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SYSTEMS AND METHODS FOR ONE-SHOT GUIDE RNA (ogRNA) TARGETING
OF ENDOGENOUS AND SOURCE DNA

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to U.S. Provisional Application No.: 62/430,154
filed on December 5, 2016, and to U.S. Provisional Application No.: 62/503,640 filed on
May 9, 2017, the content of which is incorporated by reference in its entirety, and to

which priority is claimed..
SEQUENCE LISTING

This application contains a Sequence Listing, which was submitted in ASCII
format via EFS-Web, and is hereby incorporated by reference in its entirety. The ASCII
copy, created on December 4, 2017, is named 0841770163SEQLISTING.TXT and is
92,969bytes in size.

FIELD

This disclosure relates to genome editing systems and related methods and
compositions for editing a target nucleic acid sequence, or modulating expression of a
target nucleic acid sequence, and applications thereof. More particularly, the disclosure

relates to engineered self-regulating genome editing systems.
BACKGROUND

CRISPRs (Clustered Regularly Interspaced Short Palindromic Repeats) evolved
in bacteria and archaea as an adaptive immune system to defend against viral attack.
Upon exposure to a virus, short segments of viral DNA are integrated into the CRISPR
locus. RNA is transcribed from a portion of the CRISPR locus that includes the viral
sequence. That RNA, which contains sequence complementary to the viral genome,
mediates targeting of a Cas9 protein to a target sequence in the viral genome. The Cas9

protein, in turn, cleaves and thereby silences the viral target.

Recently, the CRISPR/Cas system has been adapted for genome editing in
eukaryotic cells. The introduction of site-specific double strand breaks (DSBs) allows for
target sequence alteration through endogenous DNA repair mechanisms, for example

non-homologous end-joining (NHEJ) or homology-directed repair (HDR).
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The use of CRISPR/Cas-based genome editing systems as a tool for the treatment
of inherited diseases is widely recognized. The U.S. Food and Drug Administration
(FDA), for example, held a Science Board Meeting on November 15, 2016, addressing
the use of such systems and potential regulatory issues they may pose. In that meeting,
the FDA noted that while Cas9/guide RNA (gRNA) ribonucleoprotein (RNP) complexes
may be customized to generate precise edits at a locus of interest, the complexes may
also interact with, and cut at, other “off-target” loci. The potential for off-target cuts
(“off-targets”), in turn, raises at least a regulatory risk with respect to approval of

CRISPR/Cas therapeutics.

One strategy for reducing off-target risk is to include, in a vector encoding a
Cas9, a “governing guide RNA,” (ggRNA) which is a guide RNA targeted to the Cas9
coding sequence. When this vector is delivered to a subject, Cas9, which might
otherwise be constitutively and/or stably expressed by virally transduced cells, is
expressed only transiently. Over time, the Cas9 coding domain in the vector is disrupted

by cutting mediated by the governing guide RNA.
SUMMARY

The instant disclosure provides genome editing systems and related methods
which adapt gRNAs targeted to specific loci to temporally limit the genome editing
activity of these systems in a manner distinct from conventional ggRNAs. These
adapted gRNAs are referred to as “one-shot guide RNAs” or “ogRNAs”. For clarity,
0gRNAs described herein can be unimolecular or modular, as discussed in greater detail
below. Adaptation of gRNAs into ogRNAs is achieved by engineering cellular DNA
sequences recognized by such gRNAs into nucleic acid sequences encoding an RNA-
guided nuclease, e.g., a Cas9 nuclease or a Cpfl nuclease or a vector backbone. In
certain embodiments, the RNA-guided nuclease is Cas9. In certain embodiments, the

RNA-guided nuclease is Cpfl.

In one aspect, this disclosure relates to an isolated nucleic acid encoding an
RNA-guided nuclease, which isolated nucleic acid includes an, exogenous, substituted,
inserted or engineered nucleic acid sequence, such as a eukaryotic nucleic acid sequence.
The eukaryotic or otherwise exogenous sequence is generally 17 nucleotides or greater in
length, and either comprises or is adjacent to a protospacer adjacent motif (PAM) that is

recognized by the RNA-guided nuclease. Certain embodiments of the isolated nucleic
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acid also encode a gRNA (for instance, an ogRNA) having a targeting domain that is
complementary to a portion of the exogenous or eukaryotic nucleic acid sequence that is
adjacent to the PAM, which targeting domain is optionally greater than 16 nucleotides or
16-24 nucleotides in length. In certain embodiments, the complementarity of the
targeting domain to a portion of the exogenous or eukaryotic nucleic acid sequence is
sufficient to allow for modification of the nucleic acid sequence encoding the RNA-
guided nuclease. In certain embodiments, the targeting domain is complementary to at
least about 50%, about 60%, about 70%, about 80%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% of the
exogenous or eukaryotic nucleic acid sequence. In certain embodiments, the RNA-
guided nuclease is a Cas9 protein. In some embodiments, the eukaryotic nucleic acid
sequence is within an RNA-guided nuclease coding sequence, where it can encode at
least part of a modified portion of the protein. In instances wherein the exogenous
sequence encodes all or part of a modified portion of the RNA-guided nuclease, that
sequence can be positioned within a region that is flanked by codons for glycine, alanine
or valine at each of its 3" and 5’ ends. In some cases, the region of the RNA-guided
nuclease coding sequence comprising the exogenous nucleic acid sequence encodes an
amino acid having a sequence of G-(X)s-10-G. In embodiments where the RNA-guided
nuclease is Cas9, the proteins encoded by these sequences can comprise insertions
(relative to SEQ ID NO: 2) such as E271 N272insGX.10G, L371_N372insGXe.10G,
and/or Q737 _A738insGXe-10G, and/or insertions at or near the N-terminus of a Cas9
peptide, and/or sequences of at least 95% identity (e.g. 95%, 96%, 97%, 98%, 99% or
greater identity) to SEQ ID NOS: 3-5 and 10.

Continuing with this aspect of the disclosure, the isolated nucleic acid can include
an insertion (relative to SEQ ID NO: 6) ¢.813 814insN27-36, ¢.1113_1114insN27-36,
and/or ¢.2211 2212insN27-36, and/or insertions at or near the coding sequence of the N-
terminus of a Cas9 peptide, and/or have at least 95% (e.g. 95%, 96%, 97%, 98%, 99% or
greater identity) sequence identity to SEQ ID NOS: 7-9 and 11. The isolated nucleic
acid can, alternatively or additionally include an insertion of ¢.157insN;9.35 and/or share
at least 80% (e.g. 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or greater identity)
sequence identity with SEQ ID NO: 1. Isolated nucleic acids according to this aspect of
this disclosure are optionally incorporated into vectors such as plasmids, viral vectors,

naked DNA vectors, etc. In some instances, an adeno-associated virus (AAV) vector
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incorporates isolated nucleic acids according to this aspect of the disclosure. In certain
embodiments, a target site for the gRNA is within the vector backbone. The vectors can
be used to alter both a cellular endogenous target gene and the RNA-guided nuclease

expression.

In certain embodiments, the RNA-guided nuclease is Cpfl. In certain
embodiments, the amino acid sequence of a Cpfl protein is set forth in SEQ ID NO: 13.
In certain embodiments, the Cpf1 protein can comprise an insertion such as a GX6.10G
insertion. In certain embodiments, the insertion (relative to SEQ ID NO: 13) is
positioned between amino acid positions 147 and 148, anywhere between amino acid
positions 484 and 492, anywhere between amino acid positions 568 and 590, anywhere
between amino acid positions 795 and 855, anywhere between amino acid positions 1131
and 1140, or anywhere between amino acid positions 1160 and 1173. In certain
embodiments, the insertion is positioned at or near the N-terminus of a Cpf1 peptide. In
certain embodiments, the amino acid sequence of the Cpf1 protein comprising the
insertion has at least 95% sequence identity (e.g. 95%, 96%, 97%, 98%, 99% or greater
identity) to SEQ ID NO: 13.

In certain embodiments, an isolated nucleic acid sequence encoding a Cpfl
protein is set forth in SEQ ID NO: 14. In certain embodiments, the isolated Cpf1 nucleic
acid can comprise an insertion such as an N24-36 insertion. In certain embodiments, the
insertion (relative to SEQ ID NO: 14) is positioned between nucleic acid positions 441
and 442, anywhere between nucleic acid positions 1452 and 1474, anywhere between
nucleic acid positions 1704 and 1768, anywhere between nucleic acid positions 2385 and
2563, anywhere between nucleic acid positions 3393 and 3418, or anywhere between
nucleic acid positions 3480 and 3517. In certain embodiments, the insertion does not
alter the reading frame of the isolated Cpf1 nucleic acid. In certain embodiments, the
insertion is positioned at or near the N-terminus of a Cpfl peptide. In certain
embodiments, the nucleic acid sequence of the Cpf1 protein comprising the insertion has
at least 95% (e.g. 95%, 96%, 97%, 98%, 99% or greater identity) sequence identity to
SEQ ID NO: 14. Isolated nucleic acids according to this aspect of this disclosure are
optionally incorporated into vectors such as plasmids, viral vectors, naked DNA vectors,
etc. In some instances, an adeno-associated virus (AAV) vector incorporates isolated

nucleic acids according to this aspect of the disclosure. In certain embodiments, a target
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site for the gRNA is within the vector backbone. The vectors can be used to alter both a

cellular endogenous target gene and the RNA-guided nuclease expression.

In another aspect, the disclosure relates to transiently active genome editing
systems that include a guide RNA with a targeting domain that is complementary to a
eukaryotic nucleotide sequence and an engineered RNA-guided nuclease encoded by a
nucleic acid comprising a eukaryotic nucleic acid sequence as described above. In
certain embodiments, the RNA-guided nuclease is a Cas9 protein. The gRNA and
engineered Cas9 can form a Cas9/gRNA complex, which complex may in turn cleave or
otherwise alter or inactivate the nucleic acid encoding the engineered Cas9 protein. In
certain embodiments, the Cas9/gRNA complex can cleave a nucleic acid encoding a
cellular endogenous target gene. The transiently active genome editing system can be
used to alter both the cellular endogenous target and the RNA-guided nuclease
expression. As discussed above, the eukaryotic nucleic acid sequence can encode, at
least in part, a modified portion (e.g., amino acid insertion or substitution) of the Cas9,
which modified portion has a sequence as described above. In certain embodiments, the
engineered Cas9 protein has at least about 80% nuclease activity of a wild-type Cas9

protein.

In certain embodiments, the RNA-guided nuclease is a Cpfl protein. The gRNA
and engineered Cpfl can form a Cpf1/gRNA complex, which complex may in turn
cleave or otherwise alter or inactivate the nucleic acid encoding the engineered Cpfl
protein. In certain embodiments, the Cpf1/gRNA complex can cleave a nucleic acid
encoding a cellular endogenous target gene. The transiently active genome editing
system can be used to alter both the cellular endogenous target and the RNA-guided
nuclease expression. As discussed above, the eukaryotic nucleic acid sequence can
encode, at least in part, a modified portion (e.g., amino acid insertion or substitution) of
the Cpf1, which modified portion has a sequence as described above. In certain
embodiments, the engineered Cpfl protein has at least about 80% nuclease activity of a

wild-type Cpfl protein

In yet another aspect, the disclosure relates to a RNA-guided nuclease comprising
an amino acid insertion or substitution at least partially encoded by a eukaryotic nucleic
acid sequence of at least 17 nucleotides in length. In certain embodiments, the RNA-

guided nuclease having the amino acid insertion or substitution has at least about 80%
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nuclease activity of a wild-type RNA-guided nuclease. The eukaryotic sequence can be
a mammalian sequence, and/or the sequence of a human or animal subject. In certain
embodiments, the RNA-guided nuclease can be a Cas9 protein and nucleic acids
encoding the Cas9 protein according to this aspect of this disclosure are substantially as

described above.

In another aspect, the disclosure relates to a method of altering a cell that
involves delivering (e.g. contacting, administering, introducing, transfecting,
transducing, etc.) a transiently expressed genome editing system as described above. In
certain embodiments, the method can be used to alter a target site in a cell. In certain
embodiments, the method can be used to alter both a cellular endogenous target gene and

the RNA-guided nuclease expression.

In still another aspect, this disclosure relates to a kit comprising one or more
components of a transiently active genome editing system, a nucleic acid and/or an

RNA-guided nuclease according to the various aspects of the disclosure presented above.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are intended to provide illustrative, and schematic
rather than comprehensive, examples of certain aspects and embodiments of the present
disclosure. The drawings are not intended to be limiting or binding to any particular
theory or model, and are not necessarily to scale. Without limiting the foregoing, nucleic
acids and polypeptides may be depicted as linear sequences, or as schematic two- or
three-dimensional structures; these depictions are intended to be illustrative rather than

limiting or binding to any particular model or theory regarding their structure.

Figure 1A is a diagram illustrating a SaCas9-gRNA complex targeting both an
endogenous cellular target and a nucleic acid encoding the SaCas9 in a viral vector.

Figure 1B is a cartoon diagram depicting a 2-vector system in which engineered
SaCas9 and gRNAs are encoded on separate viral genomes. Two types of exemplary
sites in a recombinant adeno-associated virus (AAV) genome into which heterologous
cellular sequences can be engineered are marked by arrows.

Figure 2 is a ribbon diagram depicting an S. aureus Cas9 protein. Exemplary
regions which can be encoded by engineered heterologous sequences are identified by

arrows.
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Figures 3A-3C are schematic graphs showing exemplary peptide-encoding
inserts incorporating heterologous cellular sequences.

Figure 4A is a cartoon diagram depicting exemplary constructs with target sites
at four different positions in the SaCas9 coding sequence, as well as a gRNA expression
plasmid.

Figure 4B depicts comparisons of transcription levels and translation levels of
wild-type Cas9 constructs and self-inactivating Cas9 constructs.

Figures 4C-4E depict the levels of nuclease activity among wild-type and self-
inactivating SaCas9 proteins.

Figure SA depicts the experimental design in Example 3.

Figure 5B depicts self-inactivating AAVs maintain efficacy at target GFP
plasmids while self-inactivating in HEK293 cells. The upper left panel shows the
locations of target sites inserted in the self-inactivating Cas9 constructs. The lower left
panel shows GFP expression levels in HEK293 cells with or without wild-type or self-
inactivating SaCas9 constructs. The lower right panel shows Cas9 protein levels in
HEK?293 cells transduced with wild-type or self-inactivating SaCas9 constructs.

Figure 6A is a graph showing the editing levels of an endogenous target locus
(mCEP290) with wild-type or self-inactivating SaCas9 constructs in mouse retinal
explants.

Figure 6B is a graph demonstrating the % wild-type SaCas9 sequence levels in
mouse retinal explants with wild-type or self-inactivating SaCas9 constructs.

Figure 7A depicts the editing levels of an endogenous target locus with wild-type
or self-inactivating SaCas9 constructs in vivo.

Figure 7B depicts the fold changes of specific transcripts expressed through self-

inactivating SaCas9 constructs compared to the wild-type SaCas9 construct.

DETAILED DESCRIPTION

Definitions and Abbreviations

Unless otherwise specified, each of the following terms has the meaning

associated with it in this section.
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The indefinite articles “a” and “an” refer to at least one of the associated noun,
and are used interchangeably with the terms “at least one” and “one or more.” For

example, “a module” means at least one module, or one or more modules.

The conjunctions “or” and “and/or” are used interchangeably as non-exclusive

disjunctions.

“Domain” is used to describe a segment of a protein or nucleic acid. Unless

otherwise indicated, a domain is not required to have any specific functional property.

An “indel” is an insertion and/or deletion in a nucleic acid sequence. An indel
may be the product of the repair of a DNA double strand break, such as a double strand
break formed by a genome editing system of the present disclosure. An indel is most
commonly formed when a break is repaired by an “error prone” repair pathway such as

the NHEJ pathway described below.

“Gene conversion” refers to the alteration of a DNA sequence by incorporation of
an endogenous homologous sequence (e.g. a homologous sequence within a gene array).
“Gene correction” refers to the alteration of a DNA sequence by incorporation of an
exogenous homologous sequence, such as an exogenous single- or double-stranded
donor template DNA. Gene conversion and gene correction are products of the repair of

DNA double-strand breaks by HDR pathways such as those described below.

Indels, gene conversion, gene correction, and other genome editing outcomes are
typically assessed by sequencing (most commonly by “next-gen” or “sequencing-by-
synthesis” methods, though Sanger sequencing may still be used) and are quantified by
the relative frequency of numerical changes (e.g., =1, 2 or more bases) at a site of
interest among all sequencing reads. DNA samples for sequencing may be prepared by a
variety of methods known in the art, and may involve the amplification of sites of
interest by polymerase chain reaction (PCR), the capture of DNA ends generated by
double strand breaks, as in the GUIDEseq process described in Tsai et al. (Nat.
Biotechnol. 34(5): 483 (2016), incorporated by reference herein) or by other means well
known in the art. Genome editing outcomes may also be assessed by i situ
hybridization methods such as the FiberComb™ system commercialized by Genomic

Vision (Bagneux, France), and by any other suitable methods known in the art.
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“Alt-HDR,” “alternative homology-directed repair,” or “alternative HDR” are used
interchangeably to refer to the process of repairing DNA damage using a homologous nucleic
acid (¢.g., an endogenous homologous sequence, ¢.g., a sister chromatid, or an exogenous nucleic
acid, ¢.g., a template nucleic acid). Alt-HDR is distinct from canonical HDR in that the process
utilizes different pathways from canonical HDR, and can be inhibited by the canonical HDR
mediators, RADS1 and BRCA2. Alt-HDR is also distinguished by the involvement of a single-
stranded or nicked homologous nucleic acid template, whereas canonical HDR generally

involves a double-stranded homologous template.

“Canonical HDR,” "canonical homology-directed repair" or “cHDR” refer to the
process of repairing DNA damage using a homologous nucleic acid (e.g., an endogenous
homologous sequence, e.g., a sister chromatid, or an exogenous nucleic acid, e.g., a
template nucleic acid). Canonical HDR typically acts when there has been significant
resection at the double strand break, forming at least one single-stranded portion of
DNA. In a normal cell, cHDR typically involves a series of steps such as recognition of
the break, stabilization of the break, resection, stabilization of single-stranded DNA,
formation of a DNA crossover intermediate, resolution of the crossover intermediate, and
ligation. The process requires RADS1 and BRCA2, and the homologous nucleic acid is
typically double-stranded.

Unless indicated otherwise, the term “HDR?” as used herein encompasses both canonical

HDR and alt-HDR.

“Non-homologous end joining” or “NHEJ” refers to ligation mediated repair and/or non-
template mediated repair including canonical NHEJ (cNHEJ) and alternative NHEJ (altNHEJ),
which in turn includes microhomology-mediated end joining (MME]), single-strand annealing

(SSA), and synthesis-dependent microhomology-mediated end joining (SD-MMEJ).

“Replacement” or “replaced,” when used with reference to a modification of a
molecule (e.g. a nucleic acid or protein), does not require a process limitation but merely

indicates that the replacement entity is present.

“Subject” means a human or non-human animal. A human subject can be any
age (e.g., an infant, child, young adult, or adult), and may suffer from a disease, or may
be in need of alteration of a gene. Alternatively, the subject may be an animal, which
term includes, but is not limited to, mammals, birds, fish, reptiles, amphibians, and more
particularly non-human primates, rodents (such as mice, rats, hamsters, etc.), rabbits,

guinea pigs, dogs, cats, and so on. In certain embodiments of this disclosure, the subject
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is livestock, e.g., a cow, a horse, a sheep, or a goat. In certain embodiments, the subject

is poultry.

“Treat,” “treating,” and “treatment” mean the treatment of a disease in a subject
(e.g., a human subject), including one or more of inhibiting the disease, i.e., arresting or
preventing its development or progression; relieving the disease, i.e., causing regression
of the disease state; relieving one or more symptoms of the disease; and curing the

disease.

2%

“Prevent,” “preventing,” and “prevention” refer to the prevention of a disease in a
mammal, e.g., in a human, including (a) avoiding or precluding the disease; (b) affecting
the predisposition toward the disease; or (¢) preventing or delaying the onset of at least

one symptom of the disease.

A “Kit” refers to any collection of two or more components that together
constitute a functional unit that can be employed for a specific purpose. By way of
illustration (and not limitation), one kit according to this disclosure can include a guide
RNA complexed or able to complex with an RNA-guided nuclease, and accompanied by
(e.g. suspended in, or suspendable in) a pharmaceutically acceptable carrier. The kit can
be used to introduce the complex into, for example, a cell or a subject, for the purpose of
causing a desired genomic alteration in such cell or subject. The components of a kit can
be packaged together, or they may be separately packaged. Kits according to this
disclosure also optionally include directions for use (DFU) that describe the use of the kit
e.g., according to a method of this disclosure. The DFU can be physically packaged with

the kit, or it can be made available to a user of the kit, for instance by electronic means.

2% ¢

The terms “polynucleotide”, “nucleotide sequence

2% ¢
2

nucleic acid”, “nucleic acid

2% ¢

molecule”, “nucleic acid sequence”, and “oligonucleotide” refer to a series of nucleotide
bases (also called “nucleotides”) in DNA and RNA, and mean any chain of two or more
nucleotides. These terms refer to compositions that can be chimeric mixtures or
derivatives or modified versions thereof, single-stranded or double-stranded. These terms
also refer to compositions that can be modified at the base moiety, sugar moiety, or
phosphate backbone, for example, to improve stability of the molecule, its hybridization
parameters, etc. A nucleotide sequence typically carries genetic information, including,

but not limited to, the information used by cellular machinery to make proteins and

enzymes. These terms include double- or single-stranded genomic DNA, RNA, any

10
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synthetic and genetically manipulated polynucleotide, and both sense and antisense

polynucleotides. These terms also include nucleic acids containing modified bases.

Conventional IUPAC notation is used in nucleotide sequences presented herein,
as shown in Table 1, below (see also Cornish-Bowden A, Nucleic Acids Res. 1985 May
10; 13(9):3021-30, incorporated by reference herein). It should be noted, however, that
“T” denotes “Thymine or Uracil” in those instances where a sequence may be encoded

by either DNA or RNA, for example in gRNA targeting domains.

Table 1: IUPAC nucleic acid notation

Character Base

Adenine

Thymine or Uracil

Guanine
Cytosine
Uracil
GorT/U
AorC
AorG
CorT/U
CorG
AorT/U
C,GorT/U
A, CorG
A, CorT/U
A, GorT/U
A C GorT/U

z| oz <= gl w| <=2 &l clalo =

23 ¢

The terms “protein,” “peptide” and “polypeptide” are used interchangeably to referto a
sequential chain of amino acids linked together via peptide bonds. The terms include individual
proteins, groups or complexes of proteins that associate together, as well as fragments or
portions, variants, derivatives and analogs of such proteins. Peptide sequences are presented
herein using conventional notation, beginning with the amino or N-terminus on the left, and

proceeding to the carboxyl or C-terminus on the right. Standard one-letter or three-letter

abbreviations can be used.

11
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Overview

In general terms, this disclosure concerns genome editing systems, including, but
not limited to, transiently active genome editing systems, comprising RNA-guided
nucleases and gRNAs that are targeted to specific, usually cellular, DNA sequences. The
gRNAs used in these genome editing systems are referred to throughout this disclosure
as “one-shot guide RNAs” or ogRNAs, to distinguish them from governing guide RNAs
that are specifically targeted to nucleic acid sequences encoding RNA-guided nucleases
such as Cas9. In the various embodiments of this disclosure, the nucleic acids encoding
genome editing systems are modified to introduce sites recognized by ogRNAs, allowing
them to function as ggRNAs without altering their ability to recognize the specific
cellular sequences they have been designed to target. As such, in certain embodiments,
the genome editing system can edit the endogenous target locus as well as the nucleic
acid encoding the RNA-guided nuclease. Figure 1A is a diagram illustrating a SaCas9-
gRNA complex targeting the endogenous cellular locus as well as an engineered Cas9

sequence comprising an ogRNA target sequence in a viral vector.

For economy of presentation, and as illustrated in Figure 1B, the sites that are
introduced into nucleic acids encoding genome editing systems are grouped into (a) sites
introduced into nucleic acid vector backbones, e.g. viral genome backbones, and/or (b)
sites introduced into RNA-guided nuclease encoding sequences, for example, sequences
encoding a Cas9 nuclease. This grouping is not intended to be limiting or binding to any
particular theory or model, and (a) and (b) are not mutually exclusive. The introduction
of ogRNA target sites into sequences encoding genome editing systems or vectors
containing such sequences has several advantages over other self-inactivation strategies.
For one thing, the introduction of an ogRNA target site into such nucleic acids allows
self-inactivating genome editing systems to be designed and implemented without the
need for a separate ggRNA. This in turn permits self-inactivating genome editing
systems to be packaged in comparatively less space to facilitate, for example, a self-
inactivating system comprising multiple gRNAs to be packaged in a single vector (a
“one-shot” configuration) such as an AAV vector with a packaging limit of about 4.7 kb.
Another advantage is a potential improvement in the predictability of the behavior of the
ogRNA relative to ggRNA systems due to, for example, the elimination of variation due
to differences in expression or cutting efficiency between a genomically-targeted gRNA

and a ggRNA. Further advantages of the embodiments of this disclosure will be evident
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to those of skill in the art. In certain embodiments, sites introduced into the RNA-guided
nuclease do not alter the nuclease activity of the RNA-guided nuclease as compared to

the wild-type protein. In certain embodiments, the engineered RNA guided-nuclease has
at least about 80%, about 85%, about 90%, about 95%, or about 99% nuclease activity of

the wild-type protein.

Turning first to the introduction of engineered sequences into vector backbones,
it will be understood by those of skill in the art that many vector nucleic acids, such as
plasmids, artificial chromosomes, and/or recombinant viral vector genomes, comprise
“backbone” sequences that do not encode RNA-guided nucleases. By engineering one or
more ogRNA target sites into these backbone sequences, the genome editing system
incorporating the ogRNA can recognize and alter the vector, for example by forming
single- or double-strand breaks, point mutations, or other modifications as described in
greater detail below. This alteration, in turn, can reduce or eliminate transcription of one
or more components of the genome editing system and thereby limit the activity of the

genome editing system.

