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DIRECTED EDITING OF CELLULAR RNA VIA NUCLEAR
DELIVERY OF CRISPR/CAS9

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application No. 62/504,497 filed May 10, 2017, the content of which is incorporated herein

by reference in its entirety.
STATEMENT OF GOVERNMENT SUPPORT

[0002] This invention was made with government support under Grant Nos. HG004659 and
NS075449 awarded by the National Institutes of Health. The government has certain rights in

the invention.
BACKGROUND

[0003] Present strategies aimed to target and manipulate RNA in living cells mainly rely on
the use of antisense oligonucleotides (ASO) or engineered RNA binding proteins (RBP).
Although ASO therapies have shown great promise in eliminating pathogenic transcripts or
modulating RBP binding, they are synthetic in construction and thus cannot be encoded
within DNA. This complicates potential gene therapy strategies, which would rely on regular
administration of ASOs throughout the lifetime of the patient. Furthermore, they are
incapable of modulating the genetic sequence of RNA. Although RBPs such as the Pumilio
and FBF homology family (PUF) of proteins can be designed to recognize target transcripts
and fuse to RNA modifying effectors to allow for specific recognition and manipulation,
platforms based on these types of constructs require extensive protein engineering for each

target and may prove to be difficult and costly.

[0004] Current systems used to directly edit RNA rely either on non encodable
components, such as chemical fusion of guide RNAs to an editase moiety (e.g., SNAP tag),
or relatively low affinity tethering by fusion of encodable aptamer binding moieties (e.g.,

BoxB protein).



[0005] Current CRISPR/Cas RNA targeting systems typically use a single guide RNA and
optionally an oligonucleotide of alternating 2° OMe RNA and DNA bases (PAMmer) to provide
a simple and rapidly programmable system for targeting of specific RNA molecules in live cells.
However, improvements and/or alternatives to these systems can help address issues relating to
efficiency, specificity and/or off-target editing events. The present disclosure addresses these
needs and provides related advantages.

SUMMARY OF THE DISCLOSURE

[0006] Accordingly, provided herein are fully encodable and highly specific CRISPR/Cas
systems, compositions, and methods to achieve efficient and reversible manipulation and
modulation of target RNA with simplicity, reliability and versatility.

[0007] In some examples, provided herein are recombinant expression systems for
CRISPR/Cas-directed RNA editing of a target RNA comprising, consisting of, or consisting
essentially of: (A) a nucleic acid sequence encoding a CRISPR/Cas RNA editing fusion protein
comprising a nuclease-dead CRISPR associated endonuclease (dCas) fused to a catalytically
active deaminase domain of Adenosine Deaminase acting on RNA (ADAR); and (B) a nucleic
acid sequence encoding an extended single guide RNA (esgRNA) comprising: (i) a short
extension sequence of homology to the target RNA comprising a mismatch for a target
adenosine, and (ii) a dCas scaffold binding sequence. In one aspect, the present disclosure refers
to a recombinant expression system for CRISPR/Cas-directed RNA editing of a target RNA
comprising: (A) a nucleic acid sequence encoding a CRISPR/Cas RNA editing fusion protein
comprising a nuclease-dead CRISPR associated endonuclease (dCas) fused to a catalytically
active deaminase domain of Adenosine Deaminase acting on RNA 2 (ADAR2); and (B) a
nucleic acid sequence encoding an extended single guide RNA (esgRNA) comprising: (i) a short
extension sequence of homology to the target RNA comprising a mismatch for a target
adenosine, and (ii) a dCas9 scaffold binding sequence. In some examples, said expression
system expresses a dCas-ADAR nucleoprotein complex capable of CRISPR/Cas RNA-RNA
base-specific Adenosine to Inosine (A —I) editing of the target sequence.

[0008] In some examples of the recombinant expression systems, the esgRNA further
comprises (iii) a spacer sequence comprising a region of homology to the target RNA.

[0009] In some examples of the recombinant expression systems, (A) and (B) are comprised
within the same vector or comprised within different vectors. In some examples of the
recombinant expression systems, the vector is a viral vector. In some examples of the
recombinant expression systems, the viral vector is an adeno-associated viral vector (AAV),
lentiviral vector, or an adenoviral vector.



[0010] In some examples of the recombinant expression systems, the ADAR is selected from
the group consisting of ADAR1, ADAR2, and ADAR3. In some examples, the catalytically
active deaminase domain of ADAR is the catalytically active deaminase domain of ADAR2. In
some examples of the recombinant expression systems, the catalytically active deaminase
domain of ADAR?2 is (1) a wildtype catalytically active deaminase domain of human ADAR?2 or
(2) a mutant human catalytically active deaminase domain of ADAR?2 with increased catalytic
activity compared to the wildtype human ADAR?2. In some examples of the recombinant
expression systems, the mutant human catalytically active deaminase domain of ADAR2
comprises a E488Q mutation.

[0011] In some examples of the recombinant expression systems, the dCas is nuclease-dead
Cas9 (dCas9). In some examples of the recombinant expression systems, the dCas9 N-terminal
domain is fused to the C-terminus of the catalytically active deaminase domain of ADAR. In
some examples of the recombinant expression systems, the dCas is fused to the catalytically
active deaminase domain of ADAR via a linker. In some examples of the recombinant
expression systems, the linker is a semi-flexible XTEN peptide linker. In some examples, the

linker is a GSGS linker.

[0012] In some examples of the recombinant expression systems, the short extension sequence
of the esgRNA is a 3’ extension sequence. In some examples of the recombinant expression
systems, the short extension sequence of the esgRNA comprises a region of homology capable of
near-perfect RNA-RNA base pairing with the target sequence. In some examples of the
recombinant expression systems, the short extension sequence of the esgRNA further comprises
a second mismatch for an adenosine within the target RNA. In some examples of the
recombinant expression systems, the short extension sequence of the esgRNA further comprises
a third mismatch for an adenosine within the target RNA and optionally a fourth mismatch for an
adenosine within the target RNA. In some examples of the recombinant expression systems, the
short extension sequence of the esgRNA is about 15 nucleotides to about 60 nucleotides in

length.

[0013] In some examples of the recombinant expression systems, the esgRNA further

comprises a marker sequence.



[0014] In some examples of the recombinant expression systems, the esgRNA further
comprises a RNA polymerase III promoter sequence. In some examples of the recombinant
expression systems, the RNA polymerase III promoter sequence is a U6 promoter sequence.

[0015] In some examples of the recombinant expression systems, the esgRNA comprises a
linker sequence between the spacer sequence and the scaffold sequence.

[0016] In some examples of the recombinant expression systems, the sequences of the esgRNA
(1), (i1), and (ii1) are situated 3’ to 5’ in the esgRNA.

[0017] In some examples of the recombinant expression systems, the expression system further
comprises a nucleic acid encoding a PAM sequence.

[0018] In some examples, provided herein are vectors comprising, consisting of, or consisting
essentially of a nucleic acid encoding an extended single guide RNA (esgRNA) comprising (i) a
short extension sequence of homology to a target RNA comprising a mismatch for a target
adenosine, (ii) a dCas scaffold binding sequence, and (iii) a sequence complementary to the
target sequence (spacer sequence), wherein (i), (ii) and (iii) are situated 3’ to 5’ in the esgRNA.
In one example, the present disclosure refers to a vector comprising a nucleic acid encoding an
extended single guide RNA (esgRNA) comprising (i) a short extension sequence of homology to
a target RNA comprising a mismatch for a target adenosine, (ii) a dCas scaffold binding
sequence, and (iii) a sequence complementary to the target sequence (spacer sequence), wherein
(1), (i1) and (iii) are situated 3’ to 5’ in the esgRNA.

[0019] In some examples of the vectors, the vector is a viral vector. In some examples of the
vectors, the viral vector is an adeno-associated viral vector (AAYV), lentiviral vector, or an
adenoviral vector. In some examples of the vectors, the vectors further comprise an expression
control element.

[0020] In one example, the present disclosure refers to a viral particle comprising any one of
the vectors disclosed herein. In some examples, provided herein are viral particles comprising a
vector comprising, consisting of, or consisting essentially of a nucleic acid encoding an extended
single guide RNA (esgRNA) comprising (i) a short extension sequence of homology to a target
RNA comprising a mismatch for a target adenosine, (ii) a dCas scaffold binding sequence, and
(ii1) a sequence complementary to the target sequence (spacer sequence), wherein (i), (i1) and (ii1)
are situated 3’ to 5’ in the esgRNA. In some examples, provided herein are viral particles
comprising one or more vectors comprising (A) a nucleic acid sequence encoding a CRISPR/Cas
RNA editing fusion protein comprising a nuclease-dead CRISPR associated



endonuclease (dCas) fused to a catalytically active deaminase domain of Adenosine Deaminase
acting on RNA (ADAR); and (B) a nucleic acid sequence encoding an extended single guide
RNA (esgRNA) comprising: (i) a short extension sequence of homology to the target RNA
comprising a mismatch for a target adenosine, and (i1) a dCas scaffold binding sequence.

[0021] In one aspect, the present disclosure refers to a cell comprising any one of the
recombinant expression systems disclosed herein. In some examples, provided herein are cells
comprising recombinant expression systems, viral particles, and/or vectors comprising,
consisting of, or consisting essentially of a nucleic acid encoding an extended single guide RNA
(esgRNA) comprising (i) a short extension sequence of homology to a target RNA comprising a
mismatch for a target adenosine, (ii) a dCas scaffold binding sequence, and (iii) a sequence
complementary to the target sequence (spacer sequence), wherein (i), (ii) and (iii) are situated 3’
to 5’ in the esgRNA. In some examples, provided herein are cells comprising one or more viral
particles, recombinant expression systems, and/or vectors comprising (A) a nucleic acid
sequence encoding a CRISPR/Cas RNA editing fusion protein comprising a nuclease-dead
CRISPR associated endonuclease (dCas) fused to a catalytically active deaminase domain of
Adenosine Deaminase acting on RNA (ADAR); and (B) a nucleic acid sequence encoding an
extended single guide RNA (esgRNA) comprising: (i) a short extension sequence of homology
to the target RNA comprising a mismatch for a target adenosine, and (ii) a dCas scaffold binding
sequence.

[0021a] In one example, the present disclosure refers to an esgRNA comprising: (i) a short
extension sequence of homology to a target RNA comprising a mismatch for a target adenosine,
and (i1) a dCas scaffold binding sequence. In another example, the present disclosure refers to a
CRISPR/Cas RNA editing fusion protein comprising a nuclease-dead CRISPR associated
endonuclease (dCas) fused to a catalytically active deaminase domain of ADAR.

[0022] In one aspect, the present disclosure refers to a method of selective RNA editing
comprising administering any one of the recombinant expression systems as disclosed herein to a
cell, wherein the method is in vitro. Also provided herein are methods of selective RNA editing
comprising, consisting of, or consisting essentially of administering any one of the recombinant
expression systems, viral particles, and/or vectors comprising, consisting of, or consisting
essentially of a nucleic acid encoding an extended single guide RNA (esgRNA) comprising (i) a
short extension sequence of homology to a target RNA comprising a mismatch for a target
adenosine, (ii) a dCas scaffold binding sequence, and (iii) a sequence complementary to the
target sequence (spacer sequence), wherein (i), (ii) and (iii) are situated 3’ to 5’ in the esgRNA to
a cell. In some examples, the methods further comprise administering an antisense synthetic
oligonucleotide compound comprising alternating 2’0OMe RNA and DNA bases (PAMmer). In
some examples, the method is in vitro or in vivo. In some examples, provided herein are methods
of selective RNA editing comprising, consisting of, or consisting



essentially of administering any one of the recombinant expression systems, viral particles,
and/or vectors comprising, consisting of, or consisting essentially of (A) a nucleic acid sequence
encoding a CRISPR/Cas RNA editing fusion protein comprising a nuclease-dead CRISPR
associated endonuclease (dCas) fused to a catalytically active deaminase domain of Adenosine
Deaminase acting on RNA (ADAR); and (B) a nucleic acid sequence encoding an extended
single guide RNA (esgRNA) comprising: (i) a short extension sequence of homology to the
target RNA comprising a mismatch for a target adenosine, and (ii) a dCas scaffold binding
sequence.

[0023] In one aspect, the present disclosure refers to a method of characterizing the effects of
directed cellular RNA editing on processing and dynamics comprising administering any one of
the recombinant expression systems as disclosed herein to a sample and determining its effects.
Also provided herein are methods of characterizing the effects of directed cellular RNA editing
on processing and dynamics comprising administering any one of the recombinant expression
systems, viral particles, and/or vectors comprising, consisting of, or consisting essentially of a
nucleic acid encoding an extended single guide RNA (esgRNA) comprising (i) a short extension
sequence of homology to a target RNA comprising a mismatch for a target adenosine, (ii) a dCas
scaffold binding sequence, and (iii) a sequence complementary to the target sequence (spacer
sequence), wherein (i), (i1) and (ii1) are situated 3’ to 5’ in the esgRNA to a sample and
determining its effects. In some examples, the sample is derived from a subject. In some
examples, the method is in vitro or in vivo. In some examples, provided herein are methods of
characterizing the effects of directed cellular RNA editing on processing and dynamics
comprising administering any one of the recombinant expression systems, viral particles, and/or
vectors comprising, consisting of, or consisting essentially of (A) a nucleic acid sequence
encoding a CRISPR/Cas RNA editing fusion protein comprising a nuclease-dead CRISPR
associated endonuclease (dCas) fused to a catalytically active deaminase domain of Adenosine
Deaminase acting on RNA (ADAR); and (B) a nucleic acid sequence encoding an extended
single guide RNA (esgRNA) comprising: (i) a short extension sequence of homology to the
target RNA comprising a mismatch for a target adenosine, and (ii) a dCas scaffold binding
sequence to a sample and determining its effects.

[0024] In one aspect, the present disclosure refers to use of any one of the recombinant
expression systems as disclosed herein, or the cell as disclosed herein, in the manufacture of a
medicament for treating a disease selected from the group consisting of Hurler’s syndrome,
Cystic fibrosis, muscular dystrophy, spinal cord injury, hearing loss (through noise overexposure
or ototoxicity), multiple sclerosis, Alzheimer's disease, amyotrophic lateral sclerosis (ALS),
Parkinson's disease, over-rapid benzodiazepine withdrawal, and Huntington's disease in a
subject, wherein the medicament is to be administered to a subject or a sample isolated from a
subject. In other examples, provided herein are methods of treating a disease or condition in a
subject comprising administering any one of the recombinant expression systems, viral particles,
and/or vectors comprising, consisting of, or consisting essentially of a nucleic acid



encoding an extended single guide RNA (esgRNA) comprising (i) a short extension sequence of
homology to a target RNA comprising a mismatch for a target adenosine, (ii) a dCas scaffold
binding sequence, and (iii) a sequence complementary to the target sequence (spacer sequence),
wherein (i), (i) and (iii) are situated 3’ to 5’ in the esgRNA to a subject or a sample isolated
from a subject. In some examples, provided herein are methods of treating a disease or condition
in a subject comprising administering any one of the recombinant expression systems, viral
particles, and/or vectors comprising, consisting of, or consisting essentially of (A) a nucleic acid
sequence encoding a CRISPR/Cas RNA editing fusion protein comprising a nuclease-dead
CRISPR associated endonuclease (dCas) fused to a catalytically active deaminase domain of
Adenosine Deaminase acting on RNA (ADAR); and (B) a nucleic acid sequence encoding an
extended single guide RNA (esgRNA) comprising: (i) a short extension sequence of homology
to the target RNA comprising a mismatch for a target adenosine, and (ii) a dCas scaffold binding
sequence to a subject or a sample isolated from a subject.

[0025] In some examples, the methods further correcting a G to A mutation in a target RNA.

In some examples, the disease is selected from the group of Hurler’s syndrome, Cystic fibrosis,
Duchenne muscular dystrophy, spinal cord injury, stroke, traumatic brain injury, hearing loss
(through noise overexposure or ototoxicity), multiple sclerosis, Alzheimer's disease, amyotrophic
lateral sclerosis (ALS), Parkinson's disease, alcoholism, alcohol withdrawal, over-rapid
benzodiazepine withdrawal, and Huntington's disease.

[0026] In one aspect, the present disclosure refers to a kit comprising: (A) one or more of: (i) a
recombinant expression system as disclosed herein; (ii) a viral particle comprising the recombinant
expression system as disclosed herein; and/or (iii) a cell comprising the recombinant expression system as
disclosed herein; and (B) instructions for use. In one example, the present disclosure refers to a kit
comprising: (A) one or more of: (i) a recombinant expression system as disclosed herein; (ii) a vector
comprising a nucleic acid encoding an esgRNA comprising (2) a short extension sequence of homology to
a target RNA comprising a mismatch for a target adenosine, and (b) a dCas scaffold binding sequence;
(iii) a vector comprising a nucleic acid encoding a dCas fused to a catalytically active deaminase domain
of ADAR,; (iv) a viral particle comprising the recombinant expression system as disclosed herein; (v) a
cell comprising the recombinant expression system as disclosed herein; (vi) an esgRNA comprising (a) a
short extension sequence of homology to a target RNA comprising a mismatch for a target adenosine, and
(b) a dCas scaffold binding sequence; and/or (vii) a CRISPR/Cas RNA editing fusion protein comprising
a dCas fused to a catalytically active deaminase domain of ADAR; and (B) instructions for use. In other
examples, provided herein are kits comprising, consisting of, or consisting of one or more of: recombinant
expression systems, viral particles, and/or vectors comprising, consisting of, or consisting essentially of
(A) a nucleic acid sequence encoding a CRISPR/Cas RNA editing fusion protein comprising a nuclease-
dead CRISPR associated endonuclease (dCas) fused to a catalytically active deaminase domain of
Adenosine Deaminase acting on RNA (ADAR); and (B) a nucleic acid sequence encoding an extended
single guide RNA (esgRNA) comprising: (i) a short extension sequence of homology to the target RNA
comprising a mismatch for a target adenosine, and (ii) a dCas scaffold binding sequence and instructions
for use. In some examples, the instructions are for use according to any one of the methods described
herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIGs. 1A-1D illustrate, without limitation, embodiments of the recombinant
expression system and data relating thereto. FIG. 1A shows (1) a conceptual concept of
CREDIT in living cells for the editing of a variety of RNAs that can cause various diseases,
such as cancer and neurodegeneration and (ii) that the binding of the dCas9-deaminase fusion
to guide RNA directs the hybridization of guide-extension around target adenosines
generating double-stranded RNA (dsRNA) A-I base-specific editing targets. In particular,
FIG. 1B shows a CREDIT recombinant expression system comprised of the Streptococcus
pyogenes Cas9 protein fused by an XTEN linker to the deaminase domain (DD) of human
ADARBI1 (ADAR?2), and a single guide RNA (sgRNA) with a 3’ short RNA extension
(esgRNA). The fluorescent imaging data of FIG. 1C shows that the recombinant expression
system of Figure 1B requires targeted dual guide RNA with 3 extension directing
deamination and allows reversal of premature termination codon (PTC) mediated silencing of
expression from eGFP reporter transcripts. FIG. 1D shows FACS quantification of
recombinant expression systems utilizing wild-type and hyper-active deaminase fusions to

RCas9 directed by targeting and non-targeting guides.

[0028] FIG. 2 illustrates, without limitation, an exemplary recombinant expression system
as an AAV-based vector system. The AAV system comprises vectors carrying the nucleic
acid sequence encoding the ADAR Deaminase domain/ Cas endonuclease fusion protein and

the extended single guide RNA (esgRNA) to be packaged as AAV virions.

[0029] FIG. 3 illustrates a map of pcDNA3.1(1) ADAR2 XTEN dCas9 (SEQ ID NO:
27). The CMV enhancer is located at postion 235 to 614 (380bp in length) and drives
constitutive expression of recombinant protein in mammalian cells. The CMV promoter is
located at postion 615 to 818 (204 bp in length) and drives constitutive expression of
recombinant protein in mammalian cells. The ADARBI Catalytic Domain is located at
position 961 to 2100 (1140 bp in length) and encodes a catalytically-active deaminating
domain of human ADAR2 (ADARB1). XTEN is located at position 2101 to 2148 (48bp in
length) and encodes a peptide linker connecting recombinant protein domains. dCas9 is

located at postion 2149 to 6252 (4104 bp in length) and encodes a catalytically-inactive
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(D10A and H841A) CRISPR-Cas9 protein from Streptococcus pyogenes. HA is located at
postion 6256 to 6282 (27 bp in length) and encodes human influenza hemagglutinin (HA)
epitope tag. 2X SV40 NLS is located at postion 6301 to 6348 (48 bp in length) and encodes a
Nuclear localization signal (NLS) derived from Simian Virus 40 (SV40) large T-antigen.
bGH poly(A) signal is located at postion 6426 to 6650 (225 bp in length) and encodes a
bovine growth hormone (bGH) polyadenylation signal.

[0030] FIG. 4 illustrates a map of pcDNA3.1(1) ADAR2 XTEN control (SEQ ID NO:
28). A CMYV enhancer is located at position 235 to 614 (380 bp in length) and drives
constitutive expression of recombinant protein in mammalian cells. A CMV promoter is
located at position 615 to 818 (204 bp in length) and drives constitutive expression of
recombinant protein in mammalian cells. An ADARBI1 Catalytic Domain is located at
position 961 to 2100 (1140 bp in length) and encodes a catalytically-active deaminating
domain of human ADAR2 (ADARB1). XTEN is located at position 2101 to 2148 (48 bp)
and encodes a peptide linker connecting recombinant protein domains. HA is located at
position 2152 to 2178 (27 bp) and encodes human influenza hemagglutinin (HA) epitope tag
2X SV40 NLS is located at position 2197 to 2244 (48bp) nuclear localization signal (NLS)
derived from Simian Virus 40 (SV40) large T-antigen. bGH poly(A) signal is located at
position 2322 to 2546 (225 bp) and encodes bovine growth hormone (bGH) polyadenylation

signal.

[0031] FIG. 5 illustrates a map of pcDNA3.1 ADAR2(E488Q) XTEN dCas9 (SEQ ID
NO: 29). A CMYV enhancer is located at position 235 to 614 (380 bp) and drives constitutive
expression of recombinant protein in mammalian cells. A CMV promoter is located at
position 615 to 818 (204 bp) and drives constitutive expression of recombinant protein in
mammalian cells. ADARB1(E488Q) Catalytic Domain is located at position 961 to 2100
(1140 bp) and encodes a catalytically-active deaminating domain of human ADAR?2
(ADARB1) with hyperactive point mutation (E488Q). XTEN is located at position 2101 to
2148 (48 bp) and encodes a peptide linker connecting recombinant protein domains. dCas9 is
located at position 2149 to 6252 (4104 bp) and encodes a catalytically-inactive (D10A and
H841A) CRISPR-Cas9 protein from Streptococcus pyogenes. HA is located at position 6256
to 6282 (27 bp) and encodes human influenza hemagglutinin (HA) epitope tag. 2X SV40

9.
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NLS is located at position 6301 to 6348 (48 bp) and encodes a nuclear localization signal
(NLS) derived from Simian Virus 40 (SV40) large T-antigen bGH. poly(A) signal is located
at position 6426 to 6650 (225 bp) and encodes bovine growth hormone (bGH)

polyadenylation signal.

[0032] FIG. 6 illustrates a map of pcDNA3.1 ADAR2(E488Q) XTEN control (SEQ ID
NO: 30). A CMYV enhancer is located at position 235 to 614 (380bp) and drives constitutive
expression of recombinant protein in mammalian cells. A CMV promoter is located at
position 615 to 818 (204 bp) and drives constitutive expression of recombinant protein in
mammalian cells. ADARB1(E488Q) Catalytic Domain is located at position 961 to 2100
(1140 bp) and encodes a catalytically-active deaminating domain of human ADAR?2
(ADARBI1) with hyperactive point mutation (E488Q). XTEN is located at position 2101 to
2148 (48 bp) and encodes a peptide linker connecting recombinant protein domains. HA is
located at position 2152 to 2178 (27 bp) and encodes a human influenza hemagglutinin (HA)
epitope tag. 2X SV40 NLS is located at position 2197 to 2244 (48 bp) and encodes a nuclear
localization signal (NLS) derived from Simian Virus 40 (SV40) large T-antigen. bGH
poly(A) signal is located at position 2322 to 2546 (225 bp) and encodes bovine growth
hormone (bGH) polyadenylation signal.

[0033] FIG. 7 illustrates a map of SObp GFP_mCherry extension (SEQ ID NO: 31). A U6
promoter is located at position 4555 to 4817 (263 bp) and is a Pol III promoter driving
expression of sgRNA in mammalian cells. An EGFP targeting spacer is located at position
4818 to 4838 (21 bp) and encodes a spacer sequence of sgRNA that targets complementary
EGFP reporter mRNA. An sgRNA scaffold is located at position 4839 to 4924 (86 bp) and
encodes an sgRNA scaffold for Streptococcus pyogenes CRISPR-Cas9 system with (F+E)
modification (Chen et al. 2014). Linker is located at position 4925 to 4930 (6 bp) encoding a
linker sequence bridging the sgRNA scaffold with the extension sequence. And EGFP
extension is located at position 4931 to 4951 (21 bp) encoding an RNA extension sequence
that base pairs with target site and forces A-to-I editing using A-C mismatch. A sgRNA
scaffold termination site is located at position 1 to 7 (7 bp) comprising a Poly(T) sequence
that terminates Pol III RNA synthesis. An Efla promoter is located at position 21 to 566 (546

bp) which is a constitutive promoter driving protein expression in mammalian cells. mCherry

-10-
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is located at position 572 to 1282 (711 bp) encoding a monomeric derivative of DsRed
fluorescent protein. A bGH poly(A) signal is located at position 1330 to 1554 (225 bp)
encoding a bovine growth hormone (bGH) polyadenylation signal.

[0034] FIG. 8 illustrates a map of spacerless GFP_mCherry extension (SEQ ID NO: 32).
A U6 promoter is located at position 757 to 1019 (263 bp) and is a Pol III promoter driving
expression of sgRNA in mammalian cells. An sgRNA scaffold is located at position 1020 to
1105 (86 bp) encoding an sgRNA scaftold for Streptococcus pyogenes CRISPR-Cas9 system
with (F+E) modification (Chen et al. 2014). A Linker is located at position 1106 to 1111 (6
bp) comprising a linker sequence bridging the sgRNA scaffold with the extension sequence.
An EGFP extension is located at position 1112 to 1132 (21 bp) encoding an RNA extension
sequence that base pairs with target site and forces A-to-I editing using A-C mismatch. An
sgRNA scaffold termination is located at position 1133 to 1139 (7 bp) comprising a poly(T)
sequence that terminates Pol III RNA synthesis. An Efla promoter is located at position 1153
to 1698 (546 bp) and is a constitutive promoter driving protein expression in mammalian
cells. mCherry is located at position 1704 to 2414 (711 bp) encoding a monomeric derivative
of DsRed fluorescent protein. A bGH poly(A) signal is located at position 2462 to 2686 (225
bp) encoding bovine growth hormone (bGH) polyadenylation signal.

[0035] FIG. 9 illustrates a map of GFP_no_spacer revcomp mCherry gibson (SEQ ID
NO: 33). A U6 promoter is located at position 4555 to 4817 (263 bp) and is a Pol 111
promoter driving expression of sgRNA in mammalian cells. An sgRNA scaffold is located at
position 4818 to 4903 (86 bp) and encodes a sgRNA scaffold for Streptococcus pyogenes
CRISPR-Cas9 system with (F+E) modification (Chen et al. 2014). A linker is located at
position 4904 to 4909 (6 bp) encoding a linker sequence bridging the sgRNA scaffold with
the extension sequence. An EGFP revcomp extension is located at position 4910 to 4930 (21
bp) encoding an RNA reverse complement extension sequence that matches the sequence of
the EGFP mRNA target site. An sgRNA scaffold termination site is located at position 1 to 7
(7 bp) comprising a poly(T) sequence that terminates Pol IIl RNA synthesis. An Efla
promoter is located at position 21 to 566 (546 bp) and is a constitutive promoter driving
protein expression in mammalian cells. mCherry is located at position 572 to 1282 (711 bp)

encoding a monomeric derivative of DsRed fluorescent protein. A bGH poly(A) signal is
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located at position 1330 to 1554 (225 bp) encoding a bovine growth hormone (bGH)

polyadenylation signal.

[0036] FIG. 10 illustrates a map of pBluescript II SK+ U6-lambda2-sgRNA(F+E) (SEQ ID
NO: 34). A U6 promoter is located at position 757 to 1019 (263 bp) and is a Pol III promoter
driving expression of sgRNA in mammalian cells. A lambda2 guideRNA is located at
position 1020 to 1039 (20 bp) encoding a non-targeting sgRNA sequence targeting lambda
phage 2. An sgRNA scaffold is located at position 1041 to 1132 (92 bp) encoding a sgRNA
scaffold for Streptococcus pyogenes CRISPR-Cas9 system with (F+E) modification (Chen et
al. 2014).

[0037] FIG. 11 illustrates a map of EGFP_spacerless SaCas9 sgRNA (SEQ ID NO: 47).
A U6 promoter is located at position 4555 to 4817 (263 bp) and is a Pol III promoter driving
expression of sgRNA in mammalian cells. An Sa sgRNA scaffold is located at position 4819
to 4894 (76 bp) encoding an sgRNA scaffold for Staphylococcus aureus CRISPR-Cas9
system with A-U base flip (Chen et al. 2016). A linker is located at position 4895 to 4900 (6
bp) encoding a linker sequence bridging the sgRNA scaffold with the extension sequence.
An EGFP extension is located at position 4901 to 4921 (21 bp) encoding an RNA extension
sequence that base pairs with target site and forces A-to-I editing using A-C mismatch. An
sgRNA scaffold termination site is located at position 1 to 7 (7 bp) comprising a poly(T)
sequence that terminates pol III RNA synthesis. An Efla promoter is located at position 21 to
566 (546 bp) which is a constitutive promoter driving protein expression in mammalian cells.
mCherry is located at position 572 to 1282 (711 bp) encoding a monomeric derivative of
DsRed fluorescent protein. A bGH poly(A) signal is located at position 1330 to 1554 (225
bp) encoding bovine growth hormone (bGH) polyadenylation signal.

[0038] FIG. 12 illustrates a map of ADAR2 E488Q dSaCas9 pCDNA3 1 (SEQ ID NO:
48). A CMYV enhancer is located at position 235 to 614 (380 bp) and drives constitutive
expression of recombinant protein in mammalian cells. A CMV promoter is located at
position 615 to 818 (204 bp) and drives constitutive expression of recombinant protein in
mammalian cells. ADARBI1 Catalytic Domain is located at position 961 to 2100 (1140 bp)
and encodes a catalytically-active deaminating domain of human ADAR2 (ADARBI1). A GS
linker 1s located at position 2101 to 2112 (12 bp) and encodes a Glycine-Serine peptide linker

-12-
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to bridge protein domains. A dSaCas9 is located at position 2113 to 5268 (3156 bp) encoding
a catalytically-inactive (with point mutations D10A and N580A) CRISPR-Cas9 protein from
Staphylococcus aureus. HA 1s located at position 5272 to 5298 (27 bp) encoding human
influenza hemagglutinin (HA) epitope tag. A 2X SV40 NLS is located at position 5317 to
5364 (48 bp) nuclear localization signal (NLS) derived from Simian Virus 40 (SV40) large T-
antigen. A bGH poly(A) signal is located at position 5442 to 5666 (225 bp) encoding a
bovine growth hormone (bGH) polyadenylation signal.

[0039] FIGs. 13A-13B illustrate a comparison between a recombinant expression system
comprising a nuclease dead Cas9 derived from S. pyogenes (dSpCas9) and a nuclease dead
Cas9 derived from S. aureus (dSaCas9). dSaCas9 is significantly smaller than dSpCas9,
which provides efficiency in viral packaging. FIG. 13A shows an illustration of an
ADAR2(E488Q)-dSpCas9 fusion construct with an XTEN linker (Sp-CREDITv1) and an
illustration of an ADAR2(E488Q)-dSaCas9 fusion construct with an GSGS linker (Sa-
CREDITv1). FIG. 1B shows the results of an experiment wherein the efficiency of Sp-
CREDITvI is compared to the efficiency of Sa-CREDITv1. This data shows successful
editing of the GFP reporter by both CREDIT systems, with Sa-CREDITv1 exhibiting the
highest frequency of edited cells.

DETAILED DESCRIPTION

[0040] Embodiments according to the present disclosure will be described more fully
hereinafter. Aspects of the disclosure may, however, be embodied in different forms and
should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in the art. The terminology used in
the description herein is for the purpose of describing particular embodiments only and is not

intended to be limiting.

[0041] Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms, such as those defined

in commonly used dictionaries, should be interpreted as having a meaning that is consistent
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with their meaning in the context of the present application and relevant art and should not be
interpreted in an idealized or overly formal sense unless expressly so defined herein. While
not explicitly defined below, such terms should be interpreted according to their common

meaning.

[0042] The terminology used in the description herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of the invention. All
publications, patent applications, patents and other references mentioned herein are

incorporated by reference in their entirety.

[0043] The practice of the present technology will employ, unless otherwise indicated,
conventional techniques of tissue culture, immunology, molecular biology, microbiology, cell

biology, and recombinant DNA, which are within the skill of the art.

[0044] Unless the context indicates otherwise, it is specifically intended that the various
features of the invention described herein can be used in any combination. Moreover, the
disclosure also contemplates that in some embodiments, any feature or combination of
features set forth herein can be excluded or omitted. To illustrate, if the specification states
that a complex comprises components A, B and C, it is specifically intended that any of A, B
or C, or a combination thereof, can be omitted and disclaimed singularly or in any

combination.

[0045] Unless explicitly indicated otherwise, all specified embodiments, features, and terms
intend to include both the recited embodiment, feature, or term and biological equivalents

thereof.

[0046] All numerical designations, e.g., pH, temperature, time, concentration, and
molecular weight, including ranges, are approximations which are varied (+ ) or ( - ) by
increments of 1.0 or 0.1, as appropriate, or alternatively by a variation of +/- 15 %, or
alternatively 10%, or alternatively 5%, or alternatively 2%. It is to be understood, although
not always explicitly stated, that all numerical designations are preceded by the term “about”.
It also is to be understood, although not always explicitly stated, that the reagents described

herein are merely exemplary and that equivalents of such are known in the art.
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Definitions

[0047] As used in the description of the invention and the appended claims, the singular

2%

forms “a,” “an” and “the” are intended to include the plural forms as well, unless the context

clearly indicates otherwise.

[0048] The term “about,” as used herein when referring to a measurable value such as an
amount or concentration and the like, is meant to encompass variations of 20%, 10%, 5%,

1%, 0.5%, or even 0.1 % of the specified amount.

[0049] The terms or “acceptable,” “effective,” or “sufficient” when used to describe the
selection of any components, ranges, dose forms, etc. disclosed herein intend that said

component, range, dose form, etc. is suitable for the disclosed purpose.

[0050] “Polynucleotide” or “nucleotide,” as used interchangeably herein, refer to polymers
of nucleotides of any length, and include DNA and RNA. A polynucleotide or nucleotide
sequence could be either double-stranded or single-stranded. When a polynucleotide or
nucleotide sequence is single stranded, it could refer to either of the two complementary
strands. The nucleotides can be deoxyribonucleotides, ribonucleotides, modified nucleotides
or bases, and/or their analogs, or any substrate that can be incorporated into a polymer by
DNA or RNA polymerase. A polynucleotide may comprise modified nucleotides, such as
methylated nucleotides and their analogs. If present, modification to the nucleotide structure
may be imparted before or after assembly of the polymer. The sequence of nucleotides may
be interrupted by non-nucleotide components. A polynucleotide may be further modified
after polymerization, such as by conjugation with a labeling component. Other types of
modifications include, for example, “caps”, substitution of one or more of the naturally
occurring nucleotides with an analog, internucleotide modifications such as, for example,
those with uncharged linkages (such as methyl phosphonates, phosphotriesters,
phosphoamidates, cabamates, etc.) and with charged linkages (such as phosphorothioates,
phosphorodithioates, etc.), those containing pendant moieties, such as, for example, proteins
(such as nucleases, toxins, antibodies, signal peptides, ply-L-lysine, etc.), those with
intercalators (such as acridine, psoralen, etc.), those containing chelators (such as metals,
radioactive metals, boron, oxidative metals, etc.), those containing alkylators, those with

modified linkages (such as alpha anomeric nucleic acids, etc.), as well as unmodified forms
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of the polynucleotide(s). Further, any of the hydroxyl groups ordinarily present in the sugars
may be replaced, for example, by phosphonate groups, phosphate groups, protected by
standard protecting groups, or activated to prepare additional linkages to additional
nucleotides, or may be conjugated to solid supports. The 5’ and 3’ terminal OH can be
phosphorylated or substituted with amines or organic capping groups moieties of from 1 to 20
carbon atoms. Other hydroxyls may also be derivatized to standard protecting groups.
Polynucleotides can also contain analogous forms of ribose or deoxyribose sugars that are
generally known in the art, including, for example, 2'-O-methyl-2'-O-allyl, 2'-fluoro- or 2'-
azido-ribose, carbocyclic sugar analogs, a-anomeric sugars, epimeric sugars such as
arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic
analogs and abasic nucleoside analogs such as methyl riboside. One or more phosphodiester
linkages may be replaced by alternative linking groups. These alternative linking groups
include, but are not limited to, embodiments wherein phosphate is replaced by
P(O)S(“thioate”), P(S)S (“dithioate”), “(O)NR 2 (“amidate”), P(O)R, P(O)OR’, CO or CH 2
(“formacetal”), in which each R or R’ is independently H or substituted or unsubstituted alkyl
(1-20 C) optionally containing an ether (—O—) linkage, aryl, alkenyl, cycloalkyl,
cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be identical. The preceding

description applies to all polynucleotides referred to herein, including RNA and DNA.

[0051] “Oligonucleotide,” as used herein, generally refers to short, generally single
stranded, generally synthetic polynucleotides that are generally, but not necessarily, less than
about 200 nucleotides in length. The terms “oligonucleotide” and “polynucleotide” are not
mutually exclusive. The description above for polynucleotides is equally and fully applicable

to oligonucleotides.

[0052] “Nucleic acids”, “nucleic acid molecules,” or “nucleic acid sequences” are used
interchangeably herein to refer to polynucleotides and/or oligonucleotides. In some
embodiments, nucleic acid is used interchangeably with polynucleotide and/or

oligonucleotide.

[0053] Asused herein, “substantially complementary or substantially matched” means that
two nucleic acid sequences have at least 90% sequence identity. Preferably, the two nucleic

acid sequences have at least 95%, 96%, 97%, 98%, 99% or 100% of sequence identity.
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Alternatively, “substantially complementary or substantially matched” means that two

nucleic acid sequences can hybridize under high stringency condition(s).

[0054] As used herein, “improve” means a change of at least about 1%, 2%, 5%, 10%,
15%, 20%, 25%, 30%, 35%., 40%, 35%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 100%, 125%, 150%, 175%, 200%, 225%, 250%, 275%, 300%, 350%, 400%, 450%,
500%, 600%, 700%, 800%, 900%, 1000% or more or any value between any of the listed
values. Alternatively, “improve” could mean a change of at least about 1-fold, 1.5-fold, 2-
fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 15-fold, 20-fold, 30-fold,
40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-fold, 500-fold, 1000-fold, 2000-fold

or more or any value between any of the listed values.

[0055] Asused herein, “nuclease null” or “nuclease dead” may refer to a polypeptide with
reduced nuclease activity, reduced endo- or exo-DNAse activity or RNAse activity, reduced
nickase activity, or reduced ability to cleave DNA and/or RNA. Non-limiting examples of
Cas-associated endonucleases that are nuclease dead include endonucleases with mutations
that render the RuvC and/or HNH nuclease domains inactive. For example, S. pyogenes Cas9
can be rendered inactive by point mutations D10A and H840A, resulting in a nuclease dead
Cas9 molecule that cannot cleave target DNA or RNA. The dCas9 molecule retains the
ability to bind to target RNA based on the gRNA targeting sequence.

[0056] Asused herein, “reduced nuclease activity” means a decline in nuclease, nickase,
DNAse, or RNAse activity of at least about 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 35%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100% or more or any
value between any of the listed values. Alternatively, “reduced nuclease activity” may refer
to a decline of at least about 1-fold, 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-
fold, 9-fold, 10-fold, 15-fold, 20-fold, 30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-
fold, 100-fold, 500-fold, 1000-fold, 2000-fold or more or any value between any of the listed

values.

[0057] Asused herein, “increased catalytic activity” means an increase in catalytic activity
of e.g. deaminase activity of at least about 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 35%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100% or more or any

value between any of the listed values as compared to the corresponding wild type catalytic
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activity (e.g., wild type deaminase activity). Alternatively, “increased catalytic activity” may
refer to an increase of at least about 1-fold, 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-
fold, 8-fold, 9-fold, 10-fold, 15-fold, 20-fold, 30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-
fold, 90-fold, 100-fold, 500-fold, 1000-fold, 2000-fold or more or any value between any of
the listed values as compared to the corresponding wild type catalytic activity (e.g., wild type

deaminase activity).

[0058] Asused herein, the term “ADAR” refers to a double-stranded RNA specific
adenosine deaminase which catalyzes the hydrolytic deamination of adenosine to inosine in
double-stranded RNA (dsRNA), referred to as A to I editing and also known as Adenosine
Deaminase Acting on RNA. Non-limiting exemplary sequences of this protein and
annotation of its domains is found under UniProt reference number P55265 (human) and

Q99MU3 (mouse).

[0059] The term “adeno-associated virus” or “AAV” as used herein refers to a member of
the class of viruses associated with this name and belonging to the genus dependoparvovirus,
family Parvoviridae. Multiple serotypes of this virus are known to be suitable for gene
delivery; all known serotypes can infect cells from various tissue types. Atleast 11,
sequentially numbered, are disclosed in the prior art. Non-limiting exemplary serotypes
useful in the methods disclosed herein include any of the 11 serotypes, e.g., AAV2 and
AAVS.

[0060] Also as used herein, “and/or” refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well as the lack of

combinations when interpreted in the alternative (“or”).

[0061] The term “aptamer” as used herein refers to single stranded DNA or RNA molecules
that can bind to one or more selected targets with high affinity and specificity. Non-limiting

exemplary targets include but are not limited to proteins or peptides.

[0062] The term “Cas-associated” refers to a CRISPR (Clustered Regularly Interspaced
Short Palindromic Repeats) associated endonuclease. “Cas9” is a Cas-associated
endonuclease referred to by this name (UniProtKB G3ECR1 (CAS9_STRTR)). DeadCas-9

or “dCas9” is a Cas9 endonuclease which lacks or substantially lacks endonuclease and/or
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cleavage activity. A non-limiting example of dCas9 is the dCas9 encoded in AddGene

plasmid #74710, which is commercially available through the AddGene database.

[0063] The term “cell” as used herein may refer to either a prokaryotic or eukaryotic cell,

optionally obtained from a subject or a commercially available source.

[0064] The term “gRNA” or “guide RNA” as used herein refers to the guide RNA
sequences used to target specific genes for correction employing the CRISPR technique.
Techniques of designing gRNAs and donor therapeutic polynucleotides for target specificity
are well known in the art. For example, Doench, J., et al. Nature biotechnology 2014;
32(12):1262-7 and Graham, D., et al. Genome Biol. 2015; 16: 260, incorporated by reference

herein.

[0065] As used herein, the term “CRISPR” refers to a technique of sequence specific
genetic manipulation relying on the clustered regularly interspaced short palindromic repeats
pathway, which unlike RNA interference regulates gene expression at a transcriptional level.
The term “gRNA” or “guide RNA” as used herein refers to the guide RNA sequences used to
target specific genes for correction employing the CRISPR technique. Techniques of
designing gRNAs and donor therapeutic polynucleotides for target specificity are well known
in the art. For example, Doench, J., et al. Nature biotechnology 2014; 32(12):1262-7 and
Graham, D, et al. Genome Biol. 2015; 16: 260. “Single guide RNA” or “sgRNA” is a
specific type of gRNA that combines tractrRNA (transactivating RNA), which binds to Cas9
to activate the complex to create the necessary strand breaks, and crRNA (CRISPR RNA),
comprising complimentary nucleotides to the tractrRNA, into a single RNA construct. As
described herein, an “extended single guide RNA” or “esgRNA” is a specific type of sgRNA
that includes an extension sequence of homology to the target RNA comprising a mismatch
for a target adenosine of the target RNA to be edited in a manner such that a A-C mismatch is
formed with a target transcript generating a ‘pseudo-dsRNA’ substrate to be edited at the

bulged adenosine residue.

[0066] Asused herein, the term “comprising” is intended to mean that the compositions and
methods include the recited elements, but do not exclude others. As used herein, the
transitional phrase “consisting essentially of (and grammatical variants) is to be interpreted

as encompassing the recited materials or steps “and those that do not materially affect the
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basic and novel characteristic(s)” of the recited embodiment. See, /n re Herz, 537 F.2d 549,
551-52, 190 U.S.P.Q. 461, 463 (CCPA 1976) (emphasis in the original); see also MPEP §
2111.03. Thus, the term “consisting essentially of' as used herein should not be interpreted as
equivalent to “comprising.” “Consisting of”” shall mean excluding more than trace elements
of other ingredients and substantial method steps for administering the compositions
disclosed herein. Aspects defined by each of these transition terms are within the scope of

the present disclosure.

[0067] The term “encode” as it is applied to nucleic acid sequences refers to a
polynucleotide which is said to “encode” a polypeptide if, in its native state or when
manipulated by methods well known to those skilled in the art, can be transcribed and/or
translated to produce the mRNA for the polypeptide and/or a fragment thereof. The antisense
strand is the complement of such a nucleic acid, and the encoding sequence can be deduced

therefrom.

[0068] The terms “equivalent” or “biological equivalent” are used interchangeably when
referring to a particular molecule, biological, or cellular material and intend those having

minimal homology while still maintaining desired structure or functionality.

[0069] Asused herein, the term “expression” refers to the process by which
polynucleotides are transcribed into mRNA and/or the process by which the transcribed
mRNA is subsequently being translated into peptides, polypeptides, or proteins. If the
polynucleotide is derived from genomic DNA, expression may include splicing of the mRNA
in a eukaryotic cell. The expression level of a gene may be determined by measuring the
amount of mRNA or protein in a cell or tissue sample; further, the expression level of

multiple genes can be determined to establish an expression profile for a particular sample.

[0070] Asused herein, the term “sample” can refer to a composition comprising targets.
Suitable samples for analysis by the disclosed methods, devices, and systems include cells,
tissues, organs, or organisms or compositions obtained from cells, tissues or organisms. In

some embodiments, samples are isolated from a subject.

[0071] Asused herein, the term “functional” may be used to modify any molecule,

biological, or cellular material to intend that it accomplishes a particular, specified effect.
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[0072] A “gene delivery vehicle” is defined as any molecule that can carry inserted
polynucleotides into a host cell. Examples of gene delivery vehicles are liposomes, micelles
biocompatible polymers, including natural polymers and synthetic polymers; lipoproteins;
polypeptides; polysaccharides; lipopolysaccharides; artificial viral envelopes; metal particles;
and bacteria, or viruses, such as baculovirus, adenovirus and retrovirus, bacteriophage,
cosmid, plasmid, fungal vectors and other recombination vehicles typically used in the art
which have been described for expression in a variety of eukaryotic and prokaryotic hosts,
and may be used for gene therapy as well as for simple protein expression.

[0073] A polynucleotide disclosed herein can be delivered to a cell or tissue using a gene

2% 2%

delivery vehicle. “Gene delivery,” “gene transfer,” “transducing,” and the like as used
herein, are terms referring to the introduction of an exogenous polynucleotide (sometimes
referred to as a “transgene”) into a host cell, irrespective of the method used for the
introduction. Such methods include a variety of well-known techniques such as vector-
mediated gene transfer (by, e.g., viral infection/transfection, or various other protein-based or
lipid-based gene delivery complexes) as well as techniques facilitating the delivery of
“naked” polynucleotides (such as electroporation, “gene gun” delivery and various other
techniques used for the introduction of polynucleotides). The introduced polynucleotide may
be stably or transiently maintained in the host cell. Stable maintenance typically requires that
the introduced polynucleotide either contains an origin of replication compatible with the host
cell or integrates into a replicon of the host cell such as an extrachromosomal replicon (e.g., a
plasmid) or a nuclear or mitochondrial chromosome. A number of “vectors” are known to be

capable of mediating transfer of genes to mammalian cells, as is known in the art and

described herein.

[0074] A “plasmid” is an extra-chromosomal DNA molecule separate from the
chromosomal DNA which is capable of replicating independently of the chromosomal DNA.
In many cases, it is circular and double-stranded. Plasmids provide a mechanism for
horizontal gene transfer within a population of microbes and typically provide a selective
advantage under a given environmental state. Plasmids may carry genes that provide
resistance to naturally occurring antibiotics in a competitive environmental niche, or

alternatively the proteins produced may act as toxins under similar circumstances.
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[0075] “Plasmids” used in genetic engineering are called “plasmid vectors”. Many
plasmids are commercially available for such uses. The gene to be replicated is inserted into
copies of a plasmid containing genes that make cells resistant to particular antibiotics and a
multiple cloning site (MCS, or polylinker), which is a short region containing several
commonly used restriction sites allowing the easy insertion of DNA fragments at this
location. Another major use of plasmids is to make large amounts of proteins. In this case,
researchers grow bacteria containing a plasmid harboring the gene of interest. Just as the
bacterium produces proteins to confer its antibiotic resistance, it can also be induced to

produce large amounts of proteins from the inserted gene.

[0076] A “yeast artificial chromosome” or “YAC” refers to a vector used to clone large
DNA fragments (larger than 100 kb and up to 3000 kb). It is an artificially constructed
chromosome and contains the telomeric, centromeric, and replication origin sequences
needed for replication and preservation in yeast cells. Built using an initial circular plasmid,
they are linearized by using restriction enzymes, and then DNA ligase can add a sequence or
gene of interest within the linear molecule by the use of cohesive ends. Yeast expression
vectors, such as YACs, Ylps (yeast integrating plasmid), and YEps (yeast episomal plasmid),
are extremely useful as one can get eukaryotic protein products with posttranslational
modifications as yeasts are themselves eukaryotic cells, however YACs have been found to

be more unstable than BACs, producing chimeric effects.

[0077] A “viral vector” is defined as a recombinantly produced virus or viral particle that

comprises a polynucleotide to be delivered into a host cell, either in vivo, ex vivo or in vitro.

