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REVERSE TRANSCRIPTION-MEDIATED GENE EDITING SYSTEMS AND USES
THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of the filing dates of U.S. Provisional Application
No. 63/580,188, filed September 1, 2023, U.S. Provisional Application No. 63/580,168, filed
September 1, 2023, U.S. Provisional Application No. 63/553,974, filed February 15, 2024;
U.S. Provisional Application No. 63/638,559, filed April 25, 2024. Each of the priority

applications is incorporated by reference herein in their entities.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been filed electronically
in XML format and is hereby incorporated by reference in its entirety. Said XML copy, created
on August 28, 2024, is named 063586-525001WO_SeqList_ST26.xml and is 597.0 kilobytes

in size.

BACKGROUND

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) and CRISPR-
associated (Cas) genes, collectively known as CRISPR-Cas or CRISPR/Cas systems, are
adaptive immune systems in archaea and bacteria that defend particular species against foreign
genetic elements.

Reverse transcriptases (RTs) are enzymes that generate a strand of DNA that is
complementary to an RNA template. The combination of reverse transcriptases and CRISPR/Cas
systems has shown great potentials in genetic editing. CRISPR-guided reverse transcription
allows for introduction of desired nucleotide substitutions at a genomic site.

It is therefore of great interest to develop efficient and accurate reverse transcriptase-

CRISPR gene editing systems for use in disease treatment.

SUMMARY OF THE PRESENT DISCLOSURE
The present disclosure provides reverse transcriptase-CRISPR-mediated gene editing
systems, which successfully introduced designed nucleotide substitutions into target genetic
sites. In some embodiments, the gene editing systems disclosed herein involve a fusion
polypeptide comprising a CRISPR nuclease fragment and a reverse transcriptase (RT) fragment,

and optionally one or more nuclear localization sequences (NLS) and/or peptide linkers. The
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CRISPR nuclease polypeptide can be genetically engineered to possess advantageous enzymatic
activities (e.g., high indel activities and/or DNA cleavage activities and precise gene editing as
designed). Accordingly, the gene editing systems provided herein would be expected to show
superior effectiveness in inserting desired base substitutions at a genomic site of interest.

Accordingly, one aspect of the present disclosure features a gene editing system
comprising: (a) a fusion polypeptide comprising a CRISPR nuclease polypeptide and a reverse
transcriptase (RT) polypeptide, or a first nucleic acid encoding the fusion polypeptide; and (b) an
RNA molecule comprising a guide RNA (gRNA) and a reverse transcription donor RNA (RT
donor RNA), or a second nucleic acid encoding the RNA molecule. The CRISPR nuclease may
be the reference nuclease of SEQ ID NO: 1 or a variant thereof. The gRNA comprises a scaffold
sequence recognizable by the CRISPR nuclease and a spacer sequence specific to a target
sequence within a genomic site of interest, the target sequence being upstream to a protospacer
adjacent motif (PAM). The RT donor RNA comprises a primer binding site (PBS) and a
template sequence.

In some embodiments, the CRISPR nuclease polypeptide comprises the amino acid
sequence of SEQ ID NO: 1. In other embodiments, the CRISPR nuclease is a variant of SEQ ID
NO: 1, the variant comprising: (i) one or more mutations in the HNH nuclease domain or in the
RuvC nuclease domain of SEQ ID NO: 1 that reduce or eliminate the nuclease activity thereof;
(i1) one or more arginine and/or lysine substitutions, optionally one or more arginine
substitutions; or (iii) a combination of (i) and (ii);

In some instances, the fusion polypeptide comprises one or more nuclear localization
signal (NLS) upstream or downstream to the CRISPR nuclease polypeptide, the RT polypeptide,
or both. For example, the fusion polypeptide, from N-terminus to C-terminus, comprises a first
NLS, the CRISPR nuclease polypeptide, the RT polypeptide, and a second NLS. In some
examples, the fusion polypeptide may further comprise a peptide linker between the CRISPR
nuclease polypeptide and the RT polypeptide.

In some examples, the fusion polypeptide comprises a first peptide linker located
between the CRISPR nuclease polypeptide and the RT polypeptide. Further, the fusion
polypeptide may comprise a first NLS, a second NLS, which are located at the N-terminus
and/or the C-terminus of the fusion polypeptide. In some instances, the fusion polypeptide may
further comprise additional NLSs, for example, a third NLS and optionally a fourth NLS.
Alternatively or in addition, the fusion polypeptide may further comprise a second peptide linker
and optionally a third peptide linker. These peptide linkers may be located (e.g., connecting) the
CRISPR nuclease polypeptide and/or the RT polypeptide, and the first and/or second NLS. In
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some instances, these peptide linkers may be located (e.g., connecting) two NLSs.

Provided below are specific exemplary configurations for the fusion polypeptide

disclosed herein (from N-terminus to C-terminus):

(@

(i)

(iii)

(iv)

)

(vi)

(vii)

(viii)

(ix)

69

(xi)

(xi1)

(xiii)

the first NLS, the second NLS, the CRISPR nuclease polypeptide, the first
peptide linker, and the RT polypeptide;

the CRISPR nuclease polypeptide, the first peptide linker, the RT polypeptide, the
first NLS, and the second NLS;

the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the RT
polypeptide, the third NLS, the second peptide linker, and the second NLS;

the CRISPR nuclease polypeptide, the first peptide linker, the RT polypeptide, the
third NLS, the second NLS, the second peptide linker, and the first NLS;

the first NLS, the second peptide linker, the CRISPR nuclease polypeptide, the
first peptide linker, the RT polypeptide, the third peptide linker, and the second
NLS;

the first NLS, the second peptide linker, the CRISPR nuclease, the first peptide
linker, the RT polypeptide, the third peptide linker, the third NLS, the fourth
NLS, and the second NLS;

the first NLS, the second peptide linker, the RT polypeptide, the first peptide
linker, the CRISPR nuclease polypeptide, the third peptide linker, the third NLS,
the fourth NLS, and the second NLS;

the RT polypeptide, the first peptide linker, the CRISPR nuclease polypeptide, the
third NLS, the second NLS, the second peptide linker, and the first NLS;

the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the
second peptide linker, the second NLS, and the RT polypeptide;

the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the third
NLS, the second peptide linker, the RT polypeptide, the third peptide linker, and
the second NLS;

the first NLS, the RT polypeptide, the first peptide linker, the second NLS, the
second peptide linker, and the CRISPR nuclease polypeptide,

the first NLS, the RT polypeptide, the first peptide linker, the third NLS, the
second peptide linker, the CRISPR nuclease polypeptide, the third peptide linker,
and the second NLS;

the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the RT
polypeptide, and the second NLS; or

3



10

15

20

25

30

WO 2025/049928 PCT/US2024/044701

(xiv) the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the RT
polypeptide, the second peptide linker, the third peptide linker, and the second
NLS.
In specific examples, the fusion polypeptide may have the configuration (from N-terminus to C-
terminus) of (iv), (v), (vii), (ix), or (x). See also Table 16 below.

In some instances, wherein the peptide linker(s) between the CRISPR nuclease
polypeptide and the RT polypeptide is about 20-80 amino acids in length.

In some embodiments, the CRISPR nuclease polypeptide comprises the variant of SEQ
ID NO: 1. For example, the variant of SEQ ID NO: | may comprise one or more mutations in
the HNH nuclease domain at positions D844, H845, and/or N868 relative to SEQ ID NO: 1. In
one example, the mutation is at position H845 (e.g., H845A substitution). In some examples, the
mutation at D844 is an amino acid substitution of D844A, D844G, D844L., or D8448S. In some
examples, the mutation at H845 is an amino acid substitution of H845A, H845G, H845L, or
H845S. In a specific example, the CRISPR nuclease polypeptide comprises the mutation at
position H845 (e.g., H845A) relative to SEQ ID NO: 1 (e.g., comprising the amino acid
sequence of SEQ ID NO: 32). In some examples, the mutation at N868 is an amino acid
substitution of N868A, N868G, N86SL, or N§68S.

Alternatively or in addition, the CRISPR nuclease polypeptide comprises a bridge helix
(BH) domain, a nucleic acid recognition (REC) domain, a phosphate lock loop (PLL), a wedge
(WED) domain, and a PAM-interacting (PID) domain, and wherein one or more arginine and/or
lysine substitutions, optionally arginine substitutions, are located in the BH domain, in the REC
domain, in the PLL domain, in the WED domain, in the PID domain, or a combination thereof.
For example, the CRISPR nuclease polypeptide contains up to 20 arginine and/or lysine
substitutions relative to the reference CRISPR nuclease. In specific examples, the CRISPR
nuclease polypeptide contains up to 15 arginine and/or lysine substitutions relative to the
reference CRISPR nuclease. In more specific examples, the one or more arginine and/or lysine
substitutions are at positions K736, L784, Q812, N813, I857, and/or A919.

In some examples, the CRISPR nuclease polypeptide contains at least two arginine
and/or lysine substitutions relative to the reference CRISPR nuclease. The two arginine and/or
lysine substitutions are at positions K736, L784, Q812, N813, 1857, and/or A919. In some
instances, the CRISPR nuclease polypeptide contains arginine and/or lysine substitutions at the
following positions relative to the reference CRISPR nuclease:

(a) 1857, L784, and K736 (e.g., I857R, L784R, and K736R);

(b) I857, A919, and K736 (I857R, A919R, and K736R);
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(c) 1857, N813, and L784 (I857R, N813R, and L784R);

(d) I857, L784, and A919 (I857R, L784R, and A919R);

(e) 1857, N813, and K736 (I857R, N813R, and K736R);

(f) 1857 and N813 (I857R and N813R);

(g) L784, A919, and K736 (L784R, A919R, and K736R);

(h) I857 and L784 (I857R and L784R); or

(1) I857 and A919 (I857R and A919R).

In specific examples, the CRISPR nuclease polypeptide comprises the arginine
substitutions of I857R, L784R, and K736R relative to SEQ ID NO: 1.

In some instances, the CRISPR nuclease polypeptide disclosed herein may further
comprise one or more mutations that enhance double-strand nuclease activity relative to the
reference CRISPR nuclease, in which the mutations are introduced. Examples are provided in
Table 19 below.

Alternatively or in addition, the engineered CRISPR nuclease polypeptide disclosed
herein may comprise or further comprise the one or more mutations for reducing PAM
recognition stringency. In some instances, the one or more mutations for reducing PAM
recognition stringency may be at position D61, A68, H494, L1117, D1144, S1145, G1227,
E1228, S1327, A1332, R1343, R1345, and/or T1347 of SEQ ID NO: 1. In some examples,
such mutations may comprise: (i) one or more arginine and/or lysine substitutions, optionally
arginine substitutions, at position D61, A68, H494, L1117, G1227, S1327, A1332, and/or
T1347 of SEQ ID NO: 1; (ii) one or more amino acid substitutions at position D1144, S1145,
E1228, R1343, and/or R1345, of SEQ ID NO: 1; or (iii) a combination of (i) and (ii). In
specific examples, the one or more amino acid substitutions of (ii) may comprise optionally
D1144L, S1145W, E1228Q, R1343P, R1345V, and/or R1345Q relative to SEQ ID NO: 1.

In specific examples, the engineered CRISPR nuclease polypeptide with less PAM
recognition stringency may comprise the following combination of mutations: L1117R,
D1144V, G1227R, E1228F, A1332R, R1345V, T1347R, and A68R relative to SEQ ID NO: 1.
In other specific examples, the engineered CRISPR nuclease polypeptide with less PAM
recognition stringency may comprise the following combination of mutations: L1117R,
D1144V, G1227R, E1228F, A1332R, R1345V, T1347R, and D61R relative to SEQ ID NO: 1.
In yet other specific examples, the engineered CRISPR nuclease polypeptide with less PAM
recognition stringency may comprise the following combination of mutations: L1117R,
D1144V, G1227R, E1228F, A1332R, R1345V, T1347R, and H494R relative to SEQ ID NO:
1. Other exemplary engineered CRISPR nuclease polypeptides can be found in Table 20, each
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of which is within the scope of the present disclosure.

The engineered CRISPR nuclease polypeptide as disclosed herein recognize a PAM
sequence of 5°-NDR-3’, in which N represents A, C, G, or U, D represents A, G, or T, and R
represents G or A. In some instances, the engineered CRISPR nuclease polypeptides having
reduced PAM recognition stringency as disclosed herein may recognize a PAM sequence of 5°-
NGN-3.” See Example 10 below. In some examples, the PAM is 5°-NRG-3’ or 5’-NRR-3’, in
which N and R are defined herein. In some specific examples, the PAM is 5’-NGG-3’, in
which N represents any nucleotide. In other specific examples, the PAM can be 5°-TGC-3" or
5’-GGA-3’.

Any of the CRISPR nuclease polypeptides may comprise the arginine and/or lysine
substitutions disclosed herein, any of the nickase mutations in either the HNH or RuvC nuclease
domains also disclosed herein, any of the mutations leading to reduced PAM recognition
stringency, or a combination thereof. For example, the CRISPR nuclease polypeptide may
comprise (a) the one or more nickase mutations in the HNH nuclease domain at positions D844,
H845, and/or N868 relative to SEQ ID NO: 1 (e.g., the mutation is at position H845); and (b)
one or more arginine and/or lysine substitutions relative to SEQ ID NO: 1 (e.g., at positions

1857, L784, and K736). For example, in some examples, the CRISPR nuclease polypeptide may

comprise (e.g., consists of) a nickase mutation at position H845 (e.g., an H845A mutation) and

an arginine and/or lysine substitution at position 1857 (e.g., an I857R substitution) relative to

SEQ ID NO: 1. In other examples, the CRISPR nuclease polypeptide may comprise or further

comprise the one or more mutations that result in reduced PAM recognition stringency (e.g., at
positions L1117, D1144, G1227, E1228, A1332, R1345, and/or T1347 of SEQ ID NO: 1, and
optionally at one or more positions of D61, A68, and H494 of SEQ ID NO: 1).

Any of the CRISPR nuclease polypeptide provided herein may comprise an amino acid
sequence at least 90% identical to SEQ ID NO: 1. In some examples, the CRISPR nuclease
polypeptide comprises an amino acid sequence at least 95% identical to SEQ ID NO: 1. In yet
other examples, the CRISPR nuclease polypeptide comprises an amino acid sequence at least
98% identical to SEQ ID NO: 1.

The RT polypeptide is Moloney Murine Leukemia Virus (MMLV)-RT or a variant
thereof. In one example, the MMLV-RT comprises the amino acid sequence of SEQ ID NO: 53.

In some embodiments, the gene editing system disclosed herein comprises the fusion
polypeptide. Alternatively, the system comprises the first nucleic acid encoding the fusion
polypeptide. In some examples, the first nucleic acid is located on a vector, which optionally is a

viral vector. In other examples, the first nucleic acid is a first messenger RNA (mRNA).
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In any of the gene editing systems provided herein, the spacer sequence in the gRNA of
(b) can be 15-30-nucleotide in length. In one example, the spacer sequence may be 15-20-
nucleotide in length. In one specific example, the spacer sequence may be about 17-nucleotide in
length.

In some embodiments, the scaffold sequence comprises a nucleotide sequence at least
85% identical to SEQ ID NO: 2. In one example, the scaffold sequence comprises the nucleotide
sequence of SEQ ID NO: 2.

In some embodiments, the PBS in the RT donor RNA portion of the RNA molecule is 5-
50-nucleotide in length. In some examples, the PBS is 5-20-nucleotide in length. In specific
examples, the PBS can be 7-17-nucleotide in length. In some embodiments, the PBS binds a
PBS-targeting site that is adjacent to or overlaps with the target sequence. For example, the PBS-
targeting site is adjacent to or overlaps with the target sequence. In other examples, the PBS-
targeting site is adjacent to the 5’ of the PAM.

In some embodiments, the template sequence in the RT donor RNA portion of the RNA
molecule can be 5-100-nucleotide in length. In some examples, the template sequence can be 15-
25-nucleotide in length. In some embodiments, the template sequence in the RT donor RNA is
homologous to the genomic site of interest and comprises one or more nucleotide variations
relative to the genomic site of interest. In some examples, at least one nucleotide variation may
be located within the target sequence. Alternatively, at least one nucleotide variation may be
located in the PAM.

In some embodiments, any of the RNA molecules of (b) provided herein may further
comprise a 3’ end extension. In some examples, the RNA molecule may further comprise a 5’
end protection fragment, a 3* protection fragment, or both, each of the 5° end protection
fragment and the 3’ end protection fragment forming a secondary structure, which optionally is a
hairpin, a circularization, a pseudoknot, or a triplex structure.

In some examples, the RNA molecule of (b) comprises, from 5’ to 3’: the spacer
sequence, the scaffold sequence, the template sequence, and the PBS. In other examples, the
RNA molecule may comprise, from 5° to 3’, the spacer sequence, the scatfold sequence, the
template sequence, the PBS, and the 3’ extension.

In some embodiments, the gene editing system disclosed herein may comprise the RNA
molecule that comprises the gRNA, the RT donor RNA, and optionally one or more of the
additional elements disclosed herein. Alternatively, the gene editing system may comprise the
nucleic acid encoding the RNA molecule. In some examples, the nucleic acid is located on a

vector, which optionally is a viral vector.
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In some embodiments, the gene editing system disclosed herein may comprise one or
more lipid nanoparticles (LNPs) associated with one or more of elements (a)-(b). Alternatively,
the gene editing system may comprise one or more viral vectors, for example, optionally one or
more adeno-associated viral (AAV) vectors encoding one or more of elements (a)-(b).

Also provided herein are a pharmaceutical composition comprising any of the gene
editing systems provided herein, and a kit comprising the elements (a) and (b) of the gene
editing system as disclosed herein.

In other aspects, the present disclosure features a gene editing method, comprising
delivering the gene editing system disclosed herein to a host cell to edit a genomic site targeted
by the gRNA of the gene editing system. In some embodiments, the host cell is cultured in vitro.
In other embodiments, the host cell is located in a subject who needs the gene editing.

Further, the present disclosure provides a fusion polypeptide, comprising any of the
CRISPR nuclease polypeptide set forth herein and any of the reverse transcriptase polypeptide
also set forth herein. Such a fusion polypeptide may comprise the amino acid sequence of SEQ
ID NO: 55 or 57.

In addition, the present disclosure provides a nucleic acid encoding the fusion
polypeptide disclosed herein. Such a nucleic acid may comprise the nucleotide sequence of SEQ
ID NO: 54 or 56. In some examples, the nucleic acid is a vector, such as an expression vector.

The details of one or more embodiments of the invention are set forth in the description
below. Other features or advantages of the present invention will be apparent from the following

drawings and detailed description of several embodiments, and also from the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present disclosure, which can be better understood by
reference to the drawing in combination with the detailed description of specific embodiments
presented herein.

FIG. 1 is a diagram showing gene editing efficacy of reference CRISPR nuclease SEQ ID
NO: 1 on exemplary target genes AAVS1, EMXI1, and VEGFA.

FIGs. 2A-2D include gel images showing quantification of nuclease activities. FIG. 2A:
a gel image captured using a 700 nm channel showing in vitro cleavage of the target strand
(labelled on the 5’ end with an IR700 dye) of the target DNA substrate by the reference CRISPR
nuclease, putative HNH-knockout nickases, or putative RuvC-knockout nickases. FIG. 2B: a gel

image captured using an 800 nm channel showing in vitro cleavage of the non-target strand
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(labelled on the 5° end with IR800) of the target DNA substrate by the reference CRISPR
nuclease, putative HNH-knockout nickases, or putative RuvC-knockout nickases. FIG. 2C:
Overlaid images captured using 700 nm and 800 nm channels of FIG. 2A and FIG. 2B. FIG.
2D: Quantification of the percent of cleaved target and non-target DNA generated by the
reference CRISPR nuclease, the putative HNH-knockout nickases, and the putative RuvC-
knockout nickases tested in Example 4.

FIGs. 3A and 3B include diagrams showing reverse transcription-mediated gene editing
efficiency using the reference CRISPR nuclease-reverse transcriptase fusion polypeptide or
CRISPR nickase variant-reverse transcriptase fusion polypeptide. FIG. 3A: Percentage of NGS
reads comprising indels (black bars) and edits encoded by editing template RNAs (grey bars)
using the reference CRISPR nuclease-reverse transcriptase fusion polypeptide. FIG. 3B:
Percentage of NGS reads comprising indels (black bars) and edits encoded by editing template
RNAs (grey bars) using the CRISPR nickase variant-reverse transcriptase fusion polypeptide.

FIG. 4A and FIG. 4B include diagrams showing gene editing efficiencies of CRISPR
nuclease-reverse transcriptase fusion polypeptides with various configurations as indicated in
Table 16 and Table 17. FIG. 4A: gene editing efficiency of fusion polypeptides containing the
CRISPR nuclease of SEQ ID NO: 1. The constructs correspond Lo those listed in Table 17,
except that the nickase sequence therein is replaced with the reference nuclease of SEQ ID NO:
1. FIG. 4B: gene editing efficiency of the fusion polypeptides listed in Table 17, each of which
comprises the CRISPR nickase of SEQ ID NO: 32.

FIG. 5 is a diagram showing gene editing efficiency of the exemplary CRISPR nickase-
reverse transcriptase fusion polypeptides listed in Table 17 as indicated by percentages of eGEFP-
positive cells relative to mCherry-positive cells.

FIG. 6 is a diagram showing gene editing efficiency of converting BFP to eGFP by the
exemplary CRISPR nickase-reverse transcriptase fusion polypeptides listed in Table 17 relative
to the percentage of eGFP-positive cells measured for each exemplary CRISPR nickase-reverse
transcriptase fusion polypeptide.

FIG. 7 is a diagram showing gene editing efficiency at the EMX1_T2 site by the
exemplary CRISPR nickase-reverse transcriptase fusion polypeptides listed in Table 17 relative
to the percentage of eGFP-positive cells measured for each exemplary CRISPR nickase-reverse

transcriptase fusion polypeptide.

DETAILED DESCRIPTION OF THE INVENTION

The present disclosure provides a gene editing system involving both a CRISPR nuclease
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polypeptide and a reverse transcriptase (RT) polypeptide, as well as a guide RNA, which directs
gene editing at a desired genomic site, and an RT donor RNA, which serves as the RNA
template for the RT polypeptide to synthesize DNA strands carrying desired base substitutions.
In some embodiments, the gene editing system provided herein may comprise a fusion
polypeptide comprising the CRISPR nuclease fragment and the RT fragment, or a nucleic acid
encoding the fusion polypeptide. Alternatively or in addition, the gene editing system may
comprise a single RNA molecule comprising the guide RNA and the RT donor RNA, or a
nucleic acid encoding the single RNA molecule.

The gene editing system provided herein has shown successful substitution of
nucleotides at target sites. See Examples below. Such gene editing systems are expected to be
effective in introducing desired nucleotide substitutions at genetic sites of interests, thereby
achieving desired therapeutic effects (e.g., correcting genetic defects). The gene editing system
provided herein can also be used in other areas, for example, in breeding and genomic functional

studies of animals and plants.

I. RT-CRISPR Mediated Gene Editing System

In some aspects, provided herein is an RT-CRISPR mediated gene editing system, which
involves at least two protein components, i.e., a CRISPR nuclease polypeptide and an RT
polypeptide, and at least two RNA components, i.e., a guide RNA and an RT donor RNA. In
specific embodiments, the two protein components can be located on a fusion polypeptide.
Alternatively or in addition, the two RNA components may be located on a single RNA
molecule. In some instances, the gene editing system may comprise the protein components
and/or the RNA components. In other instances, the gene editing system may comprise nucleic
acid(s) encoding the protein components, and/or nucleic acid(s) encoding the RNA components.

In some instances, the RT-CRISPR mediated gene editing system comprises a CRISPR
nuclease having nickase activity as disclosed herein. Such a gene editing system is expected to

achieve precise gene editing at a desired genomic target site.

A. Protein Components

The gene editing systems provided herein involve at least two enzymes, a CRISPR
nuclease and an RT. In some embodiments, the gene editing system comprises the two enzymes.
In specific examples, the gene editing system may comprise a fusion polypeptide comprising the
two enzyme components. Alternatively, the gene editing system may comprise one or more

nucleic acids encoding the two enzyme components. For example, the gene editing system may
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comprise one or more expression vectors (e.g., viral vectors such as retroviral vectors,
adenoviral vectors, or adeno-associated viral vectors) capable of expressing the CRISPR
nuclease, the RT, or the fusion polypeptide comprising such. In other examples, the gene editing
system may comprise one or more mRNA molecules coding for the CRISPR nuclease, the RT,
or the fusion polypeptide comprising such.

In some embodiments, the CRISPR nuclease polypeptide and the RT polypeptide as
disclosed herein may form a complex, which may be a heterodimer of the two protein
components via a dimerization domain (e.g., a leucine zipper), an antibody, a nanobody, or an

aptamer.

(1) CRISPR Nuclease Polypeptides

The CRISPR nuclease polypeptide for use in the gene editing systems disclosed herein
may be a CRISPR nuclease comprising the amino acid sequence of SEQ ID NO: 1 (the reference
CRISPR nuclease), or a variant thereof.

As used herein, the term “CRISPR nuclease” refers to an RNA-guided effector that is
capable of binding a nucleic acid and introducing a single-stranded break or double-stranded
break. A CRISPR nuclease typically comprises multiple functional domains, e.g., nuclease
domains (e.g., RuvC and HNH), bridge helix (BH) domain, nucleic acid recognition (REC)
domain, phosphate lock loop (PLL), wedge domain (WED), PAM-interacting domain (PID), or a
combination thereof. As used herein, the term “domain” refers to a distinct functional and/or
structural unit of a polypeptide. In some instances, a functional domain may be linear. In other
instances, a functional domain can be discontinuous and conformational. In some embodiments,
a domain may comprise a conserved amino acid sequence across different CRISPR nucleases.

The reference CRISPR nuclease of SEQ ID NO: 1 (see Table 1 below) is a CRISPR
nuclease that comprises both a RuvC nuclease domain (located at residues 1-59, 722-771, and
927-1101 of SEQ ID NO: 1) and a HNH domain (located at residues 772-926 of SEQ ID NO: 1).
The RuvC nuclease domain and the HNH nuclease domain coordinate cleavage of the DNA
strand adjacent to the 5’-NDR-3’ PAM motif, in which N represents any nucleotide, D
represents A, G, or T, and R represents G or A. In some examples, the PAM is 5’-NRG-3’ or 5’-
NRR’3’, in which N and R are defined herein. In one specitic example, the PAM is 5’-NGG-3’,
in which N represents any nucleotide. Positions D10, E763 and D991 are deemed the active sites
in the RuvC domain and positions D844, H845, and N868 are deemed the active sites in the
HNH domain. In addition to the nuclease domains, the reference CRISPR nuclease of SEQ ID
NO: 1 also includes a BH domain (residues 60-93 of SEQ ID NO: 1), a REC domain (residues
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94-721 of SEQ ID NO: 1), a PLL domain (residues 1102-1148 of SEQ ID NO: 1), a WED
domain (residues 1149-1208 of SEQ ID NO: 1), and a PID domain (residues 1209-1378 of SEQ
ID NO: 1).

In some embodiments, the gene editing system disclosed herein comprises a variant
CRISPR nuclease polypeptide derived from SEQ ID NO: 1, e.g., a variant CRISPR nuclease
polypeptide comprising one or more arginine or lysine substitutions, one or more mutations in
one of the nuclease domains such as in the HNH nuclease domain or the RuvC nuclease domain,
or a combination thereof, as relative to the reference CRISPR nuclease of SEQ ID NO: 1. Such a

protein component may form a complex with the gRNA(s) in the same gene editing system.

Variants of CRISPR Nuclease Polypeptide

In some embodiments, the CRISPR nuclease polypeptide in the gene editing system
disclosed herein is a variant of the reference CRISPR nuclease of SEQ ID NO: 1, e.g., via
introducing one or more mutations to the reference CRISPR nuclease to modulate (e.g., enhance
or reduce) one or more activities of the nuclease. As used herein, the term “variant CRISPR
nuclease polypeptide” refers to a CRISPR nuclease polypeptide comprising an alteration, e.g., a
substitution, insertion, deletion and/or fusion, at one or more residue positions, compared (o the
reference CRISPR nuclease (SEQ ID NO: 1).

The variant CRISPR nuclease polypeptides may comprise one or more mutations (e.g.,
arginine substitutions) relative to the reference CRISPR nuclease. Alternatively or in addition,
the variant CRISPR nuclease polypeptide may comprise one or more mutations in either the
RuvC nuclease domain or the HNH nuclease domain. Such mutations may reduce or eliminate
the nuclease activity of either the RuvC or the HNH nuclease domain, leading to a variant
exhibiting nickase activity. The variant CRISPR nuclease polypeptides may share a high
sequence homology relative to the reference CRISPR nuclease (e.g., at least 85% sequence
identity).

As used herein, the term “nickase” refers to an enzyme that cuts one strand of a double-
stranded DNA at a specific recognition nucleotide sequence (e.g., the target sequence disclosed
herein). A nickase may interact with one strand of the DNA duplex to produce DNA molecules
that are cut at one strand (a.k.a., nicked). In some embodiments, a nickase is a variant of a
CRISPR nuclease that comprises a deactivated HNH domain. In some embodiments, a nickase is
a variant of a CRISPR nuclease that comprises a deactivated RuvC domain. In other
embodiments, the variant CRISPR nuclease polypeptide may comprise one or more mutations

relative to SEQ ID NO: 1 that result in reduced PAM recognition stringency as compared with a
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counterpart CRISPR nuclease polypeptide without such mutations. The variant CRISPR
nuclease polypeptides may share a high sequence homology relative to the reference CRISPR
nuclease (e.g., at least 85% sequence identity).

The variant CRISPR nuclease polypeptides provided herein are expected to possess
advantageous features relative to the reference CRISPR nuclease, for example, exhibiting
nickase activity and/or higher nuclease activity, etc. As such, the variant CRISPR nuclease
polypeptides disclosed herein would be expected to exhibit improved gene editing relative to the
reference CRISPR nuclease, e.g., higher efficiency and accuracy in gene editing involving strand
replacement.

In some embodiments, the variant CRISPR nuclease polypeptides provided herein,
relative to the reference CRISPR nuclease SEQ ID NO: 1, comprises one or more mutations in
either the RuvC nuclease domain or the HNH nuclease domain (e.g., in the HNH nuclease
domain) to reduce or eliminate the nuclease activity, and/or comprises one or more arginine
and/or lysine substitutions to improve nuclease features suitable for use in gene editing.

The variant CRISPR nuclease polypeptides provided herein are expected to exhibit one
or more modulated activities (e.g., enhanced or reduced) relative to the reference CRISPR
nuclease. As used herein, the term “activity” refers o a biological activity. In some
embodiments, activity includes enzymatic activity, e.g., catalytic ability of an effector. For
example, activity can include nuclease activity. In some embodiments, activity includes nickase
activity. For example, the variant CRISPR nuclease polypeptides may cut substantially at only
one strand of the target DNA duplex.

In some embodiments, activity includes binding activity, e.g., binding of an effector (e.g.,
a CRISPR nuclease) to an RNA guide and/or target nucleic acid. In some examples, the variant
CRISPR nuclease polypeptides disclosed herein have an enhanced binding to a cognate guide
RNA (gRNA) as compared with the reference CRISPR nuclease, e.g., having a binding activity
at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 2-fold, 2-fold, 5-fold, 10-fold, or
greater than that of the reference CRISPR nuclease. A cognate gRNA refers to a gRNA having a
scaffold recognizable by the CRISPR nuclease.

In some examples, the variant CRISPR nuclease polypeptides disclosed herein have an
enhanced enzymatic activity relative to the reference CRISPR nuclease, e.g., having an
enzymatic activity at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 2-fold, 2-fold, 5-
fold, 10-fold, or greater than that of the reference CRISPR nuclease. In other examples, the
variant CRISPR nuclease polypeptides disclosed herein have a decreased enzymatic activity

(e.g., the enzymatic activity for cleaving both strands of a target DNA duplex) relative to the
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reference CRISPR nuclease, e.g., having an enzymatic activity at least 20%, 30%, 40%, 50%,
60%, or 70% lower than that of the reference CRISPR nuclease. In some instances, the
decreased enzymatic activity is achieved by reducing or diminishing the nuclease activity of the
RuvC domain. In other instances, the decreased enzymatic activity is achieved by reducing or
diminishing the nuclease activity of the HNH domain.

In some instances, the variant CRISPR nuclease polypeptides disclosed herein have
enhanced indel activity relative to the reference CRISPR nuclease. As used herein, the term
“indel activity” refers to the ability of a CRISPR nuclease to introduce an indel

(insertion/deletion) into a sequence (e.g., a genomic target). For example, in some embodiments,

the CRISPR nuclease introduces a double-strand break into a sequence (e.g., a genomic target in

a cell), and through DNA repair mechanisms, an indel is created.

In some embodiments, the variant CRISPR nuclease polypeptide provided herein share a

high sequence homology relative to the reference CRISPR nuclease. For example, the variant
CRISPR nuclease polypeptide may comprise an amino acid sequence at least 70% (e.g., at least
80%, 85%, 90%, 95%, or higher) identical to SEQ ID NO: 1. In some instances, the variant
CRISPR nuclease polypeptide may comprise an amino acid sequence at least 90% identical to
SEQ ID NO: 1. In some instances, the variant CRISPR nuclease polypeptide may comprise an
amino acid sequence at least 95% identical to SEQ ID NO: 1. In other instances, the variant
CRISPR nuclease polypeptide may comprise an amino acid sequence at least 97% (e.g., 98%,
99%, 99.5%, or greater) identical to SEQ ID NO: 1.

The “percent identity” (a.k.a., sequence identity) of two nucleic acids or of two amino
acid sequences is determined using the algorithm of Karlin and Altschul Proc. Natl. Acad. Sci.
USA 87:2264-68, 1990, modified as in Karlin and Altschul Proc. Natl. Acad. Sci. USA 90:5873-
77, 1993. Such an algorithm is incorporated into the NBLAST and XBLAST programs (version
2.0) of Altschul, et al. J. Mol. Biol. 215:403-10, 1990. BLAST nucleotide searches can be
performed with the NBLAST program, score=100, wordlength-12 to obtain nucleotide
sequences homologous to the nucleic acid molecules of the invention. BLAST protein searches
can be performed with the XBLAST program, score=50, word length=3 to obtain amino acid
sequences homologous to the protein molecules of the invention. Where gaps exist between two
sequences, Gapped BLAST can be utilized as described in Altschul et al., Nucleic Acids Res.
25(17):3389-3402, 1997. When utilizing BLAST and Gapped BLAST programs, the default
parameters of the respective programs (e.g., XBLAST and NBLAST) can be used.

The variant CRISPR nuclease polypeptide provided herein can contain one or more

alterations relative to the reference CRISPR nuclease of SEQ ID NO: 1, e.g., one or more amino
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acid residue substitutions, one or more deletions, one or more insertions, fusion, or a
combination thereof. In some instances, the alterations may be introduced into the BH domain,
the PLL domain, the WED domain, the PID domain, or a combination thereof.

In some embodiments, the variant CRISPR nuclease polypeptide provided herein may comprise
one or more arginine substitutions relative to SEQ ID NO: 1. “Arginine substitutions” or “lysine
substitution” refers to the replacement of a non-arginine or non-lysine residue in SEQ ID NO: 1
with an arginine or lysine residue. In some examples, the variant CRISPR nuclease polypeptide
may contain up to 20 arginine and/or lysine substitutions, e.g., up to 19, 18, 17, 16, 15, 14, 13,
12,11, 10,9, 8,7, 6, 5, 4, 3, or 2 arginine and/or lysine substitutions. In specific examples, the
variant CRISPR nuclease polypeptide may contain 12, 11, 10,9, 8,7, 6, 5, 4, 3, or 2 arginine
and/or lysine substitutions.

In some instances, one or more of the substituting arginine residues may be replaced by a
conservative amino acid residue such as lysine or histidine. In some embodiments, the variant
CRISPR nuclease polypeptide provided herein may comprise one or more arginine substitutions,
one or more lysine substitutions, or a combination thereof.

In some instances, the arginine substitutions may be located in the BH domain, in the
PLL domain, in the WED domain, in the PID domain, or in any of the combination thereof. In
some examples, the variant CRISPR nuclease polypeptide may contain one or more arginine
and/or lysine substitutions at one or more of positions: 179, E331, Y348, S473, F501, 1581,
D720, A730, G731, Q741, V752, M753, Q809, Q840, Q849, S872, S898, E982, K918, DI85,
Y986, Y1015, E1037, K1091, S1094, P1096, N1099, T1104, E1105, 11106, T1108, L1117,
K1131,11147, E1179, M1205, P1208E1214, A1226, Q1230, A1236, P1238, F1241, L1281,
D1284, F1285, A1292, N1295, K1298, G1329, A1333, K1344, S1348, Q1360, and 11370 of
SEQ ID NO: 1. In specific examples, the arginine and/or lysine substitutions can be at one or
more of positions I857R, K736, L'784, N813, Q812, 1857, and A919 of SEQ ID NO: 1.

In some specific examples, the variant CRISPR nuclease polypeptide may contain one
or more arginine substitutions of I79R, E331R, Y348R, S473R, F501R, I581R, D720R, A730R,
G731R, Q741R, V752R, M753R, Q809R, Q840R, Q849R, S872R, S§8I8R, E982R, K918R,
D985R, Y986R, Y1015R, E1037R, K1091R, S1094R, P1096R, N1099R, T1104R, E1105R,
I1106R, T1108R, L1117R, K1131R, I1147R, E1179R, M1205R, P1208, E1214R, A1226R,
Q1230R, A1236R, P1238R, F1241R, L1281R, D1284R, F1285R, A1292R, N1295R, K1298R,
G1329R, A1333R, K1344R, S1348R, Q1360R, and I1370R relative to SEQ ID NO: 1.

In some examples, the variant CRISPR nuclease polypeptide may contain one or more

arginine substitutions at one or more of the above-noted positions. Examples include I857R,
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N813R, L784R, K736R, A919R, Q812R, or a combination thereof. In other examples, the
variant CRISPR nuclease polypeptide may contain one or more lysine substitutions at one or
more of the above-noted positions. Examples include I857K, N813K, L784K, A919K, Q812K,
or a combination thereof.

In other examples, the variant CRISPR nuclease polypeptide may contain a combination
of arginine and/or lysine substitutions at: 179, E331, Y348, S473, F501, 1581, D720, A730,
G731, Q741, V752, M753, Q809, Q840, Q849, S872, S898, E982, K918, D985, Y986, Y1015,
E1037, K1091, S1094, P1096, N1099, T1104, E1105, 11106, T1108, L1117, K1131, 11147,
E1179, M1205, P1208E1214, A1226, Q1230, A1236, P1238, F1241, L1281, D1284, F1285,
A1292, N1295, K1298, G1329, A1333, K1344, S1348, Q1360, and/or 11370 of SEQ ID NO: 1.
In specific examples, the variant CRISPR nuclease polypeptide may contain a combination of
arginine and/or lysine substitutions (e.g., combination of arginine substitutions) at I857R, K736,
L7784, N813, Q812, I857, and/or A919 of SEQ ID NO: 1.

In specific examples, the engineered CRISPR nuclease polypeptide may contain the
arginine and/or lysine substitutions at the following positions relative to SEQ ID NO: 1: (a) 1857,
L784, and K736; (b) 1857, A919 and K736; (c) I857, N813, and L784; (d) 1857, L784, and
A919; (e) 1857, N813, and K736; (f) I857 and N813; (g) L784, A919, and K736; (h) I857, and
L784; or (i) I857 and A919. In some instances, the engineered CRISPR nuclease polypeptide
may contain arginine substitutions at any of the combinations of positions in SEQ ID NO: 1. In
one specific example, the engineered CRISPR nuclease polypeptide may contain arginine
substitutions I857R, L784R, and K736R relative to SEQ ID NO: 1. Other examples of arginine
and/or lysine substitutions can be found in Table 4 below.

Alternatively or in addition, the variant CRISPR nuclease polypeptide provided
herein may comprise one or more mutations within either the RuvC or the HNH nuclease
domain to reduce or eliminate the nuclease activity of the target domain, thereby producing
a variant with nickase activity. Such mutations (nickase mutations) may be deletions,
insertions, amino acid substitutions, or a combination thereof. In some embodiments, the
mutations within either the RuvC or the HNH nuclease domain are amino acid substitutions,
of which the substituting amino acid residue is not a conservative substitution of the native
amino acid residue at the position of the mutation. For example, if the native amino acid
residue is R, the substituting residue can be any amino acid residue except for K. Similarly,
if the native amino acid residue is K, the substituting residue can be any amino acid residue
except for R. Groups of conservative amino acid residue substitutions are provided herein.

In some instances, the one or more nickase mutations may be within the HNH
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nuclease domain, for example, at D844, H845, and/or N868 of SEQ ID NO: 1. In some
examples, the mutations may be amino acid residue substitutions and the native amino acid
residues in SEQ ID NO: 1 may be replaced by an amino acid residue not of the same type as
the native residues. For example, a positively charged residue may be replaced by a non-
charged amino acid residue, or vice versa. In some examples, the amino acid residue
substitution at D844 may be D844G, D844 A, D844L, or D844S. In one specific example,
the mutation can be D844A. In another example, the amino acid residue substitution at
H845 may be H845G, H845A, H845I, H845L, H845M, H845V, or H845S. In one specific
example, the mutation at position H845 can be H845A. Alternatively or in addition, the
amino acid residue substitution may be at position N868, for example, N868G, N868A,
N868L, or N868S. In one example, the mutation at position N868 is N868A.

In some instances, the one or more mutations may be with the RuvC nuclease
domain, for example, at position D10, E763, D991, or a combination thereof, of SEQ ID
NO: 1 (e.g., at position E763 and/or D991). In some examples, the mutations may be amino
acid residue substitutions and the native amino acid residues in SEQ ID NO: 1 may be
replaced by an amino acid residue not of the same type as the native residues. For example,
a positively charged residue may be replaced by a non-charged amino acid residue, or vice
versa. In some examples, the amino acid residue substitution at D10 may be D10G, D10A,
DI10L, or D10S. In some examples, the amino acid residue substitution at E763 may be
E763G, E763A, E765L, or E763S. Alternatively or in addition, the amino acid residue
substitution at D991 may be D991G, D991A, D991L, or D991S.

In some examples, the variant CRISPR nuclease polypeptide provided herein may be
a nickase variant, which comprises one or more mutations in one nuclease domain (e.g., the
HNH nuclease domain such as at position H845, e.g., H845A). Exemplary nickase variants
are provided in Table 5 below. Such a nickase variant may further comprise one or more
arginine or lysine substitutions (e. g., arginine substitutions) for enhancing certain features,
such as indel activities. Exemplary arginine and/or lysine substitutions are provided herein,
for example, at one or more of positions I857R, K736, 1.784, N813, Q812, [857, and A919
of SEQ ID NO: 1 (e.g., the arginine substitutions at positions 1857, L784, and K736). In

some examples, the CRISPR nuclease polypeptide may comprise (e.g., consists of) a

nickase mutation at position H845 (e.g., an H845A mutation) and an arginine and/or 1

substitution at position I857 (e.g., an I857R substitution) relative to SEQ ID NO: 1.

In some examples, the variant CRISPR nuclease polypeptide disclosed herein exhibits

enhanced double-strand nuclease activity. Examples of such CRISPR nuclease polypeptides are
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provide in Table 19 below, each of which is within the scope of the present disclosure.

In some embodiments, the variant CRISPR nuclease polypeptide disclosed herein may
comprise one or more mutations that reduce stringency of PAM recognition relative to the
reference CRISPR nuclease. In some instances, the one or more mutations for reducing PAM
recognition stringency may be at position of L1117, D1144, S1145, G1227, E1228, S1327,
A1332, R1343, R1345, and/or T1347 of SEQ ID NO: 1. In some examples, the one or more
mutations may comprise: (i) one or more arginine and/or lysine substitutions, optionally
arginine substitutions, at position L1117, G1227, S1327, A1332, and/or T1347 of SEQ ID NO:
1; (ii) one or more amino acid substitutions at position D1144, S1145, E1228, R1343, and/or
R1345, of SEQ ID NO: 1; or (iii) a combination of (i) and (ii).

In some examples, such a variant CRISPR nuclease polypeptide may contain mutations
(e.g., amino acid residue substitutions) at position D61 (e.g., D61R or D61K), L1117 (e.g.,
L1117R or L1117K), D1144 (e.g., D1144V, D1144A, D1144G, or D1144S), S1145 (e.g.,
S1145W, S1145Y, or S1145F), G1227 (e.g., G1227K or G1227R), E1228 (e.g., E1228F,
E1228Y, or E1228W), A1327 (e.g., A1327R or A1332K), A1332 (e.g., A1332R or A1332K),
R1345 (e.g., R1345Q or R1345N), R1345 (e.g., R1345V, R1345A, R1345G, or R1345S, or
R1345Q, R1345N), T1347 (e.g., T1347R or T1347K), or a combination thereof in SEQ ID
NO: 1.

In specific examples, the one or more amino acid substitutions of (ii) may comprise
D1144L, S1145W, E1228Q, R1343P, R1345V and/or R1345Q relative to SEQ ID NO: 1.
Alternatively, the substituting amino acid residues at one or more of positions D1114, S1145,
E1228, R1343, and R1345, may be a conservative substitution of L, W, Q, P, V, and Q,
respectively. For example, the substitutions at position D1114 may be D1114M, D1114I, or
D1114V. The substitutions at position S1145 may be S1145F or S1145Y. The substitutions at
position E1228 may be E1228N. The substitutions at position R1345 may be R1345M,
R13451, R1345L, or R1345N.

Specific examples of such variant CRISPR nuclease polypeptides are provided in Table
20, each of which is within the scope of the present disclosure.

In some specific examples, the engineered CRISPR nuclease polypeptide comprises (or
consists of) L1117R, D1144V, G1227R, E1228F, A1332R, R1345V, and T1347R relative to
SEQ ID NO: 1. Such CRISPR nuclease polypeptide has the amino acid sequence set forth in
SEQ ID NO: 236.

In some examples, the engineered CRISPR nuclease polypeptide disclosed herein (e.g.,

those having mutations at positions L1117, D1144, G1227, E1228, A1332, R1343, R1345,
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and/or T1347) may further comprise one or more single arginine substitutions (e.g., a single
arginine substitution) at position D61, A68, H494, 164, S410, T67, Q849, G1110, F501, T659,
L784,Y516, G55, E1037, N57, D720, A919, A1294, Q812, N700, H657, T73, Q899, 1857,
K751, D327, 1581, D462, E331, A589, D471, 1699, N1295, T470, 11147, E130, S473, A353,
K40, K334, A60, S1348, K367, A1118, K31, Q349, K341, Q83, K585, Q840, G660, K527,
G727,Y42,11281,L122,Q123, T1108, E41, K1131, K30, S872, 11206, D1132, K460, L80,
E459, K1182, M696, K918, K126, N721, Q809, K1091, K736, K783, N498, K723, H1119,
F463, L594, D472, K744, E365, G595, K45, Y348, K964, S1181, N813, D407, S839, Y658,
E586, G754, A730, Y1015, D903, A1333, S461, or H1359 relative to SEQ ID NO: 236.

In some specific examples, the engineered CRISPR nuclease polypeptide comprises
L1117R, D1144V, G1227R, E1228F, A1332R, R1345V, T1347R, and A68R relative to SEQ
ID NO: 1. In other specific examples, the engineered CRISPR nuclease polypeptide comprises
L1117R, D1144V, G1227R, E1228F, A1332R, R1345V, T1347R, and D61R relative to SEQ
ID NO: 1. In still other specific examples, the engineered CRISPR nuclease polypeptide
comprises L1117R, D1144V, G1227R, E1228F, A1332R, R1345V, T1347R, and H494R
relative to SEQ ID NO: 1.

In some instances, the variant CRISPR nuclease polypeptide exhibiting less stringent
recognition of PAM sequences may recognize 5’-NGN-3’, 5°-NRN-3’, or 5’-NYN-3’ PAM
sequences, in which N represents any nucleotide, R represents A or G, and Y represents C or T.

In some examples, the variant CRISPR nuclease polypeptide may comprise one or more
of the mutations disclosed herein (e.g., one or more arginine and/or lysine substitutions, one or
more nickase mutations, and/or one or more mutations resulting less PAM recognition
stringency). Any of the variant CRISPR nuclease polypeptides disclosed herein may share a
sequence identity at least 90% (e.g., 95%, 97%, 98%, 99%, 99.5%, or greater) with SEQ ID NO:
L.

In some instances, the variant CRISPR nuclease polypeptide may comprise one or more
conservative amino acid residue substitutions, in addition to the mutations in the HNH or RuvC
nuclease domain, the arginine/lysine substitutions, and/or the mutations that result in reduced
PAM recognition stringency.

As used herein, a “‘conservative amino acid substitution” refers to an amino acid
substitution that does not alter the relative charge or size characteristics of the protein in which
the amino acid substitution is made. Variants can be prepared according to methods for altering
polypeptide sequence known to one of ordinary skill in the art such as are found in references

which compile such methods, e.g., Molecular Cloning: A Laboratory Manual, J. Sambrook, et
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al., eds., Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York,
1989, or Current Protocols in Molecular Biology, F.M. Ausubel, et al., eds., John Wiley & Sons,
Inc., New York. Conservative substitutions of amino acids include substitutions made amongst
amino acids within the following groups: (a) M, I, L, V; (b) F, Y, W; (¢) K, R, H; (d) A, G; (e) S,
T; (D Q. N; and (g) E, D.