An ogRNA target site, whether it is incorporated into a vector backbone or an
RNA-guided nuclease coding sequence, will generally comprise a 16-24 nucleotide
sequence (a “protospacer” sequence) that is complementary to a targeting domain
sequence (or “spacer”’, 16-24 nucleotide in length) of the ogRNA; the protospacer is
adjacent to a Protospacer Adjacent Motif (or “PAM?”) that is, generally, between 3 and 6
nucleotides in length depending on the species of RNA-guided nuclease used. Certain
examples in this disclosure focus on target sites for use with S. aureus Cas9, which
recognizes an NNGRRT or NNGRRYV PAM that is immediately 3 of the protospacer
sequence as visualized on the “top” or “complementary” strand. Without limiting the
foregoing, an exemplary S. aureus ogRNA target site can be 22-30 nucleotides in length,
comprising a 16-24 nucleic acid sequence in the eukaryotic gene and a 6 nucleotide
PAM that is recognized by the S. aureus Cas9.

One-shot guide RNA target sites can be engineered into vector backbones in any
suitable position, though it may be advantageous in certain cases to position ogRNA
target sites in proximity to sites or elements that (a) are required for the stability of the
vector in vivo, (b) that will lose function, rather than gain function, when disrupted by,
e.g. an indel; and/or (c) that are required for the expression of functional RNA-guided

nuclease. These sites or elements may include, without limitation, promoter sequences
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for gRNAs and/or RNA-guided nucleases; inverted terminal repeats, gRNA coding

sequences, etc.

In certain embodiments where the ogRNA target site is introduced into a nucleic
acid vector backbone, the target site is located within or adjacent to the promoter
sequence of a gRNA and/or a RNA-guided nuclease. In certain embodiments, the target
site 1s located upstream of a transcription start site of the promoter sequence, e.g., O bp,
about 1 bp, about 10 bp, about 50 bp, about 100 bp, about 200 bp, about 500 bp, about
1000 bp, or any intermediate distance or ranges thereof upstream of the transcription
start site. In certain embodiments, the target site is located downstream of a transcription
start site of the promoter sequence, e.g., 0 bp, about 1 bp, about 10 bp, about 50 bp,
about 100 bp, about 200 bp, about 500 bp, about 1000 bp, or any intermediate distance or
ranges thereof downstream of the transcription start site. In certain embodiments, the

target site comprises a transcription start site.

In certain embodiments where the ogRNA target site is introduced into a nucleic
acid vector backbone, the target site is located within or adjacent to a 5' untranslated
region (5' UTR) of a RNA-guided nuclease. In certain embodiments, the target site is
located upstream of a translation start site of the promoter sequence, e.g., O bp, about 1
bp, about 10 bp, about 50 bp, about 100 bp, about 200 bp, about 500 bp, about 1000 bp,
or any intermediate distance or ranges thereof upstream of the translation start site. In
certain embodiments, the target site is located within or adjacent to a 3’ untranslated
region (3' UTR) of a RNA-guided nuclease. In certain embodiments, the target site is
located downstream of a translation stop codon (e.g., TGA, TAA and TAG), e.g., 0 bp,
about 1 bp, about 10 bp, about 50 bp, about 100 bp, about 200 bp, about 500 bp, about
1000 bp, or any intermediate distance or ranges thereof downstream of the translation

stop site.

Table 2, below, includes one exemplary AAV backbone into which a target site

(denoted by N’s) is engineered near the 5’ end (c.157insNj9:30)

Table 2: Exemplary in-backbone target sequence

TTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACG
CCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCA
TCACTAGGGGTTCCTCAGATCTGAATTNNNNNNNNNNNNNNNNNNNNNNNNNNCTAGCGCTTAAG
TCGCGCATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCA
TATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCC
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CCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGAC
GTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCA
AGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGAC
CTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGC
GGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAA
CAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAG
CTGGTTTAGTGAACCGTCAGATCCGCTAGAGATCCGCTCTAGAGGATCCGGTACTCGAGGAACTG
AAAANCCAGAAAGTTAACTGGTAAGTTTAGTCTTTTTGTCTTTTATTTCAGGTCCCGGATCCGGT
GGTGGTGCAAATCAAAGAACTGCTCCTCAGTGGATGTTGCCTTTACTTCTAGGCCTGTACGGAAG
TGTTACGCGGCCGCCACCATGGGACCGAAGAARAAGCGCAAGGTCGAAGCGTCCATGAAAAGGAA
CTACATTCTGGGGCTGGACATCGGGATTACAAGCGTGGGGTATGGGATTATTGACTATGAAACAA
GGGACGTGATCGACGCAGGCGTCAGACTGTTCAAGGAGGCCAACGTGGAAAACAATGAGGGACGG
AGAAGCAAGAGGGGAGCCAGGCGCCTGAAACGACGGAGAAGGCACAGAATCCAGAGGGTGAAGAA
ACTGCTGTTCGATTACAACCTGCTGACCGACCATTCTGAGCTGAGTGGAATTAATCCTTATGAAG
CCAGGGTGAAAGGCCTGAGTCAGAAGCTGTCAGAGGAAGAGTTTTCCGCAGCTCTGCTGCACCTG
GCTAAGCGCCGAGGAGTGCATAACGTCAATGAGGTGGAAGAGGACACCGGCAACGAGCTGTCTAC
AAAGGAACAGATCTCACGCAATAGCAAAGCTCTGGAAGAGAAGTATGTCGCAGAGCTGCAGCTGG
AACGGCTGAAGAAAGATGGCGAGGTGAGAGGGTCAATTAATAGGTTCAAGACAAGCGACTACGTC
AAAGAAGCCAAGCAGCTGCTGAAAGTGCAGAAGGCTTACCACCAGCTGGATCAGAGCTTCATCGA
TACTTATATCGACCTGCTGGAGACTCGGAGAACCTACTATGAGGGACCAGGAGAAGGGAGCCCCT
TCGGATGGAAAGACATCAAGGAATGGTACGAGATGCTGATGGGACATTGCACCTATTTTCCAGAA
GAGCTGAGAAGCGTCAAGTACGCTTATAACGCAGATCTGTACAACGCCCTGAATGACCTGAACAA
CCTGGTCATCACCAGGGATGAAAACGAGAAACTGGAATACTATGAGAAGTTCCAGATCATCGAAA
ACGTGTTTAAGCAGAAGAAAAAGCCTACACTGARACAGATTGCTAAGGAGATCCTGGTCAACGAA
GAGGACATCAAGGGCTACCGGGTGACAAGCACTGGAAAACCAGAGTTCACCAATCTGAAAGTGTA
TCACGATATTAAGGACATCACAGCACGGAAAGAAATCATTGAGAACGCCGAACTGCTGGATCAGA
TTGCTAAGATCCTGACTATCTACCAGAGCTCCGAGGACATCCAGGAAGAGCTGACTAACCTGAAC
AGCGAGCTGACCCAGGAAGAGATCGAACAGATTAGTAATCTGAAGGGGTACACCGGAACACACAA
CCTGTCCCTGAAAGCTATCAATCTGATTCTGGATGAGCTGTGGCATACAAACGACAATCAGATTG
CAATCTTTAACCGGCTGAAGCTGGTCCCAAAARAAGGTGGACCTGAGTCAGCAGAAAGAGATCCCA
ACCACACTGGTGGACGATTTCATTCTGTCACCCGTGGTCAAGCGGAGCTTCATCCAGAGCATCAA
AGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAATGATATCATTATCGAGCTGGCTAGGG
AGAAGAACAGCAAGGACGCACAGAAGATGATCAATGAGATGCAGAAACGAAACCGGCAGACCAAT
GAACGCATTGAAGAGATTATCCGAACTACCGGGAAAGAGAACGCAAAGTACCTGATTGAAAAAAT
CAAGCTGCACGATATGCAGGAGGGAAAGTGTCTGTATTCTCTGGAGGCCATCCCCCTGGAGGACC
TGCTGAACAATCCATTCAACTACGAGGTCGATCATATTATCCCCAGAAGCGTGTCCTTCGACAAT
TCCTTTAACAACAAGGTGCTGGTCAAGCAGGAAGAGAACTCTAAAAAGGGCAATAGGACTCCTTT
CCAGTACCTGTCTAGTTCAGATTCCAAGATCTCTTACGAAACCTTTAAAAAGCACATTCTGAATC
TGGCCAAAGGAAAGGGCCGCATCAGCAAGACCAAAAAGGAGTACCTGCTGGAAGAGCGGGACATC
AACAGATTCTCCGTCCAGAAGGATTTTATTAACCGGAATCTGGTGGACACAAGATACGCTACTCG
CGGCCTGATGAATCTGCTGCGATCCTATTTCCGGGTGAACAAT CTGGATGTGAAAGTCAAGTCCA
TCAACGGCGGGTTCACATCTTTTCTGAGGCGCAAATGGAAGTTTAAAAAGGAGCGCAACAAAGGG
TACAAGCACCATGCCGAAGATGCTCTGATTATCGCAAATGCCGACTTCATCTTTAAGGAGTGGAA
AAAGCTGGACAAAGCCAAGAAAGTGATGGAGAACCAGATGTTCGAAGAGAAGCAGGCCGAATCTA
TGCCCGAAATCGAGACAGAACAGGAGTACAAGGAGATTTTCATCACTCCTCACCAGATCAAGCAT
ATCAAGGATTTCAAGGACTACAAGTACTCTCACCGGGTGGATAAAAAGCCCAACAGAGAGCTGAT
CAATGACACCCTGTATAGTACAAGAAAAGACGATAAGGGGAATACCCTGATTGTGAACAATCTGA
ACGGACTGTACGACAAAGATAATGACAAGCTGAAAAAGCTGATCAACAAAAGTCCCGAGAAGCTG
CTGATGTACCACCATGATCCTCAGACATATCAGAAACTGAAGCTGATTATGGAGCAGTACGGCGA
CGAGAAGAACCCACTGTATAAGTACTATGAAGAGACTGGGAACTACCTGACCAAGTATAGCAARARA
AGGATAATGGCCCCGTGATCAAGAAGATCAAGTACTATGGGAACAAGCTGAATGCCCATCTGGAC
ATCACAGACGATTACCCTAACAGTCGCAACAAGGTGGTCAAGCTGTCACTGAAGCCATACAGATT
CGATGTCTATCTGGACAACGGCGTGTATAAATTTGTGACTGTCAAGAATCTGGATGTCATCAAAA
AGGAGAACTACTATGAAGTGAATAGCAAGTGCTACGAAGAGGCTAAAAAGCTGAAAAAGATTAGC
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AACCAGGCAGAGTTCATCGCCTCCTTTTACAACAACGACCTGATTAAGATCAATGGCGAACTGTA
TAGGGTCATCGGGGTGAACAATGATCTGCTGAACCGCATTGAAGTGAATATGATTGACATCACTT
ACCGAGAGTATCTGGAAAACATGAATGATAAGCGCCCCCCTCGAATTATCAARACAATTGCCTCT
AAGACTCAGAGTATCAAAAAGTACTCAACCGACATTCTGGGAAACCTGTATGAGGTGAAGAGCAA
AAAGCACCCTCAGATTATCAARAAGGGCGGATCCCCCAAGAAGAAGAGGAAAGTCTCGAGCGACT
ACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGACAAGTAG
CAATAAAGGATCGTTTATTTTCATTGGAAGCGTGTGTTGGTTTTTTGATCAGGCGCGTCCAAGCT
TGCATGCTGGGGAGAGATCTAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTC
GCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGEGTCGGGCGACCTTTGGTCGCCCGGCCTCA
GTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAA [SEQ ID NO:1]

While the exemplary backbone sequence of Table 2 includes a single target site,
this disclosure also encompasses backbones into which 2, 3, 4, 5 or more identical or
non-identical target sequences are engineered into the vector. Additionally, it will be
appreciated by those of skill in the art that certain sequences within the vector backbone
may be similar to portions of the target site, and that these sites may be easily modified
to create target sites. For example, there can be multiple PAMs within the vector
backbone, and the sequence immediately 5’ (as visualized on the complementary or top
strand) can be modified to differ by 0, 1, 2, 3 or more nucleotides from the protospacer
sequence recognized by the ogRNA. Alternatively, a PAM sequence may be introduced
into a sequence encoding a gRNA targeting domain for example by modifying the
residues of the gRNA immediately 3 of the targeting domain. In certain embodiments,
an isolated nucleic acid encoding a Cas9 protein having a eukaryotic sequence can share
at least 80% (e.g. 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or greater identity)
sequence identity with SEQ ID NO: 1. In certain embodiments, an isolated nucleic acid
encoding a Cpf1 protein having a eukaryotic sequence can share at least 80% (e.g. 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99% or greater identity) sequence identity with SEQ
ID NO: 14.

Turning next to systems in which a target site is introduced into a sequence
encoding an RNA-guided nuclease, this disclosure provides certain engineered S. aureus
Cas9 proteins that are encoded by DNA sequences comprising target sites as described
above. Short (e.g. 24-42 base pair, or 8-13 amino-acid) sequences comprising such
target sites are referred to as “inserts” when they are implemented in Cas9-coding
sequences and/or engineered Cas9 proteins, whether they are inserted into the sequence,
or replace a portion of the sequence. Figures 3A-3C are schematic graphs showing

exemplary peptide-encoding inserts incorporating heterologous cellular sequences.
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Skilled artisans will appreciate that the design criteria for inserts include certain
conditions that are not necessarily applicable to target sites in the “backbone” sequence
of a DNA vector. For one thing, the length of the insert in certain embodiments is
divisible by three to avoid the introduction of a frameshift mutation that may affect the
function of the engineered RNA-guided nuclease. In instances where genomic target
sites have a length that is not divisible by three, one or two additional nucleotides are
added to the insert as necessary to preserve the reading frame of the coding sequence

comprising the insert.

Another design criterion that is met by certain embodiments of this disclosure is
minimal disruption of the structure of the engineered protein comprising the insert. This
requirement is met in some instances by (a) locating the insert in a region of the nuclease
protein where the addition of amino acids is well tolerated, and/or (b) selecting inserts
that will tend not to disrupt the structure of the surrounding protein. These two design

elements are dealt with in turn:

With respect to the location of the insert, Figures 1B and 2 depict four
exemplary sites (AC1, AC2, AC3, NT) in the S. aureus Cas9 protein into which an insert
is added in various embodiments of this disclosure, e.g. E271 N272insGXs.10G,

L371 N372insGXe.10G, Q737 _A738insGXs.10G, and/or at or near the N-terminus (NT).
The peptide sequences corresponding to each of these positions are presented in Table 3
below. In the table, residues within the insert are denoted by X. The sequences
presented include 10-12-amino acid inserts for clarity, however, the insert can have any

suitable length.

In certain embodiments, an insert “at or near the N-terminus” is positioned within
about 20 amino acid residues from the first amino acid residue of an RNA-guided
nuclease (e.g., Cas9 or Cpfl) peptide. In certain embodiments, an insert at or near the N-
terminus is positioned at about 0, about 1, about 2, about 3, about 4, about 5, about 6,
about 7, about 8, about 9, about 10, about 11, about 12, about 13, about 14, about 15,
about 16, about 17, about 18, about 19, or about 20 amino acid residues from the first
amino acid residue of an RNA-guided nuclease (e.g., Cas9 or Cpfl) peptide. In certain
embodiments, an insert at or near the N-terminus is positioned upstream of the first
amino acid residue of an RNA-guided nuclease (e.g., Cas9 or Cpfl) peptide. In certain

embodiments, an insert at or near the N-terminus is positioned downstream of the first
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amino acid residue of an RNA-guided nuclease (e.g., Cas9 or Cpfl) peptide. In certain
embodiments, an insert at or near the N-terminus is positioned between a nuclear
localization sequence (NLS) and the coding sequence for the RNA-guided nuclease
peptide. In certain embodiments, the NLS comprises a peptide sequence set forth in

SEQ ID NO: 12 GPKKKRKVEAS [SEQ ID NO: 12].

In certain embodiments, an insert at or near the N-terminus is positioned within
about 9 amino acid residues from the first amino acid residue of a Cas9 peptide. In
certain embodiments, an insert at or near the N-terminus is positioned at about 0, about
1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9 amino acid
residues from the first amino acid residue of a Cas9 peptide. In certain embodiments, an
insert at or near the N-terminus is positioned within about 20 amino acid residues from
the first amino acid residue of a Cpf1 peptide. In certain embodiments, an insert at or
near the N-terminus is positioned at about 0, about 1, about 2, about 3, about 4, about 5,
about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13, about 14,
about 15, about 16, about 17, about 18, about 19, or about 20 amino acid residues from

the first amino acid residue of a Cpf1 peptide.

In certain embodiments, the insert can comprise a translational start codon (i.e.,
ATG). In certain embodiments, the translational start codon (i.e., ATQG) is in-frame with
the RNA-guided nuclease coding sequence. In certain embodiments, an insert at or near
the N-terminus of the RNA-guided nuclease coding sequence is positioned between a

translational start codon (i.e., ATG) and the RNA-guided nuclease coding sequence.

Additionally, skilled artisans will appreciate that RNA-guided nuclease
sequences (e.g., Cas9 or Cpfl protein sequences) may be modified in ways that do not
disrupt the operation of the o gRNA, and that these sequences may be modified to have 1,
2,3,4,5,6,7,8,9, 10 or more amino acid changes. Said another way, in certain
embodiments, sequences will have more than 95% sequence identity to the
corresponding naturally occurring RNA-guided nuclease. In certain embodiments,
inserts added in these three exemplary sites do not alter the nuclease activity of the RNA-
guided nuclease protein as compared to the wild-type RNA-guided nuclease. In certain
embodiments, the RNA-guided nuclease with inserts added in the exemplary sites will
have at least about 40%, about 50%, about 60%, about 70%, about 80%, about 85%,
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about 90%, about 95%, or about 99% nuclease activity of the wild-type RNA-guided

Table 3: Exemplary engineered Cas9 proteins

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEGRRSKRGARRLKRRRRHRIQRVK
KLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHNVNEVEEDTGNELSTKE
QISRNSKALEEKYVAELQLERLKKDGEVRGSINREFKTSDYVKEAKQLLKVOKAYHQLDQSEFIDTYIDL
LETRRTYYEGPGEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRDEN
EKLEYYEKFQITENVFKOQKKKPTLKOQIAKETILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKE
ITENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLSLKAINLILDELW
HTNDNQIATIFNRLKLVPKKVDLSQQOKEIPTTLVDDFILSPVVKRSFIQSIKVINATIKKYGLPNDIIT
ELAREKNSKDAQKMINEMOKRNROQTNERIEEITRTTGKENAKYLIEKIKLHDMOQEGKCLYSLEATIPLE
DLLNNPENYEVDHITPRSVSEFDNSFNNKVLVKOQEENSKKGNRTPEFQYLSSSDSKISYETFKKHILNLA
KGKGRISKTKKEYLLEERDINRESVQKDFINRNLYVDTRYATRGLMNLLRSYFRVNNLDVKVKSINGGF
TSEFLRRKWKFKKERNKGYKHHAEDALT IANADFIFKEWKKLDKAKKVMENOMFEEKQAESMPEIETEQ
EYKEIFITPHQIKHIKDEFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNNLNGLYDKDNDKL
KKLINKSPEKLLMYHHDPOTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYG
NKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGVYKEFVTVKNLDVIKKENYYEVNSKCYEEAKK
LKKISNQAEFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRIIKTI
ASKTQSIKKYSTDILGNLYEVKSKKHPQIIKKG [SEQ ID NO:2]

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEGRRSKRGARRLKRRRRHRIQRVK
KLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHNVNEVEEDTGNELSTKE
QISRNSKALEEKYVAELQLERLKKDGEVRGSINREFKTSDYVKEAKQLLKVOKAYHQLDQSEFIDTYIDL
LETRRTYYEGPGEGSPFGWKDIKEWYEMIMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRDEX
XXXXXXXXXXXNEKLEYYEKFQI TENVEKOKKKPTLKOQIAKEILVNEEDIKGYRVT STGKPEFTNLKY
YHDIKDITARKEITENAELLDOQIAKILTIYQSSEDIQEELTNLNSELTQEETEQISNLKGYTGTHNLS
LKAINLILDELWHTNDNQIATFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFIQSIKVINAT
IKKYGLPNDIIIELAREKNSKDAQKMINEMOKRNROTNERTIEEITRTTGKENAKYLIEKIKLHDMOQEG
KCLYSLEATPLEDLLNNPEFNYEVDHITPRSVSEFDNSENNKVLVKOEENSKKGNRTPFQYLSSSDSKIS
YETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVOKDFINRNLVDTRYATRGLMNLLRSYFRVNN
LDVKVKSINGGEFTSFLRRKWKFKKERNKGYKHHAEDALITANADFI FKEWKKLDKAKKVMENQMEEEK
QAESMPEIETEQEYKEIFITPHQIKHIKDEFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNN
INGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKD
NGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGVYKEFVIVKNLDVIKKENYY
EVNSKCYEEAKKLKKISNQAEFIASEFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENM
NDKRPPRIIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQITIKKG [SEQ ID NO:3]
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MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEGRRSKRGARRLKRRRRHRIQRVK
KLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHNVNEVEEDTGNELSTKE
QISRNSKALEEKYVAELQLERLKKDGEVRGSINREFKTSDYVKEAKQLLKVOKAYHQLDQSEFIDTYIDL
LETRRTYYEGPGEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRDEN
EKLEYYEKFQITENVFKOQKKKPTLKOQIAKETILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKE
ITENAELLDQIAKILTIYQSSEDIQEELTNLXXXXXXXXXXXXNSELTQEETEQT SNLKGYTGTHNLS
LKAINLILDELWHTNDNQIATFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFIQSIKVINAT
IKKYGLPNDIIIELAREKNSKDAQKMINEMOKRNROTNERTIEEITRTTGKENAKYLIEKIKLHDMOQEG
KCLYSLEATPLEDLLNNPEFNYEVDHITPRSVSEFDNSENNKVLVKOEENSKKGNRTPFQYLSSSDSKIS
YETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVOKDFINRNLVDTRYATRGLMNLLRSYFRVNN
LDVKVKSINGGEFTSFLRRKWKFKKERNKGYKHHAEDALITANADFI FKEWKKLDKAKKVMENQMEEEK
QAESMPEIETEQEYKEIFITPHQIKHIKDEFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNN
INGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKD
NGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGVYKEFVIVKNLDVIKKENYY
EVNSKCYEEAKKLKKISNQAEFIASEFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENM
NDKRPPRIIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQITIKKG [SEQ ID NO:4]
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Position 3
Q73 7_A73 8insGX6_10G

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEGRRSKRGARRLKRRRRHRIQRVK
KLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHNVNEVEEDTGNELSTKE
QISRNSKALEEKYVAELQLERLKKDGEVRGSINREFKTSDYVKEAKQLLKVOKAYHQLDQSEFIDTYIDL
LETRRTYYEGPGEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRDEN
EKLEYYEKFQITENVFKOQKKKPTLKOQIAKETILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKE
ITENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLSLKAINLILDELW
HTNDNQIATIFNRLKLVPKKVDLSQQOKEIPTTLVDDFILSPVVKRSFIQSIKVINATIKKYGLPNDIIT
ELAREKNSKDAQKMINEMOKRNROQTNERIEEITRTTGKENAKYLIEKIKLHDMOQEGKCLYSLEATIPLE
DLLNNPENYEVDHITPRSVSEFDNSFNNKVLVKOQEENSKKGNRTPEFQYLSSSDSKISYETFKKHILNLA
KGKGRISKTKKEYLLEERDINRESVQKDFINRNLYVDTRYATRGLMNLLRSYFRVNNLDVKVKSINGGF
TSEFLRRKWKFKKERNKGYKHHAEDALTIANADEFIFKEWKKLDKAKKVMENQOMFEEKOXXXXXXXXXXX
XAESMPETETEQEYKETIFITPHQIKHIKDFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNN
INGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKD
NGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGVYKEFVIVKNLDVIKKENYY
EVNSKCYEEAKKLKKISNQAEFIASEFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENM
NDKRPPRIIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQITIKKG [SEQ ID NO:5]

Position NT

MGPKKKRKVEASXXXXXXXXXXMKRNYTILGLDIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEG
RRSKRGARRLKRRRRHRIQRVKKLLEFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAK
RRGVHNVNEVEEDTGNELSTKEQI SRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVKEAKQ
LLKVOKAYHQLDOSFIDTYIDLLETRRTYYEGPGEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYA
YNADLYNALNDLNNLVITRDENEKLEYYEKFQITENVFKOKKKPTLKQIAKETLVNEEDIKGYRVTST
GKPEFTNLKVYHDIKDITARKEITENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQEEIEQISNL
KGYTGTHNLSLKAINLILDELWHTNDNQIAT FNRLKLVPKKVDLSQQKETPTTLVDDFILSPVVKRSF
TOSIKVINATIKKYGLPNDIITELAREKNSKDAQKMINEMOKRNROTNERTEETITRTTGKENAKYLTE
KIKLHDMQEGKCLYSLEATPLEDLLNNPENYEVDHITPRSVSEDNSFNNKVLVKQEENSKKGNRTPFQ
YLSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVOKDEINRNLVDTRYATRGLMN
LLRSYFRVNNLDVKVKSINGGFTSFLRRKWKFKKERNKGYKHHAEDALITANADFIFKEWKKLDKAKK
VMENOMFEEKQAESMPETIETEQEYKEIFITPHOIKHIKDFKDYKYSHRVDKKPNRELINDTLYSTRKD
DKGNTLIVNNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETG
NYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGVYKEVTVKN
LDVIKKENYYEVNSKCYEEAKKLKKISNQAEFTASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMID
ITYREYLENMNDKRPPRIIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQITKKG [SEQ ID
NO:10]

The engineered Cas9 proteins presented in Table 3 are encoded by the exemplary

nucleic acids sequences listed in Table 4. In the table, the nucleotides within the insert

are denoted by N, and insert positions corresponding to amino acid positions 1-3 are

c.813 814insNy7.36, €. 1113 _1114insNy7.36, and ¢.2211 2212insN;7.36, respectively.
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Table 4: Exemplary nucleic acid sequences encoding engineered Cas9 proteins

