegcetggceaagtgtageggtecacgcetgegegtaaccaccacacccgecgegcettaatgegecgce
tacagggcgcegteccattcgecattcaggetgegceaactgttgggaagggcgateggtgcgggectcttcgeta
ttacgccagcetggegaaagggggatgtoctgcaaggegattaagttgggtaacgecagggttttcccagtcacg
acgttgtaaaacgacggccagtgagegegegtaatacgactcactatagggcgaattggagcteccaccgeggt
ggcggecgcetctagaactagtggatecgtgeccatectggtegagetggacggegacgtaaacggecacaag
ttcagcegtgteceggegagggegagggcgatgecacctacggeaagetgaccetgaagttcatctgecaccaccg
gcaagctgeecgtgeectggeccacccetegtgaccaccectgacctacggegtgcagtgcettcagecgetacce
cgaccacatgaagcagcacgacttcttcaagtccgecatgeccgaaggctacgtccaggagegeaccatcttcet
tcaaggacgacggcaactacaagacccgcegecgaggtgaagttcgagggegacaccctggtgaaccgeate
gagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagetggagtacaactacaacage
cacaacgtctatatcatggecgacaagcagaagaacggcatcaaggtgaacttcaagatccgecacaacateg
aggacggcagcegtgcagcetcgecgaccactaccageagaacacceccatcggegacggeccecgtgetgctg
ccegacaaccactacctgageacccagtecegecctgagcaaagaccccaacgagaagegegatcacatggte
ctgetggagttegtgaccgecgecgggatcactcteggeatggacgagetgtacaagtaaageggecgegteg
acgggcccgceggaattccgeccccccccecteteccteccececcectaacgttactggecgaagecegettgg
aataaggccggtgtgcgtttgtctatatgttattttccaccatattgecgtcettttggcaatgtgagggcccggaaac
ctggecctgtcttcttgacgagcattectaggggtctttccectetegecaaaggaatgcaaggtcetgttgaatgte
gtgaaggaagcagttcctetggaagcettcttgaagacaaacaacgtctgtagegaccectttgecaggeageggaa
ccecccacctggegacaggtgcctetgeggecaaaagecacgtgtataagatacacctgecaaaggeggeaca
accccagtgecacgttgtgagttggatagttgtggaaagagtcaaatggcetctectcaagegtattcaacaaggg
gctgaaggatgeccagaaggtaccecattgtatgggatctgatctgggoccteggtgcacatgcetttacatgtgtt
tagtcgaggttaaaaaaacgtctaggecccccgaaccacggggacgtggttttectttgaaaaacacgatgataa
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tatggccacaaccatgaccgagtacaagceccacggtgcgectegecacccgegacgacgtececcagggecgt
acgceaccctcgecgecgegttegecgactaccccgecacgegecacaccegtecgateccggaccgecacatcga

geggetcaccgagcetgcaagaactettectcacgegegtegggctegacatcggeaaggtgtegategegga
cgacggcegecgeggtggeggtctggaccacgecggagagegtcgaagegggggeggtgticgecgagate
ggcecgegeatggecgagttgageggttecceggetggecgegeageaacagatggaaggecteetggegee
geaccggeccaaggageccgegtggtteetggecaccgteggegtetegeecgaccaccagggeaagggte
tgggcagegecegtegtgctececggagtggagacggecgagegegecggggtacccgecttectggagacce
tccgegececcgeaacctecccttetacgageggeteggcttcacegtecaccgecgacgtegaggtgcccgaag
gaccgcegceacctggtgeatgacccgcaageccggtgectgacgeccgecccacgaceegeagegeccgac
cgaaaggagcgceacgaccccatgcatcgataccgtegacctegagggggggcccggtacceagcttttgttee
ctttagtgagggttaattgcgegettggcgtaatcatggtcatagetgtttcctgtgtgaaattgttatccgetcacaa
ttccacacaacatacgagcecggaagceataaagtgtaaagectggggtgcctaatgagtgagetaactcacatta
attgcgttgegcetcactgecegcttteccagtecgggaaacctgtegtgccagetgcattaatgaatcggecaacge
geggegagageocggtitgcgtattggocgcetettcecgettectegetcactgactegetgegeteggtegttegg
ctgeggcgagceggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaa
agaacatgtgagcaaaaggccagcaaaaggcecaggaaccgtaaaaaggecgegttgetggegtttttccatag
getecgeccecectgacgagceatcacaaaaatcgacgcetcaagtcagaggtggcgaaacccgacaggactata
aagataccaggcgtttcccectggaagetecctegtgegetetectgtteccgacectgecgettaccggatacctg
tcegectttcteccticgggaagegtggegcetttctcatagetcacgetgtaggtatetcagttcggtataggtegtt
cgctecaagetgggcetgtgtegcacgaaccecccgticageccgacegcetgegecttatccggtaactategtett
gagtccaacccggtaagacacgacttatcgecactggeageagecactggtaacaggattagecagagegagg
tatgtaggcggtgctacagagttcttgaagtggtogectaactacggctacactagaaggacagtatttggtatcet
gegcetetgetgaagcecagttaccticggaaaaagagttggtagetcttgatccggeaaacaaaccaccgetggta
geggtogtttttttgtttgcaagecagcagattacgegcagaaaaaaaggatctcaagaagatcctttgatcttttcta
cggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcac
ctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaat
gcttaatcagtgaggcacctatctcagegatctgtetatttcgttcatccatagttgectgactececgtegtgtagat
aactacgatacgggagggcttaccatctggecccagtgctgcaatgataccgegagacccacgetcaceggcet
ccagatttatcagcaataaaccagcecagcecggaagggccgagegeagaagtggtectgeaactttatcegecte
catccagtctattaattgttgccgggaagcetagagtaagtagticgecagttaatagtttgcgeaacgttgttgccat
tgctacaggcatcegtggtgtcacgctegtegtttggtatggcttcattcagetecggticccaacgatcaaggega
gttacatgatcccccatgttgtgcaaaaaagceggttagetecttcggtectecgategttgtcagaagtaagttgge
cgcagtgttatcactcatggttatggcagcactgcataattctettactgtcatgecatccgtaagatgcettttetgty
actggtgagtactcaaccaagtcattctgagaatagtgtatgcggegaccgagttgetettgeccggegtcaatac
gggataataccgcegcecacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggegaaaactct
caaggatcttaccgetgttgagatccagttcgatgtaacccactegtgecacccaactgatcttcageatcttttacttt
caccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggegacacgga
aatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatattt
gaatgtatttagaaaaataaacaaataggggttccgegceacatttccccgaaaagtgecac

Table 2: Replacement Sequences

SEQ
Name Sequence ID

NO:
CjPVCGaMP- CCTACTGTATCTTTTGCTTCATCACTCACTCTCTGGGTCTCCTGCAGC | 9
SATI (for AAV) | AGACGCAAGACCCCAAAGAAAGCACCACCCAGGGTCTCACAGTAA

GGTGAACAGTCTCTTTTGCACCCCCGCCTCTGACTCACTTTCCTTTG
TCATTTTCTTCTGCAGAATTCTCCACTCTGGTGGCTGAAAGC(N),GA
AGCACTGACTGCCCCAGGTCTTCCACCTCTCTGCCCTGAACACCCA
ATCTCAGACCCTCTTACCACCCTCCTGCATTTCTGTTCAGTTTGTTTA
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TGTTATTTTTTACTCCCCCCATCCCCTGTGATCCCCTAATGACACCA
TTCTTCTGGAAAATGCTGGAGAAGCAATAAAGGCTGTACCAGTCAG
ACTCTGCATGCTCAGGAAGACCCAGGCCTGGTCAGGCACTGGCTTT
CTAGATGCATCTGGGAGGGGGTGGGGGCCGGATTTCAACAGCTAG
AAAAGATGTGATAGGAGGGAATGAAAGGGAACACCCTCTTTTCCA
CActaagtactaagcatggcactctacagaggttacccacttactccccaaaaccaccccataaggtaggtgat
gaaactcccattctctgaaaaactaagtctcagagaggggaagtgagatgtctaageccacaaaaacagaatttg
ttagtgttggggtitgaatgcaggtctg TAGATGGGTAGGtggat CCTACTGTATCTTTT
GCTTCATC

mLMNA-SATI
(for AAV)

GCCATAAGTGTCTAAGATTCGTTTTAGAGCTAGAAATAGCAAGTTA
AAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCG
GTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCGTTTAA
ACCCTGAATCTTAGACACTTATGGCCAGCCACAGGTCTCCCAAGTC
CCCATCACTTGGTTGTCTGGGTACAGACAGAGGTCACCTTCCTGCCC
AATGGCCAGGAAGCTCCAAGAGCCCACAGCCTAGGTGCCGGTCCTA
AGAAGTCAGTCCCAAACTCGCTGTCCCTCCTGAGCCTTGTCTCCCTT
CCCAGGGTTCCCACTGCAGCGGCTCGGGGGACCCCGCTGAGTACAA
CCTGCGCTCACGCACCGTGCTGTGCGGGACGTGTGGGCAGCCTGCT
GACAAGGCTGCCGGTGGAGCGGGAGCCCAGGTGGGGGATCCATCT
CCTCTGGCTCTTCTGCCTCCAGTGTCACAGTCACTCGAAGCTTCCGC
AGTGTGGGGGGCAGTGGGGGTGGCAGCTTCGGGGACAACCTAGTC

ACCCGCTCCTACCTCCTGGGCAACTCCAGTCCCCGGAGCCAGGTGA
GTCATCTCTGCCCTACAGCAGGACACTGCTCACTGAGCAGCAGGGC
AGGGCAGCCCAAGGGAGTGGGGTCCCCCTCCTTGCAGTCCCTCTTG
CATCCTGCCCCTCCTGTCTGAACCCCAGACTCGAGGTCAGGGCAAG
GCCCAGAGTGTGAGGGTTGGGGAGACAACCCCCTTTGGGGTCAGG

GAGGGAGAGGAAGGGCCAGCCACTGCTGCTCACACCTCTGCCTTCT
CTTCTCTCTTAGAGCTCCCAGAACTGCAGCATCATGTAATCTGGGAC
CTGCCAGGCAGGGCTGGGGGCAGAGGCCACCTGCTCCCCCCTCACC
ACATGCCACCTCCTGTCTGCTCCTTAGGAGAGCAGGCCTGAAGCCA
AAGAAAAATTTATCCCCTGCCTTTGG ttttttttttttttcttctattttttttttctttttctaAGA
GAAGTTATTTTCTACAGTGGTTTTATACTGAAGGAAAAACTCAAGCa
2222222222222 TCTTTATCTCAATCCTAAGTCCTTCCCCTTTCTTTCCTT

GTATCTGCCTTAAAACCAAAGGGCTTCTCTAGGAGCCCAGGGAAAG
GACTGCTTTTTATAGAGTCTAGATTTTTGTCCTGCTGCCTTGGCTTTA
CCCTCATCCCAGGACCCTGTGACAATGGTGCCTGAGAGGCAGGCAT
GGAGTTCTCTTCACCAGCCTCCTCCAACAGCTGGCCCACTGCCACG

CCAGCTGCAGAGAAATGGGGCGCAGAGAGGATGACTGAGAAGGTC
AAGCCCCTCCCCGGCACTACACGAGGCCGAGGCTCCTCTGCCTGCC
TTACCTTCTTCCTGCCCTTCCCTAGCCTGGGGCGAGTGGATTCCCAG
AGGCAAATCTGCCGTGCTTGCTTTTTCTATATTTTATTTAGACAAGA
GATGGGAATGACGGGGAAGGAGAAGGGAAGATCAGTTTGAGCCTA
CCTTTTCCCAGCTTCTGAGCCTGGTGGGCTCTGTCTCAATGATGGAG
GGCAATGTCAAGTGGGATACAGGGAAGAGTGGGGGACGAAGGCTC
CCAGAGATGGGGAGAACCTGCTGGGGCTGGTGAGAAGTCTAGAGG
TGCGGCGATTGGTGGCTACAGCAAACACTAAGGAACCCTTCACCCC
ATTTCCCATCTGCACCTCTGCTCTCCCCTCCAAATCAATACACTAGT
TGTTTCCATCCCAGATGCTGTGGTGTCTCTTTGTTGGGTGTGATGTG
TGTTTTCAGGGGCAGACACATGCACACAGAGGTGCCACACATTCAC
TATATATTCACTACCCAGCTATAAAGGTGTGTATGAGGGAGACTTC

TAGAAAGGTCAGCATATGTGGGGTGAGCGAGGGGTGTCCTTCCTAT
CCCTCATCCATCCAGCACCTTTTAAAAGGGGCCAGCAATCCACATG
TGCATCAGACACAGGAGCACAGAGAGACGGAGGGTAGAGTAGGGG
CCAGAAGTCCTGAATCTTAGACACTTATGGC

10

mTubb3GFP-
SATI (for AAV)

CCTGGATAAATAGGTCAGCCTTCGCCCAGGTCTTATCCCAGATCCC
CATTCCCTGTTCAGAGCATCTGCAGCAGGGACCCCCTGCACTCAAC
AGTGATGCCCAGGGTGGAATGAGATGTTATGCAGTGCAGACATTTT
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ATAGAATACAAGGGAACCAACTTTCTTCTAGAGGAGAGAGCGGTTG
GCAGGTCCTAGAGGTCTCTGCACTGTAAACCCCCGACCTTACCTCTT
ACCTGCCTCTTCTCTCCTCATAGGTCAGAGTGGTGCTGGCAACAACT
GGGCCAAAGGGCACTATACGGAGGGCGCGGAGCTGGTGGACTCAG
TCCTAGATGTCGTGCGGAAAGAGTGTGAGAATTGTGACTGCCTGCA
GGGCTTCCAGCTGACACACTCACTGGGTGGGGGCACAGGCTCAGGC
ATGGGCACACTGCTCATCAGCAAGGTGCGTGAGGAGTACCCCGACC
GCATCATGAACACCTTCAGCGTGGTGCCTTCACCCAAAGTGTCGGA

CACTGTGGTGGAGCCCTACAACGCCACCCTGTCCATCCACCAGCTA

GTGGAGAACACAGACGAGACCTACTGCATCGACAATGAAGCCCTCT
ACGACATCTGCTTCCGCACCCTCAAGCTGGCCACACCCACCTATGG

GGACCTCAACCACCTTGTGTCTGCCACCATGAGTGGAGTCACCACC

TCCCTTCGATTCCCTGGTCAGCTCAATGCCGACCTCCGCAAGCTGGC
TGTGAACATGGTGCCGTTCCCACGTCTCCACTTCTTCATGCCCGGCT
TCGCCCCACTTACAGCCCGGGGCAGCCAGCAGTACCGTGCCCTGAC
GGTGCCTGAGCTCACGCAGCAGATGTTCGATGCCAAGAACATGATG
GCTGCCTGTGACCCGCGCCACGGTCGCTACCTGACCGTGGCCACTG

TCTTCCGTGGGCGCATGTCTATGAAGGAGGTGGACGAGCAGATGCT
GGCCATCCAGAGTAAGAACAGCAGCTACTTCGTGGAGTGGATCCCC
AACAACGTCAAGGTAGCCGTGTGTGACATCCCACCCCGTGGGCTCA
AAATGTCATCCACCTTCATTGGCAACAGCACGGCCATCCAGGAGCT
GTTCAAACGCATCTCGGAGCAGTTCACAGCCATGTTCCGGCGCAAG
GCCTTCCTGCACTGGTACACGGGCGAGGGCATGGATGAGATGGAGT
TCACCGAGGCCGAGAGCAACATGAATGACCTGGTGTCCGAGTACCA
GCAGTACCAGGACGCCACTGCGGAGGAGGAGGGGGAGATGTATGA
AGATGATGACGAGGAATCGGAAGCCCAaGGGCCCAAG(N) agttgctege
agctggogotetogooccaagtggcagecagggecaagacaageageatctgteccececcagagecatctag

ctactgacactgcccccagcetttgettctcaccagctcattagggceteccaggttaaagtccttcagtatttatggec
acccccactecatgtgagtccacttggctctgtectececattttagecacctctgtatttatgttgcttattegtetgtt
tttatggtttgttttgttttittactgggttgtatttatattcggggogage gotatacttaataaagttactgetgtctgte
agatacctctgectggtattggagatttctttttctttatetttttctgeccctcttaaaaaaaaaaaaaagacaaggat

gacacggaagcatgtttcatagaaataaggtttatttttgtttcagggaagagaaatgtagatctaaaaggggtea

gaacaattaagggctgtccttatctccecggetgctgacgaagatttgetcagtaageggetcaggttgtatecag
ggagtcagggagggoaactagagaaggaagcetetgegtggattaaattccactgcagaacccctggaatatett
ttgactcagaaggcagceccaccctgttectggtcettcccacaaggtgactcatatccageattcttcetgetgteta

cactgaaagtcaaatgtaagcagccatataaagacgctgaaaccagagacttgaactggagagacggggage

ggaagagaaaaaaacgcagggaaggctgggacttggcttttgagaagggctacctgagggctaggtgggect

aacgaaataacgagggeeeootggagtgggagacgacaaccgeggrageggcageggtggtcaggatica
accctgtactggctccatgtgecccctagtggtggtttcccacaacttcagaatgecctgtatccagtcagtcaga

aagcttgecgectccagagaggcettgeccagegttctecetectectcagggagaagactaaaaccaagagag
accaactctttagagatccacagtaagtgtacagagctgggtgaaagcagaacttctaaacccagacgcetegtct
gcccacteccttatggtcaagggtgttgtcaaagettgageccctacectttgettggtggcacctgaaagaatC

CTGGATAAATAGGTCAGCCTTC

pLMNA-SATI
(for AAV)

GTGCACGCCACAGAAAACGGGGGCACTGTCCCTCCTTCCCAGTTGA
TTTTGCATGCCTGCTGCTCTGCAAGCTTGCTCACGCTCACCTTACCC
TCTTAACCTTAGAGTAGCTTAGGACAGAGTCAAAGCCACA Actcccatte
cctgeecctaagtettactgacccteecectetttectgteecgtececcctetecctggetecccagggectctcaag
cccetgtcacccacccatcaagetetgtcgeccaccc TAACATTGGTTAGAGTTACTTGAG
AGCAGAACGCCACCTTCCTGCCTAGAGCCTGCAGGAGCGCGGAGCC
TGGGCGTTGGGCCTGAGCGCTCAGTCCCAGACCCGCCGTCCCGCCT
GAGCCTTGTCTCCCTCCTCAGGGCTCCCATGGCAGCAGCTCGGGGG
ACCCCGCCGAGTACAACCTGCGCTCACGCACCGTGCTGTGTGGGAC
CTGCGGGCAGCCCGCCGACAAGGCGTCTGCCAGCAGCTCGGGAGC
CCAGGTGGGGGATCCATCTCCTCTGGCTCCTCCGCCTCCAGTGTCAC
AGTCACTCGCAGCTACCGCAGTGTGGGGGGCAGTGGGGGTGGCAG
CTTCGGGGACAACCTGGTCACCCGCTCCTACCTCCTGGGCAACTCT
AGACCCCGAACCCAGGTGAGTTGTCCCTCTATGTCCACAGCCCCTG
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GTCCTGTgggeeteeegege AGCGCCTTCTCCTCCGCAGCCCGGGGGAGT
GGGAGCCTCCTCCCCGCAGCCCAATATCCTAGACAGTCACTCCTGC
GTCCTGCCCCTCCTGTCTGAGCCCCAggctggagegcaggeocagggctgcaggga
aggeeageocGGGTTTGGGCCTGGTACCGCCACTCACATCTCTCCCCTTC
TTTCTTCTCTCTTAGAGCCCCCAGAACTGCAGCATCATGTAATCTGG
GACCTGCCAGGCAGGGGTGGGGGTGGAGGCCTCCCGCTTCCTCCTC
ACCTCATGCCCACTCCTGCCCTACACCTCAAGGGAAGGGGCTTGAA
GCCAAAGAAAAATACTCCTTTGGGttttttttttcttctatgtetttteetttttttttt CTAAGA
GAAGTTATTTTCTACAGTGGTTTTATATTGAAGGAAAAACACAAGC
AAAGa222222222aGCATCTATCTCAAATTCCCCTTCCTTTTCCCTGCTT
CCAGGAAACTCCACATCTGCCTTAAAACCAAAGAGGGGAGCCAAG
GGAAAGGATGCTTTTACAGAGCCTAGTTTCTGCTTTTCTGTCCTGCC
CGCCGCCCCCATCCCGGGGACCCTGTGACATGGTGCCTGAGAGGCA
GGTGTGGAGTCTTCTCCGCCAGCCTCCAAGGGAGGAGGGCTGAGCC
AGCCCCTGGGCCGGCCCCCATCATCCACTACACCTGGCTGAGGCTC
CTCCGCCTGccccgtececagteccecectgeccecageeccGGGGTGACTCGTTTCT
CCCAGGTACCAGCTGCACTTGCTTTTTCTGTATGTTATTTAGACAAG
AGATGGGAATGAGGTGGGAGGTGGAAGGAGGGGGGAGAAAGGTG
AGTTTGAGCCTGCCTTCACTTTGAggggeeg TGGGCTCTGCCCAGTCAC
TGGAGGTCGAGGTCAAGTGGGTGTAGGAGGAGGGAGAGGGAGGCC
TACCAGAAAGAGGAGAGCCTGCTGGGGCCCCACCGCAGAGGAAGA
AAGTGAGAAGCGATGGAGGGTGTGCGGCTGTGGGTTTTGGCGAAC
ACTAAGGAGCCCCCTTGCCTCGTGTTTCCCATCTGCATCCCTTCTCT
CCTCCCCGAATCAATACACTAGTTGTTTCTATCCCTGGCTGCCGTGG
TGTCTGTCTTTGTTGGTGAGCGTCACCGTGTGTCCTGAGGGGceacacac
acgtgtggocacgtgaacacacacacacacacacacacaAATGTTGCCTGGTCACCCGCA
TCCTGTGCACGCCACAGAAAACGGGGG

mLMNA-SATI-
Donor Only (for
minicircle)