Exemplary CRISPR nuclease polypeptides for use in the gene editing systems provided
herein are disclosed in Tables 1, 5, 19, and 20 below, each of which is within the scope of the
present disclosure.

In some embodiments, the CRISPR nuclease polypeptide in the gene editing systems
disclosed herein (e.g., the reference nuclease of SEQ ID NO: 1 or any of the variants thereof as
disclosed herein) may be a fusion polypeptide comprising a CRISPR nuclease and one or more
additional functional moieties. As used herein, the terms “fusion” and “fused” refer to the
joining of at least two nucleotide or protein molecules. For example, “fusion” and “fused” can
refer to the joining of at least two polypeptide domains that are encoded by separate genes in
nature. The fusion can be an N-terminal fusion, a C-terminal fusion, or an intramolecular fusion.
In some aspects, the domains are transcribed and translated to produce a single polypeptide.

Exemplary functional moieties Lo include in the fusion polypeptide include a peptide tag,
a fluorescent protein, a base-editing domain, a DNA methylation domain, a histone residue
modification domain, a localization factor, a transcription modification factor, a light-gated
control factor, a chemically inducible factor, a chromatin visualization factor, or a combination
thereof.

In some embodiments, the additional functional moiety may comprise a nuclear
localization signal (NLS), a nuclear export signal (NES), or a combination thereof. In some
examples, the fusion polypeptide may comprise an NLS, which may be located at either the N-
terminus or the C-terminus. In specific examples, the fusion polypeptide may comprise a first
NLS located at the N-terminus and a second NLS located at the C-terminus. The first and second
NLS fragments may be identical. Alternatively, the two NLS fragments may be different. In
some embodiments, the fusion polypeptide may comprise an NLS near the N-terminus and/or
near the C-terminus (e.g., within about 1, 2, 3, 4, or 5 of the first amino acid or last amino acid of
the CRISPR nuclease). In some embodiments, the fusion polypeptide may comprise an NLS
within a flexible loop of the CRISPR nuclease.

In some embodiments, the additional functional moiety may be a flexible peptide
linker, for example, an XTEN peptide linker, or a G/S rich peptide linker. Examples of such

peptide linkers are provided in Example 1 below.
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In some embodiments, the gene editing system provided herein may comprise the
CRISPR nuclease polypeptide, which may form a ribonucleoprotein (RNP) complex with the
cognate guide RNA. As used herein, the term “complex” refers to a grouping of two or more
molecules. In some embodiments, the complex comprises a polypeptide and a nucleic acid
molecule interacting with (e.g., binding to, coming into contact with, adhering to) one another.
In other embodiments, the gene editing system provided herein may comprise a nucleic acid
encoding the CRISPR nuclease polypeptide. In some examples, the nucleotide sequence
encoding the CRISPR nuclease polypeptide described herein can be codon-optimized for use in
a particular host cell or organism. For example, the nucleic acid can be codon-optimized for any
non-human eukaryote including mice, rats, rabbits, dogs, livestock, or non-human primates.
Codon usage tables are readily available, for example, at the “Codon Usage Database” available
at the world wide web site of kazusa.orjp/codon/ and these tables can be adapted in a number of
ways. See Nakamura et al. Nucl. Acids Res. 28:292 (2000), which is incorporated herein by
reference in its entirety. Computer algorithms for codon optimizing a particular sequence for
expression in a particular host cell are also available, such as Gene Forge (Aptagen; Jacobus,
PA). In some examples, the nucleic acid encoding the CRISPR nuclease polypeptides as
disclosed herein can be an mRNA molecule, which can be codon optimized. Exemplary codon-
optimized nucleotide sequences encoding exemplary CRISPR nuclease polypeptides can be
found in Tables 1 and 5 below, any of which is within the scope of the present disclosure.

In some examples, the gene editing system may comprise a vector (e.g., a viral vector such as an

AAYV vector, an AdV vector, or a retroviral vector) encoding the CRISPR nuclease polypeptide.

(ii) Reverse Transcriptase Polypeptides

The gene editing system disclosed herein also comprise a reverse transcriptase (RT)
polypeptide, which may be a wild-type RT or a variant thereof. In some instances, the RT
polypeptide and the CRISPR nuclease polypeptide disclosed herein may form a fusion protein.
As used herein, the terms “reverse transcriptase” or “RT” refer to a multi-functional enzyme that
typically has three enzymatic activities including RNA- and DNA-dependent DNA
polymerization activity and an RNase H activity that catalyzes the cleavage of RNA in RNA-
DNA hybrids. A reverse transcriptase can generate DNA from an RNA template.

In some embodiments, the reverse transcriptase polypeptide is any wild-type reverse
transcriptase obtained from any naturally-occurring organism or virus, or obtained from a
commercial or non-commercial source. The reverse transcriptase polypeptide may also be a

variant reverse transcriptase polypeptide.
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The reverse transcriptase polypeptide can be obtained from a number of different
sources. For instance, the gene may be obtained from eukaryotic cells which are infected with
retrovirus or from a plasmid that comprises either a portion of or the entire retrovirus genome. In
addition, RNA that comprises the reverse transcriptase gene can be obtained from retroviruses.
In some embodiments, the reverse transcriptase is expressed or otherwise provided as an
individual component, i.e., not as a fusion protein with the CRISPR nuclease polypeptide
provided herein.

A person of ordinary skill in the art will recognize that reverse transcriptases are known
in the art, including, but not limited to, Moloney Murine Leukemia Virus (MMLV) reverse
transcriptase, Human Immunodeficiency Virus (HIV) reverse transcriptase, and avian Sarcoma-
Leukosis Virus (ASLV) reverse transcriptase, which includes but is not limited to Rous Sarcoma
Virus (RSV) reverse transcriptase, Avian Myeloblastosis Virus (AMV) reverse transcriptase,
Avian Erythroblastosis Virus (AEV) Helper Virus MCAYV reverse transcriptase, Avian
Myelocytomatosis Virus MC29 Helper Virus MCAYV reverse transcriptase, Avian
Reticuloendotheliosis Virus (REV-T) Helper Virus REV-A reverse transcriptase, Avian Sarcoma
Virus UR2 Helper Virus UR2AYV reverse transcriptase, Avian Sarcoma Virus Y73 Helper Virus
YAV reverse transcriptase, Rous Associated Virus (RAV) reverse transcriptase, and
Myeloblastosis Associated Virus (MAV) reverse transcriptase may be suitably used in the
composition described herein.

In some embodiments, the reverse transcriptase is MMLV-RT, MarathonRT from
Eubacterium rectale, or RTX reverse transcriptase or a variant of MMLV-RT, MarathonRT, or
RTX reverse transcriptase. In some embodiments, the reverse transcriptase is a sequence shown

in Table 10, a variant thereof, or an ortholog thereof.

Table 10. Exemplary Reverse Transcriptase Sequences

Reverse Sequence SEQ
Transcriptase ID NO
MMLV-RT See Table 9 below 53
MMLV-RT 2 MTWLSDFPQAWAETGGMGLAVRQAPLIIPLKATSTPVSIKQYPMSQEARLGI 266

KPHIQRLLDQGILVPCQSPWNTPLLPVKKPGTNDYRPVQDLREVNKRVEDIH
PTVPNPYNLLSGLPPSHQWYTVLDLKDAFFCLRLHPTSQPLFAFEWRDPEMG
ISGOLTWTRLPOGFKNSPTLFDEALHRDLADFRIQHPDLILLQYVDDLLLAA
TSELDCQQGTRALLQTLGNLGYRASAKKAQICQKQVKYLGYLLKEGQRWLTE
ARKETVMGQPTPKTPRQLREFLGTAGFCRLWIPGFAEMAAPLYPLTKTGTLF
NWGPDQOKAYQEILOALLTAPALGLPDLTKPFELFVDEKQGYAKGVLTQKLG
PWRRPVAYLSKKLDPVAAGWPPCLRMVAAIAVLTKDAGKLTMGQPLVILAPH
AVEALVKQPPDRWLSNARMTHYQALLLDTDRVQFGPVVALNPATLLPLPEEG
LOQHNCLDILAEAHGTRPDL

MMTV-RT MFTLWGRDIMKDIKVRLMTDSPDDSQDLMIGAIESNLFADQISWKSDQPVWL 267
NQWPLKQEKLOALQQLVTEQLQLGHLEESNSPWNTPVFVIKKKSGKWRLLQD
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LRAVNATMHDMGALQPGLPSPVAVPKGWEI LI IDLODCFENIKLHPEDCKRE
AFSVPSPNFKRP YORFOWKVLPQGMKNSPTLCOKFVDKAILTVRDKYODSYI
VHYMDDILLAHP SRSIVDEILTSMIQALNKHGLVVSTEKIQKYDNLKYLGTH
IQGDSVSYQKLQIRTDKLRTLNDFQKLLGNINWIRPFLKLTTGELKPLFEIL
NGDSNPISTRKLTPEACKALQLMNERLSTARVKRLDLSQPWSLCILKTEYTP
TACLWQDGVVEWIHLPHISPKVITPYDIFCTQLI IKGRHRSKELFSKDPDYI
VVPYTKVQFDLLLOEKEDWP ISLLGF LGEVHFHLPKDPLLTFTLOTAI IFPH
MTSTTPLEKGIVIFTDGSANGRSVTYIQGREPIIKENTQONTAQQAEIVAVIT
AFEEVSQPFNLYTDSKYVIGLFPEIETATLSPRTKIYTELKHLQRLIHKRQE
KFYIGHIRGHTGLPGPLAQGNAYADSLTRIL

MarathonRT MDTSNLMEQILSSDNLNRAYLOVVRNKGAEGVDGMKYTELKEHLAKNGETIK 268
GOLRTRKYKPQPARRVEIPKPDGGVRNLGVPTVTDRFIQQATAQVLTPIYEE
QFHDHSYGFRPNRCAQQAILTALNIMNDGNDWIVDIDLEKFFDTVNHDKLMT
LIGRTIKDGDVISIVRKYLVSGIMIDDEYEDSIVGTPQGGNLSPLLANIMLN
ELDKEMEKRGLNFVRYADDC I IMVGSEMSANRVMRNISRE IEEKLGLKVNMT
KSKVDRPSGLKYLGFGFYFDPRAHQFKAKPHAKSVAKFKKRMKELTCRSWGY
SNSYKVEKLNQLIRGWINYFKIGSMKTLCKELDSRIRYRLRMCIWKQWKTPQ
NQERKNLVKLGIDRNTARRVAYTGKRIAYVCNKGAVNVAISNKRLASFGLISM

LDYYIEKCVTC
RTX reverse MILDTDYITEDGKPVIRIFKKENGEFKIEYDRTFEPYLYALLKDDSAIEEVK 269
transcriptase KITAERHGTVVTVKRVEKVQKKFLGRPVEVWKLYFTHPQDVPAIMDKIREHP

AVIDIYEYDIPFAIRYLIDKGLVPMEGDEELKLLAFDIETLYHEGEEFAEGP
ILMISYADEEGARVITWKNVDLPYVDVVSTEREMIKRFLRVVKEKDPDVLIT
YNGDNFDFAYLKKRCEKLGINFALGRDGSEPKIQRMGDRFAVEVKGRIHFDL
YPVIRRTINLPTYTLEAVYEAVFGOPKEKVYAEETITTAWE TGENLERVARYS
MEDAKVTYELGKEFLPMEAQLSRLIGQSLWDVSRSSTGNLVEWF LLRKAYER
NELAPNKPDEKELARRHQSHEGGY IKEPERGLWENIVYLDFRSLYPSIIITH
NVSPDTLNREGCKEYDVAPQVGHRFCKDFPGF IPSLLGDLLEERQKIKKRMK
ATIDPIERKLLDYRQRAIKILANSLYGYYGYARARWYCKECAESVIAWGREY
LTMTIKEIEEKYGFKVIYSDTDGFFATIPGADAETVKKKAMEFLKY INAKLP
GALELEYEGF YKRGLFVTKKKYAVIDEEGKITTRGLEIVRRDWSEIAKETQA
RVLEALLKDGDVEKAVRIVKEVTEKLSKYEVPPEKLVIHKQITRDLKDYKAT
GPHVAVAKRLAARGVKIRPGTVISYIVLKGSGRIVDRAIPFDEFDPTKHKYD
AEYYTEKQVLPAVERTLRAFGYRKEDLRYQKTRQVGLSARLKPKGT

RTX-exoMinus | MILDTDYITEDGKPVIRIFKKENGEFKIEYDRTFEPYLYALLKDDSAIEEVK 270
KITAERHGTVVTVKRVEKVQKKFLGRPVEVWKLYF THPQDVPATIMDKIREHP
AVIDIYEYDIPFAIRYLIDKGLVPMEGDEELKLLAFDIETLYHEGEEFAEGP
ILMISYADEEGARVITWKNVDLPYVDVVSTEREMIKRFLRVVKEKDPDVLIT
YDGDNFDFAYLKKRCEKLGINFALGRDGSEPKIQRMGDRFAVEVKGRIHFDL
YPVIRRTINLPTYTLEAVYEAVFGQPKEKVYAEEITTAWE TGENLERVARYS
MEDAKVTYELGKEFLPMEAQLSRLIGQSLWDVSRSS TGNLVEWF LLRKAYER
NELAPNKPDEKELARRHQSHEGGY IKEPERGLWENIVYLDFRSLYPSIIITH
NVSPDTLNREGCKEYDVAPQVGHRFCKDFPGF TP SLLGDLLEERQK TKKRMK
ATIDPIERKLLDYRQRAIKILANSLYGYYGYARARWYCKECAESVIAWGREY
LTMTIKEIEEKYGFKVIYSDTDGFFATIPGADAE TVKKKAMEF LKY INAKLP
GALELEYEGF YKRGLFVTKKKYAVIDEEGKITTRGLEIVRRDWSEIAKETQA
RVLEALLKDGDVEKAVRIVKEVTEKLSKYEVPPEKLVIHKQITRDLKDYKAT
GPHVAVAKRLAARGVKIRPGTVISYIVLKGSGRIVDRAIPFDEFDPTKHKYD
AEYYIEKQVLPAVERILRAFGYRKEDLRYQKTRQVGLSARLKPKGT

BI11 RT MILDTDYITEDGKPVIRIFKKENGEFKIEYDRTFEPYLYALLKDDSAIEEVK 271
KITAERHSTVVTVKRVEKVQKKFLGRSVEVWKLYF THPQDVPAIMDKIREHP
AVIDIYEYDIPFATRYLIDKGLVPMEGDEELKLLALDIGTPCHEGEVFAEGP
ILMISYADEEGTRVITWRNVDLPYVDVLSTEREMIQRFLRVVKEKDPDVLIT
YNGDNFDFAYLKKRCEKLGINF TLGREGSEPKIQRMGDRFAVEVKGRIHF DL
YPVIRRTVNLPIYTLEAVYEAVFGQPKEKVYAEEITTAWETGENLERVARYS
MEDAKVTYELGKEFMPMEAQLSRLIGQSLWDVSRSSTGNLVEWEF LLRKAYER
NELAPNKPDEKELARRHQSHEGGY IKEPERGLWENIVYLDFRSLYPSIIITH
NVSPDTLNREGCKEYDVAPQVGHRFCKDFPGF IPSLLGDLLEERQKIKKRMK
ATIDPIERKLLDYRQRAIKILANSLYGYYGYARARWYCKECAESVIAWGREY
ITMTIKEIEEKYGFKLIYSDTDGFFATIPGAEAETVKKKAMEFLKY INAKLP
GALELEYEGF YKRGLFVTKKKYAVIDEEGKITTRGLEIVRRDWSETAKETQA
RVLEALLKDGDVEKAVRIVKEVTEKLSKYEVPPEKLVIHKQITRDLKDYKAT
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GPHVAVAKRLAARGVKIRPGTVISYIVLKGSGRIVDRAIPFDEFDP TKHKYD
AEYYIENQVLPAVERILRAYGYRKEDLWYQKTROVGLSARLKPKGT
RT CaMV MDHLLLKTQTQTEQVMNVTNPNSIYIKGRLYFKGYKKIELHCFVDTGASLCI 272
ASKFVIPEEHWVNAERPIMVKIADGSSITISKVCKDIDLIIAGEIFRIPTVY
QOESGIDFIIGNNFCQLYEPFIQF TDRVIFTKNKSYPVHIAKLTRAVRVGTE
GFLESMKKRSKTQQPEPVNISTNKIENPLEEIAILSEGRRLSEEKLFITQOR
MOKIEELLEKVCSENPLDPNKTKQWMKASIKLSDPSKAIKVKPMKY SPMDRE
EFDKQIKELLDLKVIKPSKSPHMAPAFLVNNEAEKRRGKKRMVVNYKAMNKA
TVGDAYNLPNKDELLTLIRGKKIFSSFDCKSGFWQVLLDQESRPLTAFTCPQ
GHYEWNVVPFGLKQAP SIFQRHMDEAFRVFRKFCCVYVDDILVF SNNEEDHL
LHVAMILOKCNQHGIILSKKKAQLFKKKINFLGLEIDEGTHKPQGHILEHIN
KFPDTLEDKKQLORFLGILTYASDYIPKLAQIRKPLOAKLKENVEPWRWTKED
TLYMQKVKKNLQGFPPLHHPLPEEKLIIETDASDDYWGGMLKAIKINEGTNT
ELICRYASGSFKAAEKNYHSNDKETLAVINTIKKFSIYLTPVHFLIRTDNTH
FKSFVNLNYKGDSKLGRNIRWQAWLSHYSFDVEHIKGTDNHFADFLSREFNK
VNSSGGS
RT retron MGIHGVPAAMKSAEYLNTFRLRNLGLPVMNNLHDMSKATRISVETLRLLIYT 273
ADFRYRIYTVEKKGPEKRMRTIYQPSRELKALQGWVLRNILDKLSSSPFSIG
FEKHQSILNNATPHIGANFILNIDLEDFFPSLTANKVFGVFHSLGYNRLISS
VLTKICCYKNLLPQGAPSSPKLANLICSKLDYRIQGYAGSRGLIYTRYADDL
TLSAQSMKKVVKARDFLFSIIPSEGLVINSKKTCISGPRSQRKVTGLVISQE
KVGIGREKYKEIRAKIHHIFCGKSSEIEHVRGWLSF ILSVDSKSHRRLITYI
SKLEKKYGKNPLNKAKT
HIV2 MEKEGQLEEAPPTNPYNTPTFAIKKKDKNKWRMLIDFRELNKVTQDFTEIQL 274
GIPHPAGLAKKRRITVLDVGDAYFSIPLHEDFRPYTAFTLPSVNNAEPGKRY
IYKVLPQGWKGSPAIFQHTMRQVLEPFRKANKDVIIIQYMDDILIASDRTDL
EHDRVVLQLKELLNGLGF STPDEKFQKDPP IHWMGYELWP TKWKLQKIQLPQ
KEIWTVNDIQKLVGVLNWAAQLYPGIK
HIV1 MEEEGKISKIGPENPYNTPVFATKKKDS TKWRKLVDFRELNKRTQDFWEVQL 275
GIPHPAGLKKKKSVTVLDVGDAYFSVPLDESFRKYTAFTIPSINNETPGIRY
QYNVLPQGWKGSPAIFQSSMTKILEPFRIKNPEIVIYQYMDDLYVGSDLEIG
QHRTKIEELRAHLLSWGF TTPDKKHOKEPPFLWMGYELHPDRWTVQPIDLPE
KDSWIVNDIQKLVGKLNWASQIYAGIK
HIV-1 RT p51 | MPISPIETVPVKLKPGMDGPKVKQWPLTEEKIKALVEICTEMEKEGKISKIG 276
PENPYNTPVFAIKKKDSTKWRKLVDF RELNKRTQDFWEVQLGIPHPAGLKKK
KSVTVLDVGDAYFSVPLDEDFRKYTAFTIPSINNETPGIRYQYNVLPOGWKG
SPAIFQSSMTKILEPFRKONPDIVIYQYMDDLYVGSDLEIGQHRTKIEELRQ
HLLRWGLTTPDKKHQKEPPFLWMGYELHPDKWTVQP IVLPEKDSWTVNDIQK
LVGKLNWASQIYPGIKVRQLCKLLRGTKALTEVIPLTEEAELELAENREILK
EPVHGVYYDPSKDLIAEIQKQGQGOWTYQIYQEPFKNLKTGKYARMRGAHTN
DVKQLTEAVQKITTESIVIWGKTPKFKLPIQKETWETWWTEYWQATWIPEWE
FVNTPPLVKLWYQLEKEP IVGAETF

MMLV RT STLNIEDEYRLHETSKEPDVSLGSTWLSDF PQAWAETGGMGLAVRQAPLIIP 277
lacking the RNase | LKATSTPVSIKQYPMSQEARLGIKPHIQRLLDOGILVPCQSPWNTPLLEVKK
PGTNDYRPVQDLREVNKRVEDIHP TVPNPYNLLSGLPPSHOWYTVLDLKDAF
FCLRLHPTSQPLFAFEWRDPEMGI SGQLTWTRLPQGFKNSPTLFNEALHRDL
ADFRIQHPDLILLQYVDDLLLAATSELDCQQGTRALLOTLGNLGYRASAKKA
QICQKQVKYLGYLLKEGQRWLTEARKETVMGOPTPKTPRQLREF LGKAGFCR
LF IPGFAEMAAPLYPLTKPGTLFNWGPDOOKAYQEIKQALLTAPALGLPDLT
KPFELFVDEKQGYAKGVLTQKLGPWRRPVAYLSKKLDPVAAGWPPCLRMVAA
IAVLTKDAGKLTMGOPLVILAPHAVEALVKOPPDRWLSNARMTHYQALLLDT
DRVQFGPVVALNPATLLP

H domain

In some embodiments, the reverse transcriptase polypeptide is an “error-prone” reverse
transcriptase variant. Error-prone reverse transcriptases that are known and/or available in the art
may be used. It will be appreciated that reverse transcriptases naturally do not have any

proofreading function; thus, the error rate of reverse transcriptases is generally higher than DNA
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polymerases comprising a proofreading activity. In some embodiments, the reverse transcriptase
is considered to be “error-prone” if it has an error rate that is less than one error in about 15,000
nucleotides synthesized.

In some embodiments, the reverse transcriptase polypeptide has a mutation or mutations
in the RNase H domain. In some embodiments, the reverse transcriptase polypeptide does not
comprise an RNase H domain (e.g., the RNase H domain has been removed from the reverse
transcriptase polypeptide). In some embodiments, the RNase H domain is truncated in a reverse
transcriptase polypeptide. In some embodiments, the reverse transcriptase polypeptide has a
mutation or mutations in the RNA-dependent DNA polymerase domain. In some embodiments,
the reverse transcriptase polypeptide is a variant that has altered thermostability characteristics.
The ability of a reverse transcriptase to withstand high temperatures is an important aspect of
cDNA synthesis. Elevated reaction temperatures help denature RNA with strong secondary
structures and/or high GC content, allowing reverse transcriptases to read through the sequence.
As a result, reverse transcription at higher temperatures enables full-length cDNA synthesis and
higher yields. Wild-type M-MLYV reverse transcriptase typically has an optimal temperature in
the range of 37-48°C; however, mutations may be introduced that allow for the reverse
transcription activity at higher temperatures of over 48°C, including 49°C, 50°C, 51°C, 52°C,
53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C, 64°C, 65°C, 66°C, and
higher.

Variant reverse transcriptase polypeptides used herein may be at least about 20%
identical, at least about 25% identical, at least about 30% identical, at least about 35% identical,
at least about 40% identical, at least about 45% identical, at least about 50% identical, at least
about 55% identical, at least about 60% identical, at least about 65% identical, at least about
70% identical, at least about 75% identical, at least about 80% identical, at least about 85%
identical, at least about 90% identical, at least about 95% identical, at least about 96% identical,
at least about 97% identical, at least about 98% identical, at least about 99% identical, at least
about 99.5% identical, or at least about 99.9% identical to any reference reverse transcriptase
polypeptide, including any wild-type reverse transcriptase, mutant reverse transcriptase, or
fragment of a reverse transcriptase, or other reverse transcriptase variant disclosed or
contemplated herein or known in the art. In some embodiments, a reverse transcriptase variant
may have 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 21, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, or up
to 100, or up to 200, or up to 300, or up to 400, or up to 500 or more amino acid changes

compared to a reference reverse transcriptase. In some embodiments, the reverse transcriptase
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variant comprises a fragment of a reference reverse transcriptase, such that the fragment is at
least about 20% identical, at least about 25% identical, at least about 30% identical, at least
about 35% identical, at least about 40% identical, at least about 45% identical, at least about
50% identical, at least about 55% identical, at least about 60% identical, at least about 65%
identical, at least about 70% identical, at least about 75% identical, at least about 80% identical,
at least about 85% identical, at least about 90% identical, at least about 95% identical, at least
about 96% identical, at least about 97% identical, at least about 98% identical, at least about
99% identical, at least about 99.5% identical, or at least about 99.9% identical to the
corresponding fragment of the reference reverse transcriptase.

Variant reverse transcriptases, including error-prone reverse transcriptases, thermostable
reverse transcriptases, and reverse transcriptases with increased processivity, can be engineered
by various routine strategies, including mutagenesis or evolutionary processes. In some cases,
the variants can be produced by introducing a single mutation. In other cases, the variants may
require more than one mutation. For those mutants comprising more than one mutation, the
effect of a given mutation may be evaluated by introduction of the identified mutation to the
wild-type gene by site-directed mutagenesis in isolation from the other mutations borne by the
particular mutant. Screening assays of the single mutant thus produced will then allow the
determination of the effect of that mutation alone.

In some embodiments, the reverse transcriptase polypeptides comprise or is fused to a
domain to improve extension rates and/or efficiency of the reverse transcriptase. In some
embodiments, the reverse transcriptase polypeptide is fused to an Sso7d polypeptide such as an
Sso7d polypeptide from Sulfolobus solfataricus. See, e.g., Wang et al., Nucleic Acids Res. 32(3):
1197-207 (2004).

In some embodiments, the reverse transcriptase as in any one of the embodiments
described herein interacts with a ligase, an integrase, and/or a recombinase. In some
embodiments, the reverse transcriptase as in any one of the embodiments described herein is
fused to a ligase, an integrase, and/or a recombinase. In some embodiments, the ligase, integrase,
and/or recombinase is fused to the N-terminus or C-terminus of the reverse transcriptase. In
some embodiments, the ligase, integrase, and/or recombinase is fused internally to the reverse
transcriptase. In some embodiments, the integrase is a serine integrase. In some embodiments,
the integrase is a Bxb1, TP901, or PhiBT1 integrase. In some embodiments, the recombinase is a
serine recombinase or a tyrosine recombinase. In some embodiments, the recombinase is a CRE
recombinase. In some embodiments, a reverse transcriptase that interacts with or is fused to a

ligase, integrase, and/or recombinase further interacts with or is fused to the CRISPR nuclease
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polypeptide disclosed herein.

In other embodiments, the gene editing system provided herein may comprise a nucleic
acid encoding the RT polypeptide. In some examples, the nucleotide sequence encoding the RT
polypeptide described herein can be codon-optimized for use in a particular host cell or
organism. In some examples, the nucleic acid encoding the RT polypeptides can be an mRNA
molecule, which can be codon optimized. Exemplary codon-optimized nucleotide sequences
encoding exemplary RT polypeptides can be found in Table 7 below, which is within the scope
of the present disclosure. In some examples, the gene editing system may comprise a vector
(e.g., a viral vector such as an AAV vector, an AdV vector, or a retroviral vector) encoding the

RT polypeptide.

(ii1) Fusion Polypeptides

In some embodiments, the gene editing system provided herein comprise a fusion
polypeptide that includes both the CRISPR nuclease polypeptide and the RT polypeptide as also
disclosed herein. Alternatively, the gene editing system may comprise a nucleic acid (e.g., a
vector such as an expression vector) encoding the fusion polypeptide.

As used herein, the terms “fusion™ and “fused” refer Lo the joining of at least two
nucleotide or protein molecules. For example, “fusion” and “fused” can refer to the joining of at
least two polypeptide domains that are encoded by separate genes (e.g., the CRISPR nuclease
polypeptide and the reverse transcriptase polypeptide provided herein) in nature. The fusion can
be an N-terminal fusion, a C-terminal fusion, or an intramolecular fusion.

In some embodiments, the fusion polypeptide may comprise the reverse transcriptase
polypeptide at its N-terminus and the CRISPR nuclease polypeptide downstream to the RT
polypeptide. In other embodiments, the fusion polypeptide may comprise the CRISPR nuclease
polypeptide at its N-terminus and the RT polypeptide downstream to the CRISPR nuclease
polypeptide. In some embodiments, the RT polypeptide may be fused with the CRISPR nuclease
polypeptide at an intramolecular position within the RT polypeptide, for example, the CRISPR
nuclease polypeptide may be within a loop of the reverse transcriptase polypeptide.

Any of the CRISPR nuclease polypeptide disclosed herein and any of the RT
polypeptides disclosed herein may be used for constructing the fusion polypeptides. In some
instances, the CRISPR nuclease polypeptide may be a CRISPR nuclease such as SEQ ID NO: 1.
Alternatively, the CRISPR nuclease polypeptide may be a variant of the reference CRISPR
nuclease of SEQ ID NO: 1. For example, the variant may be a nickase, e.g., having any of the

mutations noted above in the HNH domain relative to the reference CRISPR nuclease, for
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example, the nickase of SEQ ID NO: 32. In other examples, the variant may comprise a
combination of mutation(s) in the HNH domain and one or more arginine and/or lysine
substitutions as those disclosed herein.

In some embodiments, any of the CRISPR nuclease-RT fusion polypeptides disclosed
herein may comprise one or more additional functional elements, e.g., those provided herein. In
some instances, the additional functional elements may be one or more NLS elements. In some
examples, the fusion polypeptide may comprise an NLS at its N-terminus, at its C-terminus, or
both. Alternatively or in addition, the additional functional elements may be a flexible peptide
linker, which can be located between the CRISPR nuclease polypeptide and the RT polypeptide.
Suitable peptide linkers include, but are not limited to, G/S rich peptide linkers and XTEN
peptide linkers. Examples of NLS and peptide linkers are provided in Tables 1, 5, and 15 below.
See also Examples 1 and 7.

In some examples, the CRISPR nuclease-RT fusion polypeptide provided herein
comprises a peptide linker (the first peptide linker) located between the CRISPR nuclease
polypeptide and the RT polypeptide. In some instances, the CRISPR nuclease polypeptide is N-
terminal to the RT polypeptide. In other instances, CRISPR nuclease polypeptide is C-terminal
to the RT polypeptide. In some instances, an additional peptide linker and/or one or more NLS
signals may be located between the CRISPR nuclease polypeptide and the RT polypeptide. For
example, an additional peptide linker and an NLS may be place between the CRISPR nuclease
polypeptide and the RT polypeptide, in addition to the first peptide linker. In some specific
examples, the peptide linker between the CRISPR nuclease polypeptide and the RT polypeptide
is at least 20-aa in length, for example, ranging from about 20 amino acids to 100 amino acids.

Alternatively or in addition, the CRISPR nuclease-RT fusion polypeptide provided
herein may comprise at least two NLSs (the first NLS and the second NLS), at least one of
which is located at the N-terminus or the C-terminus of the fusion polypeptide. In some
examples, one of the two NLSs is located at the N-terminus and the other one is located at the C-
terminus. In other examples, the two NLSs are located at the N-terminus. In yet other examples,
the two NLSs are located at the C-terminus.

In some instances, the CRISPR nuclease-RT fusion polypeptide provided herein may
comprise one or more additional NLS(s) (e.g., a third NLS, and optionally a fourth NLS). Such
additional NLS(s) may be located between the CRISPR nuclease polypeptide and the RT
nuclease. In other examples, the additional NLS(s) may be located between the CRISPR
nuclease/RT polypeptide and a terminal NLS, optionally via a peptide linker.

In some examples, the CRISPR nuclease-RT fusion polypeptide disclosed herein may
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comprise, from N-terminus to C-terminus, a first NLS, the CRISPR nuclease, a peptide linker,
the RT polypeptide, and a second NLS. In other examples, the CRISPR nuclease-RT polypeptide
disclosed herein may comprise, from N-terminus to C-terminus, a first NLS, the RT nuclease, a
peptide linker, the CRISPR nuclease polypeptide, and a second NLS (which may be identical to
the first NLS), the CRISPR nuclease polypeptide, a first peptide linker, a second NLS (which
may be identical to the first NLS), a second peptide linker, the RT nuclease, a third peptide
linker (which may be identical to the first peptide linker), a third NLS (which may be identical to
the first NLS), a fourth peptide linker, and a fourth NLS. Examples of the CRISPR nuclease-RT
polypeptides are provided in Table 8 below, all of which are within the scope of the present
disclosure.

In other examples, the CRISPR nuclease-RT fusion polypeptide disclosed herein may
have the configuration set forth in Table 16 below (from N-terminus to C-terminus). In some
instances, the CRISPR nuclease-RT fusion polypeptide does not include the FLAG motif in any
of the configurations listed in Table 16. In one instance, the CRISPR nuclease-RT fusion
polypeptide has a configuration corresponding to Config4, except that the FLAG motif is
removed. In another instance, the CRISPR nuclease-RT fusion polypeptide has a configuration
corresponding to Conlfig5, except that the FLAG molif is removed. In yet another instance, the
CRISPR nuclease-RT fusion polypeptide has a configuration corresponding to Config7, except
that the FLAG motif is removed. In still another instance, the CRISPR nuclease-RT fusion
polypeptide has a configuration corresponding to Config9, except that the FLAG motif is
removed. Alternatively, the CRISPR nuclease-RT fusion polypeptide has a configuration
corresponding to Configl0, except that the FLAG motif is removed. Additional exemplary
CRISPR nuclease-RT fusion polypeptides are provided in Table 17. Variants of these fusion
polypeptides with the FLAG motif removed are also within the scope of the present disclosure.

In some examples, any of the CRISPR nuclease-RT fusion polypeptide may comprise a
CRISPR nuclease variant. In some specific examples, the CRISPR variant is a nickase, such as
those provided herein (e.g., comprising the mutations as those listed in Table 5). In some
instances, the nickase comprises one or more mutations in the HNH domain relative to the
reference nuclease of SEQ ID NO: 1, for example, at position H845, e.g., H845A.

In other embodiments, the gene editing system provided herein may comprise a nucleic
acid encoding the CRISPR nuclease-RT fusion polypeptide. In some examples, the nucleotide
sequence encoding the fusion polypeptide described herein can be codon-optimized for use in a
particular host cell or organism. In some examples, the nucleic acid encoding the fusion

polypeptides as disclosed herein can be an mRNA molecule, which can be codon optimized.
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Exemplary codon-optimized nucleotide sequences encoding exemplary CRISPR nuclease-RT
fusion polypeptides can be found in Tables 8 and 17 below, any of which is within the scope of
the present disclosure. See also Example 5 and Example 7. Coding sequences for variants of the
exemplary CRISPR nuclease-RT fusion polypeptides with the FLAG motif removed are also
within the scope of the present disclosure.

In some examples, the gene editing system may comprise a vector (e.g., a viral vector
such as an AAV vector, an AdV vector, or a retroviral vector) encoding the CRISPR nuclease-

RT fusion polypeptide.

(iv) Preparation of Protein Components

The CRISPR nuclease polypeptide, the RT polypeptide, or the CRISPR nuclease-RT

fusion polypeptide disclosed herein may be prepared by conventional methods or the methods
disclosed herein. For example, the CRISPR nuclease polypeptide, the RT polypeptide, or the
CRISPR nuclease-RT fusion polypeptide can be prepared by culturing host cells such as bacteria
cells or mammalian cells, capable of producing the nuclease polypeptides, isolating the nuclease
polypeptides thus produced, and optionally, purifying the nuclease polypeptides. The CRISPR
nuclease polypeptide, the RT polypeptide, or the CRISPR nuclease-RT fusion polypeptide can
be also prepared by an in vitro coupled transcription-translation system.

Host cells that can be used for preparation of the CRISPR nuclease polypeptide, the RT
polypeptide, or the CRISPR nuclease-RT fusion polypeptide are not particularly limited as long
as they can produce the CRISPR nuclease polypeptide, the RT polypeptide, or the CRISPR
nuclease-RT fusion polypeptide. Some nonlimiting examples of the host cells include bacteria

cells (e.g., E. coli cells), yeast cells, insect cells, or mammalian cells.

Vectors

The present disclosure provides vectors for expressing the CRISPR nuclease polypeptide,
the RT polypeptide, or the CRISPR nuclease-RT fusion polypeptide. In some embodiments, a
vector disclosed herein includes a nucleotide sequence encoding CRISPR nuclease polypeptide,
the RT polypeptide, or the CRISPR nuclease-RT fusion polypeptide. In some embodiments, the
vector comprises a Pol II promoter or a Pol I promoter.

Expression of natural or synthetic polynucleotides is typically achieved by operably
linking a polynucleotide encoding the CRISPR nuclease polypeptide, the RT polypeptide, or the
CRISPR nuclease-RT fusion polypeptide to a promoter and incorporating the construct into an

expression vector. The expression vector is not particularly limited as long as it includes a
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polynucleotide encoding the CRISPR nuclease polypeptide, the RT polypeptide, or the CRISPR
nuclease-RT fusion polypeptide and can be suitable for replication and integration in eukaryotic
cells.

Typical expression vectors include transcription and translation terminators, initiation
sequences, and promoters useful for expression of the desired polynucleotide. For example,
plasmid vectors carrying a recognition sequence for RNA polymerase (pSP64, pBluescript, etc.).
may be used. Vectors including those derived from retroviruses such as lentivirus are suitable
tools to achieve long-term gene transfer since they allow long-term, stable integration of a
transgene and its propagation in daughter cells. Examples of vectors include expression vectors,
replication vectors, probe generation vectors, and sequencing vectors. The expression vector
may be provided to a cell in the form of a viral vector.

Viral vector technology is well known in the art and described in a variety of virology
and molecular biology manuals. Viruses useful as vectors include, but are not limited to phage
viruses, retroviruses, adenoviruses, adeno-associated viruses, herpes viruses, and lentiviruses. In
general, a suitable vector contains an origin of replication functional in at least one organism, a
promoter sequence, convenient restriction endonuclease sites, and one or more selectable
markers.

The kind of the vector is not particularly limited, and a vector that can be expressed in
host cells can be appropriately selected. To be more specific, depending on the kind of the host
cell, a promoter sequence to ensure the expression of the polypeptide(s) from the polynucleotide
is appropriately selected, and this promoter sequence and the polynucleotide are inserted into
any of various plasmids etc. for preparation of the expression vector.

Additional promoter elements, e.g., enhancing sequences, regulate the frequency of
transcriptional initiation. Typically, these are located in the region 30-110 bp upstream of the
start site, although a number of promoters have recently been shown to contain functional
elements downstream of the start site as well. Depending on the promoter, it appears that
individual elements can function either cooperatively or independently to activate transcription.

Further, the disclosure should not be limited to the use of constitutive promoters.
Inducible promoters are also contemplated as part of the disclosure. The use of an inducible
promoter provides a molecular switch capable of turning on expression of the polynucleotide
sequence which it is operatively linked when such expression is desired or turning off the
expression when expression is not desired. Examples of inducible promoters include, but are not
limited to a metallothionine promoter, a glucocorticoid promoter, a progesterone promoter, and a

tetracycline promoter.
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The expression vector to be introduced can also contain either a selectable marker gene
or a reporter gene or both to facilitate identification and selection of expressing cells from the
population of cells sought to be transfected or infected through viral vectors. In other aspects, the
selectable marker may be carried on a separate piece of DNA and used in a co-transfection
procedure. Both selectable markers and reporter genes may be flanked with appropriate
transcriptional control sequences to enable expression in the host cells. Examples of such a
marker include a dihydrofolate reductase gene and a neomycin resistance gene for eukaryotic
cell culture; and a tetracycline resistance gene and an ampicillin resistance gene for culture of E.
coli and other bacteria. By use of such a selection marker, it can be confirmed whether the
polynucleotide encoding the polypeptide(s) of the present invention has been transferred into the
host cells and then expressed without fail.

The preparation method using recombinant expression vectors is not particularly limited,

and examples thereof include methods using a plasmid, a phage or a cosmid.

Methods of Expression

The present disclosure includes a method for protein expression, comprising translating
the CRISPR nuclease polypeptide, the RT polypeptide, or the CRISPR nuclease-RT [usion
polypeptide described herein.

In some embodiments, a host cell described herein is used to express the CRISPR
nuclease polypeptide, the RT polypeptide, or the CRISPR nuclease-RT fusion polypeptide. The
host cell is not particularly limited, and various known cells can be preferably used. Specific
examples of the host cell include bacteria such as E. coli, yeasts (budding yeast, Saccharomyces
cerevisiae, and fission yeast, Schizosaccharomyces pombe), nematodes (Caenorhabditis
elegans), Xenopus laevis oocytes, and animal cells (for example, CHO cells, COS cells and
HEK?293 cells). The method for transferring the expression vector described above into host
cells, i.e., the transformation method, is not particularly limited, and known methods such as
electroporation, the calcium phosphate method, the liposome method and the DEAE dextran
method can be used.

After a host is transformed with the expression vector, the host cells may be cultured,
cultivated or bred, for production the CRISPR nuclease polypeptide, the RT polypeptide, or the
CRISPR nuclease-RT fusion polypeptide. After expression, the host cells can be collected and
the CRISPR nuclease polypeptide, the RT polypeptide, or the CRISPR nuclease-RT fusion
polypeptide purified from the cultures etc. according to conventional methods (for example,

filtration, centrifugation, cell disruption, gel filtration chromatography, ion exchange
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chromatography, etc.).

A variety of methods can be used to determine the level of production of a mature
CRISPR nuclease polypeptide, a mature RT polypeptide, or a mature CRISPR nuclease-RT
fusion polypeptide in a host cell. Such methods include, but are not limited to, for example,
methods that utilize either polyclonal or monoclonal antibodies specific for the proteins or a
labeling tag as described elsewhere herein. Exemplary methods include, but are not limited to,
enzyme-linked immunosorbent assays (ELISA), radioimmunoassays (RIA), fluorescent
immunoassays (FIA), and fluorescent activated cell sorting (FACS). These and other assays are
well known in the art (See, e.g., Maddox et al., J. Exp. Med. 158:1211 [1983]).

The present disclosure provides methods of in vivo expression of the CRISPR nuclease
polypeptide, the RT polypeptide, or the CRISPR nuclease-RT fusion polypeptide (and optionally
the gRNA and/or the RT donor RNA in the gene editing system disclosed herein). Such a
method may comprise providing a polyribonucleotide encoding the CRISPR nuclease
polypeptide, the RT polypeptide, or the CRISPR nuclease-RT fusion polypeptide to a host cell in
a subject (e.g., a human subject) wherein the polyribonucleotide encodes the CRISPR nuclease
polypeptide, the RT polypeptide, or the CRISPR nuclease-RT fusion polypeptide and expressing
the CRISPR nuclease polypeptide, the RT polypeptide, or the CRISPR nuclease-RT [usion
polypeptide from the cell.

B. RNA Components

The gene editing systems provided herein also involve at least two RNA components, a
guide RNA (gRNA), which directs gene editing at a desired genetic site, and an RT donor RNA,
which serves as the RNA template for the RT polypeptide in reverse transcription. The RT donor
RNA comprises desired nucleotide substitutions to be inserted into the genetic site of interest. In
some embodiments, the gene editing system comprises the two RNA molecules. In specific
examples, the gene editing system may comprise a single RNA molecule comprising the gRNA
and the RT donor RNA. Alternatively, the gene editing system may comprise one or more
nucleic acids encoding the two RNA components. For example, the gene editing system may
comprise one or more expression vectors (e.g., viral vectors such as retroviral vectors,
adenoviral vectors, or adeno-associated viral vectors) capable of producing the gRNA, the RT
donor RNA, or the single RNA molecule comprising such.

In some embodiments, the gRNA and the RT donor RNA as disclosed herein may form a

complex.
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(1) Guide RNAs

The gene editing system disclosed herein further comprises one or more gRNAs or nuclei
acid(s) encoding such. As used herein, the terms “RNA guide”, “RNA guide sequence,” or
“guide RNA (gRNA)” refer to an RNA molecule or a modified RNA molecule that facilitates
the targeting of a CRISPR nuclease described herein to a genomic site of interest. For example,
an RNA guide can be a molecule that comprises a spacer sequence and a scaffold sequence. The
spacer sequence recognizes (e.g., binds to) a site in a non-PAM strand that is complementary to
a target sequence in the PAM strand, e.g., designed to be complementary to a specific nucleic
acid sequence. The scaffold sequence contains a nuclease binding sequence for binding to the
CRISPR nuclease. In some embodiments, the scaffold is an RNA sequence.

In some instances, the gRNA disclosed herein may further comprise a linker sequence, a

5’ end and/or 3’ end protection fragment, or a combination thereof.

Spacer Sequences

As used herein, the term “spacer” and “spacer sequence” (a.k.a., a DNA-binding
sequence) is a portion in an RNA guide that is the RNA equivalent of the target sequence (a
DNA sequence). The spacer contains a sequence capable of binding to the non-PAM strand via
base-pairing at the site complementary to the target sequence (which is in the PAM strand). Such
a spacer is also known as specific to the target sequence. In some instances, the spacer may be at
least 75% identical to the target sequence (e.g., at least 80%, at least 85%, at least 90%, at least
95%, at least 98%, or at least 99%), except for the RNA-DNA sequence difference. In some
instances, the spacer may be 100% identical to the target sequence except for the RNA-DNA
sequence difference.

The gene editing system disclosed herein comprises one or more gRNAs, each
comprising a spacer for targeting a genomic site of interest and a scaffold, which is recognizable
by the variant CRISPR nuclease polypeptide contained in the gene editing system. The target
sequence can be adjacent to a protospacer adjacent motit (PAM) of 5’-NDR-3’, in which N
represents any nucleotide, D represents A, G, or T, and R represents A or G. In some examples,
the PAM is 5’-NRR-3’, in which N represents any nucleotide and R represents A or G. For
example, the PAM may be 5’-NRG-3’, in which N represents any nucleotide and R represents A
or G. In specific examples, the PAM motit is 5°-NGG-3’ in which N represents any nucleotide.
In some examples, the PAM sequence recognizable by the CRISPR nuclease polypeptide may be
5’-NGN-3’, 5’-NRN-3’, or 5’-NYN-3’, in which N represents any nucleotide, R represents A or
G, and Y represents C or T.
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The PAM motif is located on the 3’ end of the target sequence. As used herein, the term
“protospacer adjacent motif” or “PAM sequence” refers to a DNA sequence adjacent to a target
sequence. In some embodiments, a PAM sequence is required for binding of the CRISPR
nuclease and/or indel activity. In a double-stranded DNA molecule, the strand containing the
PAM motif is called the “PAM-strand” and the complementary strand is called the “non-PAM
strand.” The gRNA binds to a site in the non-PAM strand that is complementary to a target
sequence disclosed herein, and the PAM sequence as described herein is present in the PAM-
strand. The PAM motif can be located upstream to the target sequence.

As used herein, the term “adjacent to” refers to a nucleotide or amino acid sequence in
close proximity to another nucleotide or amino acid sequence. In some embodiments, a
nucleotide sequence is adjacent to another nucleotide sequence if no nucleotides separate the two
sequences (i.e., immediately adjacent). In some embodiments, a nucleotide sequence is adjacent
to another nucleotide sequence if a small number of nucleotides separate the two sequences (e.g.,
about 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides).

A spacer sequence as disclosed herein may have a length of from about 15 nucleotides to
about 30 nucleotides. For example, the spacer sequence can have a length of from about 15
nucleotides (o about 20 nucleotides, from about 15 nucleotides to about 25 nucleotides, from
about 20 nucleotides to about 25 nucleotides, or from about 20 nucleotides to about 30
nucleotides. In some embodiments, the spacer in the gRNA may be generally designed to have a
length of between 15 and 25 nucleotides (e.g., 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, and 25) and
be complementary to a specific target sequence. In some embodiments, the spacer sequence may
be designed to have a length of between 18-22 nucleotides (e.g., 20 nucleotides).

In some embodiments, the spacer sequence may have at least about 60%, at least about
65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%,
or at least about 99.5% sequence identity to a target sequence as described herein and is capable
of binding to the complementary region of the target sequence via base-pairing.

In some embodiments, the spacer sequence comprises only RNA bases. In some
embodiments, the spacer sequence comprises a DNA base (e.g., the spacer comprises at least one
thymine). In some embodiments, the spacer sequence comprises RNA bases and DNA bases

(e.g., the DNA-binding sequence comprises at least one thymine and at least one uracil).

Scaffold Sequence

35



10

15

20

25

30

35

WO 2025/049928 PCT/US2024/044701

The scatfold sequence in the gRNA is recognizable by the variant CRISPR nuclease
polypeptide also in the gene editing system. In some instances, the scaffold sequence comprises
SEQ ID NO: 2, which is the cognate scaffold for the reference CRISPR nuclease of SEQ ID NO:
L.