Sample codon-optimized S. aureus Cas9 sequence

ATGAAAAGGAACTACATTCTGGGGCTGGACATCGGGATTACAAGCGTGGGGTATGGGATTATTGACTA
TGAAACAAGGGACGTGATCGACGCAGGCGTCAGACTGTTCAAGGAGGCCAACGTGGAAAACAATGAGG
GACGGAGAAGCAAGAGGGGAGCCAGGCGCCTGAAACGACGGAGAAGGCACAGAATCCAGAGGGTGAAG
AAACTGCTGTTCGATTACAACCTGCTGACCGACCATTCTGAGCTGAGTGGAATTAATCCTTATGAAGC
CAGGGTGAAAGGCCTGAGTCAGAAGCTGTCAGAGGAAGAGTTTTCCGCAGCTCTGCTGCACCTGGCTA
AGCGCCGAGGAGTGCATAACGTCAATGAGGTGGAAGAGGACACCGGCAACGAGCTGTCTACAAAGGAA
CAGATCTCACGCAATAGCAAAGCTCTGGAAGAGAAGTATGTCGCAGAGCTGCAGCTGGAACGGCTGAA
GAAAGATGGCGAGGTGAGAGGGTCAATTAATAGGTTCAAGACAAGCGACTACGTCAAAGAAGCCAAGC
AGCTGCTGAAAGTGCAGAAGGCTTACCACCAGCTGGATCAGAGCTTCATCGATACTTATATCGACCTG
CTGGAGACTCGGAGAACCTACTATGAGGGACCAGGAGAAGGGAGCCCCTTCGGATGGAAAGACATCAA
GGAATGGTACGAGATGCTGATGGGACATTGCACCTATTTTCCAGAAGAGCTGAGAAGCGTCAAGTACG
CTTATAACGCAGATCTGTACAACGCCCTGAATGACCTGAACAACCTGGTCATCACCAGGGATGAAAAC
GAGAAACTGGAATACTATGAGAAGTTCCAGATCATCGAAAACGTGTTTAAGCAGAAGAAAAAGCCTAC
ACTGAAACAGATTGCTAAGGAGATCCTGGTCAACGAAGAGGACATCAAGGGCTACCGGGTGACAAGCA
CTGGAAAACCAGAGTTCACCAATCTGAAAGTGTATCACGATATTAAGGACATCACAGCACGGAAAGAA
ATCATTGAGAACGCCGAACTGCTGGATCAGATTGCTAAGATCCTGACTATCTACCAGAGCTCCGAGGA
CATCCAGGAAGAGCTGACTAACCTGAACAGCGAGCTGACCCAGGAAGAGATCGAACAGATTAGTAATC
TGAAGGGGTACACCGGAACACACAACCTGTCCCTGAAAGCTATCAATCTGATTCTGGATGAGCTGT GG
CATACAAACGACAATCAGATTGCAATCTTTAACCGGCTGAAGCTGGTCCCAAAAAAGGTGGACCTGAG
TCAGCAGAAAGAGATCCCAACCACACTGGTGGACGATTTCATTCTGTCACCCGTGGTCAAGCGGAGCT
TCATCCAGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAATGATATCATTATC
GAGCTGGCTAGGGAGAAGAACAGCAAGGACGCACAGAAGATGATCAATGAGATGCAGAAACGAAACCG
GCAGACCAATGAACGCATTGAAGAGATTATCCGAACTACCGGGAAAGAGAACGCAAAGTACCTGATTG
AAAAAATCAAGCTGCACGATATGCAGGAGGGAAAGTGTCTGTATTCTCTGGAGGCCATCCCCCTGGAG
GACCTGCTGAACAATCCATTCAACTACGAGGTCGATCATATTATCCCCAGAAGCGTGTCCTTCGACAA
TTCCTTTAACAACAAGGTGCTGGTCAAGCAGGAAGAGAACTCTAAAAAGGGCAATAGGACTCCTTTCC
AGTACCTGTCTAGTTCAGATTCCAAGATCTCTTACGAAACCTTTAAAAAGCACATTCTGAATCTGGCC
AAAGGAAAGGGCCGCATCAGCAAGACCAAAANAGGAGTACCTGCTGGAAGAGCGGGACATCAACAGATT
CTCCGTCCAGAAGGATTTTATTAACCGGAATCTGGTGGACACAAGATACGCTACTCGCGGCCTGATGA
ATCTGCTGCGATCCTATTTCCGGGTGAACAATCTGGATGTGAAAGT CAAGTCCATCAACGGCGGGTTC
ACATCTTTTCTGAGGCGCAAATGGAAGTTTAAAAAGGAGCGCAACAAAGGGTACAAGCACCATGCCGA
AGATGCTCTGATTATCGCAAATGCCGACTTCATCTTTAAGGAGTGGAAAAAGCTGGACAAAGCCAAGA
AAGTGATGGAGAACCAGATGTTCGAAGAGAAGCAGGCCGAATCTATGCCCGAAATCGAGACAGAACAG
GAGTACAAGGAGATTTTCATCACTCCTCACCAGATCAAGCATATCAAGGATTTCAAGGACTACAAGTA
CTCTCACCGGGTGGATAAAAAGCCCAACAGAGAGCTGATCAATGACACCCTGTATAGTACAAGAAAAG
ACGATAAGGGGAATACCCTGATTGTGAACAATCTGAACGGACTGTACGACAAAGATAATGACAAGCTG
AAAAAGCTGATCAACAAAAGTCCCGAGAAGCTGCTGATGTACCACCATGATCCTCAGACATATCAGAA
ACTGAAGCTGATTATGGAGCAGTACGGCGACGAGAAGAACCCACTGTATAAGTACTATGAAGAGACTG
GGAACTACCTGACCAAGTATAGCAAAAAGGATAATGGCCCCGTGATCAAGAAGATCAAGTACTATGGG
AACAAGCTGAATGCCCATCTGGACATCACAGACGATTACCCTAACAGTCGCAACAAGGTGGTCAAGCT
GTCACTGAAGCCATACAGATTCGATGTCTATCTGGACAACGGCGTGTATAAATTTGTGACTGTCAAGA
ATCTGGATGTCATCAAAAAGGAGAACTACTATGAAGTGAATAGCAAGTGCTACGAAGAGGCTAAAAAG
CTGAAAAAGATTAGCAACCAGGCAGAGTTCATCGCCTCCTTTTACAACAACGACCTGATTAAGATCAA
TGGCGAACTGTATAGGGTCATCGGGGTGAACAATGATCTGCTGAACCGCATTGAAGTGAATATGATTG
ACATCACTTACCGAGAGTATCTGGAAAACATGAATGATAAGCGCCCCCCTCGAATTATCAAAACAATT
GCCTCTAAGACTCAGAGTATCAAAAAGTACTCAACCGACATTCTGGGAAACCTGTATGAGGTGAAGAG
CAAAAAGCACCCTCAGATTATCAAAAAGGGC [SEQ ID NO:6]

21




WO 2018/106693 PCT/US2017/064720

Position 1
c.813 8 14inSN27_36

ATGAAAAGGAACTACATTCTGGGGCTGGACATCGGGATTACAAGCGTGGGGTATGGGATTATTGACTA
TGAAACAAGGGACGTGATCGACGCAGGCGTCAGACTGTTCAAGGAGGCCAACGTGGAAAACAATGAGG
GACGGAGAAGCAAGAGGGGAGCCAGGCGCCTGAAACGACGGAGAAGGCACAGAATCCAGAGGGTGAAG
AAACTGCTGTTCGATTACAACCTGCTGACCGACCATTCTGAGCTGAGTGGAATTAATCCTTATGAAGC
CAGGGTGAAAGGCCTGAGTCAGAAGCTGTCAGAGGAAGAGTTTTCCGCAGCTCTGCTGCACCTGGCTA
AGCGCCGAGGAGTGCATAACGTCAATGAGGTGGAAGAGGACACCGGCAACGAGCTGTCTACAAAGGAA
CAGATCTCACGCAATAGCAAAGCTCTGGAAGAGAAGTATGTCGCAGAGCTGCAGCTGGAACGGCTGAA
GAAAGATGGCGAGGTGAGAGGGTCAATTAATAGGTTCAAGACAAGCGACTACGTCAAAGAAGCCAAGC
AGCTGCTGAAAGTGCAGAAGGCTTACCACCAGCTGGATCAGAGCTTCATCGATACTTATATCGACCTG
CTGGAGACTCGGAGAACCTACTATGAGGGACCAGGAGAAGGGAGCCCCTTCGGATGGAAAGACATCAA
GGAATGGTACGAGATGCTGATGGGACATTGCACCTATTTTCCAGAAGAGCTGAGAAGCGTCAAGTACG
CTTATAACGCAGATCTGTACAACGCCCTGAATGACCTGAACAACCTGGTCATCACCAGGGAT GAANNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAACGAGAAACTGGAATACTATGAGAAGTTCCAGAT
CATCGAAAACGTGTTTAAGCAGAAGAAAAAGCCTACACTGAAACAGATTGCTAAGGAGATCCTGGTCA
ACGAAGAGGACATCAAGGGCTACCGGGTGACAAGCACTGGAAAACCAGAGTTCACCAATCTGAAAGTG
TATCACGATATTAAGGACATCACAGCACGGAAAGAAAT CATTGAGAACGCCGAACTGCTGGATCAGAT
TGCTAAGATCCTGACTATCTACCAGAGCTCCGAGGACATCCAGGAAGAGCTGACTAACCTGAACAGCG
AGCTGACCCAGGAAGAGATCGAACAGATTAGTAATCTGAAGGGGTACACCGGAACACACAACCTGTCC
CTGAAAGCTATCAATCTGATTCTGGATGAGCTGTGGCATACAAACGACAATCAGATTGCAATCTTTAA
CCGGCTGAAGCTGGTCCCAAAAAAGGTGGACCTGAGTCAGCAGAAAGAGATCCCAACCACACTGGTGG
ACGATTTCATTCTGTCACCCGTGGTCAAGCGGAGCTTCATCCAGAGCATCAAAGTGATCAACGCCATC
ATCAAGAAGTACGGCCTGCCCAATGATATCATTATCGAGCTGGCTAGGGAGAAGAACAGCAAGGACGC
ACAGAAGATGATCAATGAGATGCAGAAACGAAACCGGCAGACCAATGAACGCATTGAAGAGATTATCC
GAACTACCGGGAAAGAGAACGCAAAGTACCTGATTGAAAAAATCAAGCTGCACGATATGCAGGAGGGA
AAGTGTCTGTATTCTCTGGAGGCCATCCCCCTGGAGGACCTGCTGAACAATCCATTCAACTACGAGGT
CGATCATATTATCCCCAGAAGCGTGTCCTTCGACAATTCCTTTAACAACAAGGTGCTGGTCAAGCAGG
AAGAGAACTCTAAAAAGGGCAATAGGACTCCTTTCCAGTACCTGTCTAGTTCAGATTCCAAGATCTCT
TACGAAACCTTTAAAAAGCACATTCTGAATCTGGCCAAAGGAAAGGGCCGCATCAGCAAGACCAAAAA
GGAGTACCTGCTGGAAGAGCGGGACATCAACAGATTCTCCGTCCAGAAGGATTTTATTAACCGGAATC
TGGTGGACACAAGATACGCTACTCGCGGCCTGATGAATCTGCTGCGATCCTATTTCCGGGTGAACAAT
CTGGATGTGAAAGTCAAGTCCATCAACGGCGGGTTCACATCTTTTCTGAGGCGCAAATGGAAGTTTAA
AAAGGAGCGCAACAAAGGGTACAAGCACCATGCCGAAGATGCTCTGATTATCGCAAATGCCGACTTCA
TCTTTAAGGAGTGGAAAAAGCTGGACAAAGCCAAGAAAGTGATGGAGAACCAGATGTTCGAAGAGAAG
CAGGCCGAATCTATGCCCGAAATCGAGACAGAACAGGAGTACAAGGAGATTTTCATCACTCCTCACCA
GATCAAGCATATCAAGGATTTCAAGGACTACAAGTACTCTCACCGGGTGGATAAAAAGCCCAACAGAG
AGCTGATCAATGACACCCTGTATAGTACAAGAAAAGACGATAAGGGGAATACCCTGATTGTGAACAAT
CTGAACGGACTGTACGACAAAGATAATGACAAGCTGAAAAAGCTGATCAACAAAAGTCCCGAGAAGCT
GCTGATGTACCACCATGATCCTCAGACATATCAGAAACTGAAGCTGATTATGGAGCAGTACGGCGACG
AGAAGAACCCACTGTATAAGTACTATGAAGAGACTGGGAACTACCTGACCAAGTATAGCAAAAAGGAT
AATGGCCCCGTGATCAAGAAGATCAAGTACTATGGGAACAAGCTGAATGCCCATCTGGACATCACAGA
CGATTACCCTAACAGTCGCAACAAGGTGGTCAAGCTGTCACTGAAGCCATACAGATTCGATGTCTATC
TGGACAACGGCGTGTATAAATTTGTGACTGTCAAGAAT CTGGATGTCATCAAAAAGGAGAACTACTAT
GAAGTGAATAGCAAGTGCTACGAAGAGGCTAAAAAGCTGAAAAAGATTAGCAACCAGGCAGAGTTCAT
CGCCTCCTTTTACAACAACGACCTGATTAAGAT CAATGGCGAACTGTATAGGGTCATCGGGGTGAACA
ATGATCTGCTGAACCGCATTGAAGTGAATATGATTGACATCACTTACCGAGAGTATCTGGAAAACATG
AATGATAAGCGCCCCCCTCGAATTATCAAAACAATTGCCTCTAAGACTCAGAGTATCAAAAAGTACTC
AACCGACATTCTGGGAAACCTGTATGAGGTGAAGAGCAAAAAGCACCCTCAGATTATCAAAAAGGGC

[SEQ ID NO:7]
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Position 2

c.1113 11 14inSN27_36

ATGAAAAGGAACTACATTCTGGGGCTGGACATCGGGATTACAAGCGTGGGGTATGGGATTATTGACTA
TGAAACAAGGGACGTGATCGACGCAGGCGTCAGACTGTTCAAGGAGGCCAACGTGGAAAACAATGAGG
GACGGAGAAGCAAGAGGGGAGCCAGGCGCCTGAAACGACGGAGAAGGCACAGAATCCAGAGGGTGAAG
AAACTGCTGTTCGATTACAACCTGCTGACCGACCATTCTGAGCTGAGTGGAATTAATCCTTATGAAGC
CAGGGTGAAAGGCCTGAGTCAGAAGCTGTCAGAGGAAGAGTTTTCCGCAGCTCTGCTGCACCTGGCTA
AGCGCCGAGGAGTGCATAACGTCAATGAGGTGGAAGAGGACACCGGCAACGAGCTGTCTACAAAGGAA
CAGATCTCACGCAATAGCAAAGCTCTGGAAGAGAAGTATGTCGCAGAGCTGCAGCTGGAACGGCTGAA
GAAAGATGGCGAGGTGAGAGGGTCAATTAATAGGTTCAAGACAAGCGACTACGTCAAAGAAGCCAAGC
AGCTGCTGAAAGTGCAGAAGGCTTACCACCAGCTGGATCAGAGCTTCATCGATACTTATATCGACCTG
CTGGAGACTCGGAGAACCTACTATGAGGGACCAGGAGAAGGGAGCCCCTTCGGATGGAAAGACATCAA
GGAATGGTACGAGATGCTGATGGGACATTGCACCTATTTTCCAGAAGAGCTGAGAAGCGTCAAGTACG
CTTATAACGCAGATCTGTACAACGCCCTGAATGACCTGAACAACCTGGTCATCACCAGGGATGAAAAC
GAGAAACTGGAATACTATGAGAAGTTCCAGATCATCGAAAACGTGTTTAAGCAGAAGAAAAAGCCTAC
ACTGAAACAGATTGCTAAGGAGATCCTGGTCAACGAAGAGGACATCAAGGGCTACCGGGTGACAAGCA
CTGGAAAACCAGAGTTCACCAATCTGAAAGTGTATCACGATATTAAGGACATCACAGCACGGAAAGAA
ATCATTGAGAACGCCGAACTGCTGGATCAGATTGCTAAGATCCTGACTATCTACCAGAGCTCCGAGGA
CATCCAGGAAGAGCTGACTAACCT GNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAACAGCG
AGCTGACCCAGGAAGAGATCGAACAGATTAGTAATCTGAAGGGGTACACCGGAACACACAACCTGTCC
CTGAAAGCTATCAATCTGATTCTGGATGAGCTGTGGCATACAAACGACAATCAGATTGCAATCTTTAA
CCGGCTGAAGCTGGTCCCAAAAAAGGTGGACCTGAGTCAGCAGAAAGAGATCCCAACCACACTGGTGG
ACGATTTCATTCTGTCACCCGTGGTCAAGCGGAGCTTCATCCAGAGCATCAAAGTGATCAACGCCATC
ATCAAGAAGTACGGCCTGCCCAATGATATCATTATCGAGCTGGCTAGGGAGAAGAACAGCAAGGACGC
ACAGAAGATGATCAATGAGATGCAGAAACGAAACCGGCAGACCAATGAACGCATTGAAGAGATTATCC
GAACTACCGGGAAAGAGAACGCAAAGTACCTGATTGAAAAAATCAAGCTGCACGATATGCAGGAGGGA
AAGTGTCTGTATTCTCTGGAGGCCATCCCCCTGGAGGACCTGCTGAACAATCCATTCAACTACGAGGT
CGATCATATTATCCCCAGAAGCGTGTCCTTCGACAATTCCTTTAACAACAAGGTGCTGGTCAAGCAGG
AAGAGAACTCTAAAAAGGGCAATAGGACTCCTTTCCAGTACCTGTCTAGTTCAGATTCCAAGATCTCT
TACGAAACCTTTAAAAAGCACATTCTGAATCTGGCCAAAGGAAAGGGCCGCATCAGCAAGACCAAAAA
GGAGTACCTGCTGGAAGAGCGGGACATCAACAGATTCTCCGTCCAGAAGGATTTTATTAACCGGAATC
TGGTGGACACAAGATACGCTACTCGCGGCCTGATGAATCTGCTGCGATCCTATTTCCGGGTGAACAAT
CTGGATGTGAAAGTCAAGTCCATCAACGGCGGGTTCACATCTTTTCTGAGGCGCAAATGGAAGTTTAA
AAAGGAGCGCAACAAAGGGTACAAGCACCATGCCGAAGATGCTCTGATTATCGCAAATGCCGACTTCA
TCTTTAAGGAGTGGAAAAAGCTGGACAAAGCCAAGAAAGTGATGGAGAACCAGATGTTCGAAGAGAAG
CAGGCCGAATCTATGCCCGAAATCGAGACAGAACAGGAGTACAAGGAGATTTTCATCACTCCTCACCA
GATCAAGCATATCAAGGATTTCAAGGACTACAAGTACTCTCACCGGGTGGATAAAAAGCCCAACAGAG
AGCTGATCAATGACACCCTGTATAGTACAAGAAAAGACGATAAGGGGAATACCCTGATTGTGAACAAT
CTGAACGGACTGTACGACAAAGATAATGACAAGCTGAAAAAGCTGATCAACAAAAGTCCCGAGAAGCT
GCTGATGTACCACCATGATCCTCAGACATATCAGAAACTGAAGCTGATTATGGAGCAGTACGGCGACG
AGAAGAACCCACTGTATAAGTACTATGAAGAGACTGGGAACTACCTGACCAAGTATAGCAAAAAGGAT
AATGGCCCCGTGATCAAGAAGATCAAGTACTATGGGAACAAGCTGAATGCCCATCTGGACATCACAGA
CGATTACCCTAACAGTCGCAACAAGGTGGTCAAGCTGTCACTGAAGCCATACAGATTCGATGTCTATC
TGGACAACGGCGTGTATAAATTTGTGACTGTCAAGAAT CTGGATGTCATCAAAAAGGAGAACTACTAT
GAAGTGAATAGCAAGTGCTACGAAGAGGCTAAAAAGCTGAAAAAGATTAGCAACCAGGCAGAGTTCAT
CGCCTCCTTTTACAACAACGACCTGATTAAGAT CAATGGCGAACTGTATAGGGTCATCGGGGTGAACA
ATGATCTGCTGAACCGCATTGAAGTGAATATGATTGACATCACTTACCGAGAGTATCTGGAAAACATG
AATGATAAGCGCCCCCCTCGAATTATCAAAACAATTGCCTCTAAGACTCAGAGTATCAAAAAGTACTC
AACCGACATTCTGGGAAACCTGTATGAGGTGAAGAGCAAAAAGCACCCTCAGATTATCAAAAAGGGC

[SEQ ID NO:8]
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Position 3
c.2211 22 12inSN27_36

ATGAAAAGGAACTACATTCTGGGGCTGGACATCGGGATTACAAGCGTGGGGTATGGGATTATTGACTA
TGAAACAAGGGACGTGATCGACGCAGGCGTCAGACTGTTCAAGGAGGCCAACGTGGAAAACAATGAGG
GACGGAGAAGCAAGAGGGGAGCCAGGCGCCTGAAACGACGGAGAAGGCACAGAATCCAGAGGGTGAAG
AAACTGCTGTTCGATTACAACCTGCTGACCGACCATTCTGAGCTGAGTGGAATTAATCCTTATGAAGC
CAGGGTGAAAGGCCTGAGTCAGAAGCTGTCAGAGGAAGAGTTTTCCGCAGCTCTGCTGCACCTGGCTA
AGCGCCGAGGAGTGCATAACGTCAATGAGGTGGAAGAGGACACCGGCAACGAGCTGTCTACAAAGGAA
CAGATCTCACGCAATAGCAAAGCTCTGGAAGAGAAGTATGTCGCAGAGCTGCAGCTGGAACGGCTGAA
GAAAGATGGCGAGGTGAGAGGGTCAATTAATAGGTTCAAGACAAGCGACTACGTCAAAGAAGCCAAGC
AGCTGCTGAAAGTGCAGAAGGCTTACCACCAGCTGGATCAGAGCTTCATCGATACTTATATCGACCTG
CTGGAGACTCGGAGAACCTACTATGAGGGACCAGGAGAAGGGAGCCCCTTCGGATGGAAAGACATCAA
GGAATGGTACGAGATGCTGATGGGACATTGCACCTATTTTCCAGAAGAGCTGAGAAGCGTCAAGTACG
CTTATAACGCAGATCTGTACAACGCCCTGAATGACCTGAACAACCTGGTCATCACCAGGGATGAAAAC
GAGAAACTGGAATACTATGAGAAGTTCCAGATCATCGAAAACGTGTTTAAGCAGAAGAAAAAGCCTAC
ACTGAAACAGATTGCTAAGGAGATCCTGGTCAACGAAGAGGACATCAAGGGCTACCGGGTGACAAGCA
CTGGAAAACCAGAGTTCACCAATCTGAAAGTGTATCACGATATTAAGGACATCACAGCACGGAAAGAA
ATCATTGAGAACGCCGAACTGCTGGATCAGATTGCTAAGATCCTGACTATCTACCAGAGCTCCGAGGA
CATCCAGGAAGAGCTGACTAACCTGAACAGCGAGCTGACCCAGGAAGAGATCGAACAGATTAGTAATC
TGAAGGGGTACACCGGAACACACAACCTGTCCCTGAAAGCTATCAATCTGATTCTGGATGAGCTGT GG
CATACAAACGACAATCAGATTGCAATCTTTAACCGGCTGAAGCTGGTCCCAAAAAAGGTGGACCTGAG
TCAGCAGAAAGAGATCCCAACCACACTGGTGGACGATTTCATTCTGTCACCCGTGGTCAAGCGGAGCT
TCATCCAGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAATGATATCATTATC
GAGCTGGCTAGGGAGAAGAACAGCAAGGACGCACAGAAGATGATCAATGAGATGCAGAAACGAAACCG
GCAGACCAATGAACGCATTGAAGAGATTATCCGAACTACCGGGAAAGAGAACGCAAAGTACCTGATTG
AAAAAATCAAGCTGCACGATATGCAGGAGGGAAAGTGTCTGTATTCTCTGGAGGCCATCCCCCTGGAG
GACCTGCTGAACAATCCATTCAACTACGAGGTCGATCATATTATCCCCAGAAGCGTGTCCTTCGACAA
TTCCTTTAACAACAAGGTGCTGGTCAAGCAGGAAGAGAACTCTAAAAAGGGCAATAGGACTCCTTTCC
AGTACCTGTCTAGTTCAGATTCCAAGATCTCTTACGAAACCTTTAAAAAGCACATTCTGAATCTGGCC
AAAGGAAAGGGCCGCATCAGCAAGACCAAAANAGGAGTACCTGCTGGAAGAGCGGGACATCAACAGATT
CTCCGTCCAGAAGGATTTTATTAACCGGAATCTGGTGGACACAAGATACGCTACTCGCGGCCTGATGA
ATCTGCTGCGATCCTATTTCCGGGTGAACAATCTGGATGTGAAAGT CAAGTCCATCAACGGCGGGTTC
ACATCTTTTCTGAGGCGCAAATGGAAGTTTAAAAAGGAGCGCAACAAAGGGTACAAGCACCATGCCGA
AGATGCTCTGATTATCGCAAATGCCGACTTCATCTTTAAGGAGTGGAAAAAGCTGGACAAAGCCAAGA
AAGTGATGGAGAACCAGATGTTCGAAGAGAAGCAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNGCCGAATCTATGCCCGAAATCGAGACAGAACAGGAGTACAAGGAGATTTTCATCACTCCTCACCA
GATCAAGCATATCAAGGATTTCAAGGACTACAAGTACTCTCACCGGGTGGATAAAAAGCCCAACAGAG
AGCTGATCAATGACACCCTGTATAGTACAAGAAAAGACGATAAGGGGAATACCCTGATTGTGAACAAT
CTGAACGGACTGTACGACAAAGATAATGACAAGCTGAAAAAGCTGATCAACAAAAGTCCCGAGAAGCT
GCTGATGTACCACCATGATCCTCAGACATATCAGAAACTGAAGCTGATTATGGAGCAGTACGGCGACG
AGAAGAACCCACTGTATAAGTACTATGAAGAGACTGGGAACTACCTGACCAAGTATAGCAAAAAGGAT
AATGGCCCCGTGATCAAGAAGATCAAGTACTATGGGAACAAGCTGAATGCCCATCTGGACATCACAGA
CGATTACCCTAACAGTCGCAACAAGGTGGTCAAGCTGTCACTGAAGCCATACAGATTCGATGTCTATC
TGGACAACGGCGTGTATAAATTTGTGACTGTCAAGAAT CTGGATGTCATCAAAAAGGAGAACTACTAT
GAAGTGAATAGCAAGTGCTACGAAGAGGCTAAAAAGCTGAAAAAGATTAGCAACCAGGCAGAGTTCAT
CGCCTCCTTTTACAACAACGACCTGATTAAGAT CAATGGCGAACTGTATAGGGTCATCGGGGTGAACA
ATGATCTGCTGAACCGCATTGAAGTGAATATGATTGACATCACTTACCGAGAGTATCTGGAAAACATG
AATGATAAGCGCCCCCCTCGAATTATCAAAACAATTGCCTCTAAGACTCAGAGTATCAAAAAGTACTC
AACCGACATTCTGGGAAACCTGTATGAGGTGAAGAGCAAAAAGCACCCTCAGATTATCAAAAAGGGC