CCTGAATCTTAGACACTTATGGCCAGCCACAGGTCTCCCAAGTCCC
CATCACTTGGTTGTCTGGGTACAGACAGAGGTCACCTTCCTGCCCA
ATGGCCAGGAAGCTCCAAGAGCCCACAGCCTAGGTGCCGGTCCTAA
GAAGTCAGTCCCAAACTCGCTGTCCCTCCTGAGCCTTGTCTCCCTTC
CCAGGGTTCCCACTGCAGCGGCTCGGGGGACCCCGCTGAGTACAAC
CTGCGCTCACGCACCGTGCTGTGCGGGACGTGTGGGCAGCCTGCTG
ACAAGGCTGCCGGTGGAGCGGGAGCCCAGGTGGGNGGATCCATCT
CCTCTGGCTCTTCTGCCTCCAGTGTCACAGTCACTCGAAGCTTCCGC
AGTGTGGGGGGCAGTGGGGGTGGCAGCTTCGGGGACAACCTAGTC
ACCCGCTCCTACCTCCTGGGCAACTCCAGTCCCCGGAGCCAGGTGA
GTCATCTCTGCCCTACAGCAGGACACTGCTCACTGAGCAGCAGGGC
AGGGCAGCCCAAGGGAGTGGGGTCCCCCTCCTTGCAGTCCCTCTTG
CATCCTGCCCCTCCTGTCTGAACCCCAGACTCGAGGTCAGGGCAAG
GCCCAGAGTGTGAGGGTTGGGGAGACAACCCCCTTTGGGGTCAGG
GAGGGAGAGGAAGGGCCAGCCACTGCTGCTCACACCTCTGCCTTCT
CTTCTCTCTTAGAGCTCCCAGAACTGCAGCATCATGTAATCTGGGAC
CTGCCAGGCAGGGCTGGGGGCAGAGGCCACCTGCTCCCCCCTCACC
ACATGCCACCTCCTGTCTGCTCCTTAGGAGAGCAGGCCTGAAGCCA
AAGAAAAATTTATCCCCTGCCTTTGG ttttttttttttttcttctattttttttttctttttctaAGA
GAAGTTATTTTCTACAGTGGTTTTATACTGAAGGAAAAACTCAAGCa
222222222222a TCTTTATCTCAATCCTAAGTCCTTCCCCTTTCTTTCCTT
GTATCTGCCTTAAAACCAAAGGGCTTCTCTAGGAGCCCAGGGAAAG
GACTGCTTTTTATAGAGTCTAGATTTTTGTCCTGCTGCCTTGGCTTTA
CCCTCATCCCAGGACCCTGTGACAATGGTGCCTGAGAGGCAGGCAT
GGAGTTCTCTTCACCAGCCTCCTCCAACAGCTGGCCCACTGCCACG
CCAGCTGCAGAGAAATGGGGCGCAGAGAGGATGACTGAGAAGGTC
AAGCCCCTCCCCGGCACTACACGAGGCCGAGGCTCCTCTGCCTGCC
TTACCTTCTTCCTGCCCTTCCCTAGCCTGGGGCGAGTGGATTCCCAG
AGGCAAATCTGCCGTGCTTGCTTTTTCTATATTTTATTTAGACAAGA
GATGGGAATGACGGGGAAGGAGAAGGGAAGATCAGTTTGAGCCTA
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CCTTTTCCCAGCTTCTGAGCCTGGTGGGCTCTGTCTCAATGATGGAG
GGCAATGTCAAGTGGGATACAGGGAAGAGTGGGGGACGAAGGCTC
CCAGAGATGGGGAGAACCTGCTGGGGCTGGTGAGAAGTCTAGAGG
TGCGGCGATTGGTGGCTACAGCAAACACTAAGGAACCCTTCACCCC
ATTTCCCATCTGCACCTCTGCTCTCCCCTCCAAATCAATACACTAGT
TGTTTCCATCCCAGATGCTGTGGTGTCTCTTTGTTGGGTGTGATGTG
TGTTTTCAGGGGCAGACACATGCACACAGAGGTGCCACACATTCAC
TATATATTCACTACCCAGCTATAAAGGTGTGTATGAGGGAGACTTC
TAGAAAGGTCAGCATATGTGGGGTGAGCGAGGGGTGTCCTTCCTAT
CCCTCATCCATCCAGCACCTTTTAAAAGGGGCCAGCAATCCACATG
TGCATCAGACACAGGAGCACAGAGAGACGGAGGGTAGAGTAGGGG
CCAGAAGTGGGCCCGCCCCAACTGGGGTAACCTTITGGGCTCCCCGG
GCGCGAC

mOct4-SATI (for
minicircle)

CCAGCACTAGACGGGGTTCTGGCCCCCTTCCAGAGCCCCTTTCAGT
AACCCCTGGCTCTGGGGCCACATCCAGTCAATGCTCCCTTAGCACA
ATCCCTTAGCGGTTTGTTCTTCAGTCCCATCTCAAGGTGGGGCTGTT
GCCAAGTCAAATACTAAAGTTGCTCTTGTCGCCCCCATCTTCCCCTG
CCCAGATATGCAAATCGGAGACCCTGGTGCAGGCCCGGAAGAGAA
AGCGAACTAGCATTGAGAACCGTGTGAGGTGGAGTCTGGAGACCA
TGTTTCTGAAGTGCCCGAAGCCCTCCCTACAGCAGATCACTCACAT
CGCCAATCAGCTTGGGCTAGAGAAGGATGTGAGTGCCAAGATCCTG
CCCTGTGGTACCTGGATGTTTCCCTGTTCCCATTccccaccecccccaceecee
cacccccACCGCCGCCACCGCTGACTGCAGCATCCCAGAGCTTATGATC
TGATGTCCATCTCTGTGCCCATCCTAGGTGGTTCGAGTATGGTTCTG
TAACCGGCGCCAGAAGGGCAAAAGATCAAGTATTGAGTATTCCCA
ACGAGAAGAGTATGAGGCTACAGGGACACCTTTCCCAGGGGGGGC
TGTATCCTTTCCTCTGCCCCCAGGTCCCCACTTTGGCACCCCAGGCT
ATGGAAGCCCCCACTTCACCACACTCTACTCAGTCCCTTTTCCTGAG
GGCGAGGCCTTTCCCTCTGTTCCCGTCACTGCTCTGGGCTCTCCCAT
GCATTCAAAC(N), TGAGGCACCAGCCCTCCCTGGGGATGCTGTGAG
CCAAGGCAAGGGAGGTAGACAAGAGAACCTGGAGCTTTGGGGTTA
AATTCTTTTACTGAGGAGGGATTAAAAGCACAACAGGGGTGGGGG
GTGGGATGGGGAAAGAAGCTCAGTGATGCTGTTGATCAGGAGCCT
GGCCTGTCTGTCACTCATCATTTTGTTCTTAAATAAAGACTGGGACA
CACAGTAGATAGCTGAATTTTGTTTTCCTTCAGTTCCTAGAGAGCCT
GCGGTTGGAGAAAGCCAGTAATGGATTCTCAAACCCCAGGTGATCT
TCAAAACAGGCGCCATTGAAACCATTGGAGTTCCACAAAATGCCCA
GGGATAGTTGGGGTTGGAGCCCAACCTATAGAGGAAGGCATTGCAT
ATTCGCCATGGGCCCGCCCCAACTGGGGTAACCTTTGGGCTCCCCG
GGCGCGACTAT

14

mTubb3-
LIKIGFP (for
minicircle)

CCTGGATAAATAGGTCAGCCTTCGCCCAGGTCTTATCCCAGATCCC
CATTCCCTGTTCAGAGCATCTGCAGCAGGGACCCCCTGCACTCAAC
AGTGATGCCCAGGGTGGAATGAGATGTTATGCAGTGCAGACATTTT
ATAGAATACAAGGGAACCAACTTTCTTCTAGAGGAGAGAGCGGTTG
GCAGGTCCTAGAGGTCTCTGCACTGTAAACCCCCGACCTTACCTCTT
ACCTGCCTCTTCTCTCCTCATAGGTCAGAGTGGTGCTGGCAACAACT
GGGCCAAAGGGCACTATACGGAGGGCGCGGAGCTGGTGGACTCAG
TCCTAGATGTCGTGCGGAAAGAGTGTGAGAATTGTGACTGCCTGCA
GGGCTTCCAGCTGACACACTCACTGGGTGGGGGCACAGGCTCAGGC
ATGGGCACACTGCTCATCAGCAAGGTGCGTGAGGAGTACCCCGACC
GCATCATGAACACCTTCAGCGTGGTGCCTTCACCCAAAGTGTCGGA
CACTGTGGTGGAGCCCTACAACGCCACCCTGTCCATCCACCAGCTA
GTGGAGAACACAGACGAGACCTACTGCATCGACAATGAAGCCCTCT
ACGACATCTGCTTCCGCACCCTCAAGCTGGCCACACCCACCTATGG
GGACCTCAACCACCTTGTGTCTGCCACCATGAGTGGAGTCACCACC
TCCCTTCGATTCCCTGGTCAGCTCAATGCCGACCTCCGCAAGCTGGC
TGTGAACATGGTGCCGTTCCCACGTCTCCACTTCTTCATGCCCGGCT
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TCGCCCCACTTACAGCCCGGGGCAGCCAGCAGTACCGTGCCCTGAC
GGTGCCTGAGCTCACGCAGCAGATGTTCGATGCCAAGAACATGATG
GCTGCCTGTGACCCGCGCCACGGTCGCTACCTGACCGTGGCCACTG
TCTTCCGTGGGCGCATGTCTATGAAGGAGGTGGACGAGCAGATGCT
GGCCATCCAGAGTAAGAACAGCAGCTACTTCGTGGAGTGGATCCCC
AACAACGTCAAGGTAGCCGTGTGTGACATCCCACCCCGTGGGCTCA
AAATGTCATCCACCTTCATTGGCAACAGCACGGCCATCCAGGAGCT
GTTCAAACGCATCTCGGAGCAGTTCACAGCCATGTTCCGGCGCAAG
GCCTTCCTGCACTGGTACACGGGCGAGGGCATGGATGAGATGGAGT
TCACCGAGGCCGAGAGCAACATGAATGACCTGGTGTCCGAGTACCA
GCAGTACCAGGACGCCACTGCGGAGGAGGAGGGGGAGATGTATGA
AGATGATGACGAGGAATCGGAAGCCCAaGGGCCCAAG(N)qagttgctege
agctggogotetogooccaagtggcagecagggecaagacaageageatctgteccececcagagecatctag
ctactgacactgcccccagcetttgettctcaccagctcattagggceteccaggttaaagtccttcagtatttatggec
acccccactecatgtgagtecacttggctctgtectecccattttagecacctetgtatttatgttgcttattcgtetgtt
tttatggtttgttttgttttittactgggttgtatttatattcggggogage gotatacttaataaagttactgetgtctgte
agatacctctgectggtattggagatttctttttctttatetttttctgeccctcttaaaaaaaaaaaaaagacaaggat
gacacggaagcatgtttcatagaaataaggtttatttttgtttcagggaagagaaatgtagatctaaaaggegtoa
gaacaattaagggctgtccttatctccecggetgctgacgaagatttgetcagtaageggetcaggttgtatecag
ggagtcagggagggoaactagagaaggaagcetetgegtggattaaattccactgcagaacccctggaatatett
ttgactcagaaggcagceccaccctgticctggtcettcccacaaggtgactcatatccageattettectgetgteta
cactgaaagtcaaatgtaagcagcecatataaagacgetgaaaccagagacttgaactggagagacgggeagg

ggaagagaaaaaaacgcagggaaggctgggacttggcttttgagaagggctacctgagggctaggtgggect
aacgaaataacgagggeeeootggagtgggagacgacaaccgeggrageggcageggtggtcaggatica
accctgtactggcetccatgtgececctagtggtggtttcccacaacttcagaatgecctgtatccagtcagtcaga
aagcttgecgectccagagaggcettgeccagegttctecetectectcagggagaagactaaaaccaagagag
accaactctttagagatccacagtaagtgtacagagctgggtgaaagcagaacttctaaacccagacgcetegtct
gcccacteccttatggtcaagggtgttgtcaaagcettgageccctacectttgcttggtogcacctgaaagaatG
GGCCCGCCCCAACTGGGGTAACCTTTGGGCTCCCCGGGCGCGAC

(N), is used to represent any sequence.

Table 2: Guide Sequences

SEQ
Name Sequence ID
NO:
PAAV- GATGAAGCAAAAGATACAGTAGG 16
CjPVGCaMP-
SATI
tGFP G(or O)AGCTCGACCAGGATGGGCACGG 17
PAAV-pLMNA- | GTGCACGCCACAGAAAACGGGGG 18
SATI
PAAV-mLMNA- | G(or C)CCATAAGTGTCTAAGATTCAGG 19
SATI
pMC-mLMNA- | G(or C)CCATAAGTGTCTAAGATTCAGG 20
SATI-Donor
pMC-mOct4- G(or C)CCCAGAACCCCGTCTAGTGCTGG 21
SATI
pMC-mTubb3- GAAGGCTGACCTATTTATCCAGG 22
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LIKIGFP

PAAV- GAAGGCTGACCTATTTATCCAGG 23
mTubb3GFP-
SATI

Nucleases

[00173] In some embodiments, nucleases are used in methods and compositions herein. Nucleases
recognizing a targeting sequence are known by those of skill in the art and include, but are not limited to,
zinc finger nucleases (ZFN), transcription activator-like effector nucleases (TALEN), clustered regularly
interspaced short palindromic repeats (CRISPR) nucleases, and meganucleases. Nucleases found in
compositions and useful in methods disclosed herein are described in more detail below.

Zinc finger nucleases (ZFNs)

[00174] “Zinc finger nucleases™ or “ZFNs” are a fusion between the cleavage domain of Fokl and a
DNA recognition domain containing 3 or more zinc finger motifs. The heterodimerization at a particular
position in the DNA of two individual ZFNs in precise orientation and spacing leads to a double-strand
break in the DNA. In some cases, ZFNs fuse a cleavage domain to the C-terminus of each zinc finger
domain. In order to allow the two cleavage domains to dimerize and cleave DNA, the two individual
ZFNs bind opposite strands of DNA with their C-termini at a certain distance apart. In some cases, linker
sequences between the zinc finger domain and the cleavage domain require the 5° edge of each binding
site to be separated by about 5-7 bp. Exemplary ZFNs that are useful in the present invention include, but
are not limited to, those described in Umnov et al., Nature Reviews Genetics, 2010, 11:636-646; Gaj et al.,
Nat Methods, 2012, 9(8):805-7; U.S. Patent Nos. 6,534,261; 6,607,882; 6,746,838 6,794,136; 6,824,978,
6,866,997; 6,933,113 6,979,539, 7,013,219; 7,030,215; 7,220,719; 7,241,573, 7,241,574, 7,585,849;
7,595,376; 6,903,185, 6,479,626, and U.S. Application Publication Nos. 2003/0232410 and
2009/0203140.

[00175] ZFNs, in some embodiments, generate a double-strand break in a target DNA, resulting in DNA
break repair which allows for the introduction of gene modification. DNA break repair, in some
embodiments, occurs via non-homologous end joining (NHEJ) or homology-directed repair (HDR). In
some embodiments, a ZFN is a zinc finger nickase which, in some embodiments, is an engineered ZFN
that induces site-specific single-strand DNA breaks or nicks. Descriptions of zinc finger nickases are
found, e.g., in Ramirez et al., Nucl Acids Res, 2012, 40(12):5560-8; Kim et al., Genome Res, 2012,
22(7):1327-33.

TALENs

[00176] “TALENs” or “TAL-effector nucleases™ are engineered transcription activator-like effector
nucleases that contain a central domain of DNA-binding tandem repeats, a nuclear localization signal, and
a C-terminal transcriptional activation domain. In some instances, a DNA-binding tandem repeat
comprises 33-35 amino acids in length and contains two hypervariable amino acid residues at positions 12

and 13 that recognize one or more specific DNA base pairs. TALENSs are produced by fusing a TAL
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effector DNA binding domain to a DNA cleavage domain. For instance, a TALE protein may be fused to

a nuclease such as a wild-type or mutated Fokl endonuclease or the catalytic domain of Fokl. Several
mutations to Fokl have been made for its use in TALENs, which, for example, improve cleavage
specificity or activity. Such TALENs are engineered to bind any desired DNA sequence.

[00177] TALENSs are often used to generate gene modifications by creating a double-strand break in a
target DNA sequence, which in turn, undergoes NHEJ or HDR. In some cases, a single-stranded donor
DNA repair template is provided to promote HDR.

[00178] Detailed descriptions of TALENSs and their uses for gene editing are found, ¢.g., in U.S. Patent
Nos. 8,440,431; 8,440,432; 8,450,471, 8,586,363; and 8,697,853; Scharenberg et al., Curr Gene Ther,
2013, 13(4):291-303; Gaj et al., Nat Methods, 2012, 9(8):805-7; Beurdeley et al., Nat Commun, 2013,
4:1762; and Joung and Sander, Nat Rev Mol Cell Biol, 2013, 14(1):49-55.

DNA Guided Nucleases

[00179] “DNA guided nucleases™ are nucleases that use a single stranded DNA complementary
nucleotide to direct the nuclease to the correct place in the genome by hybridizing to another nucleic acid,
for example, the target nucleic acid in the genome of a cell. In some embodiments, the DNA guided
nuclease comprises an Argonaute nuclease. In some embodiments, the DNA guided nuclease is selected
from TtAgo, PfAgo, and NgAgo. In some embodiments, the DNA guided nuclease is NgAgo.
Meganucleases

[00180] “Meganucleases™ are rare-cutting endonucleases or homing endonucleases that, in certain
embodiments, are highly specific, recognizing DNA target sites ranging from at least 12 base pairs in
length, e.g., from 12 to 40 base pairs or 12 to 60 base pairs in length. In some embodiments,
meganucleases are modular DNA-binding nucleases, such as any fusion protein comprising at least one
catalytic domain of an endonuclease and at least one DNA binding domain or protein specifying a nucleic
acid target sequence. The DNA-binding domain, in some embodiments, contains at least one motif that
recognizes single- or double-stranded DNA. The meganuclease is alternatively monomeric or dimeric.
[00181] In some instances, the meganuclease is naturally-occurring (found in nature) or wild-type, and in
other instances, the meganuclease is non-natural, artificial, engineered, synthetic, rationally designed, or
man-made. In certain embodiments, the meganuclease of the present invention includes an I-Crel
meganuclease, [-Ceul meganuclease, [-Msol meganuclease, [-Scel meganuclease, variants thereof,
mutants thereof, and derivatives thereof.