GUUUUAGAGCUGUGCUGAAAAGCACAGCACGUUAAAAUAAGGCAGUGAUU
GAAAAAUCCAGUCCGUAUUCAGCUUGAAAAAGUGAGCACCGAAUCGGUGC
UU (SEQ ID NO: 2)

In other instances, the scaffold sequence may be a variant derived from SEQ ID NO: 2.
Such a variant scaffold sequence may comprise a nucleotide sequence at least 80% (e.g., at least
85%, 90%, 95%, 98%, or greater) identical to SEQ ID NO: 2. Alternatively or in addition, the
variant scaffold sequence may comprise deletions, nucleotide substitutions, or a combination
thereof. The variant CRISPR nuclease polypeptide may have increased binding to the variant
scaffold sequence as compared with the scaffold of SEQ ID NO: 2. In some examples, the
variant scaffold may be a fragment of SEQ ID NO: 2 or a variant thereof as disclosed herein. For
example, the variant scaffold for use in the gRNAs provided herein may have a length ranging
from 100-150 nucleotides.

In a gRNA, the scaffold may be located at the 3* end of the spacer. In some instances, the
scaffold and spacer are connected directly. In other instances, the scaffold and spacer may be

connected via a nucleotide linker.

(i) RT Donor RNA

As used herein, the terms “reverse transcription donor RNA” or “RT donor RNA™ refer
to an RNA molecule comprising a reverse transcription template sequence (RTT sequence) and a
primer binding site (PBS). An RT donor RNA may be fused to an RNA guide at either the 5° end
or 3’ end of the RNA guide.

Any of the RT donor RNAs disclosed herein comprises: (i) a primer binding site (PBS),
and (ii) an RTT sequence. In some instances, the RT donor RNA may further comprise: (iii) a
nucleotide linker sequence, (iv) a 5’ end and/or 3’ end protection fragment (see disclosures
herein), or a combination thereof. In some examples, the 5’ end or 3’ end protection fragment
(e.g., 3’ extension) may comprise a pseudoknot motif to protect against 3’ exonuclease activity.

In some embodiments, a RT donor RNA comprises an aptamer. In some embodiments,

the aptamer recruits a reverse transcriptase polypeptide.

Primer Binding Site (PBS)
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In some embodiments, the PBS in an RT donor RNA as disclosed herein is an RNA
sequence capable of binding to a DNA strand via base-paring. The DNA strand has been or can
be nicked or cleaved by the CRISPR nuclease polypeptide of the gene editing system disclosed
herein. In some embodiments, the PBS comprises an RNA sequence capable of binding to a
DNA strand (a PBS-targeting site) via base-pairing. The DNA strand may have a free 3’ end or a
3’ free end can be generated via cleavage by the CRISPR nuclease polypeptide contained in the
same gene editing system. In some examples, the PBS-targeting site may be located on the same
DNA strand as the PAM sequence (the PAM strand).

In some embodiments, the PBS may be about 5-50 nucleotides in length. For example,
the PBS may be about 5-40, 5-30, or 5-20 nucleotides in length. In specific examples, the PBS
may be about 5-20 (e.g., 7-17) nucleotides in length. In some examples, the PBS may contain 5
nucleotides, 6 nucleotides, 7 nucleotides, 8 nucleotides, 9 nucleotides, 10 nucleotides, 11
nucleotides, 12 nucleotides, 13 nucleotides, 14 nucleotides, 15 nucleotides, 16 nucleotides, 17
nucleotides, 18 nucleotides, 19 nucleotides, or 20 nucleotides.

As used herein, the term “PBS-targeting site” refers to the region to which a PBS binds.
The PBS-targeting site may be adjacent to (e.g., upstream to) the PAM. In a gene editing system
comprising a CRISPR nuclease polypeptide that is a nickase variant (e.g., comprises a disrupted
HNH nuclease domain as disclosed herein), the PBS in the RT donor RNA may bind to a region
(the PBS-targeting site) on the PAM strand. In some embodiments, the PBS-targeting site may
partially or completely overlap with the target sequence. In some instances, the PBS-targeting
site may be located upstream to the PAM sequence. For example, the PBS-targeting site may be
up to 100 nucleotides upstream to the PAM sequence, for example, up to 50 nucleotides, up to
30 nucleotides, up to 25 nucleotides, up to 20 nucleotides, up to 15 nucleotides, up to 10
nucleotides, or up to 5 nucleotides upstream to the PAM sequence. In specific examples, the
PBS-targeting site may start about 3 nucleotides to about 10 nucleotides upstream of the PAM
sequence (i.e., the 5’-most nucleotide of the PBS may bind about 3 nucleotides, 4, nucleotides, 5,
nucleotides, 6 nucleotides, 7 nucleotides, 8 nucleotides, 9 nucleotides, or 10 nucleotides
upstream of the PAM.) In specific examples, the PBS-targeting site may start 1 nucleotide, 1-2
nucleotides, 1-3 nucleotides, 1-4 nucleotides, or 1-5 nucleotides, upstream of the PAM sequence.
When a free 3’ end is generated by the CRISPR nuclease polypeptide in the gene editing system
within or nearby the target sequence, the PBS binding to the PAM strand at a site upstream to
the PAM sequence could efficiently facilitate DNA synthesis by the RT polypeptide in the gene

editing system, starting from the free 3’ end generated in the PAM strand.
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Reverse Transcription Template (RTT) Sequence

The reverse transcription template sequence (RTT sequence) serves as the template for
the reverse transcription mediated by the RT polypeptide in the gene editing system disclosed
herein. In some embodiments, the RTT sequence comprises a sequence with at least one encoded
edit. In some embodiments, the RTT sequence comprises sequence homology to a target
sequence or its complementary region with at least one encoded edit. In some embodiments, the
RTT sequence is at least 3 nucleotides, at least 4 nucleotides, at least 5 nucleotides, at least 6
nucleotides, at least 7 nucleotides, at least 8 nucleotides, at least 9 nucleotides, at least 10
nucleotides, at least 11 nucleotides, at least 12 nucleotides, at least 13 nucleotides, at least 14
nucleotides, at least 15 nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18
nucleotides, at least 19 nucleotides, at least 20 nucleotides, at least 30 nucleotides, at least 40
nucleotides, at least 50 nucleotides, at least 60 nucleotides, at least 70 nucleotides, at least 80
nucleotides, at least 90 nucleotides, at least 100 nucleotides, at least 200 nucleotides, at least 300
nucleotides, at least 400 nucleotides, or at least 500 nucleotides in length. In some embodiments,
the RTT sequence is about 10 nucleotides, 20 nucleotides, 30 nucleotides, 40 nucleotides, 50
nucleotides, 60 nucleotides, 70 nucleotides, 80 nucleotides, 90 nucleotides, 100 nucleotides, 110
nucleotides, or 120 nucleotides in length or any length in between.

In some embodiments, the RTT sequence is about 10 nucleotides. In some embodiments,
the RTT sequence is about 11 nucleotides. In some embodiments, the RTT sequence is about 12
nucleotides. In some embodiments, the RTT sequence is about 13 nucleotides. In some
embodiments, the RTT sequence is about 14 nucleotides. In some embodiments, the RTT
sequence is about 15 nucleotides. In some embodiments, the RTT sequence is about 16
nucleotides. In some embodiments, the RTT sequence is about 17 nucleotides. In some
embodiments, the RTT sequence is about 18 nucleotides. In some embodiments, the RTT
sequence is about 19 nucleotides. In some embodiments, the RTT sequence is about 20
nucleotides. In some embodiments, the RTT sequence is about 21 nucleotides. In some
embodiments, the RTT sequence is about 22 nucleotides. In some embodiments, the RTT
sequence is about 23 nucleotides. In some embodiments, the RTT sequence is about 24
nucleotides. In some embodiments, the RTT sequence is about 25 nucleotides. In some
embodiments, the RTT sequence is about 26 nucleotides. In some embodiments, the RTT
sequence is about 27 nucleotides. In some embodiments, the RTT sequence is about 28
nucleotides. In some embodiments, the RTT sequence is about 29 nucleotides. In some
embodiments, the RTT sequence is about 30 nucleotides.

In some embodiments, the reverse transcription template sequence comprises at least one
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encoded edit (e.g., at least two) relative to a target sequence. In some embodiments, the at least
one encoded edit comprises at least one substitution, insertion, and/or deletion. In some
embodiments, the edit in the target sequence comprises a substitution, an insertion, and/or a
deletion relative to the sequence of a target sequence. In some embodiments, the reverse
transcription template sequence comprises at least one LoxP site.

In some embodiments, the edit can be a single or multi-nucleotide substitution, such as a
G to T substitution, a G to A substitution, a G to C substitution, a T to G substitution, a T to A
substitution, a T to C substitution, a C to G substitution, a C to T substitution, a C to A
substitution, an A to T substitution, an A to G substitution, or an A to C substitution. In some
embodiments, the change in sequence can convert a G:C base pair to a T:A base pair, a G:C base
pair to an A:T base pair, a G:C base pair to C:G base pair, a T:A base pair to a G:C base pair, a
T:A base pair to an A:T base pair, a T:A base pair to a C:G base pair, a C:G base pair to a G:C
base pair, a C:G base pair to a T:A base pair, a C:G base pair to an A:T base pair, an A:T base
pair to a T:A base pair, an A:T base pair to a G:C base pair, or an A:T base pair to a C:G base
pair.

In some embodiments, a template sequence described herein may further introduce one
or more silent mutations. As used herein, a silent mutation refers to a mutation that does not
change the amino acid residue encoded by the codon comprising the mutation. The RTT
sequence can be transcribed into DNA by the reverse transcriptase of the gene editing system
described herein. In some embodiments, the RTT sequence is transcribed from 5’ to 3’ into
DNA of the PAM strand.

In some embodiments, the RTT sequence is 5° of the PBS. In some embodiments, the
RTT sequence is 3’ of the PBS. In some instances, the PBS and the RTT sequence in the RT

donor RNA provided herein may be connected via a linker sequence. In some embodiments, the

RTT and an end protection fragment (e.g., a 3’ end protection fragment) may be connected via a

linker sequence to avoid steric hindrance between the two RNA components.

(iii) Single RNA Molecule

In some embodiments, the gene editing system provided herein comprises a single RNA
molecule, which includes both the gRNA and the RT donor RNA, or a nucleic acid encoding the
single RNA molecule. Such a single RNA molecule is capable of mediating cleavage at a target
sequence within a genomic site of interest by the CRISPR nuclease polypeptide and synthesis of
a DNA fragment from a free 3’end of a free DNA strand generated by the CRISPR nuclease
polypeptide cleavage based on the RTT sequence in the single RNA molecule.
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In some embodiments, the single RNA molecule may comprise the RNA guide linked to
the RT donor RNA, optionally via a linker. In some examples, the single RNA molecule, from 5’
to 3’ end, comprises a spacer sequence, a scaffold sequence recognizable by the CRISPR
nuclease polypeptide, a RTT sequence, and a PBS. In specific examples, the single RNA
molecule may comprise, from 5’ to 3’, a spacer sequence, a scaffold sequence, an RTT
sequence, a PBS, and a protection fragment.

Any of the single RNA molecules provided herein may further comprise a linker, which
may be located between a scaffold sequence and an RTT or following a PBS. In some examples,

the linker may comprise a hairpin structure. In some examples, the linker may comprise an

aptamer domain.

In some examples, the 5° end and/or the 3’ end of the single RNA molecule, or the
gRNA and/or RT donor RNA, may contain a protection fragment, which may enhance resistance
of the RNA molecule to exonuclease activity. In some instances, the end protection fragment
may comprise a nucleotide sequence capable of forming a secondary structure, such as hairpin, a
circularization, a pseudoknot, or a triplex structure. In other instances, the end protection
fragment may comprise the sequence of an exoribonuclease-resistant RNA (xrRNA), a transfer
RNA (IRNA), or a truncated (RNA. In some embodiments, the modification is a Zika-like
pseudoknot, a murine leukemia virus pseudoknot (ML V-PK) sequence, a red clover necrotic
mosaic virus (RCNMYV) sequence, a sweet clover necrotic mosaic virus (SCNMV) sequence, a
carnation ringspot virus (CRSV) sequence, a preQ1 aptamer sequence, a truncated preQ1

aptamer sequence, a boxB RNA sequence. or an RNA bacteriophage MS2 sequence.

In some examples, the 5° end of the single RNA molecule (or the 5’ end of the gRNA

and/or the RT donor RNA when separate RNA molecules are used) may contain a 5° extension

motif, which can be any of the protection fragments disclosed herein. In some examples, the 3’

end of the single RNA molecule (or the 3’ end of the gRNA and/or the RT donor RNA when

separate RNA molecules are used) may contain a 3’ extension motif, which can be any of the
protection fragments disclosed herein. One specific example of the 3’ extension motif is

provided in Example 6 below.

(iv) Modifications of Nucleic Acids

Any of the RNA components in a gene editing system as disclosed herein, e.g., the single RNA
molecule, the gRNA, and/or the RT donor RNA, may include one or more modifications.
Exemplary modifications can include any modification to the sugar, the nucleobase, the

internucleoside linkage (e.g., to a linking phosphate/to a phosphodiester linkage/to the
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phosphodiester backbone), and any combination thereof. Some of the exemplary modifications
provided herein are described in detail below.

Any of the RNA components disclosed herein may include any useful modification, such
as to the sugar, the nucleobase, or the internucleoside linkage (e.g., to a linking phosphate/to a
phosphodiester linkage/to the phosphodiester backbone). One or more atoms of a pyrimidine
nucleobase may be replaced or substituted with optionally substituted amino, optionally
substituted thiol, optionally substituted alkyl (e.g., methyl or ethyl), or halo (e.g., chloro or
fluoro). One or more atoms of a purine nucleobase may be replaced or substituted with

optionally substituted amino, optionally substituted thiol, optionally substituted alkyl (e.g.,

methyl or ethyl). or halo (e.g., chloro or fluoro). In certain embodiments, modifications (e.g., one

or more modifications) are present in each of the sugar and the internucleoside linkage.
Modifications may be modifications of ribonucleic acids (RNAs) to deoxyribonucleic acids
(DNAs), threose nucleic acids (TNAs), glycol nucleic acids (GNAs), peptide nucleic acids
(PNAs), locked nucleic acids (LNAs) or hybrids thereof). Additional modifications are described
herein.

In some embodiments, any of the RNA components in a gene editing system as

disclosed herein comprises an abasic site (i.e., a location that does not have a purine or a

rimidine). In some embodiments. the abasic site (also referred to as an apurinic/apyrimidinic

site) is present in an editing template RNA. For example, an abasic site can be present in the

RTT of an editing template RNA. In some embodiments, activity of a reverse transcriptase is

halted at or near an abasic site.

In some embodiments, the modification may include a chemical or cellular induced
modification. For example, some nonlimiting examples of intracellular RNA modifications are
described by Lewis and Pan in “RNA modifications and structures cooperate to guide RNA-
protein interactions” from Nat Reviews Mol Cell Biol, 2017, 18:202-210.

Different sugar modifications, nucleotide modifications, and/or internucleoside linkages
(e.g., backbone structures) may exist at various positions in the sequence. One of ordinary skill
in the art will appreciate that the nucleotide analogs or other modification(s) may be located at
any position(s) of the sequence, such that the function of the sequence is not substantially
decreased. The sequence may include from about 1% to about 100% modified nucleotides
(either in relation to overall nucleotide content, or in relation to one or more types of nucleotide,
i.e. any one or more of A, G, U or C) or any intervening percentage (e.g., from 1% to 20%>,
from 1% to 25%, from 1% to 50%, from 1% to 60%, from 1% to 70%, from 1% to 80%, from
1% to 90%, from 1% to 95%, from 10% to 20%, from 10% to 25%, from 10% to 50%, from
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10% to 60%, from 10% to 70%, from 10% to 80%, from 10% to 90%, from 10% to 95%, from
10% to 100%, from 20% to 25%, from 20% to 50%, from 20% to 60%, from 20% to 70%, from
20% to 80%, from 20% to 90%, from 20% to 95%, from 20% to 100%, from 50% to 60%, from
50% to 70%, from 50% to 80%, from 50% to 90%, from 50% to 95%, from 50% to 100%, from
70% to 80%, from 70% to 90%, from 70% to 95%, from 70% to 100%, from 80% to 90%, from
80% to 95%, from 80% to 100%, from 90% to 95%, from 90% to 100%, and from 95% to
100%).

In some embodiments, sugar modifications (e.g., at the 2’ position or 4’ position) or
replacement of the sugar at one or more ribonucleotides of the sequence may, as well as
backbone modifications, include modification or replacement of the phosphodiester linkages.
Specific examples of a sequence include, but are not limited to, sequences including modified
backbones or no natural internucleoside linkages such as internucleoside modifications,
including modification or replacement of the phosphodiester linkages. Sequences having
modified backbones include, among others, those that do not have a phosphorus atom in the
backbone. For the purposes of this application, and as sometimes referenced in the art, modified
RNAs that do not have a phosphorus atom in their internucleoside backbone can also be
considered to be oligonucleosides. In particular embodiments, a sequence will include
ribonucleotides with a phosphorus atom in its internucleoside backbone.

Moditied sequence backbones may include, for example, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl
and other alkyl phosphonates such as 3’-alkylene phosphonates and chiral phosphonates,
phosphinates, phosphoramidates such as 3’-amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphates having normal 3’-5’ linkages, 2’-5’ linked
analogs of these, and those having inverted polarity wherein the adjacent pairs of nucleoside
units are linked 3’-5" to 5°-3” or 2°-5’ to 5’-2°. Various salts, mixed salts and free acid forms are
also included. In some embodiments, the sequence may be negatively or positively charged.

The modified nucleotides, which may be incorporated into the sequence, can be modified
on the internucleoside linkage (e.g., phosphate backbone). Herein, in the context of the
polynucleotide backbone, the phrases ‘“phosphate” and “phosphodiester” are used
interchangeably. Backbone phosphate groups can be modified by replacing one or more of the
oxygen atoms with a different substituent. Further, the modified nucleosides and nucleotides can
include the wholesale replacement of an unmodified phosphate moiety with another

internucleoside linkage as described herein. Examples of modified phosphate groups include, but
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are not limited to, phosphorothioate, phosphoroselenates, boranophosphates, boranophosphate
esters, hydrogen phosphonates, phosphoramidates, phosphorodiamidates, alkyl or aryl
phosphonates, and phosphotriesters. Phosphorodithioates have both non-linking oxygens
replaced by sulfur. The phosphate linker can also be modified by the replacement of a linking
oxygen with nitrogen (bridged phosphoramidates), sulfur (bridged phosphorothioates), and
carbon (bridged methylene-phosphonates).

The a-thio substituted phosphate moiety is provided to confer stability to RNA and DNA
polymers through the unnatural phosphorothioate backbone linkages. Phosphorothioate DNA
and RNA have increased nuclease resistance and subsequently a longer half-life in a cellular
environment.

In specific embodiments, a modified nucleoside includes an alpha-thio-nucleoside (e.g.,
5’-0-(1-thiophosphate)-adenosine, 5°-O-(1-thiophosphate)-cytidine (a-thio-cytidine), 5’-O-(1-
thiophosphate)-guanosine, 5’-O-(1-thiophosphate)-uridine, or 5’-O-(1-thiophosphate)-
pseudouridine).

Other internucleoside linkages that may be employed according to the present invention,
including internucleoside linkages which do not contain a phosphorous atom, are described
herein.

In some embodiments, the sequence may include one or more cytotoxic nucleosides. For
example, cytotoxic nucleosides may be incorporated into sequence, such as bifunctional
modification. Cytotoxic nucleoside may include, but are not limited to, adenosine arabinoside, 5-
azacytidine, 4’-thio-aracytidine, cyclopentenylcytosine, cladribine, clofarabine, cytarabine,
cytosine arabinoside, 1-(2-C-cyano-2-deoxy-beta-D-arabino-pentofuranosyl)-cytosine,
decitabine, 5-fluorouracil, fludarabine, floxuridine, gemcitabine, a combination of tegafur and
uracil, tegafur ((RS)-5-fluoro-1-(tetrahydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione),
troxacitabine, tezacitabine, 2’-deoxy-2’-methylidenecytidine (DMDC), and 6-mercaptopurine.
Additional examples include fludarabine phosphate, N4-behenoyl-1-beta-D-
arabinofuranosylcytosine, N4-octadecyl- 1-beta-D-arabinofuranosylcytosine, N4-palmitoyl-1-(2-
C-cyano-2-deoxy-beta-D-arabino-pentofuranosyl) cytosine, and P-4055 (cytarabine 5’-elaidic
acid ester).

In some embodiments, the sequence includes one or more post-transcriptional
modifications (e.g., capping, cleavage, polyadenylation, splicing, poly-A sequence, methylation,
acylation, phosphorylation, methylation of lysine and arginine residues, acetylation, and
nitrosylation of thiol groups and tyrosine residues, etc.). The one or more post-transcriptional

modifications can be any post-transcriptional modification, such as any of the more than one
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hundred different nucleoside modifications that have been identified in RNA (Rozenski, I,
Crain, P, and McCloskey, I. (1999). The RNA Modification Database: 1999 update. Nucl Acids
Res 27: 196-197) In some embodiments, the first isolated nucleic acid comprises messenger
RNA (mRNA). In some embodiments, the mRNA comprises at least one nucleoside selected
from the group consisting of pyridin-4-one ribonucleoside, 5-aza-uridine, 2-thio-5-aza-uridine,
2-thiouridine, 4-thio-pseudouridine, 2-thio-pseudouridine, 5-hydroxyuridine, 3-methyluridine, 5-
carboxymethyl-uridine, 1-carboxymethyl-pseudouridine, 5-propynyl-uridine, 1-propynyl-
pseudouridine, 5-taurinomethyluridine, 1-taurinomethyl-pseudouridine, 5-taurinomethyl-2-thio-
uridine, 1-taurinomethyl-4-thio-uridine, 5-methyl-uridine, 1-methyl-pseudouridine, 4-thio-1-
methyl-pseudouridine, 2-thio-1-methyl-pseudouridine, 1-methyl-1-deaza-pseudouridine, 2-thio-
1-methyl-1-deaza-pseudouridine, dihydrouridine, dihydropseudouridine, 2-thio-dihydrouridine,
2-thio-dihydropseudouridine, 2-methoxyuridine, 2-methoxy-4-thio-uridine, 4-methoxy-
pseudouridine, and 4-methoxy-2-thio-pseudouridine. In some embodiments, the mRNA
comprises at least one nucleoside selected from the group consisting of 5-aza-cytidine,
pseudoisocytidine, 3-methyl-cytidine, N4-acetylcytidine, S-formylcytidine, N4-methylcytidine,
5-hydroxymethylcytidine, 1-methyl-pseudoisocytidine, pyrrolo-cytidine, pyrrolo-
pseudoisocylidine, 2-thio-cytidine, 2-thio-5-methyl-cytidine, 4-thio-pseudoisocytidine, 4-thio-1-
methyl-pseudoisocytidine, 4-thio-1-methyl-1-deaza-pseudoisocytidine, 1-methyl-1-deaza-
pseudoisocytidine, zebularine, 5-aza-zebularine, 5-methyl-zebularine, 5-aza-2-thio-zebularine, 2-
thio-zebularine, 2-methoxy-cytidine, 2-methoxy-5-methyl-cytidine, 4-methoxy-
pseudoisocytidine, and 4-methoxy-1-methyl-pseudoisocytidine. In some embodiments, the
mRNA comprises at least one nucleoside selected from the group consisting of 2-aminopurine,
2, 6-diaminopurine, 7-deaza-adenine, 7-deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-
aza-2-aminopurine, 7-deaza-2,6-diaminopurine, 7-deaza-8-aza-2,6-diaminopurine, 1-
methyladenosine, N6-methyladenosine, N6-isopentenyladenosine, N6-(cis-
hydroxyisopentenyl)adenosine, 2-methylthio-N6-(cis-hydroxyisopentenyl) adenosine, N6-
glycinylcarbamoyladenosine, N6-threonylcarbamoyladenosine, 2-methylthio-N6-threonyl
carbamoyladenosine, N6,N6-dimethyladenosine, 7-methyladenine, 2-methylthio-adenine, and 2-
methoxy-adenine. In some embodiments, mRNA comprises at least one nucleoside selected
from the group consisting of inosine, 1-methyl-inosine, wyosine, wybutosine, 7-deaza-
guanosine, 7-deaza-8-aza-guanosine, 6-thio-guanosine, 6-thio-7-deaza-guanosine, 6-thio-7-
deaza-8-aza-guanosine, 7-methyl-guanosine, 6-thio-7-methyl-guanosine, 7-methylinosine, 6-
methoxy-guanosine, 1-methylguanosine, N2-methylguanosine, N2,N2-dimethylguanosine, 8-

oxo-guanosine, 7-methyl-8-oxo-guanosine, 1-methyl-6-thio-guanosine, N2-methyl-6-thio-
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guanosine, and N2,N2-dimethyl-6-thio-guanosine.

The sequence may or may not be uniformly modified along the entire length of the
molecule. For example, one or more or all types of nucleotides (e.g., naturally-occurring
nucleotides, purine or pyrimidine, or any one or more or all of A, G, U, C, I, pU) may or may not
be uniformly modified in the sequence, or in a given predetermined sequence region thereof. In
some embodiments, the sequence includes a pseudouridine. In some embodiments, the sequence
includes an inosine, which may aid in the immune system characterizing the sequence as
endogenous versus viral RNAs. The incorporation of inosine may also mediate improved RNA
stability/reduced degradation. See for example, Yu, Z. et al. (2015) RNA editing by ADARI
marks dsRNA as “self”. Cell Res. 25, 1283-1284, which is incorporated by reference in its
entirety.

In some embodiments, any RNA sequence described herein, such as an editing template
RNA, may comprise an end modification (e.g., a 5’ end modification or a 3° end modification).
In some embodiments, the end modification is a chemical modification. In some embodiments,
the end modification is a structural modification. See disclosures herein.

When a gene editing system disclosed herein comprises nucleic acids encoding the
CRISPR nuclease and/or the RT polypeplide, e.g., mRNA molecules, such nucleic acid

molecules may contain any of the modifications disclosed herein, where applicable.

C. Exemplary Gene Editing Systems

Exemplary gene editing systems described herein, meant to be illustrative only, may
comprise:

(a) a fusion polypeptide or a nucleic acid encoding such, wherein the fusion polypeptide
comprises any of the CRISPR nuclease polypeptides, any of the RT polypeptides, and optionally
one or more NLSs, which may be located at the N-terminus and/or the C-terminus, one or more
peptide linkers, or a combination thereof; and

(b) a single RNA molecule, comprising a guide RNA, an RT donor RNA, and optionally
one or more nucleotide linkers, one or more 5’ end or 3’ end protection elements, or a
combination thereof.

In some embodiments, the CRISPR nuclease polypeptide in the fusion polypeptide may
be a nickase variant (e.g., those provided in Table 5 below, such as the nickase variant
containing the H845 mutation, e.g., H345A). Alternatively or in addition, the CRISPR nuclease
polypeptide in the fusion polypeptide may comprise one or more arginine and/or lysine

substitutions, for example, at the positions disclosed herein (e.g., K736, L784, Q812, N813,
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1857, and/or A919 in SEQ ID NO: 1). In some specific examples, the CRISPR nuclease
polypeptide in the fusion polypeptide may comprise a combination of arginine and/or lysine
substitutions at positions provided herein, e.g., I857, L784, and K736. Alternatively or in
addition, the CRISPR nuclease polypeptide in the fusion polypeptide may comprise one or more
mutations for reducing PAM recognition stringency, for example, at position D61, A68, H494,
L1117, D1144, S1145, G1227, E1228, S1327, A1332, R1343, R1345, and/or T1347 of SEQ ID
NO: 1. In some specific examples, such mutations may comprise: (i) one or more arginine and/or
lysine substitutions, optionally arginine substitutions, at position D61, A68, H494, L1117,
G1227,S1327, A1332, and/or T1347 of SEQ ID NO: 1; (ii) one or more amino acid
substitutions at position D1144, S1145, E1228, R1343, and/or R1345, of SEQ ID NO: 1; or (iii)
a combination of (i) and (ii).

In some embodiments, the RT polypeptide in the fusion polypeptide may be an MMLV
variant, for example, SEQ ID NO: 53 provided in Example 5 below.

In some examples, the fusion polypeptide provided herein may comprise an N-terminal
CRISPR nuclease polypeptide at the N-terminus and a C-terminal RT polypeptide. Optionally,
the fusion polypeptide may comprise a peptide linker (e.g., a G/S rich linker or an XTEN peptide
linker) between the CRISPR nuclease polypeptide and the RT polypeptide. Alternatively or in
addition, the fusion polypeptide may comprise an NLS at the N-terminus and/or the C-terminus.
In some examples, the fusion polypeptide may comprise two different NLSs, one at the N-
terminus and the other one at the C-terminus.

In some examples, the fusion polypeptide provided herein may have any of the
configurations disclosed herein, for example, those set forth in Table 16 below (e.g., Config4,
Config5, Config7, Config9, or Config10), except that the FLAG motif is removed.

The single RNA molecule contained in the exemplary gene editing system may comprise
the guide RNA and the RT donor RNA in any orientation. Optionally, the single RNA molecule
may contain one or more nucleotide linkers between the gRNA and the RT donor RNA, and/or
between the functional domains in the gRNA (e.g., between the spacer and the scaffold
sequences) and/or in the RT donor RNA (e.g., between the PBS and the RTT sequences). In
some examples, the single RNA molecule may further comprise a protection fragment (e.g.,
those disclosed herein) at the 5’ and/or 3’ end.

In specific examples, the single RNA molecule contained in the exemplary gene editing
system may comprise, from 5’ to 3’, a spacer sequence, a scaffold sequence, an RTT, a PBS, and
a 3’ extension, which may have a pseudoknot motif.

In some examples, an exemplary gene editing system provided herein may comprise any
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of the CRISPR-RT fusion polypeptides provided in Table 8 or Table 17 below, or a variant
thereof with the FLAG motif removed, and a single RNA molecule provided herein (e.g.,
comprising, from 5’ to 3’, a spacer sequence, a scaffold sequence, an RTT, a PBS, and a 3’
extension, which may have a pseudoknot motif).

In other examples, an exemplary gene editing system provided herein may comprise any
of the CRISPR-RT fusion polypeptides provided in Table 8 or Table 17 below, or a variant
thereof with the FLAG motif removed, and a nucleic acid (e.g., a vector such as a viral vector)
coding for a single RNA molecule provided herein (e.g., comprising, from 5’ to 3’, a spacer
sequence, a scaffold sequence, an RTT, a PBS, and a 3’ extension, which may have a
pseudoknot motif).

In yet other examples, an exemplary gene editing system provided herein may comprise a
nucleic acid encoding any of the CRISPR-RT fusion polypeptides provided in Table 8 below,
and a single RNA molecule provided herein (e.g., comprising, from 5’ to 3’, a spacer sequence, a
scaffold sequence, an RTT, a PBS, and a 3’ extension, which may have a pseudoknot motif).
The nucleic acid may comprise an encoding nucleotide sequence that is codon optimized, for
example, those provided in Table 8 or Table 17, or a variant thereof with the FLAG motif
removed.

In still other examples, an exemplary gene editing system provided herein may comprise
a nucleic acid encoding any of the CRISPR-RT fusion polypeptides provided in Table 8 or
Table 17 below, or a variant thereof with the FLAG motif removed, and a nucleic acid (e.g., a
vector such as a viral vector) encoding a single RNA molecule provided herein (e.g., comprising,
from 5’ to 3’, a spacer sequence, a scaffold sequence, an RTT, a PBS, and a 3’ extension, which
may have a pseudoknot motif). The nucleic acid encoding the fusion polypeptide may be codon
optimized, for example, those provided in Table 8 or Table 17, or a variant thereof with the
FLAG motif removed. In some instances, the gene editing system may comprise two vectors,
one encoding the fusion polypeptide and the other one encoding the single RNA molecule.
Alternatively, the gene editing system may comprise one vector encoding both the fusion

polypeptide and the single RNA molecule.

III. Genetic Editing Methods

Any of the gene editing systems can be used to genetically modify (edit) a target nucleic
acid, which can be a genetic site of interest, e.g., a genetic site where genetic editing is needed,
for example, to fix a genetic mutation, to introduce a protective mutation, to introduce

modifications for modulating expression of a gene, etc.
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A. Delivery of Gene Editing System to Target Cells

Components of any of the gene editing systems disclosed herein may be formulated, for
example, including a carrier, such as a carrier and/or a polymeric carrier, €.g., a liposome, and
delivered by known methods to a cell (e.g., a mammalian cell). Such methods include, but not
limited to, transfection (e.g., lipid-mediated, cationic polymers, calcium phosphate, dendrimers);
electroporation or other methods of membrane disruption (e.g., nucleofection), viral delivery
(e.g., lentivirus, retrovirus, adenovirus, adeno-associated virus (AAV)), microinjection,
microprojectile bombardment (“gene gun™), fugene, direct sonic loading, cell squeezing, optical
transfection, protoplast fusion, impalefection, magnetofection, exosome-mediated transfer, lipid
nanoparticle-mediated transfer, and any combination thereof. In some examples, the delivery
method involves the use of lipid nanoparticles to mediate delivery of one or more components of
the gene editing system disclosed herein.

In some embodiments, the method comprises delivering one or more nucleic acids (e.g.,
nucleic acids encoding the CRISPR nuclease polypeptide, the RT polypeptide, or the fusion
polypeptide comprising both, the RNA guide, the RT donor RNA, or the single RNA molecule
comprising both, etc.), one or more transcripts thereof, and/or a pre-formed RNA guide/CRISPR
nuclease polypeptide/RT polypeptide complex to a cell, where a ternary complex is formed. In
some embodiments, an RNA guide and/or RT donor RNA, or a fusion thereof, and an RNA
encoding a CRISPR nuclease polypeptide or a RT polypeptide, or a fusion polypeptide
comprising both, are delivered together in a single composition. In some embodiments, an RNA
guide and an RNA encoding a CRISPR nuclease polypeptide are delivered in separate
compositions. In some embodiments, an RNA guide/RT donor RNA and an RNA encoding a
CRISPR nuclease polypeptide/RT polypeptide delivered in separate compositions are delivered
using the same delivery technology. In some embodiments, an RNA guide/RT donor RNA and
an RNA encoding a CRISPR nuclease polypeptide/RT polypeptide delivered in separate
compositions are delivered using different delivery technologies.

In some embodiments, one or more of the protein components and one or more of the
RNA components are delivered together. For example, the CRISPR nuclease and/or RT
polypeptide and the RNA guide and/or RT donor RNA are packaged together in a single AAV
particle. In another example, the CRISPR nuclease and/or RT polypeptide and the RNA guide
and/or RT donor RNA are delivered together via lipid nanoparticles (LNPs). In some
embodiments, the CRISPR nuclease and/or RT polypeptides and the RNA guide and/or RT
donor RNA are delivered separately. For example, the CRISPR nuclease and/or RT polypeptides
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and the RNA guide and/or RT donor RNA are packaged into separate AAV particles. In another
example, the CRISPR nuclease and/or RT polypeptides is delivered by a first delivery
mechanism and the RNA guide and/or RT donor RNA is delivered by a second delivery
mechanism.

Exemplary intracellular delivery methods, include, but are not limited to: viruses, such as
AAV, or virus-like agents; chemical-based transfection methods, such as those using calcium
phosphate, dendrimers, liposomes, or cationic polymers (e.g., DEAE-dextran or
polyethylenimine); non-chemical methods, such as microinjection, electroporation, cell
squeezing, sonoporation, optical transfection, impalefection, protoplast fusion, bacterial
conjugation, delivery of plasmids or transposons; particle-based methods, such as using a gene
gun, magnectofection or magnet assisted transfection, particle bombardment; and hybrid
methods, such as nucleofection. In some embodiments, a lipid nanoparticle comprises an mRNA
encoding a CRISPR nuclease-RT fusion polypeptide, an editing template RNA, or an mRNA
encoding such. In some embodiments, the present application further provides cells produced by
such methods, and organisms (such as animals, plants, or fungi) comprising or produced from

such cells.

B. Genetically Modified Cells

Any of the gene editing systems disclosed herein can be delivered to a variety of cells
(e.g., to mammalian cells such as a mouse cell, a non-human primate cell, or a human cell). In
some embodiments, the cell is in cell culture or a co-culture of two or more cell types. In some
embodiments, the cell is ex vivo. In some embodiments, the cell is obtained from a living
organism and maintained in a cell culture.

In some embodiments, the cell is derived from a cell line. A wide variety of cell lines for
tissue culture are known in the art. Examples of cell lines include, but are not limited to, 293T,
MF7, K562, HelLa, CHO, and transgenic varieties thereof. Cell lines are available from a variety
of sources known to those with skill in the art (see, e.g., the American Type Culture Collection
(ATCC) (Manassas, Va.)). In some embodiments, the cell is an immortal or immortalized cell.
In some embodiments, the cell is a primary cell. In some embodiments, the cell is a stem cell
such as a totipotent stem cell (e.g., omnipotent), a pluripotent stem cell, a multipotent stem cell,
an oligopotent stem cell, or an unipotent stem cell. In some embodiments, the cell is an induced
pluripotent stem cell (iPSC) or derived from an iPSC. In some embodiments, the cell is a
differentiated cell. In some embodiments, the cell is a mammalian cell, e.g., a human cell or a

murine cell. In some embodiments, the murine cell is derived from a wild-type mouse, an
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immunosuppressed mouse, or a disease-specific mouse model. In some embodiments, the cell is
a cell within a living tissue, organ, or organism.

Any of the genetically modified cells produced using any of the gene editing system
disclosed herein is also within the scope of the present disclosure. Such modified cells may
comprise a disrupted target gene.

Any of the gene editing systems, compositions comprising such, vectors, nucleic acids,
RNA guides and cells disclosed herein may be used in therapy. Gene editing systems,
compositions, vectors, nucleic acids, RNA guides and cells disclosed herein may be used in
methods of treating a disease or condition in a subject. Any suitable delivery or administration
method known in the art may be used to deliver compositions, vectors, nucleic acids, RNA
guides and cells disclosed herein. Such methods may involve contacting a target sequence with a
composition, vector, nucleic acid, or RNA guide disclosed herein. Such methods may involve a
method of editing a target sequence as disclosed herein. In some embodiments, a cell engineered

using an RNA guide disclosed herein is used for ex vivo gene therapy.

IV. Therapeutic Applications

Any ol the gene editing systems or modified cells generated using such a gene ediling
system as disclosed herein may be used for treating a disease that is associated with the target
gene, for example, a genetic defect in the target gene.

In some embodiments, provided herein is a method for treating a target disease as
disclosed herein comprising administering to a subject (e.g., a human patient) in need of the
treatment any of the gene editing systems disclosed herein. The gene editing system may be
delivered to a specific tissue or specific type of cells where the gene edit is needed. The gene
editing system may comprise LNPs encompassing one or more of the components, one or more
vectors (e.g., viral vectors) encoding one or more of the components, or a combination thereof.
Components of the gene editing system may be formulated to form a pharmaceutical
composition, which may further comprise one or more pharmaceutically acceptable carriers.

In some embodiments, modified cells produced using any of the gene editing systems
disclosed herein may be administered to a subject (e.g., a human patient) in need of the
treatment. The modified cells may comprise a substitution, insertion, and/or deletion described
herein. In some examples, the modified cells may include a cell line modified by the CRISPR
nuclease polypeptide, the RT polypeptide, or the CRISPR nuclease-RT fusion polypeptide, and
the RNA guide and RT donor RNA or the single RNA molecule comprising both. In some

instances, the modified cells may be a heterogenous population comprising cells with different
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types of gene edits. Alternatively, the modified cells may comprise a substantially homogenous
cell population (e.g., at least 80% of the cells in the whole population) comprising one particular
gene edit in the target gene. In some examples, the cells can be suspended in a suitable media.

In some embodiments, provided herein is a composition comprising the gene editing
system or components thereof. Such a composition can be a pharmaceutical composition. A
pharmaceutical composition that is useful may be prepared, packaged, or sold in a formulation
suitable for oral, rectal, vaginal, parenteral, topical, pulmonary, intranasal, intra-lesional, buccal,
ophthalmic, intravenous, intra-organ or another route of administration. A pharmaceutical
composition of the disclosure may be prepared, packaged, or sold in bulk, as a single unit dose,
or as a plurality of single unit doses. As used herein, a “unit dose” is discrete amount of the
pharmaceutical composition (e.g., the gene editing system or components thereof), which would
be administered to a subject or a convenient fraction of such a dosage such as, for example, one-
half or one-third of such a dosage.

A formulation of a pharmaceutical composition suitable for parenteral administration
may comprise the active agent (e.g., the gene editing system or components thereof or the
modified cells) combined with a pharmaceutically acceptable carrier, such as sterile water or
sterile isotonic saline. Such a formulation may be prepared, packaged, or sold in a form suitable
for bolus administration or for continuous administration. Some injectable formulations may be
prepared, packaged, or sold in unit dosage form, such as in ampules or in multi-dose containers
containing a preservative. Some formulations for parenteral administration include, but are not
limited to, suspensions, solutions, emulsions in oily or aqueous vehicles, pastes, and implantable
sustained-release or biodegradable formulations. Some formulations may further comprise one
or more additional ingredients including, but not limited to, suspending, stabilizing, or dispersing
agents.

The pharmaceutical composition may be in the form of a sterile injectable aqueous or
oily suspension or solution. This suspension or solution may be formulated according to the
known art, and may comprise, in addition to the cells, additional ingredients such as the
dispersing agents, wetting agents, or suspending agents described herein. Such sterile injectable
formulation may be prepared using a non-toxic parenterally-acceptable diluent or solvent, such
as water or saline. Other acceptable diluents and solvents include, but are not limited to, Ringer’s
solution, isotonic sodium chloride solution, and fixed oils such as synthetic mono- or di-
glycerides. Other parentally-administrable formulations which that are useful include those
which may comprise the cells in a packaged form, in a liposomal preparation, or as a component

of a biodegradable polymer system. Some compositions for sustained release or implantation

51



10

15

20

25

30

35

WO 2025/049928 PCT/US2024/044701

may comprise pharmaceutically acceptable polymeric or hydrophobic materials such as an

emulsion, an ion exchange resin, a sparingly soluble polymer, or a sparingly soluble salt.

V. Kits and Uses Thereof

The present disclosure also provides kits that can be used, for example, to carry out a
method described herein for genetical modification of a target gene. In some embodiments, the
kits include an RNA guide and an RT donor RNA, or a single RNA molecule comprising both, a
CRISPR nuclease polypeptide, and an RT polypeptide, or a fusion polypeptide thereof. In some
embodiments, the kits include the single RNA molecule and the CRISPR nuclease-RT fusion
polypeptide. In some embodiments, the kits include a polynucleotide that encodes the CRISPR
nuclease polypeptide, the RT polypeptide, or the CRISPR nuclease-RT fusion polypeptide, and
optionally the polynucleotide is comprised within a vector, e.g., as described herein. In some
embodiments, the kits include a polynucleotide that encodes the RNA components disclosed
herein. The CRISPR nuclease polypeptide, the RT polypeptide, or a fusion polypeptide thereof
(or polynucleotide encoding such) and the RNA components (e.g., as a ribonucleoprotein) can be
packaged within the same or other vessel within a kit or can be packaged in separate vials or
other vessels, the contents of which can be mixed prior to use.

The CRISPR nuclease polypeptide, the RT polypeptide, and the RNA components can be
packaged within the same or other vessel within a kit or can be packaged in separate vials or
other vessels, the contents of which can be mixed prior to use. The kits can additionally include,
optionally, a buffer and/or instructions for use of the RNA components, the CRISPR nuclease

polypeptide, and the RT polypeptide, or the fusion polypeptide thereof.

General techniques

The practice of the present disclosure will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry, and immunology, which are within the skill of the art.
Such techniques are explained fully in the literature, such as Molecular Cloning: A Laboratory
Manual, second edition (Sambrook, et al., 1989) Cold Spring Harbor Press; Oligonucleotide
Synthesis (M. J. Gait, ed. 1984); Methods in Molecular Biology, Humana Press; Cell Biology: A
Laboratory Notebook (J. E. Cellis, ed., 1989) Academic Press; Animal Cell Culture (R. L
Freshney, ed. 1987); Introduction to Cell and Tissue Culture (J. P. Mather and P. E. Roberts,
1998) Plenum Press; Cell and Tissue Culture: Laboratory Procedures (A. Doyle, J. B. Griffiths,
and D. G. Newell, eds. 1993-8) J. Wiley and Sons; Methods in Enzymology (Academic Press,
Inc.); Handbook of Experimental Immunology (D. M. Weir and C. C. Blackwell, eds.): Gene
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Transfer Vectors for Mammalian Cells (J. M. Miller and M. P. Calos, eds., 1987); Current
Protocols in Molecular Biology (F. M. Ausubel, et al. eds. 1987); PCR: The Polymerase Chain
Reaction, (Mullis, et al., eds. 1994); Current Protocols in Immunology (J. E. Coligan et al., eds.,
1991); Short Protocols in Molecular Biology (Wiley and Sons, 1999); Immunobiology (C. A.
Janeway and P. Travers, 1997); Antibodies (P. Finch, 1997); Antibodies: a practice approach (D.
Catty., ed., IRL Press, 1988-1989); Monoclonal antibodies: a practical approach (P. Shepherd
and C. Dean, eds., Oxford University Press, 2000); Using antibodies: a laboratory manual (E.
Harlow and D. Lane (Cold Spring Harbor Laboratory Press, 1999); The Antibodies (M. Zanetti
and J. D. Capra, eds. Harwood Academic Publishers, 1995); DNA Cloning: A practical
Approach, Volumes I and IT (D.N. Glover ed. 1985); Nucleic Acid Hybridization (B.D. Hames &
S.J. Higgins eds.(1985»; Transcription and Translation (B.D. Hames & S.J. Higgins, eds.
(1984»; Animal Cell Culture (R.I. Freshney, ed. (1986»; Immobilized Cells and Enzymes (IRL
Press, (1986»; and B. Perbal, A practical Guide To Molecular Cloning (1984); F.M. Ausubel et
al. (eds.).

Without further elaboration, it is believed that one skilled in the art can, based on the
above description, utilize the present disclosure to its fullest extent. The following specific
embodiments are, therelore, Lo be construed as merely illustrative, and not limitative of the
remainder of the present disclosure in any way whatsoever. All publications cited herein are

incorporated by reference for the purposes or subject matter referenced herein.

EXAMPLES
The following examples are provided to further illustrate some embodiments of the
present disclosure but are not intended to limit the scope of the present disclosure; it will be
understood by their exemplary nature that other procedures, methodologies, or techniques

known to those skilled in the art may alternatively be used.

Example 1: CRISPR Nuclease-Mediated Editing of Human Target Genes in HEK293T
Cells

This Example describes genomic editing of exemplary target genes, including the
AAVS1, EMXI1, and VEGFA genes, by the CRISPR nuclease of SEQ ID NO: 1 introduced into
cells by lipid-based transient transfection into the HEK293T cell line.

The CRISPR nuclease was tagged with an N-terminal SV40 nuclear localization
sequence (NLS) and a C-terminal XTEN linker directly upstream of a nucleoplasmin NLS, and
its coding sequence was converted to a human codon-optimized DNA sequence, synthesized,
and cloned into a pcDNA3.1 vector (Invitrogen), containing a CMV promoter for expression.
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The reference and NLS-tagged sequences used are in Table 1. Plasmids were purified using a

midiprep kit.