[0078] Examples of viral vectors include retroviral vectors, adenovirus vectors, adeno-
associated virus vectors, alphavirus vectors and the like. Infectious tobacco mosaic virus
(TMV)-based vectors can be used to manufacturer proteins and have been reported to express
Griffithsin in tobacco leaves (O'Keefe et al. (2009) Proc. Nat. Acad. Sci. USA 106(15):6099-
6104). Alphavirus vectors, such as Semliki Forest virus-based vectors and Sindbis virus-
based vectors, have also been developed for use in gene therapy and immunotherapy. See,
Schlesinger & Dubensky (1999) Curr. Opin. Biotechnol. 5:434-439 and Ying et al. (1999)
Nat. Med. 5(7):823-827. In aspects where gene transfer is mediated by a retroviral vector, a
vector construct refers to the polynucleotide comprising the retroviral genome or part thereof,

and a therapeutic gene. Further details as to modern methods of vectors for use in gene
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transfer may be found in, for example, Kotterman et al. (2015) Viral Vectors for Gene

Therapy: Translational and Clinical Outlook Annual Review of Biomedical Engineering 17.

[0079] Asused herein, “retroviral mediated gene transfer” or “retroviral transduction”
carries the same meaning and refers to the process by which a gene or nucleic acid sequences
are stably transferred into the host cell by virtue of the virus entering the cell and integrating
its genome into the host cell genome. The virus can enter the host cell via its normal
mechanism of infection or be modified such that it binds to a different host cell surface
receptor or ligand to enter the cell. As used herein, retroviral vector refers to a viral particle
capable of introducing exogenous nucleic acid into a cell through a viral or viral-like entry

mechanism.

[0080] Retroviruses carry their genetic information in the form of RNA; however, once the
virus infects a cell, the RNA is reverse-transcribed into the DNA form which integrates into

the genomic DNA of the infected cell. The integrated DNA form is called a provirus.

[0081] In aspects where gene transfer is mediated by a DNA viral vector, such as an
adenovirus (Ad) or adeno-associated virus (AAV), a vector construct refers to the
polynucleotide comprising the viral genome or part thereof, and a transgene. Adenoviruses
(Ads) are a relatively well characterized, homogenous group of viruses, including over 50
serotypes. Ads do not require integration into the host cell genome. Recombinant Ad
derived vectors, particularly those that reduce the potential for recombination and generation
of wild-type virus, have also been constructed. Such vectors are commercially available from
sources such as Takara Bio USA (Mountain View, CA), Vector Biolabs (Philadelphia, PA),
and Creative Biogene (Shirley, NY). Wild-type AAV has high infectivity and specificity
integrating into the host cell's genome. See, Wold and Toth (2013) Curr. Gene. Ther.
13(6):421-433, Hermonat & Muzyczka (1984) Proc. Natl. Acad. Sci. USA 81:6466-6470,
and Lebkowski et al. (1988) Mol. Cell. Biol. 8:3988-3996.

[0082] Vectors that contain both a promoter and a cloning site into which a polynucleotide
can be operatively linked are well known in the art. Such vectors are capable of transcribing
RNA in vitro or in vivo, and are commercially available from sources such as Agilent
Technologies (Santa Clara, Calif.) and Promega Biotech (Madison, Wis.). In order to

optimize expression and/or in vifro transcription, it may be necessary to remove, add or alter
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5" and/or 3’ untranslated portions of the clones to eliminate extra, potential inappropriate
alternative translation initiation codons or other sequences that may interfere with or reduce
expression, either at the level of transcription or translation. Alternatively, consensus
ribosome binding sites can be inserted immediately 5' of the start codon to enhance

expression.

[0083] Gene delivery vehicles also include DNA/liposome complexes, micelles and
targeted viral protein-DNA complexes. Liposomes that also comprise a targeting antibody or
fragment thereof can be used in the methods disclosed herein. In addition to the delivery of
polynucleotides to a cell or cell population, direct introduction of the proteins described
herein to the cell or cell population can be done by the non-limiting technique of protein
transfection, alternatively culturing conditions that can enhance the expression and/or

promote the activity of the proteins disclosed herein are other non-limiting techniques.

[0084] “Homology” or “identity” or “similarity” refers to sequence similarity between two
peptides or between two nucleic acid molecules. Homology can be determined by comparing
a position in each sequence that may be aligned for purposes of comparison. When a position
in the compared sequence is occupied by the same base or amino acid, then the molecules are
homologous at that position. A degree of homology between sequences is a function of the
number of matching or homologous positions shared by the sequences. An “unrelated” or
“non-homologous” sequence shares less than 40% identity, or alternatively less than 25%

identity, with one of the sequences of the present disclosure.

[0085] “Homology” or “identity” or “similarity” can also refer to two nucleic acid

molecules that hybridize under stringent conditions.

[0086] “Hybridization” refers to a reaction in which one or more polynucleotides react to
form a complex that is stabilized via hydrogen bonding between the bases of the nucleotide
residues. The hydrogen bonding may occur by Watson-Crick base pairing, Hoogstein
binding, or in any other sequence-specific manner. The complex may comprise two strands
forming a duplex structure, three or more strands forming a multi-stranded complex, a single
self-hybridizing strand, or any combination of these. A hybridization reaction may constitute
a step in a more extensive process, such as the initiation of a PCR reaction, or the enzymatic

cleavage of a polynucleotide by a ribozyme.
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[0087] Examples of stringent hybridization conditions include: incubation temperatures of
about 25° C. to about 37° C.; hybridization buffer concentrations of about 6xSSC to about
10xSSC; formamide concentrations of about 0% to about 25%; and wash solutions from
about 4xSSC to about 8xSSC. Examples of moderate hybridization conditions include:
incubation temperatures of about 40° C. to about 50° C._; buffer concentrations of about
9xSSC to about 2xSSC; formamide concentrations of about 30% to about 50%; and wash
solutions of about 5xSSC to about 2xSSC. Examples of high stringency conditions include:
incubation temperatures of about 55° C. to about 68° C.; buffer concentrations of about
1xSSC to about 0.1xSSC; formamide concentrations of about 55% to about 75%; and wash
solutions of about 1xSSC, 0.1xSSC, or deionized water. In general, hybridization incubation
times are from 5 minutes to 24 hours, with 1, 2, or more washing steps, and wash incubation
times are about 1, 2, or 15 minutes. SSC is 0.15 M NaCl and 15 mM citrate buffer. It is

understood that equivalents of SSC using other buffer systems can be employed.

[0088] Asused herein, the term “specifically binds” refers to the binding specificity of a
specific binding pair. Hybridization by a target-specific nucleic acid sequence of a particular
target polynucleotide sequence in the presence of other potential targets is one characteristic
of such binding. Specific binding involves two different nucleic acid molecules wherein one
of the nucleic acid molecules specifically hybridizes with the second nucleic acid molecule
through chemical or physical means. The two nucleic acid molecules are related in the sense
that their binding with each other is such that they are capable of distinguishing their binding
partner from other assay constituents having similar characteristics. The members of the
binding component pair are referred to as ligand and receptor (anti-ligand), specific binding

pair (SBP) member and SBP partner, and the like.

[0089] The term “isolated” as used herein refers to molecules or biologicals or cellular

materials being substantially free from other materials.

[0090] As used herein, the term “linker” refers to a short peptide sequence that may occur
between two protein domains. Linkers may often comprise flexible amino acid residues, e.g.
glycine or serine, to allow for free movement of adjacent but fused protein domains.
“XTEN” refers to any one of the exemplary linkers provided in Schellenberger et al. (2009)
Nat Biotechnol. 27:1186-1190. doi: 10.1038/nbt.1588 or equivalent variants thereof.
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[0091] As used herein, the term “organ” is a structure which is a specific portion of an
individual organism, where a certain function or functions of the individual organism is
locally performed and which is morphologically separate. Non-limiting examples of organs
include the skin, blood vessels, cornea, thymus, kidney, heart, liver, umbilical cord, intestine,

nerve, lung, placenta, pancreas, thyroid and brain.

[0092] The term”photospacer adjacent motif” or “PAM” refers to a sequence that activates
the nuclease domain of Cas9. A “PAMmer” refers to a PAM-presenting oligonucleotide. As
used herein, the term PAMmer generally refers to an antisense synthetic oligonucleotide
composed alternating 2’0OMe RNA and DNA bases and/or other variations of a PAM
presenting oligonucleotide that can optimize the CRISPR/Cas9 system and generate specific
cleavage of RNA targets without cross reactivity between non-target RNA or against
genomic DNA. See, e.g., O’Connell et al. (2014) Nature. 516(7530):263-266.

[0093] The term “promoter” as used herein refers to any sequence that regulates the
expression of a coding sequence, such as a gene. Promoters may be constitutive, inducible,
repressible, or tissue-specific, for example. A “promoter” is a control sequence that is a
region of a polynucleotide sequence at which initiation and rate of transcription are
controlled. It may contain genetic elements at which regulatory proteins and molecules may
bind such as RNA polymerase and other transcription factors. Non-limiting exemplary

promoters include CMV promoter and U6 promoter.

[0094] The term “protein”, “peptide” and “polypeptide” are used interchangeably and in
their broadest sense to refer to a compound of two or more subunits of amino acids, amino
acid analogs or peptidomimetics. The subunits may be linked by peptide bonds. In another
aspect, the subunit may be linked by other bonds, e.g., ester, ether, etc. A protein or peptide
must contain at least two amino acids and no limitation is placed on the maximum number of
amino acids which may comprise a protein’s or peptide’s sequence. Proteins and peptides are
known to have a C-terminus, referring to the end with an unbound carboxy group on the
terminal amino acid, and an N-terminus, referring to the end with an unbound amine group
on the terminal amino acid. As used herein the term “amino acid” refers to either natural

and/or unnatural or synthetic amino acids, including glycine and both the D and L optical

isomers, amino acid analogs and peptidomimetics. The term “fused” in context of a protein
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or polypeptide refers to the linkage between termini of two or more proteins or polypeptides

(or domains thereof) to form a fusion protein.

[0095] As used herein, the term “recombinant expression system” refers to a genetic

construct for the expression of certain genetic material or proteins formed by recombination.

[0096] Asused herein, the term “subject” is used interchangeably with “patient” and is
intended to mean any animal. In some embodiments, the subject may be a mammal. In some
embodiments, the mammal is a non-human mammal. In some embodiments, the mammal is

a bovine, equine, porcine, murine, feline, canine, simian, rat, or human.

[0097] The term “tissue” is used herein to refer to tissue of a living or deceased organism or
any tissue derived from or designed to mimic a living or deceased organism. The tissue may
be healthy, diseased, and/or have genetic mutations. The biological tissue may include any
single tissue (e.g., a collection of cells that may be interconnected) or a group of tissues
making up an organ or part or region of the body of an organism. The tissue may comprise a
homogeneous cellular material or it may be a composite structure such as that found in
regions of the body including the thorax which for instance can include lung tissue, skeletal
tissue, and/or muscle tissue. Exemplary tissues include, but are not limited to those derived
from liver, lung, thyroid, skin, pancreas, blood vessels, bladder, kidneys, brain, biliary tree,
duodenum, abdominal aorta, iliac vein, heart and intestines, including any combination

thereof.

[0098] Asused herein, “treating” or “treatment” of a disease in a subject refers to (1)
preventing the symptoms or disease from occurring in a subject that is predisposed or does
not yet display symptoms of the disease; (2) inhibiting the disease or arresting its
development; or (3) ameliorating or causing regression of the disease or the symptoms of the
disease. As understood in the art, “treatment” is an approach for obtaining beneficial or
desired results, including clinical results. For the purposes of the present technology,
beneficial or desired results can include one or more, but are not limited to, alleviation or
amelioration of one or more symptoms, diminishment of extent of a condition (including a
disease), stabilized (i.e., not worsening) state of a condition (including disease), delay or

slowing of condition (including disease), progression, amelioration or palliation of the
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condition (including disease), states and remission (whether partial or total), whether

detectable or undetectable.

[0099] Asused herein, the term “vector” intends a recombinant vector that retains the
ability to infect and transduce non-dividing and/or slowly-dividing cells and integrate into the
target cell’s genome. The vector may be derived from or based on a wild-type virus. Aspects

of this disclosure relate to an adeno-associated virus vector.

[0100] A number of other vector elements are disclosed herein; e.g., plasmids, promoters,
linkers, signals, etc. The nature and function of these vector elements are commonly
understood in the art and a number of these vector elements are commercially available.
Non-limiting exemplary sequences thereof, e.g., SEQ ID NOS: 1-8 are disclosed herein and

further description thereof is provided herein below and/or illustrated in FIGs. 3-10.

CRISPR/Cas directed RNA-editing (CREDIT)

[0101] Disclosed herein is an efficient, versatile and simplified platform technology for
performing programmable RNA editing at single-nucleotide resolution using RNA-targeting
CRISPR/Cas (RCas). This approach, which Applicants have termed “Cas-directed RNA
editing” or “CREDIT,” provides a means to reversibly alter genetic information in a temporal
manner, unlike traditional CRISPR/Cas9 driven genomic engineering which relies on
permanently altering DNA sequence. Recombinant expression systems are engineered to
induce edits to specific RNA bases as determined by the guide RNA design. As such, in some
embodiments, Applicants provide a fully encodeable recombinant expression system
comprising a nuclease-dead version of Streptococcus pyogenes Cas9 (dCas9) fused to an
ADAR deaminase domain and a corresponding extended single guide RNA (esgRNA). In
some embodiments, the system generates recombinant proteins with effector deaminase
enzyme complexes capable of performing ribonucleotide base modification to alter how the
sequence of the RNA molecule is recognized by cellular machinery. In some embodiments,
the CREDIT expression system comprises A) a nucleic acid sequence encoding a nuclease-
dead CRISPR associated endonuclease (dCas) fused to a catalytically active deaminase
domain of ADAR (Adenosine Deaminase acting on RNA) and B) an extended single guide
RNA (esgRNA) sequence comprising 1) a short extension sequence of homology to the target

RNA comprising a mismatch for a target adenosine, ii) a dCas scaffold binding sequence, and
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optionally iii) a sequence complementary to the target RNA sequence (also known as a spacer
sequence in a sgRNA context). Exemplary constructs that express CREDIT expression
system components include, without limitation, dCas9 fused to catalytically active deaminase
domains of human ADAR2 (hADAR2DD, E488QhADAR2DD) using an ‘XTEN’ linker
peptide for spatial separation (FIG. 1B). With dCas9 as a surrogate RBD (RNA-Binding
Domain), Applicants engineered and customized single guide RNAs (sgRNAs) with unique
short extension sequences (esgRNA) to direct hADAR2DD to RNA sites for target specific A
— I editing. For the purposes of the present disclosure, CRISPR/Cas associated
endonucleases other than Cas9 or Cas9 orthologs (e.g., Cas13 (also known as C2¢2), Cpfl,
Caso6f/Csy4, CasX, CasY, and CasRx) are also provided herein for use in the CREDIT
expression system. See also Wright et al., Biology and Applications of CRISPR Systems:
Harnessing Nature’s Toolbox for Genome Engineering, Cell, Vol. 164 (1-2): 29-44, 2016.

[0102] In some embodiments disclosed herein, dCas polypeptide has been engineered to
recognize a target RNA, wherein the inactive Cas polypeptide is associated with an effector.
In some embodiments, the dCas polypeptide is a Streptococcus pyogenes dCas9 polypeptide.
In some embodiments, the dCas9 polypeptide comprises a mutation, such as D10A, H840A,
or both, in the Streptococcus pyogenes Cas9 polypeptide. This repurposed or engineered
dCas9 polypeptide-comprising nucleoprotein complex that binds to RNA 1is referred to herein
as RdCas9. CRISPR has revolutionized genome engineering by allowing simply-programmed
recognition of DNA in human cells and supported related technologies in imaging and gene
expression modulation. In WO 2017/091630, incorporated by reference in its entirety herein,
an analogous means to target RNA using an RCas9 was developed. In this earlier work,
engineered nucleoprotein complexes comprise a Cas9 protein and a single guide RNA
(sgRNA). Together, the Cas9 protein and sgRNA components were engineered to
hypothetically recognize any target RNA sequence. Optionally, in such systems, an
(chemically-modified or synthetic) antisense PAMmer oligonucleotide could be included in
the RCas9 system to simulate a DNA substrate for recognition by Cas9 via hybridization to
the target RNA. However, surprisingly highly effective RNA targeting without PAMmer was
also shown. Now, herein is disclosed RdCas-ADAR RNA editing systems which do not
require a PAMmer and as such are fully encodeable Cas9-mediated RNA targeting systems

which provide a reversible platform for modification of target RNA.

220.



WO 2018/208998 PCT/US2018/031913

[0103] For the purposes of the present disclosure, Cas9 endonucleases used herein include,
without limitation, orthologs derived from archaeal or bacterial Cas9 polypeptides. Such
polypeptides can be derived from, without limitations Heloferax mediteranii, Mycobacterium
tuberculosis, Francisella wiarensis subsp. novicida, Pasteurella muliocida, Neisseria
meningitidis, Campylobacter jejune, Streptococcus thermophifus LMD-9 CRISPR 3,
Campylobacter lari C¥89- 12, Mycoplasma gallisepticum str. F, Nitratifractor salsuginis st
DSM 1651 1, Parvibaculum lovamentivorans, Roseburia intfestinalis, Neisseria cinerea,
Gluconacetobacter diazotrophicus, Azospivillum B510, Sphaerochaeta globus str. Buddy,
Flavobacterium columnare, Fluviicola taffensis, Bacteroides coprophilus, Mycoplasma
mobile, Lactobacilius farciminis, Strepiococcus pastenrianus, Lactobacillus johnsonii,
Staphylococcus pseudintermedius, Filifactor alocis, Treponema denticola, Legionella
preumophila str. Paris, Sutterelia wadsworthensis, Corynebacter diphtheriae, or
Streptococcus aureus; Francisella novicida (e g., Francisellia novicida CPf1), or
Natronobacterium gregoryi Argonaute. Each of these respective candidate Cas polypeptides
are modified and/or repurposed to target RNA and fused to an ADAR deaminase domain for
use in the systems disclosed herein, which system additionally comprises an extended sgRNA
(esgRNA) which comprises a guide “scaffold sequence” which comprises all or part of, or is
derived from, the wild type (WT) cognate guide nucleic acid of each of these respective
bacteria or archaeal organisms. In some embodiments, Cas endonucleases for use herein

include, without limitation, Cas13 (c2C2), Cpfl, CasX, Cas¥, and CasRx.

[0104] Further nonlimiting examples of orthologs and biological equivalents Cas9 are

provided in the table below:

Name Protein Sequence

S. pyogenes Cas9 MDKKY SIGLDIGTNSVGWA VITDE YK VPSKKFK VLGNTDRHSIKKNLIGALLFD
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI
SEQ ID NO: 1 KFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLS
KSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTY
DDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITK APLSASMIKRYD
EHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILE
KMDGTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKD
NREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQ
SFIERMTNFDKNLPNEK VLPKHSLLYEYFTVYNELTK VKY VTEGMRKPAFLSGE
QKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDL
LKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTY AHLFDDK VMK QLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKE
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DIQKAQVSGQGDSLHEHIANLAGSPAIKK GILQTVKVVDEL VK VMGRHKPENIV
IEMARENQTTQK GQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLY
YLQNGRDMY VDQELDINRLSDYDVDHIVPQSFLKDDSIDNK VLTRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTK YDENDKLIREVK VITLK SKLVSDFRKDFQFY
KVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKS
EQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGG
FDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY
KEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASH
YEKLKGSPEDNEQKQLFVEQHKHYLDEIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQS
ITGLYETRIDLSQLGGD*

Staphylococcus

aureus Cas9

SEQ ID NO: 2

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGAR
RLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAA
LLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKY VAELQLERLKKD
GEVRGSINRFKTSDY VKEAKQLLKVQKAYHQLDQSFIDTYIDLLETRRTYYEGP
GEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVI
TRDENEKLEY YEKFQIENVFKQKKKPTLKQIAKEILVNEEDIKGYRVTSTGKPE
FTNLKVYHDIKDITARKEIIENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQEEI
EQISNLKGYTGTHNLSLKAINLILDELWHTNDNQIAIFNRLKLVPKKVDLSQQKE
IPTTLVDDFILSPVVKRSFIQSIKVINAIIKKY GLPNDIIIELAREKNSKDAQKMINE
MQKRNRQTNERIEEIIRTTGKENAKYLIEKIKLHDMQEGKCLYSLEAIPLEDLLN
NPFNYEVDHITPRSVSFDNSFNNKVLVKQEENSKKGNRTPFQYLSSSDSKISYET
FKKHILNLAKGKGRISKTKKEYLLEERDINRFSVOQKDFINRNLVDTRY ATRGLM
NLLRSYFRVNNLDVKVKSINGGFTSFLRRKWKFKKERNKGYKHHAEDALIIAN
ADFIFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQEYKEIFITPHQIKHIK
DFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNNLNGLYDKDNDKL
KKLINKSPEKLLMYHHDPQTYQKLKLIMEQY GDEKNPLYKYYEETGNYLTKYS
KKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGV
YKFVTVKNLDVIKKENYYEVNSKCYEEAKKLKKISNQAEFIASFYNNDLIKING
ELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRIIKTIASK TQSIKKYST
DILGNLYEVKSKKHPQIIKK G*
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S. thermophilus
CRISPR 1 Cas9

SEQ ID NO: 3

MSDLVLGLDIGIGSVGVGILNK VTGEIIHKNSRIFPAAQAENNLVRRTNRQGRRL
ARRKKHRRVRLNRLFEESGLITDFTKISINLNPYQLRVKGLTDELSNEELFIALKN
MVKHRGISYLDDASDDGNSSVGDY AQIVKENSKQLETK TPGQIQLERYQTYGQ
LRGDFTVEKDGKKHRLINVFPTSAYRSEALRILQTQQEFNPQITDEFINRYLEILT
GKRKYYHGPGNEKSRTDYGRYRTSGETLDNIFGILIGK CTFYPDEFRAAKASYT
AQEFNLLNDLNNLTVPTETKKLSKEQKNQIINY VKNEK AMGPAKLFKYIAKLLS
CDVADIKGYRIDKSGKAEIHTFEAYRKMKTLETLDIEQMDRETLDKLAYVLTLN
TEREGIQEALEHEFAD GSFSQKQVDELVQFRK ANSSIFGKGWHNFSVKLMMELI
PELYETSEEQMTILTRLGKQK TTSSSNKTK YIDEKLLTEETYNPVVAKSVRQAIKI
VNAAIKEYGDFDNIVIEMARETNEDDEKKAIQKIQK ANKDEKDAAMLK
AANQYNGKAELPHSVFHGHKQLATKIRLWHQQGERCLY TGKTISIHDLINNSN
QFEVDHILPLSITFDDSLANK VLVYATANQEK GQRTPYQALDSMDDAWSFREL
KAFVRESKTLSNKKKEYLLTEEDISKFDVRKKFIERNLVDTRYASRVVLNALQE
HFRAHKIDTKVSVVRGQFTSQLRRHWGIEKTRDTYHHHAVDALIIAASSQLNL
WKKQKNTLVSYSEDQLLDIETGELISDDEYKESVFKAPYQHFVDTLK SKEFEDSI
LFSYQVDSKFNRKISDATIYATRQAKVGKDKADETY VLGKIKDIYTQDGYDAF
MKIYKKDK SKFLMYRHDPQTFEK VIEPILENYPNKQINDK GKEVPCNPFLKYKE
EHGYIRKYSKKGNGPEIKSLKYYDSKLGNHIDITPKDSNNK VVLQSVSPWRADV
YFNKTTGKYEILGLKYADLQFDKGTGTYKISQEKYNDIKKKEGVDSDSEFKFTL
YKNDLLLVKDTETKEQQLFRFLSRTMPKQKHY VELKPYDKQKFEGGEALIKVL
GNVANSGQCKKGLGKSNISIYKVRTDVLGNQHIIKNEGDKPKLDF*

N. meningitidis Cas9

SEQ ID NO: 4

MAAFKPNPINYILGLDIGIASVGWAMVEIDEDENPICLIDLGVRVFERAEVPKTG
DSLAMARRLARSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPN
TPWQLRAAALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKG
VADNAHALQTGDFRTPAELALNKFEKESGHIRNQRGDYSHTFSRKDLQAELILL
FEKQKEFGNPHVSGGLKEGIETLLMTQRPALSGDAVQKMLGHCTFEPAEPKAA
KNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQARK
LLGLEDTAFFKGLRYGKDNAEASTLMEMKAYHAISRALEKEGLKDKKSPLNLS
PELQDEIGTAFSLFKTDEDITGRLKDRIQPEILEALLKHISFDKFVQISLKALRRIV
PLMEQGKRYDEACAEIY GDHY GKKNTEEKIYLPPIPADEIRNPVVLRALSQARK
VINGVVRRYGSPARIHIETAREVGK SFKDRKEIEKRQEENRKDREKAAAKFREY
FPNFVGEPKSKDILKLRLYEQQHGKCLY SGKEINLGRLNEKGY VEIDHALPFSRT
WDDSFNNKVLVLGSENQNKGNQTPYEYFNGKDNSREWQEFKARVETSRFPRS
KKQRILLQKFDEDGFKERNLNDTRY VNRFLCQFVADRMRLTGKGKKRVFASN
GQITNLLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQQKITRFVRYKEMN
AFDGKTIDKETGEVLHQKTHFPQPWEFFAQEVMIRVFGKPDGKPEFEEADTPEK
LRTLLAEKLSSRPEAVHEY VTPLFVSRAPNRKMSGQGHMETVKSAKRLDEGVS
VLRVPLTQLKLKDLEKMVNREREPKLYEALKARLEAHKDDPAKAFAEPFYKY
DKAGNRTQQVKAVRVEQVQKTGVWVRNHNGIADNATMVRVDVFEKGDKYY
LVPIYSWQVAKGILPDRAVVQGKDEEDWQLIDDSFNFKFSLHPNDL VEVITKKA
RMFGYFASCHRGTGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKYQIDELGKEI
RPCRLKKRPPVR*
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Parvibaculum
lavamentivorans

Cas9

SEQ ID NO: 5

MERIFGFDIGTTSIGFSVIDY SSTQSAGNIQRLGVRIFPEARDPDGTPLNQQRRQK
RMMRRQLRRRRIRRKALNETLHEAGFLPAYGSADWPVVMADEPYELRRRGLE
EGLSAYEFGRAIYHLAQHRHFKGRELEESDTPDPDVDDEKEAANERAATLKAL
KNEQTTLGAWLARRPPSDRKRGIHAHRNVVAEEFERLWEVQSKFHPALKSEEM
RARISDTIFAQRPVFWRKNTLGECRFMPGEPLCPK GSWLSQQRRMLEKLNNLAT
AGGNARPLDAEERDAILSKLQQQASMSWPGVRSALKALYKQRGEPGAEKSLK
FNLELGGESKLLGNALEAKLADMFGPDWPAHPRKQEIRHAVHERLWAADYGE
TPDKKRVIILSEKDRKAHREA AANSFVADFGITGEQAAQLQALKLPTGWEPYSI
PALNLFLAELEKGERFGALVNGPDWEGWRRTNFPHRNQPTGEILDKLPSPASKE
ERERISQLRNPTVVRTQNELRK VVNNLIGLYGKPDRIRIEVGRDVGKSKREREEI
QSGIRRNEKQRKKATEDLIKNGIANPSRDD VEKWILWKEGQERCPYTGDQIGFN
ALFREGRYEVEHIWPRSRSFDNSPRNK TLCRKDVNIEK GNRMPFEAFGHDEDR
WSAIQIRLQGMVSAK GGTGMSPGK VKRFLAK TMPEDFAARQLNDTRY AAKQI
LAQLKRLWPDMGPEAPVKVEAVTGQVTAQLRKLWTLNNILADDGEKTRADH
RHHAIDALTVACTHPGMTNKLSRYWQLRDDPRAEKPALTPPWDTIRADAEKA
VSEIVVSHRVRKK VSGPLHKETTYGDTGTDIKTKSGTYRQFVTRKKIESLSK GEL
DEIRDPRIKEIVAAHVAGRGGDPKKAFPPYPCVSPGGPEIRK VRLTSKQQLNLM
AQTGNGY ADLGSNHHIAIYRLPDGKADFEIVSLFDASRRLAQRNPIVQRTRADG
ASFVMSLAAGEAIMIPEGSKK GIWIVQGVWASGQVVLERDTDADHSTTTRPMP
NPILKDDAKKVSIDPIGRVRPSND*

Corynebacter

diphtheria Cas9

SEQ ID NO: 6

MKYHVGIDVGTFSVGLAAIEVDDAGMPIKTLSLVSHIHDSGLDPDEIKSAVTRL
ASSGIARRTRRLYRRKRRRLQQLDKFIQRQGWPVIELEDYSDPLYPWK VRAELA
ASYIADEKERGEKLSVALRHIARHRGWRNPYAKVSSLYLPDGPSDAFKAIREEI
KRASGQPVPETATVGQMVTLCELGTLKLRGEGGVLSARLQQSDYAREIQEICR
MQEIGQELYRKIIDVVFAAESPKGSASSRVGKDPLQPGKNRALKASDAFQRYRI
AALIGNLRVRVDGEKRILSVEEKNLVFDHLVNLTPKKEPEWVTIAEILGIDRGQL
IGTATMTDDGERAGARPPTHDTNRSIVNSRIAPLVDWWKTASALEQHAMVKAL
SNAEVDDFDSPEGAKVQAFFADLDDDVHAKLDSLHLPVGRAAYSEDTLVRLTR
RMLSDGVDLYTARLQEFGIEPSWTPPTPRIGEPVGNPAVDRVLKTVSRWLESAT
KTWGAPERVIIEHVREGFVTEKRAREMDGDMRRRAARNAKLFQEMQEKLNVQ
GKPSRADLWRYQSVQRQNCQCAYCGSPITFSNSEMDHIVPRAGQGSTNTRENL
VAVCHRCNQSKGNTPFAIWAKNTSIEGVSVKEAVERTRHWVTDTGMRSTDFK
KFTKAVVERFQRATMDEEIDARSMESVAWMANELRSRVAQHFASHGTTVRVY
RGSLTAEARRASGISGKLKFFDGVGKSRLDRRHHAIDAAVIAFTSDYVAETLAV
RSNLKQSQAHRQEAPQWREFTGKDAEHRAAWRVWCQKMEKLSALLTEDLRD
DRVVVMSNVRLRLGNGSAHKETIGKLSK VKLSSQLSVSDIDKASSEALWCALT
REPGFDPKEGLPANPERHIRVNGTHVYAGDNIGLFPVSAGSIALRGGY AELGSSF
HHARVYKITSGKKPAFAMLRVYTIDLLPYRNQDLFSVELKPQTMSMRQAEKKL
RDALATGNAEYLGWLVVDDELVVDTSKIATDQVKAVEAELGTIRRWR VDGFF
SPSKLRLRPLQMSKEGIKKESAPELSKIIDRPGWLPAVNKLFSDGNVTVVRRDSL
GRVRLESTAHLPVTWKVQ*
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Streptococcus

pasteurianus Cas9

SEQ ID NO: 7

MTNGKILGLDIGIASVGVGIIEAKTGKVVHANSRLFSAANAENNAERRGFRGSR
RLNRRKKHRVKRVRDLFEKY GIVIDFRNLNLNPYELRVKGLTEQLKNEELFAA
LRTISKRRGISYLDDAEDDSTGSTDY AKSIDENRRLLKNKTPGQIQLERLEKYGQ
LRGNFTVYDENGEAHRLINVFSTSDYEKEARKILETQADYNKKITAEFIDDY VEI
LTQKRKYYHGPGNEKSRTDYGRFRTDGTTLENIFGILIGKCNFYPDEYRASKAS
YTAQEYNFLNDLNNLKVSTETGKLSTEQKESLVEFAKNTATLGPAKLLKEIAKI
LDCKVDEIKGYREDDKGKPDLHTFEPYRKLKFNLESINIDDLSREVIDKLADILT
LNTEREGIEDAIKRNLPNQFTEEQISEIIK VRKSQSTAFNKGWHSFSAKLMNELIP
ELYATSDEQMTILTRLEKFKVNKKSSKNTKTIDEKEVTDEIYNPVVAKSVRQTIK
IINAAVKKYGDFDKIVIEMPRDKNADDEKKFIDKRNKENKKEKDDALKRAAYL
YNSSDKLPDEVFHGNKQLETKIRLWYQQGERCLY SGKPISIQELVHNSNNFEID
HILPLSLSFDDSLANKVLVYAWTNQEKGQKTPYQVIDSMDAAWSFREMKDYV
LKQKGLGKKKRDYLLTTENIDKIEVKKKFIERNLVDTRYASRVVLNSLQSALRE
LGKDTKVSVVRGQFTSQLRRKWKIDKSRETYHHHAVDALITAASSQLKLWEKQ
DNPMFVDYGKNQVVDKQTGEILSVSDDEYKELVFQPPYQGFVNTISSKGFEDEI
LFSYQVDSKYNRKVSDATIYSTRKAKIGKDKKEETY VLGKIKDIY SQNGFDTFIK
KYNKDKTQFLMYQKDSLTWENVIEVILRDYPTTKKSEDGKNDVKCNPFEEYRR
ENGLICKYSKKGKGTPIKSLKY YDKKLGNCIDITPEESRNKVILQSINPWRADVY
FNPETLKYELMGLKY SDLSFEKGTGNYHISQEKYDAIKEKEGIGKKSEFKFTLY
RNDLILIKDIASGEQEIYRFLSRTMPNVNHY VELKPYDKEKFDNVQELVEALGE
ADKVGRCIKGLNKPNISIYKVRTDVLGNKYFVKKKGDKPKLDFKNNKK*

Neisseria cinerea

Cas9

SEQ ID NO: 8

MAAFKPNPMNYILGLDIGIASVGW AIVEIDEEENPIRLIDLGVRVFERAEVPKTG
DSLAAARRLARSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPN
TPWQLRAAALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKG
VADNTHALQTGDFRTPAELALNKFEKESGHIRNQRGDYSHTFNRKDLQAELNL
LFEKQKEFGNPHVSDGLKEGIETLLMTQRPALSGDAVQKMLGHCTFEPTEPK A
AKNTYTAERFVWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTY AQA
RKLLDLDDTAFFKGLRYGKDNAEASTLMEMKAYHAISRALEKEGLKDKKSPL
NLSPELQDEIGTAFSLFKTDEDITGRLKDRVQPEILEALLKHISFDKFVQISLKAL
RRIVPLMEQGNRYDEACTEIY GDHY GKKNTEEKIYLPPIPADEIRNPVVLRALSQ
ARKVINGVVRRYGSPARIHIETAREVGKSFKDRKEIEKRQEENRKDREKSAAKF
REYFPNFVGEPKSKDILKLRLYEQQHGKCLY SGKEINLGRLNEKGY VEIDHALP
FSRTWDDSFNNKVLALGSENQNKGNQTPYEYFNGKDNSREWQEFKARVETSR
FPRSKKQRILLQKFDEDGFKERNLNDTRYINRFLCQFVADHMLLTGK GKRRVF
ASNGQITNLLRGFWGLRKVRAENDRHHALDAVVVACSTIAMQQKITRFVRYKE
MNAFDGKTIDKETGEVLHQKAHFPQPWEFFAQEVMIRVFGKPDGKPEFEEADT
PEKLRTLLAEKLSSRPEAVHKY VTPLFISRAPNRKMSGQGHMETVKSAKRLDE
GISVLRVPLTQLKLKDLEKMVNREREPKLYEALKARLEAHKDDPAKAFAEPFY
KYDKAGNRTQQVKAVRVEQVQKTGVWVHNHNGIADNATIVRVDVFEKGGKY
YLVPIYSWQVAKGILPDRAVVQGKDEEDWTVMDDSFEFKFVLYANDLIKLTAK
KNEFLGYFVSLNRATGAIDIRTHDTDSTKGKNGIFQSVGVKTALSFQKYQIDEL
GKEIRPCRLKKRPPVR*
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Campylobacter lari
Cas9

SEQ ID NO: 9

MRILGFDIGINSIGWAFVENDELKDCGVRIFTKAENPKNKESLALPRRNARSSRR
RLKRRKARLIAIKRILAKELKLNYKDYVAADGELPKAYEGSLASVYELRYKALT
QONLETKDLARVILHIAKHRGYMNKNEKKSNDAKKGKILSALKNNALKLENYQS
VGEYFYKEFFQKYKKNTKNFIKIRNTKDNYNNCVLSSDLEKELKLILEKQKEFG
YNYSEDFINEILK VAFFQRPLKDFSHLVGACTFFEEEKRACKNSYSAWEFVALT
KIINEIKSLEKISGEIVPTQTINEVLNLILDKGSITYKKFRSCINLHESISFKSLKYDK
ENAENAKLIDFRKLVEFKKALGVHSLSRQELDQISTHITLIKDNVKLKTVLEKYN
LSNEQINNLLEIEFNDYINLSFKALGMILPLMREGKRYDEACEIANLKPKTVDEK
KDFLPAFCDSIFAHELSNPVVNRAISEYRKVLNALLKKYGKVHKIHLELARDVG
LSKKAREKIEKEQKENQAVNAWALKECENIGLKASAKNILKLKLWKEQKEICTY
SGNKISIEHLKDEKALEVDHIYPY SRSFDDSFINKVLVFTKENQEKLNKTPFEAF
GKNIEKWSKIQTLAQNLPYKKKNKILDENFKDKQQEDFISRNLNDTRYIATLIAK
YTKEYLNFLLLSENENANLKSGEKGSKIHVQTISGMLTSVLRHTWGFDKKDRN
NHLHHALDATIVAY STNSIIKAFSDFRKNQELLKARFYAKELTSDNYKHQVKFFE
PFKSFREKILSKIDEIFVSKPPRKRARRALHKDTFHSENKIIDKCSYNSKEGLQIAL
SCGRVRKIGTKY VENDTIVRVDIFKKQNKFY AIPTY AMDFALGILPNKIVITGKD
KNNNPKQWQTIDESYEFCFSLYKNDLILLQKKNMQEPEFAY YNDFSISTSSICVE
KHDNKFENLTSNQKLLFSNAKEGSVKVESLGIQNLKVFEKYIITPLGDKIKADFQ
PRENISLKTSKKYGLR*

1. denticola Cas9

SEQ ID NO: 10

MKKEIKDYFLGLDVGTGSVGWAVTDTDYKLLKANRKDLWGMRCFETAETAE
VRRLHRGARRRIERRKKRIKLLQELFSQEIAKTDEGFFQRMKESPFY AEDKTILQ
ENTLFNDKDFADKTYHKAYPTINHLIKAWIENKVKPDPRLLYLACHNIIKKRGH
FLFEGDFDSENQFDTSIQALFEYLREDMEVDIDADSQKVKEILKDSSLKNSEKQS
RLNKILGLKPSDKQKKAITNLISGNKINFADLYDNPDLKDAEKNSISFSKDDFDA
LSDDLASILGDSFELLLKAKAVYNCSVLSKVIGDEQYLSFAKVKIYEKHKTDLT
KLKNVIKKHFPKDYKKVFGYNKNEKNNNNYSGY VGVCKTKSKKLIINNSVNQ
EDFYKFLKTILSAKSEIKEVNDILTEIETGTFLPKQISKSNAEIPYQLRKMELEKIL
SNAEKHFSFLKQKDEKGLSHSEKIIMLLTFKIPY YIGPINDNHKKFFPDRCWVVK
KEKSPSGKTTPWNFFDHIDKEKTAEAFITSRTNFCTYLVGESVLPKSSLLYSEYT
VLNEINNLQIIDGKNICDIKLKQKIYEDLFKKYKKITQKQISTFIKHEGICNKTDE
VIILGIDKECTSSLKSYIELKNIFGKQVDEISTKNMLEEIIRWATIYDEGEGKTILK
TKIKAEY GKY CSDEQIKKILNLKFSGWGRLSRKFLETVTSEMPGFSEPVNIITAM
RETQONNLMELLSSEFTFTENIKKINSGFEDAEKQFSYDGLVKPLFLSPSVKKML
WQTLKLVKEISHITQAPPKKIFIEMAKGAELEPARTKTRLKILQDLYNNCKNDA
DAFSSEIKDLSGKIENEDNLRLRSDKLYLYYTQLGKCMY CGKPIEIGHVFDTSNY
DIDHIYPQSKIKDDSISNRVLVCSSCNKNKEDKYPLKSEIQSKQRGFWNFLQRNN
FISLEKLNRLTRATPISDDETAKFIARQLVETRQATKVAAKVLEKMFPETKIVYS
KAETVSMFRNKFDIVKCREINDFHHAHDAYLNIVVGNVYNTKFTNNPWNFIKE
KRDNPKIADTYNYYKVFDYDVKRNNITAWEKGKTIITVKDMLKRNTPIYTRQA
ACKKGELFNQTIMKK GLGQHPLKKEGPFSNISKYGGYNKVSAAYYTLIEYEEK
GNKIRSLETIPLYLVKDIQKDQDVLKSYLTDLLGKKEFKILVPKIKINSLLKINGF
PCHITGKTNDSFLLRPAVQFCCSNNEVLYFKKIIRFSEIRSQREKIGKTISPYEDLS
FRSYIKENLWKKTKNDEIGEKEFYDLLOQKKNLEITYDMLLTKHKDTTYKKRPNSA
TIDILVKGKEKFKSLIIENQFEVILEILKLFSATRNVSDLQHIGGSKYSGVAKIGNK
ISSLDNCILIYQSITGIFEKRIDLLK V*

S. mutans Cas9

SEQ ID NO: 11

MKKPY SIGLDIGTNSVGWA VVTDDYKVPAKKMKVLGNTDKSHIEKNLLGALL
FDSGNTAEDRRLKRTARRRY TRRRNRIL YLQEIFSEEMGK VDDSFFHRLEDSFL
VTEDKRGERHPIFGNLEEEVK YHENFPTIYHLRQYLADNPEKVDLRLVYLALAH
[IKFRGHFLIEGKFDTRNNDVQRLFQEFLAVYDNTFENSSLQEQNVQVEEILTDKI
SKSAKKDRVLKLFPNEKSNGRFAEFLKLIVGNQADFKKHFELEEKAPLQFSKDT
YEEELEVLLAQIGDNYAELFLSAKKLYDSILLSGILTVTDVGTKAPLSASMIQRY
NEHQMDLAQLKQFIRQKLSDKYNEVFSDVSKDGYAGYIDGKTNQEAFYKYLK
GLLNKIEGSGYFLDKIEREDFLRKQRTFDNGSIPHQIHLQEMRAIIRRQAEFYPFL
ADNQDRIEKLLTFRIPYYVGPLARGKSDFAWLSRK SADKITPWNFDEIVDKESS
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AEAFINRMTNYDLYLPNQKVLPKHSLLYEKFTVYNELTKVKYK TEQGKTAFFD
ANMKQEIFDGVFKVYRKVTKDKLMDFLEKEFDEFRIVDLTGLDKENKVFNASY
GTYHDLCKILDKDFLDNSKNEKILEDIVLTLTLFEDREMIRKRLENY SDLLTKEQ
VKKLERRHYTGWGRLSAELIHGIRNKESRK TILDYLIDDGNSNRNFMQLINDDA
LSFKEEIAKAQVIGETDNLNQVVSDIAGSPAIKK GILQSLKIVDELVKIMGHQPE
NIVVEMARENQFTNQGRRNSQQRLKGLTDSIKEFGSQILKEHPVENSQLQNDRL
FLYYLQNGRDMY TGEELDID YLSQYDIDHIIPQAFIKDNSIDNRVLTSSKENRGK
SDDVPSKDVVRKMKSYWSKLLSAKLITQRKFDNLTKAERGGLTDDDKAGFIKR
QLVETRQITKHVARILDERFNTETDENNKKIRQVKIVTLKSNL VSNFRKEFEL YK
VREINDYHHAHDAYLNAVIGKALLGVYPQLEPEFVYGDYPHFHGHKENKATA
KKFFY SNIMNFFKKDDVRTDKNGEITWKKDEHISNIKK VLSYPQVNIVKK VEEQ
TGGFSKESILPKGNSDKLIPRKTKKFYWDTKKYGGFDSPIVAY SILVIADIEKGKS
KKLKTVKALVGVTIMEKMTFERDPVAFLERKGYRNVQEENIIKLPKYSLFKLEN
GRKRLLASARELQKGNEIVLPNHLGTLLYHAKNIHK VDEPKHLDY VDKHKDEF
KELLDVVSNFSKKYTLAEGNLEKIKELY AQNNGEDLKELASSFINLLTFTAIGAP
ATFKFFDKNIDRKRYTSTTEILNATLIHQSITGLYETRIDLNKLGGD

S. thermophilus
CRISPR 3 Cas9

SEQ ID NO: 12

MTKPYSIGLDIGTNSVGWAVTTDNYKVPSKKMKVLGNTSKKYIKKNLLGVLLF
DSGITAEGRRLKRTARRRYTRRRNRILYLQEIFSTEMATLDDAFFQRLDDSFLVP
DDKRDSKYPIFGNLVEEKAYHDEFPTIYHLRKYLADSTKKADLRLVYLALAHM
IKYRGHFLIEGEFNSKNNDIQKNFQDFLDTYNAIFESDLSLENSKQLEEIVKDKIS
KLEKKDRILKLFPGEKNSGIFSEFLKLIVGNQADFRKCFNLDEKASLHFSKESYD
EDLETLLGYIGDDYSDVFLKAKKLYDAILLSGFLTVIDNETEAPLSSAMIKRYN
EHKEDLALLKEYIRNISLKTYNEVFKDDTKNGYAGYIDGKTNQEDFYVYLKKL
LAEFEGADYFLEKIDREDFLRKQRTFDNGSIPYQIHLQEMRAILDKQAKFYPFLA
KNKERIEKILTFRIPYYVGPLARGNSDFAWSIRKRNEKITPWNFEDVIDKESSAE
AFINRMTSFDLYLPEEKVLPKHSLLYETFNVYNELTKVRFIAESMRDY QFLDSK
QKKDIVRLYFKDKRKVTDKDIIEYLHATY GYDGIELKGIEKQFNSSLSTYHDLLN
IINDKEFLDDSSNEAIIEEIIHTLTIFEDREMIKQRLSKFENIFDKSVLKKLSRRHYT
GWGKLSAKLINGIRDEKSGNTILDYLIDDGISNRNFMQLIHDDAL SFKKKIQKAQ
IIGDEDKGNIKEVVKSLPGSPAIKKGILQSIKIVDELVKVMGGRKPESIVVEMARE
NQYTNQGKSNSQQRLKRLEKSLKELGSKILKENIPAKLSKIDNNALQNDRLYLY
YLONGKDMYTGDDLDIDRLSNYDIDHITPQAFLKDNSIDNKVLVSSASNRGKSD
DVPSLEVVKKRKTFWYQLLKSKLISQRKFDNLTKAERGGLSPEDKAGFIQRQLV
ETRQITKHVARLLDEKFNNKKDENNRAVRTVKITLKSTLVSQFRKDFELYKVR
EINDFHHAHDAYLNAVVASALLKKYPKLEPEFVYGDYPKYNSFRERKSATEKV
YFYSNIMNIFKKSISLADGRVIERPLIEVNEETGESVWNKESDLATVRRVLSYPQ
VNVVKKVEEQNHGLDRGKPKGLFNANLSSKPKPNSNENLVGAKEYLDPKKYG
GYAGISNSFTVLVKGTIEKGAKKKITNVLEFQGISILDRINYRKDKLNFLLEKGY
KDIELIIELPKY SLFELSDGSRRMLASILSTNNKRGEIHKGNQIFLSQKFVKLLYH
AKRISNTINENHRKY VENHKKEFEELFY YILEFNENY VGAKKNGKLLNSAFQSW
QNHSIDELCSSFIGPTGSERKGLFELTSRGSAADFEFLGVKIPRYRDY TPSSLLKD
ATLIHQSVTGLYETRIDLAKLGEG
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C. jejuni Cas9

SEQ ID NO: 13

MARILAFDIGISSIGWAFSENDELKDCGVRIFTKVENPKTGESLALPRRLARSAR
KRLARRKARLNHLKHLIANEFKLNYEDYQSFDESLAKAYKGSLISPYELRFRAL
NELLSKQDFARVILHIAKRRGYDDIKNSDDKEKGAILKAIKQNEEKLANYQSVG
EYLYKEYFQKFKENSKEFTNVRNKKESYERCIAQSFLKDELKLIFKKQREFGFSF
SKKFEEEVLSVAFYKRALKDFSHLVGNCSFFTDEKRAPKNSPLAFMFVALTRIIN
LLNNLKNTEGILYTKDDLNALLNEVLKNGTLTYKQTKKLLGLSDDY EFKGEKG
TYFIEFKKYKEFIKALGEHNLSQDDLNEIAKDITLIKDEIKLKKALAKYDLNQNQ
IDSLSKLEFKDHLNISFKALKLVTPLMLEGKKYDEACNELNLKVAINEDKKDFL
PAFNETYYKDEVTNPVVLRAIKEYRKVLNALLKKYGKVHKINIELAREVGKNH
SQRAKIEKEQNENYKAKKDAELECEKLGLKINSKNILKLRLFKEQKEFCAYSGE
KIKISDLQDEKMLEIDHIYPY SRSFDDSYMNK VLVFTKONQEKLNQTPFEAFGN
DSAKWQKIEVLAKNLPTKKQKRILDKNYKDKEQKNFKDRNLNDTRYIARLVL
NYTKDYLDFLPLSDDENTKLNDTQKGSKVHVEAKSGMLTSALRHTWGFSAKD
RNNHLHHAIDAVIIAY ANNSIVKAFSDFKKEQESNSAELY AKKISELDYKNKRK
FFEPFSGFRQKVLDKIDEIFVSKPERKKPSGALHEETFRKEEEFYQSYGGKEGVL
KALELGKIRKVNGKIVKNGDMFRVDIFKHKKTNKFYAVPIYTMDFALKVLPNK
AVARSKKGEIKDWILMDENYEFCFSLYKDSLILIQTKDMQEPEFVYYNAFTSST
VSLIVSKHDNKFETLSKNQKILFKNANEKEVIAKSIGIQNLKVFEKYIVSALGEVT
KAEFRQREDFKK

P. multocida Cas9

SEQ ID NO: 14

MQTTNLSYILGLDLGIASVGWAVVEINENEDPIGLID VGVRIFERAEVPKTGESL

ALSRRLARSTRRLIRRRAHRLLLAKRFLKREGILSTIDLEK GLPNQAWELRVAGL
ERRLSAIEWGAVLLHLIKHRGYLSKRKNESQTNNKELGALLSGVAQNHQLLQS

DDYRTPAELALKKFAKEEGHIRNQRGAYTHTFNRLDLLAELNLLFAQQHQFGN
PHCKEHIQQYMTELLMWQKPALSGEAILKMLGKCTHEKNEFK AAKHTYSAER

FVWLTKLNNLRILEDGAERALNEEERQLLINHPYEKSKLTYAQVRKLLGLSEQA
IFKHLRYSKENAESATFMELK AWHAIRKALENQGLKDTWQDLAKKPDLLDEIG
TAFSLYKTDEDIQQYLTNKVPNSVINALLVSLNFDKFIELSLKSLRKILPLMEQG