[00182] Any meganuclease is contemplated to be used herein, including, but not limited to, I-Scel, I-
Scell, I-Scelll, I-ScelV, I-SceV, I-Sce VI, I-SceVII, I-Ceul, I-CeuAIIP, I-Crel, I-CrepsbIP, I- CrepsbllP, I-
CrepsblIIP, I-CrepsbI VP, I-Tlil, I-Ppol, PI-Pspl, F-Scel, F-Scell, F-Suvl, F- Tevl, F-Tevll, I-Amal, I-Anil,
I-Chul, I-Cmoel, I-Cpal, I-Cpall, I-Csml, I-Cvul, I-CvuAIP, I-Ddil, I-Ddill, I-Dirl, I-Dmol, I-Hmul, I-
Hmull, I-HsNIP, I-Llal, I-Msol, I-Naal, I-Nanl, I- NcIIP, I-NgrIP, I-Nitl, I-Njal, I-Nsp236IP, I-Pakl, I-
PbolP, I-PculP, I-PcuAl, I-PcuVI, I- PgrlP, 1-PoblP, I-Porl, I-PorlIP, I-PbplP, I-SpBetalP, I-Scal, I-
SexIP, 1-SnelP, I-Spoml, I- SpomCP, I-SpomIP, I-SpomlIP, I-SqulP, I-Ssp68031, I-SthPhiJP, I-
SthPhiST3P, I- SthPhiSTe3bP, I-TdelP, I-Tevl, I-Tevll, I-TevIll, I-UarAP, I-UarHGPAIP, I-
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UarHGPA13P, I-VinlP, 1-ZbilP, PI-Mtul, PI-MtuHIP PI-MtuHIIP, PI-Pful, PI-Pfull, PI-Pkol, PI-Pkoll,

PI- Rma43812IP, PI-SpBetalP, PI-Scel, PI-Tful, PI-Tfull, PI-Thyl, PI-Tlil, PI-TLII, or any active variants
or fragments thereof.

CRISPR

[00183] The CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats)/Cas (CRISPR-
associated protein) nuclease system is an engineered nuclease system based on a bacterial system that is
used for genome engineering. It is based in part on the adaptive immune response of many bacteria and
archaca. When a virus or plasmid invades a bacterium, segments of the invader’s DNA are converted into
CRISPR RNAs (crRNA) by the “immune” response. The crRNA then associates, through a region of
partial complementarity, with another type of RNA called tracrRNA to guide the Cas (e.g., Cas9) nuclease
to a region homologous to the crRNA in the target DNA called a “protospacer.” The Cas (e.g., Cas9)
nuclease cleaves the DNA to generate blunt ends at the double-strand break at sites specified by a 20-
nucleotide complementary strand sequence contained within the crRNA transcript. The Cas (e.g., Cas9)
nuclease, in some embodiments, requires both the crRNA and the tracrRNA for site-specific DNA
recognition and cleavage. This system has now been engineered such that, in certain embodiments, the
c¢rRNA and tracrRNA are combined into one molecule (the “single guide RNA” or “sgRNA™), and the
c¢rRNA equivalent portion of the single guide RNA is engineered to guide the Cas (e.g., Cas9) nuclease to
target any desired sequence (see, e.g., Jinek ef al. (2012) Science 337:816-821; Jinek ef al. (2013) eLife
2:¢00471; Segal (2013) eLife 2:¢00563). Thus, the CRISPR/Cas system can be engineered to create a
double-strand break at a desired target in a genome of a cell and harness the cell’s endogenous
mechanisms to repair the induced break by homology-directed repair (HDR) or nonhomologous end-
joining (NHEJ).

[00184] In some embodiments, the Cas nuclease has DNA cleavage activity. The Cas nuclease, in some
embodiments, directs cleavage of one or both strands at a location in a target DNA sequence. For
example, in some embodiments, the Cas nuclease is a nickase having one or more inactivated catalytic
domains that cleaves a single strand of a target DNA sequence.

[00185] Non-limiting examples of Cas nucleases include Casl, Cas1B, Cas2, Cas3, Cas4, Cas5, Cas6,
Cas7, Cas8, Cas9 (also known as Csnl and Csx12), Casl0, , Cpfl, C2¢3, C2¢2 and C2¢1Csyl1, Csy2,
Csy3, Csel, Cse2, Cscl, Csc2, Csas, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4, Cmr5,
Cmr6, Cpfl, Csbl, Csb2, Csb3, Csx17, Csx14, Csx10, Csx16, CasX, Csx3, Csx1, Csx15, Csfl, Csf2,
Csf3, Csf4, homologs thereof, variants thercof, mutants thereof, and derivatives thereof. There are three
main types of Cas nucleases (type 1, type 11, and type III), and 10 subtypes including 5 type 1, 3 type 11,
and 2 type Il proteins (see, e.g., Hochstrasser and Doudna, Trends Biochem Sci, 2015:40(1):58-66). Type
II Cas nucleases include, but are not limited to, Casl, Cas2, Csn2, and Cas9. These Cas nucleases are
known to those skilled in the art. For example, the amino acid sequence of the Strepfococcus pyogenes
wild-type Cas9 polypeptide is set forth, e.g., in NBCI Ref. Seq. No. NP 269215, and the amino acid
sequence of Streprococcus thermophilus wild-type Cas9 polypeptide is set forth, e.g., in NBCI Ref. Seq.
No. WP_011681470.
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[00186] Cas nucleases, e.g., Cas9 polypeptides, in some embodiments, are derived from a variety of

bacterial species including, but not limited to, Veillonella atypical, Fusobacterium nucleatum, Filifactor
alocis, Solobacterium moorei, Coprococcus catus, Treponema denticola, Peptoniphilus duerdenii,
Catenibacterium mitsuokai, Streptococcus mutans, Listeria innocua, Staphylococcus pseudintermedius,
Acidaminococcus intestine, Olsenella uli, Oenococcus kitaharae, Bifidobacterium bifidum, Lactobacillus
rhamnosus, Lactobacillus gasseri, Finegoldia magna, Mycoplasma mobile, Mycoplasma gallisepticum,
Mycoplasma ovipneumoniae, Mycoplasma canis, Mycoplasma synoviae, Eubacterium rectale,
Streptococcus thermophilus, Eubacterium dolichum, Lactobacillus coryniformis subsp. Torquens,
Ilyobacter polytropus, Ruminococcus albus, Akkermansia muciniphila, Acidothermus cellulolyticus,
Bifidobacterium longum, Bifidobacterium dentium, Corynebacterium diphtheria, Elusimicrobium
minutum, Nitratifractor salsuginis, Sphaerochaeta globus, Fibrobacter succinogenes subsp.
Succinogenes, Bacteroides fragilis, Capnocytophaga ochracea, Rhodopseudomonas palustris, Prevotella
micans, Prevotella ruminicola, Flavobacterium columnare, Aminomonas paucivorans, Rhodospirillum
rubrum, Candidatus Puniceispirillum marinum, Verminephrobacter eiseniae, Ralstonia syzygii,
Dinoroseobacter shibae, Azospirillum, Nitrobacter hamburgensis, Bradyrhizobium, Wolinella
succinogenes, Campylobacter jejuni subsp. Jejuni, Helicobacter mustelae, Bacillus cereus, Acidovorax
ebreus, Clostridium perfringens, Parvibaculum lavamentivorans, Roseburia intestinalis, Neisseria
meningitidis, Pasteurella multocida subsp. Multocida, Sutterella wadsworthensis, proteobacterium,
Legionella pneumophila, Parasutterella excrementihominis, Wolinella succinogenes, and Francisella
novicida.

[00187] “Cas9” refers to an RNA-guided double-stranded DNA-binding nuclease protein or nickase
protein. Wild-type Cas9 nuclease has two functional domains, e.g., RuvC and HNH, that cut different
DNA strands. Cas9 can induce double-strand breaks in genomic DNA (target DNA) when both functional
domains are active. The Cas9 enzyme, in some embodiments, comprises one or more catalytic domains
of a Cas9 protein derived from bacteria belonging to the group consisting of Corynebacter, Sutterella,
Legionella, Treponema, Filifactor, Eubacterium, Streptococcus, Lactobacillus, Mycoplasma, Bacteroides,
Flaviivola, Flavobacterium, Sphaerochaeta, Azospirillum, Gluconacetobacter, Neisseria, Roseburia,
Parvibaculum, Staphylococcus, Nitratifractor, and Campylobacter. In some embodiments, the Cas9 is a
fusion protein, e.g. the two catalytic domains are derived from different bacteria species.

[00188] Useful variants of the Cas9 nuclease include a single inactive catalytic domain, such as a RuvC”
or HNH' enzyme or a nickase. A Cas9 nickase has only one active functional domain and, in some
embodiments, cuts only one strand of the target DNA, thereby creating a single strand break or nick. In
some embodiments, the mutant Cas9 nuclease having at least a D10A mutation is a Cas9 nickase. In other
embodiments, the mutant Cas9 nuclease having at least a H840A mutation is a Cas9 nickase. Other
examples of mutations present in a Cas9 nickase include, without limitation, N854A and N863A. A
double-strand break is introduced using a Cas9 nickase if at least two DNA -targeting RNAs that target
opposite DNA strands are used. A double-nicked induced double-strand break is repaired by NHEJ or
HDR. This gene editing strategy favors HDR and decreases the frequency of indel mutations at off-target
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DNA sites. The Cas9 nuclease or nickase, in some embodiments, is codon-optimized for the target cell or

target organism.

[00189] In some embodiments, the Cas nuclease is a Cas9 polypeptide that contains two silencing
mutations of the RuvC1 and HNH nuclease domains (D10A and H840A), which is referred to as dCas9.
In one embodiment, the dCas9 polypeptide from Strepfococcus pyogenes comprises at least one mutation
at position D10, G12, G17, E762, H840, N854, N863, H982, H983, A984, D986, A987, or any
combination thereof. Descriptions of such dCas9 polypeptides and variants thereof are provided in, for
example, International Patent Publication No. WO 2013/176772. The dCas9 enzyme in some
embodiments, contains a mutation at D10, E762, H983, or D986, as well as a mutation at H840 or N863.
In some instances, the dCas9 enzyme contains a D10A or D10N mutation. Also, the dCas9 enzyme
alternatively includes a mutation H840A, H840Y, or H840N. In some embodiments, the dCas9 enzyme
of the present invention comprises D10A and H840A; D10A and H840Y; D10A and H840N; D10N and
H840A; D10N and H840Y; or DION and H840N substitutions. The substitutions are alternatively
conservative or non-conservative substitutions to render the Cas9 polypeptide catalytically inactive and
able to bind to target DNA.

[00190] For genome editing methods, the Cas nuclease in some embodiments comprises a Cas9
fusion protein such as a polypeptide comprising the catalytic domain of the type IIS restriction enzyme,
Fokl, linked to dCas9. The FokI-dCas9 fusion protein (fCas9) can use two guide RNAs to bind to a single
strand of target DNA to generate a double-strand break.

[00191] Unless specifically indicated otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by those of ordinary skill in the art to which this invention
belongs. In addition, any method or material similar or equivalent to a method or material described
herein can be used in the practice of the present invention. For purposes of the present invention, the
following terms are defined.

[00192] The terms “a,” “an,” or “the” as used herein not only include aspects with one member, but also
include aspects with more than one member. For instance, the singular forms “a,” “an,” and “the” include
plural referents unless the context clearly dictates otherwise. Thus, for example, reference to “a cell”
includes a plurality of such cells and reference to “the agent” includes reference to one or more agents
known to those skilled in the art, and so forth.

[00193] The term “nucleic acid,” “nucleotide,” or “polynucleotide™ refers to deoxyribonucleic acids
(DNA), ribonucleic acids (RNA) and polymers thereof in either single, double- or multi-stranded form.
The term includes, but is not limited to, single-, double- or multi-stranded DNA or RNA, genomic DNA,
cDNA, DNA-RNA hybrids, or a polymer comprising purine and/or pyrimidine bases or other natural,
chemically modified, biochemically modified, non-natural, synthetic, or derivatized nucleotide bases. In
some embodiments, a nucleic acid can comprise a mixture of DNA, RNA, and analogs thercof. Unless
specifically limited, the term encompasses nucleic acids containing known analogs of natural nucleotides
that have similar binding properties as the reference nucleic acid and are metabolized in a manner similar

to naturally occurring nucleotides. Unless otherwise indicated, a particular nucleic acid sequence also
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implicitly encompasses conservatively modified variants thereof (e.g., degenerate codon substitutions),

alleles, orthologs, single nucleotide polymorphisms (SNPs), and complementary sequences as well as the
sequence explicitly indicated. Specifically, degenerate codon substitutions may be achieved by generating
sequences in which the third position of one or more selected (or all) codons is substituted with mixed-
base and/or deoxyinosine residues. The term nucleic acid is used interchangeably with gene, cDNA, and
mRNA encoded by a gene.

[00194] The term “gene” or “nucleotide sequence encoding a polypeptide” means the segment of DNA
involved in producing a polypeptide chain. The DNA segment may include regions preceding and
following the coding region (leader and trailer) involved in the transcription/translation of the gene
product and the regulation of the transcription/translation, as well as intervening sequences (introns)
between individual coding segments (exons).

[00195] The terms “subject,” “patient,” and “individual” are used herein interchangeably to include a
human or animal. For example, the animal subject may be a mammal, a primate (e.g., a monkey), a
livestock animal (e.g., a horse, a cow, a sheep, a pig, or a goat), a companion animal (e.g., a dog, a cat), a
laboratory test animal (e.g., a mouse, a rat, a guinea pig, a bird), an animal of veterinary significance, or
an animal of economic significance.

[00196] As used herein, the term “administering” includes oral administration, topical contact,
administration as a suppository, intravenous, intraperitoneal, intramuscular, intralesional, intrathecal,
intranasal, or subcutancous administration to a subject. Administration is by any route, including
parenteral and transmucosal (e.g, buccal, sublingual, palatal, gingival, nasal, vaginal, rectal, or
transdermal).  Parenteral administration includes, e.g., intravenous, intramuscular, intra-arteriole,
intradermal, subcutaneous, intraperitoneal, intraventricular, and intracranial. Other modes of delivery
include, but are not limited to, the use of liposomal formulations, intravenous infusion, transdermal
patches, efc.

[00197] The term “treating” refers to an approach for obtaining beneficial or desired results including but
not limited to a therapeutic benefit and/or a prophylactic benefit. By therapeutic benefit is meant any
therapeutically relevant improvement in or effect on one or more diseases, conditions, or symptoms under
treatment. For prophylactic benefit, the compositions may be administered to a subject at risk of
developing a particular disease, condition, or symptom, or to a subject reporting one or more of the
physiological symptoms of a disease, even though the disease, condition, or symptom may not have yet
been manifested.

[00198] The term “effective amount” or “sufficient amount™ refers to the amount of an agent (e.g., DNA
nuclease, erc.) that is sufficient to effect beneficial or desired results. The therapeutically effective
amount may vary depending upon one or more of. the subject and disease condition being treated, the
weight and age of the subject, the severity of the disease condition, the manner of administration and the
like, which can readily be determined by one of ordinary skill in the art. The specific amount may vary

depending on one or more of: the particular agent chosen, the target cell type, the location of the target
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cell in the subject, the dosing regimen to be followed, whether it is administered in combination with

other compounds, timing of administration, and the physical delivery system in which it is carried.
[00199] The term “pharmaceutically acceptable carrier” refers to a substance that aids the administration
of an agent (e.g., DNA nuclease, efc.) to a cell, an organism, or a subject. “Pharmaceutically acceptable
carrier” refers to a carrier or excipient that can be included in a composition or formulation and that
causes no significant adverse toxicological effect on the patient. Non-limiting examples of
pharmaceutically acceptable carriers include water, NaCl, normal saline solutions, lactated Ringer’s,
normal sucrose, normal glucose, binders, fillers, disintegrants, lubricants, coatings, sweeteners, flavors
and colors, and the like. One of skill in the art will recognize that other pharmaceutical carriers are useful
in the present invention.
[00200] The term “about” in relation to a reference numerical value can include a range of values plus or
minus 10% from that value. For example, the amount “about 10” includes amounts from 9 to 11,
including the reference numbers of 9, 10, and 11. The term “about™ in relation to a reference numerical
value can also include a range of values plus or minus 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%
from that value.
[00201] FIGs 1A-1H show single homology arm donor-mediated gene knock-in in non-dividing
primary neurons.
[00202] FIG. 1A shows a schematic representation of targeted GFP knock-in at 7ubb 3 locus by a SATI
(intercellular linearized Single homology Arm donor mediated intron-Targeting Integration) donor
harboring a single homology arm for targeting in intron 3. Pink pentagons, Intron 3 gRNA target
sequences. Yellow scissors or Black lines within gRNA target sequence, Cas9 cleavage site. Light blue
trapezoid, homologous sequence between target and donor.
[00203] FIG. 1B shows a schematic representation of targeted GFP knock-in at 7ubb 3 locus by no
homology HITI donor targeting in exon 4. Light blue pentagons, Exon 4 gRNA target sequences. Black
lines within pentagon, Cas9 cleavage site.
[00204] FIG. 1C shows a schematic representation of targeted GFP knock-in at 7ubb 3 locus by a
conventional HDR donor harboring two homology arms targeting in exon 4. Light blue pentagons, Exon 4
gRNA target sequences. Light blue parallelograms, homologous sequence between target and donor.
[00205] FIG. 1D shows a schematic representation of targeted GFP knock-in at 7ubb 3 locus by an
HMEJ donor harboring two homology arms targeting in intron 3. Red bars (splicing acceptor and
downstream sequence from rat 7ubb3 gene) and inserting cassette (i.e. exon 4, GFP and 3°’UTR) lack any
homology sequences, in order to avoid undesired recombination. Pink pentagons, Intron 3 gRNA target
sequences. Light blue parallelograms, homologous sequence between target and donor.
[00206] FIG. 1E shows an experimental scheme for GFP knock-in in cultured primary neurons.
[00207] FIG. 1F shows representative immunofluorescence images of neurons transfected with Cas9,
one-armed SATI donor and int3gRNA-mCherry detected by anti- 3 -III tubulin antibody (magenta),
bmCherry signal (red), anti-GFP antibody (green), DAPI signal (blue) and EdU signal (white). Scale bar:
10 pm.
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[00208] FIG. 1G shows the percentage of knock-in cells (GFP+) per transfected cells (mCherry+)

with different combinations of gRNAs and donors. Each value indicates percentage of GFP positive cells
among transfected cells. Data are represented as box with whisker with all the input data points as green
dots, the average is the line inside the box. One-way ANOVA with Bonferroni’s multiple comparison test
for analysis, ****P<(0.0001.

[00209] FIG. 1H shows the ratio of HITI- and oaHDR-mediated GFP knock-in after transfected
with one-armed SATI donor into primary neurons. The following combinations of donor and gRNA were
transfected (Donor cut: MC-Tubb3int3-scramble and mScramblegRNA-mCherry; Ch cut: MC-Tubb3int3-
scramble and int3gRNA-mCherry; Donor + Ch cut (SATI): MC-Tubb3int3-SATI and int3gRNA-
mCherry). The analyzed number is indicated on top.

[00210] FIGs 2A-2G show oaHDR- or HITI-mediated gene knock-in profile after SATI-mediated
gene-correction of progeria mice in vitro and in vivo.

[00211] FIG. 2A shows a schematic representation of the Lmna®”¢ (c.1827C>T) gene correction
with SATI-mediated gene-correction donor. Red box indicates exon 11 with single point mutant. After
gene correction mediated by NHEJ-mediated HITI, targeted sequence including corrected mutation is
inserted in intron 10, just in front of mutated exon 11 (left). After gene correction mediated by oaHDR,
the mutation is corrected with no change of another genomic sequence except for point mutation (right).
The expression level of Lamin C transcribed from exon 1-10 is not affected by Lmna ¢.1827C>T
mutation. After gene correction, Lamin A protein is expressed instead of Progerin expression. Pink
pentagon, Lmna intron 10 gRNA target sequence. Yellow scissors or Black line within gRNA target
sequence, Cas9 cleavage site (See also FIG. 12A).

[00212] FIG. 2B shows the ratio of HITI, oaHDR and undetermined (due to large deletion) in
targeted sequence after SATI mediated gene correction from progeria MEF (top panel, # = 48), primary
neuron (middle panel, #» = 47), and brain (lower panel, » = 19). The actual knock-in ratio is indicated in
the graph (%).

[00213] FIG. 2C shows the ratio of HITI, oaHDR and undetermined (due to large deletion) with
or without indel at targeting site after gene correction by Cas9 / Lmna-gRNA-mCherry / MC-Progeria-
SATI transfection with shRNA gene knockdown for progeria MEFs. Actual targeting ratio is indicated in
the graph (%). Each target of sShRNA knockdown is indicated at bottom. Scramble control, #» =48; Ku80, n
=19; Lig3, n=32; Rad51,n=117.