Table 1. Sequences of CRISPR Nuclease Constructs

ggatggtctatcatcacagatgactacaaggtgcctgccaagaaaatg
agagtgttaggcaacaccgacaaggagtacatcaagaagaacctgat
cggcegecctectgticgacggcggaaacacagecgecgatcggegg
ctgaaaaggaccgecagacggagatatacgcggeggagaaatagaa
tcctgtacttacaggaaatcttcgetgaggagatgagcaaagtggacg
actcttttttccacagactggaagatagcettittggtggaagaggacaag
cgaggctctaagtaccctatettcgetacactgcaagaggaaaaggac
taccacgagaagtttcccaccatctaccacctgaggaaagagetgecg
gacaaacaagagaaggccgacctgagactgatctaccttgeectgget
catatcatcaagttcagaggccacttcctgatcgaggacgacagattcg
acgtgagaaatacagatatccagaagcagtaccaggcctitctggaga
tcttcgacaccacctttgaaaacaaccacctgetgagccaaaacgtgg
atgtggaagccatcttaaccgataagatctccaagagcgcecaagaaag
atagaatcctegeccagtatcctaaccagaaaagcaccggtatcttcge
cgaattcctgaagcetgategtgggcaaccaggecgacticaaaaaaca
ctttaacctggaggacaaaacacctctgcagtttgccaaggactectac
gacgaagatctggaaaacctgetgggccagatcggcgacgagttcge
cgatctgttcagcgecgctaagaaactgtacgacagegtgctgetgag
cggcalcltgacagigalcgalelgiccacaaaggeccceclgagege
cagcatgatccagagatacgacgagcacagagaggatctgaagcag
ctgaagcagtttgtgaaggcctctctgcccgagaagtaccaggagattt
ttgcggactccagcaaggatggatacgecggatacattgaggocaag
accaaccaggaagctttctacaagtacctgtctaaactgctgaccaaac
aggaagattccgagaacttcctggagaaaatcaagaacgaagatttce
tgagaaagcagaggacciicgacaacggcagcatcccccaccaggt
ccacctgaccgagetgaaggctatcatcagacgacagagtgagtacta
ccecttectgaaggaaaatcaagacagaatcgagaagattctgacatte
agaatcccatactatatcggacctctggeccgtgaaaagagegacttc
geetggatgaccagaaagaccgatgattctatccggecctggaactte
gaggacctggtggacaaggaaaagtctgeccgaggccttcatccaccg
gatgaccaacaacgactictacctgectgaagagaaggtectgcctaa
acattccctgatctacgaaaagttcacagtgtacaacgagctgaccaag
gltagatacaagaacgagcagggcgagacglacticlicgacictaata
tcaagcaggaaatcttcgatggagtgttcaaggagcaccggaaggtct
ctaagaagaaactgttagacttcctggctaaggaatacgaggaattccg
gatcgtggacgtgatcggactggataaggagaacaaagectitaacge
cagcctgggaacataccacgacctggagaagatcctcgacaaggact
tcctggataaccccgacaatgagtccatcctggaagatatcgtgcaga
cgcetgacactgttcgaggacagagagatgatcaagaagagactggaa
aactacaaggatctgttcaccgagagecagctgaagaagttgtataga
cggcactacaccggatggggccggctgtccgctaaactgatcaacgg
catcagagataaggaaagtcagaaaaccatcctggactacttaatcga
cgatggcagaagcaaccggaacttcatgcagcetgatcaacgatgatg
gcttgagcttcaagtctatcatctctaaggeccaggecggaagecaca
gegataacctgaaggaaglgglggatgagctggecggcetctectgee

Component Nucleotide Sequence Amino acid sequence
(Codon optimized for human cells)
Reference atgaacaagccitacagcatcggectiggatatcggeaccaacageglg | MNKPYSIGLDIGTNSVGWSIIT

DDYKVPAKKMRVLGNTDKEY
IKKNLIGALLFDGGNTAADRR
LKRTARRRYTRRRNRILYLQEI
FAEEMSKVDDSFFHRLEDSFLV
EEDKRGSKYPIFATLQEEKDYH
EKFPTIYHLRKELADKQEKAD
LRLIYLALAHIIKFRGHFLIEDD
RFDVRNTDIQKQYQAFLEIFDT
TFENNHLLSQNVDVEAILTDKI
SKSAKKDRILAQYPNQKSTGIF
AEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLG
QIGDEFADLFSAAKKLYDSVLL
SGILTVIDLSTKAPLSASMIQRY
DEHREDLKQLKQFVKASLPEK
YQEIFADSSKDGYAGYIEGKTN
QEAFYKYLSKLLTKQEDSENF
LEKIKNEDFLRKQRTFDNGSIP
HQVHLTELKAIIRRQSEYYPFL
KENQDRIEKILTFRIPY YIGPLA
REKSDFAWMTRKTDDSIRPWN
FEDLVDKEKSAEAFIHRMTNN
DFYLPEEKVLPKHSLIYEKFTV
YNELTKVRYKNEQGETYFFDS
NIKQEIFDGVFKEHRKVSKKK
LLDFLAKEYEEFRIVDVIGLDK
ENKAFNASLGTYHDLEKILDK
DFLDNPDNESILEDIVQTLTLFE
DREMIKKRLENYKDLFTESQL
KKLYRRHYTGWGRLSAKLING
IRDKESQKTILDYLIDDGRSNR
NFMQLINDDGLSFKSIISKAQA
GSHSDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMGYEP
EQIVVEMARENQTTNQGRRNS
RQRYKLLDDGVKNLASDLNG
NILKEYPTDNQALQNERLFLY
YLONGRDMYTGEALDIDNLS
QYDIDHIIPQAFIKDDSIDNRVL
VSSAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKLMSQRKYD
NLTKAERGGLTSDDKARFIQR
QLVETRQITKHVARILDERFNN
ELDSKGRRIRKVKIVTLKSNLV
SNFRKEFGFYKIREVNDYHHA
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atcaagaagggcatccltgcaaagictaaagatigtcgacgagetggte
aaggteatgggctatgaacctgagcagatcgtggtggaaatggccag
agaaaaccagacaaccaatcaaggcagaagaaacagcagacagcg
gtacaagctgctggacgacggcgtgaagaatctggccagegacctga
acggcaacatcctgaaagagtacccaaccgacaaccaggecctgea
gaacgagcgcectgttictgtactacctgcagaacggcagagacatgta
caccggcegaagecctggatatcgataacctgagecagtacgatatcga
ccacataatcccacaggcctttatcaaggatgattctattgataatcgg gt
gcettgtctccagegegaagaacagaggaaagagegacgacgigcce
agcctegaaatcgtgaaagactgcaaggtgtictggaagaagcetectg
gacgccaagcelgatgagecagagaaaglacgacaacclgaccaagg
ccgagagaggaggcctgaccagegacgataaggctagattcatccaa
aggcagctggtcgaaaccagacagatcaccaageacgtggccagga
tcctegacgageggticaataacgagctggacagcaaaggtagaaga
attagaaaggttaagatcgtcaccctgaagtctaatcttgtgtccaacttc
cggaaggagttcggctictacaagatcagagaggtgaacgactacca
ccacgeccatgatgectacctgaacgecgtggtggccaaagecatcct
gaccaaataccctcaactggageccgagttegtgtacggectgtacag
acggaagaagctgagcaaaatcgtgcgggaagataaggaagagaa
glacagcgaagccacaaggaaaatgtttttctatagcaacctgatgaac
atgttcaagagagtggtgagactggccgacggatctatcgtegtgegg
cctgtgatcgaaaccggcagatacatgggcaaaaccgectgggacaa
aaagaagcacttcgccaccgtgceggaaggtactgagetaccctcagg
tgaacatagtgaaaaagacagagatccagaccggeggcttctctaaag
agtccatectegetcacggcaatagegacaagetgatccecagaaag
acaaaagacatctacctggaccctaagaagtatggeggcttcgacage
cccatcgtggcttacagegtectggtigtgeccgatattaagaaggeca
aggctcagaagctgaagacggteacagagetgctgggcataacaatc
atggaacgcagcaaattcgagaagaacccaagegcetittctggaaage
aagggctacctgaacatccgggacgataagetgatgatectgectaag
tacagcctgttcgaactggaaaatggcagacggeggctgctagecag
cgecggagagetgcaaaagggaaatgagetggecctgectacceag
ttcatgaaattcctgtatctggectctagatataacgagagcaagggcaa
acctgaagagatcgaaaagaaacaggagtttgtgaaccaacacgtga
getacttcgacgacatectgeagcetgatcaatgacttcagcaagagget
gatectggecgacgecaacctggaaaaaatcaacaaactatatcagga
Caacaaggagaatatctccgtggacgaactggctaacaacatcattaat
ctgttcacattcaccagcecttggegetectgecgectttaagttcettcgac
aaaatcgtggaccgcaagcegglacaccagcaccaaggaggigcttaa
cagcacactgatccaccagagcatcactggectgtatgagacaagaat
cgacctgictaagctgggcgaggat

(SEQID NO: 5)

HDAYLNAVVAKAILTKYPQLE
PEFVYGLYRRKKLSKIVREDK
EEKYSEATRKMFFYSNLMNMF
KRVVRLADGSIVVRPVIETGRY
MGKTAWDKKKHFATVRKVLS
YPQVNIVKKTEIQTGGFSKESI
LAHGNSDKLIPRKTKDIYLDPK
KYGGFDSPIVAYSVLVVADIKK
GKAQKLKTVTELLGITIMERS
KFEKNPSAFLESKGYLNIRDD
KLMILPKYSLFELENGRRRLLA
SAGELQKGNELALPTQFMKFL
YLASRYNESKGKPEEIEKKQEF
VNQHVSYFDDILQLINDFSKRV
ILADANLEKINKLYQDNKENIS
VDELANNIINLFTFTSLGAPAA
FKFFDKIVDRKRYTSTKEVLNS
TLIHQSITGLYETRIDLSKLGED
(SEQ ID NO: 1)

aacagcgtgggatggtctatcatcacagatgactacaaggtgectgee
aagaaaatgagagtettaggcaacaccgacaaggagtacatcaagaa

SV40 NLS | aaacggacagccgacggaagegagttcgagtcaccaaagaagaag | KRTADGSEFESPKKKRKYV (SE
cggaaagtc (SEQ ID NO: 79) QIDNO: 3)

Nucleoplas | aaaaggccggeggecacgaaaaaggecggccaggcaaaaaagaa | KRPAATKKAGQAKKKK (SEQ

min NLS aaag (SEQ ID NO: 6) ID NO: 4)

XTEN tctggaggatctagcggaggatectetggeagegagacaccaggaac | SGGSSGGSSGSETPGTSESATP

linker aagcgagtcagcaacaccagagagcagtggcggcageageggege | ESSGGSSGGSS (SEQ ID NO: §)
cagcage (SEQ ID NO: 7)

NLS-tagged | atgaaacggacagccgacggaagegagttcgagtcaccaaagaaga | MKRTADGSEFESPKKKRKVNK

Reference agcggaaagtcaacaagecttacagcatcggectggatatcggcace | PYSIGLDIGTNSVGWSIITDDY

KVPAKKMRVLGNTDKEYIKK
NLIGALLFDGGNTAADRRLKR
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gaacclgatcggegeectectgticgacggceggaaacacagecgecg
atcggcggctgaaaaggaccgecagacggagatatacgeggegga
gaaatagaatcctgtacttacaggaaatctticgetgaggagatgagcaa
agtggacgactcttttttccacagactggaagatagctttttggtggaag
aggacaagcgaggctctaagtaccctatettcgetacactgcaagagg
aaaaggactaccacgagaagitttcccaccatctaccacctgaggaaag
agctggcggacaaacaagagaaggccgacctgagactgatetacctt
geectggctcatatcatcaagttcagaggcecacttectgatcgaggacg
acagattcgacgtgagaaatacagatatccagaagcagtaccaggcct
ttctggagatcttcgacaccacctttgaaaacaaccacctgetgageca
aaacglggalglggaagccalctlaaccgataagalciccaagagege
caagaaagatagaatcctcgcccagtatcctaaccagaaaageaccg
gtatcttcgecgaattectgaagetgatcgtggecaaccaggecgactt
Caaaaaacactttaacctggaggacaaaacacctctgeagtitgccaa
ggactcctacgacgaagatctggaaaacctgetgggecagatcggcg
acgagttcgecegatetgttcagegecgctaagaaactgtacgacageg
tgctgctgageggcatcttgacagtgatcgatctgtccacaaaggecece
cctgagegecageatgatccagagatacgacgagcacagagaggat
ctgaagcagctgaagcagtttgtgaaggectctctgeccgagaagtac
caggagaltttttgcggactccagcaaggatggatacgecggatacatt
gagggcaagaccaaccaggaagctttctacaagtacctgtctaaactg
ctgaccaaacaggaagattccgagaacttcctggagaaaatcaagaa
cgaagatttcctgagaaagcagaggaccttcgacaacggcageatce
cccaccaggtecacctgaccgagcetgaaggctatcatcagacgacag
agtgagtactaccccttcctgaaggaaaalcaagacagaatcgagaag
attctgacattcagaatcccatactatatcggacctctggeecgtgaaaa
gagcgacttcgectggatgaccagaaagaccgatgattctatceggec
ctggaacttcgaggacctggtegacaaggaaaagictgccgaggcct
tcatccaccggatgaccaacaacgacttctacctgectgaagagaagg
tgctgcctaaacatteectgatctacgaaaagttcacagtgtacaacga
getgaccaaggttagatacaagaacgagcagggcgagacgtacttctt
cgactctaatatcaagcaggaaatcttcgatggagtgttcaaggagcac
cggaaggtctctaagaagaaactgttagacttcctggctaaggaatacg
aggaattccggatcgtggacgtgatcggactggataaggagaacaaa
gectttaacgecagectgggaacataccacgacctggagaagatectc
gacaaggacticctggataacccegacaatgagtccatcctggaagat
atcgtgcagacgcetgacactgttcgaggacagagagatgatcaagaa
gagactggaaaactacaaggatctgttcaccgagagecagetgaaga
agttgtatagacggcactacaccggatgggeccggctgtccgetaaac
tgatcaacggcatcagagataaggaaagtcagaaaaccatcctggact
acttaatcgacgatggcagaagcaaccggaacttcatgcagcetgatca
acgatgatggcttgagcttcaagtctatcatctctaaggeccaggecgg
aagccacagcgataacctgaaggaagtggteggatoagetggccgac
tetectgecatcaagaagggcatcectgcaaagtctaaagattgtcgacg
agctggtgaaggteatgggctatgaacctgageagatcgtggtggaa
atggccagagaaaaccagacaaccaatcaaggcagaagaaacagca
gacagcggtacaagcetgetggacgacggcgtgaagaatctggccag
cgacctgaacggcaacatcctgaaagagtacccaaccgacaaccag
geectgeagaacgagegectgttictgtactacctgeagaacggeaga
gacatgtacaccggcgaagecctggatatcgataacctgagecagtac
gatatcgaccacataatcccacaggcctttatcaaggatgattctattgat
aatcgggtecttgtctccagcgegaagaacagaggaaagagegacg
acgtgcccagectcgaaatcgtgaaagactgcaaggtgttctggaaga
agctcectggacgecaagetgatgagecagagaaagtacgacaacctg
accaaggcecgagagaggaggacctgaccagegacgataaggctagat

TARRRYTRRRNRILYLQEIFAE
EMSKVDDSFFHRLEDSFLVEE
DKRGSKYPIFATLQEEKDYHE
KFPTIYHLRKELADKQEKADL
RLIYLALAHIIKFRGHFLIEDDR
FDVRNTDIQKQYQAFLEIFDTT
FENNHLLSQNVDVEAILTDKIS
KSAKKDRILAQYPNQKSTGIFA
EFLKLIVGNQADFKKHFNLED
KTPLQFAKDSYDEDLENLLGQI
GDEFADLFSAAKKLYDSVLLS
GILTVIDLSTKAPLSASMIQRY
DEHREDLKQLKQFVKASLPEK
YQEIFADSSKDGYAGYIEGKTN
QEAFYKYLSKLLTKQEDSENF
LEKIKNEDFLRKQRTFDNGSIP
HQVHLTELKAIIRRQSEY YPFL
KENQDRIEKILTFRIPYYIGPLA
REKSDFAWMTRKTDDSIRPWN
FEDLVDKEKSAEAFIHRMTNN
DFYLPEEKVLPKHSLIYEKFTV
YNELTKVRYKNEQGETYFFDS
NIKQEIFDGVFKEHRKVSKKK
LLDFLAKEYEEFRIVDVIGLDK
ENKAFNASLGTYHDLEKILDK
DFLDNPDNESILEDIVQTLTLFE
DREMIKKRLENYKDLFTESQL
KKLYRRHYTGWGRLSAKLING
IRDKESQKTILDYLIDDGRSNR
NFMQLINDDGLSFKSIISKAQA
GSHSDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMGYEP
EQIVVEMARENQTTNQGRRNS
RQRYKLLDDGVKNLASDLNG
NILKEYPTDNQALQNERLFLY
YLQNGRDMYTGEALDIDNLS
QYDIDHIIPQAFIKDDSIDNRVL
VSSAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKILMSQRKYD
NLTKAERGGLTSDDKARFIQR
QLVETRQITKHVARILDERFNN
ELDSKGRRIRKVKIVTLKSNLV
SNFRKEFGFYKIREVNDYHHA
HDAYLNAVVAKAILTKYPQLE
PEFVYGLYRRKKLSKIVREDK
EEKYSEATRKMFFYSNLMNMF
KRVVRLADGSIVVRPVIETGRY
MGKTAWDKKKHFATVRKVLS
YPQVNIVKKTEIQTGGFSKESI
LAHGNSDKLIPRKTKDIYLDPK
KYGGFDSPIVAYSVLVVADIKK
GKAQKLKTVTELLGITIMERS
KFEKNPSAFLESKGYLNIRDD
KLMILPKYSLFELENGRRRLLA
SAGELQKGNELALPTQFMKFL
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tcatccaaaggcagcetggtcgaaaccagacagatcaccaageacgtg
gecaggatectcgacgageggticaataacgagetggacagcaaag
gtagaagaattagaaaggitaagatcgtcaccctgaagtctaatctigtg
tccaacttccggaaggagttcggcttctacaagatcagagaggtgaac
gactaccaccacgeccatgatgectacctgaacgecgtggtggccaa
agccatcclgaccaaataccctcaactggageccgagticgtgtacgg
cctgtacagacggaagaagctgagcaaaatcgtgcgggaagataag
gaagagaagtacagcgaagccacaaggaaaatgtttttctatagcaac
ctgatgaacatgttcaagagagtggtgagactggccgacggatctatc
gtcgtgcggectgtgatcgaaaccggeagatacatgggcaaaaccge
clgggacaaaaagaagcacticgccaccglgcggaaggtacigaget
accctcaggtgaacatagtgaaaaagacagagatccagaccggcgg
cttctctaaagagtccatectegetcacggcaatagegacaagetgate
cccagaaagacaaaagacalctacctggaccctaagaagtatgecgg
cttcgacagecccategtggcttacagegtectggtigtgeccgatatta
agaagggcaaggctcagaagetgaagacggtgacagagetgctggg
Cataacaatcatggaacgcagcaaaticgagaagaacccaagegctit
tctggaaagcaaggectacctgaacatccgggacgataagetgatgat
cctgectaagtacagectgticgaactggaaaatggcagacggcggct
getagecagegecggagagetgcaaaagggaaatgagetgecectg
cctacccagttcatgaaattectgtatctggectctagatataacgagag
caagggcaaacctgaagagatcgaaaagaaacaggagtttgtgaacc
aacacgtgagctacttcgacgacatcctgcagctgatcaatgacttcag
caagagggtgatcctggecgacgecaacctggaaaaaatcaacaaac
tatatcaggacaacaaggagaatlatctecgtggacgaactg gctaaca
acatcattaatctgttcacattcaccagecttggegetectgecgecttta
agttcttcgacaaaatcgtggaccgcaageggtacaccageaccaag
gaggtecttaacagcacactgatccaccagageatcactggectgtat
gagacaagaatcgacctgtctaagetgggcgaggattctggaggatct
agcggaggatcctetggecagegagacaccaggaacaagegagteag
caacaccagagagcagtggcggcageageggeggeageageaaa
aggccggeggecacgaaaaaggccggecaggcaaaaaagaaaaa
g (SEQ ID NO: 9)

YLASRYNESKGKPEEIEKKQEF
VNQHVSYFDDILQLINDFSKRV
ILADANLEKINKLYQDNKENIS
VDELANNIINLFTFTSLGAPAA
FKFFDKIVDRKRYTSTKEVLNS
TLIHQSITGLYETRIDLSKLGED
SGGSSGGSSGSETPGTSESATP
ESSGGSSGGSSKRPAATKKAG
QAKKKK (SEQ ID NO: 10)

RNA guides were designed and cloned into a pUC19 plasmid following the U6 PollIl

promoter and terminated with a 6x polyT sequence. RNA guides were designed to be specific to

target sequences within the coding exons of AAVS1, EMX1, and VEGFA with 5’-NGG-3’

PAM sequences (the PAM sequence is on the 3’ end of the target sequence). The U6 Pollll
promoter uses a +1 G_at the start of the transcript (i.e.. the 5° end of the RNA) for more efficient

transcription that is excluded from the sequences described here. See all RNA guide sequences

in Table 2. Plasmids were purified using a midiprep kit.

Table 2. Target and RNA Guide Sequences

Guide

PAM Target Spacer

gRNA Guide Sequence
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AAVSI- | AGG | TTGTGAGAA | UUGUGAGAAU | UUGUGAGAAUGGUGCGUCCUguuuu
T3 TGGTGCGTC | GGUGCGUCCU | agagcugugcugaaaagcacagcacguuaaaauaag
CT (SEQ ID (SEQID NO: 12) | gcagugauugaaaaauccaguccguauucageuuga
NO: 11) aaaagugagcaccgaaucggugcuu (SEQ ID
NO: 13)
AAVSI1- | TGG | CTTTGTAGC | CUUUGUAGCC | CUUUGUAGCCUCUCCCGCUCguuuua
T6 CTCTCCCGC | UCUCCCGCUC | gagcugugcugaaaagcacagcacguuaaaauaagg
TC (SEQID (SEQ ID NO: 15) | cagugauugaaaaauccaguccguauucageuugaa
NO: 14) aaagugagcaccgaaucggugeuu (SEQ ID
NO: 16)
EMX1- AGG | TGGATGGCG | UGGAUGGCGA | UGGAUGGCGACUUCAGGCACguuuu
2 ACTTCAGGC | CUUCAGGCAC | agagcugugcugaaaagcacagcacguuaaaauaag
AC (SEQID (SEQID NO: 18) | gcagugauugaaaaauccaguccguauucagcuuga
NO: 17) aaaagugagcaccgaaucggugeuu (SEQ ID
NO: 19)
EMX1- GGG | CTTTAGCAA | CUUUAGCAAG | CUUUAGCAAGGGACUAUUCAguuuu
T7 GGGACTATT | GGACUAUUCA | agagcugugcugaaaagcacagcacguuaaaauaag
CA (SEQID (SEQID NO: 21) | gcagugauugaaaaauccaguccguauucagcuuga
NO: 20) aaaagugagcaccgaaucggugcuu (SEQ ID
NO: 22)
VEGFA- | TGG | TTGTTGACA | UUGUUGACAU | UUGUUGACAUUGUCCACACCguuuu
T3 TTGTCCACA | UGUCCACACC | agagcugugcugaaaagcacagcacguuaaaaunaag
CC(SEQID (SEQ ID NO: 24) | gcagugauugaaaaauccaguccguauucageuuga
NO: 23) aaaagugagcaccgaaucggugeuu (SEQ ID
NO: 25)
VEGFA- | AGG | TTTGCCCAT | UUUGCCCAUA | UUUGCCCAUACUGGGGACCAguuuu
T6 ACTGGGGAC | CUGGGGACCA | agagcugugcugaaaageacageacguuaaaauaag
CA (SEQID (SEQID NO: 27) | gcagugauugaaaaauccaguccguauucagcuuga
NO: 26) aaaagugagcaccgaaucggugcuu (SEQ ID
NO: 28)

* Spacer in upper case and scaffold (SEQ ID NO: 2) in lower case

Approximately 16 hours prior to transfection, 25,000 HEK293T cells in
DMEM/10%FBS+Pen/Strep (D10 media) were plated into each well of a 96-well plate. On the

day of transfection, the cells were 70-90% confluent. For each well to be transfected, a mixture

of Lipofectamine 2000™ (ThermoFisher Scientific) and Opti-MEM™ (ThermoFisher

Scientific) was prepared and incubated at room temperature for 5 minutes (Solution 1). After

incubation, the Lipofectamine 2000™:Opti-MEM™ mixture was added to a separate mixture

containing the CRISPR nuclease plasmid (NLS-tagged), RNA guide plasmid, and Opti-

MEM™ (Solution 2). In the case of negative controls, the CRISPR nuclease plasmid was

excluded. Solutions 1 and 2 were mixed by pipetting up and down, then incubated at room

temperature for 25 minutes. Following incubation, the Solution 1 and 2 mixture was added

dropwise to each well of a 96-well plate containing the cells. Approximately 72 hours post

transfection, cells were trypsinized by adding TrypLE™ (Thermo Fisher Scientific) to the

center of each well and incubating at 37°C for approximately 5 minutes. D10 media was then

added to each well and mixed to resuspend cells. The resuspended cells were centrifuged for
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10 minutes to obtain a pellet, and the supernatant was discarded. The cell pellet was then
resuspended in QuickExtract™ buffer (Lucigen®), and cells were incubated at 65°C for 15
minutes, 68°C for 15 minutes, and 98°C for 10 minutes.

Next Generation Sequencing (NGS) samples were prepared by two rounds of PCR.
Three technical replicates were analyzed per target for the reference and each variant. The first
round (PCR1) was used to amplify specific genomic regions depending on the target. Round 2
PCR (PCR2) was performed to add Illumina adapters and indices. Reactions were then pooled
and purified by column purification. Sequencing runs were performed using a 150 Cycle
NextSeq 500/550 Mid or High Output v2.5 Kit or a 200 Cycle NovaSeq 6000 SP or S1
Reagent Kit v1.5.

For NGS analysis, the indel mapping function used a sample’s fastq file, the amplicon
reference sequence, and the forward primer sequence. For each read, a kmer-scanning
algorithm was used to calculate the edit operations (match, mismatch, insertion, deletion)
between the read and the reference sequence. In order to remove small amounts of primer
dimer present in some samples, the first 30 nt of each read was required to match the reference
and reads where over half of the mapping nucleotides are mismatches were filtered out as well.
Up to 50,000 reads passing those filters were used for analysis, and reads were counted as an
indel read if they contained an insertion or deletion. The QC standard for the minimum number
of reads passing filters was 10,000.

For each target, indel ratios, referring to the fraction of NGS reads containing indels,
were calculated for each sample and its cognate no protein control. Targets comprising a higher
percentage of indels when the CRISPR nuclease was included in the transfection were
indicative of DNA editing outcomes in the cell.

As shown in FIG. 1, each of the six targets tested demonstrated a greater level of indels
observed when the CRISPR nuclease plasmid was present. This Example thus shows that the
CRISPR nuclease of SEQ ID NO: 1 edited human genes.

Example 2: Effectiveness of Variant CRISPR Nucleases for Targeting of Exemplary
Mammalian Genes

This Example describes indel assessment on exemplary mammalian targets using
CRISPR nuclease variants transfected into HEK293T cells.

Arginine scanning mutagenesis was performed to individually substitute selected non-
arginine residues of the reference CRISPR nuclease (SEQ ID NO: 1) to arginine. SEQ ID NO:

1 is referred to herein as the reference sequence. This resulted in 372 single arginine
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substitution variants. Nucleic acids encoding the reference and each CRISPR nuclease variant
were then individually cloned into a pcDNA3.1 backbone (Invitrogen™), and the plasmids
were prepped and diluted. The plasmids comprised a CMV promoter, a first NLS
(MKRTADGSEFESPKKKRKYV; SEQ ID NO: 3) upstream of the coding sequence, an XTEN
linker (SGGSSGGSSGSETPGTSESATPESSGGSSGGSS; SEQ ID NO: 8), and a second NLS
(KRPAATKKAGQAKKKK; SEQ ID NO:4) downstream of the coding sequence. See also
Example 1 above.

Exemplary RNA guides of VEGFA-T6 and EMX1-T7 were used in this study. Details
of these gRNAs are provided in Table 2 above. RNA guides were cloned into a pUC19
backbone (New England Biolabs®). The plasmids were purified using a maxi-prep kit and
diluted. Cells were transfected, and samples were prepared for NGS as described in Example
1. Indel ratios, referring to the fraction of NGS reads containing indels, were calculated for the
reference and for each variant. The indel ratios used for fold change calculations were the
average of two technical replicates. To then calculate fold change in indel ratios, the indel ratio
for each variant was divided by the indel ratio for the reference. Table 3 shows fold change in
indel ratios for each target tested. Numbering is relative to the reference nuclease of SEQ ID
NO: 1 (i.e., without an NLS).

As shown in Table 3, 6 of the 372 variants with single arginine substitutions (left
column) were characterized as yielding at least a 1.5X increase in indel ratio relative to the

reference indel ratio, when averaged across the two targets (right column).

Table 3. Fold Change in Indel Ratios*

Substitution EMX1 VEGFA Average Fold Change
I857R 1.70 2.42 2.06
N813R 1.50 1.92 1.71
L784R 1.05 2.17 1.61
K736R 0.95 2.21 1.58
A919R 1.26 1.85 1.55
Q812R 1.31 1.70 1.51

* Variant indel ratio/Reference indel ratio

55 variants with single arginine substitutions were analyzed as having indel ratios 1X-
1.5X of the reference indel ratios: G1329R, Q741R, P1238R, A1236R, Q1230R, E1214R,
AT30R, Q849R, S473R, D985R, M753R, K918R, I1106R, M1205R, Y1015R, Q1360R,
K1344R, F501R, K1091R, G731R, N1295R, F1241R, V752R, N1099R, E1179R, D720R,
F1285R, [1370R, E1037R, E982R, S1094R, S872R, P1096R, A1226R, Q840R, I1147R,
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L1117R, E331R, T1108R, K1298R, Y986R, S898R, A1333R, P1208R, E1105R, Q809R,
L1281R, A1292R, K1131R, I581R, I79R, D1284R, T1104R, Y348R, and S1348R. The
remaining variants with single arginine substitutions (311 variants) resulted in decreased indel
ratios relative to the reference indel ratios (fold change in indel ratios of less than 1.0).

The following variants, which exhibited at least a 1.5X-fold increase in indel ratio
relative to the reference, were selected to engineer combination variants: [857R, N813R,

L784R, K736R, A919R, and Q812R.

Example 3: Effectiveness of Combination CRISPR Nuclease Variants for Targeting of
Mammalian Genes

This Example describes indel assessment on mammalian targets using CRISPR
nuclease variants comprising two or more substitutions identified as increasing indel activity in
Example 2. 35 combination CRISPR variants were tested.

Each CRISPR nuclease variant and RNA guide was cloned as described in Example 2.
Exemplary RNA guides of VEGFA-T6 and EMX1-T7 were used in this study. Details of these
gRNAs are provided in Table 2 above. HEK293T cells were further transfected, followed by
NGS analysis, as described in Example 2. For each target, indel ratios, referring to the
percentage of NGS reads comprising indels, were calculated for the reference CRISPR
nuclease (SEQ ID NO: 1) and for each variant CRISPR nuclease. The indel ratios shown in
Table 4 were calculated as the average of two bioreplicates, each of which contained two

technical replicates.

Table 4. Indel Ratios for Mammalian Targets

Substitutions EMX1 VEGFA Average indel
Average Indel | Average Indel Ratio (Both
Ratio Ratio Targets)
I857R, L784R, K736R 0.233 0.349 0.291
I857R, A919R, K736R 0.235 0.341 0.288
1857R, N8I3R, L784R 0.228 0.325 0.276
I857R, L784R, A919R 0.231 0.318 0.275
I857R, N813R, K736R 0.205 0.333 0.269
1857R, N813R 0.203 0.311 0.257
L784R, A919R, K736R 0.200 0.311 0.255
I857R, L784R 0.196 0.308 0.252
I857R, A919R 0.200 0.302 0.251
I857R, N813R, A919R 0.211 0.285 0.248
N813R, L784R, K736R 0.180 0.295 0.238
N813R, L784R, A919R 0.191 0.266 0.229
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NS813R, A919R, K736R 0.167 0.290 0.229
L784R, K736R, G1329R 0.170 0.276 0.223
I857R, L784R, G1329R 0.168 0.278 0.223
1857R, K736R 0.154 0.291 0.222
L784R, A919R 0.168 0.258 0.213
A919R, K736R 0.141 0.254 0.197
I857R, G1329R 0.139 0.245 0.192
L784R, A919R, G1329R 0.152 0.225 0.188
I857R, K736R, G1329R 0.124 0.252 0.188
N8I3R, A919R 0.138 0.236 0.187
N813R, K736R 0.118 0.245 0.181
L784R, K736R 0.126 0.230 0.178
K736R, G1329R 0.132 0.222 0.177
N8I3R, L784R 0.135 0.216 0.176
A919R, K736R, G1329R 0.118 0.212 0.165
I857R, N813R, G1329R 0.120 0.204 0.162
A919R, G1329R 0.137 0.180 0.158
L784R, G1329R 0.115 0.175 0.145
I857R, A919R, G1329R 0.109 0.181 0.145
N813R, L784R, G1329R 0.107 0.172 0.139
N813R, A919R, G1329R 0.106 0.162 0.134
NS813R, K736R, G1329R 0.082 0.180 0.131
N813R, G1329R 0.090 0.150 0.120
Reference 0.096 0.139 0.118

As shown in Table 4, each of the CRISPR nuclease variants with combinations of
amino acid substitutions exhibited higher indel activity than the reference CRISPR nuclease
(SEQ ID NO: 1). 9 CRISPR nuclease variants resulted in indel ratios of over 0.25 when
averaged across both targets, indicating that over 25% of NGS reads comprised indels. These 9
CRISPR nuclease variants comprised the following substitution combinations: a) I857R,
L784R, K736R; b) I857R, A919R, K736R; c) I857R, N813R, L784R; d) I857R, L784R,
A919R; e) I857R, N813R, K736R; 1) I857R, N813R; g) L784R, A919R, K736R; h) I857R,
L784R; and 1) I857R, A919R. 8 CRISPR nuclease variants resulted in indel ratios between 0.2
and 0.24 when averaged across both targets, indicating between 20% and 24% of NGS reads
comprised indels. 18 CRISPR nuclease variants resulted in indel ratios of 0.1 to 0.19 when
averaged across both targets, indicating between 10% and 19% of NGS reads comprised indels.
The average indel ratio across both targets exceeded that of the reference for all variants tested.

Based on this experiment, the top-performing CRISPR nuclease variant comprising
substitutions I857R, L784R, K736R was selected for further testing. This CRISPR nuclease

variant exhibited a 2.5-fold increase in inde] activity compared to the reference CRISPR
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nuclease.

Example 4: Engineering and Effectiveness of CRISPR Nickase Variants for Targeting
Mammalian Genes

This Example describes introducing mutations into the CRISPR nuclease of SEQ ID
NO: 1 that disrupt either the HNH or RuvC domains to produce a functional nickase. D844,
H845, and N868 were identified as putative catalytic residues of the HNH domain. D10, E763,
and D991 positions were identified as putative catalytic residues of the RuvC domain. These
positions were identified by analyzing models generated with AlphaFold2 (Jumper et al.,
Nature 596: 583-9 (2021)) for structural regions resembling known HNH and RuvC active sites
and/or by performing sequence alignments to other nucleases for which candidate positions
had been previously identified. Examples of reference structures used to identify the HNH and
RuvC active sites are represented with the following Protein Data Bank (PDB) identifiers:
5hOm, 7eu9, 6ltu, 7odf, 7lys, 8dc2, 4cmp, 4008, 7z4j, Saxw, 5b20, 6kc8, 7utn, 8csz, 8ctl,
8dmb.

The coding sequence of the reference CRISPR nuclease was converted into an E. coli-
codon optimized DNA sequence, synthesized, and cloned into a pET-28a(+) vector (Novagen)
containing lac and T7 RNA polymerase promoters for gene expression. To test for nickase
activity, individual alanine mutants were cloned for each of the positions identified as putative
active site residues of the HNH and RuvC domains. A leucine mutant was also cloned for
position H845. Research grade plasmids were received from GenScript. The engineered
nickase sequences are shown in Table 5. The codon encoding the substituted residue is
capitalized, bold, and underlined in the nucleotide sequence, and the substituted residue is
shown in bold and underlined in the amino acid sequence. The putative HNH-knockout
nickases were anticipated to cleave the non-target strand but not the target strand. The putative
RuvC-knockout nickases were anticipated to cleave the target strand but not the non-target

strand.

Table 5. CRISPR Nuclease and Nickase Sequences

CRISPR Nucleotide Sequence Amino acid sequence
Nucleases (Codon optimized for E. coli cells)
Reference [atgaataaaccctattcaataggactagatatcggcaccaatagegtgggct SEQ ID NO: 1

lggagcatcatcactgacgattacaaagicccggcaaaaaagatgcgtatict
cggcaataccgacaaggagtacattaagaaaaatctcatcggtgcactgcet
jgttcgatggtggcaataccgeggcggaccgecgcttaaaacgtaccgece
lgtcgtegttacacccggegecgcaaccgceatcctgtatcticaggaaattett
ctgaagagatgtcgaaggtcgacgactcctictttcatcgtctggaggata
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Igctttctggt ggaagaggacaaacgtggtagcaagtaccctatettcgegac
tcttcaagaagaaaaggactatcacgaaaagtttccgacgatctatcacctg
cgtaaggagctcgctgataagcaggagaaagccgatctccgcettgatctatt
tagcgctggcccacatcattaagttccgeggtcattttctgattgaagacgac
cgttttgacgttcgtaacaccgacattcaaaagcaataccaagcetttcttgga
lgatctitgataccacctttgagaataaccatctgetgtcgcaaaacgtggacg
ttgaggccatcctgaccgataagatcagcaaaagcgctaaaaaggatcgta
ttttggcgcagtaccccaaccagaaatccaccggtattticgcagaatttttga
agctoattgtcggtaatcaagecgactiCaaaaaacacttcaacctggaaga
caaaacaccgctgcagticgcgaaagatagcetacgacgaggatctggaga
acctgctgggtcagatcggtgatgagttcgeggatttgtitagcgceggcaaa
aaaattatacgactcagttctgtigtetggtatictgacggtgattgacctgage
actaaggctccgttgagtgegtctatgatccagegetacgatgageaccge
lgaggacctcaaacagctgaaacaatttgtgaaagegtccctgecggagaa
lgtatcaggagatctttgctgactcctctaaggacggctacgcaggttatattg
aaggtaaaacgaaccaggaggcgtictataagtacctaagcaaactgctaa
ICcaaacaagaagactccgaaaacticctggaaaagatcaagaacgaagac
ttcctgcgtaagcagegtacattcgacaacggtageattccgeatcaggttc
atctgaccgaactgaaagctatcatccgtegtcaaagegagtactatcegttt
ftaaaagaaaaccaggatcgcatcgaaaaaatcctgaccttccgtaticegta
ttatattggtccactggcgcgtgaaaagagegacttcgegtggatgaccegc
aaaaccgalgacagcatlcgeccglggaalltigaagalliggicgataagg
agaagtctgcagaagcgtitatccaccgcatgactaacaacgatttctacctg
lccggaagagaaagttctgccaaaacacagectgatttacgagaagttcace
gtttataatgagctaacgaaagttcgttacaagaacgagcagggtgaaacgt
acttctttgattccaacatcaaacaagaaattttcgatggtgtttttaaagagceat
cgtaaggtttccaaaaagaagctgttagatttcctcgcgaaggagtacgagg
agticcgtatcgtcgacgtgatcggtctggacaaagagaacaaagegtttaa
cgccagectgggcacctatcacgacctcgagaaaatectggataaggactt
cttagacaatccggataacgaatctattcttgaggacattgtccagaccctga
cgttgticgaagaccgtgaaatgattaagaagegtttggagaattataaggat
ttattcaccgaatctcaactgaagaaactgtaccgtcgtcattataccggtigg
lggtcgcctgtcggcgaagttaatcaatggtatccgggataaagaaagecag
aagaccattttggactacttgattgacgacggtcgetccaaccgtaacticat
lgcagctgatcaacgatgacggcttgtectttaagageatcatttccaaggeg
caagcaggcagecatagegacaacctgaaagaggtegtiggcgaattg oc)
lgggcageccggccatcaaaaagggtattctgcagtctttgaagategttgat
lgagctggtgaaagtcatgggttatgagecggaacagattgtggtegaaatg
lgcacgtgaaaaccaaacgaccaatcagggecgtcgcaactetegicaaag
atataaactgctggatgacggtgtgaaaaacttggcgagegacctgaacgg
taacatcctgaaggaatacccgacagataaccaggctctgcagaatgaacg
tctgtttttgtactacctgcaaaacggccgtgatatgtatactggtgaggccct
lggacatcgataacttgagccaatacgatatagatcatattatcccgeaggcect
tcatcaaggacgactctatcgacaaccgtgtictggttagcagegccaaaaa
tcgtggtaaatccgacgacgtaccaagetiggagatcgtgaaagactgcaa
agtgttctggaaaaaactgttggacgcaaaactcatgagecagegceaaata
cgacaalllgacgaaggcggageglgglggccigacclcggalgacaagg
cgcgctttattcaacgtcaactggtigaaaccaggcagattaccaagcacgt
lggctcgaatcctagacgaacgcttcaataatgagttggattccaagggcegt
cgtatccgeaaagtgaaaattgtcaccctgaagagcaacctggtgtcgaatt
tcagaaaggagttcggtttttacaaaattagagaagtgaacgattatcatcatg|
lcacacgatgcctatctcaatgctgtggttgcgaaggccatcttgaccaaatat
[ccgcaactggaaccggaattcgtitatggectgtatcgtcgaaagaagetgt
cgaaaatcgttagagaggataaagaggaaaagtactctgaggcgacccge
aaaatgtttttttatagcaatttaatgaatatgtitaaacgtgtcgtgagacttge
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agatggltcaattgtcgtacgtceggttatcgaaacgggacgctatatgggta
agaccgcatgg gataaaaaaaaacactttgegaccgtgaggaaggtectta
lgctacccgcaagtgaatattgtgaaaaagaccgagattcagaccggtggct
ftagcaaggaaagcattctcgcgeacggcaactctgataagttgatcecacg
taagaccaaggatatctatctggatccgaaaaagtacggcggctttgattca
ccgattgttgcatatagegttctggttgtggcagatatcaagaagggcaagg
cgcagaaactaaaaaccgttaccgaactectcggtataaccattatggaacg
ttccaagttcgagaagaacccgagegegttcctggagagtaagggctacct
lgaacatccgtgatgataaattaatgattcticcgaaatactecttattcgagetg
lgagaacggecgtegtegettacttgectcageggetgaactgcaaaaagg
Caacgaactggcgltgecgacgcaatttatgaaattcctgtaccetigeaagec
lgctataacgagtccaaaggcaagccggaggaaatcgaaaagaageagga
lgttcgtgaaccaacacgttagcetatttcgacgacatcttgcaactgattaacg
actttagcaaacgtgttatacttgcggacgcgaatctggagaaaatcaacaa
actgtaccaggataacaaagagaacattagcegtagacgagcetggcaaaca
atattattaacctgtttacatttacttcactggggectccggeggcgticaaattt
tttgacaagattgttgaccgtaagcgttacaccagtacgaaagaagtgctca
atagcaccctgatccaccagagceatcacgggcctgtacgaaacccgtatcg
atctgtccaaattgggggaagac (SEQ ID NO:278)

D844A (putative|
HNH-knockout)

atgaataaaccctattcaataggactagatatcggcaccaatagegtgggct
lggagcatcatcactgacgattacaaagtcccggcaaaaaagatgegtattct
cggcaataccgacaaggagtacattaagaaaaatctcatcggtgeactget
lgttcgatggtggcaataccgeggcggaccgccgcttaaaacgtaccgece
lgtcgtegttacacceggegecgcaaccgeatectgtatcticaggaaattttt
lgctgaagagatgtcgaaggtcgacgactectictttcatcgtctggaggata
lgctttctggtggaagaggacaaacgtggtagcaagtaceetatettcgegac
tcttcaagaagaaaaggactatcacgaaaagtttccgacgatctatcacctg
cgtaaggagctcgetgataagcaggagaaagecgatctccgettgatctatt
tagcgctggcccacatcattaagttccgeggtcattttctgattgaagacgac
cgttttgacgttcgtaacaccgacattcaaaagcaataccaagctttcttgga
|gatctttgataccacctttgagaataaccatctgctgtcgcaaaacgtggacg
ttgaggccatcctgaccgataagatcagcaaaagegctaaaaaggatcgta
ttttggcgcagtaccecaaccagaaatccaccggtattticgcagaatttttga
agctgattgtcggtaatcaagecgactiCaaaaaacacttcaacctggaaga
lcaaaacaccgctgeagttcgcgaaagatagctacgacgaggatctggaga
acctgctgggtcagatcggtgatgagttcgeggattigittagcgeggcaaa
aaaattatacgactcagtictgttgtctggtatictgacggtgattgacctgagel
actaaggctccgttgagtgcgtctatgatccagegetacgatgageaccge
lgaggacctcaaacagctgaaacaatttgtgaaagegtccctgecggagaa
lgtatcaggagatctttgctgactcctctaaggacggctacgcaggttatattg
aaggtaaaacgaaccaggaggcgtictataagtacctaagcaaactgctaa
ICcaaacaagaagactccgaaaacttcctggaaaagatcaagaacgaagac
ttcctgegtaagcagegtacattcgacaacggtageattccgeatcaggttc
atctgaccgaacigaaagcetatcalecgleglicaaagegaglactlatecgtit
ftaaaagaaaaccaggatcgcatcgaaaaaatcctgaccttccgtattcegta
ttatattggtccactggegegtgaaaagagegacttcgegtggatgaccegce
aaaaccgatgacagcattcgeccglggaatttigaagatttggtcgataagg
agaagtctgcagaagcegtttatccaccgcatgactaacaacgatttctacctg
lccggaagagaaagttctgccaaaacacagectgatttacgagaagttcacc
gtttataatgagctaacgaaagttcgttacaagaacgagcagggtgaaacgt
acttctttgattccaacatcaaacaagaaattttcgatggtetttttaaagageat|
cgtaaggtttccaaaaagaagctgttagatttcctcgegaaggagtacgagg
agticcgtatcgtcgacgtgatcggtctggacaaagagaacaaagegtitaa
cgccagectgggcacctatcacgacctcgagaaaatcectggataaggactt

MNKPYSIGLDIGTNSVGW
SITDDYKVPAKKMRVLG
NTDKEYIKKNLIGALLFD
GGNTAADRRLKRTARRR
YTRRRNRILYLQEIFAEEM
SKVDDSFFHRLEDSFLVEE
DKRGSKYPIFATLQEEKD
'YHEKFPTIYHLRKELADK
QEKADLRLIYLALAHIIKF
RGHFLIEDDRFDVRNTDIQ
KQYQAFLEIFDTTFENNHL
LSQNVDVEAILTDKISKSA
KKDRILAQYPNQKSTGIFA
EFLKLIVGNQADFKKHFN
LEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAA
KKLYDSVLLSGILTVIDLS
TKAPLSASMIQRYDEHRE
DLKQLKQFVKASLPEKYQ
EIFADSSKDGYAGYIEGKT
NQEAFYKYLSKLLTKQED
SENFLEKIKNEDFLRKQRT
FDNGSIPHQVHLTELKAIL
RRQSEYYPFLKENQDRIE
KILTFRIPY YIGPLAREKSD
FAWMTRKTDDSIRPWNFE
DLVDKEKSAEAFTHRMTN
NDFYLPEEKVLPKHSLIYE
KFTVYNELTKVRYKNEQ
GETYFEDSNIKQEIFDGVF
KEHRKVSKKKLLDFLAKE
YEEFRTVDVIGLDKENKAF
NASLGTYHDLEKILDKDF
LDNPDNESILEDIVQTLTL
FEDREMIKKRLENYKDLF

Cttagacaatccggataacgaatctattcttgaggacattgtccagaccctga

TESQLKKLYRRHYTGWG
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RLSAKLINGIRDKESQKTI
LDYLIDDGRSNRNFMQLI
NDDGLSFKSIISKAQAGSH
SDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMG
YEPEQIVVEMARENQTTN
QGRRNSRQRYKLLDDGV
KNLASDLNGNILKEYPTD
INQALONERLFLY YLQNGR
DMYTGEALDIDNLSQYDI
IAHITPQAFIKDDSIDNRVL
VSSAKNRGKSDDVPSLEIL

cgttgttcgaagaccgtgaaatgattaagaagegtttggagaattataaggat
ttattcaccgaatctcaactgaagaaactgtaccgtcgtcattataccggttge
lggtcgcctgtcggcgaagttaatcaatggtatccgggataaagaaagecag
aagaccattttggactacttgattgacgacggtcgetccaaccgtaacttcat

lgcagctgatcaacgatgacggcttgtcctttaagageatcatttccaaggeg

Caagcaggcagccalagcgacaacctgaaagaggtggitggcgaattgec
lgggcageccggecatcaaaaagggtatictgcagtctttgaagatcgttgat
lpagctggtgaaagtcatgggttatgagccggaacagatigtgetogaaatg
lgcacgtgaaaaccaaacgaccaatcagggccgtcgcaactetegtcaaag
atataaactgctggatgacggtgtgaaaaacttggcgagegacctgaacgg
taacatcctgaaggaatacccgacagataaccaggctctgcagaatgaacg
tctgtttttgtactacctgcaaaacggecgtgatatgtatactggtgaggeect

legacatcgataacttgagccaatacgatataG CGeatattatccegeagg
ccttcatcaaggacgactctatcgacaaccgtgtictggttagcagegecaa

aaatcgtggtaaatccgacgacgtaccaagetiggagatcgtgaaagactg

caaagtgttctggaaaaaactgtiggacgcaaaactcatgagccagegcaa
atacgacaatttgacgaaggcggagegtggtggectgacctcggatgaca

ag gcgcgctttattcaacgtcaactggttgaaaccaggcagattaccaagea
cgtggctcgaatcctagacgaacgcticaataatgagttggattccaagggc
cgtcgtatccgcaaagtgaaaattgtcaccctgaagagcaacctggtgtcga
atttcagaaaggagttcggtttttacaaaattagagaagtgaacgattatcatc
atgcacacgatgcclalclcaatgelglggtigegaaggcecalctigaccaa

atatccgcaactggaaccggaattcgtttatggectgtatcgtcgaaagaag

ctgtcgaaaatcgttagagaggataaagaggaaaagtactctgaggcgace
cgcaaaatgttittttatagcaatttaatgaatatgtttaaacgtgtcgtgagact
tgcagatggttcaattgtcgtacgtccggttatcgaaacgggacgctatatgg
lgtaagaccgcatgggataaaaaaaaacactitgcgaccgtgaggaaggte

cttagctacccgcaagtgaatattgtgaaaaagaccgagattcagaccggtg
lgctttagcaaggaaagcattctcgegeacggcaactctgataagttgateec

acgtaagaccaaggatatctatctggatccgaaaaagtacggcggctttgat
tcaccgattgttgcatatagegtictggtigtggcagatatcaagaagggcaa
lggcgcagaaactaaaaaccgttaccgaactcctcggtataaccattatggaa
cgttccaagttcgagaagaacccgagegcegticctggagagtaagggcta