KRYDQACREIYGHHY GEANQK TSQLLPAIPAQEIRNPVVLRTLSQARKVINAIIR
QYGSPARVHIETGRELGK SFKERREIQKQQEDNRTKRESA VQKFKELFSDFSSEP
KSKDILKFRLYEQQHGKCLYSGKEINIHRLNEKGY VEIDHALPFSRTWDDSFNN

KVLVLASENQNKGNQTPYEWLQGKINSERWKNFVALVLGSQCSAAKKQRLLT
QVIDDNKFIDRNLNDTRYIARFLSNYIQENLLL VGKNKKNVFTPNGQITALLRSR
WGLIK ARENNNRHHALDAIVVACATPSMQQKITRFIRFKEVHPYKIENRYEMV

DQESGEIISPHFPEPW A YFRQEVNIRVFDNHPDTVLKEMLPDRPQANHQFVQPL

FVSRAPTRKMSGQGHMETIKSAKRLAEGISVLRIPLTQLKPNLLENMVNKEREP

ALYAGLKARLAEFNQDPAKAFATPFYKQGGQQVKAIRVEQVQKSGVLVRENN
GVADNASIVRTDVFIKNNKFFLVPTY TWQVAKGILPNK ATVAHKNEDEWEEMD

EGAKFKFSLFPNDLVELKTKKEYFFGYYIGLDRATGNISLKEHDGEISKGKDGV

YRVGVKLALSFEKYQVDELGKNRQICRPQQRQPVR

F. novicida Cas9

SEQ ID NO: 15

MNFKILPIAIDLGVKNTGVFSAFYQKGTSLERLDNKNGKVYELSKDSYTLLMNN
RTARRHQRRGIDRKQLVKRLFKLIWTEQLNLEWDKDTQQAISFLFNRRGFSFIT
DGYSPEYLNIVPEQVKAILMDIFDDYNGEDDLDSYLKLATEQESKISEIYNKLM
QKILEFKLMKLCTDIKDDKVSTKTLKEITSYEFELLADYLANYSESLKTQKFSYT
DKQGNLKELSYYHHDK YNIQEFLKRHA TINDRILDTLLTDDLDIWNFNFEKFDF
DKNEEKLQNQEDKDHIQAHLHHFVFA VNKIKSEMASGGRHRSQYFQEITNVLD
ENNHQEGYLKNFCENLHNKKY SNLSVKNLVNLIGNLSNLELKPLRK YFNDKIH
AKADHWDEQKFTETY CHWILGEWRVGVKDQDKKDGAKYSYKDLCNELKQK
VTKAGLVDFLLELDPCRTIPPYLDNNNRKPPK CQSLILNPKFLDNQYPNWQQYL
QELKKLQSIQNYLDSFETDLK VLKSSKDQPYFVEYKSSNQQIASGQRDYKDLDA
RILQFIFDRVK ASDELLLNEIYFQAKKLKQKASSELEKLESSKKLDEVIANSQLSQ
ILKSQHTNGIFEQGTFLHLVCKYYKQRQRARDSRLYIMPEYRYDKKLHKYNNT
GRFDDDNQLLTY CNHKPRQKRYQLLNDLAGVLQVSPNFLKDKIGSDDDLFISK
WL VEHIRGFKKACEDSLKIQK DNRGLLNHKINIARNTK GKCEKEIFNLICKIEGS
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EDKKGNYKHGLAYELGVLLFGEPNEASKPEFDRKIKKFNSTY SFAQIQQIAFAER
KGNANTCAVCSADNAHRMOQQIKITEPVEDNKDKIILSAKAQRLPAIPTRIVDGA
VKKMATILAKNIVDDNWOQNIKQVLSAKHQLHIPIITESNAFEFEPALADVKGKS
LKDRRKKALERISPENIFKDKNNRIKEFAK GISAYSGANLTDGDFDGAKEELDHI
IPRSHKKY GTLNDEANLICVTRGDNKNKGNRIFCLRDLADNYKLKQFETTDDLE
[EKKTADTIWDANKKDFKFGNYRSFINLTPQEQKAFRHALFLADENPIKQAVIRA
INNRNRTFVNGTQRYFAEVLANNIYLRAKKENLNTDKISFDYFGIPTIGNGRGIA
EIRQLYEKVDSDIQAY AKGDKPQASYSHLIDAMLAFCIAADEHRNDGSIGLEID
KNYSLYPLDKNTGEVFTKDIFSQIKITDNEFSDKKLVRKKAIEGFNTHROQMTRD
GIYAENYLPILIHKELNEVRKGYTWKNSEEIKIFKGKKYDIQQLNNLVYCLKFV
DKPISIDIQISTLEELRNILTTNNIAATAEYYYINLKTQKLHEYYIENYNTALGYK
KYSKEMEFLRSLAYRSERVKIKSIDDVKQVLDKDSNFIIGKITLPFKKEWQRLYR
EWQNTTIKDDYEFLKSFFNVKSITKLHKKVRKDFSLPISTNEGKFLVKRKTWDN
NFIYQILNDSDSRADGTKPFIPAFDISKNEIVEAIIDSFTSKNIFWLPKNIELQK VD
NKNIFAIDTSKWFEVETPSDLRDIGIATIQYKIDNNSRPKVRVKLDY VIDDDSKIN
YFMNHSLLKSRYPDKVLEILKQSTIEFESSGFNKTIKEMLGMKLAGIYNETSNN

Lactobacillus

buchneri Cas9

SEQ ID NO: 16

MKVNNYHIGLDIGTSSIGWVAIGKDGKPLRVKGKTAIGARLFQEGNPAADRRM
FRTTRRRLSRRKWRLKLLEEIFDPYITPVDSTFFARLKQSNLSPKDSRKEFKGSM
LFPDLTDMQYHKNYPTTYHLRHALMTQDKKFDIRMVYLAIHHIVKYRGNFLNS
TPVDSFKASK VDFVDQFKKLNELY A AINPEESFKINLANSEDIGHQFLDPSIRKF
DKKKQIPKIVPVMMNDKVTDRLNGKIASEITHAILGYKAKLDVVLQCTPVDSKP
WALKFDDEDIDAKLEKILPEMDENQQSIVAILQNLYSQVTLNQIVPNGMSLSES
MIEKYNDHHDHLKLYKKLIDQLADPKKKAVLKKAYSQYVGDDGKVIEQAEFW
SSVKKNLDDSELSKQIMDLIDAEKFMPKQRTSQNGVIPHQLHQRELDEIEHQSK
YYPWLVEINPNKHDLHLAKYKIEQLVAFRVPYYVGPMITPKDQAESAETVFSW
MERK GTETGQITPWNFDEK VDRK ASANRFIKRMTTKDTYLIGEDVLPDESLLYE
KFKVLNELNMVR VNGKLLK VADKQAIFQDLFENYKHVSVKKLQNYIKAKTGL
PSDPEISGLSDPEHFNNSLGTYNDFKKLFGSKVDEPDLQDDFEKIVEWSTVFEDK
KILREKLNEITWLSDQQKDVLESSRYQGWGRLSKKLLTGIVNDQGERIIDKLWN
TNKNFMQIQSDDDFAKRIHEANADQMQA VDVEDVLADAYTSPQNKKAIRQVV
KVVDDIQKAMGGVAPKYISIEFTRSEDRNPRRTISRQRQLENTLKDTAKSLAKSI
NPELLSELDNAAKSKKGLTDRLYLYFTQLGKDIYTGEPINIDELNK YDIDHILPQ
AFIKDNSLDNRVLVLTAVNNGK SDNVPLRMFGAKMGHFWKQLAEAGLISKRK
LKNLQTDPDTISKYAMHGFIRRQL VETSQVIKL VANILGDK YRNDDTKIIEITAR
MNHQMRDEFGFIKNREIND YHHAFDAYLTAFLGRYLYHRYIKLRPYFVYGDFK
KFREDKVTMRNFNFLHDL TDDTQEKIADAETGEVIWDRENSIQQLKDVYHYKF
MLISHEVYTLRGAMFNQTVYPASDAGKRKLIPVKADRPVNVYGGYSGSADAY
MAIVRIHNKKGDKYRVVGVPMRALDRLDAAKNVSDADFDRALKDVLAPQLT
KTKKSRKTGEITQVIEDFEIVLGKVMYRQLMIDGDKKFMLGSSTYQYNAKQLV
LSDQSVKTLASKGRLDPLQESMDYNNVYTEILDK VNQYFSLYDMNKFRHKLN
LGFSKFISFPNHNVLDGNTKVSSGKREILQEILNGLHANPTFGNLKDVGITTPFG
QLQQPNGILLSDETKIRYQSPTGLFERTVSLKDL

Listeria innocua

Cas9

SEQ ID NO: 17

MKKPYTIGLDIGTNSVGWAVLTDQYDLVKRKMKIAGDSEKKQIKKNFWGVRL
FDEGQTAADRRMARTARRRIERRRNRISYLQGIFAEEMSKTDANFFCRLSDSFY
VDNEKRNSRHPFFATIEEEVEYHKNYPTIYHLREELVNSSEKADLRLVYLALAHI
IKYRGNFLIEGALDTQNTSVDGIYKQFIQTYNQVFASGIEDGSLKKLEDNKDVA
KILVEKVTRKEKLERILKLYPGEKSAGMFAQFISLIVGSKGNFQKPFDLIEKSDIE
CAKDSYEEDLESLLALIGDEYAELFVAAKNAYSAVVLSSIITVAETETNAKLSAS
MIERFDTHEEDLGELKAFIKLHLPKHYEEIFSNTEKHGYAGYIDGKTKQADFYK
YMKMTLENIEGADYFIAKIEKENFLRKQRTFDNGAIPHQLHLEELEAILHQQAK
YYPFLKENYDKIKSLVTFRIPYFVGPLANGQSEFAWLTRKADGEIRPWNIEEKV
DFGKSAVDFIEKMTNKDTYLPKENVLPKHSLCYQKYLVYNELTKVRYINDQGK
TSYFSGQEKEQIFNDLFKQKRKVKKKDLELFLRNMSHVESPTIEGLEDSFNSSYS
TYHDLLKVGIKQEILDNPYNTEMLENIVKILTVFEDKRMIKEQLQQFSDVLDGV
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VLKKLERRHY TGWGRLSAKLLMGIRDKQSHLTILDY LMNDDGLNRNLMQLIN
DSNLSFKSIIEKEQVTTADKDIQSIVADLAGSPAIKKGILQSLKIVDELVSVMGYP
PQTIVVEMARENQTTGKGKNNSRPRYK SLEK AIKEFGSQILKEHPTDNQELRNN
RLYLYYLQNGKDMYTGQDLDIHNLSNYDIDHIVPQSFITDNSIDNL VLTSSAGN
REK GDDVPPLEIVRKRK VFWEKLYQGNLMSKRKFDYLTKAERGGLTEADKAR
FIHRQLVETRQITKNVANILHQRFNYEKDDHGNTMKQVRIVTLKSAL VSQFRKQ
FQLYKVRDVNDYHHAHDAYLNGVVANTLLKVYPQLEPEFVYGDYHQFDWFK
ANKATAKKQFYTNIMLFFAQKDRIIDENGEILWDKKYLDTVKKVMSYRQMNIV
KKTEIQKGEFSKATIKPKGNSSKLIPRKTNWDPMKYGGLDSPNMAYAVVIEY A
KGKNKLVFEKKIIR VTIMERK AFEKDEKAFLEEQGYRQPKVLAKLPKYTLYECE
EGRRRMLASANEAQKGNQQVLPNHLVTLLHHAANCEVSDGKSLDYIESNREM
FAELLAHVSEFAKRYTLAEANLNKINQLFEQNKEGDIKAIAQSFVDLMAFNAM
GAPASFKFFETTIERKRYNNLKELLNSTITYQSITGLYESRKRLDD

L. pneumophilia
Cas9

SEQ ID NO: 18

MESSQILSPIGIDLGGKFTGVCLSHLEAFAELPNHANTKYSVILIDHNNFQLSQA
QRRATRHRVRNKKRNQFVKRVALQLFQHILSRDLNAKEETALCHYLNNRGYT
YVDTDLDEYIKDETTINLLKELLPSESEHNFIDWFLQKMQSSEFRKILVSKVEEK
KDDKELKNA VKNIKNFITGFEKNSVEGHRHRK VYFENIKSDITKDNQLDSIKKKI
PSVCLSNLLGHLSNLQWKNLHRYLAKNPKQFDEQTFGNEFLRMLKNFRHLKGS
QESLAVRNLIQQLEQSQDYISILEKTPPEITIPPYEARTNTGMEKDQSLLLNPEKL
NNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKQDEKRDSYILQRYLD
LNKKIDKFKIKKQL SFLGQGKQLPANLIETQKEMETHFNSSLVSVLIQIASAYNK
EREDAAQGIWFDNAFSLCELSNINPPRKQKILPLLVGAILSEDFINNKDKWAKFK
IFWNTHKIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNNK ALIKIIQT
IPDIIQAIQSHLGHNDSQALIYHNPFSLSQLYTILETKRDGFHKNCVAVTCENYW
RSQKTEIDPEISY ASRLPADSVRPFDGVLARMMQRLAYEIAMAKWEQIKHIPDN
SSLLIPTYLEQNRFEFEESFKKIK GSSSDK TLEQAIEKQNIQWEEKFQRIINASMNI
CPYKGASIGGQGEIDHTYPRSLSKKHFGVIFNSEVNLIYCSSQGNREKKEEHYLL
EHLSPLYLKHQFGTDNVSDIKNFISQNVANIKK YISFHLLTPEQQKA ARHALFLD
YDDEAFKTITKFLMSQQKARVNGTQKFLGKQIMEFLSTLADSKQLQLEFSIKQIT
AEEVHDHRELLSKQEPKLVKSRQQSFPSHAIDATLTMSIGLKEFPQFSQELDNS
WFINHLMPDE VHLNPVR SKEKYNKPNISSTPLFKDSLY AERFIPVWVKGETFAIG
FSEKDLFEIKPSNKEKLFTLLKTYSTKNPGESLQELQAKSKAKWLYFPINKTLAL
EFLHHYFHKEIVTPDDTTVCHFINSLRYY TKKESITVKILKEPMPVLSVKFESSKK
NVLGSFKHTIALPATKDWERLFNHPNFLALK ANPAPNPKEFNEFIRKYFLSDNN
PNSDIPNNGHNIKPQKHK A VRK VFSLPVIPGNAGTMMRIRRKDNK GQPLYQLQ
TIDDTPSMGIQINEDRLVKQEVLMDAYK TRNLSTIDGINNSEGQAYATFDNWLT
LPVSTFKPEIIKLEMKPHSK TRRYIRITQSLADFIK TIDEALMIKPSDSIDDPLNMP
NEIVCKNKLFGNELKPRDGKMKIVSTGKIVTYEFESDSTPQWIQTLY VTQLKKQ
P
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N. lactamica Cas9

SEQ ID NO: 19

MAAFKPNPMNYILGLDIGIASVGWAMVEVDEEENPIRLIDLGVRVFERAEVPKT
GDSLAMARRLARSVRRLTRRRAHRLLRARRLLKREGVLQDADFDENGLVKSL
PNTPWQLRAAALDRKLTCLEWSAVLLHLVKHRGYLSQRKNEGETADKELGAL
LKGVADNAHALQTGDFRTPAELALNKFEKESGHIRNQRGDYSHTFSRKDLQAE
LNLLFEKQKEFGNPHVSDGLKEDIETLLMAQRPALSGDAVQKMLGHCTFEPAE
PKAAKNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYA
QARKLLGLEDTAFFKGLRY GKDNAEASTLMEMKAYHAISRALEKEGLKDKKS
PLNLSTELQDEIGTAFSLFKTDKDITGRLKDRVQPEILEALLKHISFDKFVQISLK
ALRRIVPLMEQGKRYDEACAETYGDHY CKKNAEEKIYLPPIPADEIRNPVVLRA
LSQARKVINCVVRRYGSPARIHIETAREVGKSFKDRKEIEKRQEENRKDREKAA
AKFREYFPNFVGEPKSKDILKLRLYEQQHGKCLYSGKEINLVRLNEKGY VEIDH
ALPFSRTWDDSFNNKVLVLGSENQNKGNQTPYEYFNGKDNSREWQEFKARVE
TSRFPRSKKQRILLQKFDEEGFKERNLNDTRY VNRFLCQFVADHILLTGKGKRR
VFASNGQITNLLRGFWGLRKVRTENDRHHALDAVVVACSTVAMQQKITRFVR
YKEMNAFDGKTIDKETGEVLHQKAHFPQPWEFFAQEVMIRVFGKPDGKPEFEE
ADTPEKLRTLLAEKLSSRPEAVHEY VIPLFVSRAPNRKMSGQGHMETVKSAKR
LDEGISVLRVPLTQLKLKGLEKMVNREREPKLYDALKAQLETHKDDPAKAFAE
PFYKYDKAGSRTQQVKAVRIEQVQKTGVWVRNHNGIADNATMVRVDVFEK G
GKYYLVPIYSWQVAKGILPDRAVVAFKDEEDWTVMDDSFEFRFVLY ANDLIKL
TAKKNEFLGYFVSLNRATGAIDIRTHDTD STKGKNGIFQSVGVKTALSFQKNQI
DELGKEIRPCRLKKRPPVR

N. meningitides

Cas9

SEQ ID NO: 20

MAAFKPNPINYILGLDIGIASVGWAMVEIDEDENPICLIDLGVRVFERAEVPKTG
DSLAMARRLARSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPN
TPWQLRAAALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKG
VADNAHALQTGDFRTPAELALNKFEKESGHIRNQRGDYSHTFSRKDLQAELILL
FEKQKEFGNPHVSGGLKEGIETLLMTQRPALSGDAVQKMLGHCTFEPAEPKAA
KNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQARK
LLGLEDTAFFKGLRYGKDNAEASTLMEMKAYHAISRALEKEGLKDKKSPLNLS
PELQDEIGTAFSLFKTDEDITGRLKDRIQPEILEALLKHISFDKFVQISLKALRRIV
PLMEQGKRYDEACAEIY GDHY GKKNTEEKIYLPPIPADEIRNPVVLRALSQARK
VINGVVRRYGSPARIHIETAREVGK SFKDRKEIEKRQEENRKDREKAAAKFREY
FPNFVGEPKSKDILKLRLYEQQHGKCLY SGKEINLGRLNEKGY VEIDHALPFSRT
WDDSFNNKVLVLGSENQNKGNQTPYEYFNGKDNSREWQEFKARVETSRFPRS
KKQRILLQKFDEDGFKERNLNDTRY VNRFLCQFVADRMRLTGKGKKRVFASN
GQITNLLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQQKITRFVRYKEMN
AFDGKTIDKETGEVLHQKTHFPQPWEFFAQEVMIRVFGKPDGKPEFEEADTPEK
LRTLLAEKLSSRPEAVHEY VTPLFVSRAPNRKMSGQGHMETVKSAKRLDEGVS
VLRVPLTQLKLKDLEKMVNREREPKLYEALKARLEAHKDDPAKAFAEPFYKY
DKAGNRTQQVKAVRVEQVQKTGVWVRNHNGIADNATMVRVDVFEKGDKYY
LVPIYSWQVAKGILPDRAVVQGKDEEDWQLIDDSFNFKFSLHPNDL VEVITKKA
RMFGYFASCHRGTGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKYQIDELGKEI
RPCRLKKRPPVR

B. longum Cas9

SEQ ID NO: 21

MLSRQLLGASHLARPVSYSYNVQDNDVHCSYGERCFMRGKRYRIGIDVGLNSV
GLAAVEVSDENSPVRLLNAQSVIHDGGVDPQKNKEAITRKNMSGVARRTRRM
RRRKRERLHKLDMLLGKFGYPVIEPESLDKPFEEWHVRAELATRYIEDDELRRE
SISTALRHMARHRGWRNPYRQVDSLISDNPYSKQYGELKEKAKAYNDDATAAE
EESTPAQLVVAMLDAGYAEAPRLRWRTGSKKPDAEGYLPVRLMQEDNANELK
QIFRVQRVPADEWKPLFRSVFYAVSPKGSAEQRVGQDPLAPEQARALKASLAF
QEYRIANVITNLRIKDASAELRKLTVDEKQSIYDQLVSPSSEDITWSDLCDFLGF
KRSQLKGVGSLTEDGEERISSRPPRLTSVQRIYESDNKIRKPLVAWWKSASDNE
HEAMIRLLSNTVDIDKVREDVAYASAIEFIDGLDDDALTKLDSVDLPSGRAAYS
VETLQKLTROQMLTTDDDLHEARKTLFNVTDSWRPPADPIGEPLGNPSVDRVLK
NVNRYLMNCQQRWGNPVSVNIEHVRSSFSSVAFARKDKREYEKNNEKRSIFRS
SLSEQLRADEQMEKVRESDLRRLEAIQRONGQCLYCGRTITFRTCEMDHIVPRK
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GVGSTNTRTNFAAVCAECNRMKSNTPFAIWARSEDAQTRGVSLAEAKKRVTM
FTFNPKSYAPREVKAFKQAVIARLQQTEDDAAIDNRSIESVAWMADELHRRID
WYFNAKQYVNSASIDDAEAETMKTTVSVFQGRVTASARRAAGIEGKIHFIGQQ
SKTRLDRRHHAVDASVIAMMNTAAAQTLMERESLRESQRLIGLMPGERSWKE
YPYEGTSRYESFHLWLDNMDVLLELLNDALDNDRIAVMQSQRY VLGNSIAHD
ATIHPLEKVPLGSAMSADLIRRASTPALWCALTRLPDYDEKEGLPEDSHREIRV
HDTRYSADDEMGFFASQAAQIAVQEGSADIGSAIHHARVYRCWKTNAKGVRK
YFYGMIRVFQTDLLRACHDDLFTVPLPPQSISMRY GEPRVVQALQSGNAQYLG
SLVVGDEIEMDFSSLDVDGQIGEYLQFFSQFSGGNLAWKHWVVDGFFNQTQLR
IRPRYLAAEGLAKAFSDDVVPDGVQKIVTKQGWLPPVNTASKTAVRIVRRNAF
GEPRLSSAHHMPCSWQWRHE

A. muciniphila Cas9

SEQ ID NO: 22

MSRSLTFSFDIGY ASIGWAVIASASHDDADPSVCGCGTVLFPKDDCQAFKRREY
RRLRRNIRSRRVRIERIGRLLVQAQITPEMKETSGHPAPFYLASEALKGHRTLAP
IELWHVLRWYAHNRGYDNNASWSNSLSED GGNGEDTERVKHAQDLMDKHGT
ATMAETICRELKLEEGKADAPMEVSTPAYKNLNTAFPRLIVEKEVRRILELSAPL
IPGLTAEINELIAQHHPLTTEQRGVLLQHGIKLARRYRGSLLFGQLIPRFDNRIISR
CPVTWAQVYEAELKKGNSEQSARERAEKLSKVPTANCPEFYEYRMARILCNIR
ADGEPLSAEIRRELMNQARQEGKLTKASLEKAISSRLGKETETNVSNYFTLHPD
SEEALYLNPAVEVLQRSGIGQILSPSVYRIAANRLRRGKSVTPNYLLNLLKSRGE
SGEALEKKIEKESKKKEADYADTPLKPKYATGRAPYARTVLKKVVEEILDGEDP
TRPARGEAHPDGELKAHDGCLYCLLDTDSSVNQHQKERRLDTMTNNHLVRHR
MLILDRLLKDLIQDFADGQKDRISRVCVEVGKELTTFSAMDSKKIQRELTLRQK
SHTDAVNRLKRKLPGKALSANLIRKCRIAMDMNWTCPFTGATYGDHELENLEL
EHIVPHSFRQSNALSSLVLTWPGVNRMKGQRTGYDFVEQEQENPVPDKPNLHI
CSLNNYRELVEKLDDKKGHEDDRRRKKKRKALLMVRGLSHKHQSQNHEAMK
EIGMTEGMMTQSSHLMKLACKSIKTSLPDAHIDMIPGAVTAEVRKAWDVFGVF
KELCPEAADPDSGKILKENLRSLTHLHHALDACVLGLIPYIIPAHHNGLLRRVLA
MRRIPEKLIPQVRPVANQRHY VLNDDGRMMLRDLSASLKENIREQLMEQRVIQ
HVPADMGGALLKETMQRVLSVDGSGEDAMVSLSKKKDGKKEKNQVKASKLV
GVFPEGPSKLKALKAAIEIDGNYGVALDPKPVVIRHIKVFKRIMALKEQNGGKP
VRILKKGMLIHLTSSKDPKHAGVWRIESIQDSKGGVKLDLQRAHCAVPKNKTH
ECNWREVDLISLLKKYQMKRYPTSYTGTPR

O. laneus Cas9

SEQ ID NO: 23

METTLGIDLGTNSIGLALVDQEEHQILYSGVRIFPEGINKDTIGLGEKEESRNATR
RAKROQMRRQYFRKKLRKAKLLELLIAYDMCPLKPEDVRRWKNWDKQQKSTV
RQFPDTPAFREWLKQNPYELRKQAVTEDVTRPELGRILYQMIQRRGFLSSRKGK
EEGKIFTGKDRMVGIDETRKNLOQKQTLGAYLYDIAPKNGEKYRFRTERVRARY
TLRDMYIREFEITWQRQAGHLGLAHEQATRKKNIFLEGSATNVRNSKLITHLQA
KYGRGHVLIEDTRITVTFQLPLKEVLGGKIEIEEEQLKFKSNESVLFWQRPLRSQ
KSLLSKCVFEGRNFYDPVHQKWIIAGPTPAPLSHPEFEEFRAY QFINNITY GKNEH
LTAIQREAVFELMCTESKDFNFEKIPKHLKLFEKFNFDDTTKVPACTTISQLRKL
FPHPVWEEKREEIWHCFYFYDDNTLLFEKLQKDY ALQTNDLEKIKKIRLSESYG
NVSLKAIRRINPYLKKGYAYSTAVLLGGIRNSFGKRFEYFKEYEPEIEKAVCRIL
KEKNAEGEVIRKIKDYLVHNRFGFAKNDRAFQKLYHHSQAITTQAQKERLPET
GNLRNPIVQQGLNELRRTVNKLLATCREKY GPSFKFDHIHVEMGRELRSSKTER
EKQSRQIRENEKKNEAAKVKLAEY GLKAYRDNIQKYLLYKEIEEKGGTVCCPY
TGKTLNISHTLGSDNSVQIEHIIPY SISLDDSLANKTLCDATFNREKGELTPYDFY
QKDPSPEKWGASSWEEIEDRAFRLLPY AKAQRFIRRKPQESNEFISRQLNDTRY]I
SKKAVEYLSAICSDVKAFPGQLTAELRHLWGLNNILQSAPDITFPLPVSATENHR
EYYVITNEQNEVIRLFPKQGETPRTEKGELLLTGEVERKVFRCKGMQEFQTDVS
DGKYWRRIKLSSSVTWSPLFAPKPISADGQIVLKGRIEKGVFVCNQLKQKLKTG
LPDGSYWISLPVISQTFKEGESVNNSKLTSQQVQLFGRVREGIFRCHNYQCPASG
ADGNFWCTLDTDTAQPAFTPIKNAPPGVGGGQIILTGDVDDKGIFHADDDLHYE
LPASLPKGKYYGIFTVESCDPTLIPIELSAPKTSKGENLIEGNIWVDEHTGEVRFD
PKKNREDQRHHAIDAIVIALSSQSLFQRLSTYNARRENKKRGLDSTEHFPSPWP
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GFAQDVRQSVVPLLVSYKQNPKTLCKISKTLYKDGKKIHSCGNAVRGQLHKET
VYGQRTAPGATEKSYHIRKDIRELK TSKHIGK VVDITIRQMLLKHLQENYHIDIT
QEFNIPSNAFFKEGVYRIFLPNKHGEPVPIKKIRMK EELGNAERLKDNINQY VNP
RNNHHVMIYQDADGNLKEEIVSFWSVIERQNQGQPIY QLPREGRNIVSILQINDT
FLIGLKEEEPEVYRNDLSTLSKHLYRVQKLSGMY Y TFRHHLASTLNNEREEFRI
QSLEAWKRANPVKVQIDEIGRITFLNGPLC

[0105] In some embodiments, a nucleic acid sequence encoding a dCas endonuclease is a
codon optimized dCas. An example of a codon optimized sequence, is in this instance, a
sequence optimized for expression in, without limitation, a eukaryote, animal, and/or
mammal e.g., a human (i.e. being optimized for expression in humans); see, e.g., SaCas9
human codon optimized sequence in WO 2014/093622, incorporated by reference herein in

its entirety.

[0106] In some embodiments, a dCas endonuclease for use in the system provided herein is
a variant Cas endonuclease comprising mutations which cause the endonuclease to lack
cleavage activity or substantially lack cleavage activity as compared to its corresponding wild
type Cas endonuclease. For example, with reference to WO 2017/091630, incorporated
herein by reference in its entirety, in one embodiment disclosed herein, the Cas9 active sites
(10 and 840) can be mutated to Alanine (D10A and H840A) to eliminate the cleavage activity
of Streptococcus pyogenes Cas9, producing nuclease-deficient or dead Cas9 (i.e., dCas9).
The RuvC domain is distributed among 3 non-contiguous portions of the dCas9 primary
structure (residues 1-60, 719-775, and 910-1099). The Rec lobe is composed of residues 61-
718. The HNH domain is composed of residues 776-909. The PAM-ID domain is composed
of residues 1100-1368. The REC lobe can be considered the structural scaffold for
recognition of the sgRNA and target DNA/RNA. The NUC lobe contains the two nuclease
domains (HNH and RuvC), plus the PAM-interaction domain (PAM-ID), which recognizes
an optional PAM sequence. In this prior work, for example and without limitation, an about

98-nucleotide sgRNA, is typically divided into two major structural components: the first
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contains the target-specific guide or “spacer” segment (nucleotides 1-20) plus the repeat-
tetraloop-anti-repeat and stem-loop 1 (SL1) regions; the second contains stem-loops 2 and 3
(SL2, SL3). Accordingly, the guide-through-SL 1 RNA segment is bound mainly by the Cas9
REC lobe and the SL2-SL3 segment is bound mainly by the NUC lobe.

[0107] In some embodiments of the dCas9 used in the system disclosed herein, a minimal
(i.e., with as few nucleotide base pairs as possible) construct of Cas9 is engineered that will
recognize a target RNA sequence with high affinity. In some embodiments, the smallest
construct encoding dCas9 will be a REC-only construct. In some embodiments, the constructs
will comprise less minimized constructs lacking the HNH, PAM-ID, parts of each domain,
lacking both of each domain, or combinations thereof. In some embodiments, the HNH
domain will be excised by inserting a five-residue flexible linker between residues 775 and
909 (AHNH). In some embodiments, all or part of the PAM-ID are removed. In some
embodiments, truncating Cas9 at residue 1098 (APAM-ID #1), fusing residues 1138 and
1345 with an 8-residue linker (APAM-ID #2), or fusing residues 1138 with 1200 and 1218
with 1339 (with 5-residue and 2-residue linkers, respectively: APAM-ID #3) are used to
remove all or part of the PAM-ID. The APAM-ID #2 and 3 constructs will retain elements of
the PAM-ID that contribute to binding of the sgRNA repeat-anti-repeat (residues 1099-1138)
and SL2-SL3 (residues 1200-1218 and 1339-1368) segments. In some embodiments, the
HNH deletion will be combined with the three PAM-ID deletions. In some embodiments,
Cas9 variants which lack or substantially lack nuclease and/or cleavage activity according to
WO 2016/19655, incorporated herein by reference in its entirety, are examples of dCas9 used

in the recombinant expression systems disclosed herein.

[0108] Accordingly for use in the recombinant expression systems disclosed herein are
nucleic acid sequences encoding dCas — ADAR deaminase domain fusion proteins. In one
embodiment, dCas9 is fused to a catalytically active ADAR deaminase domain. In the
context of such systems a corresponding extended single guide RNA (esgRNA) is used to
target and edit adenosines of the target RNA. The system generates recombinant proteins
with effector deaminase enzymes capable of performing ribonucleotide base modification to
alter how sequence of the RNA molecule is recognized by cellular machinery. In one

embodiment the dCas and the ADAR deaminase domain are separated by a linker. In another
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embodiment, the linker is, without limitation, an XTEN linker which is a flexible linker used
to isolate adjacent proteins domains. XTEN linkers are known in the art and can be found for

example in WO 2013/130684, incorporated herein by reference in its entirety herein.

[0109] RNA editing is a natural process whereby the diversity of gene products of a given
sequence is increased by minor modification in the RNA. Typically, the modification
involves the conversion of adenosine (A) to inosine (I), resulting in an RNA sequence which
is different from that encoded by the genome. RNA modification is generally ensured by the
ADAR enzyme, whereby the pre-RNA target forms an imperfect duplex RNA by base-
pairing between the exon that contains the adenosine to be edited and an intronic non-coding
element. A classic example of A-I editing is the glutamate receptor GluR-B mRNA, whereby
the change results in modified conductance properties of the channel (Higuchi M, et al. Cell.

1993;75: 1361-70).

[0110] For the purposes of the present disclosure, ADAR (Adenosine deaminase acting on
RNA) deaminase domains can be ADAR 1, ADAR 2, or ADAR 3 deaminase domains. See
Nishikura, K. A-to-I editing of coding and non-coding RNAs by ADARs. Nat Rev Mol Cell
Biol 17, 83-96, do0i:10.1038/nrm.2015.4 (2016).

[0111] In some embodiments, the ADAR deaminase domain is derived from all or part of
ADARI1 (Uniprot P55265). A non-limiting exemplary sequence of ADARI is provided
below (SEQ ID NO: 24):

MAEIKEKICDYLFNVSDSSALNLAKNIGLTKARDINAVLIDMERQGDVYRQGTTPPI
WHLTDKKRERMQIKRNTNSVPETAPAAIPETKRNAEFLTCNIPTSNASNNMVTTEKYV
ENGQEPVIKLENRQEARPEPARLKPPVHYNGPSKAGYVDFENGQWATDDIPDDLNSI
RAAPGEFRAIMEMPSFYSHGLPRCSPYKKLTECQLKNPISGLLEYAQFASQTCEFNMI
EQSGPPHEPRFKFQVVINGREFPPAEAGSKKVAKQDAAMKAMTILLEEAKAKDSGK
SEESSHYSTEKESEKTAESQTPTPSATSFFSGKSPVTTLLECMHKLGNSCEFRLLSKEG
PAHEPKFQYCVAVGAQTFPSVSAPSKKVAKQMAAEEAMKALHGEATNSMASDNQP
EGMISESLDNLESMMPNKVRKIGELVRYLNTNPVGGLLEYARSHGFAAEFKLVDQS
GPPHEPKFVYQAKVGGRWFPAVCAHSKKQGKQEAADAALRVLIGENEKAERMGFT
EVTPVTGASLRRTMLLLSRSPEAQPKTLPLTGSTFHDQIAMLSHRCFNTLTNSFQPSLL
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GRKILAAIIMKKDSEDMGVVVSLGTGNRCVKGDSLSLKGETVNDCHAEIISRRGFIRF

LYSELMKYNSQTAKDSIFEPAKGGEKLQIKKTVSFHLYISTAPCGDGALFDKSCSDRA
MESTESRHYPVFENPKQGKLRTKVENGEGTIPVESSDIVPTWDGIRLGERLRTMSCSD
KILRWNVLGLQGALLTHFLQPIYLKSVTLGYLFSQGHLTRAICCRVTRDGSAFEDGLR
HPFIVNHPKVGRVSIYDSKRQSGKTKETSVNWCLADGYDLEILDGTRGTVDGPRNEL

SRVSKKNIFLLFKKLCSFRYRRDLLRLSYGEAKKAARDYETAKNYFKKGLKDMGYG
NWISKPQEEKNFYLCPV

[0112] In some embodiments, the ADAR deaminase domain is derived from all or part of
ADAR2 (Uniprot P78563). A non-limiting exemplary sequence of ADAR?2 is provided
below (SEQ ID NO: 25):

MDIEDEENMSSSSTDVKENRNLDNVSPKDGSTPGPGEGSQLSNGGGGGPGRKRPLEE
GSNGHSK YRLKKRRKTPGPVLPKNALMQLNEIKPGLQYTLLSQTGPVHAPLFVMSV

EVNGQVFEGSGPTKKKAKLHAAEKALRSFVQFPNASEAHLAMGRTLSVNTDFTSDQ
ADFPDTLFNGFETPDK AEPPFYVGSNGDDSFSSSGDLSLSASPVPASLAQPPLPVLPPF

PPPSGKNPVMILNELRPGLK YDFLSESGESHAK SFVMSVVVDGQFFEGSGRNKKLAK
ARAAQSALAAIFNLHLDQTPSRQPIPSEGLQLHLPQVLADAVSRLVLGKFGDLTDNFS
SPHARRKVLAGVVMTTGTDVKDAKVISVSTGTKCINGEYMSDRGLALNDCHAEIISR
RSLLRFLYTQLELYLNNKDDQKRSIFQKSERGGFRLKENVQFHLYISTSPCGDARIFSP
HEPILEEPADRHPNRK ARGQLRTKIESGEGTIPVRSNASIQTWDGVLQGERLLTMSCS

DKIARWNVVGIQGSLLSIFVEPIYFSSIILGSL YHGDHLSRAMY QRISNIEDLPPLYTLN

KPLLSGISNAEARQPGK APNFSVNWTVGDSAIEVINATTGKDELGRASRLCKHALYC

RWMRVHGK VPSHLLRSKITKPNVYHESKLAAKEYQAAKARLFTAFIKAGLGAW VE

KPTEQDQFSLTP

[0113] In some embodiments, the ADAR deaminase domain is derived from all or part of
ADAR3 (Uniprot QONS39): A non-limiting exemplary sequence of ADAR?2 is provided
below (SEQ ID NO: 26):

MASVLGSGRGSGGLSSQLKCKSKRRRRRRSKRKDKVSILSTFLAPFKHLSPGITNTED
DDTLSTSSAEVKENRNVGNLAARPPPSGDRARGGAPGAKRKRPLEEGNGGHLCKLQ
LVWKKLSWSVAPKNALVQLHELRPGLQYRTVSQTGPVHAPVFAVAVEVNGLTFEG
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TGPTKKKAKMRAAELALRSFVQFPNACQAHLAMGGGPGPGTDFTSDQADFPDTLFQ
EFEPPAPRPGLAGGRPGDAALLSAAYGRRRLLCRALDLVGPTPATPAAPGERNPVVL
LNRLRAGLRYVCLAEPAERRARSFVMAVSVDGRTFEGSGRSKKLARGQAAQAALQ
ELFDIQMPGHAPGRARRTPMPQEFADSISQLVTQKFREVTTDLTPMHARHKALAGIV
MTKGLDARQAQVVALSSGTKCISGEHLSDQGLVVNDCHAEVVARRAFLHFLYTQLE
LHLSKRREDSERSIFVRLKEGGYRLRENILFHLYVSTSPCGDARLHSPYEITTDLHSSK
HLVRKFRGHLRTKIESGEGTVPVRGPSAVQTWDGVLLGEQLITMSCTDKIARWNVL
GLQGALLSHFVEPVYLQSIVVGSLHHTGHLARVMSHRMEGVGQLPASYRHNRPLLS
GVSDAEARQPGKSPPFSMNWVVGSADLEIINATTGRRSCGGPSRLCKHVLSARWAR
LYGRLSTRTPSPGDTPSMYCEAKLGAHTYQSVKQQLFKAFQKAGLGTWVRKPPEQQ
QFLLTL

[0114] In some embodiments, ADAR domains can include mutations which result in
increased catalytic activity compared to wild type ADAR domains. In some embodiments,
the catalytically active deaminase domain (DD) is derived from a wildtype human ADAR?2 or
a human ADAR2 DD bearing a mutation (E488Q)) that increases enzymatic activity and
affinity for RNA substrate (Phelps et al., Jan 2015, Nuc. Acid Res., 43(2): 1123-1132; Kuttan
& Bass, Nov 2012, PNAS 109(48): E3295-E3304).

[0115] Because the catalytic domain of ADAR?2, independent of its RNA recognition motif,
preferably deaminates unpaired adenosine residues in dSRNA regions, Applicants modified
the structure of the single guide RNA (sgRNA) component of the system disclosed herein to
improve substrate specificity to single-nucleotide resolution. It has been reported that gRNAs
engineered with supplementary 3’ terminal cassettes maintain their targeting capacity in live

cells (Konermann et al. Jan 2015, Nature, 517: 583-588).

[0116] Applicants developed a CRISPR/Cas-mediated RNA editing (CREDIT) platform
based on the strategic modification of the system’s sgRNA structure comprising an additional
region of homology capable of base pairing with target RNA over the desired site of editing.
Such a modification to the sgRNA structure generates the disclosed system’s extended
sgRNA (i.e., esgRNA), and results in an A-to- C mismatch with a target transcript generating
a ‘pseudo-dsRNA’ substrate to be edited at the bulged adenosine (see FIG. 1A). The CREDIT

platform and the systems disclosed herein thus provides the ability to target virtually any

-46-



WO 2018/208998 PCT/US2018/031913

adenosine in the transcriptome to direct conversion to inosine (i.e., A — I RNA editing),

which is ultimately read by translational and splicing machinery as guanosine.

[0117] Due to its overall design simplicity as well as its fully encodable nature, the
recombinant expression systems disclosed herein provide high utility and engineering
versatility when compared to other similar RNA modifying systems and methods. Because
dCas9 binds with picomolar affinity to the sgRNA scaffold sequence, and because this
improved system uses dual guide architecture as per the extended single guide RNA i.e,,
esgRNA, structure, to increase both target affinity and specificity, direct RNA editing with
minimal potential off-target editing events is efficiently achieved. In some embodiments, the
esgRNA can be designed with a 1) scaffold sequence and ii) a short extension sequence but

without a spacer sequence.

[0118] In one embodiment, the esgRNA is composed of at least two regions, 1) a region of
homology capable of near-perfect RNA-RNA base pairing (i.e., a short extension sequence of
homology to the target RNA) and i1) a dCas9-binding region (i.e., scaffold sequence). In one
embodiment, the short extension sequence comprises a mismatch which forms an A-C
mismatch with a target transcriptome and generates a ‘pseudo-RNA’ substrate to be edited at
the bulged adenosine residue. As such, the homology region of the short extension sequence
determines the specificity of the recombinant expression system disclosed herein, and in
particular it determines specifically which RNA base in the cellular transcriptome is edited.
The RNA base that is edited is distinguished by a mismatched adenosine residue among the
homology region and the target RNA duplex. See FIG. 1A. The orientation of the homology
region of the short extension sequence and the scaffold is flexible. In one embodiment, the
scaffold sequence is located at the 5” end of the esgRNA. In another embodiment, the short
extension sequence carrying the homology region capable of near-perfect RNA-RNA base
pairing is located at the 3” end of the esgRNA. In another embodiment, the short extension
sequence 1s located at the 5° end of the esgRNA. For the purposes of the present disclosure,
the “3” end” or “5’ end” refers in either scenario of the esgRNA to an end terminus of the
esgRNA. In another embodiment, the esgRNA additionally comprises a third region, iii) a
spacer sequence which comprises a second homology region to the target RNA. In one

embodiment, the spacer sequence is located at the 5° end of the scaffold sequence. The
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spacer sequence is complementary to the target RNA but does not require a mismatch to
effect the A-I editing of the target RNA. In one embodiment, the spacer sequence is located
on the 5° end of the scaffold sequence. In another embodiment, the short extension sequence
is located on the 3’ end of the scaffold sequence or on the 5° end of the spacer sequence. In
another embodiment, the short extension sequence is located on an end terminus of the
esgRNA. In another embodiment, the short extension sequence is continuous to the spacer
sequence. In another embodiment, the short extension sequence is discontinuous to the
spacer sequence. In another embodiment, the esgRNA comprising i-iii) ina 3’ to 5’

orientation.

[0119] In some embodiments, nucleoprotein complexes are complexed with a single guide
RNA (sgRNA) or as disclosed herein an extended single guide RNA (esgRNA). In some
embodiments, the single guide RNA or esgRNA carries extensions (other than and in addition
to the short extension sequence of homology in the esgRNA capable of editing target
adenosines) of secondary structures in the single guide RNA or esgRNA scaffold sequence.
In some embodiments, the single guide RNA or esgRNA comprises one or more point
mutations that improve expression levels of the single guide RNAs (or esgRNAs) via
removal of partial or full transcription termination sequences or sequences that destabilize
single guide RNAs (or esgRNAs) after transcription via action of trans-acting nucleases. In
some embodiments, the single guide RNA (or esgRNA) comprises an alteration at the 5’ end
which stabilizes said single guide RNA or esgRNA against degradation. In some
embodiments, the single guide RNA or esgRNA comprises an alteration at the 5’ end which
improves RNA targeting. In some embodiments, the alteration at the 5’ end of said single
guide RNA or esgRNA is selected from the group consisting of 2'0-methyl,
phosphorothioates, and thiophosphonoacetate linkages and bases. In some embodiments, the
single guide RNA or esgRNA comprises 2'-fluorine, 2'O-methyl, and/or 2’-methoxyethyl
base modifications in the spacer or scaffold region of the sgRNA or esgRNA to improve
target recognition or reduce nuclease activity on the single guide RNA or esgRNA. In some
embodiments, the single guide RNA comprises one or more methylphosphonate,
thiophosponoaceteate, or phosphorothioate linkages that reduce nuclease activity on the

target RNA.
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[0120] In some embodiments, the single guide RNA or esgRNA can recognize the target
RNA, for example, by hybridizing to the target RNA. In some embodiments, the single guide
RNA or esgRNA comprises a sequence that is complementary to the target RNA. In some
embodiments, the single guide RNA or esgRNA has a length that is, is about, is less than, or
is more than, 10 nt, 20 nt, 30 nt, 40 nt, 50 nt, 60 nt, 70 nt, 80 nt, 90 nt, 100 nt, 110 nt, 120 nt,
130 nt, 140 nt, 150 nt, 160 nt, 170 nt, 180 nt, 190 nt, 200 nt, 300 nt, 400 nt, 500 nt, 1,000 nt,
2,000 nt, or a range between any two of the above values. In some embodiments, the single

guide RNA or esgRNA can comprise one or more modified nucleotides.

[0121] In additional embodiments, a variety of RNA targets can be recognized by the single
guide RNA or esgRNA. For example, a target RNA can be messenger RNA (mRNA),
ribosomal RNA (rRNA), signal recognition particle RNA (SRP RNA), transfer RNA (tRNA),
small nuclear RNA (snRNA), small nucleolar RNA (snoRNA), antisense RNA (aRNA), long
noncoding RNA (IncRNA), microRNA (miRNA), piwi-interacting RNA (piRNA), small
interfering RNA (siRNA), short hairpin RNA (shRNA), retrotransposon RNA, viral genome
RNA, viral noncoding RNA, or the like. In some embodiments, a target RNA can be an RNA
involved in pathogenesis or a therapeutic target for conditions such as cancers,
neurodegeneration, cutaneous conditions, endocrine conditions, intestinal diseases, infectious
conditions, neurological disorders, liver diseases, heart disorders, autoimmune diseases, or

the like.