[00214] FIG. 2D shows an experimental scheme for in vivo gene correction by AAV-Progeria-

SATI via intravenous (IV) AAV injections to Lmna®"?¢

progeria mouse model. AAV-Progeria-
SATI is injected into newborn (postnatal day 1, P1) mouse together with AAV-Cas9. The phenotypes are
analyzed in the indicated date in each experiment.

[00215] FIG. 2E shows gene correction efficiency at Lmna c.1827C>T dominant point mutation
site from the indicated tissues in SATI-treated (Pro + SATI) or only donor-treated without Cas9 (Pro +

donor) progeria mice at day 100.
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[00216] FIG. 2F shows indel percentages at Lmna intron 10 gRNA target site from the indicated

tissues in SATI-treated (Pro + SATTI) or only donor-treated without Cas9 (Pro + donor) progeria mice at
day 100.

[00217] FIG. 2G shows the ratio of HITI, oaHDR and undetermined (due to large deletion) with
or without indel at targeting site after gene correction by systemic AAV-Progeria-SATI injection for
progeria mice. Deep sequencing was performed using the extracted DNA from liver (top) and heart
(bottom), respectively. The actual knock-in ratio is indicated in the graph (%).

[00218] FIGs 3A-3H show prevention of aging phenotypes and molecular analyses in the SATI-
treated progeria mice.

[00219] FIG. 3A shows survival plots of Lmna™" (WT), SATI treated Lmna™ (WT+SATI),
Lmna®°9%G (pro), SATI treated Lmna®*%%C (Pro+SATI), Lmna ' heterozygous (Het), SATI
treated Lmna’9 heterozygous (Het+SATI) mice. WT, n = 72; WT+SATIL n = 8; Het, n = 33; Het +
SATI, n=11; Progeria, n = 25; Progeria + SATI, n = 15. P<0.0001 according to log-rank (Mantel-Cox)
test. Median survival and maximum survival date of each group are indicated at bottom.

[00220] FIG. 3B shows RT-qPCR analysis for the expression ratio of Lamin A to Lamin C (left)
and Progerin to Lamin A (right) from represented tissues (# = 3). The expression level of each gene is
normalized by Gapdh first, and then ratio is calculated. Relative values after SATI treated are indicated.
Data are represented as mean + s.e.m. Each P value is indicated according to unpaired Student’s 7-test.

N.S., not significant. Relative ratios are indicated at top of each graph.

[00221] FIG. 3C shows representative photographs of WT, Progeria (Pro), and Progeria + SATI
(Pro+SATI) mice at 17-weeks-old.
[00222] FIGs 3D-3G show histological analysis of skin (FIG. 3D), spleen (FIG. 3E), kidney

(FIG. 3F) and aorta (FIG. 3G) at 17-weeks-old. Left: representative pictures of hematoxylin and eosin
(H&E) staining. Middle and right: quantitative analyses represented as mean + s.e.m. (FIGs 3D-3G).
Skin, n = 39; spleen, n = 20; kidney glomerulus, n = 20; kidney renal tubules, #» = 50; aorta, » = 9. Scale
bars: skin, kidney and aorta 100 um, spleen 250 um. Black arrowheads indicate decreased epidermal
thickness and increased keratinization (FIG. 3D), and small lymphoid nodules in the splenic white pulp
(FIG. 3E). The thickness of epidermis is significantly decreased in untreated mice and restored in SATI
treated mice (FIG. 3D). The area of germinal center is significantly decreased in untreated mice and
restored in SATI treated mice (FIG. 3E). The area of glomerulus (middle panel) and diameter of renal
tubules (right panel) are significantly decreased in untreated mice and restored in SATI treated mice (FIG.
3F). The density of aortic nuclei is significantly decreased in untreated mice and restored in SATI treated
mice (FIG. 3G). P values are indicated in each graph, one-way ANOVA with Tukey's multiple
comparisons test (FIGs 3D-3G).

[00223] FIG. 3H shows an electrocardiogram (ECG) analysis in WT, Pro, and Pro + SATI mice
between day 92 and day 110. Heart rate represented as beats per minute (bpm), » = 7. P values are

indicated in each graph, one-way ANOVA with Tukey's multiple comparisons test.
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[00224] FIGs 4A-4C show intramuscular treatment of the SATI in adult progeria tibialis anterior
muscle.
[00225] FIG. 4A shows an experimental scheme for i vivo gene repair by AAV-Progeria-SATI

via Intramuscular (IM) AAV injections into the tibialis anterior (TA) muscles of adult Lmna®***%%"¢

progeria. TA muscle of 10-weeks-old progeria mouse was injected AAV(s) and analyzed at three weeks
later.

[00226] FIG. 4B shows representative pictures of H&E staining of TA muscle at 13-weeks-old.
Top: wild type with PBS injection as control (WT +PBS), middle: AAV-Progeria-SATI only treated
without AAV-Cas9 (Pro -Cas9), bottom: AAV-Progeria-SATI and AAV-Cas9 treated (Pro +Cas9). Scale
bars: 100 pm.

[00227] FIG. 4C Muscle fiber cross-sectional area distribution of TA muscles in progeria mice at
13-weeks-old. Each color of bar shows representative muscle from independent mouse. WT +PBS, n = 6;
Pro —Cas9, n = 6; Pro +Cas9, n = 8. Average of % fibers is indicated at right upper corner. Each trendline
is indicated as broken line. Data are represented as mean = s.¢.m. Each P value is indicated according to

unpaired Student’s 7-test.

[00228] FIGs 5A-5C shows schematic representations of HDR- and HITI-mediated knock-in
methods.
[00229] FIG. 5A shows a schematic representation of the HDR-mediated gene-knock-in method.

The donor DNA includes two-homology arms where is identical to target genome. HDR can replace the
existing mutations, but not active in non-dividing cells. The application for in vivo is limited to the tissues
that possess dividing capacity.

[00230] FIG. 5B shows a schematic representation of the HITI-mediated gene knock-in method.
The donor DNA includes Cas9-mediated DSB induction site and no homology for target genome. DSBs
are created simultaneously in both genomic target sequences and donor DNA, allowing for donor
integration into the genomic DSB site. HITI cannot replace the existing mutations, but active in non-
dividing cells.

[00231] FIG. 5C shows unidirectional gene knock-in by HITIL. The SpCas9 and sgRNA complex
introduces double-strand break (DSB) into chromosomal DNA three base pairs upstream of the PAM
sequence, resulting in two blunt ends. The same sgRNA target sequence is loaded onto the donor DNA in
the reverse direction. Both targeted chromosomal DNA and donor DNA are cleaved by SpCas9/sgRNA
complex in the cells. When the blunt ends of targeted chromosomal DNA and the linearized donor DNA
are ligated via the cellular non-homologous end joining (NHEJ) repair machinery, the donor DNAs are
integrated into target sites. If the donor DNA is integrated in the correct orientation (left), junction
sequences are protected from further cleavage by SpCas9. If the donor DNA integrates in the reverse
orientation (right), SpCas9 will excise the integrated donor DNA due to the presence of intact sgRNA
target sites. This integration system is named Homology-Independent Targeted Integration (HITT). Blue
pentagon, sgRNA target sequence. Black line within blue pentagon, SpCas9 cleavage site. GOL, gene of

interest.
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[00232] FIGs 6A-6C shows a schematic representation of HMEJ and intron-targeting SATI
methods.
[00233] FIG. 6A shows a schematic representation of the HMEJ-mediated intronic gene-knock-in

method. The donor DNA includes an inserting cassette, two DSB induction sites and two-homology arms
where is identical to target genome. In order to avoid undesired recombination, it is important to lack any
homology sequences from the inserting cassette (i.¢. splicing acceptor, exon (s), GOl and 3°’UTR).
Furthermore, in order to avoid undesired splicing when the insert is integrated by NHEJ, the left
homology arm should not include splicing acceptor. HMEJ allows DNA knock-in via conventional HDR
or NHEJ. Under the above limitations for donor design, HMEJ-mediated gene knock-in is also able to
target a broad range of mutations and cell types although less efficient in diving cells due to competition
of conventional HDR. Furthermore, it is necessary to carry two homology arms, which may beyond the
capacity of AAV and limit the application for in vivo.

[00234] FIG. 6B shows a schematic representation of the new intronic gene-knock-in method,
SATI. The donor DNA includes DSB induction site and one-homology arm where is identical to the target
genome. SATI allows DNA knock-in via single homology arm mediated HDR (oaHDR) or homology
independent NHEJ-based HITI, enabling to target a broad range of mutations and cell types.

[00235] FIG. 6C shows a summary for difference of applicability between gene-editing methods
used in this study. Red circle means “fully applicable,” red triangle means “partially applicable,” and red
cross means “difficult to apply.” Weak points of each gene-editing method are indicated in the note

(right).

[00236] FIGs 7A-7D shows a schematic representation of HITI and intronic-targeting SATI
strategies.
[00237] FIG. 7A shows a scheme showing inserted DNA sequences with exon-targeting HITI

donors via conventional HITI system. Red pentagon and yellow and light blue highlights, the 3” end of
exon 4 gRNA target sequence. Black line within the red pentagon and red broken arrow, Cas9 cleavage
site. When HITI can insert donor sequence without indel, the junction sequence of both ends is indicated
as left below and GFP can express normally because of no frame-shift (Ieft). The donor DNA is often
integrated with small indels at junction sites when original HITI target at exon, resulting in out-of-frame
mutation and cannot express GFP signal in the end (right).

[00238] FIG. 7B shows a number of the design capacity of gRNA in this study.

[00239] FIG. 7C shows a schematic representation of gene targeting by HITI with IRESmCherry-
MC donor and different Cas9s in the GFP-correction HEK293 line. If IRESmCherry donor can be
integrated into the targeted legion successfully by HITI, mCherry signal will be detected.

[00240] FIG. 7D shows mCherry knock-in HITI efficiency (%) with Normal SpCas9 (wtCas9)
and NG PAM Cas9 (Cas9-NG and xCas9) in HEK293. Data are represented as mean £ s.e.m. One-way
ANOVA with Bonferroni’s multiple comparison test for analysis, ***P<0.001.

[00241] FIGs 8A-8D show the development of novel targeted gene knock-in method in primary
neurons.
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[00242] FIG. 8A shows representative pictures of non-transfected and transfected neuronal

cultures with the different donors and gRNAs for recognizing the cutting patterns induced by one arm
homology and HITI donors. Images were acquired with confocal microscopy using 20x objective, scale
bar: 100 um.

[00243] FIG. 8B shows absolute and relative knock-in efficiency indicated by the percentage of
GFP+ cells among total cells (DAPI+) or transfected cells (mCherry+) in EQU+ or EdU- neurons. n = 7.
Each value indicates the percentage of GFP positive cells among total cells (black) or transfected cells
(light gray). Data are represented as mean + s.e.m.

[00244] FIG. 8C shows an example of actual sequence after GFP knock-in at the 3” end of the
Tubb3 coding region via one homology arm donor (MC-Tubb3int3-SATI). Broken arrow, Cas9 cutting
site. Underlined sequence corresponds with PAM sequence. Yellow highlight is indicated gRNA
sequence. Sequence indicated as green is inserted sequence derived from donor vector. Sequence
indicated as blue is targeted genomic sequence.

[00245] FIG. 8D shows the effect on the efficiency of GFP knock-in in neurons by comparison of
wild-type Cas9 (Cas9) and Cas9 nickase (Cas9D10A, introducing a single-strand break) in SATI donors
(MC-Tubb3int3-SATI, MC-Tubb3int3-scramble), HITI donor (Tubb3ex4-HITT) and HDR donor
(Tubb3ex4-HDR). Data are represented as box with whiskers including all input data points as green dots,

average in the middle of the box.

[00246] FIGs 9A-9D shows HDR-, HITI- and oaHDR-mediated gene knock-in efficiency in
dividing cells.
[00247] FIG. 9A shows a schematic representation of gene targeting by HDR and oaHDR in the

GFPcorrection HEK293 and hESC lines. Each cell ling is stably expressing the chromosomal reporter
construct. Once the truncated GFP (tGFP) donor is correctly integrated into the target sequence, GFP can
be expressed and detected. If donor sequence is inserted by HITI, no GFP expression is detected.
[00248] FIG. 9B shows a surveyor nuclease assay performed transfected with Cas9, gRNA and
tGFP donor DNA. Different gRNAs (gRNA1, gRNA2 and gRNA3) are transfected respectively in GFP-
correction HEK293 line. gRNA cutting efficiency is calculated from the band intensity, indicated at
bottom (%).

[00249] FIGs 9C and 9D show the GFP knock-in efficiency in HEK293 (FIG. 9C) and hES
(FIG. 9D) cells. gRNA for HDR: gRNA 1. Genome cut-only gRNA: gRNA 2. Donor cut-only gRNA:
gRNA 3. Both genome and donor cut gRNA: gRNA2+3. Data from three independent experiments
resulted in Unpaired Student’s t-test of ¥P<0.05 and **P<0.01 (FIG. 9C, FIG. 9D). Data are represented

as mean £ s.em.

[00250] FIGs 10A-10E show the measurement of cell cycle dependent oaHDR activity in
dividing cells.
[00251] FIG. 10A shows cell cycle analysis by propidium iodide (PI) staining after treatment

with/without 20 uM Lovastatin, cell cycle inhibitor at G1 phase, for 2 days in GFP correction HeLa line.
Efficiency of each cell cycle phase is indicated in graph (%).
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[00252] FIG. 10B shows oaHDR- and HDR-mediated gene knock-in percentages in GFP

correction HeLa line with Lovastatin treatment. *P<0.05. Data from three independent experiments in

Unpaired Student’s t-test. Data are represented as mean + s.e.m.

[00253] FIG. 10C shows the structure of wild type Cas9 (Cas9), G1-phase specific Cas9 (Cas9-
Cdtl) and S-M phase specific Cas9 (Cas9-Geminin).
[00254] FIGs 10D and 10E show oaHDR- and HDR-mediated gene knock-in% in GFP

correction HEK293 (FIG. 10D) and HeLa (FIG. 10E) line with different Cas9 treatment. Actual
efficiency (%) is indicated at above. Data are represented as mean = s.e.m. N.S. Not significant in

Unpaired Student’s t-test.

[00255] FIGs 11A-11D show HDR-, HITI- and oaHDR-mediated gene knock-in in different cell
types.
[00256] FIG. 11A shows a schematic representation of gene targeting by HDR and HITI with

mCherry reporter donor in the GFP-correction HEK293 and hESC line. HDR donor (IRESmCherry-HDR-
0Oc) 1s inserted by HDR (top). HITI donor (IRESmCherry-MC) is inserted by HITI (bottom).

[00257] FIGs 11B and 11C show mCherry knock-in efficiency in HEK293 (FIG. 11B) and hES
(FIG. 11C) cells. ***P<0.001. Data from three independent experiments in Unpaired Student’s t-test.

Data are represented as mean + s.e.m.

[00258] FIG. 11D shows a schematic model of SATI conceptually from our observations in
different cell types.
[00239] FIGs 12A and 12B show experimental design for oaHDR- or HITI-mediated gene

knock-in profile after SATI-mediated gene-correction of progeria mice in vitro and in vivo.

[00260] FIG. 12A shows a schematic representation of the LmnaG609G (c.1827C>T) gene
correction with a plasmid (MC-Progeria-SATI) or AAV (AAV-Progeria-SATI) carrying SATI-mediated
gene-correction donor. After gene correction mediated by NHEJ-mediated HITI, targeted sequence
including corrected mutation are inserted in intron 10, just in front of mutated exon 11 (left). After gene
correction mediated by oaHDR, the mutation is corrected with no change of other genomic sequence
except for point mutation (right). Blue pentagon, Lmna intron 10 gRNA target sequence. A Black line
within blue pentagon, Cas9 cleavage site. Blue half-arrows, PCR primers for detecting only HITI. Black
half-arrows, PCR primers for detecting junction site of gene correction.

[00261] FIG. 12B shows an experimental scheme for evaluation of corrected gene sequence.
Genomic DNA is extracted from progeria MEF, primary neuron, and brain tissue, respectively. To enrich
the corrected sequence, BstXI enzyme digestion which can recognize only uncorrected mutation is
performed between 1st PCR and 2nd PCR. Final PCR product is cloned into TOPO cloning vector and
sequenced to determine the ratio of HITI and oaHDR.

[00262] FIGs 13A-13C show oaHDR is a noncanonical HDR pathway mediated by multiple
clements of DSB repair.

[00263] FIG. 13A shows a gene list of DNA repair related shRNA used in this study.
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[00264] FIG. 13B shows the effect of SATI knock-in efficiency in the presence of indicated

shRNAs. n > 4. alt-NHEJ, alternative NHEJ. Data are represented as mean + s.e.m. The input data points
are shown as green dots. t-test for analysis comparing each condition versus control transfected with
pLKO-shRNA-scramble plasmid. ****P<0.0001, ***P<0.001, ** P< 0.01 and * P<0.05.

[00265] FIG. 13C shows a model of SATI donor mediated gene knock-in in the oaHDR and
NHE]J pathways. Once DSB are induced by Cas9, Ku70/80 heterodimer ligates the break. In some case,
end resection is happened by unknown mechanism, genome and/or double strand donor is exposed as
single stand. Single strand annealing (SSA) or microhomology and Lig3-mediated Alternative NHEJ
(AItNHEJ) is happened, and the GOI (gene of interest) is inserted as oaHDR machinery (left). Because
Rad51 stabilize the exposed single strand DNA, Rad51 deficient may cause large deletion.

[00266] FIGs 14A and 14B show knock-in analyses of the gene-corrected progeria mice with
SATI treatment.
[00267] FIG. 14A shows validation of HITI-mediated gene knock-in by PCR using the genomic

template from various tissues of the AAV-Progeria-SATI treated mouse at day 100. Blue half arrows in
FIG 12A are designed PCR primers for detecting HITI. Fanca gene is indicated as internal control.
[00268] FIG. 14B shows sequencing analyses of 37 junction site of liver (left) and heart (right)
cells at day 100 via IV AAV-Progeria-SATI injections. Broken arrow, Cas9 cutting site. Yellow highlight
is indicated gRNA sequence. Sequence indicated as green is inserted sequence derived from donor vector.

Sequence indicated as blue is targeted genomic sequence. Sequence indicated as red is an insertion.

[00269] FIGs 15A-15E show NGS analysis in SATI-treated mice.

[00270] FIG. 15A shows read count (Read) and genome editing (indels, HITI and correction)
efficiency (%) by deep sequencing from the indicated organs.

[00271] FIGs 15B, 15C, and 15D show distribution of indel size in liver (F1G. 15B), heart (FIG.
15C), and muscle (FIG. 15D). Size of indel (bp) are indicated at bottom.

[00272] FIG. 15E shows a list of on-target site (On, Lmna intron 10) and off-target sites (OTS)

that were used to determine the indel frequency of SATI mediated genome editing using genomic DNA
isolated from the liver of progeria mouse at day 100. The nucleotide letters shown in red are the individual
mismatches in predicted off-target sites.

[00273] FIGs 16A-16E shows genome-wide off-target analysis in the liver and heart of SATI
treated progeria mice at day 100.

[00274] FIG. 16A shows the intronic SATI-mediated gene-targeting strategy knockins a “half-
gene of Lmna” which including splicing acceptor. The off-target integration of the donor captures the
transcript of the integration site and express as a fusion gene. The captured exons including from on target
Lmna exon 10 and unknown off-target gene were determined with 5°’RACE and sequencing. Blue half-
arrows, PCR primers for 5’RACE.

[00275] FIG. 16B shows the list of the captured exons in liver and heart from SATI-treated mice
at day 100. The data was obtained from two mice (#1 and #2).
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[00276] FIG. 16C shows chromatin (H3K27A¢ and DNasel HS) and expression (RNAseq) status

of the major off-target gene, Alb, in the liver of 8-week-old mice.

[00277] FIG. 16D shows chromatin (H3K27A¢ and DNasel HS) and expression (RNAseq) status
of the major off-target gene, Myh6, in the heart of 8-week-old mice.

[00278] FIG. 16E shows RT-qPCR analysis for the expression ratio of Albmin to Gapdh (left)
and Lamin A to Gapdh (right) in liver from SATI-treated mouse at day 100 (n = 3). Data are represented
as mean + s.e.m.

[00279] FIGs 17A-17G show phenotypic representation and analysis of WT, progeria, and SATI-
treated progeria mice.

[00280] FIG. 17A shows a cumulative plot of body weight of progeria (n = 5) and SATI treated
progeria (Progeria+SATI) mice (n = 5). Data are represented as mean + s.e.m.