[SEQ ID NO:9]
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Position NT

ATGGGACCGAAGAAAAAGCGCAAGGT CGAAGCGT CCNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAT
GAAAAGGAACTACATTCTGGGGCTGGACATCGGGATTACAAGCGTGGGGTATGGGATTATTGACTATG
AAACAAGGGACGTGATCGACGCAGGCGTCAGACTGTTCAAGGAGGCCAACGTGGAAAACAATGAGGGA
CGGAGAAGCAAGAGGGGAGCCAGGCGCCTGAAACGACGGAGAAGGCACAGAAT CCAGAGGGTGAAGAA
ACTGCTGTTCGATTACAACCTGCTGACCGACCATTCTGAGCTGAGTGGAATTAATCCTTATGAAGCCA
GGGTGAAAGGCCTGAGTCAGAAGCTGTCAGAGGAAGAGTTTTCCGCAGCTCTGCTGCACCTGGCTAAG
CGCCGAGGAGTGCATAACGTCAATGAGGTGGAAGAGGACACCGGCAACGAGCTGTCTACAAAGGAACA
GATCTCACGCAATAGCAAAGCTCTGGAAGAGAAGTATGTCGCAGAGCTGCAGCTGGAACGGCTGAAGA
AAGATGGCGAGGTGAGAGGGTCAATTAATAGGTTCAAGACAAGCGACTACGTCAAAGAAGCCAAGCAG
CTGCTGAAAGTGCAGAAGGCTTACCACCAGCTGGATCAGAGCTTCATCGATACTTATATCGACCTGCT
GGAGACTCGGAGAACCTACTATGAGGGACCAGGAGAAGGGAGCCCCTTCGGATGGAAAGACATCAAGG
AATGGTACGAGATGCTGATGGGACATTGCACCTATTTTCCAGAAGAGCTGAGAAGCGTCAAGTACGCT
TATAACGCAGATCTGTACAACGCCCTGAATGACCTGAACAACCTGGTCATCACCAGGGATGAAAACGA
GAAACTGGAATACTATGAGAAGTTCCAGATCATCGAAAACGTGTTTAAGCAGAAGAAAAAGCCTACAC
TGAAACAGATTGCTAAGGAGATCCTGGTCAACGAAGAGGACATCAAGGGCTACCGGGTGACAAGCACT
GGAAAACCAGAGTTCACCAATCTGAAAGTGTATCACGATATTAAGGACATCACAGCACGGAAAGAAAT
CATTGAGAACGCCGAACTGCTGGATCAGATTGCTAAGATCCTGACTATCTACCAGAGCTCCGAGGACA
TCCAGGAAGAGCTGACTAACCTGAACAGCGAGCTGACCCAGGAAGAGATCGAACAGATTAGTAATCTG
AAGGGGTACACCGGAACACACAACCTGTCCCTGAAAGCTATCAATCTGATTCTGGATGAGCTGTGGCA
TACAAACGACAATCAGATTGCAATCTTTAACCGGCTGAAGCTGGTCCCAAAAAAGGTGGACCTGAGTC
AGCAGAAAGAGATCCCAACCACACTGGTGGACGATTTCATTCTGTCACCCGTGGTCAAGCGGAGCTTC
ATCCAGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAATGATATCATTATCGA
GCTGGCTAGGGAGAAGAACAGCAAGGACGCACAGAAGATGATCAATGAGATGCAGAAACGAAACCGGC
AGACCAATGAACGCATTGAAGAGATTATCCGAACTACCGGGAAAGAGAACGCAAAGTACCTGATTGAA
AAAATCAAGCTGCACGATATGCAGGAGGGAAAGTGTCTGTATTCTCTGGAGGCCATCCCCCTGGAGGA
CCTGCTGAACAATCCATTCAACTACGAGGTCGATCATATTATCCCCAGAAGCGTGTCCTTCGACAATT
CCTTTAACAACAAGGTGCTGGTCAAGCAGGAAGAGAACTCTAAAAAGGGCAATAGGACTCCTTTCCAG
TACCTGTCTAGTTCAGATTCCAAGATCTCTTACGAAACCTTTAAAAAGCACATTCTGAATCTGGCCAA
AGGAAAGGGCCGCATCAGCAAGACCAAAAAGGAGTACCTGCTGGAAGAGCGGGACATCAACAGATTCT
CCGTCCAGAAGGATTTTATTAACCGGAATCTGGTGGACACAAGATACGCTACTCGCGGCCTGATGAAT
CTGCTGCGATCCTATTTCCGGGTGAACAATCTGGATGTGAAAGT CAAGTCCATCAACGGCGGGTTCAC
ATCTTTTCTGAGGCGCAAATGGAAGTTTAAAAAGGAGCGCAACAAAGGGTACAAGCACCATGCCGAAG
ATGCTCTGATTATCGCAAATGCCGACTTCATCTTTAAGGAGTGGAAAAAGCTGGACAAAGCCAAGAAA
GTGATGGAGAACCAGATGTTCGAAGAGAAGCAGGCCGAATCTATGCCCGAAAT CGAGACAGAACAGGA
GTACAAGGAGATTTTCATCACTCCTCACCAGATCAAGCATATCAAGGATTTCAAGGACTACAAGTACT
CTCACCGGGTGGATAAAAAGCCCAACAGAGAGCTGATCAATGACACCCTGTATAGTACAAGAARAAGAC
GATAAGGGGAATACCCTGATTGTGAACAATCTGAACGGACTGTACGACAAAGATAATGACAAGCTGAA
AAAGCTGATCAACAAAAGTCCCGAGAAGCTGCTGATGTACCACCATGATCCTCAGACATATCAGAAAC
TGAAGCTGATTATGGAGCAGTACGGCGACGAGAAGAACCCACTGTATAAGTACTATGAAGAGACT GGG
AACTACCTGACCAAGTATAGCAAAAAGGATAATGGCCCCGTGATCAAGAAGATCAAGTACTATGGGAA
CAAGCTGAATGCCCATCTGGACATCACAGACGATTACCCTAACAGTCGCAACAAGGTGGTCAAGCTGT
CACTGAAGCCATACAGATTCGATGTCTATCTGGACAACGGCGTGTATAAATTTGTGACTGTCAAGAAT
CTGGATGTCATCAAAAAGGAGAACTACTATGAAGTGAATAGCAAGTGCTACGAAGAGGCTAAAAAGCT
GAAAAAGATTAGCAACCAGGCAGAGTTCATCGCCTCCTTTTACAACAACGACCTGATTAAGATCAATG
GCGAACTGTATAGGGTCATCGGGGTGAACAATGATCTGCTGAACCGCATTGAAGTGAATATGATTGAC
ATCACTTACCGAGAGTATCTGGAAAACATGAATGATAAGCGCCCCCCTCGAATTATCAAAACAATTGC
CTCTAAGACTCAGAGTATCAAAAAGTACTCAACCGACATTCTGGGAAACCTGTATGAGGTGAAGAGCA
AAAAGCACCCTCAGATTATCAAAAAGGGC [SEQ ID NO:11]

In certain embodiments, the RNA-guided nuclease is Cpfl. In certain

embodiments, the amino acid sequence of a Cpfl protein is set forth in SEQ ID NO: 13.

In certain embodiments, the Cpf1 protein can comprise an insertion such as a GXe.10G

insertion. In certain embodiments, the insertion (relative to SEQ ID NO: 13) is

positioned between amino acid positions 147 and 148, anywhere between amino acid
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positions 484 and 492, anywhere between amino acid positions 568 and 590, anywhere
between amino acid positions 795 and 855, anywhere between amino acid positions 1131
and 1140, or anywhere between amino acid positions 1160 and 1173. In certain
embodiments, the insertion is positioned at or near the N-terminus of a Cpf1 peptide. In
certain embodiments, the amino acid sequence of the Cpf1 protein comprising the
insertion has at least 95% sequence identity (e.g. 95%, 96%, 97%, 98%, 99% or greater
identity) to SEQ ID NO: 13.

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKEL
KPIIDRIYKTYADQCLQLVQLDWENLSAAIDSYRKEKTEETRNALIEEQATYRNA
THDYFIGRTDNLTDAINKRHAETYKGLFKAELFNGKVLKQLGTVTTTEHENALLR
SFDKFTTYFSGFYENRKNVFSAEDISTAIPHRIVQDNFPKFKENCHIFTRLITAVPS
LREHFENVKKAIGIFVSTSIEEVFSFPFYNQLLTQTQIDLYNQLLGGISREAGTEKI
KGLNEVLNLAIQKNDETAHIIASLPHRFIPLFKQILSDRNTLSFILEEFK SDEEVIQS
FCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSALCDHWDTLRNA
LYERRISELTGKITKSAKEKVQRSLKHEDINLQEIISAAGKELSEAFKQKTSEILSH
AHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEFSAR
LTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFQMPTLASGWDVNKEKNN
GAILFVKNGLYYLGIMPKQKGRYKALSFEPTEK TSEGFDKMY YDYFPDAAKMIP
KCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEITYDLNNPEKEPKKFQTAYAKK
TGDQKGYREALCKWIDFTRDFLSK YTKTTSIDLSSLRPSSQYKDLGEYYAELNPL
LYHISFQRIAEKEIMDA VETGKLYLFQIYNKDFAK GHHGKPNLHTLYWTGLFSPE
NLAKTSIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQE
LYDYVNHRLSHDLSDEARALLPNVITKEVSHEIIKDRRFTSDKFFFHVPITLNYQA
ANSPSKFNQRVNAYLKEHPETPIIGIDRGERNLIYITVIDSTGKILEQRSLNTIQQFD
YQKKLDNREKERVAARQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVL
ANLNFGFKSKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQL
TDQFTSFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNHESRKHFLEG
FDFLHYDVKTGDFILHFKMNRNLSFQRGLPGFMPAWDIVFEKNETQFDAKGTPF
IAGKRIVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNILPKLLENDDSH
AIDTMVALIRSVLQMRNSNAATGEDYINSPVRDLNGVCFDSRFQNPEWPMDAD
ANGAYHIALKGQLLLNHLKESKDLKLQNGISNQDWLAYIQELRN [SEQ ID NO:
13]
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In certain embodiments, an isolated nucleic acid sequence encoding a Cpfl
protein is set forth in SEQ ID NO: 14. In certain embodiments, the isolated Cpf1 nucleic
acid can comprise an insertion such as an N24-36 insertion. In certain embodiments, the
insertion (relative to SEQ ID NO: 14) is positioned between nucleic acid positions 441
and 442, anywhere between nucleic acid positions 1452 and 1474, anywhere between
nucleic acid positions 1704 and 1768, anywhere between nucleic acid positions 2385 and
2563, anywhere between nucleic acid positions 3393 and 3418, or anywhere between
nucleic acid positions 3480 and 3517. In certain embodiments, the insertion does not
alter the reading frame of the isolated Cpf1 nucleic acid. In certain embodiments, the
insertion is positioned at or near the N-terminus of a Cpfl peptide. In certain
embodiments, the nucleic acid sequence of the Cpf1 protein comprising the insertion has
at least 95% (e.g. 95%, 96%, 97%, 98%, 99% or greater identity) sequence identity to
SEQ ID NO: 14. Isolated nucleic acids according to this aspect of this disclosure are
optionally incorporated into vectors such as plasmids, viral vectors, naked DNA vectors,
etc. In some instances, an adeno-associated virus (AAV) vector incorporates isolated
nucleic acids according to this aspect of the disclosure. In certain embodiments, a target
site for the gRNA is within the vector backbone. The vectors can be used to alter both a

cellular endogenous target gene and the RNA-guided nuclease expression.

ATGACACAGTTCGAGGGCTTTACCAACCTGTATCAGGTGAGCAAGAC
ACTGCGGTTTGAGCTGATCCCACAGGGCAAGACCCTGAAGCACATCCAGGA
GCAGGGCTTCATCGAGGAGGACAAGGCCCGCAATGATCACTACAAGGAGCT
GAAGCCCATCATCGATCGGATCTACAAGACCTATGCCGACCAGTGCCTGCAG
CTGGTGCAGCTGGATTGGGAGAACCTGAGCGCCGCCATCGACTCCTATAGAA
AGGAGAAAACCGAGGAGACAAGGAACGCCCTGATCGAGGAGCAGGCCACA
TATCGCAATGCCATCCACGACTACTTCATCGGCCGGACAGACAACCTGACCG
ATGCCATCAATAAGAGACACGCCGAGATCTACAAGGGCCTGTTCAAGGCCG
AGCTGTTTAATGGCAAGGTGCTGAAGCAGCTGGGCACCGTGACCACAACCG
AGCACGAGAACGCCCTGCTGCGGAGCTTCGACAAGTTTACAACCTACTTCTC
CGGCTTTTATGAGAACAGGAAGAACGTGTTCAGCGCCGAGGATATCAGCAC
AGCCATCCCACACCGCATCGTGCAGGACAACTTCCCCAAGTTTAAGGAGAAT
TGTCACATCTTCACACGCCTGATCACCGCCGTGCCCAGCCTGCGGGAGCACT
TTGAGAACGTGAAGAAGGCCATCGGCATCTTCGTGAGCACCTCCATCGAGGA
GGTGTTTTCCTTCCCTTTTTATAACCAGCTGCTGACACAGACCCAGATCGACC
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TGTATAACCAGCTGCTGGGAGGAATCTCTCGGGAGGCAGGCACCGAGAAGA
TCAAGGGCCTGAACGAGGTGCTGAATCTGGCCATCCAGAAGAATGATGAGA
CAGCCCACATCATCGCCTCCCTGCCACACAGATTCATCCCCCTGTTTAAGCAG
ATCCTGTCCGATAGGAACACCCTGTCTTTCATCCTGGAGGAGTTTAAGAGCG
ACGAGGAAGTGATCCAGTCCTTCTGCAAGTACAAGACACTGCTGAGAAACG
AGAACGTGCTGGAGACAGCCGAGGCCCTGTTTAACGAGCTGAACAGCATCG
ACCTGACACACATCTTCATCAGCCACAAGAAGCTGGAGACAATCAGCAGCG
CCCTGTGCGACCACTGGGATACACTGAGGAATGCCCTGTATGAGCGGAGAAT
CTCCGAGCTGACAGGCAAGATCACCAAGTCTGCCAAGGAGAAGGTGCAGCG
CAGCCTGAAGCACGAGGATATCAACCTGCAGGAGATCATCTCTGCCGCAGGC
AAGGAGCTGAGCGAGGCCTTCAAGCAGAAAACCAGCGAGATCCTGTCCCAC
GCACACGCCGCCCTGGATCAGCCACTGCCTACAACCCTGAAGAAGCAGGAG
GAGAAGGAGATCCTGAAGTCTCAGCTGGACAGCCTGCTGGGCCTGTACCACC
TGCTGGACTGGTTTGCCGTGGATGAGTCCAACGAGGTGGACCCCGAGTTCTC
TGCCCGGCTGACCGGCATCAAGCTGGAGATGGAGCCTTCTCTGAGCTTCTAC
AACAAGGCCAGAAATTATGCCACCAAGAAGCCCTACTCCGTGGAGAAGTTC
AAGCTGAACTTTCAGATGCCTACACTGGCCTCTGGCTGGGACGTGAATAAGG
AGAAGAACAATGGCGCCATCCTGTTTGTGAAGAACGGCCTGTACTATCTGGG
CATCATGCCAAAGCAGAAGGGCAGGTATAAGGCCCTGAGCTTCGAGCCCAC
AGAGAAAACCAGCGAGGGCTTTGATAAGATGTACTATGACTACTTCCCTGAT
GCCGCCAAGATGATCCCAAAGTGCAGCACCCAGCTGAAGGCCGTGACAGCC
CACTTTCAGACCCACACAACCCCCATCCTGCTGTCCAACAATTTCATCGAGCC
TCTGGAGATCACAAAGGAGATCTACGACCTGAACAATCCTGAGAAGGAGCC
AAAGAAGTTTCAGACAGCCTACGCCAAGAAAACCGGCGACCAGAAGGGCTA
CAGAGAGGCCCTGTGCAAGTGGATCGACTTCACAAGGGATTTTCTGTCCAAG
TATACCAAGACAACCTCTATCGATCTGTCTAGCCTGCGGCCATCCTCTCAGTA
TAAGGACCTGGGCGAGTACTATGCCGAGCTGAATCCCCTGCTGTACCACATC
AGCTTCCAGAGAATCGCCGAGAAGGAGATCATGGATGCCGTGGAGACAGGC
AAGCTGTACCTGTTCCAGATCTATAACAAGGACTTTGCCAAGGGCCACCACG
GCAAGCCTAATCTGCACACACTGTATTGGACCGGCCTGTTTTCTCCAGAGAA
CCTGGCCAAGACAAGCATCAAGCTGAATGGCCAGGCCGAGCTGTTCTACCGC
CCTAAGTCCAGGATGAAGAGGATGGCACACCGGCTGGGAGAGAAGATGCTG
AACAAGAAGCTGAAGGATCAGAAAACCCCAATCCCCGACACCCTGTACCAG
GAGCTGTACGACTATGTGAATCACAGACTGTCCCACGACCTGTCTGATGAGG
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CCAGGGCCCTGCTGCCCAACGTGATCACCAAGGAGGTGTCTCACGAGATCAT
CAAGGATAGGCGCTTTACCAGCGACAAGTTCTTTTTCCACGTGCCTATCACA

CTGAACTATCAGGCCGCCAATTCCCCATCTAAGTTCAACCAGAGGGTGAATG
CCTACCTGAAGGAGCACCCCGAGACACCTATCATCGGCATCGATCGGGGCGA
GAGAAACCTGATCTATATCACAGTGATCGACTCCACCGGCAAGATCCTGGAG
CAGCGGAGCCTGAACACCATCCAGCAGTTTGATTACCAGAAGAAGCTGGAC

AACAGGGAGAAGGAGAGGGTGGCAGCAAGGCAGGCCTGGTCTGTGGTGGGC
ACAATCAAGGATCTGAAGCAGGGCTATCTGAGCCAGGTCATCCACGAGATC

GTGGACCTGATGATCCACTACCAGGCCGTGGTGGTGCTGGCGAACCTGAATT
TCGGCTTTAAGAGCAAGAGGACCGGCATCGCCGAGAAGGCCGTGTACCAGC
AGTTCGAGAAGATGCTGATCGATAAGCTGAATTGCCTGGTGCTGAAGGACTA
TCCAGCAGAGAAAGTGGGAGGCGTGCTGAACCCATACCAGCTGACAGACCA
GTTCACCTCCTTTGCCAAGATGGGCACCCAGTCTGGCTTCCTGTTTTACGTGC
CTGCCCCATATACATCTAAGATCGATCCCCTGACCGGCTTCGTGGACCCCTTC
GTGTGGAAAACCATCAAGAATCACGAGAGCCGCAAGCACTTCCTGGAGGGC
TTCGACTTTCTGCACTACGACGTGAAAACCGGCGACTTCATCCTGCACTTTAA
GATGAACAGAAATCTGTCCTTCCAGAGGGGCCTGCCCGGCTTTATGCCTGCA
TGGGATATCGTGTTCGAGAAGAACGAGACACAGTTTGACGCCAAGGGCACC

CCTTTCATCGCCGGCAAGAGAATCGTGCCAGTGATCGAGAATCACAGATTCA
CCGGCAGATACCGGGACCTGTATCCTGCCAACGAGCTGATCGCCCTGCTGGA
GGAGAAGGGCATCGTGTTCAGGGATGGCTCCAACATCCTGCCAAAGCTGCTG
GAGAATGACGATTCTCACGCCATCGACACCATGGTGGCCCTGATCCGCAGCG
TGCTGCAGATGCGGAACTCCAATGCCGCCACAGGCGAGGACTATATCAACA

GCCCCGTGCGCGATCTGAATGGCGTGTGCTTCGACTCCCGGTTTCAGAACCC

AGAGTGGCCCATGGACGCCGATGCCAATGGCGCCTACCACATCGCCCTGAAG
GGCCAGCTGCTGCTGAATCACCTGAAGGAGAGCAAGGATCTGAAGCTGCAG
AACGGCATCTCCAATCAGGACTGGCTGGCCTACATCCAGGAGCTGCGCAAC

[SEQ ID NO: 14]

Skilled artisans will be aware that the exemplary sequences presented herein may
be modified in ways that do not affect the operating principles of the genome editing
systems they embody. Accordingly, modified nucleotide or amino acid sequences that
are truncated, fused to other sequences, or otherwise modified to have >50%, >60%,

>70%, >80%, >85%, >90%, >91%, >92%, >03%, >04%, >05%. >96%, >97%, >98% or
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>99% sequence identity relative to the sequences presented herein are within the scope
of this disclosure. So too are amino acid or nucleic acid sequences differing by 1, 2, 3, 4

2

5,6,7,8,9, 10, 15, 20 or more residues from the sequences presented herein.

Turning next to the selection of inserts that will minimize disruption of nuclease
structure, many of the inserts within the scope of this disclosure have been engineered to
satisfy one or more of the following requirements: (i) the insert includes, at its 3" and 5’
ends, 3-nucleotide codons for glycine or another small, flexible residue (e.g., alanine or
valine), and encodes an amino acid sequence such as: G - [X]s.10 - G, where “X” denotes
any amino acid, subject to the constraints set forth here; (i1) the insert does not introduce
a stop codon, splice donor or acceptor, or other undesirable domain in the coding
sequence; (ii1) X is characterized by a hydrophilicity or hydrophobicity that will not
disrupt the folding of the engineered protein or its final structure (e.g. phenylalanine),
and (iv) X is not bulky (e.g. tryptophan), and is not a cysteine, proline or other amino
acid that could disrupt the structure of the Cas9 by introducing a bend or causing steric

interference with the surrounding protein, forming a sulfur bridge, etc.

In certain cases, inserts according to this disclosure can be generated according to
the following heuristic:

1. For a target site (protospacer and PAM) within a cellular gene target of
interest, identify all possible amino acid sequences that may be encoded by the target site
sequence in all six possible reading frames;

2. Discard any nucleotide sequence reading frames that do not meet the design
criteria set forth above (e.g., that encode a stop codon, or that encode peptides that would
likely disrupt the structure of the surrounding protein due to hydrophobicity, bulk, etc.;

3. For each nucleotide sequence that is not discarded in step 2,

a. add glycine codons to the 3’ and 5° ends of the target site,

b. if necessary, insert on the 5’ end of the sequence between the glycine
codon and the target site, one or two nucleotides to shift the target site sequence into a
desired reading frame; and

c. if necessary, insert, on the 3’ end of the sequence between the target
site and the glycine codon, one or two nucleotides to keep the 3” glycine codon and the

subsequent peptide sequence in frame.
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It should be noted that the inserts of the present disclosure are broadly compatible
with RNA-guided nucleases, including without limitation Cas9, Cpf1, and other Class 2
nucleases and the various orthologs thereof, and nucleic acids encoding the same. In
certain embodiments, the RNA-guided nuclease is Cas9. In certain embodiments, the
RNA-guided nuclease is Cpf1. While certain examples of this disclosure focus on the
use of inserts to regulate expression of S. aureus Cas9, the skilled artisan will appreciate
that an insert of this disclosure may be adapted for use with other nucleases or orthologs.
By way of example, an insert may be adapted for use in another nuclease or ortholog by
(1) selecting an appropriate target site comprising a PAM sequence recognized by the
nuclease or ortholog, and (i1) selecting an insertion site that is within a peptide loop that
is (a) located on a surface of the nuclease protein, and/or (b) predicted to tolerate the

insertion of the insert without alterations in folding or structure.

In use, the engineered nucleic acids according to this disclosure simultaneously
provide a template for transcription and expression of genome editing system
components and a substrate for cleavage or other editing by genome editing systems
once expressed. In many (though not necessarily all) embodiments, cleavage of the
engineered nucleic acid decreases or eliminates expression of one or more genome
editing system components encoded by the engineered nucleic acid. Alternatively, or
additionally, cleavage of the engineered nucleic acids can result in the formation of indel
mutations that decrease the function of the genome editing system components. These
outcomes, in turn, can provide a temporal limit to the genome editing activity caused by
delivery of the engineered nucleic acids as compared to non-engineered nucleotides
encoding similar components. For example, where a nucleic acid vector encoding a
RNA-guided nuclease and gRNA under the control of constitutive promoters would be
expected to drive ongoing, constitutive genome editing activity, the inclusion of an
ogRNA target site in the same vector (whether in the backbone or the RNA-guided
nuclease coding sequence) will result in a limited period of high expression of system
components and a transient peak in genome editing activity, which will decrease as
copies of the vector within each cell are cleaved and inactivated, over a period of hours,
days, or weeks. It will be clear to the skilled artisan that temporal limitation of genome
editing activity using the transiently active genome editing systems described herein can

be advantageous in certain settings, for instance to limit the potential for off-target

31



10

20

WO 2018/106693 PCT/US2017/064720

cutting, or to limit any potential cellular response to the genome editing system

components.

In certain embodiments, the activity of the RNA-guided nuclease can be
modulated via the nature of the ogRNA target sequence inserted into either the vector
backbone or the RNA-guided nuclease coding sequence. For example, if the ogRNA
target sequence comprises a consensus PAM sequence, the RNA-guided nuclease will
edit the nucleic acid encoding the RNA-guided nuclease at a higher efficiency than a
target sequence comprising a sub-optimal PAM. Accordingly, if a consensus PAM
sequence is employed, expression of the RNA-guided nuclease will reflect a burst dose,
while if a sub-optimal PAM sequence is employed, expression of the RNA-guided
nuclease will reflect an extended dose. Exemplary consensus and sub-optimal PAM

sequences for S. aureus Cas9 are listed in Table 5.