[0122] In further embodiments, exemplary G to A mutation target RNA and corresponding

diseases, conditions and/or syndromes to be treated are, without limitation:

[0123] SDHB (Succinate Dehydrogenase Complex Iron Sulfure Subunit B) for treating
Paraganglioma, gastric stromal sarcoma, Paragangliomas 4, Pheochromocytoma,

Paragangliomas 1, and/or Hereditary cancer-predisposing syndrome;

[0124] DPYD (Dihydropyrimidine Dehydrogenase) for treating Dihydropyrimidine
dehydrogenase deficiency, Hirschsprung disease 1, Fluorouracil response, Pyrimidine
analogues response - Toxicity/ADR, capecitabine response - Toxicity/ADR, fluorouracil

response - Toxicity/ADR, and/or tegafur response - Toxicity/ADR;
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[0125] MSH2 (mutS Homolog 2) for treating Lynch syndrome, tumor predisposition

syndrome, and/or Turcot syndrome;
[0126] MSHG6 (mutS Homolog 6) for treating Lynch syndrome;

[0127] DYSF (Dysferlin) for treating Miyoshi muscular dystrophy 1, and/or Limb-girdle
muscular dystrophy -type 2B;

[0128] SCNIA (Sodium Voltage-Gated Channel Alpha Subunit 1) for treating Severe

myoclonic epilepsy in infancy;
[0129] TTN (Titin) / TTN-AS1 for treating Primary dilated cardiomyopathy;

[0130] VHL (von Hippel-Lindau Tumor Suppressor) for treating Von Hippel-Lindau

syndrome; and/or Hereditary cancer-predisposing syndrome;

[0131] MLHI (mutL homolog 1) for treating Lynch syndrome, Hereditary cancer-

predisposing syndrome, and/or tumor predisposition syndrome;

[0132] PDEG6B (Phosphodiesterase 6B) for treating Retinitis pigmentosa and/or Retinitis

pigmentosa 40;

[0133] CC2D2A (Coiled-coil and C2 Domain Containing 2A) for treating Familial aplasia

of the vermis and/or Joubert syndrome 9;

[0134] FRASI (Fraser extracellular matrix complex subunit 1) for treating
Cryptophthalmos syndrome;

[0135] DSP (Desmoplakin) for treating Arrhythmogenic right ventricular cardiomyopathy -
type 8 and/or Cardiomyopathy;

[0136] PMS2 (PMS1 homolog 2, mismatch repair system component) for treating Lynch

syndrome and/or tumor predisposition syndrome;
[0137] ASL (Argininosuccinate lyase) for treating Argininosuccinic aciduria,

[0138] ELN (Elastin) for treating Supravalvar aortic stenosis;
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[0139] SLC26A4 (Solute Carrier Family 26 Member 4) for treating Enlarged vestibular

aqueduct syndrome and/or Pendred's syndrome;

[0140] CFTR (Cystic Fibrosis Transmembrane Conductance Regulator) for treating Cystic

Fibrosis;
[0141] CNGB3 (Cyclic Nucleotide Gated Channel Beta 3) for treating Achromatopsia 3;

[0142] FANCC (Fanconi Anemia Complementation Group C) — C9orf3 for treating

Fanconi anemia and/or Hereditary cancer-predisposing syndrome;

[0143] PTEN (Phosphatase and Tensin homolog) for treating Hereditary cancer-
predisposing syndrome, Bannayan-Riley-Ruvalcaba syndrome, Cowden syndrome, Breast
cancer, Autism spectrum disorder, Head and neck squamous cell carcinoma, lung cancer,

and/or prostate cancer;

[0144] ANOS (Anoctamin 5) for treating Limb-girdle muscular dystrophy - type 2L,
Gnathodiaphyseal dysplasmia, Miyoshi myopathy, and/or Miyoshi muscular dystrophy 3;

[0145] MYBPC3 (Myosin Binding Protein C, Cardiac) for treating Primary familial
hypertrophic cardiomyopathy;

[0146] MENI1 (Menin 1) for treating Familial isolated hyperparathyroidism, multiple

endocrine neoplasia, primary macronodular adrenal hyperplasia, and/or tumors;

[0147] ATM (ATM serine/threonine kinase) and/or ATM-C11orf65 for treating Ataxia-

telangiectasia syndrome, and/or Hereditary cancer-predisposing syndrome;

[0148] PKP2 (Plakophilin 2) for treating Arrhythmogenic right ventricular cardiomyopathy
- type 9 and/or Arrhythmogenic right ventricular cardiomyopathy;

[0149] PAH (Phenylalanine Hydroxylase) for treating Phenylketonuria;

[0150] GJB2 (Gap Junction Protein Beta 2) for treating Deafness, autosomal recessive 1A,

Non-syndromic genetic deatness and/or Hearing impairment;

[0151] B3GLCT (beta 3-glucosyltransferase) for treating Peters plus syndrome;
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[0152] BRCA2 (BRCA2, DNA repair associated) for treating Familial cancer of breast,
Breast-ovarian cancer - familial 2, Hereditary cancer-predisposing syndrome, Fanconi
anemia, complementation group D1, Hereditary breast and ovarian cancer syndrome,
Hereditary cancer-predisposing syndrome, Breast-ovarian cancer - familial 1, and/or

Hereditary breast and ovarian cancer syndrome;

[0153] MYH7 (Myosin Heavy Chain 7) for treating Primary dilated cardiomyopathy,

Cardiomyopathy, and/or Cardiomyopathy - left ventricular noncompaction,;
[0154] FBNI (Fibrillin 1) for treating Marfan syndrome;
[0155] HEXA (Hexosaminidase Subunit Alpha) for treating Tay-Sachs disease;

[0156] TSC2 (TSC Complex Subunit 2) for treating Tuberous sclerosis 2, and/or Tuberous

sclerosis syndrome;
[0157] CREBBP (CREB binding protein) for treating Rubinstein-Taybi syndrome;

[0158] CDHI1 (Cadherin 1) for treating Hereditary diffuse gastric cancer, Tumor

predisposition syndrome, and/or Hereditary cancer-predisposing syndrome;

[0159] SPG7 (SPG7, paraplegin matrix AAA peptidase subunit) for treating Spastic
paraplegia 7,

[0160] BRCA1 (BRCAT1, DNA repair associated) for treating Breast-ovarian cancer -
familial 1, Hereditary breast and ovarian cancer syndrome, and/or Hereditary cancer-

predisposing syndrome;

[0161] BRIPI (BRCAI Interacting Protein C-Terminal Helicase 1) for treating Familial

cancer of breast and/or Tumor predisposition syndrome;

[0162] LDLR (Low Density Lipoprotein Receptor) and/or LDLR — MIR6886 for treating

Familial hypercholesterolemia and/or Hypercholesterolaemia;

[0163] BCKDHA (Branced Chain Keto acid dehydrogenase E1, alpha polypeptide) for

treating Maple syrup urine disease;
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[0164] CHEK2 (Checkpoint Kinase 2) for treating Familial cancer of breast, Breast and

colorectal cancer - susceptibility to, and/or Hereditary cancer-predisposing syndrome;

[0165] DMD (Dystrophin) for treating Becker muscular dystrophy, Duchenne muscular
dystrophy, and/or Dilated cardiomyopathy 3B; and/or

[0166] IDUA (Iduronidase, alpha-L) for treating Hurler syndrome, Dysostosis multiplex,
Mucopolysaccharidosis, MPS-I-H/S, and/or Mucopolysaccharidosis type L.

[0167] In some embodiments, the esgRNA comprises a short extension sequence of

homology to the target RNA which is about 10-100 nucleotides in length, or about 10, 15-60,
20-50, or 25-40, or any range therebetween nucleotides in length. In some embodiments, the
short extension sequence of the esgRNA, without limitation, comprising about 1 mismatch or

2, 3, 4, or 5 mismatches.

[0168] In some embodiments, the single guide RNA or esgRNA includes, but is not limited
to including, sequences which bind or hybridize to target RNA, such as spacer sequences
comprising additional regions of homology (in addition to the short extension sequence of
homology disclosed herein) to the target RNA such that RNA recognition is supported with
specificity and provides uniquely flexible and accessible manipulation of the genome. See

WO 2017/091630 incorporated by reference in its entirety herein.

[0169] Non-limiting exemplary spacer sequences and extension sequences designed for
esgRNA targeting the CFTR mRNA (cystic fibrosis transmembrane conductance regulator,
Ref Seq: NM_000492) and the IDUA mRNA (iduronidase, Ref Seq: NM_000203) are
provided in the table below:

Target spacer sequence ADAR extension sequence
gttcatagggatccaagtttt tttcctccactgttgcaaag
CFTR
(SEQ ID NO: 43) (SEQ ID NO: 44)
IDUA ccagegececaccgecceeag acttcggcccagagcetgetee
(SEQ ID NO: 45) (SEQ ID NO: 46)
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[0170] In one embodiment, the system disclosed herein comprises nucleic acid sequences
which are minimalized to a nucleotide length which fits in a single vector. In some
embodiments, the vector is an AAV vector. AAV vectors are capable of packaging
transgenes which are about 4.5kbs in size. In some instances, AAV vectors are capable of
packaging larger transgenes such as about 4.6 kb, 4.7 kb, 4.8 kb, 4.9 kb, 5.0 kb, 5.1 kb, 5.2
kb, 5.3 kb, 5.4 kb, 5.5kb, 5.6 kb, 5.7 kb, 5.8 kb, 5.9 kb, 6.0 kb, 6.1 kb, 6.2 kb, 6.3 kb, 6.4 kb,
6.5 kb, 6.6 kb, 6.7 kb, 6.8 kb, 6.9 kb, 7.0 kb, 7.5 kb, 8.0 kb, 9.0 kb, 10.0 kb, 11.0 kb, 12.0 kb,
13.0 kb, 14.0 kb, 15.0 kb, or larger are used.

[0171] In another embodiment, the system disclosed herein comprises, without limitation,
one or more promoter sequences for driving expression of the system components.
Exemplary promoters for expressing small RN As, without limitation, are polymerase III
promoters such as U6 and H1. Other promoters for driving expression of system components
are, without limitation, EF lalpha (or its short, intron-less form, EFS), CAG (CMV enhancer,
chicken beta-Actin promoter and rabbit beta-Globin splice acceptor site fusion), mini CMV
(cytomegalovirus), CMV, MCK (muscle creatin kinase), MCK/SV40, desmin, and/or ¢512
(Glutamate carboxypeptidase II).

[0172] In one embodiment, the recombinant expression system is encoded in DNA carried
by a vector, e.g., adeno-associated virus (AAYV), and can be delivered to appropriate tissues
via one of the following methods: use of specific AAV serotypes that display specific tissue
tropism (such as AAV-9 targeting neurons or muscle); injection of naked DNA encoding the
RdCas9 system into tissue such as muscle or liver; use of nanoparticles composed of lipids,
polymers, or other synthetic or natural materials that carry DNA or RNA encoding the
therapeutic recombinant expression system; or any of the above where the system is split
between two separate viruses or DNA molecules so that: one virus encodes the dCas9
protein-ADAR fusion and the other virus encodes the sgRNA; or one virus encodes the
dCas9 protein and/or the sgRNA while the other virus encodes the ADAR protein and/or the
sgRNA. In embodiments in which the portions of CREDIT are encoded on separate vectors,
the encoded portions of dCas9 and ADAR can interact with one another so as to form a

functional dCas9 — ADAR nucleoprotein complex. Exemplary split systems can be seen in
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Wright et al., Rational design of a split-Cas9 enzyme complex. PNAS 112:2984-2989 (2015),

the content of which is hereby incorporated by reference in its entirety).

[0173] To use exemplary recombinant expression systems as provided herein in treatment
of a human subject or animal, the vector, e.g., the AAV, system can, for example, be injected
by the following methods: (1) Skeletal muscle tissue (intramuscular) at multiple sites
simultaneously (relevant indication: myotonic dystrophy)—injection of 10''-10"* GC
(genome copies) per injection into major muscle group such as the abdominal muscles,
biceps, deltoids, erector spinae, gastrocnemius, soleus, gluteus, hamstrings, latissimus dorst,
rhomboids, obliques, pectoralis, quadriceps, trapezius and/or triceps; (2) Intravenous delivery
of a targeted AAV serotype such as AAV-9 or AAV-6 for muscle targeting—injection of
10"-10" GC per injection for a total of 10"-10"” GC delivered; 3. Subpial spinal injection of
AAV-6, AAV-9 or another serotype displaying neuronal tropism —injection of 10''-10"" GC
in a single or multiple doses; 4. Intracranial injection of AAV-6, AAV-9 or another serotype

displaying neuronal tropism—injection of 10"'-10"” GC in a single or multiple doses.

[0174] In other embodiments, recombinant expression systems disclosed herein may be
formulated by methods known in the art. In addition, any route of administration may be
envisioned such as, e.g., by any conventional route of administration including, but not
limited to oral, pulmonary, intraperitoneal (ip), intravenous (iv), intramuscular (im),
subcutaneous (sc), transdermal, buccal, nasal, sublingual, ocular, rectal and vaginal. In
addition, administration directly to the nervous system may include, and are not limited to,
intracerebral, intraventricular, intracerebroventricular, intrathecal, intracistemal, intraspinal or
peri-spinal routes of administration by delivery via intracranial or intravertebral needles or
catheters with or without pump devices. Any dose or frequency of administration that
provides the therapeutic effect described herein is suitable for use in the present treatment. In
a particular embodiment, the subject is administered a viral vector encoding the recombinant
expression system according to the disclosure by the intramuscular route. In one embodiment,
the vector is an AAV vector as defined above, is an AAV9 vector. In some embodiments, the
human subject may receive a single injection of the vector. Additionally, standard
pharmaceutical methods can be employed to control the duration of action. These are well

known in the art and include control release preparations and can include appropriate
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macromolecules, for example polymers, polyesters, polyamino acids, polyvinyl, pyrolidone,
ethylenevinylacetate, methyl cellulose, carboxymethyl cellulose or protamine sulfate. In
addition, the pharmaceutical composition may comprise nanoparticles that contain the

recombinant expression system of the present disclosure.

[0175] Also provided by this invention is a composition comprising, consisting of, or
consisting essentially of one or more of a recombinant expression system, vector, cell, or
viral particle as described herein and a carrier. In some embodiments, the carrier is a

pharmaceutically acceptable carrier.

[0176] In some embodiments, the recombinant expression systems as disclosed herein can
optionally include the additional administration of a PAMmer oligonucleotide, i.e., co-
administration with the disclosed systems simultaneously or sequentially of a corresponding
PAMmer. Selection techniques for PAMmer oligonucleotide sequences are well known in
the art and can be found for example, in WO 2015/089277, incorporated herein by reference
in its entirety. Although a PAMmer may in some instances increase binding affinity of dCas9
to RNA in vivo as well as in vitro, Applicants’ prior work WO 2017/091630, incorporated
herein by reference in its entirety, surprisingly found that a PAMmer is not required to
achieve RNA recognition and editing. To simplify Applicants’ delivery strategy herein and
to maintain the disclosed systems herein as fully encodeable systems, the experiments below
were performed in the absence of a PAMmer. A schematic of this mechanism is outlined in

FIG. 1A.

[0177] Disclosed herein are methods of using recombinant expression systems as disclosed
herein as a research tool, e.g. to characterize the effects of directed cellular RNA editing on

processing and dynamics.

[0178] Additionally disclosed herein are methods of using recombinant expression systems
as disclosed herein as a therapeutic for diseases, e.g. by using viral (AAV) or other vector-
based delivery approaches to deliver the recombinant expression systems for in vivo or ex

vivo RNA editing to treat a disease in need of such editing.

[0179] Non-limiting examples of targets and related diseases include, but are not limited to,
premature termination codon RNA diseases such as Hurler’s syndrome, Cystic fibrosis,
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Duchenne muscular dystrophy, others, as well as diseases associated with deficiencies in
RNA editing such as excitotoxic neuronal disorders affiliated with under-editing of the Q/R
residue of AMPA subunit GluA2. Excitotoxicity may be involved in spinal cord injury,
stroke, traumatic brain injury, hearing loss (through noise overexposure or ototoxicity), and
in neurodegenerative diseases of the central nervous system (CNS) such as multiple sclerosis,
Alzheimer's disease, amyotrophic lateral sclerosis (ALS), Parkinson's disease, alcoholism or
alcohol withdrawal and especially over-rapid benzodiazepine withdrawal, and also

Huntington's disease.
Examples

[0180] The following examples are non-limiting and illustrative of procedures which can be
used in various instances in carrying the disclosure into effect. Additionally, all reference

disclosed herein below are incorporated by reference in their entirety.

[0181] Described below are prototypes of the recombinant expression system generated by
Applicant that 1) recognize and edit a reporter mRNA construct in living cells at a base
specific level and 2) reverse premature termination codon (PTC) mediated silencing of

expression from eGFP reporter transcripts in living cells (see FIGS. 1C and 1D).
Example 1 — Directed editing of cellular RNA via nuclear delivery of CRISPR/Cas9
Plasmid Construction

[0182] The sequence encoding dCas9-2xNLS was cloned from pCDNA3.1-dCas9-2xNLS-
EGFP (Addgene plasmid #74710). For the ADAR2-XTEN-dCas9 fusion product, the dCas9
sequence fused to an XTEN peptide linker and an ADAR?2 catalytic domain (PCR amplified
from human ADAR2 ORF) into a pCDNA3.1 (Invitrogen) backbone using Gibson assembly.
The dCas9 moiety was removed by inverse PCR using primers flanking the dCas9-NLS
sequence to generate the ADAR2-XTEN fusion. PCR-mediated site-directed mutagenesis
was performed to generate the ADAR2-XTEN-dCas9 E488Q and ADAR2-XTEN E488Q
mutant variants, using the ADAR2-XTEN-dCas9 and ADAR2-XTEN respectively as
templates. All fusion sequences were cloned into pPCDNAS/FRT/TO (Invitrogen) through
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PCR amplification and restriction digestion using FastDigest HindIII and NotI (Thermo
Fisher).

[0183] To construct the esgRNA backbone, sequences for mammalian Efla promoter,
mCherry ORF, and BGH poly(A) signal were Gibson assembled into pBlueScript II SK (+)
(Agilent) backbone bearing a modified sgRNA scaffold (Chen et al. 2013) driven by a U6
polymerase III promoter. Individual sgRNAs bearing a 3’ extension sequences were
generated by PCR amplifying the modified sgRNA scaffold using tailed primers bearing the
spacer and extension sequences and Gibson assembling into the pBlueScript IT SK(+)-

mCherry vector downstream of the U6 promoter.
Cell lines and Transfections

[0184] Flp-In T-REX 293 were cultured in Dulbecco’s modified eagle medium (DMEM)
supplemented with 10% fetal bovine serum (Gibco). Cells were passaged every 3-4 days

using TrypLE Express (Gibco) and maintained in a tissue culture incubator at 37 °C with 5%

COa.

[0185] Stable, doxycycline-inducible lines were generated by seeding cells on 10cm tissue
culture dished and co-transfecting at 60-70% confluency with 1 ug pCDNAS/FRT/TO
bearing the ADAR?2 fusion constructs along with 9 ug pOG44 (Invitrogen), which encodes
the Flp recombinase using polyethylenimine (PEI). Cells were subsequently passaged to 25%
confluency and selected with 5 ug/ml blasticidin and 100 ug/ml hygromycin B (Gibco) after
48 hours. Cells remained under selection until individual hygromycin-resistant colonies

identified, and 8-10 colonies were picked for expansion and validation.

[0186] Prior to transfection, 0.1 x 10° cells were seeded onto a 24-well plate 24 hours prior
to the day of transfection and pre-incubated with doxycycline at a final concentration of 1
ug/ml for 24 hours. Cells were then co-transfected with 150 ug of respective sgRNA-
mCherry constructs with 350 ug of W58X mutant or WT eGFP reporter construct (generous
gifts from Stafforst lab) using Lipofectamine 3000 (Invitrogen). Cells were kept under
doxycycline induction for 48 hours following transfection before imaging and FACS

analysis. Images were captured using a Zeiss fluorescence microscope at 20x magnification.
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Flow Cytometry Analysis

[0187] Cells were dissociated with TrypLE Express using standard protocol. Cells were
then resuspended in 1X DPBS (Corning) supplemented with 5% FBS, passed through a
35um nylon cell strainer, and subjected to flow cytometry analysis using an LSRFortessa or
Accuri instrument (BD). Cells were appropriately gated and analyzed for GFP (FITC)
fluorescence. To normalize for transfection efficiency, individual values of percent eGFP
corrected for each fusion-esgRNA pair was calculated by taking the fraction of GFP-positive
cells from the W58X eGFP transfection population and dividing by the fraction of GFP-
positive cells when instead transfected with the WT eGFP reporter. FACS analysis was

analyzed using FlowJo software and compiled results were plotted using Graphpad Prism 6.
Discussion

[0188] In these experiments, and without limitation, the recombinant expression system
described above comprises A) nucleic acid sequences encoding a nuclease-dead Cas9
(dCas9) protein fused to the catalytic deaminase domain of the human ADAR?2 protein, and
B) an extended single guide RNA (esgRNA) sequence driven by a U6 polymerase 111
promoter. The systems were delivered to the nuclei of mammalian cells with the appropriate
transfection reagents and the sequences bind and edit target mRNA after forming an RCas9-
RNA recognition complex. This allows for selective RNA editing in which targeted
adenosine residues are deaminated to inosine to be recognized as guanosine by the cellular

machinery.

[0189] The catalytically active deaminase domains (DD) described in the above systems
were either wildtype human ADAR2 or human ADAR2 DD bearing a mutation (E488Q) that
increases enzymatic activity and affinity for RNA substrate as compared to wildtype human
ADAR?2. The DD was fused to a semi-flexible XTEN peptide linker at its C-terminus, which
was then fused to dCas9 at its N-terminus (FIG. 1B). To control for RNA-recognition
independent background editing, fusion constructs lacking the dCas9 moiety were also

generated (AX, AX-488Q).

[0190] The esgRNA construct was modified with a region of homology capable of near-
perfect RNA-RNA base pairing with over the desired site of editing. The homology region
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comprises a mismatch of the targeted adenosine, forcing an A-C mispairing and the
generation of a ‘pseudo-dsRNA’ substrate on the target transcript (FIG. 1A). This generates a
means of programmable RNA substrate recognition as well as simultaneous base-specific
deamination. Furthermore, these modified esgRNA constructs were cloned into a vector
additionally comprising a marker gene, e.g., mCherry construct driven by a separate Efla pol
II promoter, as shown in the examples. This provided for the sorting of cells transfected with
the esgRNA using flow-cytometry, and furthermore enrichment of cells with targeted RNA
editing.

Example 2 — Comparison of dSpCas9 and dSaCas9 CREDIT systems

[0191] dSaCas9 is significantly smaller than dSpCas9, which provides efficiency in viral
packaging. A CREDIT system was prepared comprising (1) an ADAR2(E488Q)-dSaCas9
fusion with a GSGS linker (SEQ ID NO: 12) and (2) an esgRNA with a scaffold sequence
specific to SaCas9 that targets an EGFP reporter (SEQ ID NO: 11). The efficiency of mRNA
editing by this system was compared to a system comprising ADAR2(E488Q)-dSpCas9, as
shown in FIG. 13B. ADAR2-dSaCas9 resulted in about 30% of target cells expressing
successfully edited EGFP RNA, as compared to about 20% by ADAR2-dSpCas9. Overall,
this data shows successful editing by both ADAR2-dSaCas9 and ADAR2-dSpCas9.

Example 3 — Treatment of Limb-girdle muscular dystrophy -type 2B

[0192] Limb-girdle muscular dystrophy -type 2B is caused by a defect in the Dysferlin
gene. By developing methods to accurately correct Dysferlin mRNA in a subject, a fully

functional dysferlin protein can be expressed in patients with this disorder.

[0193] The recombinant expression systems of the present disclosure allow for simple
correction of the mutant dysferlin mRNA. When combined with the disclosed AAV delivery
system, these systems can be used to efficiently target every major muscle with a single
intravenous administration, and provide a robust therapeutic strategy to treat muscular
dystrophy. Because the AAV will ultimately be used to target skeletal muscle, an AAV with
skeletal muscle tropism should be used such as AAV1, AAV6, AAV7, AAVSE, or AAVO.
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[0194] Viral particles are prepared as described herein. Briefly, Flp-In T-REX 293 cells are
transfected vectors as described in Example 1. An esgRNA is designed to target the mutant
locus within the subject’s dysferlin mRNA. The esgRNA can be designed to target a mutation
in one or more of the following dysferlin mRNAs: NM 001130455, NM_001130976,

NM 001130977, NM_001130978, NM_001130979, NM 001130980, NM_ 001130981,

NM 001130982, NM 001130983, NM_ 001130984, NM_ 001130985, NM_ 001130986,

NM 001130987, or NM_003494). In some embodiments, the subject’s dysferlin mRNA is
sequenced prior to design of the esgRNA to confirm the presence of a correctable A point
mutation. A nucleic acid encoding the esgRNA is cloned into a suitable vector. Following
transfection of the packaging cells, assembled viral particles are harvested and tested for Cas9
protein expression, as well as expression of esgRNA. The packaged virus is also assayed for
viral titer which should range from about 108 GC/mL to 10"17 GC/mL, with titer optimally
of about 10713 GC/mL. Viral titer can be assayed by western blot or by viral genome copy

number by qPCR and compared to copy number standard samples.

[0195] Modified viral particles can be administered ex vivo or in vifro to muscle stem or
progenitor cells from subjects with Limb-girdle muscular dystrophy -type 2B. Upon
integration of the viral vectors, the modified cells are transplanted back into subject via
intramuscular injection. Effectiveness of cell therapy with the cells treated with modified
AAYV is measured by improved muscle morphology, decreases in sarcolemmal localization of
the multimeric dystrophin-glycoprotein complex and neuronal nitric-oxide synthase, as well

as detection of dysferlin expression.

[0196] Alternatively, the viral particles can be administered in vivo to muscle tissue
through, for example, localized or systemic delivery such as intramuscular injection,
intraperitoneal injection, or intravenous injection. Effectiveness of viral gene therapy is

measured by improved muscle morphology as well as detection of dysferlin expression.

[0197] Efficiency of CRISPR —mediated RNA editing is assayed by designing PCR primers
that detect a reverse transcribed copy of the repaired dysferlin mRNA fragment. Expression
of repaired gene product can also be detected by PCR, histological staining, or western blot

of treated muscle tissue.
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Example 4 — Editing of CFTR mRNA

[0198] Cystic fibrosis is a genetic disorder that affects the lungs, pancreas, liver, kidneys,
and intestine. Long-term symptoms include difficulty breathing and coughing up mucus as a
result of frequent lung infections. Other signs and symptoms may include sinus infections,
poor growth, fatty stool, clubbing of the fingers and toes, and infertility. Cystic fibrosis is
caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR)
gene. By developing methods to accurately correct CFTR mRNA in a subject, a fully

functional CFTR protein can be expressed in these patients.

[0199] The recombinant expression systems of the present disclosure allow for simple
correction of CFTR mRNA. When combined with the a viral delivery system such as AAV or
lentivirus, these systems can be used to efficiently target affected tissues and provide a robust
therapeutic strategy to treat Cystic Fibrosis. AAV with lung tropism include but are not
limited to AAV4, AAVS, AAV6, and AAVO.

[0200] An esgRNA is designed to target the mutant locus within the subject’s CTFR
mRNA. In some embodiments, the subject’s CFTR mRNA is sequenced prior to design of the
esgRNA to confirm the presence of a correctable A point mutation. A nucleic acid encoding
the esgRNA is cloned into a suitable vector. A non-limiting example of a suitable CFTR
targeting spacer sequence is SEQ ID NO: 43. A non-limiting example of a suitable CFTR
extension sequence is SEQ ID NO: 44. A non-limiting example of a lentiviral plasmid
comprising an esgRNA targeted to CFTR is LCV2 _purpo CFTR 51 1217 gibson (SEQ ID
NO: 35).

[0201] Following transfection of the packaging cells, assembled viral particles are
harvested and tested for Cas9 protein expression, as well as expression of esgRNA. The
packaged virus is also assayed for viral titer which should range from about 108 GC/mL to
10717 GC/mL, with titer optimally of about 10713 GC/mL. Viral titer can be assayed by
western blot or by viral genome copy number by qPCR and compared to copy number

standard samples.

[0202] Viral particles can be administered in vivo to the subject through, for example,
localized or systemic delivery such as intraperitoneal injection, organ-targeted injection, or
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intravenous injection. Effectiveness of viral gene therapy is measured by improved lung
function, a reduction or amelioration of one or more symptoms of Cystic Fibrosis, and/or

detection of corrected CFTR protein expression.

[0203] Efficiency of CRISPR —mediated RNA editing is assayed by designing PCR primers
that detect a reverse transcribed copy of the repaired CFTR mRNA fragment. Expression of
repaired gene product can also be detected by PCR, histological staining, or western blot of

treated lung tissue.
Example S — Editing of IDUA mRNA

[0204] Hurler syndrome is a genetic disorder that results in the buildup of
glycosaminoglycans due to a deficiency of alpha-L iduronidase (IDUA), an enzyme
responsible for the degradation of mucopolysaccharides in lysosomes. Without this enzyme, a
buildup of dermatan sulfate and heparan sulphate occurs in the body. Symptoms include but
are not limited to hepatosplenomegaly, dwarfism, unique facial features, progressive mental

retardation, and early death due to organ damage.

[0205] The recombinant expression systems of the present disclosure allow for simple
correction of IDUA mRNA. When combined with the a viral delivery system such as AAV or
lentivirus, these systems can be used to provide a robust therapeutic strategy to treat Hurler

syndrome.

[0206] An esgRNA is designed to target the mutant locus within the subject’s IDUA
mRNA. In some embodiments, the subject’s IDUA mRNA is sequenced prior to design of the
esgRNA to confirm the presence of a correctable A point mutation. A nucleic acid encoding
the esgRNA is cloned into a suitable vector. A non-limiting example of a suitable IDUA
targeting spacer sequence is SEQ ID NO: 45. A non-limiting example of a suitable IDUA
extension sequence is SEQ ID NO: 46. A non-limiting example of a lentiviral plasmid
comprising an esgRNA targeted to IDUA is AXCM_LCV2 puro IDUA No-spacer gibson
(SEQ ID NO: 39).

[0207] Following transfection of the packaging cells, assembled viral particles are

harvested and tested for Cas9 protein expression, as well as expression of esgRNA. The
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packaged virus is also assayed for viral titer which should range from about 10"8 GC/mL to
10717 GC/mL, with titer optimally of about 10713 GC/mL. Viral titer can be assayed by
western blot or by viral genome copy number by qPCR and compared to copy number

standard samples.

[0208] Viral particles can be administered in vivo to the subject through, for example,
systemic delivery such as intravenous injection. Effectiveness of viral gene therapy is
measured by decrease in the amount of heparin sulphate in the subject, a reduction or
amelioration of one or more symptoms of Hurler syndrome, and/or detection of corrected

IDUA protein expression.

[0209] Efficiency of CRISPR —mediated RNA editing is assayed by designing PCR primers
that detect a reverse transcribed copy of the repaired IDUA mRNA fragment. Expression of
repaired gene product can also be detected by PCR, histological staining, or western blot of

treated tissues.
Equivalents

[0210] It should be understood that although the present invention has been specifically
disclosed by preferred embodiments and optional features, modification, improvement and
variation of the inventions embodied therein herein disclosed may be resorted to by those
skilled in the art, and that such modifications, improvements and variations are considered
to be with the scope of this invention. The materials, methods, and examples provided here
are representative of preferred embodiments, are exemplary, and are not intended as

limitations on the scope of the invention.

[0211] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso
or negative limitation removing any subject matter from the genus, regardless of whether or

not the excised material is specifically recited herein.

[0212] In addition, where features or aspects of the invention are described in terms of

Markush groups, those skilled in the art will recognize that the invention is also thereby
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described in terms of any individual member or subgroup of members of the Markush
group.

[0213] All publications, patent applications, patents, and other references mentioned
herein are expressly incorporated by reference in their entirety, to the same extent as if each
were incorporated by reference individually. In case of conflict, the present specification,

including definitions, will control.
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Sequences
[0214] Provided below are exemplary sequences of the constructs described herein.

pcDNA3.1(1) ADAR2 XTEN_ dCas9 (SEQ ID NO: 27)

LOCUS  Exported 10826 bp ds-DNA  circular
DEFINITION synthetic circular DNA
SOURCE  synthetic DNA construct
ORGANISM recombinant plasmid
REFERENCE 1 (bases 1 to 10826)
FEATURES Location/Qualifiers
source 1..10826
/organism="recombinant plasmid"
/mol_type="other DNA"
enhancer 235..614
/label=CMV enhancer
/note="human cytomegalovirus immediate early enhancer"
promoter 615..818
/label=CMYV promoter
/note="human cytomegalovirus (CMV) immediate early
promoter”
promoter 863..881
/label=T7 promoter
/note="promoter for bacteriophage T7 RNA polymerase"
misc_feature 927..954
/label=Homology 1 pCDNA3.1
primer_bind 955..976
/label=ADAR2CD-Cas9 HindIIl F
misc_feature 955..960
/label=Kozak
primer _bind  960..983
/label=Adar out forward lv2
CDS 961..2100
/codon_start=1
/label=ADARBI1_Catalytic Domain

/translation="MLADAVSRLVLGKFGDLTDNFSSPHARRKVLAGVVMTTGTDVKDA

KVISVSTGTKCINGEYMSDRGLALNDCHAEIISRRSLLRFLYTQLELYLNNKDDQKRST
FOKSERGGFRLKENVQFHLYISTSPCGDARIFSPHEPILEEPADRHPNRKARGQLRTKI
ESGEGTIPVRSNASIQTWDGVLOQGERLLTMSCSDKIARWNVVGIQGSLLSIFVEPIYFES
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SIILGSLYHGDHLSRAMYQRISNIEDLPPLYTLNKPLLSGISNAEARQPGKAPNEFSVNW
TVGDSAIEVINATTGKDELGRASRLCKHALYCRWMRVHGKVPSHLLRSKITKPNVYHES
KLAAKEYQAAKARLFTAFIKAGLGAWVEKPTEQDQFSLTP"
primer _bind 1324..1346
/label=E488Q ADAR2 Mut seq
primer _bind complement(1426..1447)
/label=E488Q Mut Classic R
primer _bind 1448..1472
/label=E488Q Mut Classic F
CDS 2101..2148
/codon_start=1
/label=XTEN
/translation="SGSETPGTSESATPES"
primer bind complement(2129..2148)
/label=ADAR2_CD Inverse R
CDS 2149..6252
/codon_start=1
/product="catalytically dead mutant of the Cas9
endonuclease from the Streptococcus pyogenes Type 11
CRISPR/Cas system"
/label=dCas9
/note="RNA-guided DNA-binding protein that lacks
endonuclease activity due to the D10A mutation in the RuvC
catalytic domain and the H840A mutation in the HNH
catalytic domain"

/translation="MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKK

NLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEES
FLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIK
FRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRL
ENLTAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQ
IGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVR
QOLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLL
RKORTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARG
NSREFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEY
FTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECEFD
SVEISGVEDREFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEER
LKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFM
QLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGR
HKPENIVIEMARENQTTQKGOQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLY
LYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP
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SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKH
VAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYL
NAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEFYSNIMNEFEFKT
ETITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGEFSK
ESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGI
TIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNE
LALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILAD
ANILDKVLSAYNKHRDKPIREQAENI THLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGD"
primer bind complement(6233..6252)
/label=Cas9 out rev lv2
primer_bind 6253..6274
/label=ADAR2 CD_ Inverse F
CDS 6256..6282
/codon_start=1
/product="HA (human influenza hemagglutinin) epitope tag"
/label=HA
/translation="YPYDVPDYA"
CDS 6301..6321
/codon_start=1
/product="nuclear localization signal of SV40 large T
antigen"
/label=SV40 NLS
/translation="PKKKRKV"
CDS 6328..6348
/codon_start=1
/product="nuclear localization signal of SV40 large T
antigen"
/label=SV40 NLS
/translation="PKKKRKV"
primer bind complement(6332..6357)
/label=ADAR2CD-Cas9 Notl R
misc_feature 6358..6392
/label=Homology 2 pCDNA3.1
polyA signal 6426..6650
/label=bGH poly(A) signal
/note="bovine growth hormone polyadenylation signal"
rep_origin  6696..7124
/direction=RIGHT
/label=f1 ori
/note="f1 bacteriophage origin of replication; arrow
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indicates direction of (+) strand synthesis"
promoter 7138..7467
/label=SV40 promoter
/note="SV40 enhancer and early promoter"
rep_origin  7318..7453
/label=SV40 ori
/note="SV40 origin of replication"
CDS 7534..8328
/codon_start=1
/gene="aph(3")-1I (or nptIl)"
/product="aminoglycoside phosphotransferase from Tn5"
/label=NeoR/KanR
/note="confers resistance to neomycin, kanamycin, and G418
(Geneticin(R))"

/translation="MI EQDGLHAGSPAAWVERLFGYDWAQQTIGCSDAAVFRLSAQGRP
VLFVKTDLSGALNELQDEAARLSWLATTGVPCAAVLDVVTEAGRDWLLLGEVPGQDLLS
SHLAPAEKVSIMADAMRRLHTLDPATCPFDHQAKHRIERARTRMEAGLVDQDDLDEEHQ
GLAPAELFARLKARMPDGEDLVVTHGDACLPNIMVENGRFSGFIDCGRLGVADRYQDTIA
LATRDIAEELGGEWADRFLVLYGIAAPDSQRIAFYRLLDEFF"
polyA signal 8502..8623
/label=SV40 poly(A) signal
/note="SV40 polyadenylation signal"
primer bind complement(8672..8688)
/label=M13 rev
/note="common sequencing primer, one of multiple similar
variants"
protein_bind 8696..8712
/label=lac operator
/bound moiety="lac repressor encoded by lacl"
/note="The lac repressor binds to the lac operator to
inhibit transcription in E. coli. This inhibition can be
relieved by adding lactose or
isopropyl-beta-D-thiogalactopyranoside (IPTG)."
promoter complement(8720..8750)
/label=lac promoter
/note="promoter for the E. coli lac operon"
protein_bind 8765..8786
/label=CAP binding site
/bound moiety="E. coli catabolite activator protein"
/note="CAP binding activates transcription in the presence
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of cAMP."
rep_origin  complement(9074..9659)
/direction=LEFT
/label=ori
/note="high-copy-number ColE1/pMB1/pBR322/pUC origin of
replication”
CDS complement(9830..10690)
/codon_start=1
/gene="bla"
/product="beta-lactamase"
/label=AmpR
/note="confers resistance to ampicillin, carbenicillin, and
related antibiotics"

/translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVKVKDAEDQLGARVGYI
ELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRIDAGQEQLGRRIHYSQNDLVEYS
PVTEKHLTDGMTVRELCSAATTMSDNTAANLLLTTIGGPKELTAFLHNMGDHVTRLDRW
EPELNEATIPNDERDTTMPVAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPLLRSA
LPAGWFIADKSGAGERGSRGIIAALGPDGKPSRIVVIYTTGSQATMDERNRQIAETIGAS
LIKHW"
promoter complement(10691..10795)
/gene="bla"
/label=AmpR promoter
ORIGIN
1 gacggatcgg gagatctcce gatcecctat ggtgeactct cagtacaatce tgetctgatg
61 ccgcatagtt aagccagtat ctgctecctg cttgtgtgtt ggaggteget gagtagtgeg
121 cgagcaaaat ttaagctaca acaaggcaag gettgaccga caattgeatg aagaatctge
181 ttagggttag gegttttgeg ctgcttcgeg atgtacggge cagatatacg cgttgacatt
241 gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata
301 tggagttccg cgttacataa cttacggtaa atggeeccgee tggetgaceg cccaacgace
361 cccgceccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttee
421 attgacgtca atgggtggag tatttacggt aaactgcceca cttggeagta catcaagtgt
481 atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggecc gectggeatt
541 atgcccagta catgacctta tgggactttc ctacttggea gtacatctac gtattagtca
601 tcgctattac catggtgatg cggttttggc agtacatcaa tgggegtgga tageggtttg
661 actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcace
721 aaaatcaacg ggactttcca aaatgtcgta acaactccge cccattgacg caaatgggeg
781 gtaggcgtgt acggtgggag gtctatataa gcagagetct ctggcetaact agagaaccca
841 ctgcttactg gettatcgaa attaatacga ctcactatag ggagacccaa getggetage
901 gtttaaacgg gccectetaga ctcgagegge cgecactgtg ctggatatct gcagagaacce
961 atgttagctg acgetgtete acgectggte ctgggtaagt ttggtgacct gaccgacaac

71-



WO 2018/208998 PCT/US2018/031913

1021 ttctectece cteacgeteg cagaaaagtg ctggetggag tegtecatgac aacaggeaca
1081 gatgttaaag atgccaaggt gataagtgtt tctacaggaa caaaatgtat taatggtgaa
1141 tacatgagtg atcgtggcct tgcattaaat gactgccatg cagaaataat atctcggaga
1201 tccttgetca gatttcttta tacacaactt gagctttact taaataacaa agatgatcaa

1261 aaaagatcca tctttcagaa atcagagcga ggggggttta ggctgaagga gaatgtccag
1321 tttcatctgt acatcagcac cteteectgt ggagatgeca gaatcttcte accacatgag

1381 ccaatcctgg aagaaccagce agatagacac ccaaatcgta aagcaagagg acagctacgg
1441 accaaaatag agtctggtga ggggacgatt ccagtgeget ccaatgegag catccaaacg
1501 tgggacgggg tectgcaagg ggageggctg ctcaccatgt cctgeagtga caagattgea
1561 cgctggaacg tggtgggcat ccagggatce ctgetcagea ttttcgtgga geccatttac
1621 ttctcgagea tcatcctggg cagectttac cacggggacc acctttccag ggecatgtac
1681 cagcggatct ccaacataga ggacctgeca cctctetaca cectcaacaa gecetttgete
1741 agtggcatca gcaatgcaga agcacggeag ccagggaagg cccccaactt cagtgtcaac
1801 tggacggtag gcgactcege tattgaggtce atcaacgeca cgactgggaa ggatgagcetg
1861 ggcegegegt cecgectgtg taagecacgeg ttgtactgte getggatgeg tetgcacgge
1921 aaggttccct cecacttact acgetccaag attaccaage ccaacgtgta ccatgagtee
1981 aagctggcgg caaaggagta ccaggecgec aaggegegtce tgttcacage cttcatcaag
2041 gecggggctgg gggcctgggt ggagaagece accgageagg accagttcte actcacgecc
2101 agtggaagtg agacaccggg aacctcagag agcgecacge cagaaageat ggacaagaag
2161 tacagcatcg gectggecat cggeaccaac tetgtgggct gggccgtgat caccgacgag
2221 tacaaggtgc ccagcaagaa attcaaggtg ctgggcaaca ccgaccggea cageatcaag
2281 aagaacctga tcggcgecect getgttcgac agcggagaaa cagecgagge cacccggctg
2341 aagagaaccg ccagaagaag atacaccaga cggaagaacc ggatctgeta tctgcaagag
2401 atcttcagca acgagatgge caaggtggac gacagcttct tccacagact ggaagagtce
2461 ttcctggtgg aagaggataa gaagcacgag cggeaccceca tettcggeaa catcgtggac
2521 gaggtggect accacgagaa gtaccccacc atctaccacc tgagaaagaa actggtggac
2581 agcaccgaca aggccgacct gecggetgate tatctggecce tggeccacat gatcaagtte
2641 cggggccact tectgatcga gggegacctg aaccccgaca acagegacgt ggacaagcetg
2701 ttcatccage tggtgcagac ctacaaccag ctgttcgagg aaaaccccat caacgecage
2761 ggcgtggacg ccaaggecat cctgtetgee agactgagea agagcagacg getggaaaat
2821 ctgatcgeee agetgeecgg cgagaagaag aatggectgt tcggeaacct gattgeectg
2881 agcctgggec tgacceccaa cttcaagage aacttcgace tggecgagga tgecaaactg
2941 cagctgagca aggacaccta cgacgacgac ctggacaacc tgetggecca gatcggegac
3001 cagtacgceg acctgtttet ggecgecaag aacctgtecg acgecatect getgagegac
3061 atcctgagag tgaacaccga gatcaccaag geeececctga gegectctat gatcaagaga
3121 tacgacgagc accaccagga cctgaccctg ctgaaagete tegtgeggea geagetgect
3181 gagaagtaca aagagatttt cttcgaccag agcaagaacg gctacgecgg ctacatcgat
3241 ggcggageca gecaggaaga gttctacaag ttcatcaage ccatcctgga aaagatggac
3301 ggcaccgagg aactgctcgt gaagetgaac agagaggace tgetgeggaa gecageggace
3361 ttcgacaacg gcagcatcee ccaccagate cacctgggag agetgeacge cattetgegg
3421 cggcaggaag atttttaccc attcctgaag gacaaccggg aaaagatcga gaagatcctg
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3481 accttcegea tecectacta cgtgggecct ctggecaggg gaaacageag attcgectgg
3541 atgaccagaa agagcgagga aaccatcacc ccctggaact tcgaggaagt ggtggacaag
3601 ggcgecageg ceccagagctt catcgagegg atgaccaact tcgataagaa cctgeccaac
3661 gagaaggtgc tgcccaagea cagectgetg tacgagtact tcaccgtgta caacgagcetg
3721 accaaagtga aatacgtgac cgagggaatg agaaagcccg ccttcctgag cggegageag
3781 aaaaaagcca tcgtggacct getgttcaag accaaccgga aagtgaccgt gaagcagcetg
3841 aaagaggact acttcaagaa aatcgagtgc ttcgactccg tggaaatctc cggegtggaa
3901 gatcggttca acgcecteect gggcacatac cacgatctge tgaaaattat caaggacaag
3961 gacttcctgg acaatgagga aaacgaggac attctggaag atatcgtgct gaccctgaca
4021 ctgtttgagg acagagagat gatcgaggaa cggctgaaaa cctatgecca cetgttcgac
4081 gacaaagtga tgaagcagct gaagcggegg agatacaccg getggggeag getgagecgg
4141 aagctgatca acggcatccg ggacaagcag tccggcaaga caatcctgga tttectgaag
4201 tccgacggct tcgecaacag aaacttcatg cagetgatee acgacgacag cctgaccttt
4261 aaagaggaca tccagaaagc ccaggtgtcc ggecagggeg atagectgea cgagceacatt
4321 gccaatctgg ccggeagecc cgecattaag aagggceatcee tgcagacagt gaaggtggtg
4381 gacgagctcg tgaaagtgat gggecggeac aageccgaga acatcgtgat cgaaatggee
4441 agagagaacc agaccaccca gaagggacag aagaacagec gegagagaat gaageggate
4501 gaagagggca tcaaagagct gggecagecag atcctgaaag aacaccccgt ggaaaacacc
4561 cagctgcaga acgagaagct gtacctgtac tacctgcaga atgggcggga tatgtacgtg
4621 gaccaggaac tggacatcaa ccggctgtee gactacgatg tggacgctat cgtgectecag
4681 agctttctga aggacgactc catcgataac aaagtgcetga ctcggagega caagaaccgg
4741 ggcaagagcg acaacgtgcc ctccgaagag gtcgtgaaga agatgaagaa ctactggege
4801 cagctgctga atgccaagcet gattacccag aggaagttcg acaatctgac caaggecgag
4861 agaggcggcec tgagegaact ggataaggec ggcttcatca agagacagcet ggtggaaace
4921 cggcagatca caaagcacgt ggcacagatc ctggactcce ggatgaacac taagtacgac
4981 gagaacgaca aactgatccg ggaagtgaaa gtgatcacce tgaagtccaa getggtgtee
5041 gatttccgga aggatttcca gttttacaaa gtgecgegaga tcaacaacta ccaccacgec
5101 cacgacgcct acctgaacge cgtegtggga accgecctga tcaaaaagta cectaagetg
5161 gaaagcgagt tcgtgtacgg cgactacaag gtgtacgacg tgeggaagat gatcgecaag
5221 agcgagcagg aaatcggcaa ggcetaccgec aagtacttct tctacagecaa catcatgaac
5281 tttttcaaga ccgagattac cctggecaac ggegagatce ggaageggec tetgatcgag
5341 acaaacggcg aaacaggcga gatcgtgtgg gataagggee gggactttge caccgtgegg
5401 aaagtgctgt ctatgcecca agtgaatatc gtgaaaaaga ccgaggtgca gacaggcggc
5461 ttcagcaaag agtctatcct gcccaagagg aacagcgaca agetgatcge cagaaagaag
5521 gactgggacc ctaagaagta cggcggcttc gacageccca ccgtggecta ttetgtgctg
5581 gtggtggcca aagtggaaaa gggcaagtce aagaaactga agagtgtgaa agagetgctg
5641 gggatcacca tcatggaaag aagcagcttc gagaagaatc ccatcgactt tctggaagee
5701 aagggctaca aagaagtgaa aaaggacctg atcatcaagc tgectaagta ctecctgtte
5761 gagctggaaa acggeeggaa gagaatgetg gectetgecg gegaactgea gaagggaaac
5821 gaactggccece tgeectccaa atatgtgaac ttectgtace tggccageca ctatgagaag
5881 ctgaagggct cccecgagga taatgagcag aaacagetgt ttgtggaaca geacaaacac
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5941 tacctggacg agatcatcga gcagatcage gagttctcca agagagtgat cectggecgac
6001 gctaatctgg acaaggtgct gagegectac aacaagceaca gagacaagcec tatcagagag
6061 caggccgaga atatcatcca cctgtttace ctgaccaate tgggageccc tgeegectte
6121 aagtactttg acaccaccat cgaccggaag aggtacacca gcaccaaaga ggtgctggac
6181 gccaccctga tccaccagag catcaccgge ctgtacgaga cacggatcga cetgtetcag
6241 ctgggaggcg acgectatce ctatgacgtg cccgattatg ccagectggg cageggetee
6301 cccaagaaaa aacgcaaggt ggaagatcct aagaaaaage ggaaagtgga cgtgtaacca
6361 ccacactgga ctagtggatc cgagctcggt accaagctta agtttaaacce getgatcage
6421 ctcgactgtg ccttctagtt geccagcecate tgttgtttge cectecceeg tgecttectt

6481 gaccctggaa ggtgccacte ccactgtect ttcctaataa aatgaggaaa ttgecatcgea

6541 ttgtctgagt aggtgtcatt ctattctggg ggetegoote ggocaggaca gcaaggggga

6601 ggattgggaa gacaatagca ggcatgctgg ggatgeggte ggctctatgg cttetgagge
6661 ggaaagaacc agctggggct ctagggggta tccccacgeg cectgtageg gegeattaag

6721 cgcggegggt gtegtgotta cgecgeagegt gaccgcetaca cttgecageg cectagegee
6781 cgctecttte getttcttee cttectttet cgecacgtte gecggcettte cecgtcaage

6841 tctaaatcgg gggcteectt tagggtteeg atttagtgct ttacggeacce tcgaccccaa
6901 aaaacttgat tagggtgatg gttcacgtag tgggccatcg cectgataga cggtttttcg
6961 ccctttgacg ttggagtccea cgttctttaa tagtggactc ttgttccaaa ctggaacaac
7021 actcaaccct atctcggtct attcttttga tttataaggg attttgccga tttcggecta

7081 ttggttaaaa aatgagctga tttaacaaaa atttaacgcg aattaattct gtggaatgtg
7141 tgtcagttag ggtgtggaaa gtccccagge teccccageag gecagaagtat gcaaageatg
7201 catctcaatt agtcagcaac caggtgtgga aagtccccag getccccage aggeagaagt
7261 atgcaaagca tgcatctcaa ttagtcagcea accatagtce cgeccctaac teccgeccate
7321 ccgececctaa ctecgeecag ttecgeccat tetcegeecce atggetgact aatttttttt
7381 atttatgcag aggccgaggce cgectetgec tetgagcetat tccagaagta gtgaggaggc
7441 ttttttggag gectaggctt ttgcaaaaag ctccecgggag cttgtatate cattttcgga
7501 tctgatcaag agacaggatg aggatcgttt cgcatgattg aacaagatgg attgcacgea
7561 ggttctecgg cegettgggt ggagaggcta ttcggcetatg actgggcaca acagacaate
7621 ggctgetetg atgecgecegt gtteccggetg tcagegeagg ggegeeeggt tetttttgte
7681 aagaccgacc tgtccggtec cetgaatgaa ctgecaggacg aggeagegeg getategtgg
7741 ctggccacga cgggegttee ttgegeaget gtgctcgacg ttgtcactga agegggaagg
7801 gactggctgc tattgggcega agtgccgggg caggatctee tgtcatctea cettgetect
7861 gccgagaaag tatccatcat ggetgatgca atgeggeggc tgcatacget tgatcegget
7921 acctgcccat tcgaccacca agegaaacat cgeatcgage gageacgtac tcggatggaa
7981 gceggtcttg tcgatcagga tgatctggac gaagagceate aggggctege gecagecgaa
8041 ctgttcgeca ggctcaagge gegeatgece gacggegagg atctegtegt gacccatgge
8101 gatgcctgcet tgecgaatat catggtggaa aatggecgct tttctggatt catcgactgt
8161 ggceggctgg gtgtggcgga cecgetatcag gacatagegt tggctacceg tgatattgct
8221 gaagagcttg gcggegaatg ggctgaccge ttectegtgc tttacggtat cgecgeteee
8281 gattcgcage geatcgectt ctatcgectt cttgacgagt tettctgage gggactctgg
8341 ggttcgaaat gaccgaccaa gcgacgecca acctgecate acgagattte gattccaceg
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8401 ccgcecttcta tgaaaggtte gecttcggaa tegttttccg ggacgecgge tggatgatee
8461 tccagegegg ggatctcatg ctggagttct tcgeccaccee caacttgttt attgcagett
8521 ataatggtta caaataaagc aatagcatca caaatttcac aaataaagca tttttttcac
8581 tgcattctag ttgtggttte tccaaactca tcaatgtate ttatcatgtc tgtataccgt

8641 cgacctctag ctagagcttg gegtaatcat ggtcataget gtttectgtg tgaaattgtt
8701 atccgctcac aattccacac aacatacgag ccggaagceat aaagtgtaaa gectggggte
8761 cctaatgagt gagctaactc acattaattg cgttgegete actgeccegcet ttccagtegg
8821 gaaacctgtc gtgccagetg cattaatgaa tcggecaacg cgeggggaga ggeggtttac
8881 gtattgggcg ctcttccget tectegetea ctgacteget gegeteggte gttcggetge
8941 ggcgageggt atcagetcac tcaaaggegg taatacggtt atccacagaa tcaggggata
9001 acgcaggaaa gaacatgtga gcaaaaggce agcaaaaggce caggaaccgt aaaaaggecg
9061 cgttgctggc gtttttccat aggeteegee ceectgacga geatcacaaa aatcgacget
9121 caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggcgttt ccccctggaa
9181 gcteectegt gegetetect gtteccgacce tgeegettac cggatacctg teegecttte
9241 tcecttcggg aagegtggeg ctttctcata getcacgcetg taggtatcte agttcggtgt
9301 aggtcgttcg ctccaagetg ggetgtgtge acgaaccece cgttcagece gaccgetgeg
9361 ccttatccgg taactatcgt cttgagtcca acccggtaag acacgactta tcgecactgg
9421 cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtect acagagttct
9481 tgaagtggtg gcctaactac ggetacacta gaagaacagt atttggtate tgegetetge
9541 tgaagccagt taccttcgga aaaagagttg gtagctcttg atccggceaaa caaaccaccg
9601 ctggtagcgg tttttttgtt tgcaagcage agattacgeg cagaaaaaaa ggatctcaag
9661 aagatccttt gatcttttct acggggtctg acgetcagtg gaacgaaaac tcacgttaag
9721 ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat
9781 gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgct
9841 taatcagtga ggcacctatc tcagcgatct gtctatttcg ttcatccata gttgectgac
9901 tccecgtegt gtagataact acgatacggg agggcttace atctggecce agtgetgeaa
9961 tgataccgcg agacccacge tcaccggete cagatttatc agcaataaac cagecagecg
10021 gaagggccga gegeagaagt ggtectgeaa ctttatccge ctecatccag tetattaatt
10081 gttgccggga agctagagta agtagttcge cagttaatag tttgegceaac gttgttgeca
10141 ttgctacagg catcgtggtg tcacgcetegt cgtttggtat ggcttcatte agetccggtt
10201 cccaacgatc aaggcgagtt acatgatcce ccatgttgtg caaaaaageg gttagetect
10261 tcggtectee gatcgttgte agaagtaagt tggecgeagt gttatcacte atggttatgg
10321 cagcactgca taattctctt actgtcatge catccgtaag atgcttttct gtgactggtg
10381 agtactcaac caagtcattc tgagaatagt gtatgcggcg accgagttge tettgecegg
10441 cgtcaatacg ggataatacc gcgccacata gcagaacttt aaaagtgcte atcattggaa
10501 aacgttcttc ggggcgaaaa ctctcaagga tettaccget gttgagatee agttcgatgt
10561 aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccage gtttetgggt
10621 gagcaaaaac aggaaggcaa aatgccgeaa aaaagggaat aagggcgaca cggaaatgtt
10681 gaatactcat actcttcctt tttcaatatt attgaagcat ttatcagggt tattgtctca

10741 tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt ccgegeacat
10801 ttccccgaaa agtgecacct gacgte
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pcDNA3.1(1) ADAR2 XTEN control (SEQ ID NO: 28).