Icctgaacatccgtgatgataaattaatgattcttccgaaatactecttattcgag
ctggagaacggccgtegtegettacttgectcagegggtgaactgcaaaaa
lggcaacgaactggcgttgecgacgcaatttatgaaaticctgtaccttgecaa

lgccgctataacgagiccaaaggcaagecggaggaaatcgaaaagaagcea
lggagttcgtgaaccaacacgttagctatttcgacgacatcttgcaactgatta

acgactttagcaaacgtgttatacttgecggacgegaatctggagaaaatcaa
Caaactgtaccaggataacaaagagaacattagcgtagacgagctggcaa

acaatattattaacctgtttacatttacttcactggggectccggeggcegtica

aattttttgacaagattgttgaccgtaagcgttacaccagtacgaaagaagtg

ctcaatagcaccctgatccaccagageatcacgggcectgtacgaaaccegt
atcgatctgtccaaattgggggaagac (SEQ ID NO: 29)

VKDCKVFWKKLLDAKLM
SQRKYDNLTKAERGGLTS
DDKARFIQRQLVETRQITK
HVARILDERFNNELDSKG
RRIRKVKIVTLKSNLVSNF
RKEFGFYKIREVNDYHHA
HDAYLNAVVAKAILTKYP
QLEPEFVYGLYRRKKLSKI
VREDKEEKYSEATRKMFF
YSNLMNMFKRVVRLADG
SIVVRPVIETGRYMGKTA
IWDKKKHFATVRKVLSYP
QVNIVKKTEIQTGGFSKES
ILAHGNSDKLIPRKTKDIY
LDPKKYGGFDSPIVAYSV
LVVADIKKGKAQKLKTVT]
ELLGITIMERSKFEKNPSA
FLESKGYLNIRDDKIMILP
KYSLFELENGRRRLLASA
GELQKGNELALPTQFMKF
LYLASRYNESKGKPEEIEK
KQEFVNQHVSYFDDILQLI
NDFSKRVILADANLEKIN
KLYQDNKENISVDELANN
IINLFTFTSLGAPAAFKFFD
KIVDRKRYTSTKEVLNST
LIHQSITGLYETRIDLSKLG
ED (SEQ ID NO: 30)

H845A (putative]
HNH-knockout)

atgaataaaccctattcaataggactagatatcggcaccaatagegtgggct
lggagcatcatcactgacgattacaaagtcccggcaaaaaagatgegtgttct
cggcaataccgacaaggagtacattaagaaaaatctcatcggtgcactget
lgttcgatggtggcaataccgeggcggaccgecgcttaaaacgtaccgece
lgtcgtcgttacacceggegecgcaaccgceatectgtatcttcaggaaattett
lgctgaagagatgtcgaaggtcgacgactectictttcatcgtctggaggata
lgctttctggtegaagaggacaaacgtggtagcaagtacectatettcgegac
tcttcaagaagaaaaggactatcacgaaaagtttccgacgatctatcacctg
cgtaaggagctcgetgataagcaggagaaagecgatcteccgettgatctatt
tagcgctggcccacatcattaagttccgeggtcattttctgattgaagacgac

MNKPYSIGLDIGTNSVGW
SITDDYKVPAKKMRVLG
NTDKEYIKKNLIGALLFD
GGNTAADRRLKRTARRR
YTRRRNRILYLQEIFAEEM
SKVDDSFFHRLEDSFLVEE
DKRGSKYPIFATLQEEKD
YHEKFPTTYHLRKELADK
QEKADLRLIYLALAHIIKF
RGHFLIEDDRFDVRNTDIQ

cgttttgacgttcgtaacaccgacaticaaaagcaataccaagcetttcttgga

KQYQAFLEIFDTTFENNHL|
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Igatctltgataccacctttga gaataaccatctgetgtcgcaaaacgtggacg
ttgaggccatcctgaccgataagatcagcaaaagegctaaaaaggatcgta
ttttggcgcagtaccccaaccagaaatccaccggtattttcgcagaatttttga
agctgattgtcggtaatcaagecgacticaaaaaacacttcaacctggaaga
caaaacaccgcetgcagticgegaaagatagcetacgacgaggatctggaga
acctgctggglcagatcggtgatgagttcgeggatttgttitagcgeggcaaa
aaaattatacgactcagttctgtigtctggtatictgacggtgattgacctgage
actaaggctccgttgagtecgtctatgatccagegetacgatgageaccge
lgaggacctcaaacagctgaaacaatttgtgaaagegtccctgecggagaa
lgtatcaggagatctitgctgactcctctaaggacggctacgcaggttatattg
aag glaaaacgaaccaggaggcegtictataagtacctaagcaaactgctaa
IcCaaacaagaagactccgaaaacticctggaaaagatcaagaacgaagac
ttcctgegtaagcagegtacattcgacaacggtageattccgeatcaggttc
atctgaccgaactgaaagctatcatccgtegtcaaagegagtactatccgttt
ftaaaagaaaaccaggatcgcatcgaaaaaatcctgaccticcgtattcegta
ttatattggtccactggegegtgaaaagagegacttcgegtggatgaccegc
aaaaccgatgacagcattcgeccgtggaattttgaagatttggtcgataagg
agaagtctgcagaagcegtitatccaccgcatgactaacaacgatttctacctg
Iccggaagagaaagttctgccaaaacacagectgatttacgagaagttcace
jgtttataatgagctaacgaaagttcgttacaagaacgagcagggtgaaacgt
acttctttgattccaacatcaaacaagaaattttcgatggtgtttttaaagageat
cglaaggtiliccaaaaagaagcigliagatticcicgegaaggaglacgagg
agttccgtatcgtcgacgtgatcggictggacaaagagaacaaagegtttaa
cgccagectgggcacctatcacgacctcgagaaaatectggataaggactt
cttagacaatccggataacgaatctattcttgaggacattgtccagaccctga
cgttgttcgaagaccgtgaaatgattaagaagegtttggagaattataaggat
ttattcaccgaatctcaactgaagaaactgtaccgtcgtcattataccggttge
lggtcgcctgtcggcgaagttaatcaatggtatccgggataaagaaagecag
aagaccattttggactacttgattgacgacggtcgetccaaccgtaacttcat
lgcagctgatcaacgatgacggcttgtcctttaagageatcatttccaaggeg
lcaagcaggcagccatagcgacaacctgaaagaggtegitggcgaattgec
lgggcageccggcecatcaaaaagggtattctgcagtctttgaagategttgat
lgagctggtgaaagtcatgggttatgagecggaacagattgtggtegaaatg
lgcacgtgaaaaccaaacgaccaatcagggccgicgcaactctcgicaaag
atataaactgctggatgacggtgtgaaaaacttggcgagegacctgaacgg
taacatcctgaaggaatacccgacagataaccaggetctgecagaatgaacg
fctgtttttgtactacctgcaaaacggecgtgatatgtatactggtgaggcect
legacatcgataacttgagccaatacgatatagatGCGattatcccgeagg
ccttcatcaaggacgactctatcgacaaccgtgtictggttagcagegecaa
aaatcgtggtaaatccgacgacgtaccaagetiggagatcgtgaaagactg
caaagtgttctggaaaaaactgttggacgcaaaactcatgagccagegeaa
atacgacaatttgacgaaggcggagcgtggtggcctgacctcggatgaca
aggcgcgctttattcaacgtcaactggttgaaaccaggcagattaccaagea
cgtggctcgaatcctagacgaacgctticaataatgagttggattccaagggc
cgtcgtatccgcaaagtgaaaattgtcaccctgaagagcaacctggtgtcga
atttcagaaaggagttcggtttttacaaaattagagaagtgaacgattatcatc
atgcacacgalgcclalclcaatgelglggligegaaggcecalctigaccaa
atatccgcaactggaaccggaattcgtttatggectgtatcgtcgaaagaag
ctgtcgaaaatcgttagagaggataaagaggaaaagtactctgaggcgace
cgcaaaatgttittttatagcaatttaatgaatatgtttaaacgtgicgtgagact
tgcagatggttcaattgtcgtacgtccggttatcgaaacgggacgctatatgg
lgtaagaccgcatgggataaaaaaaaacactttgcgaccgtgaggaaggtg
cttagctacccgcaagtgaatattgtgaaaaagaccgagaticagaccggtg
lgctttagcaaggaaagcattctcgegeacggcaactctgataagttgatcce
acgtaagaccaaggatatctatctggatccgaaaaagtacggcggctitgat

LSQNVDVEAILTDKISKSA
KKDRILAQYPNQKSTGIFA
EFLKLIVGNQADFKKHFN
LEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAA
KKLYDSVLLSGILTVIDLS
TKAPLSASMIQRYDEHRE
DLKQLKQFVKASLPEKYQ
EIFADSSKDGYAGYIEGKT
NQEAFYKYLSKLLTKQED
SENFLEKIKNEDFLRKQRT
FDNGSIPHQVHLTELKAII
RRQSEYYPFLKENQDRIE
KILTFRIPY YIGPLAREKSD
FAWMTRKTDDSIRPWNFE
DLVDKEKSAEAFTHRMTN
NDFYLPEEKVLPKHSLIYE
KFTVYNELTKVRYKNEQ
GETYFFDSNIKQEIFDGVF
KEHRKVSKKKLLDFLAKE
YEEFRIVDVIGLDKENKAF
NASLGTYHDLEKILDKDF
LDNPDNESILEDIVQTLTL
FEDREMIKKRLENYKDLF
TESQLKKLYRRHYTGWG
RLSAKLINGIRDKESQKTI
LDYLIDDGRSNRNEMQLI
NDDGLSFKSIISKAQAGSH
SDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMG
YEPEQIVVEMARENQTTN
QGRRNSRQRYKLLDDGV
KNLASDLNGNILKEYPTD
NQALQNERLFLY YLQNGR
DMYTGEALDIDNLSQYDI
DATIPQAFIKDDSIDNRVL
VSSAKNRGKSDDVPSLEI
VKDCKVFWKKLLDAKLM
SQRKYDNLTKAERGGLTS
DDKARFIQRQLVETRQITK
HVARILDERFNNELDSKG
RRIRKVKIVTLKSNLVSNF
RKEFGFYKIREVNDYHHA
HDAYLNAVVAKAILTKYP
QLEPEFVYGLYRRKKLSKI
VREDKEEKYSEATRKMFF
'YSNLMNMFKRVVRLADG
SIVVRPVIETGRYMGKTA
WDKKKHFATVRKVLSYP
QVNIVKKTEIQTGGFSKES
ILAHGNSDKLIPRKTKDIY
LDPKKYGGFDSPIVAYSV
LVVADIKKGKAQKLKTVT]
ELLGITIMERSKFEKNPSA
FLESKGYLNIRDDKLMILP
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tcaccgattgttgcatatagegttctggtigtggcagatatcaagaagggcaa
lggcgcagaaactaaaaaccgttaccgaactectcggtataaccattatggaa)
cgltccaagticgagaagaacccgagegcegticctggagagtaaggecta
cctgaacatcegtgatgataaattaatgattcttccgaaatactecttattcgag
ctggagaacggcecgtegtecgettacttgectcagegggteaactgcaaaaa
lggcaacgaactggcgttgecgacgcaaltttatgaaattcetgtaccttgeaa
lgccgctataacgagiccaaaggcaagecggaggaaatcgaaaagaagea
legagttcgtgaaccaacacgttagctatttcgacgacatcttgcaactgatta
acgactttagcaaacgtgttatacttgcggacgcgaatctggagaaaatcaa
caaactgtaccaggataacaaagagaacattagcgtagacgagetggcaa
acaataltattaacctgtttacatttacttcactggggectecggeggcgtica
aattttttgacaagattgttgaccgtaagegttacaccagtacgaaagaagtg
ctcaatagcaccctgatccaccagagceatcacgggectgtacgaaaccegt
atcgatctgtccaaattgggggaagac (SEQ ID NO: 31)

KYSLFELENGRRRLLASA
GELQKGNELALPTQFMKF
LYLASRYNESKGKPEEIEK
KQEFVNQHVSYFDDILQLI
NDFSKRVILADANLEKIN
KLYQDNKENISVDELANN
[INLFTFTSLGAPAAFKFFD
KIVDRKRYTSTKEVLNST
LIHQSITGLYETRIDLSKLG
ED (SEQ ID NO: 32)

HS845L (putative
HNH-knockout)

atgaataaaccctattcaataggactagatatcggcaccaatagegtegect
lggagcatcatcactgacgattacaaagtcccggcaaaaaagatgcgtgttct
cggcaataccgacaaggagtacattaagaaaaatctcatcggtgcactgct
lgttcgatggteocaataccgeggceggaccgecgcttaaaacgtaccgece
lgtcglegliacacceggegecgeaaccgeatectglatcticaggaaattitt
lgctgaagagatgtcgaaggtcgacgactectictttcatcgtctggaggata
lgctttctggtgoaagaggacaaacgtggtagcaagtacectatettcgegac
[cttcaagaagaaaaggactatcacgaaaagtttccgacgatctatcacctg
cgtaaggagctcgctgataagcaggagaaagecgatctcegcettgatctatt
tagcgctgacccacatcattaagttccgeggteatttictgattgaagacgac
cgttttgacgttcgtaacaccgacatticaaaagcaataccaagcetttcttgga
lgatctttgataccacctttgagaataaccatctgcetgtcgcaaaacgtggacg
ttgaggccatcctgaccgataagatcagcaaaagcgctaaaaaggatcgta
tittg gcgcagtaccccaaccagaaatccaccggtattttcgcagaatttttga
agctgattgtcggtaatcaagecgactticaaaaaacacttcaacctggaaga
Caaaacaccgcetgcagticgcgaaagatagctacgacgaggatctggaga
acctgctgggtcagatcggtgatgagticgcggatttgtitagcgcgecaaa
aaaattatacgactcagttctgtigtctggtatictgacggtgattgacctgage
actaaggctecgttgagtgcgictatgatccagegetacgatgageaccge
lgaggacctcaaacagctgaaacaatttgtgaaagegtcectgecggagaa
lgtatcaggagatctttgctgactcctctaaggacggctacgcaggttatattg
aagglaaaacgaaccaggaggcgtictataagtacctaagcaaactgctaa
Iccaaacaagaagactccgaaaacticctggaaaagatcaagaacgaagac
ttcctgcgtaagcagegtacattcgacaacggtagcattccgcatcaggttc
atctgaccgaactgaaagcetatcatccgtegtcaaagegagtactatccgttt
ftaaaagaaaaccaggatcgcatcgaaaaaatcctgaccttcegtattcegtal
ttatattggtccactggegegtgaaaagagegactticgegtggatgacec g
aaaaccgatgacagcattcgeccgtggaattttgaagattiggtcgataagg
agaagtctgcagaagcegtttatccaccgcatgactaacaacgatttctacctg
ccggaagagaaagliclgccaaaacacagectgatilacgagaagiicace

gtttataatgagctaacgaaagticgttacaagaacgagcagggtgaaacgt
acttctitgattccaacatcaaacaagaaattttcgatggtetttttaaagageat]
glaaggtitccaaaaagaagctgttagatticctcgegaaggagtacgagg
agticcgtatcgtcgacgtgatcggtctggacaaagagaacaaagegtitaa
gccagectgggcacctatcacgacctcgagaaaatcctggataaggactt
ttagacaatccggataacgaatctattcttgaggacattgtccagaccctga
gltgttcgaagaccgtgaaatgattaagaagegtitggagaattataaggat
tattcaccgaatctcaactgaagaaactgtaccgtcgtcattataccggttgg
gicgectgtcggcgaagttaatcaatgglatccgggataaagaaagecag
aagaccattttggactacttgattgacgacggtcgetccaaccgtaacttcat
gcagctgatcaacgatgacggcttgtcctitaagagcatcatttccaaggcg

MNKPYSIGLDIGTNSVGW
SITDDYKVPAKKMRVLG
NTDKEYIKKNLIGALLFD
GGNTAADRRLKRTARRR
'YTRRRNRILYLQEIFAEEM
SKVDDSFFHRLEDSFLVEE
DKRGSKYPIFATLQEEKD
'YHEKFPTIYHLRKELADK
QEKADLRLIYLALAHIIKF
RGHFLIEDDRFDVRNTDIQ
KQYQAFLEIFDTTFENNHL)
LSQNVDVEAILTDKISKSA
KKDRILAQYPNQKSTGIFA
EFLKLIVGNQADFKKHEN
LEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAA
KKLYDSVLLSGILTVIDLS
TKAPLSASMIQRYDEHRE
DLKQLKQFVKASLPEKYQ
EIFADSSKDGYAGYIEGKT
NQEAFYKYLSKLLTKQED
SENFLEKIKNEDFLRKQRT
FDNGSIPHQVHLTELKAII
RRQSEYYPFLKENQDRIE
KILTFRIPY YIGPLAREKSD
FAWMTRKTDDSIRPWNFE
DLVDKEKSAEAFIHRMTN
NDFYLPEEK VLPKHSLIYE
KFTVYNELTKVRYKNEQ
GETYFFDSNIKQEIFDGVF
KEHRKVSKKKLLDFLAKE
YEEFRIVDVIGLDKENKAF
NASLGTYHDLEKILDKDF
LDNPDNESILEDIVQTLTL
FEDREMIKKRLENYKDLF
TESQLKKLYRRHYTGWG
RLSAKLINGIRDKESQKTI
LDYLIDDGRSNRNEMQLI
NDDGLSFKSIISKAQAGSH
SDNLKEVVGELAGSPAIK

KGILQSLKIVDELVKVMG
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Caagcaggcagccatagcgacaacctgaaagaggtggttggcgaattggc
lgggcageccggccatcaaaaagggtattctgcagtctttgaagatcgttgat
lgagctggtgaaagtcatgggttatgagecggaacagattgtggtegaaatg
lgcacgtgaaaaccaaacgaccaatcagggccgtcgcaactctegtcaaag
atataaactgctggatgacggtgteaaaaacttggcgagegacctgaacgg
taacatcctgaaggaatacccgacagataaccaggctctgcagaatgaacg
tctgtttttgtactacctgcaaaacggecgtgatatgtatactggtgaggcect
legacatcgataacttgagccaatacgatatagatCT Gattatcccgeagg
ccttcatcaaggacgactctatcgacaaccgtgttctggttagcagcgccaa
aaatcgtggtaaatccgacgacgtaccaagettggagatcgtgaaagactg
Caaagtgtictggaaaaaactgtiggacgcaaaactcatgagccagegcaa
atacgacaatttgacgaaggcggagegtggtggectgacctcggatgaca
aggcgcgctttattcaacgtcaactggttgaaaccaggcagattaccaagea
cgtggctcgaatcctagacgaacgcticaataatgagttggattccaagggc
cgtcgtatccgcaaagtgaaaattgtcaccctgaagagcaacctggtgtcga
atttcagaaaggagttcggtttttacaaaattagagaagtgaacgattatcatc
atgcacacgatgcectatctcaatgetgtggttgegaaggcecatcttgaccaa
atatccgcaactggaaccggaattcgtttatggectgtatcgtcgaaagaag
ctgtcgaaaatcgttagagaggataaagaggaaaagtactctgaggcgacc
Icgcaaaatgttittttatagcaatttaatgaatatgtttaaacgtgtcgtgagact
tgcagatggttcaattgtcgtacgtccggttatcgaaacgggacgctatatgg
lgtaagaccgcatgggataaaaaaaaacaclitgcgaccglgaggaaggtg
Cttagctacccgcaagtgaatattgtgaaaaagaccgagattcagaccggtgl
lgctttagcaaggaaagcattctcgegeacggcaactctgataagttgatccc
acgtaagaccaaggatatctatctggatccgaaaaagtacggcggctitgat
tcaccgattgttgcatatagegttctggtigtggcagatatcaagaagggcaa
lggcgcagaaactaaaaaccgttaccgaactccteggtataaccattatggaal
cgttccaagttcgagaagaacccgagegcegttcctggagagtaagggcta
lcctgaacatccgtgatgataaattaatgattcttccgaaatactecttattcgag
ctggagaacggccgtegtegettacttgectcagegggtgaactgcaaaaa
lggcaacgaactggegtteccgacgcaaltttatgaaattcetgtaccttgcaa
lgccgctataacgagtccaaaggeaagecggaggaaatcgaaaagaagcea
lggagttcgtgaaccaacacgttagctatitcgacgacatcttgcaactgatta
acgactttagcaaacgtgttatacttgcggacgcgaatctggagaaaatcaa
caaactgtaccaggataacaaagagaacattagcgtagacgagctggcaa
acaatattattaacctgtttacatttacttcactggggoctccggeggegtica
aattttttgacaagattgttgaccgtaagegttacaccagtacgaaagaagte
ctcaatagcaccctgatccaccagagcatcacgggcectgtacgaaaccegt
atcgatctgiccaaattgggggaagac (SEQ ID NO: 33)

YEPEQIVVEMARENQTTN
QGRRNSRQRYKLLDDGV
KNLASDLNGNILKEYPTD
NQALQNERLFLY YLQNGR
DMYTGEALDIDNLSQYDI
DLIPQAFIKDDSIDNRVLV
SSAKNRGKSDDVPSLEIV
KDCKVFWKKLLDAKLMS
QRKYDNLTKAERGGLTSD!
DKARFIQRQLVETRQITKH
VARILDERFNNELDSKGR
RIRKVKIVTLKSNLVSNFR
KEFGFYKIREVNDYHHAH
DAYLNAVVAKAILTKYPQ
LEPEFVYGLYRRKKLSKIV
REDKEEKYSEATRKMFFY
SNLMNMFKRVVRLADGSI
VVRPVIETGRYMGKTAW
DKKKHFATVRKVLSYPQ
VNIVKKTEIQTGGFSKESI
LAHGNSDKLIPRKTKDIYL
DPKKYGGFDSPIVAYSVL
VVADIKKGKAQKLKTVTE
LLGITIMERSKFEKNPSAF
LESKGYLNIRDDKLMILPK|
'YSLFELENGRRRLLASAG
ELQKGNELALPTQFMKFL
YLASRYNESKGKPEEIEK
KQEFVNQHVSYFDDILQLI
NDFSKRVILADANLEKIN
KLYQDNKENISVDELANN
INLFTFTSLGAPAAFKFFD
KIVDRKRYTSTKEVLNST
LIHQSITGLYETRIDLSKLG
ED (SEQ ID NO: 34)

N868A (putativel
HNH-knockout)

atgaataaaccctattcaataggactagatatcggcaccaatagegtggoct
lggagcatcatcactgacgattacaaagtcccggcaaaaaagatgegtgatict
cggcaataccgacaaggagtacattaagaaaaatctcatcggtgcactget
lgttcgatggtggcaataccgeggcggaccgecgcttaaaacgtaccgece
glcglegliacacceggegecgcaaccgeateciglateticaggaaalitit
lgctgaagagatgtcgaaggtcgacgactectictttcatcgtctggaggata
lgctttctggtegaagaggacaaacgtggtagcaagtaccctatettcgegac
(cttcaagaagaaaaggactatcacgaaaagtttccgacgatctatcacctg
cgtaaggagctcgetgataagcaggagaaagecgatctecgettgatctatt
tagcgctggcccacatcattaagttccgeggtcattttctgattgaagacgac
cgttttgacgttcgtaacaccgacattcaaaagcaataccaagcetttcttgga
lgatctttgataccacctttgagaataaccatetgetgtcgcaaaacgtggacg
ttgag gccatcctgaccgataagatcagcaaaagcgctaaaaaggatcgta
ttitggcgcagtaccccaaccagaaatccaccggtattttcgcagaatttttga
agctgattgtcggtaatcaagecgacttcaaaaaacacttcaacctggaaga

MNKPYSIGLDIGTNSVGW
SIITDDYKVPAKKMRVLG
NTDKEYIKKNLIGALLFD
GGNTAADRRLKRTARRR
YTRRRNRILYLQEIFAEEM
SKVDDSFFHRLEDSFLVEE
DKRGSKYPIFATLQEEKD
YHEKFPTTYHLRKELADK
QEKADLRLIYLALAHIIKF
RGHFLIEDDRFDVRNTDIQ
KQYQAFLEIFDTTFENNHL)
LSQONVDVEAILTDKISKSA
KKDRILAQYPNQKSTGIFA
EFLKLIVGNQADFKKHFEN
L EDKTPLQFAKDSYDEDL

caaaacaccgctgcagttcgegaaagatagetacgacgaggatctggaga

ENLLGQIGDEFADLFSAA
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acctgctgggtcagatcggtgatgagttcgeggatttgtitagcgeggcaaa
aaaattatacgactcagttctgtigtctggtatictgacggtgattgacctgage
actaaggctccgttgagtgcgtctatgatccagegetacgatgageaccge
lgaggacctcaaacagctgaaacaatttgtgaaagegtecctgecggagaa
lgtatcaggagatctttgctgactcctctaaggacggctacgcaggttatattg
aagglaaaacgaaccaggaggcgtictataagtacctaagcaaactgctaa
lccaaacaagaagactccgaaaacttcctggaaaagatcaagaacgaagac
ttcctgcgtaagcagegtacattcgacaacggtagceattccgcatcaggttc
atctgaccgaactgaaagctatcatccgtegtcaaagegagtactatcegttt
ftaaaagaaaaccaggatcgcatcgaaaaaatcctgaccttccgtattccgta
ttatattgglccactggegegtgaaaagagegacticgeglggatgaccegc
aaaaccgatgacagcattcgeccgtggaattttgaagatttggtcgataagg
agaagtctgcagaagcegtttatccaccgcatgactaacaacgatttctacctg
Iccggaagagaaagttctgccaaaacacagectgatttacgagaagttcace
gtttataatgagctaacgaaagttcgttacaagaacgagcagggtgaaacgt
acttctttgattccaacatcaaacaagaaattttcgatggtetttttaaagageat]
cgtaaggittccaaaaagaagctgttagatitcctcgegaaggagtacgage
agttccgtatcgtcgacgtgatcggtctggacaaagagaacaaagcgtttaa
cgccagectgggcacctatcacgacctcgagaaaatcctggataaggactt
cttagacaatccggataacgaatctattcttgaggacattgtccagaccctga
cgttgttcgaagaccgtgaaatgattaagaagegtitggagaattataaggat
(taltcaccgaalctcaaclgaagaaactgtaccglcgtcatiataccggligg
lggtcgectgtcggcgaagttaatcaatggtatccgggataaagaaagecag
aagaccattttggactacttgattgacgacggtcgetccaaccgtaacttcat
lgcagctgatcaacgatgacggcttgtcctttaagageatcatttccaaggeg
lcaagcaggcagccatagegacaacctgaaagaggtggttggcgaattggc
lgggcageecggccatcaaaaagggtattictgcagtctttgaagategttgat
lgagctggtgaaagtcatgggttatgagcecggaacagattgtggtegaaatg
lgcacgtgaaaaccaaacgaccaatcagggccgtcgcaactctegtcaaag
atataaactgctggatgacggtgteaaaaacttggegagegacctgaacgg
taacatcctgaaggaatacccgacagataaccaggctctgcagaatgaacg
tctatttttgtactacctgcaaaacggecgtgatatgtatactggtgaggccect
lggacatcgataacttgagccaatacgatatagatcatattatcccgeaggect
tcatcaaggacgactctatcgacaaccgtgttctggttagcagegccaaaG
ICGcegtggtaaatccgacgacgtaccaagettggagatcgtgaaagactg
Caaagtgtictggaaaaaactgttggacgcaaaactcatgagecagegeaa
atacgacaatttgacgaaggcggagegtggtggectgaccteggatgaca
ag gcgegctttattcaacgtcaactggttgaaaccaggcagattaccaagea
cgtggctcgaatcctagacgaacgcticaataatgagtiggattccaagggc
cgtcgtatccgcaaagtgaaaattgtcaccctgaagagcaacctggtgtega
atttcagaaaggagttcggtttttacaaaattagagaagtgaacgattatcatc
atgcacacgatgcctatctcaatgetgtggttgcgaaggcecatcttgaccaa
atatccgcaactggaaccggaattcgtttatggectgtatcgtcgaaagaag
ctgtcgaaaatcgttagagaggataaagaggaaaagtactctgaggcgacc
cgcaaaatgttittttatagcaatttaatgaatatgtttaaacgtgtcgtgagact
tgcagatggttcaattgtcgtacgtccggttatcgaaacgggacgctatatgg
lglaagaccgcalgggataaaaaaaaacaclitgcgaccglgaggaaggle
cttagctacccgcaagtgaatattgtgaaaaagaccgagattcagaccggty
lgctitagcaaggaaagcattctcgegeacggcaactctgataagttgatcec
acgtaagaccaaggatalctatctggatccgaaaaagtacggcggctitgat
tcaccgattgttgcatatagegttctggttgtggcagatatcaagaagggcaa
lggcgcagaaactaaaaaccgttaccgaactcctcggtataaccattatggaa
cgttccaagttcgagaagaacccgagegcegticctggagagtaagggcta
lcctgaacatcegtgatgataaattaatgattcttccgaaatactecttattcgag

KKLYDSVLLSGILTVIDLS
TKAPLSASMIQRYDEHRE
DLKQLKQFVKASLPEKYQ
EIFADSSKDGYAGYTEGKT
NQEAFYKYLSKLLTKQED
SENFLEKIKNEDFLRKQRT
FDNGSIPHQVHLTELKATII
RRQSEYYPFLKENQDRIE
KILTFRIPY YIGPLAREKSD
FAWMTRKTDDSIRPWNFE
DL VDKEKSAEAFIHRMTN
NDFYLPEEKVLPKHSLIYE
KFTVYNELTKVRYKNEQ
GETYFEDSNIKQEIFDGVF
KEHRKVSKKKLLDFLAKE
YEEFRIVDVIGLDKENKAF
NASLGTYHDLEKILDKDF
LDNPDNESILEDIVQTLTL
FEDREMIKKRLENYKDLF
TESQLKKLYRRHYTGWG
RLSAKLINGIRDKESQKTI
LDYLIDDGRSNRNEMQLI
NDDGLSFKSIISKAQAGSH
SDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMG
YEPEQIVVEMARENQTTN
QGRRNSRQRYKLLDDGV
KNLASDLNGNILKEYPTD
NQALQNERLFLY YLQNGR!
DMYTGEALDIDNLSQYDI
DHIIPQAFIKDDSIDNRVL
VSSAKARGKSDDVPSLEI
VKDCKVFWKKLLDAKLM
SQRKYDNLTKAERGGLTS
DDKARFIQRQLVETRQITK
HVARILDERFNNELDSKG
RRIRKVKIVTLKSNLVSNF
RKEFGFYKIREVNDYHHA
HDAYLNAVVAKAILTKYP
QLEPEFVYGLYRRKKLSKI
VREDKEEKYSEATRKMFF
'YSNLMNMFKRVVRLADG
SIVVRPVIETGRYMGKTA
WDKKKHFATVRKVLSYP
QVNIVKKTEIQTGGFSKES
ILAHGNSDKLIPRKTKDIY
LDPKKYGGFDSPIVAYSV
LVVADIKKGKAQKLKTVT|
ELLGITIMERSKFEKNPSA
FLESKGYLNIRDDKLMILP
KYSLFELENGRRRLLASA
GELQKGNELALPTQFMKF
LYLASRYNESKGKPEEIEK
KQEFVNQHVSYFDDILQLI

ctggagaacggccgtegtegettacttgectcagegggtgaactgcaaaaa

NDFSKRVILADANLEKIN
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Iggcaac gaactggcgligecgacgcaatttatgaaattcctgtaccttgcaa

lgccgctataacgagtccaaaggcaagecggaggaaatcgaaaagaagea
lggagttcgtgaaccaacacgttagctatttcgacgacatcttgcaactgatta
acgactttagcaaacgtgttatacttgcggacgegaatctggagaaaatcaa
caaactgtaccaggataacaaagagaacattagcgtagacgagctggcaa
acaatattattaacctgtttacatttacttcactggggectccggcggcgtica

aattttttgacaagattgttgaccgtaagegttacaccagtacgaaagaagtg
Ctcaatagcaccctgatccaccagagcatcacgggcctgtacgaaaccegt
atcgatctgtccaaattgggggaagac (SEQ ID NO: 35)

KLYQDNKENISVDELANN
[INLETFTSLGAPAAFKFFD
KIVDRKRYTSTKEVLNST

LTHQSITGLYETRIDLSKLG
ED (SEQ ID NO: 36)

D10A (putative
RuvC-knockout)

atgaataaaccctattcaataggactaGCGatcggeaccaatagegtgg
gctggagcatcatcactgacgattacaaagtcccggcaaaaaagatgcgte
tctecggeaataccgacaaggagtacattaagaaaaatctcateggtgcact
clgttcgatggtggcaataccgeggeggaccgecgcttaaaacgtaceg
cegtegtegttacacceggegecgeaaccgeatectgtatettcaggaaat

agctttctggtggaagaggacaaacgiggtagcaagtacectatcticgcg
actcticaagaagaaaaggactatcacgaaaagtttccgacgatctatcacct
cglaaggagelcgcelgalaagcaggagaaagecgalclecgeltgalcla
ttagcgctggeccacatcattaagttccgeggtceattttctgattgaagacga

atctttgataccacctitgagaataaccatctgetgtcgcaaaacgtggacg
tgaggccatectgaccgataagatcagcaaaagegctaaaaaggatcgta
titggcgcagtaccccaaccagaaatccaccggtattitcgcagaatttitga
agctgattgtcggtaatcaagecgactiCaaaaaacacttcaacctggaaga
aaaacaccgetgeagttcgegaaagatagetacgacgaggatctggaga
acctgctgggtcagatcggtgatgagttcgeggatttgtitagecgegecaaa
aaaattatacgactcagtictgttgtctggtatictgacggtgattgacctgagc
actaaggctccgttgagtgegtctatgatccagegcetacgatgageaccge
aggacctcaaacagcetgaaacaatttgtgaaagegtcectgecggagaa
gtatcaggagatctttgctgactcectctaaggacggctacgcaggttatattg
aaggtaaaacgaaccaggaggcgtictataagtacctaagcaaactgctaa
[CCaaacaagaagactccgaaaacticctg gaaaagatcaagaacgaagac
ftcctgcgtaagcagegtacattcgacaacggtageattccgeatcaggttc
atctgaccgaactgaaagctatcatccgtcgtcaaagegagtactatcegttt
(taaaagaaaaccaggatcgcatcgaaaaaatectgaccticcgtattcegta
ttatattggtccactggegegtgaaaagagegacticgegtggatgaccegc
aaaaccgatgacagcattcgcccgtggaattttgaagatttggtcgataagg
agaagictgcagaagcgtitatccaccgcatgactaacaacgatttctacctg
lccggaagagaaagttctgccaaaacacagectgatttacgagaagttcace
gtttataatgagctaacgaaagttcgttacaagaacgagcagggtgaaacgt
acttctttgattccaacatcaaacaagaaattttcgatggtgtttttaaagageat
cgtaaggtttccaaaaagaagctgttagatttcctcgcgaaggagtacgagg
agtliccglalcglcgacglgalcggliciggacaaagagaacaaagcgliitaa
cgccagectgggcacctatcacgacctcgagaaaatcctggataaggactt
cttagacaatccggataacgaatctattcttgaggacattgtccagaccctga
cgttgttcgaagaccgtgaaatgattaagaagegtitggagaattataaggat
ttattcaccgaatctcaactgaagaaactgtaccgtegtcattataccggttgg
lggtcgectgtcggcgaagttaatcaatggtatccgggataaagaaagecag
aagaccattttggactacttgattgacgacggtcgetccaaccgtaacticat
lgcagcetgatcaacgatgacggcttgtectttaagageatcatttccaaggeg
Icaagcaggcagccatagegacaacctgaaagaggtegttggcgaalttg ocy
lgggcageccggccatcaaaaagggtatictgcagictitgaagatcgttgat
lgagctggtgaaagtcatgggttatgagecggaacagattgtggtogaaatg
gcacgtgaaaaccaaacgaccaatcaggeccgtcgeaactctcgtcaaag

tttgctgaagagatgtcgaaggtcgacgactecttctttcatcgtctggaggal

cgttttgacgttcgtaacaccgacattcaaaagcaataccaagetttcttgga

MNKPYSIGLAIGTNSVGW
SITDDYKVPAKKMRVLG
NTDKEYIKKNLIGALLFD
GGNTAADRRLKRTARRR
YTRRRNRILYLQEIFAEEM
SKVDDSFFHRLEDSFLVEE
DKRGSKYPIFATLQEEKD
YHEKFPTIYHLRKELADK
QEKADLRLIYLALAHIIKF
RGHFLIEDDRFDVRNTDIQ
KQYQAFLEIFDTTFENNHL)
LSQNVDVEAILTDKISKSA
KKDRILAQYPNQKSTGIFA
EFLKLIVGNQADFKKHFN
LEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAA
KKLYDSVLLSGILTVIDLS
TKAPLSASMIQRYDEHRE
DLKQLKQFVKASLPEKYQ
EIFADSSKDGYAGYIEGKT
NQEAFYKYLSKLLTKQED
SENFLEKIKNEDFLRKQRT
FDNGSIPHQVHLTELKATII
RRQSEYYPFLKENQDRIE
KILTFRIPY YIGPLAREKSD
FAWMTRKTDDSIRPWNFE
DLVDKEKSAEAFIHRMTN
NDFYLPEEKVLPKHSLIYE
KFTVYNELTKVRYKNEQ
GETYFFDSNIKQEIFDGVF
KEHRKVSKKKLLDFLAKE
'YEEFRIVDVIGLDKENKAF
NASLGTYHDLEKILDKDF
LDNPDNESILEDIVQTLTL
FEDREMIKKRLENYKDLF
TESQLKKLYRRHYTGWG
RLSAKLINGIRDKESQKTI
LDYLIDDGRSNRNFMQLI
NDDGLSFKSIISKAQAGSH
SDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMG
YEPEQIVVEMARENQTTN
QGRRNSRQRYKLLDDGV
KNLASDLNGNILKEYPTD
NQALQNERLFLY YLQNGR|
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atataaactgctggatgacggtgtgaaaaacttggcgagegacctgaacgg
taacatcctgaaggaatacccgacagataaccaggctctgcagaatgaacg
tctgtttttgtactacctgcaaaacggccgtgatatgtatactggtgaggccct
lggacatcgataacttgagccaatacgatatagatcatattatcccgeaggect
tcatcaaggacgactctatcgacaaccgtgtictggttagcagcgecaaaaa
tcgtggtaaatccgacgacgtaccaagettggagatcgtgaaagactgcaa
agtgttctggaaaaaactgitggacgcaaaactcatgagecagegeaaata
Cgacaatttgacgaaggcggagegtegtgacctgacctcggatgacaagg
cgcgctttattcaacgtcaactggtigaaaccaggcagattaccaagcacgt
lggctcgaatcctagacgaacgcttcaataatgagttggattccaagggccgt
cgtatccgeaaagtgaaaattgicaccctgaagagcaacctggtgtegaatt
tcagaaaggagttcggttittacaaaattagagaagtgaacgattatcatcatg|
Icacacgatgcctatctcaatgetgtggttgcgaaggcecatcttgaccaaatat
Iccgcaactggaaccggaattcgtitatggectgtatcgtcgaaagaagetgt
Cgaaaatcgttagagaggataaagaggaaaagtactctgaggcgacccge
aaaatgtttttttatagcaatttaatgaatatgtitaaacgtgtcgtgagacttge
agatggltcaattgtcgtacgtccggttatcgaaacgggacgctatatgggta
agaccgceatgg gataaaaaaaaacactttgcgaccgtgaggaaggtgctta
lgctacccgeaagtgaatattgtgaanaagaccgagattcagaccggtgect
ftagcaaggaaagcattctcgcgcacggcaactctgataagttgatcecacg
taagaccaaggatatctatctggatccgaaaaagtacggcggctttgatica
ccgaltgtigcatatagegliciggligiggcagatalcaagaagggcaagg
Icgcagaaactaaaaaccgttaccgaactcectcggtataaccattatggaacg
ftccaagttcgagaagaacccgagegegttectggagagtaagggctacct
lgaacatccgtgatgataaattaatgattcttccgaaatactecttaticgagetg
lgagaacggecgtegiegcttacttgectcagegggtgaactgcaaaaagg
lcaacgaactggcgttgccgacgcaatttatgaaattcctgtaccttgcaagcel
lgctataacgagtccaaaggcaagccggaggaaatcgaaaagaagcagga
lgttcgtgaaccaacacgttagcetatttcgacgacatcttgcaactgattaacg
actttagcaaacgtgttatacttgcggacgcgaatctggagaaaatcaacaa
actgtaccaggataacaaagagaacattagcgtagacgagclggcaaaca
atattattaacctgtttacatttacttcactggggectccggeggegttcaaattt
tttgacaagattgttgaccgtaagcgttacaccagtacgaaagaagtgctca
atagcaccctgatccaccagagcatcacgggectgtacgaaacccgtatcg
atctgtccaaattgggggaagac (SEQ ID NO: 37)

DMYTGEALDIDNLSQYDI
DHIIPQAFIKDDSIDNRVL
VSSAKNRGKSDDVPSLEI
VKDCKVFWKKLLDAKLM
SQRKYDNLTKAERGGLTS
DDKARFIQRQLVETRQITK
HVARILDERFNNELDSKG
RRIRKVKIVTLKSNLVSNF
RKEFGFYKIREVNDYHHA
HDAYLNAVVAKAILTKYP
QLEPEFVYGLYRRKKLSK]]
VREDKEEKYSEATRKMFF
'YSNLMNMFKRVVRLADG
SIVVRPVIETGRYMGKTA
WDKKKHFATVRKVLSYP
QVNIVKKTEIQTGGFSKES
ILAHGNSDKLIPRKTKDIY
LDPKKYGGFDSPIVAYSV
LVVADIKKGKAQKLKTVT]
ELLGITIMERSKFEKNPSA
FLESKGYLNIRDDKLMILP
KYSLFELENGRRRLLASA
GELQKGNELALPTQFMKF
LYLASRYNESKGKPEEIEK
KQEFVNQHVSYFDDILQLI
NDFSKRVILADANLEKIN
KL YQDNKENISVDELANN
INLFTFTSLGAPAAFKFFD
KIVDRKRYTSTKEVLNST
LIHQSITGLYETRIDLSKLG
ED (SEQ ID NO: 38)

E763A (putative
RuvC-knockout)

atgaataaaccctattcaataggactagatatcggcaccaatagegtegect
lggagcatcatcactgacgattacaaagtcccggcaaaaaagatgegtgttct
cggcaataccgacaaggagtacattaagaaaaatctcatcggtgcactget
lgttcgatggtggcaataccgeggeggaccgecgcttaaaacgtaccgeee
lgtcgtegttacacceggegecgcaaccgeatectgtatcticaggaaattttt
lectgaagagatgicgaaggtcgacgactectictitcatcgtctggaggata
lgctttctggtogaagaggacaaacgtggtagcaagtaccectatettcgegac
lclicaagaagaaaaggactalcacgaaaaglilccgacgalclalcacclg
cgtaaggagctcgctgataagcaggagaaagecgatctecgettgatctatt
tagcgctgecccacatcattaagttccgeggteattttctgattgaagacgac
cgttttgacgticgtaacaccgacatticaaaagcaataccaagctitcttgga
leatctttgataccacctttgagaataaccatctgcetgtcgcaaaacgtggacg
ttgaggccatcctgaccgataagatcagcaaaagegctaaaaaggatcgta
ttttg gcgcagtaccccaaccagaaatccaccggtattttcgcagaattettga
agctgattgtcggtaatcaagecgacticaaaaaacacttcaacctggaaga
ICaaaacaccgctgcagticgegaaagatagetacgacgaggatctggaga
acctgctgggtcagatcggteatgagticgcggatttgtttagcgcggcaaa
aaaattatacgactcagttctgttgtctggtattctgacggtgattgacctgage
actaaggctecgttgagtgcgtctatgatccagegetacgatgageaccgc

MNKPYSIGLDIGTNSVGW
SITDDYKVPAKKMRVLG
NTDKEYIKKNLIGALLFD
GGNTAADRRLKRTARRR
YTRRRNRILYLQEIFAEEM
SKVDDSFFHRLEDSFLVEE
DKRGSKYPIFATLQEEKD
'YHEKFPTITY HLRKELADK
QEKADLRLIYLALAHIIKF
RGHFLIEDDRFDVRNTDIQ
KQYQAFLEIFDTTFENNHL)|
LSQNVDVEAILTDKISKSA
KKDRILAQYPNQKSTGIFA
EFLKLIVGNQADFKKHFN
LEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAA
KKLYDSVLLSGILTVIDLS
TKAPLSASMIQRYDEHRE
DLKQLKQFVKASLPEKYQ
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Igag gacctcaaacagctgaaacaatttgtgaaagegicectgecggagaa
lgtatcaggagatctttgctgactcctctaaggacggctacgcaggttatattg
aaggtaaaacgaaccaggaggcgtictataagtacctaagcaaactgctaa
Iccaaacaagaagactccgaaaacticctggaaaagatcaagaacgaagac
ttcctgegtaageagegtacattcgacaacggtageattccgeatcaggttc
atctgaccgaactgaaagctatcatccgtegtcaaagegagtactatccegitt
ttaaaagaaaaccaggatcgcatcgaaaaaatcctgaccttccgtattecgtal
ttatattggtccactggegcgtgaaaagagegacttcgegtggatgaccegc
aaaaccgatgacagcattcgeccgtggaattttgaagatttggtcgataagg
agaagtctgcagaagcegtitatccaccgeatgactaacaacgatttctacctg
ccggaagagaaagtictgccaaaacacagectgattitacgagaagticace
lotttataatgagctaacgaaagttcgttacaagaacgagecagggtgaaacgt
acttctttgattccaacatcaaacaagaaattttcgatggtetttttaaagagcaty
cgtaaggtttccaaaaagaagctgttagatitcctcgcgaaggagtacgagg
agttccgtatcgtcgacgtgatcggictggacaaagagaacaaagcgtttaa
cgccagectgggcacctatcacgacctcgagaaaatectggataaggactt
Cttagacaatccggataacgaatctattcttgaggacattgtccagaccctga
cgttgttcgaagaccgtgaaatgattaagaagegtttggagaattataaggat
ttattcaccgaatctcaactgaagaaactgtaccgtcgtcattataccggttgg
lggtcgectgtcggcegaagttaatcaatggtatccgggataaagaaagecag
aagaccattttggactacttgattgacgacggtcgcetccaaccgtaacttcat
lgcagctgalcaacgatgacggctigiccittaagagcalcalticcaaggcg
ICaagcaggcagccatagcgacaacctgaaagaggtggttggcgaattggc
lgggcageccggcecatcaaaaagggtattctgeagtetitgaagatcgttgat
lgagctggtgaaagtcatgggttatgagceggaacagatigtggteGCGa
tggcacgtgaaaaccaaacgaccaatcagggecgtcgeaactctcgtcaa
agatataaactgctggatgacggtgtgaaaaacttggegagegacctgaac
lggtaacatcctgaaggaatacccgacagataaccaggcetctgcagaatgaa
cgtetgtttttgtactacctgcaaaacggecgtgatatgtatactggtgaggce
ctggacatcgataacttgagccaatacgatatagatcatattatcccgeaggce
Cttcatcaaggacgactctatcgacaaccgtgtictggttagcagegecaaa
aatcgtggtaaatccgacgacgtaccaagettggagatcgtgaaagactge
aaagtgtictggaaaaaactgttggacgcaaaactcatgagecagegcaaa
tacgacaatttgacgaaggcggagcgtggtggcctgacctcggatgacaa
lggcgegctttattcaacgtcaactggttgaaaccaggcagattaccaageac
lgtggctcgaatcctagacgaacgcttcaataatgagttggattccaagggcce
gtcgtatccgcaaagtgaaaattgtcaccetgaagagcaacctggtgtcgaal
tttcagaaaggagttcggtttttacaaaattagagaagtgaacgattatcatca
tgcacacgatgcctatctcaatgetgtggttgcgaaggccatcttgaccaaat
atccgcaactggaaccggaattegtttatggectgtatcgtcgaaagaaget
lgtcgaaaatcgttagagaggataaagaggaaaagtactctgaggcgacce
lgcaaaatgtttttttatagcaatttaatgaatatgtttaaacgtgtcgtgagactt
lgcagatggttcaattgtcgtacgtceggttatcgaaacgggacgctatatgg
lgtaagaccgcatgggataaaaaaaaacactttgcgaccgtgaggaaggtg
cttagctacccgcaagtgaatatigtgaaaaagaccgagaticagaccggtgl
lgctttagcaaggaaagcattctcgegeacggcaactctgataagttgatcee
acglaagaccaaggalalctalctggatccgaaaaaglacggcgectiigat
fcaccgattgttgcatatagegttctggttgtggcagatatcaagaagggcaa
lggcgcagaaactaaaaacegttaccgaactecteggtataaccattatggaa
cgttccaagticgagaagaacccgagegcgtiicctggagagtaagggcta
lcctgaacatccgtgatgataaattaatgattcttccgaaatactecttattcgag
Ictggagaacggccgtegtcgettacttgectcagegggtgaactgcaaaaa
lggcaacgaactggegttgccgacgcaatttatgaaattcetgtaccttgcaa
lgccgctataacgagtccaaaggeaagecggaggaaatcgaaaagaagca