Table 5: Consensus and sub-optimal S. aureus Cas9 PAM sequences

PAM Description
NNGRRT Consensus S. aureus PAM
NNGYRT Sub-optimal PAM - substitute Y at R1
NNGRYT Sub-optimal PAM - substitute Y at R2
NNGYYT Sub-optimal PAM - substitutions at R1, R2
NNGRRV Sub-optimal PAM - substitution of V for T
NNGYRV Sub-optimal PAM - substitutions at R1, T
NNGRYV Sub-optimal PAM - substitutions at R2, T
NNHRRT Sub-optimal PAM - substitution of H for G
NNHYRT Sub-optimal PAM - substitution of H for G, R1
NNHRYT Sub-optimal PAM - substitution of H for G, R2
NNHRRV Sub-optimal PAM - substitution of H for G, V for T
NNHYRV Sub-optimal PAM - substitution of H for G, R1, V for T
NNHRYV Sub-optimal PAM - substitution of H for G, R2, V for T
NNHYYV | Sub-optimal PAM — substitution of H for G, R1, R2, V for T

This overview has focused on a handful of exemplary embodiments that illustrate
the principles of certain engineered nucleic acid vectors and engineered RNA-guided
nucleases. For clarity, however, this disclosure encompasses modifications and
variations that will be evident to those of skill in the art. For example, editing of the
nucleic acid encoding the RNA-guided nuclease and the nuclei acid encoding the cellular

endogenous target gene, as described herein, can be simultaneous or concomitant,

32



10

15

20

25

30

WO 2018/106693 PCT/US2017/064720

however there is not necessarily a temporal restriction of such editing. With that in
mind, the following disclosure is intended to illustrate the operating principles of genome
editing systems more generally. What follows should not be understood as limiting, but
rather illustrative of certain principles of genome editing systems, which, in combination
with the instant disclosure, will inform those of skill in the art about additional

implementations of and modifications that are within the scope of this disclosure.

Genome editing systems

The term “genome editing system” refers to any system having RNA-guided
DNA editing activity. Genome editing systems of the present disclosure include at least
two components adapted from naturally occurring CRISPR systems: a guide RNA
(gRNA) and an RNA-guided nuclease. These two components form a complex that is
capable of associating with a specific nucleic acid sequence and editing the DNA in or
around that nucleic acid sequence, for instance by making one or more of a single strand
break (an SSB or nick), a double strand break (a DSB) and/or a point mutation. In
certain embodiments, the genome editing system is a transiently active genome editing
system. In certain embodiments, the genome editing system can alter both a cellular
endogenous target gene and the RNA-guided-nuclease expression. In certain
embodiments, the gRNA/RNA-guided nuclease complex can cleave both the nucleic acid
encoding the RNA-guided nuclease and the nucleic acid encoding the cellular

endogenous target gene.

Naturally occurring CRISPR systems are organized evolutionarily into two
classes and five types (Makarova et al. Nat Rev Microbiol. 2011 Jun; 9(6): 467-477
(Makarova), incorporated by reference herein), and while genome editing systems of the
present disclosure may adapt components of any type or class of naturally occurring
CRISPR system, the embodiments presented herein are generally adapted from Class 2,
and type I or V CRISPR systems. Class 2 systems, which encompass types Il and V,
are characterized by relatively large, multidomain RNA-guided nuclease proteins (e.g.,
Cas9 or Cpfl) and one or more guide RNAs (e.g., a crRNA and, optionally, a tracrRNA)
that form ribonucleoprotein (RNP) complexes that associate with (i.e. target) and cleave
specific loci complementary to a targeting (or spacer) sequence of the crRNA. Genome
editing systems according to the present disclosure similarly target and edit cellular DNA

sequences, but differ significantly from CRISPR systems occurring in nature. For
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example, the unimolecular guide RNAs described herein do not occur in nature, and both
guide RNAs and RNA-guided nucleases according to this disclosure may incorporate

any number of non-naturally occurring modifications.

Genome editing systems can be implemented (e.g. administered or delivered to a
cell or a subject) in a variety of ways, and different implementations may be suitable for
distinct applications. For instance, a genome editing system is implemented, in certain
embodiments, as a protein/RNA complex (a ribonucleoprotein, or RNP), which can be
included in a pharmaceutical composition that optionally includes a pharmaceutically
acceptable carrier and/or an encapsulating agent, such as a lipid or polymer micro- or
nano-particle, micelle, liposome, etc. In certain embodiments, a genome editing system
is implemented as one or more nucleic acids encoding the RNA-guided nuclease and
guide RNA components described above (optionally with one or more additional
components); in certain embodiments, the genome editing system is implemented as one
or more vectors comprising such nucleic acids, for instance a viral vector such as an
adeno-associated virus; and in certain embodiments, the genome editing system is
implemented as a combination of any of the foregoing. Additional or modified
implementations that operate according to the principles set forth herein will be apparent

to the skilled artisan and are within the scope of this disclosure.

It should be noted that the genome editing systems of the present disclosure can
be targeted to a single specific nucleotide sequence, or may be targeted to — and capable
of editing in parallel — two or more specific nucleotide sequences through the use of
two or more guide RNAs. The use of multiple gRNAs is referred to as “multiplexing”
throughout this disclosure, and can be employed to target multiple, unrelated target
sequences of interest, or to form multiple SSBs or DSBs within a single target domain
and, in some cases, to generate specific edits within such target domain. For example,
International Patent Publication No. WO 2015/138510 by Maeder et al. (Maeder), which
is incorporated by reference herein, describes a genome editing system for correcting a
point mutation (C.2991+1655A to G) in the human CEP290 gene that results in the
creation of a cryptic splice site, which in turn reduces or eliminates the function of the
gene. The genome editing system of Maeder utilizes two guide RNAs targeted to
sequences on either side of (i.e. flanking) the point mutation, and forms DSBs that flank
the mutation. This, in turn, promotes deletion of the intervening sequence, including the

mutation, thereby eliminating the cryptic splice site and restoring normal gene function.
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As another example, WO 2016/073990 by Cotta-Ramusino, ef al. (“Cotta-
Ramusino”), incorporated by reference herein, describes a genome editing system that
utilizes twogRNAs in combination with a Cas9 nickase (a Cas9 that makes a single
strand nick such as S. pyogenes D10A), an arrangement termed a “dual-nickase system.”
The dual-nickase system of Cotta-Ramusino is configured to make two nicks on opposite
strands of a sequence of interest that are offset by one or more nucleotides, which nicks
combine to create a double strand break having an overhang (5’ in the case of Cotta-
Ramusino, though 3 overhangs are also possible). The overhang, in turn, can facilitate
homology directed repair events in some circumstances. And, as another example, WO
2015/070083 by Palestrant et al. (“Palestrant”, incorporated by reference herein)
describes a gRNA targeted to a nucleotide sequence encoding Cas9 (referred to as a
“governing RNA”), which can be included in a genome editing system comprising one
or more additional gRNAs to permit transient expression of a Cas9 that might otherwise
be constitutively expressed, for example in some virally transduced cells. These
multiplexing applications are intended to be exemplary, rather than limiting, and the
skilled artisan will appreciate that other applications of multiplexing are generally

compatible with the genome editing systems described here.

Genome editing systems can, in some instances, form double strand breaks that
are repaired by cellular DNA double-strand break mechanisms such as NHEJ or HDR.
These mechanisms are described throughout the literature, for example by Davis &
Maizels, PNAS, 111(10):E924-932, March 11, 2014 (Davis) (describing Alt-HDR); Frit
et al. DNA Repair 17(2014) 81-97 (Frit) (describing Alt-NHEJ); and Iyama and Wilson
III, DNA Repair (Amst.) 2013-Aug; 12(8): 620-636 (Iyama) (describing canonical HDR
and NHEJ pathways generally).

Where genome editing systems operate by forming DSBs, such systems
optionally include one or more components that promote or facilitate a particular mode
of double-strand break repair or a particular repair outcome. For instance, Cotta-
Ramusino also describes genome editing systems in which a single-stranded
oligonucleotide “donor template” is added; the donor template is incorporated into a
target region of cellular DNA that is cleaved by the genome editing system, and can

result in a change in the target sequence.
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In certain embodiments, genome editing systems modify a target sequence, or
modify expression of a gene in or near the target sequence, without causing single- or
double-strand breaks. For example, a genome editing system may include an RNA-
guided nuclease fused to a functional domain that acts on DNA, thereby modifying the
target sequence or its expression. As one example, an RNA-guided nuclease can be
connected to (e.g. fused to) a cytidine deaminase functional domain, and may operate by
generating targeted C-to-A substitutions. Exemplary nuclease/deaminase fusions are
described in Komor et al. Nature 533, 420-424 (19 May 2016) (“Komor”), which is
incorporated by reference. Alternatively, a genome editing system may utilize a
cleavage-inactivated (i.e. a “dead”) nuclease, such as a dead Cas9 (dCas9), and may
operate by forming stable complexes on one or more targeted regions of cellular DNA,
thereby interfering with functions involving the targeted region(s) including, without

limitation, mRNA transcription, chromatin remodeling, etc.

Guide RNA (gRNA) molecules

The terms “guide RNA” and “gRNA” refer to any nucleic acid that promotes the
specific association (or “targeting”) of an RNA-guided nuclease such as a Cas9 or a Cpfl
to a target sequence such as a genomic or episomal sequence in a cell. gRNAs can be
unimolecular (comprising a single RNA molecule, and referred to alternatively as
chimeric), or modular (comprising more than one, and typically two, separate RNA
molecules, such as a crRNA and a tractRNA, which are usually associated with one
another, for instance by duplexing). gRNAs and their component parts are described
throughout the literature, for instance in Briner et al. (Molecular Cell 56(2), 333-339,

October 23, 2014 (Briner), which is incorporated by reference), and in Cotta-Ramusino.

In bacteria and archaea, type II CRISPR systems generally comprise an RNA-
guided nuclease protein such as Cas9, a CRISPR RNA (crRNA) that includes a 5° region
that is complementary to a foreign sequence, and a trans-activating crRNA (tracrRNA)
that includes a 5’ region that is complementary to, and forms a duplex with, a 3’ region
of the crRNA. While not intending to be bound by any theory, it is thought that this
duplex facilitates the formation of — and is necessary for the activity of — the
Cas9/gRNA complex. As type II CRISPR systems were adapted for use in gene editing,
it was discovered that the crRNA and tracrRNA could be joined into a single

unimolecular or chimeric guide RNA, for instance, but not by way of limitation, by
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means of a four nucleotide (e.g. GAAA) “tetraloop” or “linker” sequence bridging
complementary regions of the crRNA (at its 3’ end) and the tractrRNA (at its 5’ end).
(Mali et al. Science. 2013 Feb 15; 339(6121): 823-826 (“Mali”); Jiang et al. Nat
Biotechnol. 2013 Mar; 31(3): 233-239 (“Jiang”); and Jinek et al., 2012 Science Aug. 17,
337(6096): 816-821 (“Jinek™), all of which are incorporated by reference herein.)

Guide RNAs, whether unimolecular or modular, include a “targeting domain”
that is fully or partially complementary to a target domain within a target sequence, such
as a DNA sequence in the genome of a cell where editing is desired. Targeting domains
are referred to by various names in the literature, including without limitation “guide
sequences” (Hsu et al., Nat Biotechnol. 2013 Sep; 31(9): 827-832, (“Hsu”), incorporated
by reference herein), “complementarity regions” (Cotta-Ramusino), “spacers” (Briner)
and generically as “crRNAs” (Jiang). Irrespective of the names they are given, targeting
domains are typically 10-30 nucleotides in length, and in certain embodiments are 16-24
nucleotides in length (for instance, 16, 17, 18, 19, 20, 21, 22, 23 or 24 nucleotides in
length), and are at or near the 5’ terminus of in the case of a Cas9 gRNA, and at or near

the 3’ terminus in the case of a Cpf1 gRNA.

In addition to the targeting domains, gRNAs typically (but not necessarily, as
discussed below) include a plurality of domains that may influence the formation or
activity of gRNA/Cas9 complexes. For instance, as mentioned above, the duplexed
structure formed by first and secondary complementarity domains of a gRNA (also
referred to as a repeat:anti-repeat duplex) interacts with the recognition (REC) lobe of
Cas9 and can mediate the formation of Cas9/gRNA complexes. (Nishimasu et al., Cell
156, 935-949, February 27, 2014 (Nishimasu 2014) and Nishimasu et al., Cell 162, 1113-
1126, August 27, 2015 (Nishimasu 2015), both incorporated by reference herein). It
should be noted that the first and/or second complementarity domains may contain one
or more poly-A tracts, which can be recognized by RNA polymerases as a termination
signal. The sequence of the first and second complentarity domains are, therefore,
optionally modified to eliminate these tracts and promote the complete in vitro
transcription of gRNAs, for instance through the use of A-G swaps as described in
Briner, or A-U swaps. These and other similar modifications to the first and second

complementarity domains are within the scope of the present disclosure.
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Along with the first and second complementarity domains, Cas9 gRNAs typically
include two or more additional duplexed regions that are involved in nuclease activity in
vivo but not necessarily in vitro. (Nishimasu 2015). A first stem-loop one near the 3’
portion of the second complementarity domain is referred to variously as the “proximal
domain,” (Cotta-Ramusino) “stem loop 1” (Nishimasu 2014 and 2015) and the “nexus”
(Briner). One or more additional stem loop structures are generally present near the 3’
end of the gRNA, with the number varying by species: S. pyogenes gRNAs typically
include two 3’ stem loops (for a total of four stem loop structures including the
repeat:anti-repeat duplex), while S. aureus and other species have only one (for a total of
three stem loop structures). A description of conserved stem loop structures (and gRNA

structures more generally) organized by species is provided in Briner.

While the foregoing description has focused on gRNAs for use with Cas9, it
should be appreciated that other RNA-guided nucleases have been (or may in the future
be) discovered or invented which utilize gRNAs that differ in some ways from those
described to this point. For instance, Cpfl (“CRISPR from Prevotella and Franciscella
17) is a recently discovered RNA-guided nuclease that does not require a tracrRNA to
function. (Zetsche et al., 2015, Cell 163, 759-771 October 22, 2015 (Zetsche I),
incorporated by reference herein). A gRNA for use in a Cpf1 genome editing system
generally includes a targeting domain and a complementarity domain (alternately
referred to as a “handle”). It should also be noted that, in gRNAs for use with Cpfl, the
targeting domain is usually present at or near the 3’ end, rather than the 5 end as
described above in connection with Cas9 gRNAs (the handle is at or near the 5’ end of a

Cpfl gRNA).

Those of skill in the art will appreciate, however, that although structural
differences may exist between gRNAs from different prokaryotic species, or between
Cpf1 and Cas9 gRNAs, the principles by which gRNAs operate are generally consistent.
Because of this consistency of operation, gRNAs can be defined, in broad terms, by their
targeting domain sequences, and skilled artisans will appreciate that a given targeting
domain sequence can be incorporated in any suitable gRNA, including a unimolecular or
modular gRNA, or a gRNA that includes one or more chemical modifications and/or
sequential modifications (substitutions, additional nucleotides, truncations, etc.). Thus,
for economy of presentation in this disclosure, gRNAs may be described solely in terms

of their targeting domain sequences.
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More generally, skilled artisans will appreciate that some aspects of the present
disclosure relate to systems, methods and compositions that can be implemented using
multiple RNA-guided nucleases. For this reason, unless otherwise specified, the term
gRNA should be understood to encompass any suitable gRNA that can be used with any
RNA-guided nuclease, and not only those gRNAs that are compatible with a particular
species of Cas9 or Cpfl. By way of illustration, the term gRNA can, in certain
embodiments, include a gRNA for use with any RNA-guided nuclease occurring in a
Class 2 CRISPR system, such as a type Il or type V or CRISPR system, or an RNA-

guided nuclease derived or adapted therefrom.

gRNA design

Methods for selection and validation of target sequences as well as off-target
analyses have been described previously, e.g., in Mali; Hsu; Fu et al., 2014 Nat
biotechnol 32(3): 279-84, Heigwer et al., 2014 Nat methods 11(2):122-3; Bae et al.
(2014) Bioinformatics 30(10): 1473-5; and Xiao A et al. (2014) Bioinformatics 30(8):
1180-1182. Each of these references is incorporated by reference herein. As a non-
limiting example, gRNA design can involve the use of a software tool to optimize the
choice of potential target sequences corresponding to a user’s target sequence, e.g., to
minimize total off-target activity across the genome. While off-target activity is not
limited to cleavage, the cleavage efficiency at each off-target sequence can be predicted,
e.g., using an experimentally-derived weighting scheme. These and other guide selection

methods are described in detail in Maeder and Cotta-Ramusino.

9RNA modifications

The activity, stability, or other characteristics of gRNAs can be altered through
the incorporation of certain modifications. As one example, transiently expressed or
delivered nucleic acids can be prone to degradation by, e.g., cellular nucleases.
Accordingly, the gRNAs described herein can contain one or more modified nucleosides
or nucleotides which introduce stability toward nucleases. While not wishing to be
bound by theory it is also believed that certain modified gRNAs described herein can
exhibit a reduced innate immune response when introduced into cells. Those of skill in
the art will be aware of certain cellular responses commonly observed in cells, e.g.,
mammalian cells, in response to exogenous nucleic acids, particularly those of viral or

bacterial origin. Such responses, which can include induction of cytokine expression and
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release and cell death, may be reduced or eliminated altogether by the modifications

presented herein.

Certain exemplary modifications discussed in this section can be included at any
position within a gRNA sequence including, without limitation at or near the 5” end (e.g.,
within 1-10, 1-5, or 1-2 nucleotides of the 5* end) and/or at or near the 3’ end (e.g.,
within 1-10, 1-5, or 1-2 nucleotides of the 3’ end). In some cases, modifications are
positioned within functional motifs, such as the repeat-anti-repeat duplex of a Cas9
gRNA, a stem loop structure of a Cas9 or Cpf1 gRNA, and/or a targeting domain of a
gRNA.

As one example, the 5° end of a gRNA can include a eukaryotic mRNA cap
structure or cap analog (e.g., a G(3 )ppp(3 )G cap analog, a m7G(35 )ppp(3°)G cap
analog, or a 3’-O-Me-m7G(5 ’)ppp(5 )G anti reverse cap analog (ARCA)), as shown

below:

o

pood;

="

The cap or cap analog can be included during either chemical synthesis or in vifro transcription
of the gRNA.

Along similar lines, the 5° end of the gRNA can lack a 5’ triphosphate group.
For instance, in vitro transcribed gRNAs can be phosphatase-treated (e.g., using calf

intestinal alkaline phosphatase) to remove a 5’ triphosphate group.

Another common modification involves the addition, at the 3” end of a gRNA, of
a plurality (e.g., 1-10, 10-20, or 25-200) of adenine (A) residues referred to as a polyA
tract. The polyA tract can be added to a gRNA during chemical synthesis, following in
vitro transcription using a polyadenosine polymerase (e.g., 2. coli Poly(A)Polymerase),

or in vivo by means of a polyadenylation sequence, as described in Maeder.
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It should be noted that the modifications described herein can be combined in any
suitable manner, e.g. a gRNA, whether transcribed in vivo from a DNA vector, or in vitro
transcribed gRNA, can include either or both of a 5° cap structure or cap analog and a 3’

polyA tract.

Guide RNAs can be modified at a 3’ terminal U ribose. For example, the two
terminal hydroxyl groups of the U ribose can be oxidized to aldehyde groups and a

concomitant opening of the ribose ring to afford a modified nucleoside as shown below:

U
HO
\EO
wherein “U” can be an unmodified or modified uridine.

The 3’ terminal U ribose can be modified with a 2’3’ cyclic phosphate as shown

below:

W
o No

wherein “U” can be an unmodified or modified uridine.

Guide RNAs can contain 3’ nucleotides which can be stabilized against
degradation, e.g., by incorporating one or more of the modified nucleotides described
herein. In certain embodiments, uridines can be replaced with modified uridines, e.g., 5-
(2-amino)propyl uridine, and 5-bromo uridine, or with any of the modified uridines
described herein; adenosines and guanosines can be replaced with modified adenosines
and guanosines, e.g., with modifications at the 8-position, e.g., 8-bromo guanosine, or

with any of the modified adenosines or guanosines described herein.

In certain embodiments, sugar-modified ribonucleotides can be incorporated into
the gRNA, e.g., wherein the 2° OH-group is replaced by a group selected from H, -OR, -
R (wherein R can be, e.g., alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar), halo, -SH,
-SR (wherein R can be, e.g., alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar), amino
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(wherein amino can be, e.g., NH,; alkylamino, dialkylamino, heterocyclyl, arylamino,
diarylamino, heteroarylamino, diheteroarylamino, or amino acid); or cyano (-CN). In
certain embodiments, the phosphate backbone can be modified as described herein, e.g.,
with a phosphothioate (PhTx) group. In certain embodiments, one or more of the
nucleotides of the gRNA can each independently be a modified or unmodified nucleotide
including, but not limited to 2’-sugar modified, such as, 2’-O-methyl, 2’-O-
methoxyethyl, or 2’-Fluoro modified including, e.g., 2’-F or 2’-O-methyl, adenosine (A),
2’-F or 2’-O-methyl, cytidine (C), 2’-F or 2’-O-methyl, uridine (U), 2’-F or 2’-O-methyl,
thymidine (T), 2°-F or 2’-O-methyl, guanosine (G), 2’-O-methoxyethyl-5-methyluridine
(Teo), 2’-O-methoxyethyladenosine (Aeo), 2’-O-methoxyethyl-5-methylcytidine

(m5Ceo), and any combinations thereof.

Guide RNAs can also include “locked” nucleic acids (LNA) in which the 2° OH-
group can be connected, e.g., by a C1-6 alkylene or C1-6 heteroalkylene bridge, to the 4’
carbon of the same ribose sugar. Any suitable moiety can be used to provide such
bridges, include without limitation methylene, propylene, ether, or amino bridges; O-
amino (wherein amino can be, e.g., NH;; alkylamino, dialkylamino, heterocyclyl,
arylamino, diarylamino, heteroarylamino, or diheteroarylamino, ethylenediamine, or
polyamino) and aminoalkoxy or O(CH,),-amino (wherein amino can be, e.g., NH;;
alkylamino, dialkylamino, heterocyclyl, arylamino, diarylamino, heteroarylamino, or

diheteroarylamino, ethylenediamine, or polyamino).

In certain embodiments, a gRNA can include a modified nucleotide which is
multicyclic (e.g., tricyclo; and “unlocked” forms, such as glycol nucleic acid (GNA)
(e.g., R-GNA or S-GNA, where ribose is replaced by glycol units attached to
phosphodiester bonds), or threose nucleic acid (TNA, where ribose is replaced with a-L-

threofuranosyl-(3’—2)).

Generally, gRNAs include the sugar group ribose, which is a S-membered ring
having an oxygen. Exemplary modified gRNAs can include, without limitation,
replacement of the oxygen in ribose (e.g., with sulfur (S), selenium (Se), or alkylene,
such as, e.g., methylene or ethylene); addition of a double bond (e.g., to replace ribose
with cyclopentenyl or cyclohexenyl); ring contraction of ribose (e.g., to form a 4-
membered ring of cyclobutane or oxetane); ring expansion of ribose (e.g., to form a 6- or

7-membered ring having an additional carbon or heteroatom, such as for example,
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anhydrohexitol, altritol, mannitol, cyclohexanyl, cyclohexenyl, and morpholino that also
has a phosphoramidate backbone). Although the majority of sugar analog alterations are
localized to the 2’ position, other sites are amenable to modification, including the 4’
position. In certain embodiments, a gRNA comprises a 4’-S, 4’-Se or a 4’-C-

aminomethyl-2’-O-Me modification.

In certain embodiments, deaza nucleotides, e.g., 7-deaza-adenosine, can be
incorporated into the gRNA. In certain embodiments, O- and N-alkylated nucleotides,
e.g., N6-methyl adenosine, can be incorporated into the gRNA. In certain embodiments,

one or more or all of the nucleotides in a gRNA are deoxynucleotides.

RNA -guided nucleases

RNA-guided nucleases according to the present disclosure include, but are not
limited to, naturally-occurring Class 2 CRISPR nucleases such as Cas9, and Cpf1, as
well as other nucleases derived or obtained therefrom. In functional terms, RNA-guided
nucleases are defined as those nucleases that: (a) interact with (e.g. complex with) a
gRNA; and (b) together with the gRNA, associate with, and optionally cleave or modify,
a target region of a DNA that includes (1) a sequence complementary to the targeting
domain of the gRNA and, optionally, (i1) an additional sequence referred to as a
“protospacer adjacent motif,” or “PAM,” which is described in greater detail below. As
the following examples will illustrate, RNA-guided nucleases can be defined, in broad
terms, by their PAM specificity and cleavage activity, even though variations may exist
between individual RNA-guided nucleases that share the same PAM specificity or
cleavage activity. Skilled artisans will appreciate that some aspects of the present
disclosure relate to systems, methods and compositions that can be implemented using
any suitable RNA-guided nuclease having a certain PAM specificity and/or cleavage
activity. For this reason, unless otherwise specified, the term RNA-guided nuclease
should be understood as a generic term, and not limited to any particular type (e.g. Cas9
vs. Cpfl), species (e.g. S. pyogenes vs. S. aureus) or variation (e.g. full-length vs.
truncated or split; naturally-occurring PAM specificity vs. engineered PAM specificity,
etc.) of RNA-guided nuclease.

The PAM sequence takes its name from its sequential relationship to the

“protospacer” sequence that is complementary to gRNA targeting domains (or
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“spacers”). Together with protospacer sequences, PAM sequences define target regions

or sequences for specific RNA-guided nuclease / gRNA combinations.