LOCUS  Exported 6722 bp ds-DNA  circular
DEFINITION synthetic circular DNA
FEATURES Location/Qualifiers
source 1..6722
/organism="synthetic DNA construct"
/mol_type="other DNA"
enhancer 235..614
/label=CMV enhancer
/note="human cytomegalovirus immediate early enhancer"
promoter 615..818
/label=CMYV promoter
/note="human cytomegalovirus (CMV) immediate early
promoter”
promoter 863..881
/label=T7 promoter
/note="promoter for bacteriophage T7 RNA polymerase"
misc_feature 927..954
/label=Homology 1 pCDNA3.1
primer_bind 955..976
/label=ADAR2CD-Cas9 HindIIl F
primer _bind  960..983
/label=Adar out forward lv2
CDS 961..2100
/codon_start=1
/label=ADARB1(E488Q) Catalytic Domain

/translation="MLADAVSRLVLGKFGDLTDNFSSPHARRKVLAGVVMTTGTDVKDA
KVISVSTGTKCINGEYMSDRGLALNDCHAEIISRRSLLRFLYTQLELYLNNKDDQKRST
FOKSERGGFRLKENVQFHLYISTSPCGDARIFSPHEPILEEPADRHPNRKARGQLRTKI
ESGEGTIPVRSNASIQTWDGVLOQGERLLTMSCSDKIARWNVVGIQGSLLSIFVEPIYFES
SIILGSLYHGDHLSRAMYQRISNIEDLPPLYTLNKPLLSGISNAEARQPGKAPNEFSVNW
TVGDSAIEVINATTGKDELGRASRLCKHALYCRWMRVHGKVPSHLLRSKITKPNVYHES
KLAAKEYQAAKARLFTAFIKAGLGAWVEKPTEQDQEFSLTP"
primer_bind 1324..1346
/label=E488Q ADAR2 Mut
primer _bind complement(1426..1447)
/label=E488Q Mut Classic R
primer _bind 1448..1472
/label=E488Q Mut_Classic F
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CDS 2101..2148
/codon_start=1
/label=XTEN
/translation="SGSETPGTSESATPES"
primer bind complement(2129..2148)
/label=ADAR2_CD Inverse R
primer _bind 2149.2170
/label=ADAR2 CD_ Inverse F
CDS 2152.2178
/codon_start=1
/product="HA (human influenza hemagglutinin) epitope tag"
/label=HA
/translation="YPYDVPDYA"
CDS 2197.2217
/codon_start=1
/product="nuclear localization signal of SV40 large T
antigen"
/label=SV40 NLS
/translation="PKKKRKV"
CDS 2224.2244
/codon_start=1
/product="nuclear localization signal of SV40 large T
antigen"
/label=SV40 NLS
/translation="PKKKRKV"
primer bind complement(2228..2253)
/label=ADAR2CD-Cas9 Notl R
misc_feature 2254 2288
/label=Homology 2 pCDNA3.1
polyA signal 2322.2546
/label=bGH poly(A) signal
/note="bovine growth hormone polyadenylation signal"
rep_origin  2592..3020
/direction=RIGHT
/label=f1 ori
/note="f1 bacteriophage origin of replication; arrow
indicates direction of (+) strand synthesis"
promoter 3034..3363
/label=SV40 promoter
/note="SV40 enhancer and early promoter"
rep_origin  3214..3349
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/label=SV40 ori
/note="SV40 origin of replication"
CDS 3430..4224
/codon_start=1
/gene="aph(3")-1I (or nptIl)"
/product="aminoglycoside phosphotransferase from Tn5"
/label=NeoR/KanR
/note="confers resistance to neomycin, kanamycin, and G418
(Geneticin(R))"

/translation="MI EQDGLHAGSPAAWVERLFGYDWAQQTIGCSDAAVFRLSAQGRP
VLFVKTDLSGALNELQDEAARLSWLATTGVPCAAVLDVVTEAGRDWLLLGEVPGQDLLS
SHLAPAEKVSIMADAMRRLHTLDPATCPFDHQAKHRIERARTRMEAGLVDQDDLDEEHQ
GLAPAELFARLKARMPDGEDLVVTHGDACLPNIMVENGRFSGFIDCGRLGVADRYQDTIA
LATRDIAEELGGEWADRFLVLYGIAAPDSQRIAFYRLLDEFE"
polyA signal 4398.4519
/label=SV40 poly(A) signal
/note="SV40 polyadenylation signal"
primer bind complement(4568..4584)
/label=M13 rev
/note="common sequencing primer, one of multiple similar
variants"
protein_bind 4592..4608
/label=lac operator
/bound moiety="lac repressor encoded by lacl"
/note="The lac repressor binds to the lac operator to
inhibit transcription in E. coli. This inhibition can be
relieved by adding lactose or
isopropyl-beta-D-thiogalactopyranoside (IPTG)."
promoter complement(4616..4646)
/label=lac promoter
/note="promoter for the E. coli lac operon"
protein_bind 4661..4682
/label=CAP binding site
/bound moiety="E. coli catabolite activator protein"
/note="CAP binding activates transcription in the presence
of cAMP."
rep_origin  complement(4970..5555)
/direction=LEFT
/label=ori
/note="high-copy-number ColE1/pMB1/pBR322/pUC origin of

_78-



WO 2018/208998 PCT/US2018/031913

replication”
CDS complement(5726..6586)
/codon_start=1
/gene="bla"
/product="beta-lactamase"
/label=AmpR
/note="confers resistance to ampicillin, carbenicillin, and
related antibiotics"

/translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVKVKDAEDQLGARVGYI
ELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRIDAGQEQLGRRIHYSQNDLVEYS
PVTEKHLTDGMTVRELCSAATTMSDNTAANLLLTTIGGPKELTAFLHNMGDHVTRLDRW
EPELNEATIPNDERDTTMPVAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPLLRSA
LPAGWFIADKSGAGERGSRGIIAALGPDGKPSRIVVIYTTGSQATMDERNRQIAETIGAS
LIKHW" promoter complement(6587..6691)
/gene="bla"
/label=AmpR promoter
ORIGIN
1 gacggatcgg gagatctcce gatcecctat ggtgeactct cagtacaatce tgetctgatg

61 ccgcatagtt aagccagtat ctgctecctg cttgtgtgtt ggaggteget gagtagtgeg

121 cgagcaaaat ttaagctaca acaaggcaag gettgaccga caattgeatg aagaatctge

181 ttagggttag gegttttgeg ctgcttcgeg atgtacggge cagatatacg cgttgacatt

241 gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata

301 tggagttccg cgttacataa cttacggtaa atggeeccgee tggetgaceg cccaacgace

361 cccgceccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttee

421 attgacgtca atgggtggag tatttacggt aaactgcceca cttggeagta catcaagtgt

481 atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggecc gectggeatt

541 atgcccagta catgacctta tgggactttc ctacttggea gtacatctac gtattagtca

601 tcgctattac catggtgatg cggttttggc agtacatcaa tgggegtgga tageggtttg

661 actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcace

721 aaaatcaacg ggactttcca aaatgtcgta acaactccge cccattgacg caaatgggeg

781 gtaggcgtgt acggtgggag gtctatataa gcagagetct ctggcetaact agagaaccca

841 ctgcttactg gettatcgaa attaatacga ctcactatag ggagacccaa getggetage

901 gtttaaacgg gccectetaga ctcgagegge cgecactgtg ctggatatct gcagagaacce

961 atgttagctg acgctgtcte acgectggte ctgggtaagt ttggtgacct gaccgacaac

1021 ttctecteec ctcacgeteg cagaaaagtg ctggetggag tegtcatgac aacaggeaca

1081 gatgttaaag atgccaaggt gataagtgtt tctacaggaa caaaatgtat taatggtgaa

1141 tacatgagtg atcgtggcct tgcattaaat gactgccatg cagaaataat atctcggaga

1201 tccttgetca gatttcttta tacacaactt gagctttact taaataacaa agatgatcaa

1261 aaaagatcca tctttcagaa atcagagcga ggggggttta ggctgaagga gaatgtccag

1321 tttcatctgt acatcageac cteteectgt ggagatgeca gaatcttete accacatgag
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1381 ccaatcctgg aagaaccage agatagacac ccaaatcgta aagcaagagg acagctacgg
1441 accaaaatag agtctggtga ggggacgatt ccagtgeget ccaatgegag catccaaacg
1501 tgggacgggg tectgcaagg ggageggctg ctcaccatgt cctgeagtga caagattgea
1561 cgctggaacg tggtgggcat ccagggatce ctgetcagea ttttcgtgga geccatttac
1621 ttctcgagea tcatcctggg cagectttac cacggggacc acctttccag ggecatgtac
1681 cagcggatct ccaacataga ggacctgeca cctctetaca cectcaacaa gecetttgete
1741 agtggcatca gcaatgcaga agcacggeag ccagggaagg cccccaactt cagtgtcaac
1801 tggacggtag gcgactcege tattgaggtce atcaacgeca cgactgggaa ggatgagcetg
1861 ggcegegegt cecgectgtg taagecacgeg ttgtactgte getggatgeg tetgcacgge
1921 aaggttccct cecacttact acgetccaag attaccaage ccaacgtgta ccatgagtee
1981 aagctggcgg caaaggagta ccaggecgec aaggegegtce tgttcacage cttcatcaag
2041 gecggggctgg gggcctgggt ggagaagece accgageagg accagttcte actcacgecc
2101 agtggaagtg agacaccggg aacctcagag agcgecacge cagaaagege ctatccctat
2161 gacgtgcccg attatgecag cetgggeage ggetccececa agaaaaaacg caaggtggaa
2221 gatcctaaga aaaagcggaa agtggacgtg taaccaccac actggactag tggatccgag
2281 ctcggtacca agcttaagtt taaaccgetg atcagectcg actgtgectt ctagttgeca
2341 gcecatctgtt gtttgeeect ceeeegtgece ttecttgace ctggaaggtg ccacteecac
2401 tgtcctttee taataaaatg aggaaattge atcgeattgt ctgagtaggt gtcattctat

2461 tctgggggat gggotggogc aggacageaa gggggaggat tgggaagaca atagcaggea
2521 tgctggggat geggtggect ctatggettc tgaggcggaa agaaccaget ggggctetag
2581 ggggtatcece cacgegeect gtageggegce attaagegeg gegggtgtgg tggttacgeg
2641 cagcgtgacc getacacttg ccagegecect agegeccgct cetttegett tetteectte
2701 ctttctegee acgttcgeeg gettteceecg tcaagcetceta aatcgggggec teectttagg
2761 gttccgattt agtgctttac ggecacctcga ccccaaaaaa cttgattagg gtgatggttc
2821 acgtagtggg ccatcgecct gatagacggt ttttcgecct ttgacgttgg agtccacgtt
2881 ctttaatagt ggactcttgt tccaaactgg aacaacactc aaccctatct cggtctatte

2041 ttttgattta taagggattt tgccgatttc ggectattgg ttaaaaaatg agetgattta

3001 acaaaaattt aacgcgaatt aattctgtgg aatgtgtgtc agttagggtg tggaaagtce
3061 ccaggctece cagcaggeag aagtatgecaa ageatgeate tcaattagtc agcaaccagg
3121 tgtggaaagt ccccaggete cccagcaggce agaagtatge aaagceatgea tetcaattag
3181 tcagcaacca tagtccegece cctaactccg cecateecge cectaactee geecagttee
3241 gcccattcte cgecccatgg ctgactaatt ttttttattt atgcagagge cgaggecgee
3301 tctgectetg agcetattcca gaagtagtga ggaggctttt ttggaggcect aggcttttge
3361 aaaaagctcc cgggagcettg tatatccatt ttcggatctg atcaagagac aggatgagga
3421 tcgtttcgcea tgattgaaca agatggattg cacgcaggtt ctccggecge ttgggtggag
3481 aggctattcg getatgactg ggcacaacag acaatcggct getetgatge cgecgtgtte
3541 cggctgtcag cgecaggggcg ceeggttctt tttgtcaaga ccgacctgte cggtgcectg
3601 aatgaactgc aggacgagge agegeggcta tegtggctgg ccacgacggg cgttecttge
3661 gcagctgtge tcgacgttgt cactgaageg ggaagggeact ggctgctatt gggcgaagtg
3721 ccggggcagg atctectgte atctcacctt getectgecg agaaagtate catcatggct
3781 gatgcaatgce ggcggctgea tacgettgat ccggetacct geecattcga ccaccaageg
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3841 aaacatcgca tcgagcgage acgtactcgg atggaagecg gtettgtega tcaggatgat
3901 ctggacgaag agcatcaggg getcgegeca gecgaactgt tcgecagget caaggegege
3961 atgcccgacg gegaggatct cgtegtgace catggegatg cetgettgee gaatatcatg
4021 gtggaaaatg geegctttte tggattcate gactgtggce ggetgggtet ggcggaccge
4081 tatcaggaca tagcgttggc tacccgtgat attgctgaag agettggegg cgaatgggct
4141 gaccgcttce tegtgcttta cggtatcgee geteeccgatt cgecagegeat cgecttetat
4201 cgcecttcttg acgagttctt ctgagecggga ctetggggtt cgaaatgace gaccaagega
4261 cgcccaacct gecatcacga gatttcgatt ccaccgecge cttetatgaa aggttgggct
4321 tcggaatcgt tttccgggac gecggetgga tgatecteca gegeggggat cteatgetgg
4381 agttcttcge ccaccccaac ttgtttattg cagettataa tggttacaaa taaagcaata
4441 gcatcacaaa tttcacaaat aaagcatttt tttcactgca ttctagttgt ggtttgtcca

4501 aactcatcaa tgtatcttat catgtctgta taccgtcgac ctctagctag agettggcgt
4561 aatcatggtc atagctgttt cctgtgtgaa attgttatcc getcacaatt ccacacaaca
4621 tacgagccgg aagcataaag tgtaaagect ggggtgccta atgagtgagce taactcacat
4681 taattgcgtt gcgctcactg cecgetttee agtcgggaaa cetgtegtge cagetgceatt
4741 aatgaatcgg ccaacgcgeg gggagaggcg gtttgegtat tgggegcetct teegcttect
4801 cgctcactga ctegetgege teggtegtte ggetgeggeg ageggtatca getcactcaa
4861 aggcggtaat acggttatcc acagaatcag gggataacge aggaaagaac atgtgagcaa
4921 aaggccagca aaaggcecagg aaccgtaaaa aggecgegtt getggcegttt ttccatagge
4981 tccgeccecc tgacgagceat cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga
5041 caggactata aagataccag gcgtttccec ctggaagcte cetegtgege tetectgtte
5101 cgaccctgee gettaccgga tacctgteeg cetttetece ttecgggaage gtggegcttt
5161 ctcatagcte acgctgtagg tatctcagtt cggtgtaggt cgttegetee aagetgggcet
5221 gtgtgcacga acceeccgtt cageccgace getgegectt atccggtaac tatcgtettg
5281 agtccaaccc ggtaagacac gacttatcge cactggcage agecactggt aacaggatta
5341 gcagagcgag gtatgtagge ggtgctacag agttcttgaa gtggtggcect aactacggct
5401 acactagaag aacagtattt ggtatctgcg ctctgetgaa gecagttace ttcggaaaaa
5461 gagttggtag ctcttgatcc ggcaaacaaa ccaccgetgg tageggtttt tttgtttgca
5521 agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg
5581 ggtctgacgce tcagtggaac gaaaactcac gttaagggat tttggtcatg agattatcaa
5641 aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca atctaaagta

5701 tatatgagta aacttggtct gacagttacc aatgcttaat cagtgaggcea cctatctcag
5761 cgatctgtct atttcgttca tccatagttg cctgactece cgtegtgtag ataactacga
5821 tacgggaggg cttaccatct ggceccagtg ctgeaatgat accgegagac ccacgetcac
5881 cggctccaga tttatcagca ataaaccage cagecggaag ggecgagege agaagtggte
5941 ctgcaacttt atccgectee atccagtceta ttaattgttg ccgggaagcet agagtaagta
6001 gttcgccagt taatagtttg cgecaacgttg ttgccattge tacaggceate gtggtgtcac
6061 gctegtegtt tggtatggct tcattcagcet cecggttccca acgatcaagg cgagttacat
6121 gatcccecat gttgtgcaaa aaageggtta getecttegg tecteccgate gttgtcagaa
6181 gtaagttgge cgcagtgtta tcactcatgg ttatggcage actgcataat tctcttactg
6241 tcatgccatc cgtaagatgc ttttctgtga ctggtgagta ctcaaccaag tcattctgag
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6301 aatagtgtat gcggegaccg agttgetett geccggegte aatacgggat aataccgege
6361 cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcttcgggg cgaaaactct
6421 caaggatctt accgctgttg agatccagtt cgatgtaacc cactcgtgea cccaactgat
6481 cttcagcatc ttttactttc accagcegttt ctgggtgage aaaaacagga aggcaaaatg
6541 ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatacte ttectttttc
6601 aatattattg aagcatttat cagggttatt gtctcatgag cggatacata tttgaatgta
6661 tttagaaaaa taaacaaata ggggttccge geacatttce ccgaaaagtg ccacctgacg
6721 tc

pcDNA3.1 ADAR2(E488Q) XTEN dCas9 (SEQ ID NO: 29).

LOCUS  Exported 10826 bp ds-DNA  circular
DEFINITION synthetic circular DNA
SOURCE  synthetic DNA construct
ORGANISM synthetic DNA construct
REFERENCE 1 (bases 1 to 10826)
FEATURES Location/Qualifiers
source 1..10826
/organism="synthetic DNA construct"
/mol_type="other DNA"
enhancer 235..614
/label=CMV enhancer
/note="human cytomegalovirus immediate early enhancer"
promoter 615.818
/label=CMV promoter
/note="human cytomegalovirus (CMV) immediate early
promoter”
promoter 863..881
/label=T7 promoter
/note="promoter for bacteriophage T7 RNA polymerase"
primer _bind 927..985
/label=H1-ADAR-XTEN F
misc_feature 927..954
/label=Homology 1 pCDNA3.1
CDS 961..2100
/codon_start=1
/label=ADARB1(E488Q) Catalytic Domain

/translation="MLADAVSRLVLGKFGDLTDNFSSPHARRKVLAGVVMTTGTDVKDA
KVISVSTGTKCINGEYMSDRGLALNDCHAEIISRRSLLRFLYTQLELYLNNKDDQKRSI
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FQKSERGGFRLKENVQFHLYISTSPCGDARIFSPHEPILEEPADRHPNRKARGQLRTKI
ESGQGTIPVRSNASIQTWDGVLQGERLLTMSCSDKIARWNVVGIQGSLLSIFVEPIYFES
SIILGSLYHGDHLSRAMYQRISNIEDLPPLYTLNKPLLSGISNAEARQPGKAPNEFSVNW
TVGDSAIEVINATTGKDELGRASRLCKHALYCRWMRVHGKVPSHLLRSKITKPNVYHES
KLAAKEYQAAKARLFTAFIKAGLGAWVEKPTEQDQFSLTP"
primer _bind 961..982
/label=Primer 4
primer bind 1111..1138
/label=Primer 1
primer_bind  1440..1478
/label=E488Q Mutagenesis F
primer bind complement(1440..1478)
/label=E488Q Mutagenesis R
primer bind complement(2080..2100)
/label=ADAR2DD GS R
primer bind complement(2080..2100)
/label=Primer 5
CDS 2101..2148
/codon_start=1
/label=XTEN
/translation="SGSETPGTSESATPES"
primer bind complement(2129..2148)
/label=ADAR2 XTEN R
primer bind complement(2129..2148)
/label=ADAR2_CD Inverse R
primer bind 2148.2171
/label=Primer 2
CDS 2149..6252
/codon_start=1
/product="catalytically dead mutant of the Cas9
endonuclease from the Streptococcus pyogenes Type 11
CRISPR/Cas system"
/label=dCas9
/note="RNA-guided DNA-binding protein that lacks
endonuclease activity due to the D10A mutation in the RuvC
catalytic domain and the H840A mutation in the HNH
catalytic domain"

/translation="MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKK
NLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEES
FLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIK
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FRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRL
ENLIAQLPGEKKNGLEFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQ
IGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVR
QOLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLL
RKORTEFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARG
NSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEY
FTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDLLFKTNRKVITVKQLKEDYFKKIECED
SVEISGVEDRFNASLGTYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEER
LKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFEFM
QLTHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPATIKKGILQTVKVVDELVKVMGR
HKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLY
LYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP
SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKH
VAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYL
NAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEFYSNIMNEFEFKT
ETITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGEFSK
ESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGI
TIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNE
LALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILAD
ANILDKVLSAYNKHRDKPIREQAENI THLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGD"
primer _bind complement(4458..4479)
/label=Primer 3
primer _bind 4879..4899
/label=Primer 6
primer_bind 6252..6273
/label=SaCas9 HA F
primer _bind 6253..6274
/label=ADAR2 CD_ Inverse F
CDS 6256..6282
/codon_start=1
/product="HA (human influenza hemagglutinin) epitope tag'
/label=HA
/translation="YPYDVPDYA"
primer bind complement(6274..6296)
/label=AXC NLSout NESin R
primer bind complement(6274..6294)
/label=NLS out R
CDS 6301..6321
/codon_start=1
/product="nuclear localization signal of SV40 large T
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antigen"
/label=SV40 NLS
/translation="PKKKRKV"
CDS 6328..6348
/codon_start=1
/product="nuclear localization signal of SV40 large T
antigen"
/label=SV40 NLS
/translation="PKKKRKV"
primer bind complement(6333..6392)
/label=XTEN-Cas9-H2 R
primer _bind complement(6333..6377)
/label=Primer 7
primer bind 6347..6371
/label=NLS out NES full F
primer bind 6349..6371
/label=AXC NLSout NESin F
misc_feature 6358..6392
/label=Homology 2 pCDNA3.1
polyA signal 6426..6650
/label=bGH poly(A) signal
/note="bovine growth hormone polyadenylation signal"
rep_origin  6696..7124
/direction=RIGHT
/label=f1 ori
/note="f1 bacteriophage origin of replication; arrow
indicates direction of (+) strand synthesis"
promoter 7138..7467
/label=SV40 promoter
/note="SV40 enhancer and early promoter"
rep_origin  7318..7453
/label=SV40 ori
/note="SV40 origin of replication"
CDS 7534..8328
/codon_start=1
/gene="aph(3")-1I (or nptIl)"
/product="aminoglycoside phosphotransferase from Tn5"
/label=NeoR/KanR
/note="confers resistance to neomycin, kanamycin, and G418
(Geneticin(R))"
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/translation="MI EQDGLHAGSPAAWVERLFGYDWAQQTIGCSDAAVFRLSAQGRP
VLFVKTDLSGALNELQDEAARLSWLATTGVPCAAVLDVVTEAGRDWLLLGEVPGQDLLS
SHLAPAEKVSIMADAMRRLHTLDPATCPFDHQAKHRIERARTRMEAGLVDQDDLDEEHQ
GLAPAELFARLKARMPDGEDLVVTHGDACLPNIMVENGRFSGFIDCGRLGVADRYQDTIA
LATRDIAEELGGEWADRFLVLYGIAAPDSQRIAFYRLLDEFF"
polyA signal 8502..8623
/label=SV40 poly(A) signal
/note="SV40 polyadenylation signal"
primer bind complement(8672..8688)
/label=M13 rev
/note="common sequencing primer, one of multiple similar
variants"
protein_bind 8696..8712
/label=lac operator
/bound moiety="lac repressor encoded by lacl"
/note="The lac repressor binds to the lac operator to
inhibit transcription in E. coli. This inhibition can be
relieved by adding lactose or
isopropyl-beta-D-thiogalactopyranoside (IPTG)."
promoter complement(8720..8750)
/label=lac promoter
/note="promoter for the E. coli lac operon"
protein_bind 8765..8786
/label=CAP binding site
/bound moiety="E. coli catabolite activator protein"
/note="CAP binding activates transcription in the presence
of cAMP."
rep_origin  complement(9074..9659)
/direction=LEFT
/label=ori
/note="high-copy-number ColE1/pMB1/pBR322/pUC origin of
replication”
CDS complement(9830..10690)
/codon_start=1
/gene="bla"
/product="beta-lactamase"
/label=AmpR
/note="confers resistance to ampicillin, carbenicillin, and
related antibiotics"
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/translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVKVKDAEDQLGARVGYI
ELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRIDAGQEQLGRRIHYSQNDLVEYS
PVTEKHLTDGMTVRELCSAATTMSDNTAANLLLTTIGGPKELTAFLHNMGDHVTRLDRW
EPELNEATIPNDERDTTMPVAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPLLRSA
LPAGWFIADKSGAGERGSRGIIAALGPDGKPSRIVVIYTTGSQATMDERNRQIAETIGAS
LIKHW"
promoter complement(10691..10795)
/gene="bla"
/label=AmpR promoter
ORIGIN
1 gacggatcgg gagatctcce gatcecctat ggtgeactct cagtacaatce tgetctgatg
61 ccgcatagtt aagccagtat ctgctecctg cttgtgtgtt ggaggteget gagtagtgeg
121 cgagcaaaat ttaagctaca acaaggcaag gettgaccga caattgeatg aagaatctge
181 ttagggttag gegttttgeg ctgcttcgeg atgtacggge cagatatacg cgttgacatt
241 gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata
301 tggagttccg cgttacataa cttacggtaa atggeeccgee tggetgaceg cccaacgace
361 cccgceccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttee
421 attgacgtca atgggtggag tatttacggt aaactgcceca cttggeagta catcaagtgt
481 atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggecc gectggeatt
541 atgcccagta catgacctta tgggactttc ctacttggea gtacatctac gtattagtca
601 tcgctattac catggtgatg cggttttggc agtacatcaa tgggegtgga tageggtttg
661 actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcace
721 aaaatcaacg ggactttcca aaatgtcgta acaactccge cccattgacg caaatgggeg
781 gtaggcgtgt acggtgggag gtctatataa gcagagetct ctggcetaact agagaaccca
841 ctgcttactg gettatcgaa attaatacga ctcactatag ggagacccaa getggetage
901 gtttaaacgg gccectetaga ctcgagegge cgecactgtg ctggatatct gcagagaacce
961 atgttagctg acgctgtcte acgectggte ctgggtaagt ttggtgacct gaccgacaac
1021 ttctecteec ctcacgeteg cagaaaagtg ctggetggag tegtcatgac aacaggeaca
1081 gatgttaaag atgccaaggt gataagtgtt tctacaggaa caaaatgtat taatggtgaa
1141 tacatgagtg atcgtggcct tgcattaaat gactgccatg cagaaataat atctcggaga
1201 tccttgetca gatttcttta tacacaactt gagctttact taaataacaa agatgatcaa
1261 aaaagatcca tctttcagaa atcagagcga ggggggttta ggctgaagga gaatgtccag
1321 tttcatctgt acatcagcac cteteectgt ggagatgeca gaatcttcte accacatgag
1381 ccaatcctgg aagaaccagce agatagacac ccaaatcgta aagcaagagg acagctacgg
1441 accaaaatag agtctggtca ggggacgatt ccagtgcgct ccaatgegag catccaaacg
1501 tgggacgggg tectgcaagg ggageggctg ctcaccatgt cctgeagtga caagattgea
1561 cgctggaacg tggtgggcat ccagggatce ctgetcagea ttttcgtgga geccatttac
1621 ttctcgagea tcatcctggg cagectttac cacggggacc acctttccag ggecatgtac
1681 cagcggatct ccaacataga ggacctgeca cctctetaca cectcaacaa gecetttgete
1741 agtggcatca gcaatgcaga agecacggeag ccagggaagg ceeccaactt cagtgtcaac
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1801 tggacggtag gcgactcecge tattgaggtc atcaacgeca cgactgggaa ggatgagetg
1861 ggcegegegt cecgectgtg taagecacgeg ttgtactgte getggatgeg tetgcacgge
1921 aaggttccct cecacttact acgetccaag attaccaage ccaacgtgta ccatgagtee
1981 aagctggcgg caaaggagta ccaggecgec aaggegegtce tgttcacage cttcatcaag
2041 gecggggctgg gggcctgggt ggagaagece accgageagg accagttcte actcacgecc
2101 agtggaagtg agacaccggg aacctcagag agcgecacge cagaaageat ggacaagaag
2161 tacagcatcg gectggecat cggeaccaac tetgtgggct gggccgtgat caccgacgag
2221 tacaaggtgc ccagcaagaa attcaaggtg ctgggcaaca ccgaccggea cageatcaag
2281 aagaacctga tcggcgecect getgttcgac agcggagaaa cagecgagge cacccggctg
2341 aagagaaccg ccagaagaag atacaccaga cggaagaacc ggatctgeta tctgcaagag
2401 atcttcagca acgagatgge caaggtggac gacagcttct tccacagact ggaagagtce
2461 ttcctggtgg aagaggataa gaagcacgag cggeaccceca tettcggeaa catcgtggac
2521 gaggtggcect accacgagaa gtaccccacc atctaccace tgagaaagaa actggtggac
2581 agcaccgaca aggccgacct gecggetgate tatctggecce tggeccacat gatcaagtte
2641 cggggccact tectgatcga gggegacctg aaccccgaca acagegacgt ggacaagcetg
2701 ttcatccage tggtgcagac ctacaaccag ctgttcgagg aaaaccccat caacgecage
2761 ggcgtggacg ccaaggecat cctgtetgee agactgagea agagcagacg getggaaaat
2821 ctgatcgeee agetgeecgg cgagaagaag aatggectgt tcggeaacct gattgeectg
2881 agcctgggec tgacceccaa cttcaagage aacttcgace tggecgagga tgecaaactg
2941 cagctgagca aggacaccta cgacgacgac ctggacaacc tgetggecca gatcggegac
3001 cagtacgceg acctgtttet ggecgecaag aacctgtecg acgecatect getgagegac
3061 atcctgagag tgaacaccga gatcaccaag geeececctga gegectctat gatcaagaga
3121 tacgacgagc accaccagga cctgaccctg ctgaaagete tegtgeggea geagetgect
3181 gagaagtaca aagagatttt cttcgaccag agcaagaacg gctacgecgg ctacatcgat
3241 ggcggageca gecaggaaga gttctacaag ttcatcaage ccatcctgga aaagatggac
3301 ggcaccgagg aactgctcgt gaagetgaac agagaggace tgetgeggaa gecageggace
3361 ttcgacaacg gcagcatcee ccaccagate cacctgggag agetgeacge cattetgegg
3421 cggcaggaag atttttaccc attcctgaag gacaaccggg aaaagatcga gaagatcctg
3481 accttccgcea teecectacta cgtgggecct ctggecaggg gaaacageag attcgectgg
3541 atgaccagaa agagcgagga aaccatcacc ccctggaact tcgaggaagt ggtggacaag
3601 ggcgecageg ceccagagctt catcgagegg atgaccaact tcgataagaa cctgeccaac
3661 gagaaggtgc tgcccaagea cagectgetg tacgagtact tcaccgtgta caacgagcetg
3721 accaaagtga aatacgtgac cgagggaatg agaaagcccg ccttcctgag cggegageag
3781 aaaaaagcca tcgtggacct getgttcaag accaaccgga aagtgaccgt gaagcagcetg
3841 aaagaggact acttcaagaa aatcgagtgc ttcgactccg tggaaatctc cggegtggaa
3901 gatcggttca acgcecteect gggcacatac cacgatctge tgaaaattat caaggacaag
3961 gacttcctgg acaatgagga aaacgaggac attctggaag atatcgtgct gaccctgaca
4021 ctgtttgagg acagagagat gatcgaggaa cggctgaaaa cctatgecca cetgttcgac
4081 gacaaagtga tgaagcagct gaagcggegg agatacaccg getggggeag getgagecgg
4141 aagctgatca acggcatccg ggacaagcag tccggcaaga caatcctgga tttectgaag
4201 tccgacggcet tcgecaacag aaacttcatg cagetgatee acgacgacag cctgaccttt
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4261 aaagaggaca tccagaaagc ccaggtgtcc ggecagggeg atagectgea cgagceacatt
4321 gccaatctgg ccggeagecc cgecattaag aagggceatcee tgcagacagt gaaggtggtg
4381 gacgagctcg tgaaagtgat gggecggeac aageccgaga acatcgtgat cgaaatggee
4441 agagagaacc agaccaccca gaagggacag aagaacagec gegagagaat gaageggate
4501 gaagagggca tcaaagagct gggecagecag atcctgaaag aacaccccgt ggaaaacacc
4561 cagctgcaga acgagaagct gtacctgtac tacctgcaga atgggcggga tatgtacgtg
4621 gaccaggaac tggacatcaa ccggctgtee gactacgatg tggacgctat cgtgectecag
4681 agctttctga aggacgactc catcgataac aaagtgcetga ctcggagega caagaaccgg
4741 ggcaagagcg acaacgtgcc ctccgaagag gtcgtgaaga agatgaagaa ctactggege
4801 cagctgctga atgccaagcet gattacccag aggaagttcg acaatctgac caaggecgag
4861 agaggcggcec tgagegaact ggataaggec ggcttcatca agagacagcet ggtggaaace
4921 cggcagatca caaagcacgt ggcacagatc ctggactcce ggatgaacac taagtacgac
4981 gagaacgaca aactgatccg ggaagtgaaa gtgatcacce tgaagtccaa getggtgtee
5041 gatttccgga aggatttcca gttttacaaa gtgecgegaga tcaacaacta ccaccacgec
5101 cacgacgcct acctgaacge cgtegtggga accgecctga tcaaaaagta cectaagetg
5161 gaaagcgagt tcgtgtacgg cgactacaag gtgtacgacg tgeggaagat gatcgecaag
5221 agcgagcagg aaatcggcaa ggcetaccgec aagtacttct tctacagecaa catcatgaac
5281 tttttcaaga ccgagattac cctggecaac ggegagatce ggaageggec tetgatcgag
5341 acaaacggcg aaacaggcga gatcgtgtgg gataagggee gggactttge caccgtgegg
5401 aaagtgctgt ctatgceeca agtgaatatc gtgaaaaaga ccgaggtgca gacaggcggc
5461 ttcagcaaag agtctatcct gcccaagagg aacagcgaca agetgatcge cagaaagaag
5521 gactgggacc ctaagaagta cggcggcttc gacageccca ccgtggecta ttetgtgctg
5581 gtggtggcca aagtggaaaa gggcaagtce aagaaactga agagtgtgaa agagetgctg
5641 gggatcacca tcatggaaag aagcagcttc gagaagaatc ccatcgactt tctggaagee
5701 aagggctaca aagaagtgaa aaaggacctg atcatcaagc tgectaagta ctecctgtte
5761 gagctggaaa acggeeggaa gagaatgetg gectetgecg gegaactgea gaagggaaac
5821 gaactggccece tgeectccaa atatgtgaac ttectgtace tggccageca ctatgagaag
5881 ctgaagggct cccccgagga taatgagecag aaacagetgt ttgtggaaca gecacaaacac
5941 tacctggacg agatcatcga gcagatcage gagttctcca agagagtgat cctggecgac
6001 gctaatctgg acaaggtgct gagegectac aacaagceaca gagacaagcec tatcagagag
6061 caggccgaga atatcatcca cctgtttace ctgaccaate tgggageccc tgeegectte
6121 aagtactttg acaccaccat cgaccggaag aggtacacca gcaccaaaga ggtgctggac
6181 gccaccctga tccaccagag catcaccgge ctgtacgaga cacggatcga cetgtetcag
6241 ctgggaggcg acgectatce ctatgacgtg cccgattatg ccagectggg cageggetee
6301 cccaagaaaa aacgcaaggt ggaagatcct aagaaaaage ggaaagtgga cgtgtaacca
6361 ccacactgga ctagtggatc cgagctcggt accaagctta agtttaaacce getgatcage
6421 ctcgactgtg ccttctagtt geccagcecate tgttgtttge cectecceeg tgecttectt

6481 gaccctggaa ggtgccacte ccactgtect ttcctaataa aatgaggaaa ttgecatcgea

6541 ttgtctgagt aggtgtcatt ctattctggg ggetegoote ggocaggaca gcaaggggga

6601 ggattgggaa gacaatagca ggcatgctgg ggatgeggte ggctctatgg cttetgagge
6661 ggaaagaacc agctggggct ctagggggta tccccacgeg cectgtageg gegeattaag
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6721 cgeggegggt gtggtggtta cgegeagegt gaccgcetaca cttgecageg cectagegec
6781 cgctecttte getttcttee cttectttet cgecacgtte gecggcettte cecgtcaage

6841 tctaaatcgg gggcteectt tagggtteeg atttagtgct ttacggeacce tcgaccccaa
6901 aaaacttgat tagggtgatg gttcacgtag tgggccatcg cectgataga cggtttttcg
6961 ccctttgacg ttggagtccea cgttctttaa tagtggactc ttgttccaaa ctggaacaac
7021 actcaaccct atctcggtct attcttttga tttataaggg attttgccga tttcggecta

7081 ttggttaaaa aatgagctga tttaacaaaa atttaacgcg aattaattct gtggaatgtg
7141 tgtcagttag ggtgtegaaa gtccccagge tececccageag gecagaagtat gcaaageatg
7201 catctcaatt agtcagcaac caggtgtgga aagtccccag getccccage aggeagaagt
7261 atgcaaagca tgcatctcaa ttagtcagcea accatagtce cgeccctaac teccgeccate
7321 ccgececctaa ctecgeecag ttecgeccat tetcegeecce atggetgact aatttttttt
7381 atttatgcag aggccgaggce cgectetgec tetgagcetat tccagaagta gtgaggaggc
7441 ttttttggag gectaggctt ttgcaaaaag ctccecgggag cttgtatate cattttcgga
7501 tctgatcaag agacaggatg aggatcgttt cgcatgattg aacaagatgg attgcacgea
7561 ggttctecegg cegettgggt ggagaggcta ttcggcetatg actgggcaca acagacaatc
7621 ggctgetetg atgecgecegt gtteccggetg tcagegeagg ggegeeeggt tetttttgte
7681 aagaccgacc tgtccggtec cetgaatgaa ctgecaggacg aggeagegeg getategtgg
7741 ctggccacga cgggegttee ttgegeaget gtgctcgacg ttgtcactga agegggaagg
7801 gactggctgc tattgggcega agtgccgggg caggatctee tgtcatctea cettgetect
7861 gccgagaaag tatccatcat ggetgatgca atgeggeggc tgcatacget tgatcegget
7921 acctgcccat tcgaccacca agegaaacat cgeatcgage gageacgtac tcggatggaa
7981 gceggtcttg tcgatcagga tgatctggac gaagagceate aggggctege gecagecgaa
8041 ctgttcgeca ggctcaagge gegeatgece gacggegagg atctegtegt gacccatgge
8101 gatgcctgcet tgecgaatat catggtggaa aatggecgct tttctggatt catcgactgt
8161 ggceggctgg gtgtggcgga cecgetatcag gacatagegt tggctacceg tgatattgct
8221 gaagagcttg gcggegaatg ggctgaccge ttectegtgc tttacggtat cgecgeteee
8281 gattcgcage geatcgectt ctatcgectt cttgacgagt tettctgage gggactctgg
8341 ggttcgaaat gaccgaccaa gcgacgecca acctgecate acgagattte gattccaccg
8401 ccgccttcta tgaaaggttg ggcttcggaa tegttttceg ggacgecgge tggatgatee
8461 tccagegegg ggatctcatg ctggagttct tcgeccaccee caacttgttt attgcagett
8521 ataatggtta caaataaagc aatagcatca caaatttcac aaataaagca tttttttcac

8581 tgcattctag ttgtggttte tccaaactca tcaatgtate ttatcatgtc tgtataccgt

8641 cgacctctag ctagagcttg gegtaatcat ggtcataget gtttectgtg tgaaattgtt
8701 atccgctcac aattccacac aacatacgag ccggaagceat aaagtgtaaa gectggggte
8761 cctaatgagt gagctaactc acattaattg cgttgegete actgeccegcet ttccagtegg
8821 gaaacctgtc gtgccagetg cattaatgaa tcggecaacg cgeggggaga ggeggtttac
8881 gtattgggcg ctcttccget tectegetea ctgacteget gegeteggte gttcggetge
8941 ggcgageggt atcagetcac tcaaaggegg taatacggtt atccacagaa tcaggggata
9001 acgcaggaaa gaacatgtga gcaaaaggce agcaaaaggce caggaaccgt aaaaaggecg
9061 cgttgctggc gtttttccat aggeteegee ceectgacga geatcacaaa aatcgacget
9121 caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggegttt ccecectggaa
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9181 gceteectegt gegetetect gttccgaccec tgeegettac cggatacctg teegecttte
9241 tcecttcggg aagegtggeg ctttctcata getcacgcetg taggtatcte agttcggtgt
9301 aggtcgttcg ctccaagetg ggetgtgtge acgaaccece cgttcagece gaccgetgeg
9361 ccttatccgg taactatcgt cttgagtcca acccggtaag acacgactta tcgecactgg
9421 cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtect acagagttct
9481 tgaagtggtg gcctaactac ggetacacta gaagaacagt atttggtate tgegetetge
9541 tgaagccagt taccttcgga aaaagagttg gtagctcttg atccggceaaa caaaccaccg
9601 ctggtagcgg tttttttgtt tgcaagcage agattacgeg cagaaaaaaa ggatctcaag
9661 aagatccttt gatcttttct acggggtctg acgetcagtg gaacgaaaac tcacgttaag
9721 ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat
9781 gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgct
9841 taatcagtga ggcacctatc tcagcgatct gtctatttcg ttcatccata gttgectgac
9901 tccecgtegt gtagataact acgatacggg agggcttace atctggecce agtgetgeaa
9961 tgataccgcg agacccacge tcaccggete cagatttatc agcaataaac cagecagecg
10021 gaagggccga gegeagaagt ggtectgeaa ctttatccge ctecatccag tetattaatt
10081 gttgccggga agctagagta agtagttcge cagttaatag tttgegceaac gttgttgeca
10141 ttgctacagg catcgtggtg tcacgcetegt cgtttggtat ggcttcatte agetccggtt
10201 cccaacgatc aaggcgagtt acatgatcce ccatgttgtg caaaaaageg gttagetect
10261 tcggtectee gatcgttgte agaagtaagt tggecgeagt gttatcacte atggttatgg
10321 cagcactgca taattctctt actgtcatge catccgtaag atgcttttct gtgactggtg
10381 agtactcaac caagtcattc tgagaatagt gtatgcggcg accgagttge tettgecegg
10441 cgtcaatacg ggataatacc gcgccacata gcagaacttt aaaagtgcte atcattggaa
10501 aacgttcttc ggggcgaaaa ctctcaagga tettaccget gttgagatee agttcgatgt
10561 aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccage gtttetgggt
10621 gagcaaaaac aggaaggcaa aatgccgeaa aaaagggaat aagggcgaca cggaaatgtt
10681 gaatactcat actcttcctt tttcaatatt attgaagcat ttatcagggt tattgtctca

10741 tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt ccgegeacat
10801 ttccccgaaa agtgecacct gacgte

pcDNA3.1 ADAR2(E488Q) XTEN control (SEQ ID NO: 30).