EIFADSSKDGYAGYIEGKT
NQEAFYKYLSKLLTKQED
SENFLEKIKNEDFLRKQRT
FDNGSIPHQVHLTELKAII
RROSEYYPFLKENQDRIE
KILTFRIPY YIGPLAREKSD
FAWMTRKTDDSIRPWNFE
DLVDKEKSAEAFIHRMTN
NDFYLPEEKVLPKHSLIYE
KFTVYNELTKVRYKNEQ
GETYFFDSNIKQEIFDGVF
KEHRKVSKKKLLDFLAKE
YEEFRIVDVIGLDKENKAF
NASLGTYHDLEKILDKDF
LDNPDNESILEDIVQTLTL
FEDREMIKKRLENYKDLF
TESQLKKLYRRHYTGWG
RLSAKLINGIRDKESQKTI
LDYLIDDGRSNRNFMQLI
NDDGLSFKSIISKAQAGSH
SDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMG
YEPEQIVVAMARENQTTN
QGRRNSRORYKLLDDGV
KNLASDLNGNILKEYPTD
NQALQNERLFLY YLQNGR
DMYTGEALDIDNLSQYDI
DHIIPQAFIKDDSIDNRVL
VSSAKNRGKSDDVPSLEI
VKDCKVFWKKLLDAKLM
SQRKYDNLTKAERGGLTS
DDKARFIQRQLVETRQITK
HVARILDERFNNELDSKG
RRIRKVKIVTLKSNLVSNF
RKEFGFYKIREVNDYHHA
HDAYLNAVVAKAILTKYP
QLEPEFVYGLYRRKKLSKI
VREDKEEKYSEATRKMFF
'YSNLMNMFKRVVRLADG
SIVVRPVIETGRYMGKTA
'WDKKKHFATVRKVLSYP
QVNIVKKTEIQTGGFSKES
L. AHGNSDKLIPRKTKDIY
LDPKKYGGFDSPIVAYSV
LVVADIKKGKAQKLKTVT]
ELLGITIMERSKFEKNPSA
FLESKGYLNIRDDKLMILP
KYSLFELENGRRRLLASA
GELQOKGNELALPTQFMKF
LYLASRYNESKGKPEEIEK
KQEFVNQHVSYFDDILQLI
NDFSKRVILADANLEKIN
KLYQDNKENISVDELANN
[INLFTFTSLGAPAAFKFFD

gagttcgtgaaccaacacgttagctatticgacgacatcttgcaactgatta

KIVDRKRYTSTKEVLNST
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acgactttagcaaacgtgttatacttgcggacgegaatctggagaaaatcaa
lcaaactgtaccaggataacaaagagaacattagcgtagacgagcetggcaa
acaatattattaacctgtttacatttacttcactggggectccggcggcgtica

aattttttgacaagattgttgaccgtaagegttacaccagtacgaaagaagtg
Ctcaatagcaccctgatccaccagagcatcacgggcectgtacgaaacccgt
atcgatctgiccaaattgggggaagac (SEQ ID NO: 39)

LIHQSITGLYETRIDLSKLG
ED (SEQ ID NO: 40)

RuvC-knockout)

D991A (putative

atgaataaaccclattcaataggactagatatcggcaccaatagegtgg gct
lggagcatcatcactgacgattacaaagtcccggcaaaaaagatgegtgttct
Icggcaataccgacaaggagtacattaagaaaaatctcatcggtgcactgct
lgttcgatggtgocaataccgeggcggaccgccgcttaaaacgtaccgece
lgtcgtegttacacccggegecgceaaccgeatectgtatcticaggaaattett
lgctgaagagatgtcgaaggtcgacgactectictttcatcgtctggaggata
lgctttctggtggaagaggacaaacgtggtagcaagtaccctatcttcgegac
tcttcaagaagaaaaggactatcacgaaaagtttccgacgatctatcacctg
cgtaaggagctcgetgataagcaggagaaagecgatctccgettgatctatt
tagcgctggcccacatcattaagttccgeggtcattttctgattgaagacgac
cgtittgacgttcgtaacaccgacattcaaaagcaataccaagctttcttgga
lgatclitgataccacctligagaataaccalclgetgicgcaaaacgtggacg
ftgaggccatcctgaccgataagatcagcaaaagegctaaaaaggatcgta
ttttggcgcagtaccccaaccagaaatccaccggtattttcgeagaatttttga
agctgattgtcggtaatcaagecgacticaaaaaacacticaacctggaaga
lcaaaacaccgctgcagttcgegaaagatagetacgacgaggatctggaga
acctgctgggtcagatcggtgatgagttcgcggatttgtttagecgcggcaaa
aaaattatacgactcagtectgttgtctggtatictgacggtgattgacctgage
actaaggctecgttgagtgegtctatgatccagegetacgatgageaccge
lgaggacctcaaacagctgaaacaatttgtgaaagegtecctgecggagaa
lgtatcaggagatctitgctgactcctctaaggacggctacgcaggtiatattg
aaggtanaacgaaccaggaggcgttctataagtacctaagcaaactgctaa
IcCaaacaagaagactccgaaaacttcctggaaaagatcaagaacgaagac
ttcctgcgtaagcagegtacattcgacaacggtageattccgeatcaggttc
atctgaccgaactgaaagctatcatccgtegtcaaagegagtactatecgttt
ttaaaagaaaaccaggatcgeatcgaaaaaatcctgaccttccgtattecgta)
ftatattggtccactggcgegtgaaaagagegacttcgegtggatgaccegc
aaaaccgatgacagcattcgeccgtggaattttgaagatttgetcgataagg
agaaglctgcagaagcgtitatccaccgeatgactaacaacgattictacctg
ccggaagagaaagtictgccaaaacacagectgatttacgagaagticace
jgtttataatgagctaacgaaagttcgttacaagaacgagcagggtgaaacgt
acttctitgattccaacatcaaacaagaaattttcgatggtetttttaaagagcat]
cgtaaggtttccaaaaagaagcetgttagatttcctcgcgaaggagtacgagg
agttccgtatcgtcgacgtgatcggtctggacaaagagaacaaagegtttaa
cgccagectgggcacclatcacgacctcgagaaaatcctggataaggactt
cttagacaatccggataacgaatctattcttgaggacattgtccagaccctga
cgligitcgaagaccglgaaatgallaagaageglilggagaaltataaggat
ftattcaccgaatctcaactgaagaaactgtaccgtcgtcattataccggttgg
lggtcgectgteggegaagttaatcaatggtatccgggataaagaaagecag
aagaccattttggactactigattgacgacggtcgcetccaaccgtaacticat
lecagctgatcaacgatgacggcttgtectttaagagcatcatttccaaggcg
lcaagcaggcagccatagcgacaacctgaaagaggtggttggcgaattgoc
lgggcageecggcecatcaaaaagggtatictgcagtctitgaagatcgttgat
lgagctggtgaaagtcatgggttatgagecggaacagatigtggtogaaatg
lgcacgtgaaaaccaaacgaccaatcagggecgtcgeaactctcgtcaaag
atataaactgctggatgacggtgtgaaaaacttggcgagegacctgaacgg
taacatcctgaaggaatacccgacagataaccaggctctgcagaatgaacg
fctgtttttgtactacctgcaaaacggccgtgatatgtatactggtgaggccct

MNKPYSIGLDIGTNSVGW
SIITDDYKVPAKKMRVLG
NTDKEYIKKNLIGALLFD
GGNTAADRRLKRTARRR
'YTRRRNRILYLQEIFAEEM
SKVDDSFFHRLEDSFLVEE
DKRGSKYPIFATLQEEKD
YHEKFPTIYHLRKELADK
QEKADLRLIYLALAHIIKF
RGHFLIEDDRFDVRNTDIQ
KQYQAFLEIFDTTFENNHL)
LSQNVDVEAILTDKISKSA
KKDRILAQYPNQKSTGIFA
EFLKLIVGNQADFKKHEN
LEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAA
KKLYDSVLLSGILTVIDLS
TKAPLSASMIQRYDEHRE
DLKQLKQFVKASLPEKYQ
EIFADSSKDGYAGYIEGKT
NQEAFYKYLSKLLTKQED
SENFLEKIKNEDFLRKQRT
FDNGSIPHQVHLTELKAII
RRQSEYYPFLKENQDRIE
KILTFRIPY YIGPLAREKSD
FAWMTRKTDDSIRPWNFE
DLVDKEKSAEAFIHRMTN
NDFYLPEEKVLPKHSLIYE
KFTVYNELTKVRYKNEQ
GETYFFDSNIKQEIFDGVF
KEHRKVSKKKLLDFLAKE
YEEFRIVDVIGLDKENKAF
NASLGTYHDLEKILDKDF
LDNPDNESILEDIVQTLTL
FEDREMIKKRLENYKDLF
TESQLKKLYRRHYTGWG
RLSAKLINGIRDKESQKTI
LDYLIDDGRSNRNFMQLI
NDDGLSFKSIISKAQAGSH
SDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMG
YEPEQIVVEMARENQTTN
QGRRNSRQRYKLLDDGV
KNLASDLNGNILKEYPTD
NQALQNERLFLY YLQNGR
DMYTGEALDIDNLSQYDI
DHIIPQAFIKDDSIDNRVL
VSSAKNRGKSDDVPSLEI
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ggacatcgataacttgagccaatacgatatagatcatattatcccgeaggect
catcaaggacgactctatcgacaaccgtgtictggttagcagcgecaaaaa
cgtggtaaatccgacgacgtaccaagcttggagatcgtgaaagactgcaa
agtgtictggaaaaaactgttggacgcaaaactcatgagccagegcaaata
gacaatttgacgaaggcggagcegtggtggcctgacctcggatgacaagg
gegctttaticaacgtcaactggligaaaccaggcagattaccaageacgt
gcetcgaatcctagacgaacgcettcaataatgagttggattccaagggecgt
gtatccgcaaagtgaaaattgtcaccctgaagagcaacctggtgtcgaatt
cagaaaggagttcggtttttacaaaattagagaagtgaacgattatcatcatg|
acacGCGgcctatctcaatgetgtg gttocgaaggccatettgaccaaa
alccgeaactggaaccggaattcgtitatggectgtatcgicgaaagaaget
tcgaaaatcgttagagaggataaagaggaaaagtactctgaggcgacce
caaaatgtttttttatagcaatttaatgaatatgtttaaacgtgtcgtgagactt
cagatggttcaattgtcgtacgtccggttatcgaaacgggacgctatatgg
taagaccgcatgggataaaaaaaaacactitgcgaccgtgaggaaggte
ttagctacccgeaagtgaatatigtgaaaaagaccgagattcagaccggtg|
ctitagcaaggaaagcattctcgegeacggcaactctgataagttgatcee
acgtaagaccaaggatatctatctggatccgaaaaagtacggcggctttgat
caccgattgttgcatatagcgttctggttgtggcagatatcaagaagggcaa
gcgcagaaactaaaaaccgttaccgaactectcggtataaccattatggaal
gttccaagttcgagaagaacccgagegegttcctggagagtaagggcta
clgaacalccglgatgalaaattaatgaliciiccgaaatacicctlalicgag
tggagaacggccgicgtegettacttgectcagegggtgaactgcaaaaa
gcaacgaactggcgttgccgacgcaatttatgaaattcctgtaccttgeaa
ccgelataacgagiccaaaggcaagecggaggaaatcgaaaagaagcea
ggagltcgtgaaccaacacgttagetatitcgacgacatcttgcaactgatta
acgactttagcaaacgtgttatacttgcggacgcgaatctggagaaaatcaa
Caaactgtaccaggataacaaagagaacattagcgtagacgagctggcaa
acaatattattaacctgtttacatttacttcactggggoctccggeggcgtica
aattttttgacaagattgttgaccgtaagegttacaccagtacgaaagaagtg
Ctcaatagcaccctgatccaccagageatcacgggcectgtacgaaaccegt
atcgatctgtccaaattgggggaagac (SEQ ID NO: 41)

VKDCKVFWKKLLDAKLM
SQRKYDNLTKAERGGLTS
DDKARFIQRQLVETRQITK
HVARILDERFNNELDSKG
RRIRKVKIVTLKSNLVSNF
RKEFGFYKIREVNDYHHA
HAAYLNAVVAKAILTKYP
QLEPEFVYGLYRRKKLSKI
VREDKEEKYSEATRKMFF
'YSNLMNMFKRVVRLADG
SIVVRPVIETGRYMGKTA
WDKKKHFATVRKVLSYP
QVNIVKKTEIQTGGFSKES
ILAHGNSDKLIPRKTKDIY
LDPKKYGGFDSPIVAYSV
LVVADIKKGKAQKLKTVT]
ELLGITIMERSKFEKNPSA
FLESKGYLNIRDDKLMILP
KYSLFELENGRRRLLASA
GELQKGNELALPTQFMKF
LYLASRYNESKGKPEEIEK
KQEFVNQHVSYFDDILQLI
NDFSKRVILADANLEKIN
KL YQODNKENISVDELANN
[INLFTFTSLGAPAAFKFFD
KIVDRKRYTSTKEVLNST
LIHQSITGLYETRIDLSKLG
ED (SEQ ID NO: 42)

A linear DNA template encoding an RNA guide was designed with a T7 promoter

upstream and a T7Te terminator sequence downstream. The RNA guide was designed to be

specific to a previously tested target sequence, described in Example 1 and Table 2 above,

within the coding exon of EMX1 with a 5°-NGG-3" PAM sequence (the PAM is 3’ of the

target sequence). The T7 promoter uses a +1 G at the start of the transcript (i.e., the 5° end of

the RNA) for more efficient transcription that is shown for SEQ ID NO: 44. The sequence of

the encoded RNA guide and its individual components are shown in Table 6.

Table 6. RNA Sequences

Description RNA sequence SEQID NO
Reference lguunuagageugugcugaaaagcacageacguudadanaaggcagugauugaadaauc 2
sgRNA scaffold jcaguccguauucagcuugaaaaagugageaccgaaucggugeuu

75



10

15

WO 2025/049928 PCT/US2024/044701
EMX1-T2 UGGAUGGCGACUUCAGGCAC 18
spacer
T7Te lggcucaccuucgggugggCCuuucugceg 43
Terminator
T7 transcribed  |gUGGAUGGCGACUUCAGGCACguuuuagagcugugeugaaaageaca 44
EMX1-T2 lgcacguuaaaauasggcagugauugaaaaauccaguccguauuCcagCuugaaaaagug
sgRNA agcaccgaaucggugeuugecucaccuucgggugggccutucugeg

A DNA target was designed and ordered as a synthesized linear DNA fragment. The

target sequence from EMX1 and 10 bases upstream and downstream within the exon was

flanked by 200 bases of unrelated sequence upstream and 100 bases of unrelated sequence

downstream. The extra sequence was added so that the cleaved and uncleaved products would

separate well on a gel. The target and non-target strands were labelled with 5° IR700 and 5’

IR800 labels, respectively, through PCR amplification using labelled primers. The sequences

of the DNA target, the individual components of the DNA target, and the labelled PCR primers

are in Table 7.

Table 7. Target gBlock and Primer Sequences
DNA sequence SEQ ID
EMX1-T2 target TGGATGGCGACTTCAGGCAC 17
EMX1-T2 MWGGAAAGCTT 45
upstream 10 nt
EMX1-T2 MWGGATAGGCC 46
downstream 10 nt
200 nt upstream  [cagcaaaacccgtacttttggacgttccggeggttttttgtggcgagtggtgttcgggcggtgcgegeaagat 47
sequence ccalctagattatgtiaaacgggcgagtitacatgaattccgagelccaaaaccgecegettaaggtagg gaa
tgcgagtccatgtctegttatacgetgtggticgccaaccggtccgatactact
100 nt actactgtccgataatcgaagatatgagacgaacacccaaatcaccctcagegegattaagetcatagtactal 48
downstream cggtacciccagictaaagettigage
sequence
Full target gblock [cagcaaaacccgtacttttggacgttccggeggttttttgtgacgagtggtgticgggcggtgcgcgcaagat 49
ccatctagattatgttaaacgggcgagtitacatgaattccgagetccaaaaccgeccgettaaggtagggaa
tgcgagtccatgtetegttatacgetgtggttcgecaaccggtecgatactactAGGAAAGCTTTGG
ATGGCGACTTCAGGCACAGGATAGGC Cactactgtccgataatcgaagatatgaga
Cgaacacccaaatcaccctcagegegattaagetcatagtactacggtacctccagictaaagetitgage
Forward primer [SIRD800/CAGCAAAACCCGTACTTTTGGACG 50
Reverse primer  SIRD700/GCTCAAAGCTTTAGACTGGAGGTACCG 51

Cleavage activity of the reference CRISPR nuclease (SEQ ID NO: 1) and each of the

putative nickases was assessed using in vitro cleavage assays. Each polypeptide was

individually co-expressed with the RNA guide in vitro by incubating the plasmid encoding the

protein of interest from Table 5 and linear DNA template for the T7 transcribed EMX1-T2
sgRNA from Table 6 in a PURExpress® solution (NEB) containing SUPERase*In™ RNase

Inhibitor (Invitrogen) for 2 hours at 37°C. The unpurified polypeptide/RNA solution was then
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diluted into a solution of 1X NEB Buffer 2 (NEB) containing approximately 1 ng/ul of the
labelled DNA target amplicon. The solution was then incubated for 1 hour at 37°C. Reactions
were stopped by incubating with RNase Cocktail™ (Invitrogen; approximately 1 U/ul final
concentration) at 37°C for 15 minutes, followed by incubating with Proteinase K (NEB;
approximately 0.04 U/ul final concentration) at 55°C for 30 minutes. The DNA was then
purified using CleanNGS DNA & RNA Clean-Up Magnetic Beads (Bulldog Bio).

The cleaved and uncleaved products of the target and non-target strands were separated
by running the samples on a 10% TBE-Urea PAGE gel. The gel was imaged using a LI-COR
Odysssey M imaging system using the 700 nm and 800 nm channels to visualize the 5° IR700
and 5’ IR800 labels on the target and non-target strands of the target DNA substrate. Band
intensities were quantified using ImagelJ software.

Gel images are shown in FIGs. 2A-2C, and quantification of the percent of cleaved
target and non-target strands are shown in FIG. 2D. The uncleaved, HNH-cleaved, and RuvC-
cleaved strands are indicated. FIG. 2A is a gel image captured using the 700 nm channel
showing cleavage of the target strand. FIG. 2B is a gel image captured using the 800 nm
channel showing cleavage of the non-target strand. FIG. 2C is an overlay of the gel images
from FIG. 2A and FIG. 2B. As shown in FIG. 2A-2D, the reference CRISPR nuclease (SEQ
ID NO: 1) cleaved both the target strand and the non-target strand, as expected. Three of the
four HNH-knockout nickase constructs (H845A, H845L., and N868A) showed significantly
decreased activity on the target strand while retaining activity on the non-target strand. Each of
the three RuvC-knockout nickase constructs (D10A, E763A, and D991A) showed significantly
decreased activity on the non-target strand while retaining activity on the target strand (FIGs.
2A-2D).

This Example thus shows that HNH-knockout nickases and RuvC-knockout nickases
were successfully engineered. The H845A variant was chosen to install edits into human gene

targets, as described in Example 5 below.

Example 5: Fusion of CRISPR Nuclease and CRISPR Nickase to a Reverse Transcriptase

In this Example, a reverse transcriptase polypeptide was fused to the C-terminus of the
CRISPR nuclease of SEQ ID NO: 1 or an H845A nickase variant of the CRISPR nuclease
(SEQ ID NO: 32). See Tables 1 and 5 above.

A sequence encoding the CRISPR nuclease-reverse transcriptase fusion polypeptide
was cloned into a pcDNA3.1 vector (Invitrogen) comprising a CMV promoter. The fusion

comprised the following components arranged from N- to C-termini: 1) SV40 NLS, 2) the
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CRISPR nuclease of SEQ ID NO: 1, 3) XTEN linker, 4) a variant Moloney Murine Leukemia
Virus (MMLYV) reverse transcriptase, and 5) the nucleoplasmin NLS. The nucleotide and
amino acid sequences of the SV40 NLS, the CRISPR nuclease of SEQ ID NO: 1, the XTEN

linker, and nucleoplasmin NLS are shown in Table 1 in Example 1, and the nucleotide and

amino acid sequences of the variant MMLYV are shown in Table 9 below. The variant MMLV

reverse transcriptase was a human codon-optimized DNA sequence. Research grade plasmids

were received from GenScript.

Table 9. Reverse Transcriptase (RT) Sequences

geggaaaccggggeacatggoactggeagiicgccaagetectctgate
atacctctgaaagcaacctctacccecgtgtccataaaacaataccecat
gtcacaagaagccagactggggatcaagecccacatacagagactgtt
ggaccagggaatactggtaccctgecagtccecctggaacacgeccct
gctaccegttaagaaaccagggactaatgattataggectgtecaggate
tgagagaagtcaacaagcgggtegaagacatccaccceaccgtgece
aacccttacaacctcttgagegggctcecaccegicccaccagtggtaca
ctgtgcttgatttaaaggatgectttttctgectgagactccaccecaccag
tcagectetettcgectttgagtggagagatccagagatgggaatctcag
gacaattgacctggaccagactcccacagggtttcaaaaacagtcecac
cctgtttaatgaggcactgcacagagacctagecagacttccggatccag
cacccagacttgatcctgetacagtacgtggatgacttactgetggecge
cacttctgagcetagactgccaacaaggtactcgggecctgttacaaacce
tagggaacctcgggtatcggecctcggecaagaaageccaaatttgee
agaaacaggtcaagtatctggggtatctictaaaagagggtcagagatg
getgactgaggccagaaaagagaclglgatggggcagectactccgaa
gaccectcgacaactaagggagttcctagggaaggcaggctictgtcge
ctcttcatcectgggtitgecagaaatggcageecccctgtacectetcace
aaaccggggactctgtttaattggggcccagaccaacaaaaggcctate
aagaaatcaagcaagctcttctaactgecccageectgggetteccaga
tttgactaagccectttgaactetttgtcgacgagaagceagggctacgeca
aaggtgtcctaacgcaaaaactgggaccttggcgtcggecggtggcct
acclgliccaaaaagclagacccaglageagetgggtggcccectigect
acggatggtagcagccattgecgtactgacaaaggatgcaggcaaget
aaccatgggacagccactagtcattctggecccccatgecagtagaggea
ctagtcaaacaaccccccgaccgetggctitccaacgeccggatgactc
actatcaggccttgettttggacacggaccgggtcecagttcggaccggtg
gtagecctgaacccggetacgetgeteeccactgectgaggaagggectg
Caacacaactgccttgatatcctggccgaageccacggaacccgacce
gacctaacggaccagcecgeteccagacgecgaccacacctggtacac
ggatggaagcagtctcttacaagagggacagegtaaggcegggagctg
cggtgaccaccgagaccgaggtaatctgggctaaagecctgecagee
gggacatccgetcagegggctgaactgatageactcacccaggeccta
aagatggcagaaggtaagaagctaaatgtttatactgatagcegttatgct
tttgctactgeccatatccatggagaaatatacagaaggegtgggteoct
cacatcagaaggcaaagagatcaaaaataaagacgagatcttggecct
actaaaageccicttictgcccagaagacttageataatccattgtccage

Component Nucleotide Sequence Amino Acid Sequence
Variant atgaccctaaatatagaagatgagtatcggctacatgagacctcaaaaga | MTLNIEDEYRLHETSKEPDV
MMLV gecagatgtttetctagggtccacatggetgtcetgattttectcaggeetgg | SLGSTWLSDFPQAWAETGG

MGLAVRQAPLIIPLKATSTPV
SIKQYPMSQEARLGIKPHIQR
LLDQGILVPCQSPWNTPLLP
VKKPGTNDYRPVQDLREVN
KRVEDIHPTVPNPYNLLSGLP
PSHQWYTVLDLKDAFFCLR
LHPTSQPLFAFEWRDPEMGI
SGQLTWTRLPQGFKNSPTLF
NEALHRDLADFRIQHPDLILL
QYVDDLLLAATSELDCQQG
TRALLQTLGNLGYRASAKK
AQICQKQVKYLGYLLKEGQ
RWLTEARKETVMGQPTPKTP
RQLREFLGKAGFCRLFIPGFA
EMAAPLYPLTKPGTLFNWGP
DQQKAYQEIKQALLTAPALG
LPDLTKPFELFVDEKQGYAK
GVLTQKLGPWRRPVAYLSKK
LDPVAAGWPPCLRMVAATAV
LTKDAGKLTMGQPLVILAPH
AVEALVKQPPDRWLSNARM
THYQALLLDTDRVQFGPVVA
LNPATLLPLPEEGLQHNCLDI
LAEAHGTRPDLTDQPLPDAD
HTWYTDGSSLLQEGQRKAG
AAVTTETEVIWAKALPAGTS
AQRAELIALTQALKMAEGK
KLNVYTDSRYAFATAHIHGEI
YRRRGWLTSEGKEIKNKDEI
LALLKALFLPKRLSITHCPGH
QKGHSAEARGNRMADQAA
RKAAITETPDTSTLLIENSSP
(SEQID NO: 53)
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acatcaaaagggacacagcgccgaggctagaggeaaccggatggetg
accaagcggceccgaaaggeagecatcacagagactccagacacctct
accctectcatagaaaattcatcacce (SEQ ID NO: 52)

The CRISPR nuclease-reverse transcriptase fusion polypeptide plasmid DNA was then

used to install an H845A nickase mutation (see Example 4) using a site-directed mutagenesis

kit (New England Biolabs®). The nucleotide and amino acid sequences of the CRISPR

nuclease-reverse transcriptase fusion polypeptide and the CRISPR nickase-reverse

transcriptase fusion polypeptide are shown in Table 8. The codon encoding the substituted

HB845A residue is capitalized, bold, and underlined in the nucleotide sequence, and the

substituted residue is shown in bold and underlined in the amino acid sequence. The sequence-

verified plasmids were then purified using a Qiagen Maxiprep kit.

Table 8. Fusion Polypeptides

Fusion Nucleotide Sequence Amino Acid Sequence
polypeptide

CRISPR atgaaacggacagccgacggaagegagttcgagtcaccaaaga | MKRTADGSEFESPKKKRKVN

nuclease-reverse | agaagcggaaagtcaacaagccttacagcatcggectggatatc | KPYSIGLDIGTNSVGWSIITD

transcriptase ggcaccaacagegtgggatggtctatcatcacagatgactacaag | DYKVPAKKMRVLGNTDKE

fusion gtgectgecaagaaaatgagagtgttaggcaacaccgacaagga | YIKKNLIGALLFDGGNTAA

polypeptide gtacatcaagaagaacctgatcggegecectectgttcgacggegg | DRRLKRTARRRYTRRRNRIL
aaacacagccgecgatcggeggctgaaaaggaccgecagacg | YLQEIFAEEMSKVDDSFFHR
gagatatacgcggcggagaaatagaatcetgtacttacaggaaat | LEDSFLVEEDKRGSKYPIFA
cttcgetgaggagatgageaaagtggacgactcettttttccacaga | TLQEEKDYHEKFPTIYHLRK
ctggaagatagctttttggtggaagaggacaagegaggctctaag | ELADKQEKADLRLIYLALA
taccctatcttcgetacactgcaagaggaaaaggactaccacgag | HIKFRGHFLIEDDRFDVRN
aaglticccaccatctaccacctgaggaaagagetggcggacaaa | TDIQKQYQAFLEIFDTTFEN
caagagaaggccgacctgagactgatctaccttgeectggetcat | NHLLSQNVDVEAILTDKISK
atcatcaagttcagaggccacttcctgatcgaggacgacagattcg | SAKKDRILAQYPNQKSTGIF
acgtgagaaatacagatatccagaagcagtaccaggectttctgg | AEFLKLIVGNQADFKKHEN
agatcttcgacaccacctttgaaaacaaccacctgetgagecaaaa | LEDKTPLQFAKDSYDEDLE
cglggalgiggaagccalctlaaccgataagalciccaagagege | NLLGQIGDEFADLFSAAKK
caagaaagatagaatcctcgeccagtatcctaaccagaaaagcac | LYDSVLLSGILTVIDLSTKAP
cggtatcttcgecgaattectgaagetgategtgggcaaccagge | LSASMIQRYDEHREDLKQL
cgacttcaaaaaacactttaacctggaggacaaaacacctetgca | KQFVKASLPEKY QEIFADSS
gtttgccaaggactcectacgacgaagatctggaaaacctgetggg | KDGYAGYIEGKTNQEAFYK
ccagatcggcgacgagttcgecgatetgttcagecgecgetaagaa | YLSKLLTKQEDSENFLEKIK
actgtacgacagcgtgctgctgageggcatcttgacagtgatcgat | NEDFLRKQRTFDNGSIPHQV
ctgtccacaaaggeccecctgagegecageatgatccagagata | HLTELKAIIRRQSEY YPFLK
cgacgagcacagagaggatctgaagcagetgaagceagtttgtga | ENQDRIEKILTFRIPY YIGPL
aggcctelctgeccgagaagilaccaggagattittgeggactcca | AREKSDFAWMTRKTDDSIR
gcaaggatggatacgccggatacattgagggcaagaccaacca | PWNFEDLVDKEKSAEAFIH
ggaagctttctacaagtacctgtctaaactgetgaccaaacaggaa | RMTNNDFYLPEEKVLPKHS
gattccgagaacttcctggagaaaatcaagaacgaagatttecctga | LIYEKFTVYNELTKVRYKN
gaaagcagaggaccttcgacaacggcagcatcceccaccaggt | EQGETYFFDSNIKQEIFDGV
ccacctgaccgagetgaaggcetatcatcagacgacagagigagt | FKEHRKVSKKKIIDFLAKE
actaccccttcetgaaggaaaatcaagacagaatcgagaagattct | YEEFRIVDVIGLDKENKAFN
gacattcagaatcccatactatatcggacctetggcccgtgaaaag | ASLGTYHDLEKILDKDFLD
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agcgacttcgectggatgaccagaaagaccgatgattctatccgg
cectggaacttcgaggacctggtggacaaggaaaagtetgecga
ggccttcatccaccggatgaccaacaacgacttctacctgectgaa
gagaaggtgctgcctaaacattccectgatctacgaaaagttcacag
tgtacaacgagctgaccaaggttagatacaagaacgagcaggec
gagacgtacttcttcgactctaatatcaagcaggaaatcticgatgg
agtgttcaaggagcaccggaaggtctctaagaagaaactgttaga
cttcctggctaaggaatacgaggaattccggatcgtggacgtgate
ggactggataaggagaacaaagcctitaacgccagectgggaac
ataccacgacctggagaagatcctcgacaaggacttcctggataa
ccecgacaalgaglccateclggaagatalcglgeagacgelgac
actgticgaggacagagagatgatcaagaagagactggaaaact
acaaggatctgttcaccgagagccagctgaagaagttgtatagac
ggcactacaccggatggegccgectgiccgctaaactgatcaac
ggcatcagagataaggaaagtcagaaaaccatcctggactactta
atcgacgatggcagaagcaaccggaacticatgcagetgatcaac
gatgatggcttgagcttcaagtctatcatctctaaggcccaggccg
gaagccacagcgataacctgaaggaagtggteostgagctegc
cggctetectgecatcaagaagggcatectgcaaagtctaaagatt
glcgacgagctggtgaaggtoatggoctatgaacctgagcagatc
gtggtggaaatggccagagaaaaccagacaaccaatcaaggca
gaagaaacagcagacagcggtacaagetgctggacgacggcgt
gaagaatctggccagcegacctgaacggcaacatcctgaaagagt
acccaaccgacaaccaggecctgecagaacgagegectgtttetgt
actacctgcagaacggcagagacatgtacaccggegaagecctg
gatatcgataacctgagccagtacgatatcgaccacataatcccac
aggcctttatcaaggatgatictattgataatcgggtgcttgtctcca
gcgcgaagaacagaggaaagagcgacgacgtecccagectcg
aaatcgtgaaagactgcaaggtgtictggaagaagetcctggacg
ccaagctgatgagccagagaaagtacgacaacctgaccaaggc
cgagagaggaggcctgaccagegacgataaggctagattcatce
aaaggcagctggtcgaaaccagacagatcaccaageacgtgec
caggatcctcgacgageggttcaataacgagetggacagcaaag
gtagaagaattagaaaggttaagatcgtcaccctgaagictaatctt
gtgtcecaacttccggaaggagttcggctictacaagatcagagag
gtgaacgactaccaccacgeccatgatgectacctgaacgecgtg
gtggccaaagccatcctgaccaaataccctcaactggageccga
gttcgtgtacggectgtacagacggaagaagetgagceaaaategt
gcgggaagataaggaagagaaglacagcgaagecacaaggaa
aatgtitttctatagcaacctgatgaacatgttcaagagagtggtea
gactggccgacggatctatcgtegtgcggcctgtgatcgaaaccg
gcagatacatgggcaaaaccgectgggacaaaaagaagcacttc
gecaccgtgeggaaggtactgagetacectcaggtgaacatagty
aaaaagacagagatccagaccggceggctictctaaagagtccate
ctegetcacggcaatagegacaagctgatccccagaaagacaaa
agacatctacctggaccctaagaagtatggcggctticgacagece
catcgtggcttacagegtcectggttgtgeccgatattaagaaggec
aaggctcagaagctgaagacggtgacagagctgctgggcataac
aatcatggaacgcagcaaaticgagaagaacccaagcegcttttct
ggaaagcaagggctacctgaacatccgggacgataagetgatga
tcetgectaagtacagectgttcgaactggaaaatggcagacggce
ggctgctagecagegecggagagetgcaaaagggaaatgaget
ggccctgectacccagttcatgaaattectgtatctggectctagat
ataacgagagcaagggcaaacctgaagagalcgaaaagaaaca
ggagittgtegaaccaacacgtgagctacttcgacgacatcctgeag

NPDNESILEDIVQTLTLFEDR
EMIKKRLENYKDLFTESQL
KKLYRRHYTGWGRLSAKLI
NGIRDKESQKTILDYLIDDG
RSNRNFMQLINDDGLSFKSI
ISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDEL
VKVMGYEPEQIVVEMARE
NQTTNQGRRNSRQRYKLLD
DGVKNLASDLNGNILKEYP
TDNQALQNERLFLYYLQNG
RDMYTGEALDIDNLSQYDI
DHIIPQAFIKDDSIDNRVLVS
SAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKLMSQRK
YDNLTKAERGGLTSDDKAR
FIQRQLVETRQITKHVARILD
ERFNNELDSKGRRIRKVKIV
TLKSNLVSNFRKEFGFYKIR
EVNDYHHAHDAYLNAV VA
KAILTKYPQLEPEFVYGLYR
RKKLSKIVREDKEEKYSEAT
RKMFFYSNLMNMFKRV VR
LADGSIVVRPVIETGRYMG
KTAWDKKKHFATVRKVLSY
PQVNIVKKTEIQTGGFSKESI
LAHGNSDKLIPRKTKDIYLD
PKKYGGFDSPIVAYSVLVVA
DIKKGKAQKLKTVTELLGIT
IMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELE
NGRRRLLASAGELQKGNEL
ALPTQFMKFLYLASRYNES
KGKPEEIEKKQEFVNQHVS
YFDDILQLINDFSKRVILAD
ANLEKINKLYQDNKENISV
DELANNIINLFTFTSLGAPA
AFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLS
KLGEDSGGSSGGSSGSETPG
TSESATPESSGGSSGGSSTLNI
EDEYRLHETSKEPDVSLGST
WLSDFPQAWAETGGMGLA
VRQAPLIIPLKATSTPVSIKQ
YPMSQEARLGIKPHIQRLLD
QGILVPCQSPWNTPLLPVKK
PGTNDYRPVQDLREVNKRV
EDIHPTVPNPYNLLSGLPPS
HQWYTVLDLKDAFFCLRL
HPTSQPLFAFEWRDPEMGIS
GQLTWTRLPQGFKNSPTLF
NEALHRDLADFRIQHPDLIL
LQYVDDLLLAATSELDCQQ
GTRALLQTLGNLGYRASAK
KAQICQKQVKYLGYLLKEG
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Clgatcaatgacttcagcaagagggtgatcctggecgacgecaac
ctggaaaaaatcaacaaactatatcaggacaacaaggagaatatc
tccgtggacgaactggctaacaacatcattaatctgttcacattcac
cagccttggegetectgecgectitaagttcticgacaaaatcgtgg
accgceaageggtacaccagcaccaaggaggtgcttaacageac
actgatccaccagagcatcactggectgtatgagacaagaatcga
cctgtctaagetgggegageattctggaggatctageggaggate
ctctggeagegagacaccaggaacaagcgagtcagcaacacca
gagagcaglggcggcagceagcggceggcagcageaccectaaat
atagaagatgagtatcggctacatgagacctcaaaagagcecagat
glltciclagggtccacatggcetgicigatiitccicaggectgggcg
gaaaccgggggcatgggactggcagticgccaagetcetctgat
catacctctgaaagcaacctctacccecgtgtccataaaacaatac
cccatgtcacaagaagcecagactggggatcaagecccacataca
gagactgttggaccagggaatactggtaccctgecagteeecctg
gaacacgeccctgetacecgttaagaaaccagggactaatgattat
aggcctgtccaggatctgagagaagicaacaagegggtggaaga
catccaccccaccgtgeccaacccttacaacetettgageggact
cccaccgteccaccagtggtacactgtgcttgatttaaaggatgect
tittetgectgagactecaccecaccagtcagecteteticgectetg
agtggagagatccagagatgggaatctcaggacaattgacctgg
accagactcccacagggtttcaaaaacagtcccaccctgtttaatg
aggcactgcacagagacctagcagacttccggatccageacceca
gacttgatcctgetacagtacgtggatgacttactgetggecgeca
ctictgagctagactgccaacaaggtactcgggecclgitacaaac
cctagggaacctcgggtatcgggectcggccaagaaageccaaa
tttgccagaaacaggtcaagtatctggggtatctictaaaagagggt
cagagatggctgactgaggccagaaaagagactgtgatgggac
agcctactccgaagacceectcgacaactaagggagttcctaggga
aggcaggctictgtcgectcettcatcectgggtitgcagaaatggca
geececctgtacectetcaccaaaccggg gactctgtttaatiggg
gcccagaccaacaaaaggcctatcaagaaatcaagcaagctctte
taactgceccagecctggggttgecagatttgactaagecctttga
actctttgtcgacgagaagcagggctacgccaaaggtgtcectaac
gcaaaaactgggaccttggegtcggecggtgecctacctgtccaa
aaagctagacccagtagecagetgggtgecceccttgectacggat
ggtagcagecattgecgtactgacaaaggatgcaggcaagctaa
ccatgggacagccactagtcattctggececccatgcagtagagg
cactaglcaaacaaccecccgaccgetggctitccaacgeecgga
tgactcactatcaggecttgettttggacacggaccggglccagttc
ggaccggtggtageectgaacceggctacgetgeteecactgect
gaggaagggctgcaacacaactgccttgatatcctggccgaage
ccacggaacccegaccecgacctaacggaccagecgeteeccagac
gecgaccacacctggtacacggatggaagceagtctcttacaaga
gggacagcegtaaggcgggagelgeggigaccaccgagacega
ggtaatctggectaaagccctgecagecgggacatcecgetcage
gggctgaactgatagcactcacccaggecctaaagatggcagaa
ggtaagaagctaaatgtttatactgatagccgttatgcttttgetactg
cccatatccatggagaaatatacagaaggcgtgggtggctcacat
cagaaggcaaagagatcaaaaataaagacgagatcttggcccta
ctaaaagccctetttctgeccaaaagacttageataatecattgteca
ggacatcaaaagggacacagegecgaggctagaggcaaccgg
atggctgaccaagcggceccgaaaggceagecatcacagagactc
cagacacclctaccctectcatagaaaattcatcacccaaaaggcc
ggcggccacgaaaaaggecgeccaggcaaaaaagaaaaag

QRWLTEARKETVMGQPTPK
TPRQLREFLGKAGFCRLFIP
GFAEMAAPLYPLTKPGTLFN
WGPDQQKAYQEIKQALLTA
PALGLPDLTKPFELFVDEKQ
GYAKGVLTQKLGPWRRPVA
YLSKKLDPVAAGWPPCLRM
VAAIAVLTKDAGKLTMGQP
LVILAPHAVEALVKQPPDR
WLSNARMTHYQALLLDTD
RVQFGPVVALNPATLLPLPE
EGLQHNCLDILAEAHGTRP
DLTDQPLPDADHTWYTDGS
SLLQEGQRKAGAAVTTETE
VIWAKALPAGTSAQRAELIA
LTQALKMAEGKKLNVYTD
SRYAFATAHIHGETYRRRGW
LTSEGKEIKNKDEILALLKA
LFLPKRLSITHCPGHQKGHS
AEARGNRMADQAARKAAT
TETPDTSTLLIENSSPKRPAA
TKKAGQAKKKK (SEQ ID
NO: 53)
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(SEQ ID NO: 54)

CRISPR nickase
(H845A)-reverse
transcriptase
fusion
polypeptide

atgaaacggacagccgacggaagegagticgagtcaccaaaga
agaagcggaaagicaacaagccttacagcatcggectggatatc
ggcaccaacagcegtgegatggtctatcatcacagatgactacaag
gtgcctgccaagaaaatgagagtettaggcaacaccgacaagga
glacatcaagaagaacctgatcggcgecctectgticgacggegg
aaacacagccgecgatcggeggctgaaaaggaccgecagacg
agatatacgcggcggagaaatagaatcctgtacttacaggaaat
cticgctgaggagatgagcaaagtggacgactcttttttccacaga
ctggaagatagctttttggtgeaagageacaagcegagectctaag
taccctatcttcgctacactgcaagaggaaaaggactaccacgag
aagtticccaccatctaccacctgaggaaagagetggcggacaaa
caagagaaggccgacctgagactgatctaccttgccctggctcat
atcatcaagttcagaggccacttcctgatcgaggacgacagattcg
acgtgagaaatacagatatccagaagcagtaccaggcctttctgg
agatcttcgacaccacctttgaaaacaaccacctgetgagecaaaa
cglggatgtggaagccatcttaaccgataagatctccaagagege
caagaaagatagaatcctcgeccagtatcctaaccagaaaageac
cggtatcttcgecgaattcctgaagetgatcgtggecaaccaggce
cgacttcaaaaaacactttaacctggaggacaaaacacctctgca
gtttgecaaggactectacgacgaagatctggaaaacctgetggg
ccagatcggcegacgagttcgecgatctgticagegecgcetaagaa
actgtacgacagegtgctgctgageggcatcttgacagtgatcgat
ctgtccacaaaggececectgagegecageatgatccagagata
cgacgagcacagagaggatctgaagcagctgaageagtttgtea
aggcctctctgeccgagaagtaccaggagatttttgcggactceca
gcaaggatggatacgccggatacattgagggcaagaccaacca
ggaagcttictacaagtacctgtctaaactgetgaccaaacaggaa
gattccgagaacttcctggagaaaatcaagaacgaagatttcctga
gaaagcagaggaccttcgacaacggcagcatcceccaccaggt
ccacctgaccgagetgaaggctatcatcagacgacagagtgagt
actaccccttcctgaaggaaaatcaagacagaatcgagaagattct
gacattcagaatcccatactatatcggacctctggcccgtgaaaag
agcgacttcgectggatgaccagaaagaccgatgattctatcegg
cectggaacttcgaggacctggtggacaaggaaaagtctgecga
ggccttcatccaccggatgaccaacaacgactictacctgectgaa
gagaaggtgctgcctaaacattccctgatctacgaaaagttcacag
tgtacaacgagctgaccaaggttagatacaagaacgagcagggc
gagacgtacttcttcgactctaatatcaagcaggaaatcticgatgg
agtgttcaaggagcaccggaaggtctctaagaagaaactgttaga
cttcetggcetaaggaatacgaggaaticcggatcgtggacgtgate
ggactggataaggagaacaaagcctitaacgecagectgggaac
ataccacgacctggagaagatcctcgacaaggacttcctggataa
ccecgacaatgagtccatectggaagatatcgtgcagacgcetgac
actgticgaggacagagagatgatcaagaagagactggaaaact
acaaggatctgttcaccgagagccagctgaagaagttgtatagac
ggceactacaccggatgegeccggctgteccgcetaaactgatcaac
ggcatcagagataaggaaagtcagaaaaccatcctggactactta
atcgacgatggcagaagcaaccggaacttcatgcagetgatcaac
gatgatggctigagcticaagtctatcatcictaaggeccaggecg
gaagccacagcgataacctgaaggaaglggteggteagctggc
cggctetectgecatcaagaagggcatcctgcaaagtctaaagatt
gtcgacgagctggtgaaggtgatggectatgaacctgagcagate
gtggtgoaaatggccagagaaaaccagacaaccaatcaaggca
gaagaaacagcagacagcggtacaagcetgctggacgacggcgt

MKRTADGSEFESPKKKRKVN
KPYSIGLDIGTNSVGWSIITD
DYKVPAKKMRVLGNTDKE
YIKKNLIGALLFDGGNTAA
DRRLKRTARRRYTRRRNRIL
YLQEIFAEEMSKVDDSFFHR
LEDSFLVEEDKRGSKYPIFA
TLQEEKDYHEKFPTIYHLRK
ELADKQEKADLRLIYLALA
HIIKFRGHFLIEDDRFDVRN
TDIQKQYQAFLEIFDTTFEN
NHLLSQNVDVEAILTDKISK
SAKKDRILAQYPNQKSTGIF
AEFLKLIVGNQADFKKHEFN
LEDKTPLQFAKDSYDEDLE
NLLGQIGDEFADLFSAAKK
LYDSVLLSGILTVIDLSTKAP
LSASMIQRYDEHREDLKQL
KQFVKASLPEKYQEIFADSS
KDGYAGYIEGKTNQEAFYK
YLSKLLTKQEDSENFLEKIK
NEDFLRKQRTFDNGSIPHQV
HLTELKAIIRRQSEYYPFLK
ENQDRIEKILTFRIPYYIGPL
AREKSDFAWMTRKTDDSIR
PWNFEDLVDKEKSAEAFIH
RMTNNDFYLPEEKVLPKHS
LIYEKFTVYNELTKVRYKN
EQGETYFFDSNIKQEIFDGV
FKEHRKVSKKKLIDFLAKE
YEEFRIVDVIGLDKENKAFN
ASLGTYHDLEKILDKDFLD
NPDNESILEDIVQTLTLFEDR
EMIKKRLENYKDLFTESQL
KKLYRRHYTGWGRLSAKLI
NGIRDKESQKTILDYLIDDG
RSNRNFMQLINDDGLSFKSI
ISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDEL
VKVMGYEPEQIVVEMARE
NQTTNQGRRNSRQRYKLLD
DGVKNLASDLNGNILKEYP
TDNQALQNERLFLYYLOQNG
RDMYTGEALDIDNLSQYDI
DAITPQAFIKDDSIDNRVLVS
SAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKLMSQRK
YDNLTKAERGGLTSDDKAR
FIQRQLVETRQITKHVARILD
ERFNNELDSKGRRIRKVKIV
TLKSNLVSNFRKEFGFYKIR
EVNDYHHAHDAYLNAVVA
KAILTKYPQLEPEFVYGLYR
RKKLSKIVREDKEEKYSEAT
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gaagaalctggccagcegacctgaacggcaacatcctgaaagagt
acccaaccgacaaccaggecctgecagaacgagegectgtttetgt
actacctgcagaacggcagagacatgtacaccggcgaagecctg
gatatcgataacctgagccagtacgatatcgacG CCataatcec
acaggcctttatcaaggatgattctattgataatcgggtgcttgtcte
cagcgcgaagaacagaggaaagagegacgacglgcccagect
cgaaatcgtgaaagactgcaaggtgtictggaagaagetectgga
cgccaagcetgatgagccagagaaagtacgacaacctgaccaag
gccgagagaggaggcctgaccagegacgataaggctagattcat
ccaaaggcagctggtcgaaaccagacagatcaccaageacgtg
gecaggalecicgacgagegglicaataacgagelggacagceaa
aggtagaagaattagaaaggttaagatcgtcaccctgaagtctaat
cttgtgtccaacttccggaaggagttcggcttctacaagatcagag
agglgaacgactaccaccacgceccatgatgectacctgaacgee
glggtggccaaagecatcctgaccaaatacectcaactggagece
gagttcgtgtacggcctgtacagacggaagaagctgagcaaaatc
gtgcgggaagataaggaagagaagtacagcgaagccacaagg
aaaatgtttttctatagcaacctgatgaacatgttcaagagagtggtg
agactggccgacggatctatcgtcgtgcggcctgtgatcgaaace
ggcagatacatgggcaaaaccgectgggacaaaaagaagcactt
cgecaccgtgeggaaggtactgagetacectcaggtgaacatagt
gaaaaagacagagatccagaccggcgecttctctaaagagtccat
cctegetcacggcaatagegacaagetgatccccagaaagacaa
aagacatctacctggaccctaagaagtatggcggcttcgacagee
ccatcgtggcttacageglectggltgtggccgatattaagaagge
caaggctcagaagctgaagacggtgacagagetgctgggcataa
caatcatggaacgcagcaaattcgagaagaacccaagcegcttttct
ggaaagcaagggctacctgaacatccgggacgataagetgatga
tectgectaagtacagectgttcgaactggaaaatggeagacggc
gegctgctagecagegecggagagetgcaaaagggaaatgaget
ggccctgectacccagttcatgaaattectgtatctggectctagat
ataacgagagcaagggcaaacctgaagagatcgaaaagaaaca
ggagtttgtgaaccaacacgtgagctacttcgacgacatcctgeag
Ctgatcaatgacttcagcaagagggtgatcctggecgacgecaac
ctggaaaaaatcaacaaactatatcaggacaacaaggagaatatc
tecgtggacgaactggctaacaacatcattaatctgticacattcac
cagccttggegetcectgecgectitaagttcticgacaaaategtgg
accgcaagcggtacaccagcaccaaggaggtgcttaacageac
actgatccaccagagcatcactggectgtatgagacaagaatcga
cctgtctaagetgggegaggattctggaggatctageggaggate
ctetggeagegagacaccaggaacaagegagtcagcaacacca
gagagcagtggcggcagcageggcggcagceagcaccctaaat
atagaagatgagtatcggctacatgagacctcaaaagagccagat
gtttctctagggtccacatggctgtctgattttcctcaggectggecg
gaaaccgggggcatgggactggcagticgccaagetectctgat
catacctctgaaagcaacctctacceccgtgtccataaaacaatac
cccatgtcacaagaagcecagactggg gatcaagecccacataca
gagactgttggaccagggaatactggtaccetgecagtececctg
gaacacgceccectgetacecgttaagaaaccagggactaatgattat
aggcclgtccaggatctgagagaagicaacaageggglggaaga
catccaccecaccgtgeccaacccttacaacctettgagegggct
cccaccgteccaccagtggtacactgtgcttgatttaaaggatgect
ttttctgectgagactecacceccaccagtcagectetcticgectttg
agtggagagatccagagatgggaatctcaggacaattgacctgg
accagactccecacagggtttcaaaaacagtcccaccctgtttaatg

RKMFFYSNLMNMFKRV VR
LADGSIVVRPVIETGRYMG
KTAWDKKKHFATVRKVLSY
PQVNIVKKTEIQTGGFSKESI
LAHGNSDKLIPRKTKDIYLD
PKKYGGFDSPIVAYSVLVVA
DIKKGKAQKLKTVTELLGIT
IMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELE
NGRRRLLASAGELQKGNEL
ALPTQFMKFLYLASRYNES
KGKPEEIEKKQEFVNQHVS
YFDDILQLINDFSKRVILAD
ANLEKINKLYQDNKENISV
DELANNIINLFTFTSLGAPA
AFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLS
KLGEDSGGSSGGSSGSETPG
TSESATPESSGGSSGGSSTLN
IEDEYRLHETSKEPDVSLGS
TWLSDFPQAWAETGGMGL
AVRQAPLIIPLKATSTPVSIK
QYPMSQEARLGIKPHIQRLL
DQGILVPCQSPWNTPLLPVK
KPGTNDYRPVQDLREVNKR
VEDIHPTVPNPYNLLSGLPP
SHQWYTVLDLKDAFFCLRL
HPTSQPLFAFEWRDPEMGIS
GQLTWTRLPQGFKNSPTLF
NEALHRDLADFRIQHPDLIL
LQYVDDLLLAATSELDCQQ
GTRALLQTLGNLGYRASAK
KAQICQKQVKYLGYLLKEG
QRWLTEARKETVMGQPTPK
TPRQLREFLGKAGFCRLFIP
GFAEMAAPLYPLTKPGTLFN
WGPDQQKAYQEIKQALLTA
PALGLPDLTKPFELFVDEKQ
GYAKGVLTQKLGPWRRPVA
YLSKKLDPVAAGWPPCLRM
VAAIAVLTKDAGKLTMGQP
LVILAPHAVEALVKQPPDR
WLSNARMTHYQALLLDTD
RVQFGPVVALNPATLLPLPE
EGLQHNCLDILAEAHGTRP
DLTDQPLPDADHTWYTDGS
SLLQEGQRKAGAAVTTETE
VIWAKALPAGTSAQRAELIA
LTQALKMAEGKKLNVYTD
SRYAFATAHTHGETYRRRGW
LTSEGKEIKNKDEILALLKA
LFLPKRLSITHCPGHQKGHS
AEARGNRMADQAARKAAI
TETPDTSTLLIENSSPKRPAA
TKKAGQAKKKK (SEQ ID
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aggcactgcacagagacctagcagacttccggatccagcaceca | NO: 57)
gacttgatcctgctacagtacgtggatgacttactgetggecgeca
cttctgagctagactgecaacaaggtactcgggccctgttacaaac
cctagggaacctegggtatcgggecteggcecaagaaageccaaa
tttgccagaaacaggtcaagtatctggggtatctictaaaagagg gt
cagagatggctgactgaggccagaaaagagactgtgatggegc
agcctactccgaagacccctcgacaactaagggagttcctaggga
aggcaggcttctgtcgectcttcatccctgggtitgcagaaatggea
gcccecctgtacectctcaccaaaccggggactctgtitaattggg
gcccagaccaacaaaaggcctatcaagaaatcaagcaagetcttc
laaclgceccagecctggggltgccagaltigaclaageccttiga
actctttgtcgacgagaagcagggctacgccaaaggtgtcctaac
gcaaaaactgggaccttggegtcggecggtggcctacctgtccaa
aaagctagacccagtagcagetgggtgacceectigectacggat
ggtagcagecattgecgtactgacaaaggatgcaggcaagcetaa
ccatgggacagccactagtcattctggeeccecatgeagtagagg
cactagtcaaacaaccccecgaccgetggctttccaacgeecgga
tgactcactatcaggecttgcettttggacacggaccgggtccagtte
ggaccggtggtageectgaacceggctacgetgeteecactgect
gaggaagggctgcaacacaactgectigatatcctggccgaage
ccacggaaccegaccecgacctaacggaccagecgeteecagac
gccgaccacacctggtacacggatggaagceagictcttacaaga
gggacagegtaaggegggagetgeggtgaccaccgagaccga
ggtaatctgggctaaagecctgecagecgggacatcegetcage
gggctgaactgatagcactcacccaggecctaaagatggcagaa
ggtaagaagctaaatgtttatactgatagecgttatgcttttgctactg
cccatatccatggagaaatatacagaaggcegtgggtggctcacat
cagaaggcaaagagatcaaaaataaagacgagatcttggeccta
ctaaaagcectetttctgeccaaaagacttageataatecattgteca
ggacatcaaaagggacacagcgecgaggctagaggcaaccgg
atggetgaccaageggeccgaaaggeagecatcacagagactc
cagacacctctaccctectcatagaaaattcatcacccaaaaggec
ggcggccacgaaaaaggecggecaggcaaaaaagaaaaag
(SEQ ID NO: 56)

This Example describes how the CRISPR nuclease-reverse transcriptase fusion
polypeptide and CRISPR nickase (H845A)-reverse transcriptase fusion polypeptide constructs

were cloned. These constructs were used in Example 6 to install edits in human target genes.