Various RNA-guided nucleases may require different sequential relationships
between PAMs and protospacers. In general, Cas9s recognize PAM sequences that are

3’ of the protospacer as visualized on the bottom or non-complementary strand:

5 [protospacer| ---------====----- 3 complementary
3 [PAM] 5 non-
complementary

Cpf1, on the other hand, generally recognizes PAM sequences that are 5° of the

protospacer as visualized on the bottom or non-complementary strand:

| — [protospacer] 3 complementary
3 [PAM] 5’ non-
complementary

In addition to recognizing specific sequential orientations of PAMs and
protospacers, RNA-guided nucleases can also recognize specific PAM sequences. 9.
aureus Cas9, for instance, recognizes a PAM sequence of NNGRRT or NNGRRYV,
wherein the N residues are immediately 3’ of the region recognized by the gRNA
targeting domain. S. pyogenes Cas9 recognizes NGG PAM sequences. And F. novicida
Cpf1 recognizes a TTN PAM sequence. PAM sequences have been identified for a
variety of RNA-guided nucleases, and a strategy for identifying novel PAM sequences
has been described by Shmakov et al., 2015, Molecular Cell 60, 385-397, November 5,
2015. It should also be noted that engineered RNA-guided nucleases can have PAM
specificities that differ from the PAM specificities of reference molecules (for instance,
in the case of an engineered RNA-guided nuclease, the reference molecule may be the
naturally occurring variant from which the RNA-guided nuclease is derived, or the
naturally occurring variant having the greatest amino acid sequence homology to the

engineered RNA-guided nuclease).

In addition to their PAM specificity, RNA-guided nucleases can be characterized
by their DNA cleavage activity: naturally-occurring RNA-guided nucleases typically

form DSBs in target nucleic acids, but engineered variants have been produced that
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generate only SSBs (discussed above) Ran & Hsu, et al., Cell 154(6), 1380—-1389,
September 12, 2013 (Ran), incorporated by reference herein), or that do not cut at all.

Cas9

Crystal structures have been determined for S. pyogenes Cas9 (Jinek 2014), and
for . aureus Cas9 in complex with a unimolecular guide RNA and a target DNA

(Nishimasu 2014; Anders 2014; and Nishimasu 2015).

A naturally occurring Cas9 protein comprises two lobes: a recognition (REC)
lobe and a nuclease (NUC) lobe; each of which comprise particular structural and/or
functional domains. The REC lobe comprises an arginine-rich bridge helix (BH)
domain, and at least one REC domain (e.g. a REC1 domain and, optionally, a REC2
domain). The REC lobe does not share structural similarity with other known proteins,
indicating that it is a unique functional domain. While not wishing to be bound by any
theory, mutational analyses suggest specific functional roles for the BH and REC
domains: the BH domain appears to play a role in gRNA:DNA recognition, while the
REC domain is thought to interact with the repeat:anti-repeat duplex of the gRNA and to
mediate the formation of the Cas9/gRNA complex.

The NUC lobe comprises a RuvC domain, an HNH domain, and a PAM-
interacting (PI) domain. The RuvC domain shares structural similarity to retroviral
integrase superfamily members and cleaves the non-complementary (i.e. bottom) strand
of the target nucleic acid. It may be formed from two or more split RuvC motifs (such as
RuvC I, RuvC II, and RuvC Il in §. pyogenes and S. aureus). The HNH domain,
meanwhile, is structurally similar to HNN endonuclease motifs, and cleaves the
complementary (i.e. top) strand of the target nucleic acid. The PI domain, as its name

suggests, contributes to PAM specificity.

While certain functions of Cas9 are linked to (but not necessarily fully
determined by) the specific domains set forth above, these and other functions may be
mediated or influenced by other Cas9 domains, or by multiple domains on either lobe.
For instance, in S. pyogenes Cas9, as described in Nishimasu 2014, the repeat:antirepeat
duplex of the gRNA falls into a groove between the REC and NUC lobes, and
nucleotides in the duplex interact with amino acids in the BH, PI, and REC domains.

Some nucleotides in the first stem loop structure also interact with amino acids in
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multiple domains (PI, BH and REC1), as do some nucleotides in the second and third

stem loops (RuvC and PI domains).

Cpfl

The crystal structure of Acidaminococcus sp. Cpfl in complex with crRNA and a
double-stranded (ds) DNA target including a TTTN PAM sequence has been solved by
Yamano et al. (Cell. 2016 May 5; 165(4): 949-962 (Yamano), incorporated by reference
herein). Cpfl, like Cas9, has two lobes: a REC (recognition) lobe, and a NUC (nuclease)
lobe. The REC lobe includes REC1 and REC2 domains, which lack similarity to any
known protein structures. The NUC lobe, meanwhile, includes three RuvC domains
(RuvC-L, -II and -III) and a BH domain. However, in contrast to Cas9, the Cpfl REC
lobe lacks an HNH domain, and includes other domains that also lack similarity to
known protein structures: a structurally unique PI domain, three Wedge (WED) domains

(WED-I, -II and -III), and a nuclease (Nuc) domain.

While Cas9 and Cpfl share similarities in structure and function, it should be
appreciated that certain Cpfl activities are mediated by structural domains that are not
analogous to any Cas9 domains. For instance, cleavage of the complementary strand of
the target DNA appears to be mediated by the Nuc domain, which differs sequentially
and spatially from the HNH domain of Cas9. Additionally, the non-targeting portion of
Cpfl gRNA (the handle) adopts a pseudoknot structure, rather than a stem loop structure
formed by the repeat:antirepeat duplex in Cas9 gRNAs.

Modifications of RNA-guided nucleases

The RNA-guided nucleases described above have activities and properties that
can be useful in a variety of applications, but the skilled artisan will appreciate that
RNA-guided nucleases can also be modified in certain instances, to alter cleavage

activity, PAM specificity, or other structural or functional features.

Turning first to modifications that alter cleavage activity, mutations that reduce
or eliminate the activity of domains within the NUC lobe have been described above.
Exemplary mutations that may be made in the RuvC domains, in the Cas9 HNH domain,
or in the Cpf1 Nuc domain are described in Ran and Yamano, as well as in Cotta-
Ramusino. In general, mutations that reduce or eliminate activity in one of the two

nuclease domains result in RNA-guided nucleases with nickase activity, but it should be
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noted that the type of nickase activity varies depending on which domain is inactivated.
As one example, inactivation of a RuvC domain of a Cas9 will result in a nickase that
cleaves the complementary or top strand as shown below (where C denotes the site of

cleavage):

57 [protospacer]--[ C] 3’
3 5

On the other hand, inactivation of a Cas9 HNH domain results in a nickase that

cleaves the bottom or non-complementary strand:

57 [protospacer]| 3
3 [C] 5’

Modifications of PAM specificity relative to naturally occurring Cas9 reference
molecules have been described by Kleinstiver et al. for both S. pyogenes (Kleinstiver et
al., Nature. 2015 Jul 23;523(7561):481-5 (Kleinstiver I) and S. aureus (Kleinstiver et al .,
Nat Biotechnol. 2015 Dec; 33(12): 1293—-1298 (Klienstiver II)). Kleinstiver et al. have
also described modifications that improve the targeting fidelity of Cas9 (Nature, 2016
January 28; 529, 490-495 (Kleinstiver II)). Each of these references is incorporated by

reference herein.

RNA-guided nucleases have been split into two or more parts, as described by
Zetsche et al. (Nat Biotechnol. 2015 Feb;33(2):139-42 (Zetsche II), incorporated by
reference), and by Fine et al. (Sci Rep. 2015 Jul 1;5:10777 (Fine), incorporated by

reference).

RNA-guided nucleases can be, in certain embodiments, size-optimized or
truncated, for instance via one or more deletions that reduce the size of the nuclease
while still retaining gRNA association, target and PAM recognition, and cleavage
activities. In certain embodiments, RNA guided nucleases are bound, covalently or non-
covalently, to another polypeptide, nucleotide, or other structure, optionally by means of
a linker. Exemplary bound nucleases and linkers are described by Guilinger et al .,
Nature Biotechnology 32, 577-582 (2014), which is incorporated by reference for all

purposes herein.

RNA-guided nucleases also optionally include a tag, such as, but not limited to, a

nuclear localization signal to facilitate movement of RNA-guided nuclease protein into
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the nucleus. In certain embodiments, the RNA-guided nuclease can incorporate C- and/or
N-terminal nuclear localization signals. Nuclear localization sequences are known in the

art and are described in Maeder and elsewhere.

The foregoing list of modifications is intended to be exemplary in nature, and the
skilled artisan will appreciate, in view of the instant disclosure, that other modifications
may be possible or desirable in certain applications. For brevity, therefore, exemplary
systems, methods and compositions of the present disclosure are presented with
reference to particular RNA-guided nucleases, but it should be understood that the RNA-
guided nucleases used may be modified in ways that do not alter their operating

principles. Such modifications are within the scope of the present disclosure.

Nucleic acids encoding RN A -guided nucleases

Nucleic acids encoding RNA-guided nucleases, e.g., Cas9, Cpfl or functional
fragments thereof, are provided herein. Exemplary nucleic acids encoding RNA-guided
nucleases have been described previously (see, e.g., Cong 2013; Wang 2013; Mali 2013;
Jinek 2012).

In some cases, a nucleic acid encoding an RNA-guided nuclease can be a
synthetic nucleic acid sequence. For example, the synthetic nucleic acid molecule can be
chemically modified. In certain embodiments, an mRNA encoding an RNA-guided
nuclease will have one or more (e.g., all) of the following properties: it can be capped,

polyadenylated; and substituted with S-methylcytidine and/or pseudouridine.

Synthetic nucleic acid sequences can also be codon optimized, e.g., at least one
non-common codon or less-common codon has been replaced by a common codon. For
example, the synthetic nucleic acid can direct the synthesis of an optimized messenger
mRNA, e.g., optimized for expression in a mammalian expression system, e.g., described
herein. Examples of codon optimized Cas9 coding sequences are presented in Cotta-

Ramusino.

In addition, or alternatively, a nucleic acid encoding an RNA-guided nuclease
may comprise a nuclear localization sequence (NLS). Nuclear localization sequences are

known in the art.
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Functional analysis of candidate molecules

Candidate RNA-guided nucleases, gRNAs, and complexes thereof, can be
evaluated by standard methods known in the art. See, e.g. Cotta-Ramusino. The
stability of RNP complexes may be evaluated by differential scanning fluorimetry, as

described below.

Differential Scanning Fluorimetry (DSF)

The thermostability of ribonucleoprotein (RNP) complexes comprising gRNAs
and RNA-guided nucleases can be measured via DSF. The DSF technique measures the
thermostability of a protein, which can increase under favorable conditions such as the

addition of a binding RNA molecule, e.g., a gRNA.

A DSF assay can be performed according to any suitable protocol, and can be
employed in any suitable setting, including without limitation (a) testing different
conditions (e.g. different stoichiometric ratios of gRNA: RNA-guided nuclease protein,
different buffer solutions, etc.) to identify optimal conditions for RNP formation; and (b)
testing modifications (e.g. chemical modifications, alterations of sequence, etc.) of an
RNA-guided nuclease and/or a gRNA to identify those modifications that improve RNP
formation or stability. One readout of a DSF assay is a shift in melting temperature of
the RNP complex; a relatively high shift suggests that the RNP complex is more stable
(and may thus have greater activity or more favorable kinetics of formation, kinetics of
degradation, or another functional characteristic) relative to a reference RNP complex
characterized by a lower shift. When the DSF assay is deployed as a screening tool, a
threshold melting temperature shift may be specified, so that the output is one or more
RNPs having a melting temperature shift at or above the threshold. For instance, the
threshold can be 5-10°C (e.g. 5°, 6°, 7°, 8°, 9°, 10°) or more, and the output may be one
or more RNPs characterized by a melting temperature shift greater than or equal to the

threshold.
Two non-limiting examples of DSF assay conditions are set forth below:

To determine the best solution to form RNP complexes, a fixed concentration
(e.g. 2 uM) of Cas9 in water+10x SYPRO Orange® (Life Technologies cat#S-6650) is
dispensed into a 384 well plate. An equimolar amount of gRNA diluted in solutions with

varied pH and salt is then added. After incubating at room temperature for 10” and brief
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centrifugation to remove any bubbles, a Bio-Rad CFX384™ Real-Time System C1000
Touch™ Thermal Cycler with the Bio-Rad CFX Manager software is used to run a

gradient from 20°C to 90°C with a 1°C increase in temperature every 10 seconds.

The second assay consists of mixing various concentrations of gRNA with fixed
concentration (e.g. 2 uM) Cas9 in optimal buffer from assay 1 above and incubating (e.g.
at RT for 10”) in a 384 well plate. An equal volume of optimal buffer + 10x SYPRO
Orange® (Life Technologies cat#S-6650) is added and the plate sealed with Microseal®
B adhesive (MSB-1001). Following brief centrifugation to remove any bubbles, a Bio-
Rad CFX384™ Real-Time System C1000 Touch™ Thermal Cycler with the Bio-Rad
CFX Manager software is used to run a gradient from 20°C to 90°C with a 1°C increase

in temperature every 10 seconds.

Genome editing strategies

The genome editing systems described above are used, in various embodiments
of the present disclosure, to generate edits in (i.e. to alter) targeted regions of DNA
within or obtained from a cell. Various strategies are described herein to generate
particular edits, and these strategies are generally described in terms of the desired repair
outcome, the number and positioning of individual edits (e.g. SSBs or DSBs), and the

target sites of such edits.

Genome editing strategies that involve the formation of SSBs or DSBs are
characterized by repair outcomes including: (a) deletion of all or part of a targeted
region; (b) insertion into or replacement of all or part of a targeted region; or (¢)
interruption of all or part of a targeted region. This grouping is not intended to be
limiting, or to be binding to any particular theory or model, and is offered solely for
economy of presentation. Skilled artisans will appreciate that the listed outcomes are not
mutually exclusive and that some repairs may result in other outcomes. The description
of a particular editing strategy or method should not be understood to require a particular

repair outcome unless otherwise specified.

Replacement of a targeted region generally involves the replacement of all or part
of the existing sequence within the targeted region with a homologous sequence, for
instance through gene correction or gene conversion, two repair outcomes that are

mediated by HDR pathways. HDR is promoted by the use of a donor template, which
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can be single-stranded or double-stranded, as described in greater detail below. Single-
or double-stranded templates can be exogenous, in which case they will promote gene
correction, or they can be endogenous (e.g. a homologous sequence within the cellular
genome), to promote gene conversion. Exogenous templates can have asymmetric
overhangs (i.e. the portion of the template that is complementary to the site of the DSB
may be offset in a 3’ or 5 direction, rather than being centered within the donor
template), for instance as described by Richardson et al. (Nature Biotechnology 34, 339—
344 (2016), (Richardson), incorporated by reference). In instances where the template is
single-stranded, it can correspond to either the complementary (top) or non-

complementary (bottom) strand of the targeted region.

Gene conversion and gene correction are facilitated, in some cases, by the
formation of one or more nicks in or around the targeted region, as described in Ran and
Cotta-Ramusino. In some cases, a dual-nickase strategy is used to form two offset SSBs

that, in turn, form a single DSB having an overhang (e.g. a 5’ overhang).

Interruption and/or deletion of all or part of a targeted sequence can be achieved
by a variety of repair outcomes. As one example, a sequence can be deleted by
simultaneously generating two or more DSBs that flank a targeted region, which is then
excised when the DSBs are repaired, as is described in Maeder for the LCA10 mutation.
As another example, a sequence can be interrupted by a deletion generated by formation
of a double strand break with single-stranded overhangs, followed by exonucleolytic

processing of the overhangs prior to repair.

One specific subset of target sequence interruptions is mediated by the formation
of an indel within the targeted sequence, where the repair outcome is typically mediated
by NHEJ pathways (including Alt-NHEJ). NHEJ is referred to as an “error prone” repair
pathway because of its association with indel mutations. In some cases, however, a DSB
is repaired by NHEJ without alteration of the sequence around it (a so-called “perfect” or
“scarless” repair); this generally requires the two ends of the DSB to be perfectly ligated.
Indels, meanwhile, are thought to arise from enzymatic processing of free DNA ends
before they are ligated that adds and/or removes nucleotides from either or both strands

of either or both free ends.

Because the enzymatic processing of free DSB ends may be stochastic in nature,

indel mutations tend to be variable, occurring along a distribution, and can be influenced
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by a variety of factors, including the specific target site, the cell type used, the genome
editing strategy used, etc. It is possible to draw limited generalizations about indel
formation: deletions formed by repair of a single DSB are most commonly in the 1-50 bp
range, but can reach greater than 100-200 bp. Insertions formed by repair of a single
DSB tend to be shorter and often include short duplications of the sequence immediately
surrounding the break site. However, it is possible to obtain large insertions, and in these
cases, the inserted sequence has often been traced to other regions of the genome or to

plasmid DNA present in the cells.

Indel mutations — and genome editing systems configured to produce indels — are
useful for interrupting target sequences, for example, when the generation of a specific
final sequence is not required and/or where a frameshift mutation would be tolerated.
They can also be useful in settings where particular sequences are preferred, insofar as
the certain sequences desired tend to occur preferentially from the repair of an SSB or
DSB at a given site. Indel mutations are also a useful tool for evaluating or screening the
activity of particular genome editing systems and their components. In these and other
settings, indels can be characterized by (a) their relative and absolute frequencies in the
genomes of cells contacted with genome editing systems and (b) the distribution of
numerical differences relative to the unedited sequence, e.g. =1, +2, +3, etc. As one
example, in a lead-finding setting, multiple gRNAs can be screened to identify those
gRNAs that most efficiently drive cutting at a target site based on an indel readout under
controlled conditions. Guides that produce indels at or above a threshold frequency, or
that produce a particular distribution of indels, can be selected for further study and
development. Indel frequency and distribution can also be useful as a readout for
evaluating different genome editing system implementations or formulations and
delivery methods, for instance by keeping the gRNA constant and varying certain other

reaction conditions or delivery methods.

Multiplex Strategies

While exemplary strategies discussed above have focused on repair outcomes
mediated by single DSBs, genome editing systems according to this disclosure may also
be employed to generate two or more DSBs, either in the same locus or in different loci.
Strategies for editing that involve the formation of multiple DSBs, or SSBs, are

described in, for instance, Cotta-Ramusino.
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Donor template design

Donor template design is described in detail in the literature, for instance in
Cotta-Ramusino. DNA oligomer donor templates (oligodeoxynucleotides or ODNGs),
which can be single-stranded (ssODNs) or double-stranded (dsODNs), can be used to
facilitate HDR-based repair of DSBs, and are particularly useful for introducing
alterations into a target DNA sequence, inserting a new sequence into the target

sequence, or replacing the target sequence altogether.

Whether single-stranded or double-stranded, donor templates generally include
regions that are homologous to regions of DNA within or near (e.g. flanking or
adjoining) a target sequence to be cleaved. These homologous regions are referred to

here as “homology arms,” and are illustrated schematically below:
[5° homology arm] — [replacement sequence] —- [3” homology arm].

The homology arms can have any suitable length (including 0 nucleotides if only
one homology arm is used), and 3” and 5 homology arms can have the same length, or
can differ in length. The selection of appropriate homology arm lengths can be
influenced by a variety of factors, such as the desire to avoid homologies or
microhomologies with certain sequences such as Alu repeats or other very common
elements. For example, a 5° homology arm can be shortened to avoid a sequence repeat
element. In other embodiments, a 3’ homology arm can be shortened to avoid a
sequence repeat element. In some embodiments, both the 5” and the 3’ homology arms
can be shortened to avoid including certain sequence repeat elements. In addition, some
homology arm designs can improve the efficiency of editing or increase the frequency of
a desired repair outcome. For example, Richardson et al. Nature Biotechnology 34, 339—
344 (2016) (Richardson), which is incorporated by reference, found that the relative
asymmetry of 3” and 5 homology arms of single-stranded donor templates influenced

repair rates and/or outcomes.

Replacement sequences in donor templates have been described elsewhere,
including in Cotta-Ramusino et al. A replacement sequence can be any suitable length
(including zero nucleotides, where the desired repair outcome is a deletion), and
typically includes one, two, three or more sequence modifications relative to the
naturally-occurring sequence within a cell in which editing is desired. One common

sequence modification involves the alteration of the naturally-occurring sequence to
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repair a mutation that is related to a disease or condition of which treatment is desired.
Another common sequence modification involves the alteration of one or more
sequences that are complementary to, or code for, the PAM sequence of the RNA-guided
nuclease or the targeting domain of the gRNA(s) being used to generate an SSB or DSB,
to reduce or eliminate repeated cleavage of the target site after the replacement sequence

has been incorporated into the target site.

Where a linear ssODN is used, it can be configured to (i) anneal to the nicked
strand of the target nucleic acid, (ii) anneal to the intact strand of the target nucleic acid,
(1i1) anneal to the plus strand of the target nucleic acid, and/or (iv) anneal to the minus
strand of the target nucleic acid. An ssODN may have any suitable length, e.g., about, or

no more than 150-200 nucleotides (e.g., 150, 160, 170, 180, 190, or 200 nucleotides).

It should be noted that a template nucleic acid can also be a nucleic acid vector,
such as a viral genome or circular double-stranded DNA, e.g., a plasmid. Nucleic acid
vectors comprising donor templates can include other coding or non-coding elements.
For example, a template nucleic acid can be delivered as part of a viral genome (e.g. in
an AAV or lentiviral genome) that includes certain genomic backbone elements (e.g.
inverted terminal repeats, in the case of an AAV genome) and optionally includes
additional sequences coding for a gRNA and/or an RNA-guided nuclease. In certain
embodiments, the donor template can be adjacent to, or flanked by, target sites
recognized by one or more gRNAs, to facilitate the formation of free DSBs on one or
both ends of the donor template that can participate in repair of corresponding SSBs or
DSBs formed in cellular DNA using the same gRNAs. Exemplary nucleic acid vectors

suitable for use as donor templates are described in Cotta-Ramusino.

Whatever format is used, a template nucleic acid can be designed to avoid
undesirable sequences. In certain embodiments, one or both homology arms can be
shortened to avoid overlap with certain sequence repeat elements, e.g., Alu repeats,

LINE elements, etc.

Target cells

Genome editing systems according to this disclosure can be used to manipulate or
alter a cell, e.g., to edit or alter a target nucleic acid. The manipulating can occur, in

various embodiments, in vivo or ex vivo.
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A variety of cell types can be manipulated or altered according to the
embodiments of this disclosure, and in some cases, such as in vivo applications, a
plurality of cell types are altered or manipulated, for example by delivering genome
editing systems according to this disclosure to a plurality of cell types. In other cases,
however, it may be desirable to limit manipulation or alteration to a particular cell type
or types. For instance, it can be desirable in some instances to edit a cell with limited
differentiation potential or a terminally differentiated cell, such as a photoreceptor cell in
the case of Maeder, in which modification of a genotype is expected to result in a change
in cell phenotype. In other cases, however, it may be desirable to edit a less
differentiated, multipotent or pluripotent, stem or progenitor cell. By way of example,
the cell may be an embryonic stem cell, induced pluripotent stem cell (iPSC),
hematopoietic stem/progenitor cell (HSPC), or other stem or progenitor cell type that

differentiates into a cell type of relevance to a given application or indication.

As a corollary, the cell being altered or manipulated is, variously, a dividing cell
or a non-dividing cell, depending on the cell type(s) being targeted and/or the desired

editing outcome.

When cells are manipulated or altered ex vivo, the cells can be used (e.g.
administered to a subject) immediately, or they can be maintained or stored for later use.
Those of skill in the art will appreciate that cells can be maintained in culture or stored

(e.g. frozen in liquid nitrogen) using any suitable method known in the art.

Implementation of genome editing systems: delivery, formulations. and routes of administration

As discussed above, the genome editing systems of this disclosure can be
implemented in any suitable manner, meaning that the components of such systems,
including without limitation the RNA-guided nuclease, gRNA, and optional donor
template nucleic acid, can be delivered, formulated, or administered in any suitable form
or combination of forms that results in the transduction, expression or introduction of a
genome editing system and/or causes a desired repair outcome in a cell, tissue or subject.
Tables 6 and 7 set forth several, non-limiting examples of genome editing system
implementations. Those of skill in the art will appreciate, however, that these listings are
not comprehensive, and that other implementations are possible. With reference to
Table 6 in particular, the table lists several exemplary implementations of a genome

editing system comprising a single gRNA and an optional donor template. However,
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genome editing systems according to this disclosure can incorporate multiple gRNAs,

multiple RNA-guided nucleases, and other components such as proteins, and a variety of

implementations will be evident to the skilled artisan based on the principles illustrated

in the table. In the table, [N/A] indicates that the genome editing system does not include

the indicated component.

Table 6

Genome Editing System Components

RNA-guided
Nuclease

gRNA

Donor
Template

Comments

Protein

RNA

[N/A]

An RNA-guided nuclease protein
complexed with a gRNA molecule (an
RNP complex)

Protein

RNA

DNA

An RNP complex as described above
plus a single-stranded or double-
stranded donor template.

Protein

DNA

[N/A]

An RNA-guided nuclease protein plus
gRNA transcribed from DNA.

Protein

DNA

DNA

An RNA-guided nuclease protein plus
gRNA-encoding DNA and a separate
DNA donor template.

Protein

DNA

An RNA-guided nuclease protein and
a single DNA encoding both a gRNA
and a donor template.

DNA

A DNA or DNA vector encoding an
RNA-guided nuclease, a gRNA and a
donor template.

DNA

DNA

[N/A]

Two separate DNAs, or two separate
DNA vectors, encoding the RNA-
guided nuclease and the gRNA,
respectively.

DNA

DNA

DNA

Three separate DNAs, or three
separate DNA vectors, encoding the
RNA-guided nuclease, the gRNA and
the donor template, respectively.

DNA

[N/A]

A DNA or DNA vector encoding an
RNA-guided nuclease and a gRNA

DNA

DNA

A first DNA or DNA vector encoding
an RNA-guided nuclease and a gRNA,
and a second DNA or DNA vector
encoding a donor template.

DNA

DNA

A first DNA or DNA vector encoding
an RNA-guided nuclease and second
DNA or DNA vector encoding a
gRNA and a donor template.