[00281] FIG. 17B shows a representative photograph of WT, Progeria, and Progeria + SATI
treated spleens at 17 weeks old. Partial rescue of spleen regression is observed in progeria mice upon
SATI treatment.

[00282] FIG. 17C shows validation of HITI-mediated gene knock-in by PCR using the genomic
template from tail-tip fibroblasts (TTFs) isolated from wild-type (WT), Progeria (NT), and SATI-treated
progeria (T). TTFs are established at day 70 after IV injection at P1. Genomic DNA harvested from liver
of SATI-treated mice at day 100 is used as knock-in control. Blue half-arrows in FIG. 12A are designed
PCR primers for detecting HITI. Fanca gene is indicated as internal control.

[00283] FIG. 17D shows protein level of Lamin A (top band), Progerin (middle band), and Lamin
C (bottom band) are detected from cultured TTFs of wild-type (WT), Progeria (NT), and SATI-treated
progeria (T). Each band is normalized by Actin density, following Progerin/Lamin A levels are
calculated, normalized to NT, and indicated at bottom.

[00284] FIG. 17E and FIG. 17F show phenotypic rescue of nuclear morphological abnormality
in fibroblasts isolated from SATI-treated progeria mice. Nuclear morphological abnormality in TTFs
isolated from wild-type (WT), Progeria (Pro), and SATI-treated progeria (Pro+SATI) mice at day 70.
Immunostaining of LaminA/C (left, FIG. 17E), DAPI (middle, FIG. 17E), and quantification of
morphological abnormality (n = 6, FIG. 17F). Arrowheads indicate abnormal nuclear morphology. Scale
bar, 20 um (FIG. 17E). Data are represented as mean + s.¢.m., each P value is indicated according to one-
way ANOVA with Tukey's multiple comparisons test (FIG. 17F).

[00285] FIG. 17G shows hematoxylin and eosin (H&E) staining of liver at 17 weeks old mouse.
Lower panels are magnified view of the boxed region in upper panel respectively. In the histopathological
analysis, no obvious inflammatory features observed around central vein and portal areas of the liver at 17

weeks after systemic AAV injection (Progeria+SATI). Scale bar, (Black) 200 um, (Blue) 100 um.

EXAMPLES
[00286] The following examples are given for the purpose of illustrating various embodiments of
the invention and are not meant to limit the present invention in any fashion. The present examples, along
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with the methods described herein are presently representative of preferred embodiments, are exemplary,

and are not intended as limitations on the scope of the invention. Changes therein and other uses which
are encompassed within the spirit of the invention as defined by the scope of the claims will occur to those
skilled in the art.

Example 1: Development of a single homology arm donor mediated gene knock-in method in post-mitotic

neurons

[00287] The HITI system takes advantage of the intrinsic cellular NHEJ pathway, which is a
relatively mutagenic form of DNA repair compared to HDR. With NHEJ, small insertions/deletions
(indels) are often created at the junction between the inserted DNA and the targeted genomic locus. This
can cause an out-of-frame mutation when targeting an exon, leading to gene inactivation (FIG. 7A). To
overcome this limitation, intronic sequences upstream of a relevant exon (or mutation) were targeted and
included a splice acceptor, relevant downstream exon(s), the 3’'UTR, and genetic elements, such as GFP,
within the donor DNA. In theory, this would result in transcription of the donor exon(s), rather than the
endogenous exon(s) downstream of the insertion site, thereby enabling to produce a normal transcript (i.c.,
correcting the mutation) or fusion transcript (i.e. knock-in genetic elements such as GFP) (FIG. 6B).
Importantly, small indels introduced into the intron have less a chance to affect target gene function.
[00288] To evaluate the effectiveness of this new approach, the Tubulin beta-3 chain, 7ubb3 gene
was targeted in non-dividing cultured mouse primary neurons using a series of donor DNAs, gRNAs, and
Cas9 from Streptococcus pyogenes (SpCas9) (FIG. 1A-FIG. 1D). Protospacer adjacent motif (PAM)
sequences (5°-NGG-37) are commonly recognized by wild-type SpCas9 and are abundant throughout the
mammalian genome, though they are not always found at the exact position required to target all genes
using HITI. Recently, some novel Cas9s that can target flexible PAM sequences (5°-NG-3") have been
developed by protein engineering (Hu, J. H. et al. Nature 556, 57-63 (2018); Nishimasu, H. et al. Science
361, 1259-1262 (2018)). Using these newly developed Cas9s, the target region can be expanded, owing to
its flexibility (FIG. 7B). However, because the activity of these novel Cas9s is not higher than that seen
with the original SpCas9, and as introns are targeted (providing more flexibility in designing gRNAs),
wild-type SpCas9 (hereafter Cas9) was used for further experiments (FIGs 7B-7D). For neuronal
experiments, most of the donor DNA was in the form of a minicircle (MC). A MC is double-stranded
DNA devoid of the bacterial backbone that enhances the stability of the integrated transgene. Intron 3 of
the Tubb3 gene was targeted using a donor DNA, Tubb3int3-SATI. This donor included sequence
identical to the target genome, including exon 4, GFP, and the 7ubb3 3’ UTR, thus possessing one
homology arm for the target site. In addition, a Cas9 cleavage site is included to flank the donor sequence
in order to give HITI the capacity for mediated target integration. Therefore, the intracellularly linearized
donor DNA plasmid can then be used for repair by the NHEJ pathway, allowing for its unidirectional
integration into the genomic DSB site via HITI (FIG. 1A; FIG. 6B). A series of donors, including
previously developed exon-targeting HITI, conventional HDR, and HMEJ, which is a combination vector
that carries two homology arms and cutting sites (Tubb3ex4-HITI, Tubb3ex4-HDR, and Tubb3int3-
HME]J respectively), were also constructed for comparison (FIGs 1B-D; FIGs. 5A, 5B and 6A).
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[00289] Sets of donor DNAs, gRNAs with mCherry expression vector (GRNA-mCherry), and

Cas9 were co-transfected into mouse primary neurons. To ensure that the gene-editing was occurring in
post-mitotic neurons, the cells were incubated in EdU, allowing verification of the timing where neurons
in culture become post-mitotic and which cell populations were transfected. Five days post-transfection,
correct gene knock-in was confirmed by immunocytochemistry (FIG. 1E, FIG. 1F; FIG. 8A). Using the
intron 3 targeting donor (Tubb3int3-SATI), it was detected, as expected, the Tubb3-GFP fusion protein in
the cytoplasm. Tubb3-GFP co-localized with B-III-tubulin / Tuj1, the product of the 7ubb3 gene.
Moreover, GFP-positive (GFP+) cells were negative for EQU (EdU-), demonstrating that the intronic gene
knock-in approach worked in non-dividing neurons (FIG. 1F; FIG. 8B).

[00290] GFP knock-in efficiency and donor sequence at the integration site were compared for
different combinations of donors and gRNAs. Similar to previous work, GFP knock-in efficiency was
very low (~0.07% of the transfected cells) using a conventional HDR donor (Tubb3ex4-HDR) that
harbored two homology arms for the cutting site on the genome (FIG. 1C, FIG. 1G). No-homology HITI
donor (Tubb3ex4-HITI) achieved efficient NHEJ-mediated GFP knock-in by HITI (36.25% of transfected
cells) (FIG. 1B, FIG. 1G), in agreement with previous data. Using Tubb3int3-SATI, knock-in events
were observed when either only target was cut at intron 3 in the genome, or only the Tubb3int3-SATI
donor was cut, although GFP knock-in efficiency was low (6.3% and 2.7% per transfected cells) (FIG.
1A, FIG. 1G). Surprisingly, the junction site of the donor with GFP inserted at the targeted locus
remained intact, like the targeted genome sequence, i.¢. the sequence of the junction site of the gRNA
targeting sequence showed no features of HITI (FIG. 1H; FIG. 8C). Therefore, it was speculated that an
unknown, non-canonical HDR pathway inserted the donor DNA when a single homology arm was used.
The utilization of this non-canonical HDR was referred to as one-armed HDR (0oaHDR), distinguishing it
from conventional HDR which utilizes two homology arms for the chromosomal cutting site (FIG. 1A,
FIG. 1C). By simultaneously cutting the genome and one-homology arm donor DNA (Tubb3int3-SATI),
efficient GFP knock-in was observed (~37% of transfected cells) (FIG. 1G). The efficiency was
equivalent for exon-targeted no-homology HITI donor (Tubb3ex4-HITI, ~36%), and also comparable to
the efficiency seen for the HMEJ donor (Tubb3int3-HMEJ, ~40%) (FIG. 1G). In addition, when Cas9
was replaced with Cas9 nickase (Cas9D10A), which introduces a single-strand break (SSB), GFP knock-
in efficiency was extremely low, suggesting that HITT and oaHDR need DSBs, not SSBs (FIG. 8D).
While analyzing the gene editing events after GFP integration with double digestion of donor Tubb3int3-
SATI and chromosomal target, ~95% of gRNA target sites showed a feature of oaHDR, which shows no
difference in genomic sequence except for the GFP insertion (FIG. 1H; FIG. 8C). Only 5% of GFP
knock-in events were mediated by HITI, suggesting that the donor DNA was inserted mainly via oaHDR,
which is expected to require the participation of elements of both NHEJ- and HDR-related pathways.
[00291] Together, these results suggest that a non-canonical HDR occurs in neurons when a
single-homology arm donor cut at least either the donor or chromosomal target sequence. Knock-in
efficiency is significantly increased by cutting both the donor and chromosomal target (FIG. 1G). In

summary, a genome targeting system, termed “intercellular linearized Single homology Arm donor
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mediated intron-Targeting Integration (SATI),” was successfully developed which induces DSB at both

the donor and chromosomal target and utilizes features of both HITI and oaHDR. Using this system to
target introns provides flexibility in designing gRNAs specific for a wider range of genome sequences and
minimizes the effects of NHEJ-created indels (FIGs 6B, 6C and 7A, 7B).

Example 2: Measurement of oaHDR and HITI based knock-in efficiency in dividing cells

[00292] DNA repair by canonical HDR can only efficiently occur during the S-G2 phase of the
cell cycle, making it inaccessible to non-dividing cells. To test the range of potential applications for
SATI, it was determined whether oaHDR takes place in dividing cells i vifro. Genetically modified
human HEK293 cells and human embryonic stem (hES) cell lines were used that harbored a mutated GFP
transgene expressed under the EF1o promoter. Knock-in efficiencies were compared via HDR- or
oaHDR-mediated targeted integration using three functional gRNAs: gRNA1, gRNA2 and gRNA3 (FIG.
9A, FIG. 9B). The conventional two homology arm donor mediated HDR is active in these cells
consistent with previous reports. Interestingly, it was observed that very few knock-in events when both
genomic and donor DNAs were cut simultaneously, suggesting that the oaHDR -mediated integration only
slightly occurs in dividing HEK293 and hES cells (FIG. 9C, FIG. 9D). To potentially increase oaHDR
efficiency in dividing cells, knock-ins were performed during different phases of the cell cycle. Non-
dividing cells, such as neurons, exhibit high levels of oaHDR and are arrested in the GO/G1 stage.
Therefore, it was speculated that arresting proliferative cells in GO/G1 may boost the oaHDR-mediated
integration. To examine this possibility, cells were arrested in G1 (using Lovastatin or by expressing a
Gl-phase specific Cas9, Cas9-Cdtl) and an increase in oaHDR activity was not observed in G1-phase-
specific genome editing, suggesting that G1 arrest does not boost oaHDR-mediated integration (FIGs
10A-10E).

[00293] In contrast, in actively dividing cells, the activity of HITI was one order of magnitude
higher than for conventional HDR (18.2% vs 1.4% in HEK293 cells; 111.6 vs 11.4 per 10° hESCs), as
demonstrated by the knock-in of an mCherry reporter into HEK293 and hES cells (FIGs 11A-11C).
Using a SATI construct, therefore, the integration can predominantly undergo either via the non-canonical
ong-armed HDR (in non-dividing cells) or via HITI (in active dividing cells), with a higher efficiency
compared with HDR (FIG. 11D).

Example 3: Gene correction of a dominant mutation using SATI

[00294] To show the versatility of the SATI strategy for targeting, SATI was used to correct a
dominant mutation in exon 11 of the Lamin A/C, Lmna gene (c.1827C>T; p.Gly609Gly) using a progeria
model mouse. This mutation results in the production of an abnormal form of Lamin A protein called
progerin, whose accumulation causes pathological changes in multiple tissues '**'. To correct this
dominant mutation, AAV and minicircle vectors were constructed that contained the SATI-mediated
gene-correction donor (AAV-Progeria-SATI and MC-Progeria-SATI, respectively) (FIG. 2A; FIG. 12A).
These Progeria-SATI donors contained one 1.9-kb homology arm (including wild-type exon 11, exon 12,
and the 3°’UTR of the Lmna gene) sandwiched by the intron 10 gRNA target sequence and AAV-Progeria-
SATI included the intron 10 gRNA expression cassette. It was hypothesized that both HITI- and oaHDR-
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mediated targeted gene knock-in would result in production of the wild type Lmna gene transcript (FIG.

2A).

[00295] To determine whether gene correction of the ¢.1827C>T mutation was successful and
determine the ratio of oaHDR- and HITI-mediated knock-in, mouse embryonic fibroblast (MEF) and
primary neurons were isolated from progeria mice (FIG. 12B). Of note, MEFs exhibit low HDR activity,
even though they are highly proliferative. Progeria-SATI donors were delivered to these cells by
transfection or infection. AAV-Progeria-SATI was also injected with AAV-Cas9 into the adult brain of
progeria mice. Genomic DNA was extracted from the edited progeria cells or brain tissue. Since the DNA
delivery efficiency is low for these cells and tissue, the corrected sequence was first enriched by cutting
with BstXI enzyme, which specifically recognizes the non-corrected allele, and then analyzed by Sanger
sequencing. Gene-corrected events were observed, and both oaHDR (80-90%) and HITI (10-20%) were
evident in the gene-corrected cells, suggesting that SATI-mediated gene correction has been achieved for
dominant point mutation causing progeria, and that the oaHDR-mediated integration for the SATI donor
was predominant in these cell types (FIG. 2B).

[00296] To determine the pathway responsible for oaHDR- and HITT-mediated gene knock-in,
wild type primary neurons transfected with the Tubb3-GFP knock-in SATI system (Tubb3int3-SATI
donor, Cas9, dual cut gRNA) were studied together with shRNAs against genes involved in DSB repair
pathways (FIG. 13A, FIG. 13B). GFP knock-in efficiency of the SATI donor was affected by shRNAs
targeting DSB repair-related genes including the canonical NHEJ (cNHEJ) (Ku 70, and Ku80), alternative
NHEJ (altNHEJ) (Lig3 and Xrcel) and HDR (Rad50 and Rad51) pathways. Changes in the ratio of
oaHDR and HITT were examined in progeria MEFs (FIG. 2C). Ku80 knockdown eliminated HITI-
mediated knock-in. This is consistent with our previous results, where it was demonstrated that HITI is a
canonical NHEJ mediated knock-in machinery. In contrast, Lig3 knockdown moderately increased HITI
(21.9% from 12.6% in control), suggesting that alternative end-joining (altNHEYJ) is involved in oaHDR-
mediated gene knock-in. Interestingly, Rad5/ knockdown resulted in large deletions, suggesting that
Rad51 may stabilize the genomic structure during SATI-mediated gene modification. These results
indicate that gene knock-in by the SATI system is mediated by multiple DSB repair pathways (FIG.
13C).

Example 4: SATI-mediated svstemic gene correction of a dominant mutation iz vivo

[00297] To test the ability of SATI to correct a dominant mutation iz vivo, AAV-Progeria-SATI,
was systemically delivered together with an AAV expressing Cas9, via intravenous (IV) injection into

%
neonatal Lmna®®"? 5%

progeria mice at postnatal day 1 (P1) (FIG. 2D). The SATI donor was packaged
in serotype 9 AAVs, based on their ability to infect a wide range of tissues. Genomic PCR and Sanger
sequence analyses at day 100 revealed that SATI-mediated targeted gene knock-in occurred in several
tissues, including the liver, heart, muscle, kidney, and aorta even though the efficiency varied (FIGs 14A-
14B). The frequency and sequence of indels was determined at the gRNA target site in intron 10, as well
as the efficiency of SATI-mediated gene correction (2.06% in the liver and 0.34% in the heart) using next-

generation sequencing (NGS) in several organs at day 100 (FIG. 15A). Of note, to exclude the possibility

-69-



CA 03152056 2022-02-22
WO 2021/034336 PCT/US2019/052266
that the observed events are due to a PCR artifact, control progeria mice were included, which were

injected with only donor AAV (labeled as “Pro + donor™) for NGS experiments. It is notable that the
gRNA target site was in intron 10 of the Lmna gene, and the size of the indels were small, and not
expected to affect the splicing of the Lmna transcript (F1Gs 15B-15D).

[00298] To study off-target effects of SATI in vivo, mutation rates associated with the ten highest-
ranked off-target sites for the Lmna intron 10 gRNA were examined. Liver tissues treated with SATI were
analyzed via NGS, revealing only minimal indels at computationally predicted off-target sites (FIG. 15E).
Next, potential off-target integration of donor DNA was examined in the other regions of the genome by
5’RACE and sequencing to identify the upstream sequence of the exon 11 of Lmna mRNA transcribed
from the integrated donor DNA in liver and heart (FIG. 16A). On-target integration was detected at the
Lmna locus in the liver and heart of treated progeria mice (FIG. 16B). However, several exons of A/b and
Myh6 genes were captured in the liver and heart, respectively, suggesting the possibility for the donor
DNA to be trapped in the open-chromatin regions (FIG. 16C, FIG. 16D). Importantly, the expression
level of the A/b gene is more than 10,000-fold higher than Zmna gene in liver, suggesting that the trapped
donor-derived fusion transcript is significantly less compared to the wild type endogenous A/h gene
transcript, and that this minimal off-target integration should not affect the tissues, unless the fusion
protein initiates tumorigenesis (FIG. 16E).

[00299] To evaluate SATI-mediated oaHDR and HITI efficiency in vivo at day 100, ~600 bp was
amplified that included the gRNA target sites and the ¢.1827C>T mutation site and determined the
efficiency by paired-end sequencing. It was estimated that the percentage of gene correction was 2.07% in
the liver and 0.14% in the heart, similar to the above NGS results (FIGs. 2E, 2F; FIG. 15A). Morcover,
oaHDR events were observed in liver and heart analyses by paired-end sequencing after in vivo systemic
SATI treatment (FIG. 2G). Although this number may seem low, it is important to note that the gene-
corrected cells are still present in some organs even 100 days after treatment and that correction efficiency
was sufficient to elicit SATI-mediated phenotypic rescue in several tissues and organs (see below).
Example 5: Phenotvpic rescue of progeroid syndrome by SATI

[00300] Progeria mice typically exhibit progressive weight loss and shortened lifespan. These
phenotypes were delayed by SATI treatment (FIG. 3A; FIG. 17A), with a slowdown of progressive
weight loss and a median survival time was significantly extended by 1.45-fold (untreated and SATI-
treated animals survived 105 and 152 days in median survival, respectively). The Lmna gene encodes for

both Lamin A and Lamin C proteins, the Lnna®*?%%¢

mutation results in abnormal splicing of just the
Lamin A transcript (FIG. 2a). Quantitative RT-PCR analysis of SATI treated progeria mice revealed an
increase in wild-type Lamin A transcript in total Lamin C transcript (~3.5-fold) and a decrease in the
Progerin transcript in total Lamin A transcript (~5.4-fold) in the liver, heart, and aorta on day 100 (FIG.
3b).

[00301] In 3-month old progeria mice, age-associated pathological changes are typically observed

in multiple organs, including skin, spleen, and kidneys. These aging phenotypes were diminished in 17-

week-old progeria mice that received the SATI treatment (FIGs 3C-3F; FIG. 17B). SATI-treated mice
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showed increased epidermal thickness, a rescue of germinal centers in the spleen, and decreased tubular

atrophy in the kidney. Using established tail tip fibroblasts (TTFs) from SATI treated mice at day 70, a
knock-in event and protein levels in these cells were tested but were unable to detect any knock-in by
PCR (FIG. 17C). Instead, SATI treatment slightly decreased Progerin/LaminA protein levels and partially
rescued the nuclear envelope abnormalities typically observed in progeria (FIGs 17D-17F). Progeria mice
carry the mutant allele (the ¢.1827C>T; p.Gly609Gly mutation), which is equivalent to the Hutchinson-
Gilford progeria syndrome (HGPS) ¢.1824C>T; p.Gly608Gly mutation in the human ZANA gene.
Complications related to atherosclerosis, including cardiovascular problems or stroke, are the eventual
causes of death for most patients with HGPS (or progeria). Progeria mice present histological and
transcriptional alterations characteristic of progeroid symptoms, and reminiscent of the main clinical
manifestations of human HGPS, including shortened life span and cardiovascular aberrations. Therefore,
the aorta and heart rate of progeria mice were analyzed. SATI treatment increased the number of nuclei in
the smooth muscle layer of the aortic arch, compared with untreated controls (FIG. 3G).
Electrocardiogram (ECG) recordings revealed that SATI treatment prevented the progressive development
of bradycardia, which is usually observed in progeria mice (FIG. 3H).