Example 6: RNA-Templated Editing of Human Genes in HEK293T Cells Using CRISPR
Nuclease-Reverse Transcriptase and CRISPR Nickase-Reverse Transcriptase Fusion

Polypeptides

This Example shows genetic modification of human genes utilizing the CRISPR
nuclease-reverse transcriptase and CRISPR nickase-reverse transcriptase fusion polypeptides
constructed in Example 5. Specifically, the fusion polypeptides were used to install sequence
substitutions of 6 nucleotides into the human target genes.

Editing template RNAs were designed to be specific to the target sequences shown in
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Table 11 and cloned into a pUC19 plasmid comprising a U6 Pollll promoter and a 6x polyT

terminator sequence. The editing templates were synthesized by GenScript and comprised the

following five components, from 5’ to 3’: 1) spacer sequence, 2) scaffold motif, 3) reverse

transcription template (RTT) encoding 6 nucleotide substitutions, 4) primer binding site (PBS),

and 5) a 3’ extension motif. The RTT was 23-nucleotides in length. Two different PBS

sequences, varied in length, were tested: 7-nucleotides (editing templates 1-5) and 9-

nucleotides (editing templates 6-10). The 3’ extension motif contains a short linker sequence

and a pseudoknot. The linker sequence was added to prevent steric clashes between the PBS

and the pseudoknot motif. The pseudoknot was added to protect against 3’ exonuclease activity

of the editing template RNA.
Guides AAVS1-T3, EMX1-T2, EMX1-T7, VEGFA-T3, and VEGFA-T6 were used in

this example. The PAM, target, spacer, and gRNA sequences are provided in Table 2 above.

The sequences of each component and the full-length editing template RNA sequences are

shown in Tables 11 and 12 below._The U6 Pollll promoter uses a +1 G at the start of the

transcript (i.e.. the 5’ end of the RNA) for more efficient transcription that is excluded from the

sequences described in Table 12.

Table 11. Sequences of Editing Template RNA Components

Editing | Target | Spacer Scaffold RTT PBS 3’ Extension
template
RNA

1 AAVS1-[UUGUGAG |GUUUUAGAGCUGUGC |CCACGACCU |ACGCACC [UCucucuUCU
T3 IAAUGGUG [UGAAAAGCACAGCAC [GGUGAACuggq| UGACGCGGU
CGUCCU [GUUAAAAUAAGGCAG [ucG (SEQID [UCUAUCUAG
(SEQ ID [UGAUUGAAAAAUCCA [NO: 58) [UUACGCGUU
INO: 12) GUCCGUAUUCAGCUU IAAACCAACU
GAAAAAGUGAGCACC IAGAAA (SEQ

GAAUCGGUGCUU (SEQ [D NO: 60)

ID NO: 2)

2 EMX1- [UGGAUGG |GUUUUAGAGCUGUGC |AGCUGCCUC |CCUGAAG [UCUCUCUCU
T2 ICGACUUC [UGAAAAGCACAGCAC [UGGCCUAagga UGACGCGGU
IAGGCAC |GUUAAAAUAAGGCAG [caG (SEQID [UCUAUCUAG
(SEQ ID [UGAUUGAAAAAUCCA [NO: 59) [UUACGCGUU
INO: 18) GUCCGUAUUCAGCUU IAAACCAACU
GAAAAAGUGAGCACC IAGAAA (SEQ

GAAUCGGUGCUU (SEQ D NO: 60)

D NO: 2)

3 EMX1- [CUUUAGC |GUUUUAGAGCUGUGC |[CUUCAUCCCU|AUAGUCC [UCUuCucCuUCU
T7 IAAGGGAC [UGAAAAGCACAGCAC [GCUUCAaggga [UGACGCGGU
[UAUUCA ( [GUUAAAAUAAGGCAG [cA (SEQ ID NO: [UCUAUCUAG
SEQ ID NO:[UGAUUGAAAAAUCCA [61) [UUACGCGUU
21) GUCCGUAUUCAGCUU IAAACCAACU
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Editing | Target | Spacer Scaffold RTT PBS 3’ Extension
template
RNA
GAAAAAGUGAGCACC IAGAAA (SEQ
GAAUCGGUGCUU (SEQ D NO: 60)
ID NO: 2)
4  [VEGFA [UUGUUGA |GUUUUAGAGCUGUGC [GAAGCUGAA |GUGGACA [UCUuCucCUCU
-T3 ICAUUGUC [UGAAAAGCACAGCAC [AGCCGAUaggu [UGACGCGGU
CACACC |GUUAAAAUAAGGCAG [ccU (SEQID UCUAUCUAG
(SEQID |[UGAUUGAAAAAUCCA [NO: 62) [UUACGCGUU
INO: 24) GUCCGUAUUCAGCUU IAAACCAACU
GAAAAAGUGAGCACC IAGAAA (SEQ
GAAUCGGUGCUU (SEQ D NO: 60)
D NO: 2)
5 VEGFA [UUUGCCC |GUUUUAGAGCUGUGC |[UCAUGCACU |UCCCCAG [UCUCUCUCU
-T6 IAUACUGG [UGAAAAGCACAGCAC [UGACACUagga UGACGCGGU
IGGACCA ( [GUUAAAAUAAGGCAG [acG (SEQ ID [UCUAUCUAG
SEQ ID NO:[UGAUUGAAAAAUCCA |NO: 63) UUACGCGUU
27) GUCCGUAUUCAGCUU IAAACCAACU
GAAAAAGUGAGCACC IAGAAA (SEQ
GAAUCGGUGCUU (SEQ D NO: 60)
1D NO: 2)
6  [AAVSI-[UUGUGAG |GUUUUAGAGCUGUGC [CCACGACCUG|ACGCACC [UCucucuUCU
T3 AAUGGUG [UGAAAAGCACAGCAC |GUGAACuggau |AU [UGACGCGGU
ICGUCCU |GUUAAAAUAAGGCAG [cG (SEQ ID NO: [UCUAUCUAG
(SEQID |[UGAUUGAAAAAUCCA [64) [UUACGCGUU
INO: 12) GUCCGUAUUCAGCUU IAAACCAACU
GAAAAAGUGAGCACC IAGAAA (SEQ
GAAUCGGUGCUU (SEQ D NO: 60)
D NO: 2)
7 EMX1- [UGGAUGG |GUUUUAGAGCUGUGC |AGCUGCCUC ICCUGAAG [UCUCUCUCU
T2 ICGACUUC [UGAAAAGCACAGCAC [UGGCCUAaggalUC [UGACGCGGU
IAGGCAC [GUUAAAAUAAGGCAG [caG (SEQ ID UCUAUCUAG
(SEQID |[UGAUUGAAAAAUCCA |NO: 65) [UUACGCGUU
INO: 18) GUCCGUAUUCAGCUU AAACCAACU
GAAAAAGUGAGCACC IAGAAA (SEQ
GAAUCGGUGCUU (SEQ D NO: 60)
D NO: 2)
8 EMX1- [CUUUAGC |GUUUUAGAGCUGUGC |[CUUCAUCCCUAUAGUCCCUCUCUCUCU
T7 IAAGGGAC [UGAAAAGCACAGCAC [GCUUCAaggga [UUGCU UGACGCGGU
UAUUCA |GUUAAAAUAAGGCAG [cA (SEQ ID NO:(SEQ ID NO: [UCUAUCUAG
(SEQID |[UGAUUGAAAAAUCCA [66) 280) UUACGCGUU
INO: 21) GUCCGUAUUCAGCUU IAAACCAACU
GAAAAAGUGAGCACC IAGAAA (SEQ
GAAUCGGUGCUU (SEQ D NO: 60)
D NO: 2)
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Editing
template
RNA

Target | Spacer

Scaffold

RTT

PBS 3’ Extension

9

VEGFA
-T3

UUGUUGA
CAUUGUC
ICACACC (
SEQ ID NO:
D)

GUUUUAGAGCUGUGC
UGAAAAGCACAGCAC
GUUAAAAUAAGGCAG
UGAUUGAAAAAUCCA
GUCCGUAUUCAGCUU
GAAAAAGUGAGCACC
GAAUCGGUGCUU (SEQ
ID NO: 2)

GAAGCUGAA
IAGCCGAUaggu
ccU (SEQ ID
INO: 67)

AU

GUGGACA

UCUCUCUCU
UGACGCGGU
UCUAUCUAG
UUACGCGUU
AAACCAACU
AGAAA (SEQ
ID NO: 60)

10

VEGFA
-T6

UUUGCCC
AUACUGG
GGACCA
(SEQ ID
NO: 27)

GUUUUAGAGCUGUGC
[UGAAAAGCACAGCAC
GUUAAAAUAAGGCAG
UGAUUGAAAAAUCCA
GUCCGUAUUCAGCUU
GAAAAAGUGAGCACC
GAAUCGGUGCUU (SEQ

UCAUGCACU
UGACACUagga
acG (SEQ ID
INO: 68)

A

UCCCCAGU

UCUCUCUCU
UGACGCGGU
UCUAUCUAG
UUACGCGUU
AAACCAACU
AGAAA (SEQ
ID NO: 60)

ID NO: 2)

*6-nucleotide substitution in lowercase

Table 12. Full-length Editing Template RNA Sequences

Editing
template
RNA

Target

Sequence

1

JAAVS1-T3

UUGUGAGAAUGGUGCGUCCUGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUCCACGACCUGGUGAACuggau
cGACGCACCUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUAAA
CCAACUAGAAA (SEQ ID NO: 69)

e}

[EMX1-T2

[UGGAUGGCGACUUCAGGCACGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUAGCUGCCUCUGGCCUAaggac
aGCCUGAAGUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUAAA
CCAACUAGAAA (SEQ ID NO: 70)

EMX1-T7

CUUUAGCAAGGGACUAUUCAGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUCUUCAUCCCUGCUUCAaggga
cAAUAGUCCUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUAAA
CCAACUAGAAA (SEQ ID NO: 71)

IVEGFA-T3

UUGUUGACAUUGUCCACACCGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUGAAGCUGAAAGCCGAUagguc
cUGUGGACAUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUAAA
CCAACUAGAAA (SEQID NO: 72)
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IVEGFA-T6

UUUGCCCAUACUGGGGACCAGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUUCAUGCACUUGACACUaggaa
cGUCCCCAGUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUAAA
CCAACUAGAAA (SEQID NO: 73)

IAAVS-T3

UUGUGAGAAUGGUGCGUCCUGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUCCACGACCUGGUGAACuggau
cGACGCACCAUUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUA
AACCAACUAGAAA (SEQ ID NO: 74)

[EMX1-T2

UGGAUGGCGACUUCAGGCACGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUAGCUGCCUCUGGCCUAaggac
hGCCUGAAGUCUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUA
AACCAACUAGAAA (SEQ ID NO: 75)

EMX1-T7

CUUUAGCAAGGGACUAUUCAGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUCUUCAUCCCUGCUUCAaggga
cAAUAGUCCCUUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUA
AACCAACUAGAAA (SEQ ID NO: 76)

IVEGFA-T3

UUGUUGACAUUGUCCACACCGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUGAAGCUGAAAGCCGAUagguc
cUGUGGACAAUUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUA
AACCAACUAGAAA (SEQ ID NO: 77)

10

IVEGFA-T6

UUUGCCCAUACUGGGGACCAGUUUUAGAGCUGUGCUGAAAAGCACAG
CACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCCGUAUUCAGCU
UGAAAAAGUGAGCACCGAAUCGGUGCUUUCAUGCACUUGACACUaggaa
cGUCCCCAGUAUCUCUCUCUUGACGCGGUUCUAUCUAGUUACGCGUUA

AACCAACUAGAAA (SEQ ID NO: 78)

*6-nucleotide substitution in lowercase

Approximately 16 hours prior to transfection, 25,000 HEK293T cells in
DMEM/10%FBS+Pen/Strep (D10 media) were plated into each well of a 96-well plate. On the
day of transfection, the cells were 50-70% confluent. For each well to be transfected, a mixture
of Lipofectamine 2000™ (ThermoFisher Scientific) and Opti-MEM™ (ThermoFisher
Scientific) was prepared and incubated at room temperature for 5 minutes (Solution 1). After
incubation, the Lipofectamine 2000™: Opti-MEM™ mixture was added to a separate mixture
containing the CRISPR nuclease-reverse transcriptase fusion polypeptide, editing template
RNA, and Opti-MEM™ (Solution 2) or CRISPR nickase-reverse transcriptase fusion
polypeptide, editing template RNA, and Opti-MEM™ (Solution 2). Solutions 1 and 2 were
mixed by pipetting up and down, then incubated at room temperature for 25 minutes.
Following incubation, the Solution 1 and 2 mixture was added dropwise to each well of a 96-
well plate containing the cells. Approximately 72 hours post transfection, cells were
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trypsinized by adding TrypLE™ (Thermo Fisher Scientific) to the center of each well and
incubating at 37°C for approximately 5 minutes. D10 media was then added to each well and
mixed to resuspend cells. The resuspended cells were centrifuged for 10 minutes to obtain a
pellet, and the supernatant was discarded. The cell pellet was then resuspended in Quick
Extract™ buffer (Lucigen®), and cells were incubated at 65°C for 15 minutes, 68°C for 15
minutes, and 98°C for 10 minutes.

Samples were prepared for NGS and analyzed as described in Example 1. For each
target, the fraction of NGS reads containing indels were calculated for each sample and its
cognate no protein control. To determine the percentage of edits installed in the target genes,
sequencing reads comprising the 6-nucleotide substitution encoded by the editing template
RNAs were analyzed and quantified. The percentage of NGS reads comprising indels and the 6-
nucleotide edits are shown in Table 13 and Table 14 and further depicted in FIG. 3A and FIG.
3B. In FIG. 3A and FIG. 3B, the percentage of NGS reads is shown on the y-axis, total edits are
shown as in black bars, and 6 nucleotide edits are shown as grey bars. The data in Table 13,

Table 14, FIG. 3A, and FIG. 3B is the average of three technical replicates.

Table 13. Editing Efficiencies with CRISPR Nuclease-Reverse Transcriptase Fusion
Polypeptide

Editing Template RNAs Average % Indel Average % 6-nt
substitution installation
1 11.67 2.86
2 41.32 12.80
3 23.30 0.29
4 14.47 3.24
5 20.28 6.03
6 10.89 3.06
7 39.67 11.63
8 25.15 0.10
9 17.54 5.28
10 18.78 6.21

Table 14. Editing Efficiencies with CRISPR Nickase-Reverse Transcriptase Fusion
Polypeptide

Editing Template RNAs

Average % Indel

Average % 6-nt
substitution installation

0.44 0.94
0.73 10.66
043 0.06
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4 0.32 0.72
5 0.29 2.01
6 0.44 0.65
7 0.74 8.4
8 0.44 0.05
9 0.32 1.30
10 0.29 1.83

As shown in FIG. 3A and FIG. 3B, the CRISPR nuclease-reverse transcriptase fusion
polypeptide and the CRISPR nickase-reverse transcriptase fusion polypeptide, respectively,
introduced substitutions encoded by the tested editing template RNAs at AAVS1, EMX1 and
VEGFA target loci. For the CRISPR nuclease-reverse transcriptase fusion polypeptide, the
average percentage of NGS reads comprising indels ranged from 11.67% to 41.32%, while the
average percentage of NGS reads comprising encoding edits ranged from 0.29% to 12.80%
(Table 13 and FIG. 3A). Editing template RNA 3 exhibited the lowest incorporation of the
encoded edit, while editing template RNA 2 displayed the highest indel and encoded edit
installation. For the CRISPR nickase-reverse transcriptase fusion polypeptide, the average
percentage of NGS reads comprising indels ranged from 0.29% to 0.74%, while the average
percentage of NGS reads comprising encoding edits ranged from 0.05% to 10.66%. (Table 14
and FIG. 3B). For the CRISPR nickase-reverse transcriptase fusion polypeptide, low indel
incorporation (under 1%) confirmed that the H845A substitution converted the CRISPR
nuclease to a CRISPR nickase. For both the CRISPR nuclease-reverse transcriptase fusion
polypeplide and the CRISPR nickase-reverse transcriptase fusion polypeplide, editing template
RINA 2 displayed the greatest encoded edit installation.

Conversely, controls consisting of the CRISPR nuclease of SEQ ID NO: 1 with the
RNA guides of Table 2 or the editing templates of Table 13 and Table 14 induced indel
formation but did not incorporate the 6-nucleotide substitution encoded by the editing template
RNAs. Furthermore, controls consisting of the CRISPR nuclease-reverse transcriptase fusion
polypeptide or CRISPR nickase-reverse transcriptase fusion polypeptide with the RNA guides
of Table 2 did not result in incorporation of the 6-nucleotide substitution encoded by the
editing template RNAs.

Editing efficiency mediated by the CRISPR nuclease-reverse transcriptase and CRISPR
nickase-reverse transcriptase fusion polypeptides was further tested with editing template
RNAs with PBS lengths of 11, 13, 15, and 17 nucleotides as well as RTT lengths of 18 and 23

nucleotides. These editing template RNAs were found to behave similarly to editing template
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RNAs comprising a PBS with a length of 7 or 9 nucleotides and an RTT with a length of 23
nucleotides.

Overall, this Example shows that the CRISPR nuclease-reverse transcriptase fusion
polypeptide and the CRISPR nickase-reverse transcriptase fusion polypeptide incorporated

substitutions encoded by editing template RNAs into human genes.

Example 7: Optimization of CRISPR Nuclease and CRISPR Nickase Fusions to a
Reverse Transcriptase

This Example describes the engineering of additional fusions of the CRISPR nuclease
of SEQ ID NO: 1 or an H845A nickase variant of the CRISPR nuclease (SEQ ID NO: 32) to a
reverse transcriptase polypeptide.

A plasmid library was designed comprising various combinations and orientations of
NLS tags, flexible linkers, the CRISPR nuclease of SEQ ID NO: 1 or CRISPR nickase of SEQ
ID NO: 32, the variant reverse transcriptase of SEQ ID NO: 53, and a FLAG tag and
synthesized by GenScript. The sequences of the individual NLS, linker, and FLAG tag

components are shown in Table 15. The resulting configurations are shown in Table 16.

Table 15. Sequences of Library Components

PCT/US2024/044701

Component Nucleotide Sequence Amino Acid Sequence
NLSO1 CCCAAGAAGAAGAGGAAGGTA (SEQ | PKKKRKYV (SEQ ID NO: 81)
ID NO: 80)
NLS02 CCTGCCGCTAAGAGAGTGAAGCTGG | PAAKRVKLD (SEQ ID NO: 83)
AC (SEQ ID NO: 82)
NLS03 AAAAGGCCGGCGGCCACGAAAAAG | KRPAATKKAGQAKKKK (SEQ ID

GCCGGCCAGGCAAAAAAGAAAAAG | NO: 4)
(SEQ ID NO: 6)

NLS04 AAACGGACAGCCGACGGAAGCGAG | KRTADGSEFESPKKKRKY (SEQ
TTCGAGTCACCAAAGAAGAAGCGG | IDNO:3)
AAAGTC (SEQ ID NO: 79)

NLS05 TGCTACGGCAGAAAGAAGCGGAGA | CYGRKKRRQRRR (SEQ ID NO:
CAGAGAAGACGG (SEQ ID NO: 84) 85)
NLS06 GACACCTGGACAGGCGTGGAGGCCC | DTWTGVEALIRILQQLLFIHFRIG

TGATCCGGATCCTGCAGCAGCTGCT | CRHSRIGIIQQRRTRNGA (SEQ ID
GTTCATCCACTTCCGGATTGGATGCA | NO: 87)
GACACAGCAGAATCGGCATCATCCA
GCAAAGACGCACCAGAAACGGCGC
C (SEQ ID NO: 86)

NLSO7 CGGAGAAAGGAAGAGGCCTTCAGA | RRKEEAFRHK (SEQ ID NO: §9)
CACAAG (SEQID NO: 88)
NLS03 CAGGAGGACATCATCAACAGATGCG | QEDIINRCEQFVGPLTVNEKRRLK

AACAGTTCGTGGGCCCTCTGACCGT | LIM (SEQ ID NO: 91)
GAACGAGAAGCGGAGACTGAAGCT
GATCATG (SEQ ID NO: 90)
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Component Nucleotide Sequence Amino Acid Sequence

NLS09 GAGGGCGCCCCTCCCGCTAAGCGGG | EGAPPAKRAR (SEQ ID NO: 93)
CCAGA (SEQ ID NO: 92)

NLS10 CCGGCAGCTAAGAAAAAGAAACTG PAAKKKKLD (SEQ ID NO: 95)
GAT (SEQ ID NO: 94)

NLSI11 TCCGGCGGAAGCTCTGGTGGCAGCA | SGGSSGGSKRTADGSEFESPKKK
AGCGGACCGCCGACGGCTCTGAATT | RKVSGGSSGGS (SEQ ID NO: 97)
CGAGAGCCCTAAGAAGAAAAGAAA
GGTGAGCGGAGGCTCTAGCGGCGGA
AGC (SEQ ID NO: 96)

NLS12 TCTGGCGGCTCAAAAAGAACCGCCG | SGGSKRTADGSEFEPKKKRKV
ACGGCAGCGAATTCGAGCCCAAGAA | (SEQID NO: 99)
GAAGAGGAAAGTC (SEQ ID NO: 98)

Linker(01 TCTGGAGGATCTAGCGGAGGATCCT | SGGSSGGSSGSETPGTSESATPESS
CTGGCAGCGAGACACCAGGAACAA GGSSGGSS (SEQID NO: 8)
GCGAGTCAGCAACACCAGAGAGCA
GTGGCGGCAGCAGCGGCGGCAGCA
GC (SEQ IDNO: 7

Linker02 AGCGCTGGAGGAGGTGGAAGCGGA | SAGGGGSGGGGSGGGGSG (SEQ
GGAGGAGGAAGCGGAGGAGGAGGT | ID NO: 10D
AGCGGA (SEQ ID NO: 100)

Linker03 GGCACCGGCGGG (SEQ ID NO: 102) GTGG (SEQ ID NO: 103)

Linker04 TCTGGCGGCTCA (SEQ ID NO: 104) SGGS (SEQ ID NO: 105)

Linker05 TCTGGCGGCTCAAAAAGAACCGCCG | SGGSKRTADGSEFESPKKKRKVG
ACGGCAGCGAATTCGAGTCTCCCAA | SGPAAKRVKLD (SEQ ID NO: 107)
GAAGAAGAGGAAAGTCGGCTCTGG
CCCTGCCGCTAAGAGAGTGAAGCTG
GAC (SEQ ID NO: 106)

Linker_1xGGG | GGCGGCGGCGGATCT (SEQ ID NO: GGGGS (SEQ ID NO: 109)
GS 108)
Linker_16xGG | GGCGGAGGCGGCAGCGGCGGCGGC | GGGGSGGGGSGGGGSGGGGSGG
GGS GGCAGCGGAGGCGdoGCGGCAGCGG | GGSGGGGSGGGGSGGGGSGGGG
CGGCGGAGGCAGCGGCGGCGGAGG | SGGGGSGGGGSGGGGSGGGGSG
CAGCGGCGGCGGCGGCTCTGGCGGA | GGGSGGGGSGGGGS (SEQID
GGCGGTTCCGGCGGCGGAGGCTCTG | NO: 111)
GCGGCGGCGGATCCGGCGGCGGAG
GCAGCGGCGGCGGAGGCAGCGGCG
GCGGCGGAAGCGGCGGCGGAGGCT
CCGGCGGCGGCGGATCTGGCGGCGG
CGGCAGCGGCGGAGGAGGCAGC
(SEQ ID NO: 110)
Linker_8xGGG | GGTGGCGGAGGCTCTGGCGGCGGA | GGGGSGGGGSGGGGSGGGGSGG
GS GGCAGCGGAGGCGGAGGCAGCGGC | GGSGGGGSGGGGSGGGGS (SEQ
GGCGGAGGCTCCGGCGGCGGCGGC | IDNO: 113)
AGCGGCGGCGGCGGCAGCGGCGGC
GGAGGCAGCGGCGGCGGCGGATCT
(SEQ ID NO: 112)
Linker_4xSGGS | TCCGGCGGATCTAGCGGCGGCAGCA | SGGSSGGSSGGSSGGS (SEQ ID
GCGGCGGATCTAGCGGCGGCAGC NO: 115)
(SEQ ID NO: 114)
Linker_4xGGG | GGCGGAGGCGGAAGCGGCGGCGGA | GGGGSGGGGSGGGGSGGGGS
GS GGCTCTGGCGGCGGAGGCTCCGGCG | (SEQID NO: 117)
GCGGCGGCAGC (SEQID NO: 116)
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Component Nucleotide Sequence Amino Acid Sequence
Linker 4XxEAA | GCCGAGGCCGCCGCTAAGGAAGCCG | AEAAAKEAAAKEAAAKEAAAK
AK CTGCCAAGGAAGCCGCCGCTAAAGA | A(SEQIDNO: 119)

GGCCGCCGCCAAGGCC (SEQID NO:
118)

Linker_2xGGG

GGCGGCGGCGGCTCCGGCGGCGGC

GGGGSGGGGSKNESSTNATNTK

GS_flank_T7P1 | GGCAGCAAGAACGAGAGCAGCACC | QWRDETKGFRDEAKRFKNTAGG
7 AACGCCACAAACACCAAGCAGTGG | GGGSGGGGS (SEQ ID NO: 121)
CGGGACGAGACAAAGGGCTTCAGA
GATGAAGCTAAAAGATTCAAGAATA
CCGCCGGCGGCGGAGGAGGCTCTGG
CGGAGGAGGCAGC (SEQ ID NO: 120)
Linker 2xGGG | GGCGGAGGCGGCTCCGGCGGCGGA | GGGGSGGGGSKRTADGSEFESPK
GS_flank_BPN | GGCAGCAAGCGGACCGCCGACGGC | KKRKVGGGGSGGGGS (SEQ ID
LS TCTGAATTCGAGAGCCCTAAGAAGA | NO: 123)
AAAGAAAGGTGGGCGGCGGAGGCA
GCGGCGGCGGCGGAAGC (SEQ ID
NO: 122)
Linker_2xGGG | GGCGGCGGCGGCAGCGGCGGCGGA | GGGGSGGGGSSGSETPGTSESATP
GS_flank_XTE | GGCAGCAGCGGCTCTGAAACCCCTG | ESGGGGSGGGGS (SEQ ID NO:
N GCACCAGCGAGTCCGCCACACCCGA | 125)

GAGCGGCGGCGGAGGATCTGGCGG
AGGCGGCAGC (SEQ ID NO: 124)

Linker 2xEAA
AK_flank_XTE
N

GCCGAGGCCGCTGCTAAAGAAGCCG
CCGCCAAGTCCGGCAGCGAGACACC
CGGCACCAGCGAGAGCGCCACCCCT
GAGTCTGAAGCCGCCGCCAAGGAA
GCCGCTGCCAAGGCC (SEQ ID NO:
126)

AEAAAKEAAAKSGSETPGTSESA
TPESEAAAKEAAAKA (SEQ ID
NO: 127)

Linker 2xSGGS
_flank_ BPNLS

TCCGGCGGATCTAGCGGCGGCAGCA
AGCGGACCGCCGACGGCTCTGAATT
CGAGAGCCCTAAGAAGAAAAGAAA
GGTGTCCGGCGGAAGCAGCGGCGG
CAGC (SEQ ID NO: 128)

SGGSSGGSKRTADGSEFESPKKK
RKVSGGSSGGS (SEQ ID NO: 129)

Linker_2xSGGS
_flank_T7P17

AGCGGAGGCTCTAGCGGCGGCAGCA
AGAACGAGAGCTCCACCAACGCCAC
AAACACCAAGCAGTGGCGGGACGA
GACAAAGGGCTTCAGAGATGAAGCT
AAAAGATTCAAGAATACCGCCGGCA
GCGGCGGATCTAGCGGCGGCTCC
(SEQ ID NO:279)

SGGSSGGSKNESSTNATNTKQWR
DETKGFRDEAKRFKNTAGSGGSS
GGS (SEQID NO: 131)

Linker 2xPAPA
P_flank_XTEN

GCCCCCGCCCCTGCCCCTCCTGCCCC
TGCTCCCAGCGGCTCTGAGACACCT

GGCACCAGCGAGTCCGCCACCCCAG
AAAGCCCCGCCCCCGCTCCACCTGC

CCCTGCCCCTGCC (SEQ ID NO: 132)

APAPAPPAPAPSGSETPGTSESATP
ESPAPAPPAPAPA (SEQ ID NO:
133)

Linker_2xPAPA
P_flank BPNLS

GCCCCTGCTCCAGCCCCTCCTGCCCC
CGCCCCTAAGCGGACCGCCGACGGC
TCTGAATTCGAGAGCCCCAAGAAGA
AAAGAAAGGTGCCCGCCCCTGCCCC
ACCTGCTCCCGCCCCTGCC (SEQ ID
NO: 134)

APAPAPPAPAPKRTADGSEFESPK
KKRKVPAPAPPAPAPA (SEQ ID
NO: 135)

Linker 2xEAA
AK_flank_ BPN
LS

GCCGAGGCCGCCGCCAAGGAAGCC
GCCGCCAAGAAGCGGACCGCCGAC
GGCAGCGAGTTCGAGTCTCCTAAGA

AEAAAKEAAAKKRTADGSEFESP
KKKRKVEAAAKEAAAKA (SEQ
ID NO: 137)
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Nucleotide Sequence

Amino Acid Sequence

AGAAAAGAAAGGTGGAAGCCGCTG
CTAAAGAGGCCGCTGCCAAGGCC
(SEQ ID NO: 136)

Linker AEAAA
KGGGGSGGG
GSEAAAKA

GCTGAAGCCGCCGCCAAGGGCGGC
GGCGGATCTGGCGGAGGCGGCAGCG
AGGCCGCTGCCAAGGCC (SEQ ID
NO: 138)

AEAAAKGGGGSGGGGSEAAAKA
(SEQ ID NO: 139)

Linker_ APAPA

GCCCCTGCCCCTGCCCCCGGCGGCG

APAPAPGGGGSGGGGSPAPAPA

PGGGGSGGG | GCGGATCTGGCGGAGGCGGCAGCCC | (SEQ ID NO: 141)
GSPAPAPA CGCCCCTGCTCCAGCC (SEQ ID NO:
140)
Linker_2xGGG | GGCGGCGGAGGCAGCGGCGGCGGC | GGGGSGGGGS (SEQ ID NO: 143)
GS GGATCT (SEQ ID NO: 142)
FLAG GATTACAAAGACGATGACGATAAGG | DYKDDDDKDYKDDDDKDYKDD

ATTACAAAGACGATGACGATAAGGA
TTACAAAGACGATGACGATAAG (SEQ
ID NO: 144)

DDK (SEQ ID NO: 145)

Table 16. Configurations of Library Components

Config | Part1 | Part2 | Part3 | Part4 | Part5 | Part6 | Part7 | Part8 | Part9 | Part
10
1 NLS NLS Nuc Linker | RT FLAG
/Nick
2 Nuc Linker | RT FLAG [ NLS NLS
/Nick
3 NLS Nuc Linker | RT FLAG | NLS Linker | NLS
/Nick
4 Nuc Linker | RT NLS FLAG | NLS Linker | NLS
/Nick
5 NLS Linker | Nuc Linker | RT FLAG | Linker | NLS
/Nick
6 NLS Linker [ Nuc Linker | RT FLAG | Linker | NLS NLS NLS
/Nick
7 NLS Linker | RT Linker | Nuc FLAG | Linker | NLS NLS NLS
/Nick
8 RT Linker [ Nuc NLS FLAG | NLS Linker | NLS
/Nick
9 NLS Nuc Linker | NLS Linker | RT FLAG
/Nick
10 NLS Nuc Linker | NLS Linker | RT FLAG | Linker | NLS
/Nick
11 NLS RT Linker | NLS Linker | Nuc FLAG
/Nick
12 NLS RT Linker | NLS Linker | Nuc/N | FLAG | Linker | NLS
ick
13 NLS Nuc Linker | RT NLS FLAG
/Nick
14 NLS Nuc Linker | RT Linker | Linker | NLS FLAG

94



10

15

20

WO 2025/049928

PCT/US2024/044701

| | | Nick | | | | | | | |

The plasmid library was screened in HEK293T cells using the lipid-based transient
transfection method described in Example 5. Each well of the 96-well plate was transfected
with a plasmid encoding a unique CRISPR nuclease-reverse transcriptase fusion polypeptide or
CRISRP nickase-reverse transcriptase fusion polypeptide. The editing template RNA sequence
of SEQ ID NO: 70, designed to introduce a 6-nucleotide substitution into an EMX1_T?2 target,
was also transfected into each well. Quantification of edits was performed as described in
Example 6.

FIG. 4A and FIG. 4B show the CRISPR nuclease-reverse transcriptase fusion
polypeptides and CRISPR nickase-reverse transcriptase fusion polypeptides, respectively, that
installed the highest percentage ol edits encoded by the editing template RNA ol all tested
constructs. Results are the average of 2 technical replicates. The dotted line depicts the
percentage of reads comprising the 6-nucleotide substitution installed by the control CRISPR
nuclease-reverse transcriptase fusion polypeptide (FIG. 4A) or CRISPR nickase-reverse
transcriptase fusion polypeptide (FIG. 4B). As shown in FIG. 4A and FIG. 4B, several fusion
constructs resulted in increased installation of the 6-nucleotide substitution relative to the
control CRISPR nuclease-reverse transcriptase and CRISPR nickase-reverse transcriptase
fusion polypeptides. The sequences of the top-performing CRISPR nickase-reverse

transcriptase fusion polypeptides are shown in Table 17.

Table 17. Configurations and Sequences of Top-Performing Fusion Constructs

Construct Protein Complete AA Sequence
Name Configuration
FC1 CRISPR nickase- MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIG
Linker01-Variant ALLFDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFF
MMLV-NLS01- HRLEDSFLVEEDKRGSKYP IFATLQEEKDYHEKFPTIYHLRKELADKQE

KADLRLIYLALAHIIKFRGHFLIEDDREDVRNTDIQKQYQAFLEIFDTT
FENNHLLSQNVDVEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKL
IVGNQADFKKHFNLEDKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAA
KKLYDSVLLSGILTVIDLSTKAPLSASMIQRYDEHREDLKQLKQFVKAS
LPEKYQEIFADSSKDGYAGYIEGKTNQEAFYKYLSKLLTKQEDSENFLE
KIKNEDFLRKQRTFDNGSIPHQVHLTELKAIIRRQSEYYPFLKENQDRI
EKRILTFRIPYYIGPLAREKSDFAWMTRKTDDSIRPWNFEDLVDKEKSAE
AFTHRMTNNDFYLPEEKVLPKHSLIYEKFTVYNELTKVRYKNEQGETYF
FDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEYEEFRIVDVIGLDKENK
AFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQTLTLFEDREMIKKR
LENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKESQKTILDYLT
DDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGELAGSPAT
KKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQRYKL
LDDGVKNLASDLNGNILKEYPTDNQALQNERLFLYYLONGRDMYTGEAL
DIDNLSQYDIDAIIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVK
DCKVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQ

FLAG-NLS10-
Linker04-NLS03
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Construct Protein Complete AA Sequence
Name Configuration

ITKHVARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKI
REVNDYHHAHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVRE
DKEEKYSEATRKMFFYSNLMNMFKRVVRLADGS IVVRPVIETGRYMGKT
AWDKKKHFATVRKVLSYPQVNIVKKTEIQTGGF SKESILAHGNSDKLIP
RKTKDIYLDPKKYGGFDSPIVAYSVLVVADIKKGKAQKLKTVTELLGIT
IMERSKFEKNPSAFLESKGYLNIRDDKLMILPKYSLFELENGRRRLLAS
AGELQKGNELALPTQFMKFLYLASRYNESKGKPEEIEKKQEFVNQHVSY
FDDILQLINDFSKRVILADANLEKINKLYODNKENISVDELANNIINLE
TETSLGAPAAFKFFDKIVDRKRYTSTKEVLNSTLIHQSITGLYETRIDL
SKLGEDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSTLNIEDEYRL
HETSKEPDVSLGSTWLSDFPQAWAETGGMGLAVRQAPLITIPLKATSTPV
SIKQYPMSQEARLGIKPHIQRLLDQGILVPCQSPWNTPLLPVKKPGTND
YRPVQDLREVNKRVEDIHPTVPNPYNLLSGLPPSHQWYTVLDLKDAFFC
LRLHPTSQPLFAFEWRDPEMGISGQLTWTRLPQGFKNSPTLENEALHRD
LADFRIQHPDLILLQYVDDLLLAATSELDCQQOGTRALLQTLGNLGYRAS
AKKAQICQKQVKYLGYLLKEGQRWLTEARKETVMGQPTPKTPRQLREFL
GKAGFCRLFIPGFAEMAAPLYPLTKPGTLENWGPDQQKAYQEIKQALLT
APALGLPDLTKPFELFVDEKQGYAKGVLTQKLGPWRRPVAYLSKKLDPV
AAGWPPCLRMVAAIAVLTKDAGKLTMGQPLVILAPHAVEALVKQPPDRW
LSNARMTHYQALLLDTDRVQF GPVVALNPATLLPLPEEGLQHNCLDILA
EAHGTRPDLTDQPLPDADHTWYTDGSSLLQEGQRKAGAAVTTETEVIWA
KALPAGTSAQRAELIALTQALKMAEGKKLNVYTDSRYAFATAHIHGEIY
RRRGWLTSEGKEIKNKDEILALLKALFLPKRLSIIHCPGHQKGHSAEAR
GNRMADQAARKAAITETPDTSTLLIENSSPKRPAATKKAGQAKKKKDYK
DDDDKDYKDDDDKDYKDDDDKPAAKKKKLDSGGSKRPAATKKAGQAKKK

K
(SEQ ID NO: 146)
FC2 NLSO3-Linker(2- | MKRPAATKKAGQAKKKKSAGGGGSGGGGSGGGGSGNKPYSIGLDIGINS
CRISPR nickase- VGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALLFDGGNTAADRRL
Linker01-Variant KRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDSFLVEEDKRG

SKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYLALAHII
KFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVDVEA
ILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHEFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTV
IDLSTKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKD
GYAGYIEGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTEFD
NGSIPHQVHLTELKAITIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPL
AREKSDFAWMTRKTDDSIRPWNFEDLVDKEKSAEAF ITHRMTNNDF YLPE
EKVLPKHSLIYEKFTVYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFK
EHRKVSKKKLLDFLAKEYEEFRIVDVIGLDKENKAFNASLGTYHDLEKI
LDKDFLDNPDNESILEDIVQTLTLFEDREMIKKRLENYKDLFTESQLKK
LYRRHYTGWGRLSAKLINGIRDKESQKTILDYLIDDGRSNRNFMQLIND
DGLSFKSIISKAQAGSHSDNLKEVVGELAGSPAIKKGILQSLKIVDELV
KVMGYEPEQIVVEMARENQTTNQGRRNSRQRYKLLDDGVKNLASDLNGN
ILKEYPTDNQALQNERLFLYYLONGRDMYTGEALDIDNLSQYDIDAIIP
QAF IKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDCKVFWKKLLDAKLM
SQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHVARILDERENN
ELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHHAHDAYLN
AVVAKATLTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATRKMFF
YSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKVL
SYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGG
FDSPIVAYSVLVVADIKKGKAQKLKTVTELLGITIMERSKFEKNPSAFL
ESKGYLNIRDDKLMILPKYSLFELENGRRRLLASAGELQKGNELALPTQ
FMKFLYLASRYNESKGKPEETIEKKQEFVNQHVSYFDDILQLINDF SKRV
ILADANLEKINKLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFD
KIVDRKRYTSTKEVLNSTLIHQSITGLYETRIDLSKLGEDSGGSSGGSS
GSETPGTSESATPESSGGSSGGSSTLNIEDEYRLHETSKEPDVSLGSTW
LSDFPQAWAETGGMGLAVRQAPLIIPLKATSTPVSIKQYPMSQEARLGI
KPHIQRLLDQGILVPCQSPWNTPLLPVKKPGTNDYRPVODLREVNKRVE

MMLV-FLAG-
Linker(2-NLS(03
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DIHPTVPNPYNLLSGLPPSHQWYTVLDLKDAFFCLRLHPTSQPLFAFEW
RDPEMGI SGOLTWTRLP QGFKNSPTLFNEALHRDLADFRIQHPDLILLQ
YVDDLLLAATSELDCOQOGTRALLOTLGNLGYRASAKKAQICOKQVKYLG
YLLKEGQRWLTEARKETVMGQP TPKTPRQLREFLGKAGFCRLF IPGFAE
MAAPLYPLTKPGTLFNWGPDQOKAYQEIKQALLTAPALGLPDLTKPFEL
FVDERKQGYAKGVLTQKLGPWRRPVAYLSKKLDPVAAGWPPCLRMVAAIA
VLTKDAGKLTMGQPLVILAPHAVEALVKQPPDRWLSNARMTHYQALLLD
TDRVQFGPVVALNPATLLPLPEEGLQHNCLDILAEAHGTRPDLTDQPLP
DADHTWYTDGSSLLOEGQRKAGAAVTITETEVIWAKALPAGTSAQRAELI
ALTQALKMAEGKKLNVYTDSRYAFATAHIHGEI YRRRGWLTSEGKEIKN
KDEILALLKALFLPKRLSIIHCPGHQKGHSAEARGNRMADQAARKAATIT
ETPDTSTLLIENSSPDYKDDDDKDYKDDDDKDYKDDDDKSAGGGGSGGG
GSGGGGSGKRPAATKKAGQAKKKK
(SEQ ID NO: 147)
FC3 NLSO3-Linker02- | MKRPAATKKAGOAKKKKSAGGGGSGGGGSGGGGSGNRPYSIGLDIGTNS
CRISPR nickase- | VGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALLFDGGNTAADRRL
Linker01-Variant KRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDSFLVEEDKRG
MMLV-FLAG- SKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYLALAHITI
. ! KFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVDVEA
Linker02-NLS04 ILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTV
IDLSTKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKD
GYAGYIEGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFD
NGSIPHQVHLTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPL
AREKSDFAWMTRKTDDS IRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPE
EKVLPKHSLIYEKFTVYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFK
EHRKVSKKKLLDFLAKE YEEFRIVDVIGLDKENKAFNASLGTYHDLEKI
LDKDFLDNPDNESILEDIVQTLTLFEDREMIKKRLENYKDLFTESQLKK
LYRRHYTGWGRLSAKLINGIRDKESQKTILDYLIDDGRSNRNFMQLIND
DGLSFKSITISKAQAGSHSDNLKEVVGELAGSPAIKKGILQSLKIVDELV
KVMGYEPEQIVVEMARENQTTNQGRRNSRORYKLLDDGVKNLASDLNGN
ILKEYPTDNQALONERLFLYYLONGRDMY TGEALD IDNLSQYDIDAI IP
QAF IKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDCKVFWKKLLDAKLM
SQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHVARILDERENN
ELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHHAHDAYLN
AVVAKAILTKYPQOLEPEFVYGLYRRKKLSKIVREDKEEKYSEATRKMFF
YSNLMNMFKRVVRLADGSIVVRPVIETGRYMGK TAWDKKKHFATVRKVL
SYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGG
FDSPIVAYSVLVVADIKKGKAQKLKTVTELLGITIMERSKFEKNPSAFL
ESKGYLNIRDDKLMILPKYSLFELENGRRRLLASAGELQKGNELALPTQ
FMKFLYLASRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRV
ILADANLEKINKLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFD
KIVDRKRYTSTKEVLNSTLIHQSITGLYETRIDLSKLGEDSGGSSGGSS
GSETPGTSESATPESSGGSSGGSSTLNIEDEYRLHETSKEPDVSLGSTW
LSDFPQAWAETGGMGLAVRQAPLIIPLKATSTPVSIKQYPMSQEARLGT
KPHIQRLLDQGILVPCQOSPWNTPLLPVKKPGTNDYRPVODLREVNKRVE
DIHPTVPNPYNLLSGLPPSHOWYTVLDLKDAFFCLRLHP TSQPLFAFEW
RDPEMGISGOLTWTRLPQGFKNSPTLFNEALHRDLADFRIQHPDLILLO
YVDDLLLAATSELDCQQGTRALLQTLGNLGYRASAKKAQICQOKQVKYLG
YLLKEGQRWLTEARKETVMGQPTPKTPRQLREF LGKAGFCRLFIPGFAE
MAAPLYPLTKPGTLFNWGPDQQKAYQEIKQALLTAPALGLPDLTKPFEL
FVDEKQGYAKGVLTQKLGPWRRPVAYLSKKLDPVAAGWPPCLRMVAAIA
VLTKDAGKLTMGQPLVILAPHAVEALVKQPPDRWLSNARMTHYQALLLD
TDRVQFGPVVALNPATLLPLPEEGLQHNCLDILAEAHGTRPDLTDQPLP
DADHTWYTDGSSLLQEGQRKAGAAVTITETEVIWAKALPAGTSAQRAELT
ALTQALKMAEGKKLNVYTDSRYAFATAHIHGEI YRRRGWLTSEGKEIKN
KDEILALLKALFLPKRLSIIHCPGHQOKGHSAEARGNRMADQAARKAAIT
ETPDTSTLLIENSSPDYKDDDDKDYKDDDDKDYKDDDDKSAGGGGSGGG