DNA

DNA

A first DNA or DNA vector encoding
an RNA-guided nuclease and a donor
template, and a second DNA or DNA
vector encoding a gRNA
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DNA

A DNA or DNA vector encoding an
RNA-guided nuclease and a donor
template, and a gRNA

An RNA or RNA vector encoding an

RNA [N/A] RNA-guided nuclease and comprising
a gRNA
An RNA or RNA vector encoding an
RNA DNA RNA-guided nuclease and comprising

a gRNA, and a DNA or DNA vector
encoding a donor template.

Table 7 summarizes various delivery methods for the components of genome

editing systems, as described herein. Again, the listing is intended to be exemplary

rather than limiting.

Table 7
Delivery
. . Type of
Delivery Vector/Mode 1n‘t ° Non- Duratlop of Genome‘ Molecule
Dividing | Expression | Integration .
Delivered
Cells
Physical (e.g., electroporation, | YES Transient NO Nucleic Acids
particle gun, Calcium and Proteins
Phosphate transfection, cell
compression or squeezing)
Viral Retrovirus NO Stable YES RNA
Lentivirus YES Stable YES/NO with | RNA
modifications
Adenovirus YES Transient NO DNA
Adeno- YES Stable NO DNA
Associated Virus
(AAYV)
Vaccinia Virus YES Very NO DNA
Transient
Herpes Simplex | YES Stable NO DNA
Virus
Non-Viral | Cationic YES Transient Depends on Nucleic Acids
Liposomes what is and Proteins
delivered
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Polymeric YES Transient Depends on Nucleic Acids
Nanoparticles what is and Proteins
delivered
Biological | Attenuated YES Transient NO Nucleic Acids
Non-Viral Bacteria
Delivery
Vehicles Engineered YES Transient NO Nucleic Acids
Bacteriophages
Mammalian YES Transient NO Nucleic Acids
Virus-like
Particles
Biological YES Transient NO Nucleic Acids
liposomes:
Erythrocyte
Ghosts and
Exosomes

Nucleic acid-based delivery of genome editing systems

Nucleic acids encoding the various elements of a genome editing system
according to the present disclosure can be administered to subjects or delivered into cells
by art-known methods or as described herein. For example, RNA-guided nuclease-
encoding and/or gRNA-encoding DNA, as well as donor template nucleic acids can be
delivered by, e.g., vectors (e.g., viral or non-viral vectors), non-vector based methods

(e.g., using naked DNA or DNA complexes), or a combination thereof.

Nucleic acids encoding genome editing systems or components thereof can be
delivered directly to cells as naked DNA or RNA, for instance by means of transfection
or electroporation, or can be conjugated to molecules (e.g., N-acetylgalactosamine)
promoting uptake by the target cells (e.g., erythrocytes, HSCs). Nucleic acid vectors,

such as the vectors summarized in Table 7, can also be used.

Nucleic acid vectors can comprise one or more sequences encoding genome
editing system components, such as an RNA-guided nuclease, a gRNA and/or a donor
template. A vector can also comprise a sequence encoding a signal peptide (e.g., for
nuclear localization, nucleolar localization, or mitochondrial localization), associated
with (e.g., inserted into or fused to) a sequence coding for a protein. As one example, a
nucleic acid vectors can include a Cas9 coding sequence that includes one or more

nuclear localization sequences (e.g., a nuclear localization sequence from SV40).
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The nucleic acid vector can also include any suitable number of
regulatory/control elements, e.g., promoters, enhancers, introns, polyadenylation signals,
Kozak consensus sequences, or internal ribosome entry sites (IRES). These elements are

well known in the art, and are described in Cotta-Ramusino.

Nucleic acid vectors according to this disclosure include recombinant viral
vectors. Exemplary viral vectors are set forth in Table 7, and additional suitable viral
vectors and their use and production are described in Cotta-Ramusino. Other viral
vectors known in the art can also be used. In addition, viral particles can be used to
deliver genome editing system components in nucleic acid and/or peptide form. For
example, “empty” viral particles can be assembled to contain any suitable cargo. Viral
vectors and viral particles can also be engineered to incorporate targeting ligands to alter

target tissue specificity.

In addition to viral vectors, non-viral vectors can be used to deliver nucleic acids
encoding genome editing systems according to the present disclosure. One important
category of non-viral nucleic acid vectors are nanoparticles, which can be organic or
inorganic. Nanoparticles are well known in the art, and are summarized in Cotta-
Ramusino. Any suitable nanoparticle design can be used to deliver genome editing
system components or nucleic acids encoding such components. For instance, organic
(e.g. lipid and/or polymer) nanoparticles can be suitable for use as delivery vehicles in
certain embodiments of this disclosure. Exemplary lipids for use in nanoparticle
formulations, and/or gene transfer are shown in Table 8, and Table 9 lists exemplary

polymers for use in gene transfer and/or nanoparticle formulations.

Table 8: Lipids Used for Gene Transfer

Lipid Abbreviation Feature
1,2-Dioleoyl-sn-glycero-3-phosphatidylcholine DOPC Helper
1,2-Dioleoyl-sn-glycero-3-phosphatidylethanolamine DOPE Helper
Cholesterol Helper
N-[1-(2,3-Dioleyloxy)propyl |V, N, N-trimethylammonium chloride DOTMA Cationic
1.2-Dioleoyloxy-3-trimethylammonium-propane DOTAP Cationic
Dioctadecylamidoglycylspermine DOGS Cationic
N-(3-Aminopropyl)-N,N-dimethyl-2.3-bis(dodecyloxy)-1- GAP-DLRIE Cationic
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propanaminium bromide
Cetyltrimethylammonium bromide CTAB Cationic
6-Lauroxyhexyl ornithinate LHON Cationic
1-(2,3-Dioleoyloxypropyl)-2,4.6-trimethylpyridinium 20c Cationic
2,3-Dioleyloxy-N-[2(sperminecarboxamido-ethyl |-V, N-dimethyl-1- DOSPA Cationic
propanaminium trifluoroacetate
1.2-Dioleyl-3-trimethylammonium-propane DOPA Cationic
N-(2-Hydroxyethyl)-N, N-dimethyl-2_3-bis(tetradecyloxy)-1- MDRIE Cationic
propanaminium bromide
Dimyristooxypropyl dimethyl hydroxyethyl ammonium bromide DMRI Cationic
3B-[N-(NV,N’-Dimethylaminoethane)-carbamoyl|cholesterol DC-Chol Cationic
Bis-guanidium-tren-cholesterol BGTC Cationic
1,3-Diodeoxy-2-(6-carboxy-spermyl)-propylamide DOSPER Cationic
Dimethyloctadecylammonium bromide DDAB Cationic
Dioctadecylamidoglicylspermidin DSL Cationic
rac-[(2,3-Dioctadecyloxypropyl)(2-hydroxyethyl)|-dimethylammonium | CLIP-1 Cationic
chloride
rac-[2(2,3-Dihexadecyloxypropyl- CLIP-6 Cationic
oxymethyloxy)ethyl [trimethylammonium bromide
Ethyldimyristoylphosphatidylcholine EDMPC Cationic
1,2-Distearyloxy-N, N-dimethyl-3-aminopropane DSDMA Cationic
1,2-Dimyristoyl-trimethylammonium propane DMTAP Cationic
0,0 -Dimyristyl-N-lysyl aspartate DMKE Cationic
1,2-Distearoyl-sn-glycero-3-ethylphosphocholine DSEPC Cationic
N-Palmitoyl D-erythro-sphingosyl carbamoyl-spermine CCS Cationic
N-t-Butyl-M0-tetradecyl-3-tetradecylaminopropionamidine diC14-amidine Cationic
Octadecenolyoxy|ethyl-2-heptadecenyl-3 hydroxyethyl] imidazolinium | DOTIM Cationic
chloride
N1-Cholesteryloxycarbonyl-3,7-diazanonane-1,9-diamine CDAN Cationic
2-(3- Bis(3-amino-propyl)-amino |propylamino)-N- RPR209120 Cationic
ditetradecylcarbamoylme-ethyl-acetamide
1,2-dilinoleyloxy-3- dimethylaminopropane DLinDMA Cationic
2,2-dilinoleyl-4-dimethylaminoethyl-[ 1,3]- dioxolane DLin-KC2-DMA | Cationic
dilinoleyl- methyl-4-dimethylaminobutyrate DLin-MC3-DMA | Cationic
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Table 9: Polymers Used for Gene Transfer
Polymer Abbreviation
Poly(ethylene)glycol PEG
Polyethylenimine PEI
Dithiobis(succinimidylpropionate) DSP
Dimethyl-3,3’-dithiobispropionimidate DTBP
Poly(ethylene iming) biscarbamate PEIC
Poly(L-lysine) PLL
Histidine modified PLL
Poly(N-vinylpyrrolidone) PVP
Poly(propylenimine) PPI
Poly(amidoaming) PAMAM
Poly(amido ethylenimine) SS-PAEI
Triethylenetetramine TETA
Poly(B-aminoester)
Poly(4-hydroxy-L-proline ester) PHP
Poly(allylamine)
Poly(a-[4-aminobutyl]-L-glycolic acid) PAGA
Poly(D,L-lactic-co-glycolic acid) PLGA
Poly(N-ethyl-4-vinylpyridinium bromide)
Poly(phosphazene)s PPZ
Poly(phosphoester)s PPE
Poly(phosphoramidate)s PPA
Poly(N-2-hydroxypropylmethacrylamide) pHPMA
Poly (2-(dimethylamino)ethyl methacrylate) pDMAEMA
Poly(2-aminoethyl propylene phosphate) PPE-EA

Chitosan

Galactosylated chitosan

N-Dodacylated chitosan

Histone
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Collagen

Dextran-spermine D-SPM

Non-viral vectors optionally include targeting modifications to improve uptake
and/or selectively target certain cell types. These targeting modifications can include
e.g., cell specific antigens, monoclonal antibodies, single chain antibodies, aptamers,
polymers, sugars (e.g., N-acetylgalactosamine (GalNAc)), and cell penetrating peptides.
Such vectors also optionally use fusogenic and endosome-destabilizing
peptides/polymers, undergo acid-triggered conformational changes (e.g., to accelerate
endosomal escape of the cargo), and/or incorporate a stimuli-cleavable polymer, e.g., for
release in a cellular compartment. For example, disulfide-based cationic polymers that

are cleaved in the reducing cellular environment can be used.

In certain embodiments, one or more nucleic acid molecules (e.g., DNA
molecules) other than the components of a genome editing system, e.g., the RNA-guided
nuclease component and/or the gRNA component described herein, are delivered. In
certain embodiments, the nucleic acid molecule is delivered at the same time as one or
more of the components of the genome editing system. In certain embodiments, the
nucleic acid molecule is delivered before or after (e.g., less than about 30 minutes, 1
hour, 2 hours, 3 hours, 6 hours, 9 hours, 12 hours, 1 day, 2 days, 3 days, 1 week, 2
weeks, or 4 weeks) one or more of the components of the genome editing system are
delivered. In certain embodiments, the nucleic acid molecule is delivered by a different
means than one or more of the components of the genome editing system, e.g., the RNA-
guided nuclease component and/or the gRNA component, are delivered. The nucleic
acid molecule can be delivered by any of the delivery methods described herein. For
example, the nucleic acid molecule can be delivered by a viral vector, e.g., an
integration-deficient lentivirus, and the RNA-guided nuclease molecule component
and/or the gRNA component can be delivered by electroporation, e.g., such that the
toxicity caused by nucleic acids (e.g., DNAs) can be reduced. In certain embodiments,
the nucleic acid molecule encodes a therapeutic protein, e.g., a protein described herein.
In certain embodiments, the nucleic acid molecule encodes an RNA molecule, e.g., an

RNA molecule described herein.
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Delivery of RNPs and/or RNA encoding genome editing system components

RNPs (complexes of gRNAs and RNA-guided nucleases, i.e., ribonucleoprotein
complexes) and/or RNAs encoding RNA-guided nucleases and/or gRNAs, can be
delivered into cells or administered to subjects by art-known methods, some of which are
described in Cotta-Ramusino. /n vitro, RNA-guided nuclease-encoding and/or gRNA-
encoding RNA can be delivered, e.g., by microinjection, electroporation, transient cell
compression or squeezing (see, e.g., Lee 2012). Lipid-mediated transfection, peptide-
mediated delivery, GalNAc- or other conjugate-mediated delivery, and combinations

thereof, can also be used for delivery in vifro and in vivo.

In vitro, delivery via electroporation comprises mixing the cells with the RNA
encoding RNA-guided nucleases and/or gRNAs, with or without donor template nucleic
acid molecules, in a cartridge, chamber or cuvette and applying one or more electrical
impulses of defined duration and amplitude. Systems and protocols for electroporation
are known in the art, and any suitable electroporation tool and/or protocol can be used in

connection with the various embodiments of this disclosure.

Route of administration

Genome editing systems, or cells altered or manipulated using such systems, can
be administered to subjects by any suitable mode or route, whether local or systemic.
Systemic modes of administration include oral and parenteral routes. Parenteral routes
include, by way of example, intravenous, intramarrow, intrarterial, intramuscular,
intradermal, subcutaneous, intranasal, and intraperitoneal routes. Components
administered systemically can be modified or formulated to target, e.g., HSCs,

hematopoietic stem/progenitor cells, or erythroid progenitors or precursor cells.

Local modes of administration include, by way of example, intramarrow injection
into the trabecular bone or intrafemoral injection into the marrow space, and infusion
into the portal vein. In certain embodiments, significantly smaller amounts of the
components (compared with systemic approaches) can exert an effect when administered
locally (for example, directly into the bone marrow) compared to when administered
systemically (for example, intravenously). Local modes of administration can reduce or
eliminate the incidence of potentially toxic side effects that may occur when

therapeutically effective amounts of a component are administered systemically.
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Administration can be provided as a periodic bolus (for example, intravenously)
or as continuous infusion from an internal reservoir or from an external reservoir (for
example, from an intravenous bag or implantable pump). Components can be
administered locally, for example, by continuous release from a sustained release drug

delivery device.

In addition, components can be formulated to permit release over a prolonged
period of time. A release system can include a matrix of a biodegradable material or a
material which releases the incorporated components by diffusion. The components can
be homogeneously or heterogeneously distributed within the release system. A variety
of release systems can be useful, however, the choice of the appropriate system will
depend upon rate of release required by a particular application. Both non-degradable
and degradable release systems can be used. Suitable release systems include polymers
and polymeric matrices, non-polymeric matrices, or inorganic and organic excipients and
diluents such as, but not limited to, calcium carbonate and sugar (for example, trehalose).
Release systems may be natural or synthetic. However, synthetic release systems are
preferred because generally they are more reliable, more reproducible and produce more
defined release profiles. The release system material can be selected so that components
having different molecular weights are released by diffusion through or degradation of

the material.

Representative synthetic, biodegradable polymers include, for example:
polyamides such as poly(amino acids) and poly(peptides); polyesters such as poly(lactic
acid), poly(glycolic acid), poly(lactic-co-glycolic acid), and poly(caprolactone);
poly(anhydrides); polyorthoesters; polycarbonates; and chemical derivatives thereof
(substitutions, additions of chemical groups, for example, alkyl, alkylene,
hydroxylations, oxidations, and other modifications routinely made by those skilled in
the art), copolymers and mixtures thereof. Representative synthetic, non-degradable
polymers include, for example: polyethers such as poly(ethylene oxide), poly(ethylene
glycol), and poly(tetramethylene oxide); vinyl polymers-polyacrylates and
polymethacrylates such as methyl, ethyl, other alkyl, hydroxyethyl methacrylate, acrylic
and methacrylic acids, and others such as poly(vinyl alcohol), poly(vinyl pyrolidone),
and poly(vinyl acetate); poly(urethanes); cellulose and its derivatives such as alkyl,
hydroxyalkyl, ethers, esters, nitrocellulose, and various cellulose acetates; polysiloxanes;

and any chemical derivatives thereof (substitutions, additions of chemical groups, for
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example, alkyl, alkylene, hydroxylations, oxidations, and other modifications routinely

made by those skilled in the art), copolymers and mixtures thereof.

Poly(lactide-co-glycolide) microsphere can also be used. Typically the
microspheres are composed of a polymer of lactic acid and glycolic acid, which are
structured to form hollow spheres. The spheres can be approximately 15-30 microns in

diameter and can be loaded with components described herein.

Multi-modal or differential delivery of components

Skilled artisans will appreciate, in view of the instant disclosure, that different
components of genome editing systems disclosed herein can be delivered together or
separately and simultaneously or nonsimultaneously. Separate and/or asynchronous
delivery of genome editing system components can be particularly desirable to provide
temporal or spatial control over the function of genome editing systems and to limit

certain effects caused by their activity.

Difterent or differential modes as used herein refer to modes of delivery that
confer different pharmacodynamic or pharmacokinetic properties on the subject
component molecule, e.g., a RNA-guided nuclease molecule, gRNA, template nucleic
acid, or payload. For example, the modes of delivery can result in different tissue
distribution, different half-life, or different temporal distribution, e.g., in a selected

compartment, tissue, or organ.

Some modes of delivery, e.g., delivery by a nucleic acid vector that persists in a
cell, or in progeny of a cell, e.g., by autonomous replication or insertion into cellular
nucleic acid, result in more persistent expression of and presence of a component.

Examples include viral, e.g., AAV or lentivirus, delivery.

By way of example, the components of a genome editing system, e.g., a RNA-
guided nuclease and a gRNA, can be delivered by modes that differ in terms of resulting
half-life or persistent of the delivered component the body, or in a particular
compartment, tissue or organ. In certain embodiments, a gRNA can be delivered by such
modes. The RNA-guided nuclease molecule component can be delivered by a mode
which results in less persistence or less exposure to the body or a particular compartment

or tissue or organ.
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More generally, in certain embodiments, a first mode of delivery is used to
deliver a first component and a second mode of delivery is used to deliver a second
component. The first mode of delivery confers a first pharmacodynamic or
pharmacokinetic property. The first pharmacodynamic property can be, e.g.,
distribution, persistence, or exposure, of the component, or of a nucleic acid that encodes
the component, in the body, a compartment, tissue or organ. The second mode of
delivery confers a second pharmacodynamic or pharmacokinetic property. The second
pharmacodynamic property can be, e.g., distribution, persistence, or exposure, of the
component, or of a nucleic acid that encodes the component, in the body, a compartment,

tissue or organ.

In certain embodiments, the first pharmacodynamic or pharmacokinetic property,
e.g., distribution, persistence or exposure, is more limited than the second

pharmacodynamic or pharmacokinetic property.

In certain embodiments, the first mode of delivery is selected to optimize, e.g.,
minimize, a pharmacodynamic or pharmacokinetic property, e.g., distribution,

persistence or exposure.

In certain embodiments, the second mode of delivery is selected to optimize, e.g.,
maximize, a pharmacodynamic or pharmacokinetic property, e.g., distribution,

persistence or exposure.

In certain embodiments, the first mode of delivery comprises the use of a
relatively persistent element, e.g., a nucleic acid, e.g., a plasmid or viral vector, e.g., an
AAYV or lentivirus. As such vectors are relatively persistent product transcribed from

them would be relatively persistent.

In certain embodiments, the second mode of delivery comprises a relatively

transient element, e.g., an RNA or protein.

In certain embodiments, the first component comprises gRNA, and the delivery
mode is relatively persistent, e.g., the gRNA is transcribed from a plasmid or viral
vector, e.g., an AAV or lentivirus. Transcription of these genes would be of little
physiological consequence because the genes do not encode for a protein product, and
the gRNAs are incapable of acting in isolation. The second component, a RNA-guided

nuclease molecule, is delivered in a transient manner, for example as mRNA or as
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protein, ensuring that the full RNA-guided nuclease molecule/gRNA complex is only

present and active for a short period of time.

Furthermore, the components can be delivered in different molecular form or
with different delivery vectors that complement one another to enhance safety and tissue

specificity.

Use of differential delivery modes can enhance performance, safety, and/or
efficacy, e.g., the likelihood of an eventual off-target modification can be reduced.
Delivery of immunogenic components, e.g., Cas9 molecules, by less persistent modes
can reduce immunogenicity, as peptides from the bacterially-derived Cas enzyme are
displayed on the surface of the cell by MHC molecules. A two-part delivery system can

alleviate these drawbacks.

Differential delivery modes can be used to deliver components to different, but
overlapping target regions. The formation active complex is minimized outside the
overlap of the target regions. Thus, in certain embodiments, a first component, e.g., a
gRNA is delivered by a first delivery mode that results in a first spatial, e.g., tissue,
distribution. A second component, e.g., a RNA-guided nuclease molecule is delivered by
a second delivery mode that results in a second spatial, e.g., tissue, distribution. In
certain embodiments, the first mode comprises a first element selected from a liposome,
nanoparticle, e.g., polymeric nanoparticle, and a nucleic acid, e.g., viral vector. The
second mode comprises a second element selected from the group. In certain
embodiments, the first mode of delivery comprises a first targeting element, e.g., a cell
specific receptor or an antibody, and the second mode of delivery does not include that
element. In certain embodiments, the second mode of delivery comprises a second

targeting element, e.g., a second cell specific receptor or second antibody.

When the RNA-guided nuclease molecule is delivered in a virus delivery vector,
a liposome, or polymeric nanoparticle, there is the potential for delivery to and
therapeutic activity in multiple tissues, when it may be desirable to only target a single
tissue. A two-part delivery system can resolve this challenge and enhance tissue
specificity. If the gRNA and the RNA-guided nuclease molecule are packaged in
separated delivery vehicles with distinct but overlapping tissue tropism, the fully

functional complex is only be formed in the tissue that is targeted by both vectors.
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Examples

The following Examples are merely illustrative and are not intended to limit the

scope or content of the invention in any way.

Example 1 — Self-inactivating design embeds target sites in vector

An AAV vector system is engineered such that it contains self-inactivating,
universally applicable, tunable modules. These modules include the already-targeted
endogenous cellular sequence, obviating the need for any additional gRNAs. In addition,
these modules can be tuned based on positions within the viral genome, choice of gRNA,
or PAM sequence.

The self-inactivating design contains DNA sequences that are identical or nearly
identical to that of the endogenous target locus. Figure 1A is a diagram illustrating a
SaCas9 (S. aureus Cas9)-gRNA complex targets both an endogenous cellular target and
a nucleic acid encoding the SaCas9 in a viral vector.

Target sequences in the AAV are variably positioned, at either a site in the viral
backbone or one of four regions in the SaCas9 coding sequences, and contain either
canonical or suboptimal PAMs. Figure 1B is a cartoon diagram depicting a 2-vector
system in which engineered SaCas9 and gRNAS are encoded on separate viral genomes.
Three types of exemplary sites in an AAV genome into which heterologous cellular
sequences can be engineered are marked by arrows. In type (a), the cellular sequence is
inserted at a site in the AAV backbone; in type (b), the cellular sequence is inserted at
one of four regions (AC1, AC2, AC3, or N-terminal (NT)) in the SaCas9 coding
sequence. In certain AAV vectors, the cellular sequences can be inserted at both type (a)
and type (b) sites. SaCas9 and gRNAs can also be engineered into a single-vector

system.

Example 2 — Target sites in SaCas9 do not disrupt SaCas9 nuclease activity

This example provides systems and methods of engineering of targets sites in
SaCas9 coding sequences that do not disrupt SaCas9 nuclease activity. Various plasmids
were constructed, with different target sites at four different positions (NT, AC1, AC2, or
AC3) in the SaCas9 coding sequence. Figure 4A is a cartoon diagram depicting
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exemplary constructs with target sites at the four different positions in the SaCas9 coding
sequence, as well as a human VEGFA-3 gRNA expression plasmid. The target sites
were from mCEP290 (guides 7, 9), hCEP290 (guides 64, 323, KKH) and SERPINA1
(guides 333 and 776).

Self-inactivating or control Cas9 plasmids were transfected into HEK293 cells
along with the gRNA expression plasmid targeting VEFGA site 3. mCherry was
expressed through a separate promoter and was used to normalize the transfected amount
of plasmid. GFP was expressed from the same transcript as SaCas9 and was used to
measure the potential differences between transcription and translation rates. Figure 4B
shows that self-inactivating SaCas9 mutants exhibited similar expression level compared
to control SaCas9 (WT) in HEK293 cells. GFP expression in self-inactivating SaCas9
constructs correlated with that of control SaCas9 constructs (WT), indicating unhindered

transcription and translation of the self-inactivating SaCas9.

Wild-type control and engineered self-inactivating SaCas9 proteins exhibited
similar levels of nuclease activity as shown in Figures 4C-4E. Self-inactivating SaCas9
constructs having specific target sequences inserted at specific target sites are indicated
in each figure. Target sites AC1, AC2, AC3, and NT are in the coding sequence as
depicted in Figures 1B and 2. Target sequences m7, m9, a3, a7, 64-1, 64-2, 323-1, 323-2,
KKH-1, and KKH-2 refer to sequences in genes mouse CEP290 (guides m7 and m9),
human ATATSERPINAT1 (guides a3 and a7), and human CEP290 (guides 64-1, 64-2,
323-1, 323-2, KKH-1, and KKH-2), which are shown in Table 10 below. Control
(labeled as “Standard”) and self-inactivating SaCas9 nuclease activity was measured by a
T7E1 assay. The x-axis shows the amount of plasmid transfected into HEK293 cells,
and the y-axis shows the % indels in VEGFA-3 as determined by the T7E1 assay.

Table 10
Target name Target sequence
m7 AAGCTGCGTGAGACATGTGTTT [SEQ ID NO: 15]
m9 AGCTATCTGTAGCATGCTGA [SEQ ID NO: 16]
a3 AAGGCTGTAGCGATGCTCACTG [SEQ ID NO: 17]
a7 GTGTGCCAGCTGGCGGTATAGG [SEQ ID NO: 18]
64-1 and 64-2 GTCAAAAGCTACCGGTTACCTG [SEQ ID NO: 19]
323-1 and 323-2 GTTCTGTCCTCAGTAAAAGGTA [SEQ ID NO: 20]
KKH-1 and KKH-2 | CAATAGGGATAGGTATGAGATACT [SEQ ID NO: 21]
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Example 3 — Self-inactivating AAVs maintain efficacy at target GFP plasmids while

self-inactivating in HEK?293 cells

This example provides in vifro data demonstrating the feasibility of attaining both
robust target modification and self-targeting the pool of AAV DNA at its source.