[00302] Since almost all patients with HGPS are heterozygous for the same dominant ¢.1824C>T

/6909y were also treated with SATI. Median survival of

mutation, heterozygous progeria mice (Lmna
these heterozygous mice was also improved following SATI treatment (untreated and SATI-treated
animals survived 323 and 403 days in median survival, respectively) (FIG. 3A). Importantly,
morphological/histological alterations were not observed in wild-type mice treated with SATI for over
500 days (FIG. 17G), suggesting that the deleterious effects of the observed off-target integrations are of
little consequence. Collectively, these data demonstrate that SATI can be used to correct dominant
mutations in vivo to prevent the development of pathological phenotypes.

Example 6: In vivo correction in adult tissues using SATI

[00303] Patients with HGPS are diagnosed at a median age of 19 months (range, 3.5 months to 4.0
years). Similarly, many other diseases caused by dominant mutations are diagnosed well beyond the
neonatal stage. It was determined whether delivering SATT later in life could provide therapeutic benefits.
The SATI system was delivered to 10-week old progeria mice through local intramuscular (IM) injection.
Skeletal muscle is one of the affected tissues in progeria mice (FIG. 4A). Three weeks post-injection, the
fiber size distribution of the injected tibialis anterior muscle was improved in SATI-treated progeria mice
(FIG. 4B, FIG. 4C). Together with the successful gene knock-in by SATT in the adult post-mitotic mouse
brain (FIG. 2B), these results suggest that local gene repair in specific tissues at juvenile or adult stages
could provide a complementary treatment option for patients with dominant mutations.

Example 7: Materials and Methods

Plasmids and Minicircle DNA

[00304] To construct gRNA expression vectors, each 20 bp target sequence was sub-cloned into
pCAGmMCherry-gRNA (Addgene 87110) or gRNA Cloning Vector (Addgene 41824). The CRISPR-Cas9
target sequences (20 bp target and 3 bp PAM sequence) used in this study are shown as following: 7ubb3
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intron 3 targeting gRNA (int3gRNA-mCherry: GAAGGCTGACCTATTTATCCAGG), gRNA2

(GGTCGCCACCATGGTGAGCAAGQG), gRNA3 (CAGCTCGACCAGGATGGGCACGG), and Lmna
intron 10 targeting gRNA (Lmna-gRNA-mCherry: CCCATAAGTGTCTAAGATTCAGQG). The
Scramble-gRNA (mScramblegRNA-mCherry; GCTTAGTTACGCGTGGACGAAGG), gRNA1
(CAGGGTAATCTCGAGAGCTTAGG), and 7ubb3 exon4 targeting gRNA (ex4gRNA-mCherry;
GCTTAGTTACGCGTGGACGAAGQG) expression plasmids have been previously used. hCas9 (Addgene
41815) and tGFP (Addgene 26864) were purchased from Addgene. The enhanced version of Cas9
(pCAG-1BPNLS-Cas9-1BPNLS (Addgene 87108) and pCAG-1BPNLS-Cas9-1BPNLS-2AGFP
(Addgene 87109), IRESmCherry-HDR-0c¢, IRESmCherry-MC and Tubb3ex4-HDR, Tubb3ex4-HITI
(pTubb3-MC: Addgene 87112). Minicircles (MCs) are double strand DNA devoid of the bacterial
backbone and are shown to enhance the stability of the integrated transgene. To construct SATI donor for
mouse 7ubb3 (pMC-Tubb3int3-SATI and pMC-Tubb3int3-scramble), gRNA target sequence and one-
side homology arm including GFP was amplified from pTubb3-HR, then subcloned into Apal (NEB
#R0114S) and Smal (NEB #R0141S) sites of the minicircle producer plasmid (pMC.BESPX from System
Biosciences #MN100B-1) using In-Fusion HD Cloning kit (Clontech #639650). To construct HMEJ
donor for mouse 7ubb3 (pTubb3int3-HMEJ), the unnecessary homologous sequence was removed from
the inserting cassette by inserting a codon optimized exon 4 and non-translated sequence derived from rat
genome. The mouse 7Tubb3 exon 4 was codon optimized and synthesized in IDT. Part of intron 3
including splicing acceptor site, 3’UTR and downstream were amplified from rat genome isolated from
Brown Norway rat. Two homology arms (left arm: 1.0 kb, right arm: 1.2 kb) were amplified from mouse
genomic DNA, then assembled with the inserting cassette. The assembled fragment was sandwiched by
two gRNA target sequences and subcloned into pCAG-floxSTOP plasmid following the above strategy.
To construct SATI donor for progeria gene correction (pMC-progeria-SATI), gRNA target sequence and
one side homology arm including ¢.1827C was amplified from wild type C57BL/6 mouse genomic DNA,
then subcloned into pMC.BESPX following the above strategy. These parental pre-minicircle DNAs were
removed backbone DNA and generated as minicircle DNA vector as described in the previous paper. To
construct NG PAM xCas9 (pCAG-1BPNLS-xCas9-1BPNLS), xCas9 3.7 (Addgene 108379) (Addgene
plasmid # 108379 ; http://n2t.net/addgene: 108379 ; RRID:Addgene 108379). The xCas9 3.7 was
amplified by PCR, then inserted in pCAG-1BPNLS-Cas9-1BPNLS using In-Fusion HD Cloning kit. To
construct NG PAM SpCas9-NG (pCAG-1BPNLS-SpCas9NG-1BPNLS), SpCas9-NG were synthesized
in IDT, then inserted in pCAG-1BPNLS-Cas9-1BPNLS using In-Fusion HD Cloning kit. To construct
cell-cycle specific Cas9, Cdtl and Geminin were synthesized in IDT, then inserted in pCAG-1BPNLS-
Cas9-1BPNLS (Addgene 87108) using In-Fusion HD Cloning kit. The generated pCAG-1BPNLS-Cas9-
Cdtl and pCAG-1BPNLS-Cas9-Geminin are G1- or S/G2/M- phase specific Cas9 expression plasmid,
respectively. To construct nickase Cas9 (pCAG-1BPNLS-Cas9D10A-1BPNLS), D10A point mutation
was inserted into pCAG-1BPNLS-Cas9-1BPNLS (Addgene 87108) using In-Fusion HD Cloning kit.
shRNA expression vectors (pLKO-shRNA) were purchased from Sigma (FIG. 13A). For the control,
pLKO-shRNA-Scramble was used. To construct donor/gRNA AAVs for SATI-mediated progeria gene
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correction, one side homology arm including ¢.1827C was amplified from wild type C57BL/6 mouse

genomic DNA, then the homology arm was sandwiched by Cas9/gRNA target sequence, Lmna intron 10
gRNA expression cassette and mCherryKASH expression cassettes were subcloned between ITRs of
PX552 purchased from Addgene (Addgene 60958), and generated pAAV-Progeria-SATL pAAV-
nEFCas9 (Addgene 87115).

AAV Production

[00305] All of AAVs (AAV-progeria-SATI and AAV-nEFCas9) were packaged with serotype 9
and were generated using standard protocols.

Animals

[00306] ICR and C57BL/6 were purchased from the Jackson laboratory. The mouse model of
Hutchinson-Gilford progeria syndrome (HGPS) carrying the Lmna G609G (c.1827C>T) mutation
(Progeria) was generated by Carlos Lopez-Otin at the University of Oviedo, Spain. All mice used in this
study were from mixed gender, mixed strains and age from E12.5 to 17 months and later.

Primary Culture of Mouse Neurons

[00307] Mouse neurons were obtained from the cortex of E14.5 ICR mice brains or P0.5 progeria
mice brains. Brain dissection was performed in a cold solution of 2% glucose in PBS. Then tissue was
dissociated with Accutase (Innovative Cell Technologies #AT104), and the suspension was transferred
across a 40 um cell strainer to get a single cell suspension. Cells were plated in a ratio of 200,000 cells per
each 12 mm poly-D-lysine coverslip (Neuvitro #H-12-1.5-PDL) with Neurobasal media (Gibco #21103-
049) supplemented with 5 mM taurine (Sigma #T8691-25G), 2% B27 (Gibco #17504-044) and 1x
GlutaMAX (Gibco #35050-061). Cultures were maintained on standard conditions (37°C in humidified
5% CO,/95% air). Half volume of culture media was replaced every other day. The disappearance of the
proliferative neuronal progenitors was tracked present in the primary culture by 10 uM EdU-pulses every
day after plating (using EdU from kit Invitrogen #C10640). 5 days after culture, the percentage of EAU+
cells was reduced until basal levels, then experiments proceed with such post-mitotic cell population for
further experiments.

Transfection and AAV Infection of In Vitro Cultured Primary Neurons

[00308] For transfection of minicircles or plasmids, CombiMag (OZBiosciences #CM20200)
reagent in combination with Lipofectamine 2000 (Invitrogen #P-N52758) was used for transfection of
mouse primary neurons according manufacturer’s instructions. Plasmids of Cas9, gRNA, and shRNAs
were transfected in a ratio of 1 pg each per 1 mL, while donors at ratio of 2 pg per mL of culture media
after 5 days in culture. The following combinations of donor and gRNA were transfected in primary
neuron (single homology arm / chromosome cut: MC-Tubb3int3-scramble and int3gRNA-mCherry;
single homology arm / donor cut: MC-Tubb3int3-scramble and mScramblegRNA-mCherry; single
homology arm / donor- chromosome dual cut (SATI): MC-Tubb3int3-SATI and int3gRNA-mCherry;
Exon 4 targeting HITI: Tubb3ex4-HITI and ex4gRNA-mCherry; Exon 4 targeting HDR: Tubb3ex4-HDR
and ex4gRNA-mCherry); and Intron 3 targeting HMEJ: Tubb3int3-HMEJ. For AAV infection, the AAV
mixtures (AAV9-nEFCas9 [2x10" genome copy (GC)] and AAV9-Progeria-SATI [2x10" GC]) were
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infected into primary culture in 6-well scale after 5 days in culture. Cells were analyzed by following

methods after 5 days of transfection or infection.

Immunocytochemistry of Primary Neurons

[00309] Fixation performed 15 minutes in 4% paraformaldehyde solution. Blocking and
permeabilization for 1 hour at room temperature with 5% Bovine Serum Albumin (BSA, Sigma #A1470-
100) and 0.1% Triton-X100 (EMD #TX1568-1) in PBS. Primary antibodies were diluted in PBS and
incubated overnight at 4°C in a wet chamber at the following concentrations [1:1,000] anti-GFP (Aves
#GFP-1020) or [1:250] anti-BIII-tubulin (Sigma #T2200-200UL). Next day, cells were incubated with
secondary antibodies: [1:1,000] Alexa-Fluor 488 or 647 (Thermo Fisher, #A11039 and #A21244). Five
washing steps with 0.2% of Tween 20 (Fisher #BP337-500) in PBS were performed to remove the excess
of primary and secondary antibodies after their respective incubation. Then, cells were mounted using
DAPI-Vector Shield mounting media (Vector #H-1200). To determine the proliferation status, EdU was
detected by Click-iT EdU kit according manufacturer instructions (Invitrogen #C10640).

Image Capture and Processing of Primary Neurons

[00310] Immunocytochemistry samples of neuronal primary culture were visualized by confocal
microscopy using a Zeiss LSM 710 Laser Scanning Confocal Microscope (Zeiss) for detection and
quantification of GFP knock-in efficiency. For quantification purposes, the percentage of GFP+ cells was
calculated regarding the total transfected cell mCherry+ per coverslip by direct counting. Representative
pictures were acquired with Airyscan LSMS880 (Zeiss). For imaging purposes, at least five pictures were
obtained from each sample. Our cultures were derived at least from 30 different litters, the exact n values
are described in each figure. Images were processed by ZEN2 Black edition software (Zeiss), ICY
software for bio-imaging version 1.9.5.1 (http://icy bioimageanalysis.org/), and NIH ImagelJ (FLIT)
software according the experimental requirements.

Genotyping of Cultured Primary Neuron

[00311] To determine GFP knock-in and distinguish between one-armed HDR (oaHDR) and HITI
events in the cultured primary neuron, genomic DNA was extracted using Pico Pure DNA Extraction Kit
(Thermo Fisher Scientific #KIT0103) or Blood & Tissue kit (QIAGEN #69506) according manufacturer’s
instructions. The GFP knock-in sequence including gRNA target site was first amplified with PrimeSTAR
GXL DNA polymerase (Takara #R050A) with following primers: mTubb3GFP-F1: 5°-
GCAGAACTCCCAGCACCACAATTTTCAACCATGNNNNNNNNACAGCCCTCATCTGACATCAC
AGTCTCAGC-3" and mTubb3GFP-R1: 5°-
GTTGCTTCTTTAACTTATGTGACTCCAGACAGTTGTTTCCTATGAAGGCTCCGTTTACGTCGCC
GTCCAGCTCGACCAG-3’. Then, the PCR product was nested using the following primers and 1st PCR
product as a template. mTubb3GFP-F2: 5’-GCAGAACTCCCAGCACCACAATTTTCAACCATG-3’
and mTubb3GFP-R2: 5°-
GTTGCTTCTTTAACTTATGTGACTCCAGACAGTTGTTTCCTATGAAGGCT-3". PCR products
were cloned into the pCR-Blunt II-TOPO vector with Zero Blunt TOPO cloning kit (Invitrogen #450245).
Amplicons were sequenced using an ABI 3730x1 sequencer (Applied Biosystems) and the ratio of oaHDR
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and HITI was determined from the gRNA target sequence. Of note, the NNNNNNNN in the

mTubb3GFP-F1 primer is barcode sequence to distinguish each origin. To avoid an inaccuracy by PCR
bias, it was counted as one if the PCR products contain same barcode sequence.

Generation and Culture of GI'P-correction HEK293, HelLa and hES Cell Lines

[00312] The mutated GFP gene-based reporter system to assess the knock-in efficiency in
dividing cells and optimize the SATI method in HEK293 and hES cells were established previously. The
mutated GFP gene-based reporter line in HeLa cell was established by following previously used
protocols. hES cells were cultured as previously described. HEK293 and HelLa cells were cultured with
HEK?293 medium containing DMEM (Gibco #11995-040), 10% heat-inactivated Fetal Bovine Serum
(FBS, Gibco #16000-044), 1x GlutaMAX, 1x MEM Non-Essential Amino Acids (Gibco #11140-050) and
Ix Penicillin Streptomycin (Gibco #15140-122).

Measurement of Targeted Gene Knock-in Lfficiency in GFP-correction HEK293, Hela, and hES Cell
Lines

[00313] To measure the targeted gene knock-in efficiency of HDR, oaHDR and HITI in GFP-
correction HEK293, hES and Hela cell lines, Lipofectamine 3000 (Invitrogen #L3000008) and FuGENE
HD (Promega #E2311) were used for transfection of HEK293/HeLa-derived cell lines and human ES-
derived cell line, respectively. Transfection complexes were prepared following the manufacturer
instructions. Cas9 expression plasmid (hCas9 [HEK293 and HeLa cell] or pPCAG-1BPNLS-Cas9-
IBPNLS [hESCs]), gRNA (gRNA1, gRNA2, and/or gRNA3) and donor DNA (tGFP) were used for
transfection. gRNAT1 was used to measure HDR efficiency. Co-transfection of gRNA2 and gRNA3 was
used to measure oaHDR efficiency. gRNA2 or gRNA3 single transfections were used as controls to cut
only genomic DNA and only DNA donor, respectively. For GFP-correction HEK293 cell line, plasmids
of Cas9, gRNA and donor were transfected in a ratio of 1 pg each per reaction for 12-well scale. For GFP-
correction hES cell line, 0.5 pug of Cas9 expression vector, each 0.5 pug of gRNA expression plasmids
vector and 1 pg of donor vector were co-transfected for 6-well scale. For GFP-correction Hela cell line,
plasmids of Cas9, gRNA and donor were transfected in a ratio of 0.5 ug each per reaction for 12-well
scale. To compare the HDR and HITI efficiency in HEK293 and hESC cells, pCAG-1BPNLS-Cas9-
IBPNLS, gRNA1 and donor DNAs (IRESmCherry-HDR-0c¢ or IRESmCherry-MC) were co-transfected.
A promoterless IRESmCherry minicircle DNA (IRESmCherry-MC) was used to measure HITI efficiency.
A promoterless IRESmCherry with two-homology arms plasmid (IRESmCherry-HDR-0c) was used to
measure HDR efficiency. The efficiencies of targeted gene knock-in via HDR, oaHDR and HITI were
determined 6 days after transfection by the number of GFP+ or mCherry+ cells by FACS LSR Fortessa
(BD) or CytoFLEX S (Beckman coulter). To arrest G1 phase, 20 uM Lovastatin (Sigma #1370600) was
treated in HeLa by following previous studies. To examine the effect of cell-cycle specific genome
editing, pCAG-1BPNLS-Cas9-1BPNLS, pCAG-1BPNLS-xCas9-1BPNLS, pCAG-1BPNLS-SpCasONG-
IBPNLS, pCAG-1BPNLS-Cas9-Cdtland pCAG-1BPNLS-Cas9-Geminin were also transfected in
HEK?293 or HeLa cells instead of hCas9. Cell cycle was determined by propidium iodide (PI) (Sigma
#P4170) staining and FACS analysis as following the previous study.
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Surveyor Assay

[00314] To examine the efficacy of the generated gRNA1, gRNA2 and gRNA3, Surveyor assay
was performed in HEK293 cells as described previously.

Establishment and Maintenance of Progeria Mouse Embryonic Fibroblasts (MEFs)

[00315] Mouse Embryonic Fibroblasts (MEFs) were isolated from Progeria (Lmna %%
embryos at E12.5 and maintained on standard conditions (37°C in humidified 5% CO,/95% air) in
DMEM, 10% heat-inactivated FBS, 1x GlutaMAX, 1x MEM Non-Essential Amino Acids and 1x
Penicillin Streptomycin. Progeria MEFs (passage 5) were transfected with pCAG-1BPNLS-Cas9-
IBPNLS-2AGFP, pCAGmCherry-Lmna-gRNA, MC-progeria-SATI, and pLKO-shRNAs using
Nucleofection P4 Kit (Lonza #V4XP-4024). Two days later, the transfected cells were treated with
Puromycin (final 1 pg/mL, Gibco #A11138-03) to select shRNA transfected cells and harvested the MEFs
two days later for genomic DNA extraction using PicoPure DNA Extraction Kit.

Stereotaxic AAV Injection in the Adult Brain

[00316] The 8-week-old Progeria (Lmna“*“®%) mice received AAV injections with 1:1
mixture of AAV9-nEFCas9 (5.33x10" genome copy (GC)/mL) and AAV9-Progeria-SATI (2.26 x10"
GC/mL). Mice were anesthetized with 100 mg/kg of ketamine (Putney) and 10 mg/kg of xylazine
(AnaSed Injection) cocktail via intraperitoneal injections and mounted in a stereotaxis (David Kopf
Instruments Model 940 series) for surgery and stereotaxic injections. Virus was injected into the center of
V1, using the following coordinates: 3.4 mm rostral, 2.6 mm lateral relative to bregma and 0.5-0.7 mm
ventral from the pia. 3 ul. of AAV was injected using a 33 Gauge neuros syringe (Hamilton #65460-06).
To prevent virus backflow, injected needle was left in the brain for 5-10 minutes after completion of
injection. After injection, skull and skin were closed, and mice were recovered on a 37°C warm pad. Mice
were housed for two weeks to allow for gene knock-in. After three weeks later, injected site was harvested
and/or extracted the genomic DNA by using Blood & Tissue kit for following experiment.