LOCUS  Exported 6722 bp ds-DNA  circular
DEFINITION synthetic circular DNA
SOURCE  synthetic DNA construct
ORGANISM synthetic DNA construct
REFERENCE 1 (bases 1 to 6722)
FEATURES Location/Qualifiers
source 1..6722
/organism="synthetic DNA construct
/mol_type="other DNA"
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enhancer 235..614
/label=CMV enhancer
/note="human cytomegalovirus immediate early enhancer"
promoter 615..818
/label=CMYV promoter
/note="human cytomegalovirus (CMV) immediate early
promoter”
promoter 863..881
/label=T7 promoter
/note="promoter for bacteriophage T7 RNA polymerase"
misc_feature 927..954
/label=Homology 1 pCDNA3.1
primer_bind 954..976
/label=ADARBI1 lcv2 fw
primer_bind 955..976
/label=ADAR2CD-Cas9 HindIIl F
primer bind 958..983
/label=AXC lcv2 EFS-NS fw
primer _bind  960..983
/label=Adar out forward lv2
CDS 961..2100
/codon_start=1
/label=ADARB1(E488Q) Catalytic Domain

/translation="MLADAVSRLVLGKFGDLTDNFSSPHARRKVLAGVVMTTGTDVKDA
KVISVSTGTKCINGEYMSDRGLALNDCHAEIISRRSLLRFLYTQLELYLNNKDDQKRST
FOKSERGGFRLKENVQFHLYISTSPCGDARIFSPHEPILEEPADRHPNRKARGQLRTKI
ESGOQGTIPVRSNASIQTWDGVLOGERLLTMSCSDKIARWNVVGIQGSLLSIFVEPIYES
SIILGSLYHGDHLSRAMYQRISNIEDLPPLYTLNKPLLSGISNAEARQPGKAPNEFSVNW
TVGDSAIEVINATTGKDELGRASRLCKHALYCRWMRVHGKVPSHLLRSKITKPNVYHES
KLAAKEYQAAKARLFTAFIKAGLGAWVEKPTEQDQFSLTP"
primer _bind 1324..1346
/label=E488Q ADAR2 Mut seq
primer _bind complement(1426..1447)
/label=E488Q Mut Classic R
primer_bind  1440..1478
/label=E488Q Mutagenesis F
primer bind complement(1440..1478)
/label=E488Q Mutagenesis R
primer _bind 1448..1472
/label=E488Q Mut_Classic F
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CDS 2101..2148
/codon_start=1
/label=XTEN
/translation="SGSETPGTSESATPES"
primer bind complement(2129..2148)
/label=ADAR2_CD Inverse R
primer _bind 2149.2170
/label=ADAR2 CD_ Inverse F
CDS 2152.2178
/codon_start=1
/product="HA (human influenza hemagglutinin) epitope tag"
/label=HA
/translation="YPYDVPDYA"
primer bind complement(2170..2192)
/label=AXC NLSout NESin R
primer bind complement(2170..2192)
/label=Primer 1
CDS 2197.2217
/codon_start=1
/product="nuclear localization signal of SV40 large T
antigen"
/label=SV40 NLS
/translation="PKKKRKV"
CDS 2224.2244
/codon_start=1
/product="nuclear localization signal of SV40 large T
antigen"
/label=SV40 NLS
/translation="PKKKRKV"
primer_bind 2245.2267
/label=AXC NLSout NESin F
misc_feature 2254.2288
/label=Homology 2 pCDNA3.1
polyA signal 2322.2546
/label=bGH poly(A) signal
/note="bovine growth hormone polyadenylation signal"
rep_origin  2592..3020
/direction=RIGHT
/label=f1 ori
/note="f1 bacteriophage origin of replication; arrow
indicates direction of (+) strand synthesis"
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promoter 3034..3363
/label=SV40 promoter
/note="SV40 enhancer and early promoter"
rep_origin  3214..3349
/label=SV40 ori
/note="SV40 origin of replication"
CDS 3430..4224
/codon_start=1
/gene="aph(3")-1I (or nptIl)"
/product="aminoglycoside phosphotransferase from Tn5"
/label=NeoR/KanR
/note="confers resistance to neomycin, kanamycin, and G418
(Geneticin(R))"

/translation="MI EQDGLHAGSPAAWVERLFGYDWAQQTIGCSDAAVFRLSAQGRP
VLFVKTDLSGALNELQDEAARLSWLATTGVPCAAVLDVVTEAGRDWLLLGEVPGQDLLS
SHLAPAEKVSIMADAMRRLHTLDPATCPFDHQAKHRIERARTRMEAGLVDQDDLDEEHQ
GLAPAELFARLKARMPDGEDLVVTHGDACLPNIMVENGRFSGFIDCGRLGVADRYQDTIA
LATRDIAEELGGEWADRFLVLYGIAAPDSQRIAFYRLLDEFF"
polyA signal 4398.4519
/label=SV40 poly(A) signal
/note="SV40 polyadenylation signal"
primer bind complement(4568..4584)
/label=M13 rev
/note="common sequencing primer, one of multiple similar
variants"
protein_bind 4592..4608
/label=lac operator
/bound moiety="lac repressor encoded by lacl"
/note="The lac repressor binds to the lac operator to
inhibit transcription in E. coli. This inhibition can be
relieved by adding lactose or
isopropyl-beta-D-thiogalactopyranoside (IPTG)."
promoter complement(4616..4646)
/label=lac promoter
/note="promoter for the E. coli lac operon"
protein_bind 4661..4682
/label=CAP binding site
/bound moiety="E. coli catabolite activator protein"
/note="CAP binding activates transcription in the presence
of cCAMP."
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rep_origin  complement(4970..5555)
/direction=LEFT
/label=ori
/note="high-copy-number ColE1/pMB1/pBR322/pUC origin of
replication”
CDS complement(5726..6586)
/codon_start=1
/gene="bla"
/product="beta-lactamase"
/label=AmpR
/note="confers resistance to ampicillin, carbenicillin, and
related antibiotics"

/translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVKVKDAEDQLGARVGYI
ELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRIDAGQEQLGRRIHYSQNDLVEYS
PVTEKHLTDGMTVRELCSAATTMSDNTAANLLLTTIGGPKELTAFLHNMGDHVTRLDRW
EPELNEATIPNDERDTTMPVAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPLLRSA
LPAGWFIADKSGAGERGSRGIIAALGPDGKPSRIVVIYTTGSQATMDERNRQIAETIGAS
LIKHW"
promoter complement(6587..6691)
/gene="bla"
/label=AmpR promoter
ORIGIN
1 gacggatcgg gagatctcce gatcecctat ggtgeactct cagtacaatce tgetctgatg
61 ccgcatagtt aagccagtat ctgctecctg cttgtgtgtt ggaggteget gagtagtgeg
121 cgagcaaaat ttaagctaca acaaggcaag gettgaccga caattgeatg aagaatctge
181 ttagggttag gegttttgeg ctgcttcgeg atgtacggge cagatatacg cgttgacatt
241 gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata
301 tggagttccg cgttacataa cttacggtaa atggeeccgee tggetgaceg cccaacgace
361 cccgceccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttee
421 attgacgtca atgggtggag tatttacggt aaactgcceca cttggeagta catcaagtgt
481 atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggecc gectggeatt
541 atgcccagta catgacctta tgggactttc ctacttggea gtacatctac gtattagtca
601 tcgctattac catggtgatg cggttttggc agtacatcaa tgggegtgga tageggtttg
661 actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcace
721 aaaatcaacg ggactttcca aaatgtcgta acaactccge cccattgacg caaatgggeg
781 gtaggcgtgt acggtgggag gtctatataa gcagagetct ctggcetaact agagaaccca
841 ctgcttactg gettatcgaa attaatacga ctcactatag ggagacccaa getggetage
901 gtttaaacgg gccectetaga ctcgagegge cgecactgtg ctggatatct gcagagaacce
961 atgttagctg acgctgtcte acgectggte ctgggtaagt ttggtgacct gaccgacaac
1021 ttctecteee cteacgeteg cagaaaagtg ctggetggag tcgtcatgac aacaggeaca
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1081 gatgttaaag atgccaaggt gataagtgtt tctacaggaa caaaatgtat taatggtgaa
1141 tacatgagtg atcgtggcct tgcattaaat gactgccatg cagaaataat atctcggaga
1201 tccttgetca gatttcttta tacacaactt gagctttact taaataacaa agatgatcaa

1261 aaaagatcca tctttcagaa atcagagcga ggggggttta ggctgaagga gaatgtccag
1321 tttcatctgt acatcagcac cteteectgt ggagatgeca gaatcttcte accacatgag
1381 ccaatcctgg aagaaccagce agatagacac ccaaatcgta aagcaagagg acagctacgg
1441 accaaaatag agtctggtca ggggacgatt ccagtgcgct ccaatgegag catccaaacg
1501 tgggacgggg tectgcaagg ggageggctg ctcaccatgt cctgeagtga caagattgea
1561 cgctggaacg tggtgggcat ccagggatce ctgetcagea ttttcgtgga geccatttac
1621 ttctcgagea tcatcctggg cagectttac cacggggacc acctttccag ggecatgtac
1681 cagcggatct ccaacataga ggacctgeca cctctetaca cectcaacaa gecetttgete
1741 agtggcatca gcaatgcaga agcacggeag ccagggaagg cccccaactt cagtgtcaac
1801 tggacggtag gcgactcege tattgaggtce atcaacgeca cgactgggaa ggatgagcetg
1861 ggcegegegt cecgectgtg taagecacgeg ttgtactgte getggatgeg tetgcacgge
1921 aaggttccct cecacttact acgetccaag attaccaage ccaacgtgta ccatgagtee
1981 aagctggcgg caaaggagta ccaggecgec aaggegegtce tgttcacage cttcatcaag
2041 gecggggctgg gggcctgggt ggagaagece accgageagg accagttcte actcacgecc
2101 agtggaagtg agacaccggg aacctcagag agcgecacgce cagaaagege ctatccctat
2161 gacgtgcccg attatgecag cetgggeage ggetccececa agaaaaaacg caaggtggaa
2221 gatcctaaga aaaagcggaa agtggacgtg taaccaccac actggactag tggatccgag
2281 ctcggtacca agcttaagtt taaaccgetg atcagectcg actgtgectt ctagttgeca
2341 gcecatctgtt gtttgeeect ceeeegtgece ttecttgace ctggaaggtg ccacteecac
2401 tgtcctttee taataaaatg aggaaattge atcgeattgt ctgagtaggt gtcattctat

2461 tctgggggat gggotggogc aggacageaa gggggaggat tgggaagaca atagcaggea
2521 tgctggggat geggtggect ctatggettc tgaggcggaa agaaccaget ggggctetag
2581 ggggtatcece cacgegeect gtageggegce attaagegeg gegggtgtgg tggttacgeg
2641 cagcgtgacc getacacttg ccagegecect agegeccgct cetttegett tetteectte
2701 ctttctcgee acgttegeeg gettteceecg tcaageteta aatcgggggc tecctttagg
2761 gttccgattt agtgctttac ggecacctcga ccccaaaaaa cttgattagg gtgatggttc
2821 acgtagtggg ccatcgecct gatagacggt ttttcgecct ttgacgttgg agtccacgtt
2881 ctttaatagt ggactcttgt tccaaactgg aacaacactc aaccctatct cggtctatte

2041 ttttgattta taagggattt tgccgatttc ggectattgg ttaaaaaatg agetgattta

3001 acaaaaattt aacgcgaatt aattctgtgg aatgtgtgtc agttagggtg tggaaagtce
3061 ccaggctece cagcaggeag aagtatgecaa ageatgeate tcaattagtc agcaaccagg
3121 tgtggaaagt ccccaggete cccagcaggce agaagtatge aaagceatgea tetcaattag
3181 tcagcaacca tagtccegece cctaactccg cecateecge cectaactee geecagttee
3241 gcccattcte cgecccatgg ctgactaatt ttttttattt atgcagagge cgaggecgee
3301 tctgectetg agcetattcca gaagtagtga ggaggctttt ttggaggcect aggcttttge
3361 aaaaagctcc cgggagcettg tatatccatt ttcggatctg atcaagagac aggatgagga
3421 tcgtttcgcea tgattgaaca agatggattg cacgcaggtt ctccggecge ttgggtggag
3481 aggctattcg getatgactg ggcacaacag acaatcgget getetgatge cgeegtgtte
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3541 cggctgtcag cgeaggggcg ceeggttett tttgtcaaga cegacctgte cggtgeectg
3601 aatgaactgc aggacgagge agegeggcta tegtggctgg ccacgacggg cgttecttge
3661 gcagctgtge tcgacgttgt cactgaageg ggaagggeact ggctgctatt gggcgaagtg
3721 ccggggcagg atctectgte atctcacctt getectgecg agaaagtate catcatggct
3781 gatgcaatgc ggcggctgea tacgettgat ccggcetacct geccattcga ccaccaageg
3841 aaacatcgca tcgagcgage acgtactcgg atggaagecg gtcttgtega tcaggatgat
3901 ctggacgaag agcatcaggg getcgegeca gecgaactgt tcgecagget caaggegege
3961 atgcccgacg gegaggatct cgtegtgace catggegatg cetgettgee gaatatcatg
4021 gtggaaaatg geegctttte tggattcate gactgtggce ggetgggtet ggcggaccge
4081 tatcaggaca tagcgttggc tacccgtgat attgctgaag agettggegg cgaatgggct
4141 gaccgcttce tegtgcttta cggtatcgee geteeccgatt cgecagegeat cgecttetat
4201 cgcecttcttg acgagttctt ctgagecggga ctetggggtt cgaaatgace gaccaagega
4261 cgcccaacct gecatcacga gatttcgatt ccaccgecge cttetatgaa aggttgggct
4321 tcggaatcgt tttccgggac gecggetgga tgatecteca gegeggggat cteatgetgg
4381 agttcttcge ccaccccaac ttgtttattg cagettataa tggttacaaa taaagcaata

4441 gcatcacaaa tttcacaaat aaagcatttt tttcactgca ttctagttgt ggtttgtcca

4501 aactcatcaa tgtatcttat catgtctgta taccgtcgac ctctagctag agettggcgt

4561 aatcatggtc atagctgttt cctgtgtgaa attgttatcc getcacaatt ccacacaaca
4621 tacgagccgg aagcataaag tgtaaagect ggggtgccta atgagtgagce taactcacat
4681 taattgcgtt gcgctcactg cecgetttee agtcgggaaa cetgtegtge cagetgceatt
4741 aatgaatcgg ccaacgcgeg gggagaggcg gtttgegtat tgggegcetct teegcttect
4801 cgctcactga ctegetgege teggtegtte ggetgeggeg ageggtatca getcactcaa
4861 aggcggtaat acggttatcc acagaatcag gggataacge aggaaagaac atgtgagcaa
4921 aaggccagca aaaggcecagg aaccgtaaaa aggecgegtt getggcegttt ttccatagge
4981 tccgeccecc tgacgagceat cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga
5041 caggactata aagataccag gcgtttccec ctggaagcte cetegtgege tetectgtte
5101 cgaccctgee gettaccgga tacctgteeg cetttetece ttecgggaage gtggegcttt
5161 ctcatagctc acgetgtagg tatctcagtt cggtgtaggt cgttegetee aagetgggct
5221 gtgtgcacga acceeccgtt cageccgace getgegectt atccggtaac tatcgtettg
5281 agtccaaccc ggtaagacac gacttatcge cactggcage agecactggt aacaggatta
5341 gcagagcgag gtatgtagge ggtgctacag agttcttgaa gtggtggcect aactacggct
5401 acactagaag aacagtattt ggtatctgcg ctctgetgaa gecagttace ttcggaaaaa
5461 gagttggtag ctcttgatcc ggcaaacaaa ccaccgetgg tageggtttt tttgtttgca
5521 agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg
5581 ggtctgacgce tcagtggaac gaaaactcac gttaagggat tttggtcatg agattatcaa
5641 aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca atctaaagta

5701 tatatgagta aacttggtct gacagttacc aatgcttaat cagtgaggcea cctatctcag
5761 cgatctgtct atttcgttca tccatagttg cctgactece cgtegtgtag ataactacga

5821 tacgggaggg cttaccatct ggceccagtg ctgeaatgat accgegagac ccacgetcac
5881 cggctccaga tttatcagca ataaaccage cagecggaag ggecgagege agaagtggte
5941 ctgcaacttt atccgcectee atccagtcta ttaattgttg ccgggaagcet agagtaagta
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6001 gttcgccagt taatagtttg cgcaacgttg ttgecattge tacaggceate gtggtgtcac
6061 gctegtegtt tggtatggct tcattcagcet cecggttccca acgatcaagg cgagttacat
6121 gatcccecat gttgtgcaaa aaageggtta getecttegg tecteccgate gttgtcagaa
6181 gtaagttgge cgcagtgtta tcactcatgg ttatggcage actgcataat tctcttactg
6241 tcatgccatc cgtaagatgce ttttetgtga ctggtgagta ctcaaccaag tcattctgag
6301 aatagtgtat gcggcgaccg agttgetett gcccggegte aatacgggat aataccgege
6361 cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcttcgggg cgaaaactct
6421 caaggatctt accgctgttg agatccagtt cgatgtaacc cactcgtgea cccaactgat
6481 cttcagcatc ttttactttc accagcegttt ctgggtgage aaaaacagga aggcaaaatg
6541 ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatacte ttectttttc
6601 aatattattg aagcatttat cagggttatt gtctcatgag cggatacata tttgaatgta
6661 tttagaaaaa taaacaaata ggggttccge geacatttce ccgaaaagtg ccacctgacg
6721 tc

S50bp GFP mCherry extension (SEQ ID NO: 31).

LOCUS  Exported 4951 bp ds-DNA  circular
DEFINITION synthetic circular DNA
SOURCE  synthetic DNA construct
ORGANISM recombinant plasmid
REFERENCE 1 (bases 1 to 4951)
FEATURES Location/Qualifiers
source 1..4951
/organism="recombinant plasmid"
/mol_type="other DNA"
primer bind 1..40
/label=EF1a_Gibson F
primer bind 1..20
/label=Primer 2
misc_feature 1.7
/label=sgRNA scaffold termination
promoter 21..566
/label=EF 1a promoter
primer bind complement(554..591)
/label=EF1a_Gibson R
CDS 572..1282
/codon_start=1
/product="monomeric derivative of DsRed fluorescent protein
(Shaner et al., 2004)"
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Nlabel=mCherry

/note="mammalian codon-optimized"
/translation="MVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEG
TQTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNE
EDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALK
GETIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERA
EGRHSTGGMDELYK"
primer bind 572..591
/label=mCherry BGH F
primer bind complement(1259..1306)
/label=Primer 1
primer bind complement(1259..1286)
/label=mCherry P2A Gib R
primer bind complement(1259..1282)
/label=mCherry HindIII R
misc_feature 1283..1306
/label=Gibson Overlap
primer bind 1283..1301
/label=mCherry P2A Gib F
polyA signal 1330..1554
/label=bGH poly(A) signal
/note="bovine growth hormone polyadenylation signal"
primer _bind complement(1535..1573)
/label=mCherry BGH _Gib_R
primer _bind complement(1535..1554)
/label=mCherry BGH R
primer bind complement(1536..1555)
/label=bGH_Notl R
primer bind complement(1558..1573)
/label=SK primer
/note="common sequencing primer, one of multiple similar
variants"
primer bind complement(1608..1627)
/label=T3
primer bind complement(1645..1665)
/label=M13-rev
misc_binding complement(1671..1693)
/label=LacO
promoter complement(1698..1727)
/label=lac
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rep_origin  complement(2033..2661)
/direction=LEFT
/label=ColE1 origin
CDS complement(2813..3472)
/label=AmpR
promoter complement(3712..3740)
/label=Amp prom
rep_origin  3811..4251
/direction=RIGHT
/label=F1 ori
CDS complement(4258..4326)
/label=LacZ alpha
primer _bind 4397.4414
Nlabel=M13-fwd
primer_bind 4424.4443
/label=T7
promoter 4555..4817
/label=U6 promoter
primer_bind 4798..4864
/label=no_spacer universal scaff f
primer_bind 4803..4862
/label=50bp_ GFP _F
primer_bind 4803..4862
/label=50bp_ GFP_revcomp F(+G)
primer_bind 4803..4862
/label=10bp_GFP_spacer F
primer_bind 4803..4862
/label=30bp_GFP_spacer F
primer_bind 4803..4862
/label=70bp_GFP_spacer F
primer_bind 4803..4862
/label=ACTB_3 ext CgRNA For
primer bind complement(4803..4817)
/label=Primer 3
primer bind complement(4803..4817)
/label=extension_gibson R
misc_feature 4818.4838
/label=50bp EGFP _targeting spacer
misc_feature 4839..4924
/label=sgRNA scaffold
primer_bind  4839..4865
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/label=scaffold 3 ext template For
primer bind complement(4912..4930)
/label=scaffold 3 ext template Rev
primer bind complement(join(4913..4951,1..20))
/label=eGFP_3 ext R
primer bind complement(join(4913..4951,1..20))
/label=gfp 3 extension revcomp
primer bind complement(join(4913..4951,1..20))
/label=ACTB_3 ext AgRNA Rev
misc_feature 4925.4930
/label=Linker
misc_feature 4931..4951
/label=EGFP_extension
ORIGIN
1 tttttttect gcageceggg aaggatetge gatcgeteeg gtgeccgtea gtgggcagag
61 cgcacatcge ccacagtcce cgagaagttg gggggagegg tcggcaattg aacgggtgcc
121 tagagaaggt ggcgeggggt aaactgggaa agtgatgteg tgtactgget cegecttttt
181 cccgagggtg ggggagaacc gtatataagt gcagtagtcg cecgtgaacgt tetttttege
241 aacgggtttg ccgccagaac acagetgaag cttcgagggg ctegeatcte tecttcacge
301 geecgecegec ctacctgagg cegecateca cgeeggttga gtegegttet geegectece
361 gectgtggtg cctectgaac tgegteegee gtetaggtaa gtttaaaget caggtegaga
421 ccgggecttt gtccggegcet cecttggage ctacctagac tcagecggcet ctecacgett
481 tgcctgaccece tgettgetca actctacgte tttgtttegt tttctgttet gegecgttac
541 agatccaagc tgtgaccggce gectacgceta gatggtgage aagggcgagg aggataacat
601 ggccatcatc aaggagttca tgegettcaa ggtgcacatg gagggcteeg tgaacggeca
661 cgagttcgag atcgagggcg agggcgaggg ccgeecctac gagggeacce agaccgecaa
721 gctgaaggtg accaagggtg gececctgec cttegectgg gacatectgt ceectecagtt
781 catgtacggc tccaaggcect acgtgaagea cccegecgac atccccgact acttgaaget
841 gtccttcece gagggcttca agtgggageg cgtgatgaac ttcgaggacg geggegtggt
901 gaccgtgacc caggactcct ccctgecagga cggegagttc atctacaagg tgaagetgeg
961 cggcaccaac ttccectccg acggecccgt aatgcagaag aagaccatgg getgggagge
1021 ctectecgag cggatgtace ccgaggacgg cgecctgaag ggcgagatca agecagaggcet
1081 gaagctgaag gacggcggec actacgacgce tgaggtcaag accacctaca aggecaagaa
1141 gceegtgeag ctgeeecggeg cctacaacgt caacatcaag ttggacatca ceteccacaa
1201 cgaggactac accatcgtgg aacagtacga acgcgecgag ggecgecact ccaccggegg
1261 catggacgag ctgtacaagt aatccgagct cggtaccaag cttaagttta aaccgetgat
1321 cagcctecgac tgtgecttet agttgecage catetgttgt ttgecectee ceegtgectt
1381 ccttgaccct ggaaggtgece actcccactg tectttecta ataaaatgag gaaattgeat
1441 cgcattgtct gagtaggtgt cattctattc tgggggotes gotgooocag gacagcaagg
1501 gggaggattg ggaagacaat agcaggcatg ctggggatge ggtgggctct atgggggate
1561 cactagttct agagcggecg ccaccgeggt ggagetccag cttttgttee ctttagtgag
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1621 ggttaattge gegettggeg taatcatggt catagetgtt tectgtgtga aattgttate

1681 cgctcacaat tccacacaac atacgagecg gaagcataaa gtgtaaagece tggggtecct
1741 aatgagtgag ctaactcaca ttaattgcgt tgcgctcact geeegettte cagtcgggaa
1801 acctgtcgtg ccagcetgceat taatgaatcg geccaacgege ggggagagec gatttgcgta
1861 ttgggcgcte ttccgettee tegetcactg actcgetgeg cteggtegtt cggetgegge
1921 gagcggtatc agctcactca aaggcggtaa tacggttatc cacagaatca ggggataacg
1981 caggaaagaa catgtgagca aaaggccage aaaaggecag gaaccgtaaa aaggecgegt
2041 tgctggegtt tttccatagg cteccgeecee ctgacgagea tcacaaaaat cgacgcetcaa
2101 gtcagaggtg gcgaaacccg acaggactat aaagatacca ggegtttcce cetggaagct
2161 ccctegtgeg ctetectgtt cecgacectge cgettacegg atacctgtee gectttetee
2221 cttcgggaag cgtggcgctt tetcataget cacgetgtag gtatctcagt tcggtgtagg
2281 tcgttcgete caagetgggc tgtgtgcacg aaccccccgt tcageccgac cgetgegect
2341 tatccggtaa ctatcgtctt gagtccaacc cggtaagaca cgacttatcg ccactggecag
2401 cagccactgg taacaggatt agcagagcega ggtatgtagg cggtgctaca gagttettga
2461 agtggtggcc taactacgge tacactagaa ggacagtatt tggtatctge getetgetga
2521 agccagttac cttcggaaaa agagttggta getcttgate cggcaaacaa accaccgetg
2581 gtagcggtgg tttttttgtt tgcaagcage agattacgeg cagaaaaaaa ggatctcaag
2641 aagatccttt gatcttttct acggggtctg acgetcagtg gaacgaaaac tcacgttaag
2701 ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat
2761 gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgcet
2821 taatcagtga ggcacctatc tcagcgatct gtetatttcg ttcatccata gttgectgac
2881 tcceegtegt gtagataact acgatacggg agggcttace atctggeccce agtgetgeaa
2941 tgataccgcg agacccacge tcaccggcete cagatttatc agcaataaac cagecagecg
3001 gaagggccga gegecagaagt ggtectgeaa ctttatccge ctecatccag tctattaatt
3001 gttgccggga agctagagta agtagttcge cagttaatag tttgegeaac gttgttgeca
3121 ttgctacagg catcgtggtg tcacgcetegt cgtttggtat ggcttcatte agetccggtt
3181 cccaacgatc aaggcgagtt acatgatcce ccatgttgtg caaaaaageg gttagetect
3241 tcggtectee gatcgttgtc agaagtaagt tggecgeagt gttatcacte atggttatgg
3301 cagcactgca taattctctt actgtcatge catccgtaag atgcttttct gtgactggtg
3361 agtactcaac caagtcattc tgagaatagt gtatgcggeg accgagttge tettgeeegg
3421 cgtcaatacg ggataatacc gcgccacata gcagaacttt aaaagtgcte atcattggaa
3481 aacgttcttc ggggcgaaaa ctctcaagga tettaccget gttgagatee agttcgatgt
3541 aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccage gtttctgggt
3601 gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat aagggcegaca cggaaatgtt
3661 gaatactcat actcttcctt tttcaatatt attgaagcat ttatcagggt tattgtctca

3721 tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt ccgegeacat
3781 ttccccgaaa agtgccacct aaattgtaag cgttaatatt ttgttaaaat tcgegttaaa
3841 tttttgttaa atcagctcat tttttaacca ataggccgaa atcggcaaaa tcccttataa

3901 atcaaaagaa tagaccgaga tagggttgag tgttgttcca gtttggaaca agagtccact
3961 attaaagaac gtggactcca acgtcaaagg gcgaaaaacc gtctatcagg gegatggecce
4021 actacgtgaa ccatcaccct aatcaagttt tttgggotcg aggtgccgta aagcactaaa
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4081 tcggaaccct aaagggagcece cccgatttag agettgacgg ggaaagecgg cgaacgtggc
4141 gagaaaggaa gggaagaaag cgaaaggage gggcgctagg gegetggeaa gtgtageggt
4201 cacgctgege gtaaccacca cacccgecge gettaatgeg cegetacagg gegegteeca
4261 ttcgcecattc aggetgegea actgttggga agggcgateg gtgegggcct cttecgetatt
4321 acgccagetg gecgaaagggeg gatgtgctge aaggegatta agttgggetaa cgecagggtt
4381 ttcccagtca cgacgttgta aaacgacggc cagtgagege gegtaatacg actcactata
4441 gggcgaattg ggtaccggge cceeectega ggtegacggt atcgataage ttgatatcgt
4501 gtacaaaaaa gcaggcttta aaggaaccaa ttcagtcgac tggatccggt accaaggtcg
4561 ggcaggaaga gggcctattt cccatgatte cttcatattt gcatatacga tacaaggcetg
4621 ttagagagat aattagaatt aatttgactg taaacacaaa gatattagta caaaatacgt

4681 gacgtagaaa gtaataattt cttgggtagt ttgcagtttt aaaattatgt tttaaaatgg

4741 actatcatat gcttaccgta acttgaaagt atttcgattt cttggcttta tatatcttgt

4801 ggaaaggacg aaacaccgaa gtcatgecgt ttcatgtggt ttaagagceta tgetggaaac
4861 agcatagcaa gtttaaataa ggctagtccg ttatcaactt gaaaaagtgg caccgagtcg
4921 gtgcttcatt gtgtcggcca cggaacaggce a

spacerless GFP mCherry extension (SEQ ID NO: 32).

LOCUS  Exported 4930 bp ds-DNA  circular
DEFINITION synthetic circular DNA
SOURCE  synthetic DNA construct
ORGANISM recombinant plasmid
REFERENCE 1 (bases 1 to 4930)
FEATURES Location/Qualifiers
source 1..4930
/organism="recombinant plasmid"
/mol_type="other DNA"
rep_origin  13.453
/direction=RIGHT
/label=F1 ori
CDS complement(460..528)
/label=LacZ alpha
primer_bind 599..616
Nlabel=M13-fwd
primer _bind 626..645
/label=T7
promoter 757..1019
/label=U6 promoter

primer bind complement(998..1019)
/label=scaffold out R
primer_bind  1000..1045
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/label=no_spacer universal scaff f
primer_bind 1005..1043
/label=50bp_ GFP F
primer_bind 1005..1043
/label=ACTB_3 ext CgRNA For
misc_feature 1020..1105
/label=sgRNA scaffold
primer _bind 1020..1046
/label=scaffold 3 ext template For
primer bind complement(1093..1111)
/label=scaffold 3 ext template Rev
primer bind complement(1094..1152)
/label=eGFP_3 ext R
primer bind complement(1094..1152)
/label=gfp 3 extension revcomp
primer bind complement(1094..1152)
/label=ACTB_3 ext AgRNA Rev
misc_feature 1106..1111
/label=Linker
misc_feature 1112..1132
/label=EGFP_extension
primer bind 1133..1172
/label=EF1a_Gibson F
primer bind 1133..1152
/label=3_ext backbone For
misc_feature 1133..1139
/label=sgRNA scaffold termination
promoter 1153..1698
/label=EF 1a promoter
primer bind complement(1686..1723)
/label=EF1a_Gibson R
CDS 1704..2414
/codon_start=1
/product="monomeric derivative of DsRed fluorescent protein
(Shaner et al., 2004)"
/label=mCherry
/note="mammalian codon-optimized"

/translation="MVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEG
TQTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNE
EDGGVVTVTQODSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALK
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GETIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERA
EGRHSTGGMDELYK"
primer bind 1704..1723
/label=mCherry BGH F
primer bind complement(2391..2438)
/label=Primer 1
primer bind complement(2391..2414)
/label=mCherry HindIII R
misc_feature 2415.2438
/label=Gibson Overlap
polyA signal 2462.2686
/label=bGH poly(A) signal
/note="bovine growth hormone polyadenylation signal"
primer bind complement(2667..2705)
/label=mCherry BGH_Gib R
primer bind complement(2667..2686)
/label=mCherry BGH R
primer bind complement(2668..2687)
/label=bGH_Notl R
primer _bind complement(2690..2705)
/label=SK primer
/note="common sequencing primer, one of multiple similar
variants"
primer _bind complement(2740..2759)
/label=T3
primer _bind complement(2777..2797)
/label=M13-rev
misc_binding complement(2803..2825)
/label=LacO
promoter complement(2830..2859)
/label=lac
rep_origin  complement(3165..3793)
/direction=LEFT
/label=ColE1 origin
CDS complement(3945..4604)
/label=AmpR
promoter complement(4844..4872)
/label=Amp prom
ORIGIN
1 ctaaattgta agcgttaata ttttgttaaa attcgegtta aatttttgtt aaatcagetc
61 attttttaac caataggccg aaatcggcaa aatcccttat aaatcaaaag aatagaccga
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121 gatagggtte agtgttgttc cagtttggaa caagagtcca ctattaaaga acgtggactc

181 caacgtcaaa gggcgaaaaa ccgtctatca gggegatggce cecactacgtg aaccatcacc
241 ctaatcaagt tttttggggt cgaggteccg taaagcacta aatcggaacc ctaaagggag

301 cccecgattt agagettgac ggggaaagee ggegaacgtg gcgagaaagg aagggaagaa
361 agcgaaagga gcgggegcta gggegetggce aagtgtageg gtecacgetge gegtaaccac
421 cacacccgcece gegettaatg cgecgcetaca gggegegtee cattcgecat tcaggetgeg
481 caactgttgg gaagggcgat cggtgecgggc ctettcgeta ttacgecage tggegaaagg
541 gggatgtgct gcaaggcegat taagttgggt aacgeccaggg ttttcccagt cacgacgttg

601 taaaacgacg gccagtgage gegegtaata cgactcacta tagggegaat tgggtaccgg
661 geecccecte gaggtegacg gtatcgataa gettgatate gtgtacaaaa aagcaggcett
721 taaaggaacc aattcagtcg actggatccg gtaccaaggt cgggeaggaa gagggcectat
781 ttcccatgat tccttcatat ttgcatatac gatacaagge tgttagagag ataattagaa

841 ttaatttgac tgtaaacaca aagatattag tacaaaatac gtgacgtaga aagtaataat

901 ttcttgggta gtttgcagtt ttaaaattat gttttaaaat ggactatcat atgcttaccg

961 taacttgaaa gtatttcgat ttcttggctt tatatatctt gtggaaagga cgaaacaccg

1021 tttaagagct atgctggaaa cagcatagcea agtttaaata aggctagtce gttatcaact

1081 tgaaaaagtg gcaccgagtc ggtgcttcat tgtgtcggce acggaacagg cattttttte
1141 ctgcageecg ggaaggatcet gegatcgete cggtgeccgt cagtgggcag agegeacatce
1201 gcccacagte cccgagaagt tggggggagg ggtcggcaat tgaacgggtg cctagagaag
1261 gtggcgeggg gtaaactggg aaagtgatgt cgtgtactgg ctecgecttt ttcccgaggg
1321 tgggggagaa ccgtatataa gtgcagtagt cgccgtgaac gttetttttc gcaacgggtt
1381 tgcecgecaga acacagcetga agettcgagg ggetcgceate tetecttcac gegeecgeeg
1441 ccctacctga ggeegecate cacgecggtt gagtcgegtt ctgecgecte cegectgtgg
1501 tgectectga actgegteeg cegtetaggt aagtttaaag ctcaggtega gaccgggcect
1561 ttgtccggeg cteccttgga gectacctag actcageegg ctetccacge tttgectgac
1621 cctgettgcet caactctacg tetttgttte gttttctgtt ctgegecgtt acagatccaa

1681 gctgtgaccg gegectacge tagatggtga gcaagggega ggaggataac atggecatca
1741 tcaaggagtt catgcgcttc aaggtgcaca tggagggctc cgtgaacgge cacgagttcg
1801 agatcgaggg cgagggcgag ggccgeccct acgagggeac ccagaccgee aagetgaagg
1861 tgaccaaggg tggcccectg cecttcgect gggacatect gtececteag ttcatgtacg
1921 gcteccaagge ctacgtgaag caccecgecg acatceecga ctacttgaag ctgtecttee
1981 ccgagggctt caagtgggag cgegtgatga acttcgagga cggeggegte gtgaccgtga
2041 cccaggactc ctceectgeag gacggegagt tcatctacaa ggtgaagetg cgeggeacca
2101 acttceecte cgacggeecc gtaatgcaga agaagaccat gggetgggag gectecteeg
2161 agcggatgta ccccgaggac ggegeectga agggegagat caagcagagg ctgaagetga
2221 aggacggcegg ccactacgac getgaggtea agaccaccta caaggecaag aageccgtge
2281 agctgeecgg cgectacaac gtcaacatca agttggacat cacctceccac aacgaggact
2341 acaccatcgt ggaacagtac gaacgcgecg agggecgeca ctccaccgge ggeatggacg
2401 agctgtacaa gtaatccgag ctcggtacca agcttaagtt taaaccgcetg atcagecteg
2461 actgtgectt ctagttgeca gecatctgtt gtttgecect ceceegtgec ttecttgace

2521 ctggaaggtg ccactcecac tgtectttce taataaaatg aggaaattge atcgeattgt
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2581 ctgagtaggt gtcattctat tctggggoat gggeteoggac aggacagcaa gggggaggat
2641 tgggaagaca atagcaggca tgctggggat geggtgggect ctatggggga tccactagtt

2701 ctagagcgge cgecaccgeg gtggagetee agettttgtt cectttagtg agggttaatt
2761 gegegcttgg cgtaatcatg gtcatagetg tttectgtgt gaaattgtta tecgetcaca
2821 attccacaca acatacgagc cggaagcata aagtgtaaag cctggggtgec ctaatgagtg
2881 agctaactca cattaattge gttgegetca ctgeccgcett teccagteggg aaacctgteg
2941 tgccagetge attaatgaat cggecaacge geggggagag geggtttgeg tattgggcge
3001 tcttcecgcett cetegetcac tgactegetg cgeteggteg tteggetgeg gegageggta
3061 tcagctcact caaaggeggt aatacggtta tccacagaat caggggataa cgcaggaaag
3121 aacatgtgag caaaaggcca gcaaaaggec aggaaccgta aaaaggecge gttgetggcg
3181 tttttccata ggetecgeee cectgacgag catcacaaaa atcgacgcete aagtcagagg
3241 tggcgaaacc cgacaggact ataaagatac caggegtttc ccectggaag ctecctegtg
3301 cgctetectg ttccgaccect geegettace ggatacctgt cegectttet cecttcggga
3361 agcgtggegc tttctcatag ctcacgetgt aggtatctca gtteggtgta ggtegttege
3421 tccaagcetgg getgtgteca cgaaccecee gttcageccg accgetgege cttatceggt
3481 aactatcgtc ttgagtccaa cccggtaaga cacgacttat cgecactgge agcagecact
3541 ggtaacagga ttagcagagce gaggtatgta ggcggtgcta cagagttctt gaagtggteg
3601 cctaactacg gctacactag aaggacagta tttggtatct gecgetctget gaagecagtt
3661 accttcggaa aaagagttgg tagctcttga tccggcaaac aaaccaccgce tggtageggt
3721 ggtttttttg tttgcaagea geagattacg cgcagaaaaa aaggatctca agaagatcct
3781 ttgatctttt ctacggggtc tgacgctcag tggaacgaaa actcacgtta agggattttg
3841 gtcatgagat tatcaaaaag gatcttcacc tagatccttt taaattaaaa atgaagtttt

3901 aaatcaatct aaagtatata tgagtaaact tggtctgaca gttaccaatg cttaatcagt
3961 gaggcaccta tctcagcgat ctgtctattt cgttcatcca tagttgectg actccecegte
4021 gtgtagataa ctacgatacg ggagggctta ccatctggee ccagtgetge aatgataccg
4081 cgagacccac gectcaccggce tccagattta tcagcaataa accagecage cggaagggec
4141 gagcgcagaa gtggtcctge aactttatce gectccatee agtctattaa ttgttgecgg
4201 gaagctagag taagtagttc gccagttaat agtttgcgea acgttgttge cattgetaca
4261 ggcatcgtgg tgtcacgete gtegtttggt atggcttcat tcageteegg ttcccaacga
4321 tcaaggcgag ttacatgatc ccccatgttg tgcaaaaaag cggttagete ctteggtect
4381 ccgatcgttg tcagaagtaa gttggccgea gtgttatcac tcatggttat ggcageactg
4441 cataattctc ttactgtcat gccatccgta agatgctttt ctgtgactgg tgagtactca

4501 accaagtcat tctgagaata gtgtatgcgg cgaccgagtt getcttgeee ggegtcaata
4561 cgggataata ccgegecaca tagcagaact ttaaaagtgc tcatcattgg aaaacgttct
4621 tcggggcgaa aactctcaag gatcttaccg ctgttgagat ccagttcgat gtaacccact
4681 cgtgcaccca actgatcttc ageatctttt actttcacca gegtttetgg gtgagcaaaa
4741 acaggaaggc aaaatgccge aaaaaaggga ataagggega cacggaaatg ttgaatactc
4801 atactcttcc tttttcaata ttattgaagc atttatcagg gttattgtct catgagcgga

4861 tacatatttg aatgtattta gaaaaataaa caaatagggg ttccgegeac atttccccga
4921 aaagtgccac
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GFP no_spacer revcomp mCherry gibson (SEQ ID NO: 33).

LOCUS  Exported 4930 bp ds-DNA  circular
DEFINITION synthetic circular DNA
SOURCE  synthetic DNA construct
ORGANISM recombinant plasmid
REFERENCE 1 (bases 1 to 4930)
FEATURES Location/Qualifiers
source 1..4930
/organism="recombinant plasmid"
/mol_type="other DNA"
primer bind 1..20
/label=Primer 2
misc_feature 1.7
/label=sgRNA scaffold termination
promoter 21..566
/label=EF 1a promoter
primer bind complement(554..591)
/label=EF1a_Gibson R
CDS 572..1282
/codon_start=1

PCT/US2018/031913

/product="monomeric derivative of DsRed fluorescent protein

(Shaner et al., 2004)"
/label=mCherry
/note="mammalian codon-optimized"

/translation="MVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEG

TQTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNE
EDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALK
GEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERA

EGRHSTGGMDELYK"

primer bind 572..591
/label=mCherry BGH F

primer bind complement(1259..1306)
/label=Primer 1

primer bind complement(1259..1282)
/label=mCherry HindIII R

misc_feature 1283..1306
/label=Gibson Overlap

polyA signal 1330..1554
/label=bGH poly(A) signal

/note="bovine growth hormone polyadenylation signal"
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primer bind complement(1535..1573)
/label=mCherry BGH _Gib_R

primer _bind complement(1535..1554)
/label=mCherry BGH R

primer bind complement(1536..1555)
/label=bGH_Notl R

primer bind complement(1558..1573)
/label=SK primer
/note="
variants"

primer bind complement(1608..1627)
/label=T3

primer bind complement(1645..1665)
/label=M13-rev

misc_binding complement(1671..1693)
/label=LacO

promoter complement(1698..1727)
/label=lac

rep_origin  complement(2033..2661)
/direction=LEFT
/label=ColE1 origin

CDS complement(2813..3472)
/label=AmpR

promoter complement(3712..3740)
/label=Amp prom

rep_origin  3811..4251
/direction=RIGHT
/label=F1 ori

CDS complement(4258..4326)
/label=LacZ alpha

primer _bind 4397.4414
/label=M13-fwd

primer_bind 4424.4443
/label=T7

promoter 4555..4817
/label=U6 promoter

primer_bind 4798..4843

/label=no_spacer universal scaff f

primer _bind 4803..4841

/label=ACTB_3 ext CgRNA For

primer_bind complement(4803..4817)
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/label=Primer 3
primer bind complement(4803..4817)
/label=extension_gibson R
misc_feature 4818..4903
/label=sgRNA scaffold
primer bind 4818..4844
/label=scaffold 3 ext template For
primer bind complement(4891..4909)
/label=scaffold 3 ext template Rev
primer bind complement(join(4892..4930,1..20))
/label=gfp 3 extension revcomp
primer bind complement(join(4892..4930,1..20))
/label=ACTB_3 ext AgRNA Rev
misc_feature 4904..4909
/label=Linker
misc_feature 4910..4930
/label=EGFP_revcomp_extension
primer bind join(4930,1..40)
/label=EF1a_Gibson F
ORIGIN
1 tttttttcct gecageccggg aaggatctge gatcgetecg gtgeccgtea gtgggeagag
61 cgcacatcge ccacagtece cgagaagttg ggggeagggg tcggeaattg aacgggtgce
121 tagagaaggt ggcgeggggt aaactgggaa agtgatgteg tgtactgget cegecttttt
181 cccgagggtg ggggagaace gtatataagt gcagtagteg cegtgaacgt tetttttege
241 aacgggtttg ccgecagaac acagetgaag cttcgagggg ctegeatete tecttcacge
301 geecgeegece ctacctgagg cecgecateca cgecggttga gtegegttet geegecetece
361 gectgtggtg cetectgaac tgegtecgee gtetaggtaa gtttaaaget caggtegaga
421 ccgggcecttt gtccggeget cecttggage ctacctagac tcageegget ctecacgett
481 tgcctgaccece tgettgetca actctacgtc tttgtttegt tttctgttet gegecgttac
541 agatccaagc tgtgaccggce gectacgeta gatggtgage aagggegagg aggataacat
601 ggccatcatc aaggagttca tgegcettcaa ggtgeacatg gagggcetecg tgaacggeca
661 cgagttcgag atcgagggceg agggegaggg cegeeectac gagggeacce agaccgecaa
721 gctgaaggtg accaagggtg geecectgec cttegeetgg gacatectgt ceectcagtt
781 catgtacggc tccaaggect acgtgaagea cccegecgac atceecgact acttgaaget
841 gtccttccce gagggcettca agtgggageg cgtgatgaac ttcgaggacg geggegtagt
901 gaccgtgacc caggactcct ccctgeagga cggegagttc atctacaagg tgaagetgeg
961 cggcaccaac ttcceetecg acggeeecgt aatgcagaag aagaccatgg getgggagge
1021 ctectecgag cggatgtace ccgaggacgg cgecctgaag ggegagatca agecagaggct
1081 gaagctgaag gacggeggec actacgacge tgaggtcaag accacctaca aggecaagaa
1141 geecgtgeag ctgeceggeg cctacaacgt caacatcaag ttggacatea cctccecacaa
1201 cgaggactac accatcgtgg aacagtacga acgcgeegag ggecgecact ccaccggegg
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1261 catggacgag ctgtacaagt aatccgagct cggtaccaag cttaagttta aaccgetgat
1321 cagcctecgac tgtgecttet agttgecage catetgttgt ttgecectee ceegtgectt
1381 ccttgaccct ggaaggtgece actcccactg tectttecta ataaaatgag gaaattgeat

1441 cgcattgtct gagtaggtgt cattctattc tgggggotes gotgooocag gacagcaagg

1501 gggaggattg ggaagacaat agcaggcatg ctggggatge ggtgggctct atgggggate
1561 cactagttct agagcggecg ccaccgeggt ggagetccag cttttgttee ctttagtgag

1621 ggttaattge gegettggeg taatcatggt catagetgtt tectgtgtga aattgttate

1681 cgctcacaat tccacacaac atacgagecg gaagcataaa gtgtaaagece tggggtecct
1741 aatgagtgag ctaactcaca ttaattgcgt tgcgctcact geeegettte cagtcgggaa
1801 acctgtcgtg ccagcetgceat taatgaatcg geccaacgege ggggagagec gatttgcgta
1861 ttgggcgcte ttccgettee tegetcactg actcgetgeg cteggtegtt cggetgegge
1921 gagcggtatc agctcactca aaggcggtaa tacggttatc cacagaatca ggggataacg
1981 caggaaagaa catgtgagca aaaggccagce aaaaggcecag gaaccgtaaa aaggecgegt
2041 tgctggegtt tttccatagg cteccgeecee ctgacgagea tcacaaaaat cgacgcetcaa
2101 gtcagaggtg gcgaaacccg acaggactat aaagatacca ggegtttcce cetggaagct
2161 ccctegtgeg ctetectgtt cecgacectge cgettacegg atacctgtee gectttetee
2221 cttcgggaag cgtggcgctt tetcataget cacgetgtag gtatctcagt tcggtgtagg
2281 tcgttcgete caagetgggc tgtgtgcacg aaccccccgt tcageccgac cgetgegect
2341 tatccggtaa ctatcgtctt gagtccaacc cggtaagaca cgacttatcg ccactggecag
2401 cagccactgg taacaggatt agcagagcega ggtatgtagg cggtgctaca gagttettga
2461 agtggtggcc taactacgge tacactagaa ggacagtatt tggtatctge getetgetga
2521 agccagttac cttcggaaaa agagttggta getcttgate cggcaaacaa accaccgetg
2581 gtagcggtgg tttttttgtt tgcaagcage agattacgeg cagaaaaaaa ggatctcaag
2641 aagatccttt gatcttttct acggggtctg acgetcagtg gaacgaaaac tcacgttaag
2701 ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat
2761 gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgcet
2821 taatcagtga ggcacctatc tcagcgatct gtetatttcg ttcatccata gttgectgac
2881 tcceegtegt gtagataact acgatacggg agggcttace atctggecce agtgetgeaa
2941 tgataccgcg agacccacge tcaccggcete cagatttatc agcaataaac cagecagecg
3001 gaagggccga gegecagaagt ggtectgeaa ctttatccge ctecatccag tctattaatt
3001 gttgccggga agctagagta agtagttcge cagttaatag tttgegeaac gttgttgeca
3121 ttgctacagg catcgtggtg tcacgcetegt cgtttggtat ggcttcatte agetccggtt
3181 cccaacgatc aaggcgagtt acatgatcce ccatgttgtg caaaaaageg gttagetect
3241 tcggtectee gatcgttgte agaagtaagt tggccgceagt gttatcacte atggttatgg
3301 cagcactgca taattctctt actgtcatge catccgtaag atgcttttct gtgactggtg
3361 agtactcaac caagtcattc tgagaatagt gtatgcggeg accgagttge tettgeeegg
3421 cgtcaatacg ggataatacc gcgccacata gcagaacttt aaaagtgcte atcattggaa
3481 aacgttcttc ggggcgaaaa ctctcaagga tettaccget gttgagatee agttcgatgt
3541 aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccage gtttctgggt
3601 gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat aagggcegaca cggaaatgtt
3661 gaatactcat actcttcctt tttcaatatt attgaagcat ttatcagggt tattgtctca
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3721 tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt ccgegeacat
3781 ttccccgaaa agtgccacct aaattgtaag cgttaatatt ttgttaaaat tcgegttaaa

3841 tttttgttaa atcagctcat tttttaacca ataggccgaa atcggcaaaa tcccttataa

3901 atcaaaagaa tagaccgaga tagggttgag tgttgttcca gtttggaaca agagtccact
3961 attaaagaac gtggactcca acgtcaaagg gcgaaaaacc gtctatcagg gegatggecce
4021 actacgtgaa ccatcaccct aatcaagttt tttggggtcg aggtgccgta aagcactaaa
4081 tcggaaccct aaagggagcece cccgatttag agettgacgg ggaaagecgg cgaacgtggc
4141 gagaaaggaa gggaagaaag cgaaaggage gggcgctagg gegetggeaa gtgtageggt
4201 cacgctgege gtaaccacca cacccgecge gettaatgeg cegetacagg gegegteeca
4261 ttcgcecattc aggetgegea actgttggga agggcgateg gtgegggcct cttecgetatt
4321 acgccagetg gecgaaagggeg gatgtgctge aaggegatta agttgggetaa cgecagggtt
4381 ttcccagtca cgacgttgta aaacgacggc cagtgagege gegtaatacg actcactata
4441 gggcgaattg ggtaccggge cceeectega ggtegacggt atcgataage ttgatatcgt
4501 gtacaaaaaa gcaggcttta aaggaaccaa ttcagtcgac tggatccggt accaaggtcg
4561 ggcaggaaga gggcctattt cccatgatte cttcatattt gcatatacga tacaaggcetg
4621 ttagagagat aattagaatt aatttgactg taaacacaaa gatattagta caaaatacgt
4681 gacgtagaaa gtaataattt cttgggtagt ttgcagtttt aaaattatgt tttaaaatgg

4741 actatcatat gcttaccgta acttgaaagt atttcgattt cttggcttta tatatcttgt

4801 ggaaaggacg aaacaccgtt taagagctat gctggaaaca geatagcaag tttaaataag
4861 gctagtccgt tatcaacttg aaaaagtgge accgagtegg tgcttcattt gectgtteeg
4921 tggccgacac

pBluescript II SK+ U6-lambda2-ssRNA(F+E) (SEQ ID NO: 34).