HEK293 cells were seeded in 24-well plates and transfected with 500 ng/well of
GFP expression plasmids containing gRNA target sites embedded in the 5 end of the
GFP coding sequences. The HEK293 cells were transduced the next day with a mixture
of gRNA AAY targeting GFP, and either wild-type or self-targeting SaCas9 AAV (as
shown in Figure 1B) at a total dose of 200,000 vg/cell. Two days later, cells were
analyzed by fluorescence-activated cell sorting (FACS) to determine knockdown of GFP
expression. A schematic of the experimental design is shown in Figure SA. Figure SB
shows GFP expression levels in HEK293 cells with or without wild-type or engineered
SaCas9 proteins. Control: no SaCas9 protein; WT: wild-type SaCas9 protein; BB (sub):
engineered SaCas9 with target site inserted in the AAV backbone with suboptimal PAM
sequence NNGRRA or NNGRRYV; BB: engineered SaCas9 with target site inserted in
the AAV backbone with canonical PAM sequence; AC1: engineered SaCas9 with target
site inserted at the AC1 site of the SaCas9 coding sequence; BB/AC1: engineered
SaCas9 with target site inserted both in the AAV backbone and at the AC1 site of the
SaCas9 coding sequence. Two different gRNA constructs (mCEP-7 and mCEP-9) were
tested individually with self-inactivating SaCas9 proteins. As shown in Figure 5B,
lower left panel, the control SaCas9 construct (WT) and the self-inactivating SaCas9
constructs exhibited similar capacities in knocking down GFP expression.

Protein was also harvested and SaCas9 level was quantified by an alphal.ISA
assay. Figure 5B, lower right panel shows Cas9 protein levels in HEK293 cells
transduced with wild-type or self-inactivating SaCas9 constructs. All cells transduced
with self-inactivating SaCas9 constructs exhibited reduced levels of SaCas9 protein,
Engineered SaCas9 constructs with target site inserted at the AC1 site of SaCas9 coding
sequence exhibited improved efficacy of self-inactivation compared to SaCas9 constructs
with target site inserted in the AAV backbone alone. In addition, gRNA mCEP-9
exhibited stronger self-inactivating capacity than gRNA mCEP-7 .

Example 4 — Self-inactivating AAVs maintain efficacy at target locus while self-

inactivating in retinal explants
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This example provides tissue explant data demonstrating the feasibility of
attaining both robust target modification and self-targeting the pool of AAV DNA at its
source.

Retinal explants were extracted from BL6 mice and cultured in 24-well plates.
The explants were transduced with a mixture of gRNA AAYV and either wild-type or self-
targeting SaCas9 AAYV (as shown in Figure 1B) at a total dose of 1E11 vg/retina. At day
14 post extraction, both DNA and RNA were harvested from the explants. The
endogenous target locus (mCEP290) was amplified from extracted DNA by PCR, cloned
into TOPO vector, and sequenced. Control (WT) or self-inactivating SaCas9 constructs
exhibited similar gene editing rate at the endogenous target locus in mouse retinal
explants as shown in Figure 6A.

In addition, cDNA was generated from the extracted RNA. SaCas9 sequence
was amplified by PCR, cloned into TOPO vector, and sequenced. The % indel rates in
SaCas9 cDNA are shown in Figure 6B.

Example 5 — Self-inactivating AAVs successfully modified target loci while self-

inactivating in vivo

This example provides in vivo data demonstrating the feasibility of attaining both
efficient target modification and self-targeting the pool of AAV DNA at its source.
AAVs with SaCas9 and gRNAs targeting mCEP290 were injected sub-retinally into
C57BL/6J mice, and retinas were harvested 6 weeks later for DNA and cDNA
sequencing,

A mixture of gRNA AAYV and either wild-type control or self-targeting SaCas9
AAV (as shown in Figure 1B) at a total dose of 1.16 x 10'° AAV per eye were
transduced. At 6 weeks post transduction, both DNA and RNA were harvested from the
animal tissue. The endogenous target locus was amplified from extracted DNA by PCR
and sequenced with Next Generation Sequencing methods on a Miseq machine. Self-
inactivating SaCas9 constructs exhibited efficient gene editing rates compared to the
negative control as shown in Figure 7A, though the gene editing rates of SaCas9
constructs having targeting sites within Cas9 coding sequence (AC and BB/AC) were
relatively lower compared to the wild-type control.

In addition, cDNA was generated from the extracted RNA. SaCas9 sequence
was amplified by PCR, cloned into TOPO vector, and sequenced. The fold change of
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specific transcripts of the self-inactivating SaCas9 constructs compared to the wild-type
SaCas9 construct are shown in Figure 7B. Transcripts containing SaCas9 coding
sequence were significantly reduced in tissues transduced with AC-m9-WT PAM
construct (self-inactivating SaCas9 having target site inserted at the ACI site of the
SaCas9 coding sequence) and BB-m7-AC-m9 construct (self-inactivating SaCas9 having
target site inserted both in the AAV backbone and at the AC1 site of the SaCas9 coding
sequence).

INCORPORATION BY REFERENCE

All publications, patents, and patent applications mentioned herein are hereby
incorporated by reference in their entirety as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated by
reference. In case of conflict, the present application, including any definitions herein,

will control.
EQUIVALENTS

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments described herein.

Such equivalents are intended to be encompassed by the following claims.
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WE CLAIM:

1.

An isolated nucleic acid encoding an RNA-guided nuclease comprising a eukaryotic
nucleic acid sequence, wherein the eukaryotic nucleic acid sequence is at least 17
nucleotides in length and either comprises or is adjacent to a protospacer adjacent

motif (PAM) that is recognized by the RNA-guided nuclease.

The 1solated nucleic acid of claim 1, further encoding a guide RNA (gRNA)
comprising a targeting domain that is complementary to a portion of the eukaryotic

nucleic acid sequence that is adjacent to the PAM.

The isolated nucleic acid of claim 1 or 2, wherein the RNA-guided nuclease is a

Cas9 protein.

The 1solated nucleic acid of any one of claims 1-3, wherein the targeting domain of

the gRNA is 16-24 nucleotides in length.

The 1solated nucleic acid of any one of claims 1-4, wherein the eukaryotic nucleic

acid sequence is within a Cas9 coding sequence.

The isolated nucleic acid of claim 5, wherein the eukaryotic nucleic acid sequence

encodes a modified portion of the Cas9 protein.

The 1solated nucleic acid of any one of claims 1-6, wherein the eukaryotic nucleic
acid sequence is within a portion of the nucleic acid that includes, at each of its 3’

and 5’ ends, at least one codon for glycine, alanine or valine.

The isolated nucleic acid of claim 7, wherein the portion of the nucleic acid
comprising the eukaryotic nucleic acid sequence encodes a polypeptide comprising

the sequence of G-(X)g.10-G.

The 1solated nucleic acid of any one of claims 3-8, wherein the Cas9 protein
comprises an amino acid insertion relative to SEQ ID NO: 2 selected from the group
consisting of:

E271 N272insGXe.10G;

L371 N372insGXe.10G; and

Q737 A738insGXe.10G.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The 1solated nucleic acid of any one of claims 3-8, wherein the Cas9 protein
comprises an amino acid insertion relative to SEQ ID NO: 2 at or near the N-

terminus of the Cas9 protein.

The 1solated nucleic acid of any one of claims 3-10, wherein the Cas9 protein
comprises an amino acid sequence having at least 95% sequence identity to a

sequence selected from the group consisting of SEQ ID NOS: 3-5 and 10.

The isolated nucleic acid of any one of claims 3-8, comprising an insertion, relative
to SEQ ID NO:6, selected from the group consisting of

c.813 814insNy4.36;

c.1113_1114insNy4.36; and

€.2211 2212insNj4.36.

The isolated nucleic acid of any one of claims 3-8, comprising an insertion, relative

to SEQ ID NO:6 at or near the N-terminus of a Cas9 protein coding sequence.

The 1solated nucleic acid of any one of claims 3-13, comprising a nucleic acid
sequence having at least 95% sequence identity to a sequence selected from the

group consisting of SEQ ID NOS: 7-9 and 11.

The isolated nucleic acid of any one of claims 1-14, wherein the nucleic acid
comprises a sequence having at least about 80% sequence identity to SEQ ID NO:1

and comprising an insertion of ¢.157insNj9.3s.

A transiently-active genome editing system comprising an RNA-guided nuclease

encoded by the isolated nucleic acid of any of claims 1-15.

The transiently-active genome editing system of claim 16, wherein the system alters

both a cellular endogenous target gene and the RNA-guided nuclease expression.

The transiently-active genome editing system of claim 16 or 17, wherein the RNA-
guided nuclease has at least about 80% nuclease activity of a wild-type RNA-guided

nuclease protein.

The transiently-active genome editing system of any of claims 16-18, wherein the

RNA-guided nuclease is a Cas9 protein.

A viral vector comprising the isolated nucleic acid of any one of claims 1-15.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

The viral vector of claim 20, wherein the viral vector is used to alter both a cellular

endogenous target gene and the RNA-guided nuclease expression.

The vector of claim 20 or 21, wherein the vector is an adeno-associated virus (AAV)

vector.

The vector of any one of claims 20-22, wherein a target site for the gRNA is within

the vector backbone.

The vector of claim 22 or 23, comprising a nucleic acid sequence having at least

95% sequence identity to SEQ ID NO: 1.

A transiently active genome editing system, comprising:

a guide RNA (gRNA) comprising a targeting domain that is complementary to a
eukaryotic nucleic acid sequence; and

an engineered RNA-guided nuclease encoded by a nucleic acid comprising the
eukaryotic nucleotide sequence and a protospacer adjacent motif (PAM), wherein
the PAM is recognized by the RNA-guided nuclease and is within or adjacent to the

eukaryotic nucleotide sequence.

The transiently active genome editing system of claim 25, wherein the RNA-guided

nuclease is a Cas9 protein.

The transiently active genome editing system of claim 26, wherein the engineered

Cas9 protein and the gRNA form a Cas9/gRNA complex.

The transiently active genome editing system of claim 27, wherein the gRNA/Cas9

complex is adapted to cleave the nucleic acid.

The transiently active genome editing system of any one of claims 26-28, wherein
the engineered Cas9 protein comprises an amino acid insertion or substitution that is

at least partially encoded by the eukaryotic nucleotide sequence.

The transiently active genome editing system of any one of claims 26-29, wherein
the engineered Cas9 protein has at least about 80% nuclease activity of a wild-type

Cas9 protein.

The transiently active genome editing system of claim 29 or 30, comprising an

amino acid insertion having a sequence of G-(X)s.10-G.
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32.

33.

34.

35.

36.

37.

38.

39.

The transiently active genome editing system of claim 31, wherein the amino acid
insertion, relative to SEQ ID NO: 2, is selected from the group consisting of:
E271 N272insGXs.10G;
L371 N372insGXs.10G; and
Q737 A738insGXe.10G.

The transiently active genome editing system of claim 32, wherein the amino acid

insertion, relative to SEQ ID NO: 2, is at or near the N-terminus of a Cas9 protein.

The transiently active genome editing system of any one of claims 26-33, wherein
the engineered Cas9 protein comprises an amino acid sequence having at least 95%
sequence identity to a sequence selected from the group consisting of SEQ ID NOS:
3-5 and 10.

The transiently active genome editing system of any of claims 26-34, wherein the
engineered Cas9 protein is encoded by a nucleic acid comprising an insertion,
relative to SEQ ID NO: 6, selected from the group consisting of:

c.813 814insNy4.36;

c.1113_1114insNy4.36; and

€.2211 2212insNj4.36.

The transiently active genome editing system of any of claims 26-35, wherein the
engineered Cas9 protein is encoded by a nucleic acid comprising an insertion,
relative to SEQ ID NO: 6, at or near the N-terminus of a Cas9 protein coding

sequence.

The transiently active genome editing system of any one of claims 26-36, wherein
the engineered Cas9 protein is encoded by a nucleic acid comprising a sequence
having at least 95% sequence identity to a sequence selected from the group

consisting of SEQ ID NOS: 7-9 and 11.

The transiently active genome editing system of any one of claims 26-37, wherein

the engineered Cas9 protein is an engineered S. aureus Cas9.

A transiently active genome editing system for altering both a cellular endogenous
target gene and an RNA-guided nuclease expression, comprising;

a guide RNA (gRNA) comprising a targeting domain that is complementary to a
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40.

41.

42.

43.

44.

45.

46.

47.

48.

eukaryotic nucleic acid sequence; and

an engineered RNA-guided nuclease encoded by a nucleic acid comprising the
eukaryotic nucleotide sequence and a protospacer adjacent motif (PAM), wherein
the PAM is recognized by the RNA-guided nuclease and is within or adjacent to the

eukaryotic nucleotide sequence.

The transiently active genome editing system of claim 39, wherein the RNA-guided

nuclease is a Cas9 protein.

The transiently active genome editing system of claim 40, wherein the engineered

Cas9 protein and the gRNA form a Cas9/gRNA complex.

The transiently active genome editing system of claim 41, wherein the Cas9/gRNA
complex is adapted to cleave both the nucleic acid encoding the engineered Cas9

protein and a nucleic acid encoding the cellular endogenous target gene.

The transiently active genome editing system of any one of claims 40-42, wherein
the engineered Cas9 protein comprises an amino acid insertion or substitution that is

at least partially encoded by the eukaryotic nucleotide sequence.

The transiently active genome editing system of any one of claims 40-43, wherein
the engineered Cas9 protein has at least about 80% nuclease activity of a wild-type

Cas9 protein.

The transiently active genome editing system of claim 43 or 44, comprising an

amino acid insertion having a sequence of G-(X)s.10-G.

The transiently active genome editing system of claim 45, wherein the amino acid
insertion, relative to SEQ ID NO: 2, is selected from the group consisting of:
E271 N272insGXe.10G;
L371 N372insGXe.10G; and
Q737 A738insGXe.10G.

The transiently active genome editing system of claim 45, wherein the amino acid

insertion, relative to SEQ ID NO: 2, is at or near the N-terminus of the Cas9 protein.

The transiently active genome editing system of any one of claims 40-47, wherein

the engineered Cas9 protein comprises an amino acid sequence having at least 95%
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49.

50.

51.

52.

53.

54.

55.

56.

57.

sequence identity to a sequence selected from the group consisting of SEQ ID NOS:
3-5, 10,

The transiently active genome editing system of any one of claims 40-48, wherein
the engineered Cas9 protein is encoded by a nucleic acid comprising an insertion,
relative to SEQ ID NO: 6, selected from the group consisting of:

c.813 814insNyy.36;

c.1113_1114insNy4.36; and

€.2211 2212insNj4.36.

The transiently active genome editing system of any one of claims 40-48, wherein
the engineered Cas9 protein is encoded by a nucleic acid comprising an insertion,
relative to SEQ ID NO: 6, at or near the N-terminus of a Cas9 protein coding

sequence.

The transiently active genome editing system of any one of claims 40-50, wherein
the engineered Cas9 protein is encoded by a nucleic acid comprising a sequence
having at least 95% sequence identity to a sequence selected from the group

consisting of SEQ ID NOS: 7-9 and 11.

The transiently active genome editing system of any one of claims 40-51, wherein

the engineered Cas9 protein is an engineered S. aureus Cas9.

An RNA-guided nuclease protein comprising an amino acid insertion or substitution
at least partially encoded by a eukaryotic nucleic acid sequence of at least 17

nucleotides in length.

The RNA-guided nuclease of claim 53, wherein the RNA-guided nuclease has at
least about 80% nuclease activity of a wild-type RNA-guided nuclease.

The RNA-guided nuclease of claim 54, wherein the eukaryotic nucleic acid

sequence is a mammalian sequence.

The RNA-guided nuclease protein of any one of claims 53-55, wherein the
eukaryotic nucleic acid sequence comprises or is adjacent to a protospacer adjacent

motif (PAM) that is recognized by the engineered RNA-guided nuclease protein.

The RNA-guided nuclease of claim 56, wherein the eukaryotic nucleic acid

sequence comprises at least 17 nucleotides adjacent to the PAM.
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58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

The RNA-guided nuclease of any of claims 53-57, wherein the RNA-guided

nuclease is a Cas9 protein.

The Cas9 protein of claim 58, comprising an insertion having a sequence of G-(X)s.

10'G~

The Cas9 protein of claim 58 or 59, comprising an insertion selected from the group
consisting of:

E271 N272insGXs.10G;

L371 N372insGXs.10G; and

Q737 A738insGXe.10G.

The Cas9 protein of claim 58 or 59, comprising an insertion at or near the N-

terminus of the Cas9 protein.

The Cas9 protein of any one of claims 58-61, comprising an amino acid sequence of
at least 95% sequence identity relative to a sequence selected from the group

consisting of SEQ ID NOS: 3-5 and 10.

An isolated nucleic acid encoding the RNA-guided nuclease of any one of claims

53-62.

A method of altering a target site in a cell comprising delivering to the cell a
transiently active genome editing system, the transiently expressed genome editing
system comprising:

a guide RNA (gRNA) comprising a targeting domain that is complementary to a
eukaryotic nucleic acid sequence; and

an engineered RNA-guided nuclease encoded by the nucleic acid comprising the
eukaryotic nucleotide sequence and a protospacer adjacent motif (PAM), wherein
the PAM is recognized by the RNA-guided nuclease and is within or adjacent to the

eukaryotic nucleotide sequence.
The method of claim 64, wherein the RNA-guided nuclease is a Cas9 protein.

The method of claim 65, wherein the engineered Cas9 protein and the gRNA form a
Cas9/gRNA complex.

The method of claim 66, wherein the gRNA/Cas9 complex is adapted to cleave the

nucleic acid encoding the engineered Cas9 protein.
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68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

The method of claim 65, wherein the gRNA/Cas9 complex is adapted to cleave both

the nucleic acid encoding the engineered Cas9 protein and the target site in the cell.

The method of any one of claims 65-68, wherein the engineered Cas9 protein
comprises an amino acid insertion or substitution that is at least partially encoded by

the eukaryotic nucleotide sequence.

The method of any one of claims 65-69, wherein the engineered Cas9 protein has at

least about 80% nuclease activity of a wild-type Cas9 protein.

The method of any one of claims 65-70, wherein the engineered Cas9 protein

comprises an amino acid insertion having a sequence of G-(X)s.10-G.

The method of any one of claims 65-71, wherein the amino acid insertion, relative to
SEQ ID NO: 2, is selected from the group consisting of’

E271 N272insGXs.10G;

L371 N372insGXe.10G; and

Q737 A738insGXe.10G.

The method of any one of claims 65-71, wherein the amino acid insertion, relative to

SEQ ID NO: 2, is at or near the N-terminus of the Cas9 protein.

The method of any one of claims 65-73, wherein the engineered Cas9 protein
comprises an amino acid sequence having at least 95% sequence identity to a

sequence selected from the group consisting of SEQ ID NOS: 3-5 and 10.

The method of any one of claims 65-74, wherein the nucleic acid encoding the
engineered Cas9 protein comprises an insertion, relative to SEQ ID NO: 6, selected
from the group consisting of:

c.813 814insNy4.36;

c.1113_1114insNy4.36; and

€.2211 2212insNj4.36.

The method of any one of claims 65-74, wherein the nucleic acid encoding the
engineered Cas9 protein comprises an insertion, relative to SEQ ID NO: 6, at or near

the N-terminus of a Cas9 protein coding sequence.

The method of any one of claims 65-76, wherein the nucleic acid encoding the

engineered Cas9 protein comprises a sequence having at least 95% sequence
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78.

79.

80.

81.

82.

83.

84.

85.

86.

identity to a sequence selected from the group consisting of SEQ ID NOS: 7-9 and
11.

The method of any of claims 65-77, wherein the Cas9 is an S. aureus Cas9.

An isolated nucleic acid encoding a Cpfl RNA-guided nuclease comprising a
eukaryotic nucleic acid sequence, wherein the eukaryotic nucleic acid sequence is at
least 17 nucleotides in length and either comprises or is adjacent to a protospacer

adjacent motif (PAM) that is recognized by the RNA-guided nuclease.

The 1solated nucleic acid of claim 79, further encoding a guide RNA (gRNA)
comprising a targeting domain that is complementary to a portion of the nucleic acid

sequence that is adjacent to the PAM.

The 1solated nucleic acid of any one of claims 79-80, wherein the targeting domain

of the gRNA is 16-24 nucleotides in length.

The 1solated nucleic acid of any one of claims 79-81, wherein the eukaryotic nucleic

acid sequence is within a Cpf1 coding sequence.

The isolated nucleic acid of claim 82, wherein the eukaryotic nucleic acid sequence

encodes a modified portion of the Cpfl protein.

The 1solated nucleic acid of any one of claims 79-83, wherein the eukaryotic nucleic
acid sequence is within a portion of the nucleic acid that includes, at each of its 3’

and 5’ ends, at least one codon for glycine.

The 1solated nucleic acid of claim 84, wherein the portion of the nucleic acid
comprising the eukaryotic nucleic acid sequence encodes a polypeptide comprising

the sequence of G-(X)s-10-G.

The 1solated nucleic acid of any one of claims 79-85, wherein the Cpf1 protein
comprises an amino acid insertion, relative to SEQ ID NO: 13, at a position selected
from the group consisting of
between amino acid positions 147 and 148,
anywhere between amino acid positions 484 and 492

2

anywhere between amino acid positions 568 and 590

2

anywhere between amino acid positions 795 and 855

2
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87.

88.

89.

90.

91.

92.

93.

94.

95.

anywhere between amino acid positions 1131 and 1140, and

anywhere between amino acid positions 1160 and 1173.

The 1solated nucleic acid of any one of claims 79-85, wherein the Cpf1 protein
comprises an amino acid insertion relative to SEQ ID NO: 13 at or near the N-

terminus of the Cpf1 protein.

The 1solated nucleic acid of any one of claims 79-87, wherein the Cpf1 protein
comprises an amino acid sequence having at least 95% sequence identity to SEQ ID

NO: 13.

The 1solated nucleic acid of any one of claims 79-85, comprising an insertion,
relative to SEQ ID NO: 14, at a position selected from the group consisting of

between nucleic acid positions 441 and 442,

anywhere between nucleic acid positions 1452 and 1474,

anywhere between nucleic acid positions 1704 and 1768,

anywhere between nucleic acid positions 2385 and 2563,

anywhere between nucleic acid positions 3393 and 3418, and

anywhere between nucleic acid positions 3480 and 3517,

wherein the insertion does not alter the reading frame of the isolated nucleic acid.

The 1solated nucleic acid of any one of claims 79-85, comprising an insertion,
relative to SEQ ID NO: 14 at or near the N-terminus of a Cpfl protein coding

sequence.

The isolated nucleic acid of any one of claims 79-90, comprising a nucleic acid

sequence having at least 95% sequence identity to SEQ ID NO: 14.

A transiently-active genome editing system comprising an RNA-guided nuclease

encoded by the isolated nucleic acid of any of claims 79-91.

The transiently-active genome editing system of claim 92, wherein the system alters

both a cellular endogenous target gene and the RNA-guided nuclease expression.

The transiently-active genome editing system of claim 91 or 92, wherein the RNA-
guided nuclease has at least about 80% nuclease activity of a wild-type RNA-guided

nuclease protein.

A viral vector comprising the isolated nucleic acid of any one of claims 79-91.
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96.

97.

98.

99.

A method of altering a target site in a cell comprising delivering to the cell a
transiently active genome editing system, the transiently expressed genome editing
system comprising:

a guide RNA (gRNA) comprising a targeting domain that is complementary to a
eukaryotic nucleic acid sequence; and

an engineered Cpf1 RNA-guided nuclease encoded by the nucleic acid
comprising the eukaryotic nucleotide sequence and a protospacer adjacent motif
(PAM), wherein the PAM is recognized by the CpF1 RNA-guided nuclease and is

within or adjacent to the eukaryotic nucleotide sequence.

The method of claim 96, wherein the engineered Cpf1 protein and the gRNA form a
Cpf1/gRNA complex.

The method of claim 97, wherein the Cpf1/gRNA complex is adapted to cleave the

nucleic acid encoding the engineered Cpf1 protein.

The method of claim 96, wherein the Cpf1/gRNA complex is adapted to cleave both

the nucleic acid encoding the engineered Cpf1 protein and the target site in the cell.

100. The method of any one of claims 96-99, wherein the engineered Cpf1 protein

comprises an amino acid insertion or substitution that is at least partially encoded by

the eukaryotic nucleotide sequence.

101. The method of any one of claims 96-100, wherein the engineered Cpf1 protein has

at least about 80% nuclease activity of a wild-type Cpfl protein.

102. The method of any one of claims 96-101, wherein the portion of the nucleic acid

comprising the eukaryotic nucleic acid sequence encodes a polypeptide comprising

the sequence of G-(X)g.10-G.

103. The method of any one of claims 96-102, wherein the Cpf1 protein comprises an

amino acid insertion, relative to SEQ ID NO: 13, at a position selected from the
group consisting of

between amino acid positions 147 and 148,

anywhere between amino acid positions 484 and 492,

anywhere between amino acid positions 568 and 590,

anywhere between amino acid positions 795 and 855,
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anywhere between amino acid positions 1131 and 1140, and

anywhere between amino acid positions 1160 and 1173.

104. The method of any one of claims 96-102, wherein the Cpf1 protein comprises an
amino acid insertion relative to SEQ ID NO: 13 at or near the N-terminus of the

Cpf1 protein.

105. The isolated nucleic acid of any one of claims 79-87, wherein the Cpf1 protein

comprises an amino acid sequence having at least 95% sequence identity to SEQ ID
NO: 13.

106. The method of any one of claims 96-102, comprising an insertion, relative to SEQ
ID NO: 14, at a position selected from the group consisting of:

between nucleic acid positions 441 and 442,

anywhere between nucleic acid positions 1452 and 1474,

anywhere between nucleic acid positions 1704 and 1768,

anywhere between nucleic acid positions 2385 and 2563,

anywhere between nucleic acid positions 3393 and 3418, and

anywhere between nucleic acid positions 3480 and 3517,

wherein the insertion does not alter the reading frame of the isolated nucleic acid.

107. The method of any one of claims 96-102, comprising an insertion, relative to SEQ

ID NO: 14 at or near the N-terminus of a Cpf1 protein coding sequence.

108. The method of any one of claims 96-102, comprising a nucleic acid sequence having

at least 95% sequence identity to SEQ ID NO: 14.
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Figure 4D
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