Evaluation of oaHDR/HITI Events in Progeria Mice by Sanger Sequence

[00317] Genomic DNA is extracted from progeria MEF, primary neuron, and brain tissue,
respectively. To enrich the corrected sequence, the junction site of gene knock-in sequence including
gRNA target site was first amplified with PrimeSTAR GXL DNA polymerase with following primers:
LMNAex1INGSI-F: 5°- TGCATGCTTCTCCTCAGATTTCCCTGCAACAA-3" and LMNAex11NGS1-
R: 5°- GATGAGGGTAAAGCCAAGGCAGCAGGACAAA-3’. Then, the PCR product was nested using
the following primers and 1st PCR product as a template. mLMNAex11-F4: 5°-
TCCTCAGATTTCCCTGCAACAATGTTCTCTTTCCTTCCTGT-3" and mLMNAex11-R4: 5°-
TGTGACACTGGAGGCAGAAGAGCCAGAGGAGA-3’. Using this PCR products, BstXI enzyme
(NEB #R0113S) digestion at 37°C which could recognize only uncorrected mutation was performed.
Using the BstXI digested products, the junction site of only gene knock-ined sequence including gRNA
target site was amplified with following primers: LMNAenrich2-F: 5°-
AACAATGTTCTCTTTCCTTCCTGTCCCC-3" and LMNA enrich2-R: 5°-
CAGAAGAGCCAGAGGAGATGGAT-3". Final PCR products were cloned into the pCR-Blunt II-TOPO
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vector with Zero Blunt TOPO cloning kit. Amplicons were sequenced using an ABI 3730x1 sequencer

(Applied Biosystems).
Intravenous (IV) AAV Injection for a Gene Delivery of Targeting Vectors
[00318] The newborn (P1) Lmna®®“®C (Progeria), Lmna "% (Heterozygous Progeria) and

+H+
Lmna”

(WT) mice were used for IV AAV9 injection as following previous report. Briefly, P1 mice were
anesthetized and total 30 pL of AAV mixtures (AAV9-nEFCas9 (2x10"" genome copy (GC)) and AAV9-
Progeria-SATI (2x10"! GC)) was injected via temporal vein using 30 G insulin syringe (Simple
Diagnostics #SY 139319). After injection, bleeding was stopped by applying pressure using a cotton swab
and mice were recovered on a 37°C warm pad.

Genotyping of SATI Correction in the Progeria Tissues

[00319] To examine SATI-mediated knock-in event by Sanger sequence, genomic DNA was
extracted using Blood & Tissue kit according manufacturer’s instructions. The HITI-mediated gene
knock-in locus was amplified with PrimeSTAR GXL DNA polymerase with following HITI-specific
primers: mLmnaHITI-F1: 5°-CTGCCTTACCTTCTTCCTGCCCTTCCCTAGCCT-3" and mLmnaHITI-
R1: 57-ATGATGGGGGAAATAGCCAGGAAGCCTTCGAAA-3". For the internal control, Fanca gene
was amplified with following primers: mFA-3F: 5’-CGGCCTTCCACCATTGCAGAC-3" and mFA-3R:
5’-CCATGATCTCGCTGACAAGGACTG-3’. To determine the efficiency of indels at target site and
gene correction of mutation, Lmna intron 10 gRNA target site was amplified with PrimeSTAR GXL DNA
polymerase with following primers: mLmna-F1: 5’-TGCATGCTTCTCCTCAGATTTCCCTGCAACAA-
3" and mLmna-R1: 5°-GATGAGGGTAAAGCCAAGGCAGCAGGACAAA-3". PCR products were
cloned into the pCR-Blunt II-TOPO vector with Zero Blunt TOPO cloning kit. Amplicons were
sequenced using an ABI 3730x1 sequencer (Applied Biosystems).

Measurement of Gene-correction Frequency by Targeted Deep Sequencing

[00320] To determine gene-correction efficiency, indel efficiency and large deletion, the relatively
large fragment (1. 4 kb) including on-gRNA cutting site and mutation site were amplified using
PrimeSTAR GXL DNA polymerase from the indicated organs in AAV infected mice (Progeria (Pro) +
donor, AAV-progeria-SATI only; Pro + SATI, AAV-Cas9 and AAV-progeria-SATI) after 100 days
injection with following primers: LMNAex1INGSI1-F: 5°-
TGCATGCTTCTCCTCAGATTTCCCTGCAACAA-3" and LMNAex1INGSI-R: 5°-
GATGAGGGTAAAGCCAAGGCAGCAGGACAAA-3’. For library construction, 2 nug PCR product was
treated with dsDNA fragmentase (NEB #M03438) for 18 minutes, purified by AxyPrep Mag
FragmentSelect Kits (Axygen # 14-223-160) and then prepared according to the instructions for BGISeq
Whole Genome Sequencing library preparation. Sequencing was done on a BGISeq-500 platform with
pair-end 100 (PE100) strategy. Raw data were filtered by SOAPnuke v1.5.6 using the following criteria:
N rate threshold 0.05, low quality threshold 20, low quality rate 0.2. 10 million clean reads of each sample
were mapped to house mouse reference sequences (GRCm38.p6) using BWA v 0.7.15 with standard
settings. For the editing status, alignment result is counted for the base composition of target site

¢.1827C>T in exon 11. All the insertion and deletion around gRNA cutting site was counted. Sequencing
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data were also analyzed by splited-reads methods to detect large deletions. Briefly, reads were split to

pairwise ends (split-reads) base by base with minimum length of 30 bp, and these pairwise ends were
aligned to the reference using Bowtie2 v2.2.5 with parameter -k 100. If the pairwise ends from a same
read individually mapped back to the sequences of PCR region, the distance of the two mapped regions
will be calculated and called as a deletion. All the samples went through the pairwise ends analysis, but no
large deletion (>42 bp) was found.

Measurement of Off-target Mutation and the Ratio of oaHDR and HITI by Targeted Deep Sequencing
[00321] The on-target site was amplified using PrimeSTAR GXL DNA polymerase from the
indicated organs in AAV infected mice (Pro + donor, AAV-progeria-SATI only; Pro + SATI, AAV-Cas9
and AAV-progeria-SATI) after 100 days injection. To determine off-target effect, top 10 predicted off-
target sites were also amplified using PrimeSTAR GXL DNA polymerase. Then PCR amplicons were
purified using Agencourt AMPure XP (Beckman coulter #A63380) and 2nd round PCR to attach lllumina
P35 adapters and sample-specific barcodes. The purified PCR products were pooled at equal ratio for single
and/or pair-end sequencing using Illumina MiSeq at the Zhang laboratory (UCSD). High quality reads
(score >23) were analyzed for insertion and deletion (indel) events and Maximum Likelihood Estimate
(MLE) calculation similar to previously described methods. Briefly, for off-target site analysis, raw reads
with an average Phred quality score of 23 were locally aligned to their respective on or off-target sites. All
reads were required to match 85% of the genomic reference region, and also span the entire 20 base-pair
target regions along with 5 base-pair flanking regions in both directions. Then such 30 base-pair regions
were analyzed for indels, with the final indel rate calculated by using maximum likelihood estimate
method similar to previously described methods that correct for background errors. On-target sites were
analyzed using a similar approach. High quality reads were analyzed for insertions and deletions within
the gRNA target £ 5 base-pair by matching the expected surrounding 10 base-pair flanking regions.
Correction efficiency was determined using a similar exact match approach to determine SNP identity
within reads that contained an indel event within the expected target region. As next generation
sequencing analysis of indels cannot detect large size deletion and insertion events, CRISPR-Cas9
targeting efficiency and activity shown above is underestimated. To distinguish oaHDR and HITI event,
the sequence of gRNA target and mutation sites was examined on the same read and separated the read in
6 categories (i.¢. no mutation, indels, correction by oaHDR with indels, correction by oaHDR without
indels, correction by HITI with indels, correction by HITI without indels and correction by undetermined
event) based on the sequence feature of gRNA target as well as the linkage of gRNA target and mutation
sites.

Data Availability of Target Deep Sequencing

[00322] Raw [llumina sequencing reads for this study have been deposited in the National Center
for Biotechnology Information Short Read Archive and accessible through SRA accession number
SRP126448. BGISeq-500 sequencing reads for this study have been deposited in the CNGB Nucleotide
Sequence Archive (https://db.cngb.org/cnsa/) of CNGBdb with accession code CNP0000221.

5~ rapid Amplification of cDNA Ends (RACE)-based Genome-wide Off-target Analysis
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[00323] SMARTer RACE 5°/3” Kit (Takara Bio USA, Inc. #634858) was used for performing the

5°- rapid amplification of cDNA ends (RACE) according to manufacturer’s instructions. 1 ug total RNA
was used for this reaction. Lmna exon 11-specific primers used in this experiment were 5°-
GATTACGCCAAGCTTCCCACACTGCGGAAGCTTCGAGT-3 for 1st PCR and 5°-
GATTACGCCAAGCTTACACTGGAGGCAGAAGAGCCAGAGGAGATGGA-3’ for nested PCR.
PCR products were cloned into the In-Fusion HD Cloning Kit. RACE fragments were sequenced using an
ABI 3730x1 sequencer (Eton Bioscience, Inc.). The captured exons which are located to upstream of Lmna
exon 11 were mapped on UCSC mouse genome browser (NCBI37/mm9) (https://genome.ucsc.edu/cgi-
bin/hgGateway?db=mm?9). The chromatin and expression status of the mapped A/b and Myh6 genes loci
were analyzed using H3K27ac ChIPSeq and RNASeq from Encode/LICR and DNase I hypersensitive
sites (DHSs) from Encode/ University of Washington. These data were obtained from liver or heart tissues
at adult 8-week-old mice.

RNA Analysis

[00324] Total RNA was extracted using RNeasy Protect Mini Kit (QIAGEN #74124) or RNeasy
Fibrous Tissue Mini Kit (QIAGEN #74704) according to manufacturer’s instructions, followed by cDNA
synthesis using Maxima H Minus ¢cDNA Synthesis Master Mix (Thermo Fisher Scientific #M1681).
TagMan or SYBR green Gene Expression Assays was performed with CFX384 Real-Time System C1000
Touch Thermal Cycler (Bio-Rad). TagMan probes (Thermo Fisher Scientific) used in this experiment
were Gapdh [Mm99999915 gl], LaminA [Forward primer: 5’ -GTGGCAGCTTCGGGGACAAC-3’,
Reverse primer: 5'-AGCAGACAGGAGGTGGCATGTG-3" and Probe: 5°-
CCCAGGAGGTAGGAGCGGGTGACT-3"], LaminC [Forward primer: 5°-
GCCTTCGCACCGCTCTCATCAAC-3’, Reverse primer: 5~ ATGGAGGTGGGAGAGCTGCCCTAG-
37 and Probe: 5’-CACCAGCTTGCGCATGGCCACTTCT-3"] and Progerin [Forward primer: 5°-
TGAGTACAACCTGCGCTCAC-3’, Reverse primer: 5°-TGGCAGGTCCCAGATTACAT-3" and Probe:
5’-CGGGAGCCCAGAGCTCCCAGAA-3’]. For A/b gene expression analysis, SsoAdvanced SYBR
Green Super mix (Bio-Rad # 1725274) was used with following primers [Forward primer: 5’-
CTGTCTGCAATCCTGAACCGTGTG-3" and Reverse primer: 5’ - AAGCATGGCCGCCTTTCC-37].
The datasets of the RT-qPCR were first normalized by a housekeeping gene, Gapdh and followed by the
ratio of LaminA/LaminC and Progerin/LaminA. Because endogenous expression level of Lmna gene itself
is affected by physiological aging, the same Lmna gene transcripts were compared. After replacement of
the mutant exon with wildtype exon without affecting the endogenous short form Lamin C transcript, the
ratio of normalized LaminA/LaminC should be increased with SATI treatment. Similarly, replacement of
the mutant exon with wildtype exon, the ratio of normalized Progerin/LaminA should be decreased.
Histological Analysis of Mouse Tissues

[00325] For hematoxylin and eosin (H&E) staining, mice were harvested after transcardial
perfusion using phosphate-buffered saline (PBS (-)) followed by 4% paraformaldehyde (PFA, Sigma
#P6148). Subsequently, each organ was dissected out and post-fixed with 4% PFA at 4°C and embedded

in paraffin. Paraffin sections were used for H&E staining in the standard protocol.
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Heart Rate Analysis

[00326] For analysis of heart rate, mice were anesthetized with 2.5% isoflurane (HENRY
SCHEIN #NDC11695-6776-1), and heart rate was monitored using Power Lab data acquisition
instrument with Chat5 for Windows (AD Instruments). Data were processed and analyzed using LabChart
8 (AD Instruments).

Intramuscular (IM) AAV Injection

[00327] The 10-week-old Progeria (Lmna®®““*P%) mice were anesthetized with intraperitoneal
injection of ketamine (100 mg/kg) and xylazine (10 mg/kg). A small portion of the quadriceps muscle was
surgically exposed in front of the hind limb. The AAV mixture (Pro -Cas9, AAV-progeria-SATI
(1.5x10'""GC) only; Pro +Cas9, AAV-Cas9 (1.5x10'°GC) and AAV-progeria-SATI (1.5x10" GC)) was
injected into the tibialis anterior (TA) muscle using a 29 Gauge insulin syringe. As a control, the same
volume of PBS was injected into wild type B6 TA muscles. After injection, skin was closed, and mice

were recovered on a 37°C warm pad. After three weeks later, injected site was harvested for histological

analysis.
Muscle Fiber Analysis
[00328] Three weeks after TA muscle injection, mice were euthanized, and the TA muscles were

dissected and processed for histological analysis. Muscle fiber area was manually analyzed using NIH
Imagel (F1IT) software and processed by Microsoft Excel. Each 300 muscle fibers are measured for each
muscle.

Establishment of Tail-tip Fibroblasts (TTFs) and Maintenance

[00329] TTFs were isolated from Lmna™" (WT), Lmna®®“”¢ (Progeria), and AAV-Progeria-
SATI treated Lmna®*%“%C (Progeria + SATI) mice at day 70 and established as previously described.
TTFs were maintained at 37°C in DMEM, 10% heat-inactivated FBS, 1x GlutaMAX, 1x MEM Non-
Essential Amino Acids and 1x Penicillin-Streptomycin.

Western Blot Analysis of TTF's

[00330] Western blotting was performed as previously described. Briefly, protein samples were
harvested with RIPA buffer from confluent TTFs. Protein concentration was measured by Bradford
Reagent (Sigma #B6916-500ML). Total 10 pg of protein was loaded on 4%-12% Bis-Tris Gel (Invitrogen
#NP0321BOX). Transferred PVDF membranes (EMD Millipore #IPVH00010) were blocked with 3%
skim milk (RPI #M17200) and incubated overnight at 4°C with primary antibody of anti-laminA/C
[1:1,000] (E-1, Santa Cruz #sc-376248). HRP-anti-mouse IgG antibody [1:4,000] (Cell signaling #7076S)
were used for secondary antibody. The blots were incubated for 1 hour at room temperature and
developed by ECL (GE healthcare #RPN2232). For internal control, anti-Actin antibody [ 1:4000] (Santa
Cruz #sc-47778) and HRP-anti-mouse IgG secondary antibody [ 1:4,000] (Cell signaling #7076S) were
used.

Immunocytochemistry of TTFs

[00331] 1x10* TTFs (passage 5) were plated onto the coverslip (Fisherbrand #12-545-82 12CIR-
1D) in 12-well plate. After 2 days incubation, coverslips were washed two times with PBS (-) and fixed
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with 4% paraformaldehyde (PFA) at room temperature for 30 minutes, then treated with blocking buffer

(0.2% TritonX-100 in PBS (-), pH 7.4) for 1 hour at room temperature, followed by incubation with
primary antibodies diluted in PBS (-) overnight at 4°C. The primary antibodies used in this study were
[1:150] Anti-laminA/C (E-1, Santa Cruz #sc-376248). Sections were washed three times in PBS (-) and
treated with secondary antibodies conjugated to [1:500] Alexa Fluor 488 goat anti-Mouse (Life
technology #11001) with [1:2,000] Hoechst 33342 (Thermo Fisher #H3570) for 30 minutes at room
temperature. After sequential washing with PBS (-) three times, the sections were mounted with ProLong
Diamond Antifade Mountant (Invitrogen #P36970).

Image Capture and Processing for TTFs and Tissues

[00332] Representative pictures for H&E staining of each tissue were acquired with Olympus
IX51. Representative pictures for immunocytochemistry samples of TTFs were acquired with confocal
microscopy using a Zeiss LSM 710 Laser Scanning Confocal Microscope. At least five pictures were
obtained from each sample. For quantification, the exact n values are described in each figure. Images
were processed by ZEN2 Black edition software (Zeiss), and NIH Imagel (F1J1) software according to the
experimental requirements. Western blotting bands were analyzed by NIH Imagel (FIJI) software.
Statistical Analyses

[00333] Average (mean), standard deviation (s.d.), standard error of the mean (s.e.m.) and
statistical significance based on unpaired student’s #-test for absolute values using Microsoft Excel or
GraphPad Prism version 7.03 for Windows (GraphPad Software, www .graphpad.com). One-way
ANOVA followed by Bonferroni’s multiple comparisons test, Tukey's multiple comparisons test, and log-
rank (Mantel-Cox) test were performed using GraphPad Prism version 7.03 for Windows.

[00334] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions will now occur to those skilled in the art
without departing from the invention. It should be understood that various alternatives to the
embodiments described herein may be employed. It is intended that the following claims define the scope
of the invention and that methods and structures within the scope of these claims and their equivalents be

covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method of editing a target genome in a cell comprising contacting the cell with (i) a
single homology arm construct comprising a replacement sequence and a targeted endonuclease cleavage
site; and (i1) a targeted endonuclease, wherein the replacement sequence comprises at least one nucleotide
difference compared to the target genome and wherein the target genome comprises a sequence
homologous to the targeted endonuclease cleavage site.

2. The method of claim 1, wherein the single homology arm construct replaces at least a
portion of the target genome.

3. The method of claim 1 or claim 2, wherein the targeted endonuclease is selected from a
CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger
Nuclease.

4, The method of claim 3, wherein the CRISPR nuclease selected from the group consisting
of Cas9, Casl2a (Cpfl), Cas12b (c2¢1), Casl2c (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3, CasX,
CasY, Csfl, Casl3a (c2¢2), Casl3b (c2¢6), Casl3c (c2¢7), c2¢4, c2¢5, c2¢8, ¢2¢9, ¢2¢10, Cas10, CAST
and Tn6677.

5. The method of claim 3 or claim 4, further comprising contacting the cell with a guide
oligonucleotide.

6. The method of claim 5, wherein the guide oligonucleotide is a guide RNA.

7. The method of any one of claims 1 to 6, wherein the replacement sequence comprises a

single nucleotide difference compared to the target genome.

8. The method of claim 7, wherein the single base difference is selected from one of a
substitution, an insertion, and a deletion.

9. The method of any one of claims 1to 8, wherein the replacement sequence comprises a
substitution, an insertion, an inversion, a translocation, a duplication, or a deletion compared to the target
genome.

10. The method of any one of claims 1 to 9, wherein the replacement sequence comprises at
least a portion of an intron and at least a portion of an exon.

11. The method of any one of claims 1 to 10, wherein the replacement sequence comprises all
introns and exons of a gene downstream of a mutation in the gene of the target genome.

12. The method of any one of claims 1 to 11, wherein the cell is selected from one or more of
a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a cardiomyocyte, a pancreas beta cell, a
lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell, a mast cell, a plasma cell, a eosinophil,
a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an osteocyte, a platelet, an adipocyte, a
retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver lipocyte, a secretory cell, a urinary
cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a spermatocyte, and an oocyte.

13. The method of any one of claims 1 to 12, wherein the single homology arm construct, the

guide oligonucleotide, and the targeted endonuclease are encoded in a construct.
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14. The method of claim 13, wherein the construct is a viral construct.
15. The method of claim 14, wherein the viral construct is an adeno-associated virus, an

adenovirus, a lentivirus, or a retrovirus.

16. The method of claim 13, wherein the construct is a non-viral construct.

17. The method of claim 16, wherein the non-viral construct is a mini-circle or a plasmid.
18. The method of any one of claims 1 to 17, wherein the cell is contacted in vivo.

19. The method of any one of claims 1 to 17, wherein the cell is contacted in vitro.

20. The method of any one of claims 1 to 19, wherein the cell is from a subject.

21. The method of claim 20, wherein the subject is a human, a non-human primate, a dog, a

cat, a horse, a cow, a sheep, a pig, a rabbit, a rat, or a mouse.

22. The method of claim 20 or claim 21, wherein the subject has a mutation in a gene
homologous to the replacement sequence.

23. A method of treating a genetic disease in a subject having a mutation in a gene, the
method comprising contacting a cell from the subject with (1) a single homology arm construct comprising
a replacement sequence and a targeted endonuclease cleavage site; and (ii) a targeted endonuclease,
wherein the replacement sequence comprises a wildtype sequence of the gene and wherein the gene
comprises a sequence homologous to the targeted endonuclease cleavage site.