LOCUS  Exported 3388 bp ds-DNA  circular
DEFINITION synthetic circular DNA
SOURCE  synthetic DNA construct
ORGANISM synthetic DNA construct
REFERENCE 1 (bases 1 to 3388)
FEATURES Location/Qualifiers
source 1..3388
/organism="synthetic DNA construct
/mol_type="other DNA"
rep_origin  13..453
/direction=RIGHT
/label=F1 ori
CDS complement(460..528)
/label=LacZ alpha
primer_bind 599..616
Nlabel=M13-fwd
primer _bind 626..645
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/label=T7
promoter 757..1019
/label=U6 promoter
misc_feature 1020..1039
/label=lambda2 guideRNA
misc_feature 1041..1132
/label=sgRNA scaffold
primer bind complement(1198..1217)
/label=T3
primer bind complement(1235..1255)
/label=M13-rev
misc_binding complement(1261..1283)
/label=LacO
promoter complement(1288..1317)
/label=lac
rep_origin  complement(1623..2251)
/direction=LEFT
/label=ColE1 origin
CDS complement(2403..3062)
/label=AmpR
promoter complement(3302..3330)
/label=Amp prom
ORIGIN
1 ctaaattgta agcgttaata ttttgttaaa attcgegtta aatttttgtt aaatcagetc
61 attttttaac caataggccg aaatcggcaa aatcccttat aaatcaaaag aatagaccga
121 gatagggtte agtgttgttc cagtttggaa caagagtcea ctattaaaga acgtggacte
181 caacgtcaaa gggcgaaaaa ccgtctatca gggegatgge cecactacgtg aaccatcacc
241 ctaatcaagt tttttgggogot cgaggtgccg taaageacta aatcggaace ctaaagggag
301 cccccgattt agagcettgac ggggaaagee ggegaacgtg gegagaaagg aagggaagaa
361 agcgaaagga gegggcgcta gggegctggce aagtgtageg gtcacgetge gegtaaccac
421 cacacccgece gegcttaatg cgeecgetaca gggegegtee cattcgecat tcaggetgeg
481 caactgttgg gaagggcgat cggtgcggec ctettcgeta ttacgecage tggegaaagg
541 gggatgtgct gcaaggegat taagttgggt aacgecaggg ttttcccagt cacgacgttg
601 taaaacgacg gccagtgage gegegtaata cgactcacta tagggegaat tgggtacegg
661 gceeccecte gaggtegacg gtatcgataa gettgatate gtgtacaaaa aagcaggett
721 taaaggaacc aattcagtcg actggatccg gtaccaaggt cgggcaggaa gagggcctat
781 ttcccatgat tecttcatat ttgcatatac gatacaaggc tgttagagag ataattagaa
841 ttaatttgac tgtaaacaca aagatattag tacaaaatac gtgacgtaga aagtaataat
901 ttcttgggta gtttgcagtt ttaaaattat gttttaaaat ggactatcat atgcttaccg
961 taacttgaaa gtatttcgat ttcttggctt tatatatctt gtggaaagga cgaaacaccg
1021 tgataagtgg aatgccatgg tttaagagct atgctggaaa cagcatagea agtttaaata
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1081 aggctagtce gttatcaact tgaaaaagtg gecaccgagtce ggtgcttttt ttcctgeage
1141 ccgggggatc cactagttct agageggecg ccaccgeggt ggagcetecag cttttgttec
1201 ctttagtgag ggttaattge gegettggeg taatcatggt catagetgtt tectgtgtga

1261 aattgttatc cgctcacaat tccacacaac atacgagecg gaagcataaa gtgtaaagec
1321 tggggtgcct aatgagtgag ctaactcaca ttaattgegt tgecgctcact geeecgcettte
1381 cagtcgggaa acctgtcgtg ccagetgeat taatgaatcg gecaacgege ggggagaggec
1441 ggtttgcgta ttgggcgcete ttccgcttee tegetcactg actcgetgeg cteggtegtt
1501 cggctgcgge gageggtate agetcactca aaggeggtaa tacggttate cacagaatca
1561 ggggataacg caggaaagaa catgtgagcea aaaggccage aaaaggecag gaaccgtaaa
1621 aaggccegegt tgctggegtt tttccatagg ctecgeccee ctgacgagea tcacaaaaat
1681 cgacgctcaa gtcagaggtg gcgaaacccg acaggactat aaagatacca ggegttteec
1741 cctggaagcet cectegtgeg ctetectgtt ccgacectge cgettaccgg atacctgtee
1801 gectttctee cttcgggaag cgtggegctt tetcataget cacgetgtag gtatctcagt
1861 tcggtgtagg tcgttcgete caagetggge tgtgtgcacg aaccecccgt tcageecgac
1921 cgctgegect tatccggtaa ctatcgtctt gagtccaace cggtaagaca cgacttatcg
1981 ccactggcag cagccactgg taacaggatt agcagagega ggtatgtagg cggtgctaca
2041 gagttcttga agtggtggcc taactacggce tacactagaa ggacagtatt tggtatctge
2101 gctctgetga agecagttac cttcggaaaa agagttggta getcttgatc cggcaaacaa
2161 accaccgctg gtageggtgg tttttttgtt tgcaagcage agattacgeg cagaaaaaaa
2221 ggatctcaag aagatccttt gatcttttct acggggtctg acgctcagtg gaacgaaaac
2281 tcacgttaag ggattttget catgagatta tcaaaaagga tcttcaccta gatcctttta

2341 aattaaaaat gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt

2401 taccaatgct taatcagtga ggcacctatc tcagegatct gtetatttcg ttcatccata

2461 gttgectgac tececgtegt gtagataact acgatacggg agggcttace atctggecce
2521 agtgctgceaa tgataccgeg agacccacge tcaccggcete cagatttatc agcaataaac
2581 cagccageecg gaagggecga gegeagaagt ggtectgeaa ctttatcege ctccatccag
2641 tctattaatt gttgccggga agctagagta agtagttcge cagttaatag tttgegeaac
2701 gttgttgcca ttgetacagg catcgtggte tcacgcetegt cgtttggtat ggettcatte
2761 agctceggtt cccaacgatc aaggegagtt acatgatcee ccatgttgtg caaaaaageg
2821 gttagctect teggtectee gatcgttgte agaagtaagt tggecgeagt gttatcacte
2881 atggttatgg cagcactgca taattctctt actgtcatge catccgtaag atgcettttct

2941 gtgactggtg agtactcaac caagtcattc tgagaatagt gtatgcggeg accgagttge
3001 tcttgeecgg cgtcaatacg ggataatace gegecacata gcagaacttt aaaagtgcete
3061 atcattggaa aacgttcttc ggggcgaaaa ctctcaagga tcttaccgcet gttgagatee
3121 agttcgatgt aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccage
3181 gtttctgggt gagcaaaaac aggaaggcaa aatgccgeaa aaaagggaat aagggegaca
3241 cggaaatgtt gaatactcat actcttcctt tttcaatatt attgaagcat ttatcagggt

3301 tattgtctca tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt
3361 ccgcgceacat ttccccgaaa agtgecac
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EGFP spacerless SaCas9 sgRNA (SEQ ID NO: 47)

LOCUS  Exported 4921 bp ds-DNA  circular
DEFINITION synthetic circular DNA
SOURCE  synthetic DNA construct
ORGANISM recombinant plasmid
REFERENCE 1 (bases 1 to 4921)
FEATURES Location/Qualifiers
source 1..4921
/organism="recombinant plasmid"
/mol_type="other DNA"
primer bind 1..40
/label=EF1a_Gibson F
primer bind 1..20
/label=Primer 2
misc_feature 1.7
/label=sgRNA scaffold termination
promoter 21..566
/label=EF 1a promoter
primer bind complement(554..591)
/label=EF1a_Gibson R
CDS 572..1282
/codon_start=1

PCT/US2018/031913

/product="monomeric derivative of DsRed fluorescent protein

(Shaner et al., 2004)"
/label=mCherry
/note="mammalian codon-optimized"

/translation="MVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEG

TQTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNE
EDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALK
GEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERA

EGRHSTGGMDELYK"

primer bind 572..591
/label=mCherry BGH F

primer bind complement(1259..1306)
/label=Primer 1

primer bind complement(1259..1286)
/label=mCherry P2A Gib R

primer bind complement(1259..1282)
/label=mCherry HindIII R

misc_feature 1283..1306
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/label=Gibson Overlap

primer bind 1283..1301
/label=mCherry P2A Gib F

polyA signal 1330..1554
/label=bGH poly(A) signal
/note="bovine growth hormone polyadenylation signal"

primer _bind complement(1535..1573)
/label=mCherry BGH _Gib_R

primer _bind complement(1535..1554)
/label=mCherry BGH R

primer bind complement(1536..1555)
/label=bGH_Notl R

primer bind complement(1558..1573)
/label=SK primer
/note="
variants"

primer bind complement(1608..1627)
/label=T3

primer bind complement(1645..1665)
/label=M13-rev

misc_binding complement(1671..1693)
/label=LacO

promoter complement(1698..1727)
/label=lac

rep_origin  complement(2033..2661)
/direction=LEFT
/label=ColE1 origin

CDS complement(2813..3472)
/label=AmpR

promoter complement(3712..3740)
/label=Amp prom

rep_origin  3811..4251
/direction=RIGHT
/label=F1 ori

CDS complement(4258..4326)
/label=LacZ alpha

primer _bind 4397.4414
Nlabel=M13-fwd

primer_bind 4424.4443
/label=T7

promoter 4555..4817
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/label=U6 promoter
primer_bind 4798..4843
/label=NS_EGFP_SaCas9 F
primer bind complement(4803..4817)
/label=Primer 3
primer bind complement(4803..4817)
/label=extension_gibson R
primer_bind 4804..4843
/label=50bp_EGFP_SaCas9 F
misc RNA 4819..4894
/label=Sa gRNA scaffold
/note="guide RNA scaffold for the Staphylococcus aureus
CRISPR/Cas9 system"
primer bind complement(join(4877..4921,1..20))
/label=EGFP_SaCas9 RC ex R
primer bind complement(join(4877..4921,1..20))
/label=EGFP_SaCas9 ex R
misc_feature 4895..4900
/label=Linker
misc_feature 4901..4921
/label=EGFP extension
primer bind 4901..4921
/label=RNA target with T7 Promoter Sequence (for IVT)
ORIGIN
1 tttttttcct gecageccggg aaggatctge gatcgetecg gtgeccgtea gtgggeagag
61 cgcacatcge ccacagtece cgagaagttg ggggeagggg tcggeaattg aacgggtgce
121 tagagaaggt ggcgeggggt aaactgggaa agtgatgteg tgtactgget cegecttttt
181 cccgagggtg ggggagaace gtatataagt gcagtagteg cegtgaacgt tetttttege
241 aacgggtttg ccgecagaac acagetgaag cttcgagggg ctegeatete tecttcacge
301 geecgeegece ctacctgagg cecgecateca cgecggttga gtegegttet geegecetece
361 gectgtggtg cetectgaac tgegtecgee gtetaggtaa gtttaaaget caggtegaga
421 ccgggcecttt gtccggeget cecttggage ctacctagac tcageeggct ctecacgett
481 tgcctgaccece tgettgetca actctacgte tttgtttegt tttctgttet gegecgttac
541 agatccaagc tgtgaccggce gectacgeta gatggtgage aagggegagg aggataacat
601 ggccatcatc aaggagttca tgegcettcaa ggtgeacatg gagggcetecg tgaacggeca
661 cgagttcgag atcgagggceg agggegaggg cegeeectac gagggeacce agaccgecaa
721 gctgaaggtg accaagggtg geecectgec cttegeetgg gacatectgt ceectcagtt
781 catgtacggc tccaaggect acgtgaagea cccegecgac atceecgact acttgaaget
841 gtccttccce gagggcettca agtgggageg cgtgatgaac ttcgaggacg geggegtagt
901 gaccgtgacc caggactcct ccctgeagga cggegagttc atctacaagg tgaagetgeg
961 cggcaccaac ttcceetecg acggeeccgt aatgcagaag aagaccatgg getgggaggec
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1021 ctectecgag cggatgtace ccgaggacgg cgecctgaag ggcgagatca ageagaggcet
1081 gaagctgaag gacggcggec actacgacgce tgaggtcaag accacctaca aggecaagaa
1141 gceegtgeag ctgeeecggeg cctacaacgt caacatcaag ttggacatca ceteccacaa
1201 cgaggactac accatcgtgg aacagtacga acgcgecgag ggecgecact ccaccggegg
1261 catggacgag ctgtacaagt aatccgagct cggtaccaag cttaagttta aaccgetgat
1321 cagcctecgac tgtgecttet agttgecage catetgttgt ttgecectee ceegtgectt

1381 ccttgaccct ggaaggtgece actcccactg tectttecta ataaaatgag gaaattgeat

1441 cgcattgtct gagtaggtgt cattctattc tgggggotes gotgooocag gacagcaagg

1501 gggaggattg ggaagacaat agcaggcatg ctggggatge ggtgggctct atgggggate
1561 cactagttct agagcggecg ccaccgeggt ggagetccag cttttgttee ctttagtgag

1621 ggttaattge gegettggeg taatcatggt catagetgtt tectgtgtga aattgttate

1681 cgctcacaat tccacacaac atacgagecg gaagcataaa gtgtaaagece tggggtecct
1741 aatgagtgag ctaactcaca ttaattgcgt tgcgctcact geeegettte cagtcgggaa
1801 acctgtcgtg ccagcetgceat taatgaatcg geccaacgege ggggagagec gatttgcgta
1861 ttgggcgcte ttccgettee tegetcactg actcgetgeg cteggtegtt cggetgegge
1921 gagcggtatc agctcactca aaggcggtaa tacggttatc cacagaatca ggggataacg
1981 caggaaagaa catgtgagca aaaggccage aaaaggecag gaaccgtaaa aaggecgegt
2041 tgctggegtt tttccatagg cteccgeecee ctgacgagea tcacaaaaat cgacgcetcaa
2101 gtcagaggtg gcgaaacccg acaggactat aaagatacca ggegtttcce cetggaagct
2161 ccctegtgeg ctetectgtt cecgacectge cgettacegg atacctgtee gectttetee
2221 cttcgggaag cgtggcgctt tetcataget cacgetgtag gtatctcagt tcggtgtagg
2281 tcgttcgete caagetgggc tgtgtgcacg aaccccccgt tcageccgac cgetgegect
2341 tatccggtaa ctatcgtctt gagtccaacc cggtaagaca cgacttatcg ccactggecag
2401 cagccactgg taacaggatt agcagagcega ggtatgtagg cggtgctaca gagttettga
2461 agtggtggcc taactacgge tacactagaa ggacagtatt tggtatctge getetgetga
2521 agccagttac cttcggaaaa agagttggta getcttgate cggcaaacaa accaccgetg
2581 gtagcggtgg tttttttgtt tgcaagcage agattacgeg cagaaaaaaa ggatctcaag
2641 aagatccttt gatcttttct acggggtctg acgetcagtg gaacgaaaac tcacgttaag
2701 ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat
2761 gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgcet
2821 taatcagtga ggcacctatc tcagcgatct gtetatttcg ttcatccata gttgectgac
2881 tcceegtegt gtagataact acgatacggg agggcttace atctggeccce agtgetgeaa
2941 tgataccgcg agacccacge tcaccggcete cagatttatc agcaataaac cagecagecg
3001 gaagggccga gegecagaagt ggtectgeaa ctttatccge ctecatccag tctattaatt
3001 gttgccggga agctagagta agtagttcge cagttaatag tttgegeaac gttgttgeca
3121 ttgctacagg catcgtggtg tcacgcetegt cgtttggtat ggcttcatte agetccggtt
3181 cccaacgatc aaggcgagtt acatgatcce ccatgttgtg caaaaaageg gttagetect
3241 tcggtectee gatcgttgte agaagtaagt tggccgceagt gttatcacte atggttatgg
3301 cagcactgca taattctctt actgtcatge catccgtaag atgcttttct gtgactggtg
3361 agtactcaac caagtcattc tgagaatagt gtatgcggeg accgagttge tettgeeegg
3421 cgtcaatacg ggataatacc gcgecacata gcagaacttt aaaagtgctc atcattggaa

-118-



WO 2018/208998 PCT/US2018/031913

3481 aacgttcttc ggggcgaaaa ctetcaagga tettaccget gttgagatee agttcgatgt
3541 aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccage gtttctgggt

3601 gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat aagggcegaca cggaaatgtt
3661 gaatactcat actcttcctt tttcaatatt attgaagcat ttatcagggt tattgtctca

3721 tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt ccgegeacat
3781 ttccccgaaa agtgccacct aaattgtaag cgttaatatt ttgttaaaat tcgegttaaa

3841 tttttgttaa atcagctcat tttttaacca ataggccgaa atcggcaaaa tcccttataa

3901 atcaaaagaa tagaccgaga tagggttgag tgttgttcca gtttggaaca agagtccact
3961 attaaagaac gtggactcca acgtcaaagg gcgaaaaacc gtctatcagg gegatggecce
4021 actacgtgaa ccatcaccct aatcaagttt tttggggtcg aggtgccgta aagcactaaa
4081 tcggaaccct aaagggagcece cccgatttag agettgacgg ggaaagecgg cgaacgtggc
4141 gagaaaggaa gggaagaaag cgaaaggage gggcgctagg gegetggeaa gtgtageggt
4201 cacgctgege gtaaccacca cacccgecge gettaatgeg cegetacagg gegegteeca
4261 ttcgcecattc aggetgegea actgttggga agggcgateg gtgegggcct cttecgetatt
4321 acgccagetg gecgaaagggeg gatgtgctge aaggegatta agttgggetaa cgecagggtt
4381 ttcccagtca cgacgttgta aaacgacggc cagtgagege gegtaatacg actcactata
4441 gggcgaattg ggtaccggge cceeectega ggtegacggt atcgataage ttgatatcgt
4501 gtacaaaaaa gcaggcttta aaggaaccaa ttcagtcgac tggatccggt accaaggtcg
4561 ggcaggaaga gggcctattt cccatgatte cttcatattt gcatatacga tacaaggcetg
4621 ttagagagat aattagaatt aatttgactg taaacacaaa gatattagta caaaatacgt

4681 gacgtagaaa gtaataattt cttgggtagt ttgcagtttt aaaattatgt tttaaaatgg

4741 actatcatat gcttaccgta acttgaaagt atttcgattt cttggcttta tatatcttgt

4801 ggaaaggacg aaacaccggt tatagtactc tggaaacaga atctactata acaaggcaaa
4861 atgccgtgtt tatctcgtca acttgttgge gagattcatt gtgtcggcca cggaacagge
4921 a

ADAR2 E4880 dSaCas9 pCDNA3 1 (SEQ ID NO: 48)

LOCUS  Exported 9842 bp ds-DNA  circular
DEFINITION synthetic circular DNA
SOURCE  synthetic DNA construct
ORGANISM recombinant plasmid
REFERENCE 1 (bases 1 to 9842)
FEATURES Location/Qualifiers
source 1..9842
/organism="recombinant plasmid"
/mol_type="other DNA"
primer bind complement(213..234)
/label=pCDNA3 CMV out R
enhancer 235..614
/label=CMV enhancer
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/note="human cytomegalovirus immediate early enhancer"
promoter 615..818
/label=CMYV promoter
/note="human cytomegalovirus (CMV) immediate early
promoter”
promoter 863..881
/label=T7 promoter
/note="promoter for bacteriophage T7 RNA polymerase"
primer _bind 927..985
/label=H1-ADAR-XTEN F
misc_feature 927..954
/label=Homology 1 pCDNA3.1
CDS 961..2100
/codon_start=1
/label=ADARB1(E488Q) Catalytic Domain

/translation="MLADAVSRLVLGKFGDLTDNFSSPHARRKVLAGVVMTTGTDVKDA
KVISVSTGTKCINGEYMSDRGLALNDCHAEITISRRSLLRFLYTQLELYLNNKDDQKRSI
FOQKSERGGFRLKENVQFHLYISTSPCGDARIFSPHEPILEEPADRHPNRKARGQLRTKI
ESGOQGTIPVRSNASIQTWDGVLOGERLLTMSCSDKIARWNVVGIQGSLLSIFVEPIYES
SIILGSLYHGDHLSRAMYQRISNIEDLPPLYTLNKPLLSGISNAEARQPGKAPNEFSVNW
TVGDSAIEVINATTGKDELGRASRLCKHALYCRWMRVHGKVPSHLLRSKITKPNVYHES
KLAAKEYQAAKARLFTAFIKAGLGAWVEKPTEQDQFSLTP"
primer _bind 961..982
/label=Primer 4
primer bind 1111..1138
/label=Primer 1
primer_bind  1440..1478
/label=E488Q Mutagenesis F
primer bind complement(1440..1478)
/label=E488Q Mutagenesis R
primer bind complement(2080..2112)
/label=ADAR2DD GS R
primer bind complement(2080..2100)
/label=Primer 5
primer _bind 2086.2132
/label=SaCas9 Gib_F
misc_feature 2101..2112
/label=GS _linker
misc_feature 2113..5268
/label=dSaCas9(D10A,N580A)
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primer bind complement(5245..5268)
/label=SaCas9 Gib R
primer_bind 5249..5289
/label=SaCas9 HA F
primer_bind 5269..5290
/label=ADAR2 CD_ Inverse F
CDS 5272..5298
/codon_start=1
/product="HA (human influenza hemagglutinin) epitope tag"
/label=HA
/translation="YPYDVPDYA"
primer bind complement(5290..5312)
/label=AXC NLSout NESin R
primer bind complement(5290..5310)
/label=NLS out R
CDS 5317..5337
/codon_start=1
/product="nuclear localization signal of SV40 large T
antigen"
/label=SV40 NLS
/translation="PKKKRKV"
CDS 5344..5364
/codon_start=1
/product="nuclear localization signal of SV40 large T
antigen"
/label=SV40 NLS
/translation="PKKKRKV"
primer_bind complement(5349..5408)
/label=XTEN-Cas9-H2 R
primer bind complement(5349..5393)
/label=Primer 7
primer _bind 5363..5387
/label=NLS out NES full F
primer_bind 5365..5387
/label=AXC NLSout NESin F
misc_feature 5374..5408
/label=Homology 2 pCDNA3.1
primer _bind 5374.5392
/label=pCDNA3 CMV out F
primer _bind 5395..5418
/label=bGH_HindIIl F
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polyA signal 5442..5666
/label=bGH poly(A) signal
/note="bovine growth hormone polyadenylation signal"
primer _bind complement(5648..5666)
/label=bGH_Notl R
rep_origin  5712..6140
/direction=RIGHT
/label=f1 ori
/note="f1 bacteriophage origin of replication; arrow
indicates direction of (+) strand synthesis"
promoter 6154..6483
/label=SV40 promoter
/note="SV40 enhancer and early promoter"
rep_origin  6334..6469
/label=SV40 ori
/note="SV40 origin of replication"
CDS 6550..7344
/codon_start=1
/gene="aph(3")-1I (or nptIl)"
/product="aminoglycoside phosphotransferase from Tn5"
/label=NeoR/KanR
/note="confers resistance to neomycin, kanamycin, and G418
(Geneticin(R))"

/translation="MI EQDGLHAGSPAAWVERLFGYDWAQQTIGCSDAAVFRLSAQGRP
VLFVKTDLSGALNELQDEAARLSWLATTGVPCAAVLDVVTEAGRDWLLLGEVPGQDLLS
SHLAPAEKVSIMADAMRRLHTLDPATCPFDHQAKHRIERARTRMEAGLVDQDDLDEEHQ
GLAPAELFARLKARMPDGEDLVVTHGDACLPNIMVENGRFSGFIDCGRLGVADRYQDTIA
LATRDIAEELGGEWADRFLVLYGIAAPDSQRIAFYRLLDEFF"
polyA signal 7518..7639
/label=SV40 poly(A) signal
/note="SV40 polyadenylation signal"
primer bind complement(7688..7704)
/label=M13 rev
/note="common sequencing primer, one of multiple similar
variants"
protein_bind 7712..7728
/label=lac operator
/bound moiety="lac repressor encoded by lacl"
/note="The lac repressor binds to the lac operator to
inhibit transcription in E. coli. This inhibition can be
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relieved by adding lactose or
isopropyl-beta-D-thiogalactopyranoside (IPTG)."
promoter complement(7736..7766)
/label=lac promoter
/note="promoter for the E. coli lac operon"
protein_bind 7781..7802
/label=CAP binding site
/bound moiety="E. coli catabolite activator protein"
/note="CAP binding activates transcription in the presence
of cAMP."
rep_origin  complement(8090..8675)
/direction=LEFT
/label=ori
/note="high-copy-number ColE1/pMB1/pBR322/pUC origin of
replication”
CDS complement(8846..9706)
/codon_start=1
/gene="bla"
/product="beta-lactamase"
/label=AmpR
/note="confers resistance to ampicillin, carbenicillin, and
related antibiotics"

/translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVKVKDAEDQLGARVGYI
ELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRIDAGQEQLGRRIHYSQNDLVEYS
PVTEKHLTDGMTVRELCSAATTMSDNTAANLLLTTIGGPKELTAFLHNMGDHVTRLDRW
EPELNEATIPNDERDTTMPVAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPLLRSA
LPAGWFIADKSGAGERGSRGIIAALGPDGKPSRIVVIYTTGSQATMDERNRQIAETIGAS
LIKHW"
promoter complement(9707..9811)
/gene="bla"
/label=AmpR promoter
ORIGIN
1 gacggatcgg gagatctcce gatcecctat ggtgeactct cagtacaatce tgetctgatg
61 ccgcatagtt aagccagtat ctgctecctg cttgtgtgtt ggaggteget gagtagtgeg
121 cgagcaaaat ttaagctaca acaaggcaag gettgaccga caattgeatg aagaatctge
181 ttagggttag gegttttgeg ctgcttcgeg atgtacggge cagatatacg cgttgacatt
241 gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata
301 tggagttccg cgttacataa cttacggtaa atggeeccgee tggetgaceg cccaacgace
361 cccgceccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttee
421 attgacgtca atgggtggag tatttacggt aaactgecca cttggeagta catcaagtgt
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481 atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggecc gectggeatt

541 atgcccagta catgacctta tgggactttc ctacttggea gtacatctac gtattagtca

601 tcgctattac catggtgatg cggttttggc agtacatcaa tgggegtgga tageggtttg

661 actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcace

721 aaaatcaacg ggactttcca aaatgtcgta acaactccge cccattgacg caaatgggeg
781 gtaggcgtgt acggtgggag gtctatataa gcagagetct ctggcetaact agagaaccca
841 ctgcttactg gettatcgaa attaatacga ctcactatag ggagacccaa getggetage

901 gtttaaacgg gccectetaga ctcgagegge cgecactgtg ctggatatct gcagagaacce
961 atgttagctg acgctgtcte acgectggte ctgggtaagt ttggtgacct gaccgacaac

1021 ttctecteec ctcacgeteg cagaaaagtg ctggetggag tegtcatgac aacaggeaca
1081 gatgttaaag atgccaaggt gataagtgtt tctacaggaa caaaatgtat taatggtgaa

1141 tacatgagtg atcgtggcct tgcattaaat gactgccatg cagaaataat atctcggaga
1201 tccttgetca gatttcttta tacacaactt gagctttact taaataacaa agatgatcaa

1261 aaaagatcca tctttcagaa atcagagcga ggggggttta ggctgaagga gaatgtccag
1321 tttcatctgt acatcagcac cteteectgt ggagatgeca gaatcttcte accacatgag

1381 ccaatcctgg aagaaccagce agatagacac ccaaatcgta aagcaagagg acagctacgg
1441 accaaaatag agtctggtca ggggacgatt ccagtgcgct ccaatgegag catccaaacg
1501 tgggacgggg tectgcaagg ggageggctg ctcaccatgt cctgeagtga caagattgea
1561 cgctggaacg tggtgggcat ccagggatce ctgetcagea ttttcgtgga geccatttac
1621 ttctcgagea tcatcctggg cagectttac cacggggacc acctttccag ggecatgtac
1681 cagcggatct ccaacataga ggacctgeca cctctetaca cectcaacaa gecetttgete
1741 agtggcatca gcaatgcaga agcacggeag ccagggaagg cccccaactt cagtgtcaac
1801 tggacggtag gcgactcege tattgaggtce atcaacgeca cgactgggaa ggatgagcetg
1861 ggcegegegt cecgectgtg taagecacgeg ttgtactgte getggatgeg tetgcacgge
1921 aaggttccct cecacttact acgetccaag attaccaage ccaacgtgta ccatgagtee
1981 aagctggcgg caaaggagta ccaggecgec aaggegegtce tgttcacage cttcatcaag
2041 gecggggctgg gggcctgggt ggagaagece accgageagg accagttcte actcacgecc
2101 ggatccggat ccaagecggaa ctacatcctg ggectggeca tcggeatcac cagegtgggc
2161 tacggcatca tcgactacga gacacgggac gtgatcgatg ccggegtgcg getgttcaaa
2221 gaggccaacg tggaaaacaa cgagggcagg cggageaaga gaggegecag aaggetgaag
2281 cggcggaggc ggcatagaat ccagagagtg aagaagetge tgttcgacta caacctgetg
2341 accgaccaca gcgagetgag cggceatcaac ccctacgagg ccagagtgaa gggectgage
2401 cagaagctga gcgaggaaga gttetetgee geeetgetge acctggecaa gagaagagge
2461 gtgcacaacg tgaacgaggt ggaagaggac accggcaacg agetgtecac caaagageag
2521 atcagccgga acagcaaggc cctggaagag aaatacgtgg ccgaactgea getggaacgg
2581 ctgaagaaag acggcgaagt gcggggcage atcaacagat tcaagaccag cgactacgtg
2641 aaagaagcca aacagctgct gaaggtgcag aaggcectace accagetgga ccagagette
2701 atcgacacct acatcgacct getggaaacc cggeggacct actatgaggg acctggegag
2761 ggcagcececect tcggetggaa ggacatcaaa gaatggtacg agatgetgat gggccactge
2821 acctacttcc ccgaggaact gcggagegtg aagtacgect acaacgecga cctgtacaac
2881 gccectgaacg acctgaacaa tetegtgate accagggacg agaacgagaa getggaatat
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2941 tacgagaagt tccagatcat cgagaacgtg ttcaagcaga agaagaagcc caccctgaag
3001 cagatcgcca aagaaatcct cgtgaacgaa gaggatatta agggctacag agtgaccage
3061 accggcaagc ccgagttcac caacctgaag gtgtaccacg acatcaagga cattaccgcec
3121 cggaaagaga ttattgagaa cgccgagetg ctggatcaga ttgecaagat cetgaccate
3181 taccagagca gcgaggacat ccaggaagaa ctgaccaatc tgaactccga getgacccag
3241 gaagagatcg agcagatctc taatctgaag ggctataccg geacccacaa cctgagectg
3301 aaggccatca acctgatcct ggacgagetg tggeacacca acgacaacca gatcgetate
3361 ttcaaccggce tgaagetggt gecccaagaag gtggacctgt cccageagaa agagatcece
3421 accaccctgg tggacgactt catcctgage ceegtegtga agagaagctt catccagage
3481 atcaaagtga tcaacgccat catcaagaag tacggcectge ccaacgacat cattatcgag
3541 ctggeecgeg agaagaactc caaggacgec cagaaaatga tcaacgagat gcagaagegg
3601 aaccggcaga ccaacgagcg gatcgaggaa atcatccgga ccaccggeaa agagaacgee
3661 aagtacctga tcgagaagat caagctgeac gacatgcagg aaggceaagtg cctgtacage
3721 ctggaagcca teectetgga agatctgetg aacaacccect tcaactatga ggtggaccac
3781 atcatcccca gaagegtgte cttcgacaac agettcaaca acaaggtgct cgtgaageag
3841 gaagaagcca gcaagaaggg caaccggacc ccattccagt acctgageag cagegacage
3901 aagatcagct acgaaacctt caagaagcac atcctgaatc tggccaaggg caagggeaga
3961 atcagcaaga ccaagaaaga gtatctgctg gaagaacggg acatcaacag gttctecgtg
4021 cagaaagact tcatcaaccg gaacctggtg gataccagat acgccaccag aggectgatg
4081 aacctgctge ggagctactt cagagtgaac aacctggacg tgaaagtgaa gtccatcaat
4141 ggcggcttca ccagcetttct gcggeggaag tggaagttta agaaagagcg gaacaagggg
4201 tacaagcacc acgccgagga cgecctgatce attgeccaacg ccgatttcat cttcaaagag
4261 tggaagaaac tggacaaggce caaaaaagtg atggaaaacc agatgttcga ggaaaageag
4321 gccgagagea tgcccgagat cgaaaccgag caggagtaca aagagatctt catcaccecc
4381 caccagatca agcacattaa ggacttcaag gactacaagt acagccaccg ggtggacaag
4441 aagcctaata gagagctgat taacgacacc ctgtactcca cccggaagga cgacaaggge
4501 aacaccctga tcgtgaacaa tctgaacgge ctgtacgaca aggacaatga caagctgaaa
4561 aagctgatca acaagagccc cgaaaagcetg ctgatgtace accacgacce ccagacctac
4621 cagaaactga agctgattat ggaacagtac ggcgacgaga agaatccect gtacaagtac
4681 tacgaggaaa ccgggaacta cctgaccaag tactccaaaa aggacaacgg ccccgtgate
4741 aagaagatta agtattacgg caacaaactg aacgcccatc tggacatcac cgacgactac
4801 cccaacagca gaaacaaggt cgtgaagctg tccctgaage cctacagatt cgacgtgtac
4861 ctggacaatg gcgtgtacaa gttcgtgace gtgaagaate tggatgtgat caaaaaagaa
4921 aactactacg aagtgaatag caagtgctat gaggaagcta agaagctgaa gaagatcage
4981 aaccaggccg agtttatcge ctecttctac aacaacgate tgatcaagat caacggegag
5041 ctgtatagag tgatcggegt gaacaacgac ctgetgaacc ggatcgaagt gaacatgatc
5101 gacatcacct accgcgagta cctggaaaac atgaacgaca agaggecccce caggatcatt
5161 aagacaatcg cctccaagac ccagagcatt aagaagtaca gcacagacat tctgggeaac
5221 ctgtatgaag tgaaatctaa gaagcaccct cagatcatca aaaagggcgc ctatccctat
5281 gacgtgcccg attatgeccag cctgggeage ggeteecceca agaaaaaacg caaggtggaa
5341 gatcctaaga aaaagcggaa agtggacgtg taaccaccac actggactag tggatccgag
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5401 ctcggtacca agcttaagtt taaaccgctg atcagecteg actgtgectt ctagttgeca
5461 gccatctgtt gtttgeeect ceceeegtgec ttecttgace ctggaaggtg ccactceccac
5521 tgtectttce taataaaatg aggaaattge atcgeattgt ctgagtaggt gtcattctat

5581 tctgggggegt ggegtaogac aggacagcaa gggggaggat tgggaagaca atagcaggea
5641 tgctggggat geggtggoct ctatggctte tgaggcggaa agaaccaget ggggctctag
5701 ggggtatcce cacgegecect gtageggege attaagegeg gegggtgteg tggttacgeg
5761 cagcgtgacc getacacttg ccagegecct agegececgcet cctttegctt tetteectte
5821 ctttctecgee acgttcgecg getttceeeg tcaagetcta aatcgggggc teectttagg
5881 gttccgattt agtgctttac ggeacctcga ccccaaaaaa cttgattagg gtgatggttce
5941 acgtagtggg ccatcgeect gatagacggt ttttcgecect ttgacgttge agtccacgtt
6001 ctttaatagt ggactcttgt tccaaactgg aacaacactc aaccctatct cggtctattc

6061 ttttgattta taagggattt tgccgatttc ggectattgg ttaaaaaatg agetgattta

6121 acaaaaattt aacgcgaatt aattctgtgg aatgtgtgtc agttagggtg tggaaagtce
6181 ccaggctece cagcaggeag aagtatgecaa ageatgeate tcaattagtc agcaaccagg
6241 tgtggaaagt ccccaggetc cccagcaggce agaagtatge aaageatgea tetcaattag
6301 tcagcaacca tagtcccgece cctaactccg cccateecge cectaactee geecagttee
6361 gccecattcte cgecccatgg ctgactaatt ttttttattt atgcagagge cgaggecgee
6421 tctgectctg agcetattcca gaagtagtga ggaggctttt ttggaggcect aggcttttge
6481 aaaaagctcc cgggagcettg tatatccatt ttcggatctg atcaagagac aggatgagga
6541 tcgtttcgca tgattgaaca agatggattg cacgcaggtt ctccggecge ttgggtggag
6601 aggctattcg gctatgactg ggcacaacag acaatcggct getetgatge cgecgtgtte
6661 cggctgtcag cgcaggggcg ceceggttctt tttgtcaaga ccgacctgte cggtgecctg
6721 aatgaactgc aggacgaggc agcgeggcta tegtggctgg ccacgacggg cgttecttge
6781 gcagctgtge tcgacgttgt cactgaageg ggaagggact ggctgctatt gggcgaagtg
6841 ccggggcagg atctcctgte atctcacctt getectgeeg agaaagtate catcatggct
6901 gatgcaatgc ggcggctgea tacgettgat ccggcetacct geccattcga ccaccaageg
6961 aaacatcgca tcgagcgage acgtactcgg atggaagecg gtcttgtega tcaggatgat
7021 ctggacgaag agcatcaggg getcgegeea gecgaactgt tcgecagget caaggegege
7081 atgcccgacg gegaggatct cgtegtgace catggegatg cetgettgee gaatatcatg
7141 gtggaaaatg geegctttte tggattcate gactgtggee ggetgggtet ggcggaccge
7201 tatcaggaca tagcgttggc tacccgtgat attgctgaag agettggegg cgaatgggct
7261 gaccgcttce tegtgcttta cggtatcgee getcecgatt cgeagegeat cgecttetat
7321 cgccttcttg acgagttctt ctgageggga ctetggggtt cgaaatgace gaccaagega
7381 cgcccaacct gecatcacga gatttcgatt ccaccgecge cttetatgaa aggttggoct
7441 tcggaatcgt tttccgggac gecggetgga tgatectcca gegeggggat ctecatgetgg
7501 agttcttcge ccaccccaac ttgtttattg cagettataa tggttacaaa taaagcaata

7561 gcatcacaaa tttcacaaat aaagcatttt tttcactgcea ttctagttgt ggtttgtcca

7621 aactcatcaa tgtatcttat catgtctgta taccgtcgac ctctagetag agettggcgt

7681 aatcatggtc atagctgttt cctgtgtgaa attgttatce getcacaatt ccacacaaca

7741 tacgagccgg aagcataaag tgtaaagect ggggtgeccta atgagtgage taactcacat
7801 taattgcgtt gegctcactg ceegetttee agtcgggaaa cctgtegtge cagetgcatt

-126-



WO 2018/208998 PCT/US2018/031913

7861 aatgaatcgg ccaacgcgeg gggagaggcg gtttgegtat tgggcgcetet tecgettect
7921 cgctcactga ctegetgege teggtegtte ggetgeggeg ageggtatca getcactcaa
7981 aggcggtaat acggttatcc acagaatcag gggataacge aggaaagaac atgtgagcaa
8041 aaggccagca aaaggccagg aaccgtaaaa aggecgegtt getggegttt ttecatagge
8101 tccgecccece tgacgageat cacaaaaatc gacgctcaag tcagaggtgg cgaaaccega
8161 caggactata aagataccag gcgtttccece ctggaagcte cetegtgege tetectgtte
8221 cgaccctgee gettaccgga tacctgtecg cetttetece ttegggaage gtggegcttt
8281 ctcatagctc acgctgtagg tatctcagtt cggtgtaggt cgttegetee aagetgggcet
8341 gtgtgcacga acceeccgtt cageccgace getgegectt atccggtaac tatcgtettg
8401 agtccaaccc ggtaagacac gacttatcge cactggcage agecactggt aacaggatta
8461 gcagagcgag gtatgtagge ggtgctacag agttcttgaa gtggtggcct aactacggct
8521 acactagaag aacagtattt ggtatctgcg ctctgetgaa gecagttace ttcggaaaaa
8581 gagttggtag ctcttgatcc ggcaaacaaa ccaccgetgg tageggtttt tttgtttgca
8641 agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg
8701 ggtctgacgce tcagtggaac gaaaactcac gttaagggat tttggtcatg agattatcaa
8761 aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca atctaaagta

8821 tatatgagta aacttggtct gacagttacc aatgcttaat cagtgaggcea cctatctcag
8881 cgatctgtct atttcgttca tccatagttg cctgactece cgtegtgtag ataactacga
8941 tacgggaggg cttaccatct ggceccagtg ctgeaatgat accgegagac ccacgetcac
9001 cggctccaga tttatcagca ataaaccagc cagccggaag ggecgagegce agaagtggte
9061 ctgcaacttt atccgectee atccagtcta ttaattgttg ccgggaaget agagtaagta
9121 gttcgecagt taatagtttg cgecaacgttg ttgccattge tacaggceate gtggtgtcac
9181 gctegtegtt tggtatggct tcattcagcet cecggttccca acgatcaagg cgagttacat
9241 gatcccccat gttgtgcaaa aaageggtta getecttegg tecteccgate gttgtcagaa
9301 gtaagttgge cgcagtgtta tcactcatgg ttatggcage actgcataat tctcttactg
9361 tcatgccatc cgtaagatgce ttttetgtga ctggtgagta ctcaaccaag tcattctgag
9421 aatagtgtat gcggcgaccg agttgetett gccecggegte aatacgggat aataccgege
9481 cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcttcggge cgaaaactct
9541 caaggatctt accgctgttg agatccagtt cgatgtaacc cactcgtgea cccaactgat
9601 cttcagcatc ttttactttc accagcegttt ctgggtgage aaaaacagga aggcaaaatg
9661 ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatacte ttectttttc
9721 aatattattg aagcatttat cagggttatt gtctcatgag cggatacata tttgaatgta

9781 tttagaaaaa taaacaaata ggggttccge geacatttce ccgaaaagtg ccacctgacg
9841 tc

LCV2 puro CFTR 51 1217 gibson (SEQ ID NO: 35)

LOCUS  Exported 14250 bp ds-DNA  circular
DEFINITION synthetic circular DNA

KEYWORDS LCV2 puro CFTR 51 1217 gibson
SOURCE  synthetic DNA construct
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ORGANISM recombinant plasmid
REFERENCE 1 (bases 1 to 14250)
FEATURES Location/Qualifiers
source 1..14250
/organism="recombinant plasmid"
/mol_type="other DNA"
misc_feature 1..33
/note="NLS"
misc_feature 34..57
/note="FLAG"
misc_feature 58..123
/note="P2A"
CDS 124..720
/note="Puro"
misc_binding 736..1324
/note="WPRE"
misc_feature 736..755
/note="mCherry PCR tail"
LTR 1395..1630
/note="3"' LTR"
rep_origin  4079..4304
/note="ColE1"
misc_feature 4516..5322
/note="AmpR"
LTR 6472..6660

/note="5"' LTR (R and US portions; U3 was replaced by the

CMYV promoter)"
misc_feature 6711..6848
/note="Psi"
misc_feature 6768..6771
/note="SD; splice donor"
misc_feature 6815..7179
/note="gag"
misc_feature 7325..7566
/note="RRE"
misc_feature 8084..8201

/note="CPPT;, central polypurine tract

promoter 8252..8500
/note="Human U6"

misc_feature 8522..8607
/note="sgRNA scaffold"

-128-

PCT/US2018/031913



WO 2018/208998 PCT/US2018/031913

misc_feature 8608..8613
/note="Linker"
promoter 8665..8920
/note="EFS-NS"
CDS 8944..10083
/codon_start=1
/note="ADARBI1_Catalytic Domain" (SEQ ID NO: 36)
/translation="MLADAVSRLVLGKFGDLTDNFSSPHARRKVLAGVVMTTGTDVKDAKV
ISVSTGTKCINGEYMSDRGLALNDCHAEIISRRSLLRFLYTQLELYLNNKDDQKRSIFQ
KSERGGFRLKENVQFHLYISTSPCGDARIFSPHEPILEEPADRHPNRKARGQLRTKIES
GQGTIPVRSNASIQTWDGVLQGERLLTMSCSDKIARWNVVGIQGSLLSIFVEPIYFSSII
LGSLYHGDHLSRAMYQRISNIEDLPPLYTLNKPLLSGISNAEARQPGKAPNFSVNWT
VGDSAIEVINATTGKDELGRASRLCKHALYCRWMRVHGKVPSHLLRSKITKPNVYH
ESKLAAKEYQAAKARLFTAFIKAGLGAWVEKPTEQDQFSLTP"
misc_feature 8944..8946
/note="hSpCas9"

CDS 10084..10131

/codon_start=1

/note="XTEN"

/translation="SGSETPGTSESATPES" (SEQ ID NO: 37)
CDS 10132..14235

/codon_start=1

/product="catalytically dead mutant of the Cas9

endonuclease from the Streptococcus pyogenes Type I1

CRISPR/Cas system"

/note="dCas9"

/note="RNA-guided DNA-binding protein that lacks

endonuclease activity due to the D10A mutation in the RuvC

catalytic domain and the H840A mutation in the HNH

catalytic domain" (SEQ ID NO: 38)
/translation="MDKKY SIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIG
ALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLV
EEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFR
GHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLE
NLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLA
QIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKAL
VRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNRE
DLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSL
LYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYF
KKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDR
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EMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSD
GFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKV
VDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLQNGRDMY VDQELDINRLSDYDVDAIVPQSFLKDDSIDNKV
LTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELD
KAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDF
QFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSE
QEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVR
KVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAY
SVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLP
KYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQK
QLFVEQHKHYLDEIHIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFT
LTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD"

ORIGIN (SEQ ID NO: 35)

1 acaaagaagg ctggacaggc taagaagaag aaagattaca aagacgatga cgataaggga
61 tccggcgeaa caaacttcte tctgetgaaa caagecggag atgtcgaaga gaatcctgga
121 ccgaccgagt acaagcccac ggtgegecte geccaccegeg acgacgteee cagggecegta
181 cgcacccteg cecgeegegtt cgecgactac ceccgecacge gecacaccgt cgatceggac
241 cgccacatcg agegggtcac cgagetgeaa gaactcttee tcacgegegt cgggetegac
301 atcggcaagg tgtgggtcge ggacgacggce gecgeggtgg cggtetggac cacgeeggag
361 agcgtcgaag cgggggcggt gttcgecgag atcggeecge geatggeega gttgageggt
421 tcceggetgg ccgegeagea acagatggaa ggectectgg cgecgeaccg geccaaggag
481 cccgegtggt tectggecac cgteggagte tecgeccgace accagggeaa gggtetggac
541 agcgecegteg tgctcecegg agtggaggeg geecgagegeg cecggggtacce cgecttectg
601 gagacctccg cgeeccgeaa cetecectte tacgagegge teggettcac cgtcaccgee
661 gacgtcgagg tgcccgaagg accgegeacc tggtgeatga cccgecaagece cggtgectga
721 acgcgttaag tcgacaatca acctctggat tacaaaattt gtgaaagatt gactggtatt
781 cttaactatg ttgctecttt tacgctatgt ggatacgetg ctttaatgec tttgtatcat
841 gctattgctt ccegtatgge tttcatttte tectecttgt ataaatectg gttgetgtet
901 ctttatgagg agttgtggcc cgttgtcagg caacgtggeg tggtgtacac tgtgtttgct
961 gacgcaaccc ccactggttg gggcattgee accacctgte agetccttte cgggacttte
1021 gctttceeece teectattge cacggeggaa ctecatcgeeg cetgecttge cegetgetgg
1081 acaggggctc ggctgttegg cactgacaat tccgtggtgt tgtcggggaa atcatcgtee
1141 tttecttgge tgetegectg tgttgecace tggattetge gegggacgte cttetgetac
1201 gteecttcgg cectcaatee ageggacctt cetteccegeg geetgetgee ggetetgegg
1261 cctetteecge gtettegect tegeectcag acgagtegga teteectttg ggecgectee
1321 ccgegtegac tttaagacca atgacttaca aggcagetgt agatcttage cactttttaa
1381 aagaaaaggg gggactggaa gggctaattc actcccaacg aagacaagat ctgcetttttg
1441 cttgtactgg gtctctetgg ttagaccaga tctgagectg ggagetctet ggctaactag
1501 ggaacccact gettaagect caataaagcet tgecttgagt gettcaagta gtgtgtgece
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1561 gtctgttgtg tgactctggt aactagagat ccctcagacce cttttagtca gtgtggaaaa
1621 tctctagcag ggeccgttta aacccgetga tcagectega ctgtgectte tagttgecag
1681 ccatctgttg tttgceecte ceeegtgect tecttgacee tggaaggtge cacteecact
1741 gtectttect aataaaatga ggaaattgea tcgcattgte tgagtaggtg tcattctatt

1801 ctggggggtg gggtggogca ggacageaag ggggaggatt gggaagacaa tagcaggceat
1861 gctggggatg cggtgggcte tatggettct gaggeggaaa gaaccagetg gggcetetagg

1921 gggtatccec acgegecectg tageggegea ttaagegegg cgggtategat gottacgcge
1981 agcgtgaccg ctacacttge cagegececta gegeecgetce ctttegettt ctteecttee

2041 tttctcgeca cgttcgeecgg ctttcceegt caagetctaa atcggggect cectttaggg
2101 ttccgattta gtgctttacg gcacctcgac cccaaaaaac ttgattaggg tgatggttca
2161 cgtagtgggc catcgecctg atagacggtt tttcgecctt tgacgttgga gteccacgttc
2221 tttaatagtg gactcttgtt ccaaactgga acaacactca accctatcte ggtctattct

2281 tttgatttat aagggatttt gccgatttcg gectattggt taaaaaatga getgatttaa

2341 caaaaattta acgcgaatta attctgtgga atgtgtgtca gttagggetet ggaaagtcce
2401 caggctcecc agcaggeaga agtatgcaaa geatgeatct caattagtca gcaaccaggt
2461 gtggaaagtc cccaggetce ccagcaggea gaagtatgea aagceatgceat ctcaattagt
2521 cagcaaccat agtcccgecce ctaactccge ccatcecgece cctaacteeg cecagttecg
2581 cccattctee geececatggc tgactaattt tttttattta tgcagaggee gaggecgect
2641 ctgectctga getattccag aagtagtgag gaggcttttt tggaggcecta ggettttgea
2701 aaaagctcce gggagcettgt atatccattt tcggatctga tcageacgtg ttgacaatta
2761 atcatcggca tagtatatcg gcatagtata atacgacaag gtgaggaact aaaccatggce
2821 caagttgacc agtgccgttc cggtectcac cgegegegac gtegeecggag cggtecgagtt
2881 ctggaccgac cggetegggt tetcccggga cttcgtggag gacgacttcg cecggtgtggt
2941 ccgggacgac gtgaccctgt tcatcagege ggtccaggac caggtggtec cggacaacac
3001 cctggectgg gtgtgggtec geggectgga cgagetgtac gecgagtggt cggaggtegt
3061 gtccacgaac ttccgggacg cctecegggee ggecatgace gagatcggeg ageagecgtg
3121 ggggegggag ttcgeectge gegaccegge cggeaactge gtgeacttcg tggecgagga
3181 gcaggactga cacgtgctac gagatttcga ttccaccgec gecttctatg aaaggttggg
3241 cttcggaatc gttttccggg acgeeggetg gatgatecte cagegegggg atctcatget
3301 ggagttcttc gcccacceca acttgtttat tgcagettat aatggttaca aataaagcaa
3361 tagcatcaca aatttcacaa ataaagcatt tttttcactg cattctagtt gtggtttgtc

3421 caaactcatc aatgtatctt atcatgtctg tataccgtcg acctctaget agagcettggc

3481 gtaatcatgg tcatagctgt ttcctgtgte aaattgttat ccgetcacaa ttccacacaa

3541 catacgagcc ggaagcataa agtgtaaage ctggggtgcc taatgagtga getaactcac
3601 attaattgcg ttgegetcac tgecegcttt ccagtcggga aacctgtegt geccagetgea
3661 ttaatgaatc ggccaacgeg cggggagagg cggtttgegt attgggcgct ctteegette
3721 ctegceteact gactegetge geteggtegt teggetgegg cgageggtat cagetcacte
3781 aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga acatgtgage
3841 aaaaggccag caaaaggceca ggaaccgtaa aaaggecgeg ttgetggegt ttttccatag
3901 gctcegeecc cetgacgage atcacaaaaa tcgacgetca agtcagaggt ggecgaaacce
3961 gacaggacta taaagatacc aggcgtttce ccctggaage teectegtge getetectgt
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4021 tccgaccctg cecgettaccg gatacctgte cgectttete cettcgggaa gegtggegcet
4081 ttctcatage tcacgctgta ggtatctcag ttcggtgtag gtegtteget ccaagetggg
4141 ctgtgtgcac gaacceeeeg ttcageccga cegetgegec ttatceggta actategtet
4201 tgagtccaac ccggtaagac acgacttatc geccactggea geagecactg gtaacaggat
4261 tagcagagcg aggtatgtag gcggtgctac agagttettg aagtggtggc ctaactacgg
4321 ctacactaga agaacagtat ttggtatctg cgetctgetg aagecagtta cettcggaaa
4381 aagagttggt agctcttgat ccggeaaaca aaccaccget ggtageggtg gtttttttgt
4441 ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt tgatcttttc
4501 tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg tcatgagatt
4561 atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta aatcaatcta
4621 aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg aggcacctat
4681 ctcagcgatc tgtctattte gttcatccat agttgectga ctececgteg tgtagataac
4741 tacgatacgg gagggcttac catctggcce cagtgetgea atgataccge gagaccecacg
4801 ctcaccggct ccagatttat cagcaataaa ccagccagec ggaagggcecg agecgeagaag
4861 tggtcctgea actttatccg cetecateca gtetattaat tgttgecggg aagetagagt
4921 aagtagttcg ccagttaata gtttgcgcaa cgttgttgece attgetacag geatcgtggt
4981 gtcacgctcg tegtttggta tggcttcatt cagetccggt tcccaacgat caaggegagt
5041 tacatgatcc cccatgttgt gcaaaaaage ggttagetec ttcggtecte cgatcgttgt
5101 cagaagtaag ttggccgeag tgttatcact catggttatg gcagcactge ataattctct
5161 tactgtcatg ccatccgtaa gatgcttttc tgtgactggt gagtactcaa ccaagtcatt
5221 ctgagaatag tgtatgcgge gaccgagttg ctettgeeeg gegtcaatac gggataatac
5281 cgcgcecacat agcagaactt taaaagtget catcattgga aaacgttctt cggggcgaaa
5341 actctcaagg atcttaccge tgttgagatc cagttcgatg taacccacte gtgecacccaa
5401 ctgatcttca gcatctttta ctttcaccag cgtttctggg tgagcaaaaa caggaaggcea
5461 aaatgccgcea aaaaagggaa taagggcegac acggaaatgt tgaatactca tactcttect
5521 ttttcaatat tattgaagca tttatcaggg ttattgtctc atgagcggat acatatttga