24, The method of claim 23, the single homology arm construct replaces at least a portion of
the gene.

25. The method of claim 23 or claim 24, wherein the targeted endonuclease is selected from a
CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger
Nuclease.

26. The method of claim 25, wherein the CRISPR nuclease selected from the group
consisting of Cas9, Cas12a (Cpfl), Cas12b (c2cl), Casl2¢ (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3,
CasX, CasY, Csfl, Casl3a (c2c2), Cas13b (c2c6), Casl3c (c2¢7), c2c4, c2¢5, ¢2c8, ¢2¢9, c2¢10, Casl0,
CAST and Tn6677.

27. The method of claim 25 or claim 26, further comprising contacting the cell with a guide
oligonucleotide.

28. The method of claim 27, wherein the guide oligonucleotide is a guide RNA.

29. The method of any one of claims 23 to 28, wherein the mutation comprises a single
nucleotide difference compared to the target genome.

30. The method of claim 29, wherein the single nucleotide difference is selected from one of
a substitution, an insertion, and a deletion.

31. The method of any one of claims 23 to 30, wherein the mutation comprises a substitution,
an insertion, an inversion, a translocation, a duplication, or a deletion compared to the target genome.

32. The method of any one of claims 23 to 31, wherein the replacement sequence comprises

at least a portion of an intron and at least a portion of an exon.
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33. The method of any one of claims 23 to 32, wherein the replacement sequence comprises

all introns and exons of a gene downstream of a mutation in the gene of the target genome.

34. The method of any one of claims 23 to 33, wherein the cell is selected from one or more
of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a cardiomyocyte, a pancreas beta
cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell, a mast cell, a plasma cell, a
cosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an osteocyte, a platelet, an
adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver lipocyte, a secretory
cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a spermatocyte, and an
oocyte.

35. The method of any one of claims 23 to 34, wherein the single homology arm construct,
the guide oligonucleotide, and the targeted endonuclease are encoded in a construct.

36. The method of claim 35, wherein the construct is a viral construct.

37. The method of claim 36, wherein the viral construct is an adeno-associated virus, an

adenovirus, a lentivirus, or a retrovirus.

38. The method of claim 35, wherein the construct is a non-viral construct.

39. The method of claim 38, wherein the non-viral construct is a mini-circle or a plasmid.
40. The method of any one of claims 23 to 39, wherein the cell is contacted in vivo.

41. The method of any one of claims 23 to 40, wherein the cell is contacted in vitro.

42. The method of any one of claims 23 to 41, wherein the cell is a non-dividing cell.

43, The method of claim 42, wherein the subject is a human, a non-human primate, a dog, a

cat, a horse, a cow, a sheep, a pig, a rabbit, a rat, or a mouse.

44, The method of any one of claims 23 to 43, wherein the genetic disease is selected from
Achondroplasia, Alpha-1 Antitrypsin Deficiency, Alzheimer’s disease, Antiphospholipid Syndrome,
Autism, Autosomal Dominant Polycystic Kidney Disease, Breast cancer, Cancer, Charcot-Marie-Tooth,
Colon cancer, Cri du chat, Crohn's Disease, Cystic fibrosis, Dercum Disease, Down Syndrome, Duane
Syndrome, Duchenne Muscular Dystrophy, Factor V Leiden Thrombophilia, Familial
Hypercholesterolemia, Familial Mediterranean Fever, Fragile X Syndrome, Gaucher Disease,
Hemochromatosis, Hemophilia, Holoprosencephaly, Huntington's disease, Klinefelter syndrome, Leber’s
congenital amaurosis, Marfan syndrome, Myotonic Dystrophy, Neurofibromatosis, Noonan Syndrome,
Osteogenesis Imperfecta, Parkinson's disease, Phenylketonuria, Poland Anomaly, Porphyria, Progeria,
Prostate Cancer, Retinitis Pigmentosa, Severe Combined Immunodeficiency (SCID), Sickle cell disease,
Skin Cancer, Spinal Muscular Atrophy, Stargardt disease, Tay-Sachs, Thalassemia, Trimethylaminuria,
Turner Syndrome, Velocardiofacial Syndrome, WAGR Syndrome, and Wilson Disease.

45. A composition comprising (i) a single homology arm construct comprising a replacement
sequence and a targeted endonuclease cleavage site; and (ii) a targeted endonuclease, wherein the
replacement sequence comprises at least one nucleotide difference compared to a target genome and
wherein the target genome comprises a sequence homologous to the targeted endonuclease cleavage site

for use in treating a genetic disease.
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46. The composition of claim 45, the single homology arm construct replaces at least a

portion of the gene.

47. The composition of claim 45 or claim 46, wherein the targeted endonuclease is selected
from a CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc
Finger Nuclease.

48. The composition of claim 47, wherein the CRISPR nuclease selected from the group
consisting of Cas9, Cas12a (Cpfl), Cas12b (c2cl), Casl2¢ (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3,
CasX, CasY, Csfl, Casl3a (c2c2), Cas13b (c2c6), Casl3c (c2¢7), c2c4, c2¢5, ¢2c8, ¢2¢9, c2¢10, Casl0,
CAST and Tn6677.

49. The composition of claim 47 or claim 48, further comprising contacting the cell with a
guide oligonucleotide.

50. The composition of claim 49, wherein the guide oligonucleotide is a guide RNA.

51. The composition of any one of claims 45 to 50, wherein the genetic disease is caused by a
mutation comprising a single nucleotide difference compared to the target genome.

52. The composition of claim 51, wherein the single nucleotide difference is selected from
one of a substitution, an insertion, and a deletion.

53. The composition of any one of claims 45 to 52, wherein the genetic disease is caused by a
mutation comprising a substitution, an insertion, an inversion, a translocation, a duplication, or a deletion.
54. The composition of any one of claims 45 to 53, wherein the replacement sequence

comprises at least a portion of an intron and at least a portion of an exon.

55. The composition of any one of claims 45 to 54, wherein the replacement sequence
comprises all introns and exons of a gene downstream of a mutation in the gene of the target genome.

56. The composition of any one of claims 45 to 55, wherein the composition targets a cell
selected from one or more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a
cardiomyocyte, a pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell,
amast cell, a plasma cell, a eosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an
osteocyte, a platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver
lipocyte, a secretory cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a
spermatocyte, and an oocyte.

57. The composition of any one of claims 45 to 56, wherein the single homology arm
construct, the guide oligonucleotide, and the targeted endonuclease are encoded in a construct.

58. The composition of claim 57, wherein the construct is a viral construct.

59. The composition of claim 58, wherein the viral construct is an adeno-associated virus, an
adenovirus, a lentivirus, or a retrovirus.

60. The composition of claim 57, wherein the construct is a non-viral construct.

61. The composition of claim 60, wherein the non-viral construct is a mini-circle or a

plasmid.
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62. The composition of any one of claims 45 to 61, wherein the genetic disease is selected

from Achondroplasia, Alpha-1 Antitrypsin Deficiency, Alzheimer’s disease, Antiphospholipid Syndrome,
Autism, Autosomal Dominant Polycystic Kidney Disease, Breast cancer, Cancer, Charcot-Marie-Tooth,
Colon cancer, Cri du chat, Crohn's Disease, Cystic fibrosis, Dercum Disease, Down Syndrome, Duane
Syndrome, Duchenne Muscular Dystrophy, Factor V Leiden Thrombophilia, Familial
Hypercholesterolemia, Familial Mediterrancan Fever, Fragile X Syndrome, Gaucher Disease,
Hemochromatosis, Hemophilia, Holoprosencephaly, Huntington's disease, Klinefelter syndrome, Leber’s
congenital amaurosis, Marfan syndrome, Myotonic Dystrophy, Neurofibromatosis, Noonan Syndrome,
Osteogenesis Imperfecta, Parkinson's disease, Phenylketonuria, Poland Anomaly, Porphyria, Progeria,
Prostate Cancer, Retinitis Pigmentosa, Severe Combined Immunodeficiency (SCID), Sickle cell disease,
Skin Cancer, Spinal Muscular Atrophy, Stargardt disease, Tay-Sachs, Thalassemia, Trimethylaminuria,
Turner Syndrome, Velocardiofacial Syndrome, WAGR Syndrome, and Wilson Disease.

63. A composition comprising (i) a single homology arm construct comprising a replacement
sequence and a targeted endonuclease cleavage site; and (ii) a targeted endonuclease, wherein the
replacement sequence comprises at least one nucleotide difference compared to a target genome and
wherein the target genome comprises a sequence homologous to the targeted endonuclease cleavage site.

64. The composition of claim 63, wherein the composition comprises a cell.

65. The composition of claim 63 or claim 64, wherein the single homology arm construct, the
guide oligonucleotide, and the targeted endonuclease are encoded in a construct.

66. The composition of claim 65, wherein the construct is a viral construct.

67. The composition of claim 66, wherein the viral construct is an adeno-associated virus, an

adenovirus, a lentivirus, or a retrovirus.

68. The composition of claim 65, wherein the construct is a non-viral construct.

69. The composition of claim 68, wherein the non-viral construct is a mini-circle or a
plasmid.

70. The composition of any one of claims 63 to 69, further comprising a pharmaceutically

acceptable buffer or excipient.

71. The composition of any one of claims 63 to 70, wherein the targeted endonuclease is
selected from a CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a
Zinc Finger Nuclease.

72. The composition of claim 71, wherein the CRISPR nuclease is selected from the group
consisting of Cas9, Cas12a (Cpfl), Cas12b (c2¢cl), Casl2¢ (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3,
CasX, CasY, Csfl, Casl3a (c2c2), Casl3b (c2c6), Casl3c (c2¢7), c2¢4, c2c5, ¢2¢8, ¢2¢9, c¢2¢10, Cas10,
CAST and Tn6677.

73. The composition of claim 72, further comprising a guide oligonucleotide.

74. A kit comprising the composition of any one of claims 63 to 73 and instructions for use.
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75. A nucleic acid molecule comprising a single homology arm construct comprising a

replacement sequence and a targeted endonuclease cleavage site, wherein the replacement sequence

comprises at least one nucleotide difference compared to a target genome.

76. The nucleic acid molecule of claim 75, further comprising a sequence encoding a guide
oligonucleotide.
77. The nucleic acid molecule of claim 75 or claim 76, further comprising a sequence

encoding a targeted endonuclease.

78. The nucleic acid molecule of any one of claims 75 to 77, wherein the nucleic acid
molecule is a viral construct.

79. The nucleic acid molecule of claim 78, wherein the viral construct is an adeno-associated
virus, an adenovirus, a lentivirus, or a retrovirus.

80. The nucleic acid molecule of any one of claims 74 to 77, wherein the nucleic acid

molecule 1s a non-viral construct.

81. The nucleic acid molecule of claim 80, wherein the non-viral construct is a mini-circle or
a plasmid.

82. A kit comprising the nucleic acid molecule of any one of claims 75 to 81 and instructions
for use.

83. A method of homology-directed repair for editing a target genome in a cell comprising

contacting the cell with (i) a single homology arm construct comprising a replacement sequence and a
targeted endonuclease cleavage site; and (ii) a targeted endonuclease, wherein the replacement sequence
comprises at least one nucleotide difference compared to the target genome and wherein the target
genome comprises a sequence homologous to the targeted endonuclease cleavage site, wherein the
replacement sequence is integrated into the target genome using a homology-directed repair protein.

84. The method of claim 83, wherein the single homology arm construct replaces at least a
portion of the target genome.

85. The method of claim 83 or claim 84, wherein the targeted endonuclease is selected from a
CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc Finger
Nuclease.

86. The method of claim 85, wherein the CRISPR nuclease selected from the group
consisting of Cas9, Cas12a (Cpfl), Cas12b (c2¢cl), Casl2¢ (c2¢3), Casl2g, Cas12i, Casl4, Casl0, Cas3,
CasX, CasY, Csfl, Casl3a (c2c2), Cas13b (c2c6), Casl3c (c2¢7), c2c4, c2¢5, ¢2c8, ¢2¢9, c2¢10, Casl0,
CAST and Tn6677.

87. The method of claim 85 or claim 86, further comprising contacting the cell with a guide
oligonucleotide.

88. The method of claim 87, wherein the guide oligonucleotide is a guide RNA.

89. The method of any one of claims 83 to 88, wherein the replacement sequence comprises a

single nucleotide difference compared to the target genome.
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90. The method of claim 89, wherein the single base difference is selected from one of a

substitution, an insertion, and a deletion.

91. The method of any one of claims 83 to 90, wherein the replacement sequence comprises
an insertion, an inversion, a translocation, a duplication, or a deletion compared to the target genome.

92. The method of any one of claims 83 to 91, wherein the replacement sequence comprises
at least a portion of an intron and at least a portion of an exon.

93. The method of any one of claims 83 to 92, wherein the replacement sequence comprises
all introns and exons of a gene downstream of a mutation in the gene of the target genome.

94. The method of any one of claims 83 to 93, wherein the cell is selected from one or more
of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a cardiomyocyte, a pancreas beta
cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell, a mast cell, a plasma cell, a
cosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an osteocyte, a platelet, an
adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver lipocyte, a secretory
cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a spermatocyte, and an
oocyte.

95. The method of any one of claims 83 to 94, wherein the single homology arm construct,
the guide oligonucleotide, and the targeted endonuclease are encoded in a construct.

96. The method of claim 95, wherein the construct is a viral construct.

97. The method of claim 96, wherein the viral construct is an adeno-associated virus, an
adenovirus, a lentivirus, or a retrovirus.

98. The method of claim 95, wherein the construct is a non-viral construct.

99. The method of claim 98, wherein the non-viral construct is a mini-circle or a plasmid.

100.  The method of any one of claims 83 to 99, wherein the cell is contacted in vivo.

101.  The method of any one of claims 83 to 100, wherein the cell is contacted in vitro.

102.  The method of any one of claims 83 to 101, wherein the cell is from a subject.

103.  The method of claim 102, wherein the subject is a human, a dog, a cat, a horse, a cow, a
sheep, a pig, a rabbit, a rat, or a mouse.

104.  The method of claim 102 or claim 103, wherein the subject has a mutation in a gene
homologous to the replacement sequence.

105. A composition comprising (i) a single homology arm construct configured for homology-
directed repair comprising a replacement sequence and a targeted endonuclease cleavage site; and (ii) a
targeted endonuclease, wherein the replacement sequence comprises at least one nucleotide difference
compared to a target genome and wherein the target genome comprises a sequence homologous to the
targeted endonuclease cleavage site for use in treating a genetic disease.

106.  The composition of claim 45, the single homology arm construct uses homology-directed

repair to replace at least a portion of the gene.
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107.  The composition of claim 45 or claim 46, wherein the targeted endonuclease is selected

from a CRISPR nuclease, a TALEN nuclease, a DNA-guided nuclease, a meganuclease, and a Zinc
Finger Nuclease.

108.  The composition of claim 47, wherein the CRISPR nuclease selected from the group
consisting of Cas9, Cas12a (Cpfl), Cas12b (c2cl), Casl2¢ (c2¢3), Casl2g, Casl2i, Casl4, Casl0, Cas3,
CasX, CasY, Csfl, Casl3a (c2c2), Cas13b (c2c6), Casl3c (c2¢7), c2¢4, c2¢5, ¢2¢8, ¢2¢9, c¢2¢10, Casl0,
CAST and Tn6677.

109.  The composition of claim 47 or claim 48, further comprising contacting the cell with a
guide oligonucleotide.

110.  The composition of claim 49, wherein the guide oligonucleotide is a guide RNA.

111.  The composition of any one of claims 45 to 50, wherein the genetic disease is caused by a
mutation comprising a single nucleotide difference compared to the target genome.

112.  The composition of claim 51, wherein the single nucleotide difference is selected from
one of a substitution, an insertion, and a deletion.

113.  The composition of any one of claims 45 to 52, wherein the genetic disease is caused by a
mutation comprising an insertion, an inversion, a translocation, a duplication, or a deletion.

114.  The composition of any one of claims 45 to 53, wherein the replacement sequence
comprises at least a portion of an intron and at least a portion of an exon.

115.  The composition of any one of claims 45 to 54, wherein the replacement sequence
comprises all introns and exons of a gene downstream of a mutation in the gene of the target genome.

116.  The composition of any one of claims 45 to 55, wherein the composition targets a cell
selected from one or more of a stem cell, a neuron, a skeletal muscle cell, a smooth muscle cell, a
cardiomyocyte, a pancreas beta cell, a lymphocyte, a monocyte, a neutrophil, a T cell, a B cell, a NK cell,
amast cell, a plasma cell, a eosinophil, a basophil, an endothelial cell, an epithelial cell, a hepatocyte, an
osteocyte, a platelet, an adipocyte, a retinal cell, a barrier cell, a hormone-secreting cell, a glial cell, a liver
lipocyte, a secretory cell, a urinary cell, an extracellular matrix cell, a nurse cell, an interstitial cell, a
spermatocyte, and an oocyte.

117.  The composition of any one of claims 45 to 56, wherein the single homology arm
construct, the guide oligonucleotide, and the targeted endonuclease are encoded in a construct.

118.  The composition of claim 57, wherein the construct is a viral construct.

119.  The composition of claim 58, wherein the viral construct is an adeno-associated virus, an
adenovirus, a lentivirus, or a retrovirus.

120.  The composition of claim 57, wherein the construct is a non-viral construct.

121.  The composition of claim 60, wherein the non-viral construct is a mini-circle or a
plasmid.

122.  The composition of any one of claims 45 to 61, wherein the genetic disease is selected
from Achondroplasia, Alpha-1 Antitrypsin Deficiency, Alzheimer’s disease, Antiphospholipid Syndrome,

Autism, Autosomal Dominant Polycystic Kidney Disease, Breast cancer, Cancer, Charcot-Marie-Tooth,
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Colon cancer, Cri du chat, Crohn's Disease, Cystic fibrosis, Dercum Disease, Down Syndrome, Duane

Syndrome, Duchenne Muscular Dystrophy, Factor V Leiden Thrombophilia, Familial
Hypercholesterolemia, Familial Mediterrancan Fever, Fragile X Syndrome, Gaucher Disease,
Hemochromatosis, Hemophilia, Holoprosencephaly, Huntington's disease, Klinefelter syndrome, Leber’s
congenital amaurosis, Marfan syndrome, Myotonic Dystrophy, Neurofibromatosis, Noonan Syndrome,
Osteogenesis Imperfecta, Parkinson's disease, Phenylketonuria, Poland Anomaly, Porphyria, Progeria,
Prostate Cancer, Retinitis Pigmentosa, Severe Combined Immunodeficiency (SCID), Sickle cell disease,
Skin Cancer, Spinal Muscular Atrophy, Stargardt disease, Tay-Sachs, Thalassemia, Trimethylaminuria,
Turner Syndrome, Velocardiofacial Syndrome, WAGR Syndrome, and Wilson Disease.

123. A method of editing a Lamin A gene in a cell comprising contacting the cell with (i) a
single homology arm construct comprising a Lamin A replacement sequence and a targeted endonuclease
cleavage site; and (i1) a targeted endonuclease, wherein the replacement sequence comprises a nucleic
acid sequence at least 90% homologous to a sequence provided in Table 2.

124. A method of treating progeria in a subject having a mutation in a Lamin A gene, the
method comprising contacting a cell from the subject with (1) a single homology arm construct comprising
a replacement sequence and a targeted endonuclease cleavage site; and (ii) a targeted endonuclease,
wherein the replacement sequence comprises a nucleic acid sequence at least 90% homologous to a
sequence provided in Table 2.

125. A composition comprising (i) a single homology arm construct comprising a replacement
sequence and a targeted endonuclease cleavage site; and (ii) a targeted endonuclease, wherein the
replacement sequence comprises a nucleic acid sequence at least 90% homologous to a sequence provided
in Table 2 for use in treating a genetic discase.

126. A composition comprising (i) a single homology arm construct comprising a replacement
sequence and a targeted endonuclease cleavage site; and (ii) a targeted endonuclease, wherein the
replacement sequence comprises a nucleic acid sequence at least 90% homologous to a sequence provided
in Table 2.

127. A kit comprising the composition of claim 126 and instructions for use.

128. A nucleic acid molecule comprising a single homology arm construct comprising a
replacement sequence and a targeted endonuclease cleavage site, wherein the replacement sequence
comprises a nucleic acid sequence at least 90% homologous to a sequence provided in Table 2.

129. A kit comprising the nucleic acid molecule of claim 128 and instructions for use.
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