5581 atgtatttag aaaaataaac aaataggggt tccgegceaca tttccccgaa aagtgecace
5641 tgacgtcgac ggatcgggag atctcccgat ceectatggt geactctcag tacaatctge
5701 tctgatgeeg catagttaag ccagtatctg cteectgett gtgtgttgga ggtegetgag
5761 tagtgcgcga geaaaattta agctacaaca aggcaaggct tgaccgacaa ttgcatgaag
5821 aatctgctta gggttaggeg ttttgcgetg cttcgegatg tacgggccag atatacgegt
5881 tgacattgat tattgactag ttattaatag taatcaatta cggggtcatt agttcatage

5941 ccatatatgg agttccgegt tacataactt acggtaaatg gecegectgg ctgaccgece
6001 aacgacccce geccattgac gtcaataatg acgtatgttc ccatagtaac gecaataggg
6061 actttccatt gacgtcaatg ggtggagtat ttacggtaaa ctgeccactt ggcagtacat
6121 caagtgtatc atatgccaag tacgccccct attgacgtca atgacggtaa atggeccgec
6181 tggcattatg cccagtacat gaccttatgg gactttccta cttggcagta catctacgta
6241 ttagtcatcg ctattaccat ggtgatgcgg ttttggcagt acatcaatgg gegtggatag
6301 cggtttgact cacggggatt tccaagtctc cacceccattg acgtcaatgg gagtttgttt
6361 tggcaccaaa atcaacggga ctttccaaaa tgtcgtaaca actccgeccc attgacgcaa
6421 atgggcggta ggcgtetacg gtgggaggtc tatataagea gegegttttg cetgtactgg
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6481 gtctetetgg ttagaccaga tctgagectg ggagetetct ggetaactag ggaacccact
6541 gcttaagcect caataaaget tgecttgagt gettcaagta gtgtgtecee gtetgttgtg

6601 tgactctggt aactagagat ccctcagacc cttttagtca gtgtggaaaa tctctagecag
6661 tggcgcccga acagggactt gaaagcgaaa gggaaaccag aggagetete tcgacgeagg
6721 actcggcttg ctgaagecgeg cacggcaaga ggegaggegc gecgactggt gagtacgeca
6781 aaaattttga ctagcggagg ctagaaggag agagatgggt gcgagagcegt cagtattaag
6841 cgggggagaa ttagatcgeg atgggaaaaa attcggttaa ggccagggeg aaagaaaaaa
6901 tataaattaa aacatatagt atgggcaagc agggagctag aacgattcge agttaatcct
6961 ggcctgttag aaacatcaga aggctgtaga caaatactgg gacagctaca accatcectt
7021 cagacaggat cagaagaact tagatcatta tataatacag tagcaaccct ctattgtgtg
7081 catcaaagga tagagataaa agacaccaag gaagctttag acaagataga ggaagagcaa
7141 aacaaaagta agaccaccgc acagcaagecg gecgetgate ttcagacctg gaggaggaga
7201 tatgagggac aattggagaa gtgaattata taaatataaa gtagtaaaaa ttgaaccatt
7261 aggagtagca cccaccaagg caaagagaag agtggtgcag agagaaaaaa gageagtegg
7321 aataggagct ttgttccttg ggttettgge agcagcagga ageactatgg gegeagegte
7381 aatgacgctg acggtacagg ccagacaatt attgtctggt atagtgcage agcagaacaa
7441 tttgctgagg getattgagg cgcaacagea tetgttgeaa ctcacagtet ggggcatcaa
7501 gcagctccag gecaagaatee tggetgtgga aagataccta aaggatcaac agetectggg
7561 gatttggggt tgctctggaa aactcatttg caccactget gtgecttgga atgetagttg

7621 gagtaataaa tctctggaac agatttggaa tcacacgacc tggatggagt gggacagaga
7681 aattaacaat tacacaagct taatacactc cttaattgaa gaatcgcaaa accagcaaga
7741 aaagaatgaa caagaattat tggaattaga taaatgggca agtttgtgga attggtttaa
7801 cataacaaat tggctgtgget atataaaatt attcataatg atagtaggag gcttggtagg

7861 tttaagaata gtttttgctg tactttctat agtgaataga gttaggcagg gatattcacc

7921 attatcgttt cagacccacc tcccaaccce gaggggacce gacaggeccg aaggaataga
7981 agaagaaggt ggagagagag acagagacag atccattcga ttagtgaacg gatcggeact
8041 gcgtgcgeca attctgecaga caaatggeag tattcatcca caattttaaa agaaaagggg
8101 ggattgggog gtacagtgca ggggaaagaa tagtagacat aatagcaaca gacatacaaa
8161 ctaaagaatt acaaaaacaa attacaaaaa ttcaaaattt tcgggtttat tacagggaca

8221 gcagagatcc agtttggtta attaaggtac cgagggccta tttcccatga ttecttcata

8281 tttgcatata cgatacaagg ctgttagaga gataattaga attaatttga ctgtaaacac

8341 aaagatatta gtacaaaata cgtgacgtag aaagtaataa tttcttgggt agtttgcagt

8401 tttaaaatta tgttttaaaa tggactatca tatgcttacc gtaacttgaa agtatttcga

84601 tttcttggct ttatatatct tgtggaaagg acgaaacacc gttcataggg atccaagttt

8521 tgtttaagag ctatgctgga aacagcatag caagtttaaa taaggctagt ccgttatcaa
8581 cttgaaaaag tggcaccgag tcggtgctte atttttccte cactgttgca aagttttttt

8641 cctgcagecee gggaattege tagetaggtce ttgaaaggag tgggaattgg ctecggtgcec
8701 cgtcagtggg cagagcgceac atcgeccaca gtcecccgaga agttggggge agggateggac
8761 aattgatccg gtgectagag aaggtggcge ggggtaaact gggaaagtga tgtegtgtac
8821 tggctcegec tttttcccga gggtgggegoa gaaccgtata taagtgecagt agtcgeegtg
8881 aacgttcttt ttcgcaacgg gtttgccgee agaacacagg accggttcta gagegetgee
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8941 accatgttag ctgacgctgt ctcacgectg gtectgggta agtttggtga cetgaccgac
9001 aacttctcct ccectcacge tcgecagaaaa gtgetggetg gagtegtcat gacaacagge
9061 acagatgtta aagatgccaa ggtgataagt gtttctacag gaacaaaatg tattaatggt

9121 gaatacatga gtgatcgtgg ccttgcatta aatgactgee atgcagaaat aatatctcgg

9181 agatccttgce tcagatttct ttatacacaa cttgagcttt acttaaataa caaagatgat

9241 caaaaaagat ccatctttca gaaatcagag cgaggggggt ttaggctgaa ggagaatgtc
9301 cagtttcatc tgtacatcag cacctcteece tgtggagatg ccagaatctt ctcaccacat

9361 gagccaatce tggaagaacc agcagataga cacccaaatc gtaaagcaag aggacagceta
9421 cggaccaaaa tagagtctgg tcaggggacg attccagtge getccaatge gageatccaa
9481 acgtgggacg gggtgctgca aggggagegg ctgetcacca tgtectgeag tgacaagatt
9541 gcacgctgga acgtggtggg catccaggga teectgetea geattttegt ggageccatt
9601 tacttctcga geatcatcct gggcagectt taccacgggg accacctttc cagggccatg
9661 taccagcgga tctccaacat agaggacctg ccacctctet acaccctcaa caagectttg
9721 ctcagtggca tcagcaatge agaagcacgg cagecaggga aggeccccaa cttcagtgte
9781 aactggacgg taggcgactc cgctattgag gtcatcaacg ccacgactgg gaaggatgag
9841 ctgggccgeg cgtecegect gtgtaageac gegttgtact gtegetggat gegtgtgeac
9901 ggcaaggttc ccteccactt actacgetce aagattacca ageccaacgt gtaccatgag
9961 tccaagcetgg cggcaaagga gtaccaggee gecaaggegce gtetgttcac agecttcate
10021 aaggcggggc tggggogcctg ggtggagaag cccaccgage aggaccagtt ctcactcacg
10081 cccagtggaa gtgagacacc gggaacctca gagagegeca cgecagaaag catggacaag
10141 aagtacagca tcggectgge catcggeacce aactctgtgg getgggccgt gatcaccgac
10201 gagtacaagg tgcccagceaa gaaattcaag gtgctgggca acaccgaccg geacagceate
10261 aagaagaacc tgatcggcge cctgetgttc gacageggag aaacagecga ggecaccegg
10321 ctgaagagaa ccgccagaag aagatacacc agacggaaga accggatctg ctatctgeaa
10381 gagatcttca gcaacgagat ggccaaggtg gacgacagcet tettccacag actggaagag
10441 tccttectgg tggaagagga taagaageac gageggeacc ccatcttcgg caacatcgtg
10501 gacgaggtgg cctaccacga gaagtacccce accatctace acctgagaaa gaaactggtg
10561 gacagcaccg acaaggccga cctgeggetg atctatctgg cectggecca catgatcaag
10621 ttccggggcc acttectgat cgagggcegac ctgaaccccg acaacagega cgtggacaag
10681 ctgttcatcc agetggteca gacctacaac cagetgttcg aggaaaacce catcaacgec
10741 agcggcegtgg acgecaagge catcctgtcet gccagactga gecaagageag acggctggaa
10801 aatctgatcg cccagcetgee cggegagaag aagaatggcec tgttcggcaa cetgattgee
10861 ctgagcctgg gectgaccee caacttcaag agcaacttcg acctggecga ggatgccaaa
10921 ctgcagctga gcaaggacac ctacgacgac gacctggaca acctgetgge ccagatcgge
10981 gaccagtacg ccgacctgtt tctggccgee aagaacctgt ccgacgecat cetgetgage
11041 gacatcctga gagtgaacac cgagatcacc aaggecccce tgagegecte tatgatcaag
11101 agatacgacg agcaccacca ggacctgacc ctgctgaaag ctetegtgeg gecageagetg
11161 cctgagaagt acaaagagat tttcttcgac cagagcaaga acggctacge cggctacatc
11221 gatggcggag ccagecagga agagttctac aagttcatca ageccatect ggaaaagatg
11281 gacggcaccg aggaactgct cgtgaagetg aacagagagg acctgetgeg gaagecagegg
11341 accttcgaca acggcagcat cccccaccag atccacctgg gagagetgca cgecattetg
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11401 cggcggeagg aagattttta cccattcctg aaggacaacc gggaaaagat cgagaagate
11461 ctgaccttce gecatccecta ctacgtgggce cetetggeca ggggaaacag cagattcgec
11521 tggatgacca gaaagagcga ggaaaccatc accccctgga acttcgagga agtggtegac
11581 aagggcgceca gegeccagag cttcatcgag cggatgacca acttcgataa gaacctgece
11641 aacgagaagg tgctgeccaa geacagectg ctgtacgagt acttcaccgt gtacaacgag
11701 ctgaccaaag tgaaatacgt gaccgaggga atgagaaagc ccgecttect gageggegag
11761 cagaaaaaag ccatcgtgga cctgctgttc aagaccaacc ggaaagtgac cgtgaageag
11821 ctgaaagagg actacttcaa gaaaatcgag tgcttcgact ccgtggaaat ctccggegtg
11881 gaagatcggt tcaacgccte cetgggeaca taccacgate tgetgaaaat tatcaaggac
11941 aaggacttcc tggacaatga ggaaaacgag gacattctgg aagatatcgt getgacectg
12001 acactgtttg aggacagaga gatgatcgag gaacggctga aaacctatge ccacctgtte
12061 gacgacaaag tgatgaagca getgaagegg cggagataca ccggetgggeg caggctgage
12121 cggaagctga tcaacggeat ccgggacaag cagtccggea agacaatcect ggatttectg
12181 aagtccgacg gettcgecaa cagaaacttc atgcagetga tccacgacga cagectgace
12241 tttaaagagg acatccagaa agcccaggte tccggecagg gegatagect gcacgageac
12301 attgccaatc tggecggeag ccccgecatt aagaagggea tectgcagac agtgaaggtg
12361 gtggacgagc tcgtgaaagt gatgggccgg cacaageccg agaacatcgt gatcgaaatg
12421 gccagagaga accagaccac ccagaaggga cagaagaaca gecgegagag aatgaagegg
12481 atcgaagagg gcatcaaaga getgggcage cagatectga aagaacacce cgtggaaaac
12541 acccagetge agaacgagaa getgtacctg tactacctge agaatgggcg ggatatgtac
12601 gtggaccagg aactggacat caaccggcetg tccgactacg atgtggacge tatcgtgect
12661 cagagctttc tgaaggacga ctccatcgat aacaaagtge tgactcggag cgacaagaac
12721 cggggcaaga gcgacaacgt geectccgaa gaggtegtga agaagatgaa gaactactgg
12781 cgccagcetge tgaatgecaa getgattace cagaggaagt tcgacaatct gaccaaggec
12841 gagagaggcg gectgagega actggataag geecggcttea tcaagagaca getggtggaa
12901 acccggeaga tcacaaagca cgtggeacag atcctggact cccggatgaa cactaagtac
12961 gacgagaacg acaaactgat ccgggaagte aaagtgatca ccctgaagtc caagetggtg
13021 tccgatttcc ggaaggattt ccagttttac aaagtgcgeg agatcaacaa ctaccaccac
13081 gcecacgacg cctacctgaa cgecgtegtg ggaaccgece tgatcaaaaa gtaccctaag
13141 ctggaaagcg agttcgtgta cggcgactac aaggtgtacg acgtgeggaa gatgatcgec
13201 aagagcgagc aggaaatcgg caaggctacce gecaagtact tettctacag caacatcatg
13261 aactttttca agaccgagat taccctggee aacggcgaga tccggaageg gectetgate
13321 gagacaaacg gcgaaacagg cgagatcgtg tgggataagg gecgggactt tgecaccgtg
13381 cggaaagtgc tgtctatgee ccaagtgaat atcgtgaaaa agaccgaggt gcagacagge
13441 ggcttcagca aagagtctat cctgeccaag aggaacageg acaagetgat cgecagaaag
13501 aaggactggg accctaagaa gtacggeggc ttcgacagece ccaccgtgge ctattetgtg
13561 ctggtggtgg ccaaagtgga aaagggcaag tccaagaaac tgaagagtet gaaagagctg
13621 ctggggatca ccatcatgga aagaagcage ttcgagaaga atcccatcga ctttctggaa
13681 gccaagggct acaaagaagt gaaaaaggac ctgatcatca agetgectaa gtacteectg
13741 ttcgagctgg aaaacggecg gaagagaatg ctggcctetg ccggegaact gcagaaggga
13801 aacgaactgg ccctgeecte caaatatgtg aacttcctgt acctggecag ccactatgag
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13861 aagctgaagg getecceecga ggataatgag cagaaacage tgtttgtgga acagcacaaa
13921 cactacctgg acgagatcat cgagcagatc agcgagttct ccaagagagt gatcctggece
13981 gacgctaatc tggacaaggt gectgagegec tacaacaage acagagacaa gectatcaga
14041 gagcaggccg agaatatcat ccacctgttt accctgacca atctgggage cectgeegee
14101 ttcaagtact ttgacaccac catcgaccgg aagaggtaca ccagcaccaa agaggtgctg
14161 gacgccacce tgatccacca gageatcace ggectgtacg agacacggat cgacctgtet
14221 cagctgggag gecgacaagceg acctgecgee

AXCM LCV2 puro IDUA No-spacer gibson (SEQ ID NO: 39)

LOCUS  Exported 14230 bp ds-DNA  circular

DEFINITION synthetic circular DNA

KEYWORDS AXCM LCV2 puro IDUA No-spacer gibson

SOURCE  synthetic DNA construct

ORGANISM synthetic DNA construct
REFERENCE 1 (bases 1 to 14230)
FEATURES Location/Qualifiers
source 1..14230

/organism="synthetic DNA construct"
/mol_type="other DNA"

LTR 828..1016
/note="5"' LTR (R and US portions; U3 was replaced by the
CMYV promoter)"

misc_feature 1067..1204
/note="Psi"

misc_feature 1124..1127
/note="SD; splice donor"
misc_feature 1171..1535
/note="gag"
misc_feature 1681..1922
/note="RRE"
misc_feature 2440..2557
/note="CPPT;, central polypurine tract
promoter 2608..2856
/note="Human U6"
misc_feature 2857..2942
/note="sgRNA scaffold"
misc_feature 2943..2948
/note="Linker"
promoter 3001..3256
/note="EFS-NS"
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CDS 3280..4419
/codon_start=1
/note="ADARBI1_Catalytic Domain" (SEQ ID NO: 40)
/translation="MLADAVSRLVLGKFGDLTDNFSSPHARRKVLAGVVMTTGTDVKDAKV
ISVSTGTKCINGEYMSDRGLALNDCHAEIISRRSLLRFLYTQLELYLNNKDDQKRSIFQ
KSERGGFRLKENVQFHLYISTSPCGDARIFSPHEPILEEPADRHPNRKARGQLRTKIES
GQGTIPVRSNASIQTWDGVLQGERLLTMSCSDKIARWNVVGIQGSLLSIFVEPIYFSSII
LGSLYHGDHLSRAMYQRISNIEDLPPLYTLNKPLLSGISNAEARQPGKAPNFSVNWT
VGDSAIEVINATTGKDELGRASRLCKHALYCRWMRVHGKVPSHLLRSKITKPNVYH
ESKLAAKEYQAAKARLFTAFIKAGLGAWVEKPTEQDQFSLTP"
misc_feature 3280..3282
/note="hSpCas9"

CDS 4420..4467

/codon_start=1

/note="XTEN"

/translation="SGSETPGTSESATPES" (SEQ ID NO: 41)
CDS 4468..8571

/codon_start=1

/product="catalytically dead mutant of the Cas9
endonuclease from the Streptococcus pyogenes Type 11
CRISPR/Cas system"

/note="dCas9"

/note="RNA-guided DNA-binding protein that lacks
endonuclease activity due to the D10A mutation in the RuvC
catalytic domain and the H840A mutation in the HNH
catalytic domain" (SEQ ID NO: 42)

/translation="MDKKY SIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIG
ALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLV
EEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFR
GHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLE
NLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLA
QIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKAL
VRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNRE
DLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSL
LYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYF
KKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDR
EMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSD
GFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKV
VDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
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VENTQLONEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKV
LTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELD
KAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDF
QFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSE
QEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVR
KVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAY
SVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLP
KYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQK
QLFVEQHKHYLDEIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFT
LTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD"
misc_feature 8572..8619
/note="NLS"
CDS 8572

/codon_start=1

/product="catalytically dead mutant of the Cas9

endonuclease from the Streptococcus pyogenes Type I1

CRISPR/Cas system"

/note="dCas9"

/note="RNA-guided DNA-binding protein that lacks

endonuclease activity due to the D10A mutation in the RuvC

catalytic domain and the H840A mutation in the HNH

catalytic domain"

/translation=""
misc_feature 8620..8643
/note="FLAG"
misc_feature 8644..8709
/note="P2A"
CDS 8710..9306
/note="Puro"
misc_binding 9322..9910
/note="WPRE"
LTR 9981..10216
/note="3' LTR"

rep_origin  12665..12890
/note="ColE1"

misc_feature 13102..13908
/note="AmpR"

ORIGIN (SEQ ID NO: 39)
1 gtcgacggat cgggagatct cccgatcecee tatggtgeac tetcagtaca atctgetetg
61 atgccgeata gttaagcecag tatctgetee ctgettgtgt gttggaggtce getgagtagt
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121 gecgegagceaa aatttaaget acaacaagge aaggcttgac cgacaattge atgaagaatc
181 tgcttagggt taggcgtttt gecgetgcette gegatgtacg ggecagatat acgegttgac

241 attgattatt gactagttat taatagtaat caattacggg gtcattagtt catagcccat

301 atatggagtt ccgcgttaca taacttacgg taaatggecc gectggetga cegeccaacg
361 accceegecc attgacgtca ataatgacgt atgttcccat agtaacgeca atagggactt

421 tccattgacg tcaatgggtg gagtatttac ggtaaactge ccacttggea gtacatcaag

481 tgtatcatat gccaagtacg ccccctattg acgtcaatga cggtaaatgg cccgeetgge

541 attatgccca gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag

601 tcatcgctat taccatggtg atgcggtttt ggcagtacat caatgggegt ggatageggt

661 ttgactcacg gggatttcca agtctccacc ccattgacgt caatgggagt ttgttttgge

721 accaaaatca acgggacttt ccaaaatgtc gtaacaactc cgeccccattg acgcaaatgg
781 geggtaggeg tgtacggtgg gaggtctata taagcagege gttttgcctg tactgggtet

841 ctctggttag accagatctg agectgggag ctetctgget aactagggaa cecactgett

901 aagcctcaat aaagcttgec ttgagtgett caagtagtgt gtgecegtet gttgtgtgac

961 tctggtaact agagatccct cagacccttt tagtcagtgt ggaaaatcte tagcagtgge

1021 gcececgaacag ggacttgaaa gcgaaaggga aaccagagga getetetcga cgeaggacte
1081 ggcttgctga agegegeacg gecaagaggcg aggggcggcg actggtgagt acgeccaaaaa
1141 ttttgactag cggaggctag aaggagagag atgggtgcga gagegtcagt attaagcggg
1201 ggagaattag atcgcgatgg gaaaaaattc ggttaaggcc aggggeaaag aaaaaatata
1261 aattaaaaca tatagtatgg gcaagcaggg agctagaacg attcgceagtt aatcctggece
1321 tgttagaaac atcagaaggc tgtagacaaa tactgggaca gctacaacca tcecttcaga
1381 caggatcaga agaacttaga tcattatata atacagtagc aaccctctat tgtgtgcatc

1441 aaaggataga gataaaagac accaaggaag ctttagacaa gatagaggaa gagcaaaaca
1501 aaagtaagac caccgcacag caagcggcecg ctgatcttca gacctggagg aggagatatg
1561 agggacaatt ggagaagtga attatataaa tataaagtag taaaaattga accattagga
1621 gtagcaccca ccaaggcaaa gagaagagtg gtgcagagag aaaaaagagce agtgggaata
1681 ggagctttgt tccttgggtt cttgggagea gecaggaagea ctatgggcge agegtcaatg
1741 acgctgacgg tacaggcecag acaattattg tctggtatag tgcagcagea gaacaatttg
1801 ctgagggcta ttgaggcgca acageatctg ttgcaactca cagtctgggg catcaageag
1861 ctccaggcaa gaatcctgge tgtggaaaga tacctaaagg atcaacaget cctggggatt
1921 tggggttgct ctggaaaact catttgcacc actgetgtge cttggaatge tagttggagt
1981 aataaatctc tggaacagat ttggaatcac acgacctgga tggagtggga cagagaaatt
2041 aacaattaca caagcttaat acactcctta attgaagaat cgcaaaacca gcaagaaaag
2101 aatgaacaag aattattgga attagataaa tgggcaagtt tgtggaattg gtttaacata
2161 acaaattggc tgtggtatat aaaattattc ataatgatag taggaggctt ggtaggttta

2221 agaatagttt ttgctgtact ttctatagtg aatagagtta ggcagggata ttcaccatta

2281 tcgtttcaga cccacctcce aaccecgagg ggaccecgaca ggeccgaagg aatagaagaa
2341 gaaggtggag agagagacag agacagatcc attcgattag tgaacggatc ggcactgegt
2401 gcgcecaatte tgcagacaaa tggceagtatt catccacaat tttaaaagaa aaggggggat
2461 tggggggtac agtgcagggg aaagaatagt agacataata gcaacagaca tacaaactaa
2521 agaattacaa aaacaaatta caaaaattca aaattttcgg gtttattaca gggacagcag

-139-



WO 2018/208998 PCT/US2018/031913

2581 agatccagtt tggttaatta aggtaccgag ggectattte ccatgattce ttcatatttg

2641 catatacgat acaaggctgt tagagagata attagaatta atttgactgt aaacacaaag
2701 atattagtac aaaatacgtg acgtagaaag taataatttc ttgggtagtt tgcagtttta

2761 aaattatgtt ttaaaatgga ctatcatatg cttaccgtaa cttgaaagta tttcgatttc

2821 ttggctttat atatcttgtg gaaaggacga aacaccgttt aagagctatg ctggaaacag
2881 catagcaagt ttaaataagg ctagtccgtt atcaacttga aaaagtggca ccgagtcggt
2941 gcttcattac ttcggcccag agetgetect ttttttectg cageecggga attcgetage

3001 taggtcttga aaggagtggg aattggctce ggtgeecgte agtgggcaga gegeacatcg
3061 cccacagtcc ccgagaagtt ggggggoageg gtcggcaatt gatccggtac ctagagaagg
3121 tggcgegggg taaactggga aagtgatgte gtgtactggce tccgectttt tcccgagggt
3181 ggggeagaac cgtatataag tgcagtagtc geegtgaacg ttetttttcg caacgggttt
3241 gcegecagaa cacaggaccg gttetagage getgecacca tgttagetga cgetgtetea
3301 cgectggtee tgggtaagtt tggtgacctg accgacaact tctectecee tcacgetege
3361 agaaaagtgc tggctggagt cgtcatgaca acaggcacag atgttaaaga tgccaaggtg
3421 ataagtgttt ctacaggaac aaaatgtatt aatggtgaat acatgagtga tcgtggcctt

3481 gcattaaatg actgccatge agaaataata tctcggagat cettgetcag atttctttat

3541 acacaacttg agctttactt aaataacaaa gatgatcaaa aaagatccat ctttcagaaa
3601 tcagagcgag gggggtttag gctgaaggag aatgtccagt ttcatctgta catcageace
3661 tcteectgtg gagatgecag aatcttctca ccacatgage caatcctgga agaaccagea
3721 gatagacacc caaatcgtaa agcaagagga cagctacgga ccaaaataga gtctggtcag
3781 gggacgattc cagtgcgcte caatgcgage atccaaacgt gggacggggt gctgcaaggg
3841 gagcggctgc tcaccatgtc ctgcagtgac aagattgeac getggaacgt ggtgggcate
3901 cagggatccc tgctcageat tttcgtggag cccatttact tetcgageat catcetggge
3961 agcctttacc acggggacca cctttccagg gecatgtace ageggatcte caacatagag
4021 gacctgccac ctetctacac cctcaacaag cetttgetca gtggcatcag caatgcagaa
4081 gcacggcage cagggaaggc ccccaacttc agtgtcaact ggacggtagg cgactecget
4141 attgaggtca tcaacgccac gactgggaag gatgagetgg gecgegegte cegectgtgt
4201 aagcacgegt tgtactgtcg ctggatgegt gtgcacggea aggtteecte ccacttacta
4261 cgctccaaga ttaccaagec caacgtgtac catgagtcca agetggegge aaaggagtac
4321 caggccgeca aggegcegtet gttcacagec ttcatcaagg cgggectggge ggcctgggate
4381 gagaagccca ccgageagga ccagttetea ctcacgecca gtggaagtga gacaccggga
4441 acctcagaga gcgecacgee agaaagceatg gacaagaagt acageatcgg cctggecate
4501 ggcaccaact ctgtgggctg ggccgtgatc accgacgagt acaaggtgec cagcaagaaa
4561 ttcaaggtgc tgggcaacac cgaccggeac agecatcaaga agaacctgat cggegecctg
4621 ctgttcgaca gcggagaaac agccgaggcece acccggetga agagaaccge cagaagaaga
4681 tacaccagac ggaagaaccg gatctgetat ctgcaagaga tcttcagcaa cgagatggec
4741 aaggtggacg acagcttctt ccacagactg gaagagtect tcctggtgga agaggataag
4801 aagcacgagc ggcaccccat cttcggeaac atcgtggacg aggtggecta ccacgagaag
4861 taccccacca tctaccacct gagaaagaaa ctggtggaca gecaccgacaa ggeecgacctg
4921 cggctgatct atctggeect ggeecacatg atcaagttce ggggcecactt cctgatcgag
4981 ggcgacctga accccgacaa cagegacgtg gacaagetgt tcatccaget ggtgeagace
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5041 tacaaccagc tgttcgagga aaaccccatc aacgccageg gegtggacge caaggecate
5101 ctgtctgeca gactgageaa gagcagacgg ctggaaaatc tgatcgecca getgeeegge
5161 gagaagaaga atggcctgtt cggcaacctg attgeecctga gectgggect gacceccaac
5221 ttcaagagca acttcgacct ggccgaggat gccaaactge agetgageaa ggacacctac
5281 gacgacgacc tggacaacct getggeccag atcggegacce agtacgecga cetgtttetg
5341 gcegecaaga acctgtecga cgecatectg ctgagegaca teetgagagt gaacaccgag
5401 atcaccaagg cccecctgag cgectctatg atcaagagat acgacgagea ccaccaggac
5461 ctgaccctge tgaaagetct cgtgcggcag cagetgectg agaagtacaa agagatttte
5521 ttcgaccaga gcaagaacgg ctacgececgge tacatcgatg gcggagecag ccaggaagag
5581 ttctacaagt tcatcaagece catcctggaa aagatggacg geaccgagga actgetegtg
5641 aagctgaaca gagaggacct getgeggaag cageggacct tcgacaacgg cageatcece
5701 caccagatcc acctgggaga getgeacgec attctgegge ggcaggaaga tttttacceca
5761 ttcctgaagg acaaccggga aaagatcgag aagatcctga ccttccgceat ceectactac
5821 gtgggccecte tggeccagggg aaacageaga ttcgectgga tgaccagaaa gagegaggaa
5881 accatcaccc cctggaactt cgaggaagtg gtggacaagg gegecagegce ccagagcette
5941 atcgagcgga tgaccaactt cgataagaac ctgcccaacg agaaggtgct gecccaageac
6001 agcctgetgt acgagtactt caccgtgtac aacgagetga ccaaagtgaa atacgtgacce
6061 gagggaatga gaaagcccgce cttcctgage ggcgageaga aaaaagecat cgtggacctg
6121 ctgttcaaga ccaaccggaa agtgaccgtg aagcagetga aagaggacta cttcaagaaa
6181 atcgagtgct tcgactcegt ggaaatctce ggegtggaag atcggttcaa cgecteectg
6241 ggcacatacc acgatctgct gaaaattatc aaggacaagg acttcctgga caatgaggaa
6301 aacgaggaca ttctggaaga tatcgtgctg accctgacac tgtttgagga cagagagatg
6361 atcgaggaac ggctgaaaac ctatgeccac ctgttcgacg acaaagtgat gaagcagcetg
6421 aagcggcgga gatacaccgg ctggggcagg ctgagecgga agetgatcaa cggeatecgg
6481 gacaagcagt ccggcaagac aatcctggat ttcctgaagt ccgacggctt cgecaacaga
6541 aacttcatgc agctgatcca cgacgacagce ctgaccttta aagaggacat ccagaaagec
6601 caggtgtccg gccagggega tagectgeac gageacattg ccaatctgge cggeageece
6661 gccattaaga agggcatcct gcagacagtg aaggtggteg acgagcetcgt gaaagtgatg
6721 ggcecggeaca ageccgagaa catcgtgate gaaatggeca gagagaacca gaccacccag
6781 aagggacaga agaacagccg cgagagaatg aagcggatcg aagagggeat caaagagcetg
6841 ggcagccaga tcctgaaaga acaccccgtg gaaaacacce agetgecagaa cgagaagetg
6901 tacctgtact acctgcagaa tgggegggat atgtacgtgg accaggaact ggacatcaac
6961 cggctgtceg actacgatgt ggacgcetatc gtgectcaga getttctgaa ggacgactce
7021 atcgataaca aagtgctgac tcggagegac aagaaccggg gcaagagega caacgtgece
7081 tccgaagagg tcgtgaagaa gatgaagaac tactggegece agetgetgaa tgccaagcetg
7141 attacccaga ggaagttcga caatctgacc aaggccgaga gaggeggcct gagegaactg
7201 gataaggccg gettcatcaa gagacagetg gtggaaacce ggeagatcac aaageacgtg
7261 gcacagatcc tggactcccg gatgaacact aagtacgacg agaacgacaa actgatcegg
7321 gaagtgaaag tgatcaccct gaagtccaag ctggtgtecg atttccggaa ggatttccag
7381 ttttacaaag tgcgcgagat caacaactac caccacgecc acgacgecta cctgaacgcec
7441 gtcgtgggaa ccgecctgat caaaaagtac cctaagetgg aaagegagtt cgtgtacgge
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7501 gactacaagg tgtacgacgt gcggaagatg atcgeccaaga gcgageagga aatcggeaag
7561 gctaccgeca agtacttctt ctacagcaac atcatgaact ttttcaagac cgagattace

7621 ctggccaacg gegagatceg gaageggcect ctgatcgaga caaacggega aacaggegag
7681 atcgtgtggg ataagggccg ggactttgee accgtgcgga aagtgcetgte tatgecccaa
7741 gtgaatatcg tgaaaaagac cgaggtgcag acaggeggct tcagcaaaga gtctatectg
7801 cccaagagga acagcgacaa getgatcgec agaaagaagg actgggaccce taagaagtac
7861 ggcggcttcg acageeccac cgtggectat tetgtgetgg tggtggccaa agtggaaaag
7921 ggcaagtcca agaaactgaa gagtgtgaaa gagetgetgg ggatcaccat catggaaaga
7981 agcagcttcg agaagaatce catcgacttt ctggaageca agggctacaa agaagtgaaa
8041 aaggacctga tcatcaagct gectaagtac teectgttcg agetggaaaa cggecggaag
8101 agaatgctgg cctctgeegg cgaactgeag aagggaaacg aactggecct geectecaaa
8161 tatgtgaact tcctgtacct ggecagecac tatgagaage tgaagggctc ccccgaggat
8221 aatgagcaga aacagctgtt tgtggaacag cacaaacact acctggacga gatcatcgag
8281 cagatcagcg agttctccaa gagagtgate ctggecgacg ctaatctgga caaggtgctg
8341 agcgcectaca acaagcacag agacaagect atcagagagce aggecgagaa tatcatccac
8401 ctgtttaccc tgaccaatct gggagececect gecgecttea agtactttga caccaccate
8461 gaccggaaga ggtacaccag caccaaagag gtgctggacg ccaccctgat ccaccagage
8521 atcaccggcc tgtacgagac acggatcgac ctgtctcage tgggaggega caagegacct
8581 gcegecacaa agaaggcetgg acaggctaag aagaagaaag attacaaaga cgatgacgat
8641 aagggatccg gecgcaacaaa cttetetetg ctgaaacaag ccggagatgt cgaagagaat
8701 cctggaccga ccgagtacaa geccacggtg cgectcgeca ceccgegacga cgteeeccagg
8761 gcegtacgea cectecgecge cgegttcgee gactaccecg ccacgegeca caccgtegat
8821 ccggaccgcece acatcgageg ggtcaccgag ctgeaagaac tettectcac gegegteggg
8881 ctcgacatcg gcaaggtgtg ggtcgeggac gacggegecg cggtggeggt ctggaccacg
8941 ccggagagceg tcgaageggg ggcggtgttc geccgagatcg geecgegeat ggeegagttg
9001 agcggttcee ggetggecge geagecaacag atggaaggcec teetggegee geaccggece
9061 aaggagcccg cgtggttect ggecaccgte ggagtetege ccgaccacca gggeaagggt
9121 ctgggcageg cegtegtget cececeggagte gaggeggecg agegegecgg ggtgceegee
9181 ttcctggaga cctececgegee cegeaaccte cecttetacg ageggetegg cttcaccgte
9241 accgecgacg tcgaggtgee cgaaggaccg cgeacctggt geatgacecg caageccggt
9301 gcctgaacge gttaagtcga caatcaacct ctggattaca aaatttgtga aagattgact
9361 ggtattctta actatgttgc tecttttacg ctatgtggat acgctgcttt aatgectttg

9421 tatcatgcta ttgcttceeg tatggcttte attttctect ccttgtataa atcctggttg

9481 ctgtctcttt atgaggagtt gtggcccgtt gtcaggcaac gtggegtggt gtgcactgtg
9541 tttgctgacg caaccececac tggttggggec attgecacca cetgtcaget cettteccggg
9601 actttcgctt tcceecteec tattgecacg geggaactca tegeegectg cettgeeege
9661 tgctggacag gggctcggct gttgggcact gacaattccg tggtgttete ggggoaaatca
9721 tcgtecttte cttggetget cgectgtgtt geccacctgga ttetgegegg gacgtectte

9781 tgctacgtcce cttcggeect caatccageg gaccttectt cececgeggect getgeegget
9841 ctgcggccte ttcecgegtet tegeettcge cctcagacga gteggatcete cetttgggee
9901 gecteeecge gtegacttta agaccaatga cttacaagge agetgtagat cttagecact
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9961 ttttaaaaga aaagggggea ctggaagggc taattcactc ccaacgaaga caagatctge
10021 tttttgcttg tactgggtct ctetggttag accagatctg agectgggag ctetctgget
10081 aactagggaa cccactgctt aagectcaat aaagettgece ttgagtgctt caagtagtgt
10141 gtgcecgtet gttgtgtgac tetggtaact agagatcect cagacccttt tagtcagtgt
10201 ggaaaatctc tagcagggec cgtttaaacc cgetgatcag cctegactgt gecttctagt
10261 tgccagcecat ctgttgtttg ceecteecee gtgecttect tgacectgga aggtgecact
10321 cccactgtce tttcctaata aaatgaggaa attgcatcge attgtctgag taggtgtcat

10381 tctattctgg ggggetegoot googocaggac agcaaggegg aggattggea agacaatage

10441 aggcatgctg gggatgeggt gggctctatg gettctgagg cggaaagaac cagetggggc
10501 tctagggggt atccccacge geectgtage ggegeattaa gegeggeggg tgtggatgott

10561 acgcgcageg tgaccgcetac acttgecage geecctagege cegetecttt cgctttette
10621 ccttccttte tcgecacgtt cgecggcttt ccccgtecaag ctetaaatcg ggggcteect
10681 ttagggttce gatttagtgc tttacggcac ctcgacccca aaaaacttga ttagggtgat
10741 ggttcacgta gtgggccate geectgatag acggtttttc geectttgac gttggagtee
10801 acgttcttta atagtggact cttgttccaa actggaacaa cactcaaccc tatctcggte
10861 tattcttttg atttataagg gattttgccg atttcggcect attggttaaa aaatgagetg

10921 atttaacaaa aatttaacgc gaattaattc tgtggaatgt gtgtcagtta gggtotggaa
10981 agtccccagg ctecccagea ggeagaagta tgcaaageat geatctcaat tagtcagecaa
11041 ccaggtgteg aaagtcccca ggetecccag caggeagaag tatgcaaage atgeatctca
11101 attagtcagc aaccatagtc ccgeccctaa ctecegeccat ceccgecccta actcecgeeca
11161 gttccgeeca ttcteccgeee catggetgac taattttttt tatttatgea gaggecgagg
11221 ccgectetge ctetgageta ttccagaagt agtgaggagg cttttttgga ggectagget
11281 tttgcaaaaa gctcccggga gettgtatat ceattttcgg atctgatcag cacgtgttga
11341 caattaatca tcggcatagt atatcggcat agtataatac gacaaggtga ggaactaaac
11401 catggccaag ttgaccagtg ccgttcecggt getcaccgeg cgegacgteg ceggageggt
11461 cgagttctgg accgaccggce tcgggttete ccgggactte gtggaggacg acttcgeegg
11521 tgtggtcecgg gacgacgtga cectgttcat cagegeggte caggaccagg tggtgccgga
11581 caacaccctg gectgggtet ggotgcgegg cetggacgag ctgtacgecg agtggtegga
11641 ggtcgtgtce acgaacttce gggacgecte cgggecggec atgaccgaga tcggegagea
11701 geegtggggge cgggagttcg cectgegega ceccggecgge aactgegtge acttegtgge
11761 cgaggagcag gactgacacg tgctacgaga tttcgattce accgecgect tctatgaaag
11821 gttgggcttc ggaatcgttt tccgggacge cggctggatg atcctccage geggggatcet
11881 catgctggag ttcttcgeee accecaactt gtttattgea gettataatg gttacaaata
11941 aagcaatagc atcacaaatt tcacaaataa agcatttttt tcactgcatt ctagttgtgg
12001 tttgtccaaa ctcatcaatg tatcttatca tgtctgtata ccgtcgacct ctagctagag
12061 cttggcgtaa tcatggtcat agetgtttce tgtgtgaaat tgttatccge tcacaattee
12121 acacaacata cgagccggaa gecataaagtg taaagectgg ggtgcctaat gagtgageta
12181 actcacatta attgcgttge getcactgee cgcetttccag tcgggaaace tgtegtgeca
12241 gctgcattaa tgaatcggee aacgegeggg gagaggcggt ttgcgtattg ggcgetctte
12301 cgcttecteg ctecactgact cgetgegete ggtegttegg ctgeggegag cggtatcage
12361 tcactcaaag gcggtaatac ggttatccac agaatcaggg gataacgcag gaaagaacat

~143-



WO 2018/208998 PCT/US2018/031913

12421 gtgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag geegegttec tggegttttt
12481 ccataggctc cgecccectg acgageatca caaaaatcga cgetcaagte agaggtggcg
12541 aaacccgaca ggactataaa gataccaggc gtttcceect ggaagetecce tegtgegete
12601 tcctgtteceg accctgecge ttaccggata cetgtecgec ttteteectt cgggaagegt
12661 ggcgctttct catagctcac getgtaggta tetcagtteg gtgtaggteg ttegetccaa
12721 gctgggctgt gtgecacgaac ceceeegttea geecgaccge tgegecttat cecggtaacta
12781 tcgtcttgag tccaacccgg taagacacga cttatcgeca ctggeageag ccactggtaa
12841 caggattagc agagcgaggt atgtaggcgg tgctacagag ttcttgaagt ggtegcctaa
12901 ctacggctac actagaagaa cagtatttgg tatctgegct ctgetgaage cagttacctt
12961 cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgetggta geggtggttt
13021 ttttgtttge aagcagcaga ttacgcgeag aaaaaaagga tctcaagaag atccetttgat
13081 cttttctacg gggtctgacg ctcagtggaa cgaaaactca cgttaaggga ttttggtcat
13141 gagattatca aaaaggatct tcacctagat ccttttaaat taaaaatgaa gttttaaatc
13201 aatctaaagt atatatgagt aaacttggtc tgacagttac caatgcttaa tcagtgaggce
13261 acctatctca gegatctgtc tatttcgttc atccatagtt gectgactce cegtegtgta
13321 gataactacg atacgggagg gcttaccatc tggceccagt getgeaatga taccgegaga
13381 cccacgetca cecggetecag atttatcage aataaaccag ccagecggaa gggecgageg
13441 cagaagtggt cctgcaactt tatccgecte catccagtct attaattgtt geccgggaage
13501 tagagtaagt agttcgccag ttaatagttt gcgcaacgtt gttgccattg ctacaggcat
13561 cgtggtgtca cgctegtegt ttggtatgge ttcattcage tecggttece aacgatcaag
13621 gcgagttaca tgatccceca tgttgtgecaa aaaageggtt agetecttcg gtectecgat
13681 cgttgtcaga agtaagttgg ccgeagtgtt atcactcatg gttatggcag cactgcataa
13741 ttctcttact gtcatgecat ccgtaagatg cttttetgtg actggtgagt actcaaccaa
13801 gtcattctga gaatagtgta tgcggcgace gagttgctct tgeccggegt caatacggga
13861 taataccgcg ccacatagca gaactttaaa agtgctcatce attggaaaac gttettcggg
13921 gcgaaaactc tcaaggatct taccgcetgtt gagatccagt tcgatgtaac ccactcgtge
13981 acccaactga tcttcagcat cttttacttt caccagegtt tctgggtgag caaaaacagg
14041 aaggcaaaat gccgcaaaaa agggaataag ggcgacacgg aaatgttgaa tactcatact
14101 cttecttttt caatattatt gaagcattta tcagggttat tgtctcatga geggatacat

14161 atttgaatgt atttagaaaa ataaacaaat aggggttccg cgcacatttc cccgaaaagt
14221 gecacctgac
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WHAT IS CLAIMED IS:

1. A recombinant expression system for CRISPR/Cas-directed RNA editing of a target
RNA comprising:

(A) a nucleic acid sequence encoding a CRISPR/Cas RNA editing fusion protein
comprising a nuclease-dead CRISPR associated endonuclease (dCas) fused to a catalytically
active deaminase domain of Adenosine Deaminase acting on RNA 2 (ADAR?2); and

(B) a nucleic acid sequence encoding an extended single guide RNA (esgRNA)
comprising: (i) a short extension sequence of homology to the target RNA comprising a
mismatch for a target adenosine, and (ii) a dCas9 scaffold binding sequence.

2. The recombinant expression system of claim 1, wherein the esgRNA further comprises

(iii) a spacer sequence comprising a region of homology to the target RNA.

3. The recombinant expression system of claim 1, wherein (A) and (B) are comprised within

the same vector or comprised within different vectors.

4. The recombinant expression system of claim 1, wherein the catalytically active
deaminase domain of ADAR2 is (1) a wildtype catalytically active deaminase domain of human
ADAR?2 or (2) a mutant human catalytically active deaminase domain of ADAR2 with increased

catalytic activity compared to the wildtype human ADAR?2.

5. The recombinant expression system of claim 4, wherein the mutant human catalytically

active deaminase domain of ADAR2 comprises a E488Q mutation.

6. The recombinant expression system of claim 1, wherein the dCas9 N-terminal domain is

fused to the C-terminus of the catalytically active deaminase domain of ADAR2.

7. The recombinant expression system of any one of the preceding claims, wherein the

dCas9 is fused to the catalytically active deaminase domain of ADAR?2 via a linker.

8. The recombinant expression system of claim 7, wherein the linker is a semi-flexible
XTEN peptide linker.
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9. The recombinant expression system of any one of the previous claims, wherein the short
extension sequence of the esgRNA is a 3’ extension sequence.

10.  The recombinant expression system of any one of the previous claims, wherein the short
extension sequence of the esgRNA comprises a region of homology capable of near-perfect
RNA-RNA base pairing with the target sequence.

11.  The recombinant expression system of any one of the preceding claims, wherein the short
extension sequence of the esgRNA further comprises a second mismatch for an adenosine within
the target RNA.

12.  The recombinant expression system of claim 11, wherein the short extension sequence of
the esgRNA further comprises a third mismatch for an adenosine within the target RNA and
optionally a fourth mismatch for an adenosine within the target RNA.

13.  The recombinant expression system of any one of the previous claims, wherein the short

extension sequence of the esgRNA is 15 nucleotides to 60 nucleotides in length.

14.  The recombinant expression system of any one of the previous claims, wherein the

esgRNA further comprises a marker sequence.

15.  The recombinant expression system of any one of the previous claims, wherein the

esgRNA further comprises a RNA polymerase I11 promoter sequence.

16.  The recombinant expression system of claim 15, wherein the RNA polymerase 11

promoter sequence is a U6 promoter sequence.

17.  The recombinant expression system of any one of the previous claims, wherein the
esgRNA comprises a linker sequence between a spacer sequence and a scaffold sequence.

18.  The recombinant expression system of claim 2, wherein the sequences of the esgRNA (i),
(it), and (iii) are situated 3’ to 5’ in the esgRNA.

19.  The recombinant expression system of any one of the previous claims, further comprising
a nucleic acid encoding a PAM sequence or complement thereof.
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20.  The recombinant expression system of claim 3, wherein the vector is a viral vector.

21.  The recombinant expression system of claim 20, wherein the viral vector is an adeno-

associated viral vector (AAV), lentiviral vector, or an adenoviral vector.
22.  Acell comprising any one of the recombinant expression systems of claims 1 to 21.

23. A method of selective RNA editing comprising administering any one of the recombinant

expression systems of claims 1 to 21 to a cell, wherein the method is in vitro.

24.  The method of claim 23, further comprising administering an antisense synthetic

oligonucleotide compound comprising alternating 2’0OMe RNA and DNA bases (PAMmer).

25. A method of characterizing the effects of directed cellular RNA editing on processing
and dynamics comprising administering any one of the recombinant expression systems of
claims 1 to 21 to a sample and determining its effects.

26.  The method of claim 25, wherein the sample is derived from a subject.

217. Use of any one of the recombinant expression systems of claims 1 to 21, or the cell of
claim 22, in the manufacture of a medicament for treating a disease selected from the group
consisting of Hurler’s syndrome, Cystic fibrosis, muscular dystrophy, spinal cord injury, hearing
loss (through noise overexposure or ototoxicity), multiple sclerosis, Alzheimer's disease,
amyotrophic lateral sclerosis (ALS), Parkinson's disease, over-rapid benzodiazepine withdrawal,
and Huntington's disease in a subject, wherein the medicament is to be administered to a subject

or a sample isolated from a subject.
28.  The use of claim 27, further comprising correction of a G to A mutation in a target RNA.

29.  Akit comprising:
(A) one or more of:
(i) arecombinant expression system according to any one of claims 1 to
21,
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(i1) a viral particle comprising the recombinant expression system
according to any one of claims 1 to 21; and/or

(iii) a cell comprising the recombinant expression system according to any
one of claims 1 to 21; and

(B) instructions for use.

30.  The kit of claim 29, wherein the instructions for use are according to a method
comprising administering the one or more of part (A) to a cell, a sample isolated from a subject,

or to a subject.
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