GSGGGGSGKRTADGSEFESPKKKRKV (SEQ ID NO: 148)
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Construct
Name

Protein
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FC4

NLS04-Linker02-
Variant MMLV-
LinkerO1-CRISPR
nickase-FLAG-
Linker(02-NLS04-
NLS03-NLS10

MKRTADGSEFESPKKKRKVSAGGGGSGGGGSGGGGSGTLNIEDEYRLHEE
TSKEPDVSLGSTWLSDFPQAWAETGGMGLAVRQAPLIIPLKATSTPVSI
KOYPMSQEARLGIKPHIQRLLDQGILVPCOSPWNTPLLPVKKPGTNDYR
PVQDLREVNKRVEDIHPTVPNPYNLLSGLPPSHQWYTVLDLKDAFFCLR
LHPTSQPLFAFEWRDPEMGISGQLTWTRLPQGFKNSPTLFNEALHRDLA
DFRIQHPDLILLQYVDDLLLAATSELDCQQOGTRALLQTLGNLGYRASAK
KAQICQKQVKYLGYLLKEGQRWLTEARKETVMGQP TPKTPRQLREFLGK
AGFCRLFIPGFAEMAAPLYPLTKPGTLFNWGPDQOQKAYQEIKQALLTAP
ALGLPDLTKPFELFVDEKQGYAKGVLTQKLGPWRRPVAYLSKKLDPVAA
GWPPCLRMVAATAVLTKDAGKLTMGQPLVILAPHAVEALVKQPPDRWLS
NARMTHYQALLLDTDRVQFGPVVALNPATLLPLPEEGLQHNCLDILAEA
HGTRPDLTDQPLPDADHTWYTDGSSLLQEGQRKAGAAVITETEVIWAKA
LPAGTSAQRAELIALTQALKMAEGKKLNVYTDSRYAFATAHIHGEIYRR
RGWLTSEGKEIKNKDEILALLKALFLPKRLSITHCPGHQKGHSAEARGN
RMADQAARKAAITETPDTSTLLIENSSPSGGSSGGSSGSETPGTSESAT
PESSGGSSGGSSNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNT
DKEYIKKNLIGALLFDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFA
EEMSKVDDSFFHRLEDSFLVEEDKRGSKYPIFATLQEEKDYHEKFPTIY
HLRKELADKQEKADLRLIYLALAHIIKFRGHFLIEDDRFDVRNTDIQKQ
YOAFLEIFDTTFENNHLLSOQNVDVEAILTDKISKSAKKDRILAQYPNQK
STGIFAEFLKLIVGNQADFKKHFNLEDKTPLQFAKDSYDEDLENLLGQTI
GDEFADLFSAAKKLYDSVLLSGILTVIDLSTKAPLSASMIQRYDEHRED
LKQLKQFVKASLPEKYQEIFADSSKDGYAGYIEGKTNQEAFYKYLSKLL
TKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVHLTELKAIIRRQSEY
YPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTRKTDDSIRPWNE
EDLVDKEKSAEAF ITHRMINNDFYLPEEKVLPKHSLIYEKFTVYNELTRKV
RYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEYEEFRI
VDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQTLT
LEEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDK
ESQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKE
VVGELAGSPATIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQ
GRRNSRQRYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLQ
NGRDMYTGEALDIDNLSQYDIDAIIPQAFIKDDSIDNRVLVSSAKNRGK
SDDVPSLEIVKDCKVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKAR
FIQRQLVETRQITKHVARILDERFNNELDSKGRRIRKVKIVTLKSNLVS
NFRKEFGFYKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEPEFVYGLY
RRKKLSKIVREDKEEKYSEATRKMFFYSNLMNMFKRVVRLADGSIVVRP
VIETGRYMGKTAWDKKKHFATVRKVLSYPQVNIVKKTEIQTGGFSKESI
LAHGNSDKLIPRKTKDIYLDPKKYGGFDSPIVAYSVLVVADIKKGKAQK
LKTVTELLGITIMERSKFERKNPSAFLESKGYLNIRDDKLMILPKYSLFE
LENGRRRLLASAGELQKGNELALPTQFMKFLYLASRYNESKGKPEEIEK
KQEFVNQHVSYFDDILQLINDFSKRVILADANLEKINKLYQDNKENISV
DELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEVLNSTLIHQS
ITGLYETRIDLSKLGEDDYKDDDDKDYKDDDDKDYKDDDDKSAGGGGSG
GGGSGGGGSGKRTADGSEFESPKKKRKVKRPAATKKAGQAKKKKPAAKK

KKLD (SEQ ID NO: 149)

FC5

NLS04-Linker02-
Variant MMLV-
LinkerO1-CRISPR
nickase-FLAG-
Linker(2-NLS04-
NLS03-NLS04

MKRTADGSEFESPKKKRKVSAGGGGSGGGGSGGGGSGTLNIEDEYRLHEE
TSKEPDVSLGSTWLSDFPQAWAETGGMGLAVRQAPLIIPLKATSTPVSI
KQYPMSQEARLGIKPHIQRLLDQGILVPCQSPWNTPLLPVKKPGTNDYR
PVQDLREVNKRVEDIHPTVPNPYNLLSGLPPSHQWYTVLDLKDAFFCLR
LHPTSQPLFAFEWRDPEMGISGQLTWTRLPQGFKNSPTLFNEALHRDLA
DFRIQHPDLILLQYVDDLLLAATSELDCQQGTRALLQTLGNLGYRASAK
KAQICQKQVKYLGYLLKEGQRWLTEARKETVMGQP TPKTPRQLREFLGK
AGFCRLFIPGFAEMAAPLYPLTKPGTLFNWGPDQQKAYQEIKQALLTAP
ALGLPDLTKPFELFVDEKQGYAKGVLTQKLGPWRRPVAYLSKKLDPVAA
GWPPCLRMVAATAVLTKDAGKLTMGOPLVILAPHAVEALVKQPPDRWLS
NARMTHYQALLLDTDRVOFGPVVALNPATLLPLPEEGLOQHNCLDILAEA
HGTRPDLTDQPLPDADHTWYTDGSSLLQEGQRKAGAAVITETEVIWAKA
LPAGTSAQRAELIALTQALKMAEGKKLNVYTDSRYAFATAHIHGEIYRR
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RGWLTSEGKEIKNKDEILALLKALFLPKRLSITHCPGHQKGHSAEARGN
RMADQAARKAAITETPDTSTLLIENSSPSGGSSGGSSGSETPGTSESAT
PESSGGSSGGSSNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNT
DKEYIKKNLIGALLFDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFA
EEMSKVDDSFFHRLEDSFLVEEDKRGSKYPIFATLQEEKDYHEKFPTIY
HLRKELADKQEKADLRLIYLALAHIIKFRGHFLIEDDRFDVRNTDIQKQ
YOAFLEIFDTTFENNHLLSQNVDVEAILTDKISKSAKKDRILAQYPNQK
STGIFAEFLKLIVGNQADFKKHENLEDKTPLQFAKDSYDEDLENLLGQT
GDEFADLFSAAKKLYDSVLLSGILTVIDLSTKAPLSASMIQRYDEHRED
LKQLKQFVKASLPEKYQEIFADSSKDGYAGYIEGKTNQEAFYKYLSKLL
TKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVHLTELKAIIRRQSEY
YPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTRKTDDSIRPWNF
EDLVDKEKSAEAF IHRMTNNDFYLPEEKVLPKHSLIYEKFTVYNELTKV
RYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEYEEFRI
VDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQTLT
LEFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDK
ESQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKE
VVGELAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQ
GRRNSRQRYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLQ
NGRDMYTGEALDIDNLSQYDIDAIIPQAFIKDDSIDNRVLVSSAKNRGK
SDDVPSLEIVKDCKVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKAR
FIQRQLVETRQITKHVARILDERFNNELDSKGRRIRKVKIVTLKSNLVS
NFRKEFGFYKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEPEFVYGLY
RRKKLSKIVREDKEEKYSEATRKMFFYSNLMNMFKRVVRLADGSIVVRP
VIETGRYMGKTAWDKKKHFATVRKVLSYPQVNIVKKTEIQTGGFSKEST
LAHGNSDKLIPRKTKDIYLDPKKYGGFDSPIVAYSVLVVADIKKGKAQK
LKTVTELLGITIMERSKFEKNPSAFLESKGYLNIRDDKLMILPKYSLFE
LENGRRRLLASAGELQKGNELALPTQFMKFLYLASRYNESKGKPEEIEK
KQEFVNQHVSYFDDILQLINDFSKRVILADANLEKINKLYQDNKENISY
DELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEVLNSTLIHQS
ITGLYETRIDLSKLGEDDYKDDDDKDYKDDDDKDYKDDDDKSAGGGGSG
GGGSGGGGSGKRTADGSEFESPKKKRKVKRPAATKKAGQAKKKKKRTAD

GSEFESPKKKRKV (SEQ ID NO: 150)

FC6 NLS04-CRISPR MKRTADGSEFESPKKKRKVNKPYSIGLDIGTNSVGWSIITDDYKVPAKK
nickase-Linker01- | MRVLGNTDKEY IKKNLIGALLFDGGNTAADRRLKRTARRRY TRRRNRIL
NLSO3-Linker0l- | YLOEIFAEEMSKVDDSFFHRLEDSFLVEEDKRGSKYP IFATLQEEKDYH
Variant MMLV. EKFPTIYHLRKELADKQEKADLRLIYLALAEIIKFRGHFLIEDDRFDVR
FLAG NTDIQKQYQAFLEIFDTTFENNHLLSQNVDVEAILTDKISKSAKKDRIL

AQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDLSTKAPLSASMIQR
YDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYIEGKTNQEAFY
KYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVHLTELKAT
IRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTRKTDD
SIRPWNFEDLVDKEKSAEAFIHRMTNNDFYLPEEKVLPKHSLIYEKFTV
YNELTKVRYRNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAK
EYEEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILE
DIVQTLTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKL
INGIRDKESQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGS
HSDNLKEVVGELAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMAR
ENQTTNQGRRNSRQRYKLLDDGVKNLASDLNGNILKEYP TDNQALQNER
LELYYLONGRDMYTGEALDIDNLSQYDIDAIIPQAFIKDDSIDNRVLVS
SAKNRGKSDDVPSLEIVKDCKVEWKKLLDAKLMSQRKYDNLTKAERGGL
TSDDKARFIQRQLVETRQITKHVARILDERFNNELDSKGRRIRKVKIVT
LKSNLVSNFRKEFGFYKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEP
EFVYGLYRRKKLSKIVREDKEEKYSEATRKMFFYSNLMNMFKRVVRLAD
GSIVVRPVIETGRYMGKTAWDKKKHFATVRKVLSYPQVNIVKKTEIQTG
GFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGFDSPIVAYSVLVVADI
KKGKAQKLKTVTELLGITIMERSKFEKNPSAFLESKGYLNIRDDKLMIL
PKYSLFELENGRRRLLASAGELQKGNELALP TQFMKFLYLASRYNESKG
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KPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKINKLYQD
NKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEVLN
STLIHOSITGLYETRIDLSKLGEDSGGSSGGSSGSETPGTSESATPESS
GGSSGGSSKRPAATKKAGQAKKKKSGGSSGGSSGSETPGTSESATPESS
GGSSGGSSTLNIEDEYRLHETSKEPDVSLGSTWLSDFPQAWAETGGMGL
AVRQAPLIIPLKATSTPVSIKQYPMSQEARLGIKPHIQRLLDQGILVPC
QSPWNTPLLPVKKPGTNDYRPVQDLREVNKRVEDIHPTVPNPYNLLSGL
PPSHOWYTVLDLKDAFFCLRLHPTSQPLFAFEWRDPEMGISGQLTWTRL
POQGFKNSPTLENEALHRDLADFRIQHPDLILLQYVDDLLLAATSELDCQ
QGTRALLQTLGNLGYRASAKKAQICQKQVKYLGYLLKEGQRWLTEARKE
TVMGQPTPKTPRQLREFLGKAGFCRLF IPGFAEMAAPLYPLTKPGTLEFN
WGPDQQKAYQEIKQALLTAPALGLPDLTKPFELFVDEKQGYAKGVLTQK
LGPWRRPVAYLSKKLDPVAAGWPPCLRMVAATAVLTKDAGKLTMGQPLV
ILAPHAVEALVKQPPDRWLSNARMTHYQALLLDTDRVQFGPVVALNPAT
LLPLPEEGLQHNCLDILAEAHGTRPDLTDQPLPDADHTWYTDGSSLLQE
GOQRKAGAAVTTETEVIWAKALPAGTSAQRAELIALTQALKMAEGKKLNV
YTDSRYAFATAHIHGEIYRRRGWLTSEGKEIKNKDEILALLKALFLPKR
LSITHCPGHQKGHSAEARGNRMADQAARKAAITETPDTSTLLIENSSPD

YKDDDDKDYKDDDDKDYKDDDDK (SEQ ID NO: 151)

FC7 NLS04-CRISPR MKRTADGSEFESPKKKRKVNKPYSIGLDIGTNSVGWSIITDDYKVPAKK
nickase-Linker01- | MRVLGNTDKEYIKKNLIGALLFDGGNTAADRRLKRTARRRY TRRRNRIL
NLSO3-Linker0l- | YLOEIFAEEMSKVDDSFFHRLEDSF LVEEDKRGSKYP IFATLQEEKDYH

Variant MML V. EKFPTIYHLRKELADKQEKADLRLIYLALAHIIKFRGHFLIEDDRFDVR

: NTDIQKQYQAFLEIFDTTFENNHLLSQNVDVEAILTDKISKSAKKDRIL
FLAG-Linker04- AQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLEDKTPLQFAKDSYDEDL
NLSO01 ENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDLSTKAPLSASMIQR
YDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYIEGKTNQEAFY
KYLSKLLTKQEDSENFLEK IKNEDF LRKQRTFDNGSIPHQVHLTELKATI
IRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTRKTDD
SIRPWNFEDLVDKEKSAEAF I HRMTNNDFYLPEEKVLPKHSLIYEKFTV
YNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAK
EYEEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILE
DIVQTLTLFEDREMIKKRLENYKDLFTESQLKKLYRRHY TGWGRLSAKL
INGIRDKESQKTILDYLIDDGRSNRNFMOLINDDGLSFKSIISKAQAGS
HSDNLKEVVGELAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMAR
ENQTTNQGRRNSRQRYKLLDDGVKNLASDLNGNILKEYP TDNQALONER
LFLYYLONGRDMYTGEALDIDNLSQYDIDAIIPQAFIKDDSIDNRVLVS
SAKNRGKSDDVPSLEIVKDCKVFWKKLLDAKLMSQRKYDNL TKAERGGL
TSDDKARFIQROLVETRQI TKHVARTLDERFNNELDSKGRRTRKVKIVT
LKSNLVSNFRKEFGFYKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEP
EFVYGLYRRKKLSKIVREDKEEKYSEATRKMFF YSNLMNMF KRVVRLAD
GSIVVRPVIETGRYMGK TAWDKKKHFATVRKVLSYPQVNIVKKTEIQTG
GFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGFDSPIVAYSVLVVADI
KRKGKAQKLKTVTELLGITIMERSKFEKNPSAFLESKGYLNIRDDKLMIL
PKYSLFELENGRRRLLASAGELQKGNELALP TQFMKFLYLASRYNESKG
KPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKINKLYQD
NKENISVDELANNIINLETFTSLGAPAAFKFFDKIVDRKRY TSTKEVLN
STLIHQSITGLYETRIDLSKLGEDSGGSSGGSSGSETPGTSESATPESS
GGSSGGSSKRPAATKKAGQAKKKKSGGSSGGSSGSETPGTSESATPESS
GGSSGGSSTLNIEDEYRLHETSKEPDVSLGS TWLSDFPQAWAETGGMGL
AVRQAPLIIPLKATSTPVSIKQYPMSQEARLGIKPHIQRLLDQGILVPC
QSPWNTPLLPVKKPGTNDYRPVQDLREVNKRVEDIHP TVPNPYNLLSGL
PPSHQWYTVLDLKDAFFCLRLHPTSQPLFAFEWRDPEMGISGQLTWTRL
POGFKNSPTLFNEALHRDLADFRIQHPDLILLQYVDDLLLAATSELDCQ
QGTRALLQTLGNLGYRASAKKAQICQKOVKYLGYLLKEGOQRWLTEARKE
TVMGQPTPKTPRQLREFLGKAGFCRLF IPGFAEMAAPLYPLTKPGTLEN
WGPDQOKAYQE IKQALLTAPALGLPDLTKPFELFVDEKQGYAKGVLTOK
LGPWRRPVAYLSKKLDPVAAGWPPCLRMVAATIAVLTKDAGKLTMGQPLV
ILAPHAVEALVKQPPDRWLSNARMTHYQALLLDTDRVQFGPVVALNPAT

100



WO 2025/049928

PCT/US2024/044701

Construct
Name

Protein
Configuration

Complete AA Sequence

LLPLPEEGLQHNCLDILAEAHGTRPDLTDQPLPDADHTWYTDGSSLLQE
GORKAGAAVTTETEVIWAKALPAGTSAQRAELIALTQALKMAEGKKLNV
YTDSRYAFATAHIHGEIYRRRGWLTSEGKEIKNKDEILALLKALFLPKR
LSITHCPGHQKGHSAEARGNRMADQAARKAAITETPDTSTLLIENSSPD

YKDDDDKDYKDDDDKDYKDDDDKSGGSPKKKRKV (SEQ ID NO: 152)

FC8

NLS04-CRISPR
nickase-Linker(1-
NLSO03-Linker01-
Variant MMLV-
FLAG-Linker04-
NLS10

MKRTADGSEFESPKKKRKVNKPYSIGLDIGTNSVGWSIITDDYKVPAKK
MRVLGNTDKEYIKKNLIGALLFDGGNTAADRRLKRTARRRY TRRRNRIL
YLQEIFAEEMSKVDDSFFHRLEDSFLVEEDKRGSKYPIFATLQEEKDYH
EKFPTIYHLRKELADKQEKADLRLIYLALAHIIKFRGHFLIEDDRFDVR
NTDIQKQYQAFLEIFDTTFENNHLLSQNVDVEAILTDKISKSAKKDRIL
AQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDLSTKAPLSASMIQR
YDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGY IEGKTNQEAFY
KYLSKLLTKQEDSENFLEKIKNEDF LRKQRTFDNGSIPHQVHLTELKAT
IRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTRKTDD
STIRPWNFEDLVDKEKSAEAFTHRMTNNDFYLPEEKVLPKHSLIYEKF TV
YNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAK
EYEEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILE
DIVQTLTLFEDREMIKKRLENYKDLFTESQLKKLYRRHY TGWGRLSAKL
INGIRDKESOKTILDYLIDDGRSNRNFMOLINDDGLSFKSIISKAQAGS
HSDNLKEVVGELAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMAR
ENQTTNQGRRNSRQRYKLLDDGVKNLASDLNGNILKEYP TDNQALQNER
LFLYYLONGRDMY TGEALDIDNLSQYDIDAIIPQAFIKDDSIDNRVLVS
SAKNRGKSDDVPSLEIVKDCKVFWKKLLDAKLMSQRKYDNLTKAERGGL
TSDDKARFIQRQLVETRQITKHVARILDERFNNELDSKGRRIRKVKIVT
LKSNLVSNFRKEFGF YKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEP
EFVYGLYRRKKLSKIVREDKEEKYSEATRKMFF YSNLMNMFKRVVRLAD
GSIVVRPVIETGRYMGKTAWDKKKHFATVRKVLSYPQVNIVKKTEIQTG
GFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGFDSPIVAYSVLVVADI
KKGKAQKLKTVTELLGITIMERSKFEKNPSAFLESKGYLNIRDDKLMIL
PKYSLFELENGRRRLLASAGELQKGNELALP TQFMKFLYLASRYNESKG
KPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKINKLYQD
NKENISVDELANNIINLETFTSLGAPAAFKFFDKIVDRKRY TSTKEVLN
STLIHQSITGLYETRIDLSKLGEDSGGSSGGSSGSETPGTSESATPESS
GGSSGGSSKRPAATKKAGOAKKKKSGGSSGGSSGSETPGTSESATPESS
GGSSGGSSTLNIEDEYRLHETSKEPDVSLGSTWLSDFPQAWAE TGGMGL
AVRQAPLIIPLKATSTPVSIKQYPMSQEARLGIKPHIQRLLDQGILVPC
QSPWNTPLLPVKKPGTNDYRPVQDLREVNKRVEDIHPTVPNPYNLLSGL
PPSHQOWYTVLDLKDAFFCLRLHPTSQPLFAFEWRDPEMGISGQLTWTRL
POGFKNSPTLFNEALHRDLADFRIQHPDLILLQYVDDLLLAATSELDCQ
QGTRALLQTLGNLGYRASAKKAQICQKQVKYLGYLLKEGQRWLTEARKE
TVMGQPTPKTPRQLREFLGKAGFCRLF IPGFAEMAAPLYPLTKPGTLEN
WGPDQOKAYQEIKQALLTAPALGLPDLTKPFELFVDEKQGYAKGVLTQK
LGPWRRPVAYLSKKLDPVAAGWPPCLRMVAATAVLTKDAGKLTMGQPLV
ILAPHAVEALVKQPPDRWLSNARMTHYQALLLDTDRVQF GPVVALNPAT
LLPLPEEGLQHNCLDILAEAHGTRPDLTDQPLPDADHTWYTDGSSLLQE
GQRKAGAAVTTETEVIWAKALPAGTSAQRAELIALTQALKMAEGKKLNV
YTDSRYAFATAHIHGEIYRRRGWLTSEGKEIKNKDEILALLKALFLPKR
LSITHCPGHQKGHSAEARGNRMADQAARKAATITETPDTSTLLIENSSPD
YKDDDDKDYKDDDDKDYKDDDDKSGGSPAAKKKKLD (SEQ ID NO:
153)

FC9

NLS04-CRISPR
nickase-LinkerO1-
NLSO03-Linker01-
Variant MMLV-
FLAG-Linker04-
NLS03

MKRTADGSEFESPKKKRKVNKPYSIGLDIGTNSVGWSIITDDYKVPAKK
MRVLGNTDKEYIKKNLIGALLFDGGNTAADRRLKRTARRRYTRRRNRIL
YLQEIFAEEMSKVDDSFFHRLEDSFLVEEDKRGSKYPIFATLQEEKDYH
EKFPTIYHLRKELADKQEKADLRLIYLALAHIIKFRGHFLIEDDRFDVR
NTDIQKQYQAFLEIFDTTFENNHLLSQNVDVEAILTDKISKSAKKDRIL
AQYPNQKSTGIFAEFLKLIVGNQADFKKHENLEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDLSTKAPLSASMIQR
YDEHREDLKQLKQFVKASLPEKYQETFADSSKDGYAGYIEGKTNQEAFY
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KYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVHLTELKAI
IRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTRKTDD
SIRPWNFEDLVDKEKSAEAFIHRMTNNDFYLPEEKVLPKHSLIYEKFTV
YNELTKVRYRNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAK
EYEEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILE
DIVQTLTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKL
INGIRDKESQKTILDYLIDDGRSNRNFMQLINDDGLSEFKSIISKAQAGS
HSDNLKEVVGELAGSPATKKGILQSLKIVDELVKVMGYEPEQIVVEMAR
ENQTTNQGRRNSRQRYKLLDDGVKNLASDLNGNILKEYP TDNQALQNER
LELYYLONGRDMYTGEALDIDNLSQYDIDAIIPQAFIKDDSIDNRVLVS
SAKNRGKSDDVPSLEIVKDCKVFWKKLLDAKLMSQRKYDNLTKAERGGL
TSDDKARFIQRQLVETRQITKHVARILDERFNNELDSKGRRIRKVKIVT
LKSNLVSNFRKEFGFYKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEP
EFVYGLYRRKKLSKIVREDKEEKYSEATRKMEFFYSNLMNMFKRVVRLAD
GSIVVRPVIETGRYMGKTAWDKKKHFATVRKVLSYPQVNIVKKTEIQTG
GFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGFDSPIVAYSVLVVADI
KKGKAQKLKTVTELLGITIMERSKFEKNPSAFLESKGYLNIRDDKLMIL
PKYSLFELENGRRRLLASAGELQKGNELALPTQFMKFLYLASRYNESKG
KPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKINKLYQD
NKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEVLN
STLIHQSITGLYETRIDLSKLGEDSGGSSGGSSGSETPGTSESATPESS
GGSSGGSSKRPAATKKAGQAKKKKSGGSSGGSSGSETPGTSESATPESS
GGSSGGSSTLNIEDEYRLHETSKEPDVSLGSTWLSDFPQAWAETGGMGL
AVRQAPLIIPLKATSTPVSIKQYPMSQEARLGIKPHIQRLLDQGILVPC
QSPWNTPLLPVKKPGTNDYRPVQDLREVNKRVEDIHPTVPNPYNLLSGL
PPSHOWYTVLDLKDAFFCLRLHPTSOQPLFAFEWRDPEMGISGOLTWTRL
PQGFKNSPTLFNEALHRDLADFRIQHPDLILLQYVDDLLLAATSELDCQ
QGTRALLQTLGNLGYRASAKKAQICQKQVKYLGYLLKEGQRWLTEARKE
TVMGQPTPKTPRQLREFLGKAGFCRLEF IPGFAEMAAPLYPLTKPGTLEN
WGPDQOKAYQETIKQALLTAPALGLPDLTKPFELFVDEKQGYAKGVLTQK
LGPWRRPVAYLSKKLDPVAAGWPPCLRMVAATAVLTKDAGKLTMGQPLV
ILAPHAVEALVKQPPDRWLSNARMTHYQALLLDTDRVQFGPVVALNPAT
LLPLPEEGLQHNCLDILAEAHGTRPDLTDQPLPDADHTWYTDGSSLLQE
GOQRKAGAAVTTETEVIWAKALPAGTSAQRAELIALTQALKMAEGKKLNV
YTDSRYAFATAHIHGEIYRRRGWLTSEGKEIKNKDEILALLKALFLPKR
LSITHCPGHQKGHSAEARGNRMADQAARKAAITETPDTSTLLIENSSPD

YKDDDDKDYKDDDDKDYKDDDDKSGGSKRPAATKKAGOAKKKK (SEQ

ID NO: 154)
FC10 NLS04- Variant MKRTADGSEFESPKKKRKVILNIEDEYRLHETSKEPDVSLGSTWLSDFP
MMLV-Linker01- | QAWAETGGMGLAVRQAPLIIPLKATSTPVSIKQYPMSQEARLGIKPHIQ
NLS03-Linker01- | RLLDQGILVPCQSPWNTPLLPVKKPGTNDYRPVQODLREVNKRVEDIHPT

CRISPR nickase. | VENPYNLLSGLPPSHOWYTVLDLKDAFFCLRLHPTSQPLFAFEWRDPEM

A GISGOLTWTRLPQGFKNSPTLFNEALHRDLADFRIQHPDLILLOYVDDL
FLAG:-Linker04- LLAATSELDCQQGTRALLQTLGNLGYRASAKKAQICQKQVKYLGYLLKE
NLS03 GORWLTEARKE TVMGOP TPKTPRQLREF LGKAGFCRLF IPGFAEMAAPL
YPLTKPGTLFNWGPDQOKAYQEIKQALLTAPALGLPDLTKPFELFVDEK
OGYAKGVLTOKLGPWRRPVAYLSKKLDPVAAGWPPCLRMVAAIAVLTKD
AGKLTMGQPLVILAPHAVEALVKQPPDRWLSNARMTHYQALLLDTDRVQ
FGPVVALNPATLLPLPEEGLQHNCLDILAEAHGTRPDLTDQPLPDADHT
WYTDGSSLLOEGORKAGAAVT TETEVIWAKALPAGTSAQRAELIALTQA
LKMAEGKKLNVYTDSRYAFATAHIHGE IYRRRGWLTSEGKE IKNKDEIL
ALLKALFLPKRLSIIHCPGHQKGHSAEARGNRMADQAARKAAITETPDT
STLLIENSSPSGGSSGGSSGSETPGTSESATPESSGGSSGGSSKRPAAT
KKAGQAKKKKSGGSSGGSSGSETPGTSESATPESSGGSSGGSSNKPYST
GLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALLFDGG
NTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDSF
LVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLI
YLALAHI IKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLL
SONVDVEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQAD
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Construct Protein Complete AA Sequence
Name Configuration

FKKHFNLEDKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSV
LLSGILTVIDLSTKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQE
IFADSSKDGYAGYIEGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFE
LRKQRTFDNGSIPHQVHLTELKAIIRRQSEYYPFLKENQDRIEKILTFR
IPYYIGPLAREKSDFAWMTRKTDDSIRPWNFEDLVDKEKSAEAFITHRMT
NNDFYLPEEKVLPKHSLIYEKFTVYNELTKVRYKNEQGETYFFDSNIKQ
EIFDGVFKEHRKVSKKKLLDFLAKEYEEFRIVDVIGLDKENKAFNASLG
TYHDLEKILDKDFLDNPDNESILEDIVQTLTLFEDREMIKKRLENYKDL
FTESQLKKLYRRHYTGWGRLSAKLINGIRDKESQKTILDYLIDDGRSNR
NEMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGELAGSPAIKKGILQS
LKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQRYKLLDDGVKN
LASDLNGNILKEYPTDNQALONERLFLYYLQNGRDMYTGEALDIDNLSQ
YDIDAIIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDCKVEWK
KLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHVAR
ILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYH
HAHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYS
EATRKMFFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKH
FATVRKVLSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIY
LDPKKYGGFDSPIVAYSVLVVADIKKGKAQKLKTIVTELLGITIMERSKF
EXKNPSAFLESKGYLNIRDDKLMILPKYSLFELENGRRRLLASAGELQKG
NELALPTQFMKFLYLASRYNESKGKPEETIEKKQEFVNQHVSYFDDILQL
INDFSKRVILADANLEKINKLYQDNKENISVDELANNIINLFTFTSLGA
PAAFKFFDKIVDRKRYTSTKEVLNSTLIHQSITGLYETRIDLSKLGEDD

YKDDDDKDYKDDDDKDYKDDDDKSGGSKRPAATKKAGQAKKKK (SEQ

ID NO: 155)
Control | NLS04-CRISPR MKRTADGSEFESPKKKRKVNKPYSIGLDIGTNSVGWSIITDDYKVPAKK
nickase-Linker01- | MRVLGNTDKEYIKKNLIGALLFDGGNTAADRRLKRTARRRY TRRRNRIL
Variant MMLV- YLQEIFAEEMSKVDDSFFHRLEDSFLVEEDKRGSKYPIFATLQEEKD YH

EKFPTIYHLRKELADKQEKADLRLIYLALAHIIKFRGHFLIEDDRFDVR
NTDIQKQYQAFLEIFDTTFENNHLLSQNVDVEAILTDKISKSAKKDRIL
AQYPNQKSTGIFAEFLKLIVGNQADFKKHENLEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDLSTKAPLSASMIQR
YDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYIEGKTNQEAFY
KYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVHLTELKAT
IRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTRKTDD
SIRPWNFEDLVDKEKSAEAFIHRMTNNDFYLPEEKVLPKHSLIYEKEFTV
YNELTKVRYKNEQGETYFFDSNIKQETIFDGVFKEHRKVSKKKLLDFLAK
EYEEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILE
DIVQTLTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKL
INGIRDKESQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGS
HSDNLKEVVGELAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMAR
ENQTTNQGRRNSRQRYKLLDDGVKNLASDLNGNILKEYP TDNQALQNER
LFLYYLONGRDMYTGEALDIDNLSQYDIDAIIPQAFIKDDSIDNRVLVS
SAKNRGKSDDVPSLEIVKDCKVEFWKKLLDAKLMSQRKYDNLTKAERGGL
TSDDKARFIQRQLVETRQITKHVARILDERFNNELDSKGRRIRKVKIVT
LKSNLVSNFRKEFGFYKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEP
EFVYGLYRRKKLSKIVREDKEEKYSEATRKMFFYSNLMNMFKRVVRLAD
GSIVVRPVIETGRYMGKTAWDKKKHFATVRKVLSYPQVNIVKKTEIQTG
GEFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGFDSPIVAYSVLVVADI
KKGKAQKLKTVTELLGITIMERSKFEKNPSAFLESKGYLNIRDDKLMIL
PKYSLFELENGRRRLLASAGELQKGNELALPTQFMKFLYLASRYNESKG
KPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKINKLYQD
NKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEVLN
STLIHQSITGLYETRIDLSKLGEDSGGSSGGSSGSETPGTSESATPESS
GGSSGGSSTLNIEDEYRLHETSKEPDVSLGSTWLSDFPQAWAETGGMGL
AVRQAPLIIPLKATSTPVSIKQYPMSQEARLGIKPHIQRLLDQGILVPC
QSPWNTPLLPVKKPGTNDYRPVQDLREVNKRVEDIHPTVPNPYNLLSGL
PPSHOWYTVLDLKDAFFCLRLHPTSQPLFAFEWRDPEMGISGQLTWTRL
POQGFKNSPTLEFNEALHRDLADFRIQHPDLILLQYVDDLLLAATSELDCQ

NLS03-FLAG

103



WO 2025/049928 PCT/US2024/044701

Construct Protein Complete AA Sequence
Name Configuration

QGTRALLQTLGNLGYRASAKKAQICQKQVKYLGYLLKEGQRWLTEARKE
TVMGQPTPKTPRQLREFLGKAGFCRLF IPGFAEMAAPLYPLTKPGTLEFN
WGPDQOKAYQETIKQALLTAPALGLPDLTKPFELFVDEKQGYAKGVLTQK
LGPWRRPVAYLSKKLDPVAAGWPPCLRMVAATAVLTKDAGKLTMGQPLV
ILAPHAVEALVKQPPDRWLSNARMTHYQALLLDTDRVQFGPVVALNPAT
LLPLPEEGLQHNCLDILAEAHGTRPDLTDQPLPDADHTWYTDGSSLLQE
GORKAGAAVTTETEVIWAKALPAGTSAQRAELIALTQALKMAEGKKLNV
YTDSRYAFATAHIHGEIYRRRGWLTSEGKEIKNKDEILALLKALFLPKR
LSITHCPGHQKGHSAEARGNRMADQAARKAAITETPDTSTLLIENSSPK

RPAATKKAGOAKKKKDYKDDDDKDYKDDDDKDYKDDDDK (SEQ ID
NO: 156)

This Example thus shows that incorporation of edits into a target can be improved
through optimizing the configurations of CRISPR nuclease-reverse transcriptase and CRISPR

nickase-reverse transcriptase fusion polypeptides.

Example 8: Further Screening of CRISPR Nickase-Reverse Transcriptase Fusion
Polypeptides

This Example describes the design and implementation of a reporter-based HEK293T

stable cell line that can be used to measure activity of CRISPR nickase-reverse transcriptase
fusion polypeptides. This system is an orthogonal readout to the NGS-based assay used in the
previous Example.

A modified version of the traffic light reporter (TLR) assay described in Glaser et al.,
Mol Ther Nucleic Acids 5(7): e334 (2016) was used to create a stable cell line with an
integrated Blue Fluorescent Protein (BFP) reporter target. Editing by conversion of BFP to
eGFP through a two amino acid change (SH>TY) yields the ability to measure eGFP intensity
as a percentage of the total cell population. In this assay, cells comprising the integrated
reporter are mCherry-positive.

The sequences of the BFP target and the editing template RNA sequence designed to
convert BFP to eGFP are shown in Table 18. The editing template RNA was cloned and
transfected into the stable cell line as described in Example 6. The CRISPR nickase-reverse
transcriptase fusion polypeptide library described in the previous Example was also

transfected.

Table 18. Sequences for TLR Screen

Component Sequence
BFP Target GGCTGAAGCACTGGACGCCG (SEQID NO: 157)

Editing Template RNA | GGCUGAAGCACUGGACGCCGGUUUUAGAGCUGUGCUGAAAAG
CACAGCACGUUAAAAUAAGGCAGUGAUUGAAAAAUCCAGUCC
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GUAUUCAGCUUGAAAAAGUGAGCACCGAAUCGGUGCUUAGCU
GCCUCUGGCCUAAGGACAGCCUGAAGUCGACCACCCUGACCUA
CGGCGUCCAGUGCUUC (SEQ ID NO: 158)

Analysis for the TLR screen was performed by imaging live cells at 72 hours post
transfection on the Operetta CLS (Perkin Elmer) and with its Harmony software.
Quantification of eGFP was performed and compared to the total mCherry positive cell
population. The mCherry population represents the total number of cells that contain the
integrated reporter. Imaging data was collected and quantified as a percentage of eGFP positive
cells relative to the mCherry positive cell population.

The top-performing CRISPR nickase-reverse transcriptase fusion polypeptides from the
TLR screen are shown in FIG. 5, illustrated as the percentage of eGFP positive cells in the
mCherry-positive population. The hits are rank ordered by activity compared to the control
CRISPR nickase-reverse transcriptase polypeptide and correlate with the NGS data from FIG.
4A and FIG. 4B. One additional trend that was observed was that increasing flexible linker
length (Linker_16xGGGGS > Linker_8xGGGGS > Linker_4xGGGGS > Linker_1xGGGGS)
between the CRISPR nickase component and the reverse transcriptase component yielded
increasing BFP>eGFP editing, translating to increased eGFP-positive cells in the reporter
assay. Therefore, increasing the length of the linker between the CRISPR nickase components
and the reverse transcriptase components of the CRISPR nickase-reverse transcriptase fusion
polypeptides in Table 17 may be beneficial in further increasing editing efficiency.

Next, to compare the robustness of the reporter-based eGFP quantitation from the TLR
screen, the top-performing hits were graphed and compared to the NGS-quantified edits for the
conversion of BFP to eGFP (FIG. 6). The percentage of edits versus the percentage of eGFP
positive cells was positively correlated; higher edit installation resulted in higher percentages
of eGFP positive cells. Finally, edits at the EMX1_T2 target from the previous Example were
compared to BFP-to-eGFP edits for the top-performing CRISPR nickase-reverse transcriptase
fusion polypeptides. As shown in FIG. 7, for each CRISPR nickase-reverse transcriptase
fusion polypeptide, there was a positive correlation between edits at both targets. Additionally,
edits by each CRISPR nickase-reverse transcriptase fusion polypeptide exceeded those by the
control CRISPR nickase-reverse transcriptase fusion polypeptide.

This Example thus shows that optimized CRISPR nickase-reverse transcriptase fusion

polypeptides introduce edits at multiple target loci.
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Example 9: Design of Additional CRISPR Nucleases

This Example describes design of additional CRISPR nucleases with desired
bioactivities.

Additional variants of the CRISPR nickases described herein are engineered. Each
individual amino acid residue of the CRISPR nickase with an H845A substitution from
Example 3 is replaced with the remaining nineteen available amino acids (except for the
HB845A residue). Nucleic acids encoding the CRISPR nickase variants are cloned into a
pcDNA3.1 vector (Invitrogen) comprising a CMV promoter. The expression vectors are
introduced into host cells for expression of the CRISPR nickase variants. The CRISPR nickase
variants expressed in host cells are purified and their nickase activities are evaluated following
the procedures provided in Example 3 above.

Additional CRISPR nuclease variants are engineered to increase double-strand nuclease

activity. The variants of Table 19 are cloned and evaluated as described in Example 2.

Table 19. Variant CRISPR Nuclease Sequences

Variant SEQID
Amino Acid Sequence NO
A MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 159

FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHIIKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHEFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLEFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKINQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAITIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTIR
KTDDSIRPWNFEDLVDKEKSAEAF THRMTINNDKYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQOSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYP TDNQALONERLFLYYLONGRDMY TGEA
LDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIKROQLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSKATR
KMEFFYSNLMNMFKRVVRLADGS IVVRPVIETGRYMGKTAWDKKKHEFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAKRNSDKLIPRKKKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKTVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMKLPKYSLFELENGRRRLLASAGELQKGNELALPTQFMKFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDEFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

B MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 160
FDGGNTAARRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS

106



WO 2025/049928 PCT/US2024/044701

Variant SEQID
Amino Acid Sequence NO

FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDKYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIKRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSKATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESIRAKRNSDKLTIPRKKKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMKLPKYSLFELENGRRRLLASARELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLEFTFTRLGAPAAFKFFDKIVDRKRYRSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

C MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 161
FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDKYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIKROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSKATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILPKRNSDKLIPRKKKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMKLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 162
FDGGNTAARRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO

FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDKYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIKRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSKATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESIRPKRNSDKLIPRKKKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMKLPKYSLFELENGRRRLLASARELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLEFTFTRLGAPAAFKFFDKIVDRKRYRSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

E MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 163
FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDKYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGRYEPEQIVVEMARENQTTNQGRRNSR
QRYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGE
ALDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIKRQLVETRQITKH
VARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYH
HAHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSKAT
RKMFFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHEATVRK
VLSYPQVNIVKKTEIQTGGFSKESILAKRNSDKLIPRKKKDIYLDPKKYGGF
DSPIVAYSVLVVADIKKGKAQKLKTVIELLGITIMERSKFEKNP SAFLESKG
YLNIRDDKLMKLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYL
ASRYNESKGKPEEIEKKQEFVNQHVSYFDDILOLINDFSKRVILADANLEKI
NKLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFEFDKIVDRKRYTSTKE
VLNSTLIHQSITGLYETRIDLSKLGED

F MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 164
FDGGNTAARRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO

FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDKYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGRYEPEQIVVEMARENQTTNQGRRNSR
QRYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLEFLYYLONGRDMYTGE
ALDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIKRQLVETRQITKH
VARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYH
HAHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSKAT
RKMFFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRK
VLSYPQVNIVKKTETIQTGGFSKESTRAKRNSDKLIPRKKKDIYLDPKKYGGF
DSPIVAYSVLVVADIKKGKAQKLKTVTELLGITIMERSKFEKNP SAFLESKG
YLNIRDDKLMKLPKYSLFELENGRRRLLASARELOKGNELALPTQFMKFLYL
ASRYNESKGKPEEIEKKQEFVNQHVSYFDDILQOLINDFSKRVILADANLEKT
NKLYQDNKENISVDELANNIINLFTFTRLGAPAAFKFEFDKIVDRKRYRSTKE
VLNSTLIHQSITGLYETRIDLSKLGED

G MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 165
FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARRNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 166
FDGGNTAARRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO

FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESIRARRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASARELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLEFTFTRLGAPAAFKFFDKIVDRKRYRSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

I MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 167
FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILPRRNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

J MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 168
FDGGNTAARRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO

FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESIRPRRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASARELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLEFTFTRLGAPAAFKFFDKIVDRKRYRSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

K MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 169
FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGRYEPEQIVVEMARENQTTNQGRRNSR
QRYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGE
ALDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRRQLVETRQITKH
VARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYH
HAHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRAT
RKMFFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHEATVRK
VLSYPQVNIVKKTEIQTGGFSKESILARRNSDKLIPRKRKDIYLDPKKYGGF
DSPIVAYSVLVVADIKKGKAQKLKTVIELLGITIMERSKFEKNP SAFLESKG
YLNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYL
ASRYNESKGKPEEIEKKQEFVNQHVSYFDDILOLINDFSKRVILADANLEKI
NKLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFEFDKIVDRKRYTSTKE
VLNSTLIHQSITGLYETRIDLSKLGED

L MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 170
FDGGNTAARRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO

FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGRYEPEQIVVEMARENQTTNQGRRNSR
QRYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLEFLYYLONGRDMYTGE
ALDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKH
VARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYH
HAHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRAT
RKMFFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRK
VLSYPQVNIVKKTETIQTGGFSKESTRARRNSDKLIPRKRKDIYLDPKKYGGF
DSPIVAYSVLVVADIKKGKAQKLKTVTELLGITIMERSKFEKNP SAFLESKG
YLNIRDDKLMRLPKYSLFELENGRRRLLASARELOKGNELALPTQFMKFLYL
ASRYNESKGKPEEIEKKQEFVNQHVSYFDDILQOLINDFSKRVILADANLEKT
NKLYQDNKENISVDELANNIINLFTFTRLGAPAAFKFEFDKIVDRKRYRSTKE
VLNSTLIHQSITGLYETRIDLSKLGED

M MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 171
FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGRYEPEQIVVEMARENQTTNQGRRNSR
QRYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGE
ALDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRRQLVETRQITKH
VARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYH
HAHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRAT
RKMFFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHEATVRK
VLSYPQVNIVKKTEIQTGGFSKESILPRRNSDKLIPRKRKDIYLDPKKYGGF
DSPIVAYSVLVVADIKKGKAQKLKTVIELLGITIMERSKFEKNP SAFLESKG
YLNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYL
ASRYNESKGKPEEIEKKQEFVNQHVSYFDDILOLINDFSKRVILADANLEKI
NKLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFEFDKIVDRKRYTSTKE
VLNSTLIHQSITGLYETRIDLSKLGED

N MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 172
FDGGNTAARRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO

FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGRYEPEQIVVEMARENQTTNQGRRNSR
QRYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLEFLYYLONGRDMYTGE
ALDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKD
CKVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKH
VARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYH
HAHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRAT
RKMFFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRK
VLSYPQVNIVKKTETIQTGGFSKESTRPRRNSDKLIPRKRKDIYLDPKKYGGF
DSPIVAYSVLVVADIKKGKAQKLKTVTELLGITIMERSKFEKNP SAFLESKG
YLNIRDDKLMRLPKYSLFELENGRRRLLASARELOKGNELALPTQFMKFLYL
ASRYNESKGKPEEIEKKQEFVNQHVSYFDDILQOLINDFSKRVILADANLEKT
NKLYQDNKENISVDELANNIINLFTFTRLGAPAAFKFEFDKIVDRKRYRSTKE
VLNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 173
F501R_ FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
H657R_ | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
L784R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 174
F501R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
H657R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
Q923R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
D462R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 175
F501R_L | FDGGNTAADRRLKRTARRRYTRRRNRILYLOEIFAEEMSKVDDSFFHRLEDS
784R_Q9 | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
23R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 176
H657R | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
L784R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
Q923R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 177
H657R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
L784R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
ngmi ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 178
F501R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
H657R_1 | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
1206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
D462R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 179
F501R_I | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
1206R_Q | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
923R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 180
H657R 1 | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
1206R_Q FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
923R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 181
H657R_I | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
1206R_Q | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
923R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 182
F501R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
H657R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
G1120R | ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 183
F501R_ FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
G1120R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 184
H657R | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS

118



WO 2025/049928 PCT/US2024/044701

Variant SEQID
Amino Acid Sequence NO
G1120R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 185
H657R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
G1120R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 186
H657R | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS

119



WO 2025/049928 PCT/US2024/044701

Variant SEQID
Amino Acid Sequence NO
G1120R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T1130R | ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 187
H657R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
G1120R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 188
H657R | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 189
G1120R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H657R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 190
G1120R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H657R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 191
L784R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQETIFAEEMSKVDDSFFHRLEDS
G1120R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T1130R | ALAHIIKFRGHFLIEDDRFDVRNTDIQKQYQAFLETIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H657R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 192
L784R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
G1120R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
H657R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 193
L784R_T | FDGGNTAADRRLKRTARRRYTRRRNRILYLOEIFAEEMSKVDDSFFHRLEDS
1130R_I | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
1206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
L784R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 194
G1120R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H657R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 195
L784R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQETIFAEEMSKVDDSFFHRLEDS
H1119R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T1130R | ALAHIIKFRGHFLIEDDRFDVRNTDIQKQYQAFLETIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H657R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 196
L784R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
HI1119R_ | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
H657R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 197
L784R_T | FDGGNTAADRRLKRTARRRYTRRRNRILYLOEIFAEEMSKVDDSFFHRLEDS
1130R_I | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
1206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
H657R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 198
H1119R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

L784R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 199
H1119R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKRLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 200
(Q923R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
HI1119R_ | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T1130R | ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 201
Q923R_ FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
H1119R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKTKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 202
(Q923R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 203
H1119R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

Q923R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 204
H1119R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 205
Q923R_ FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
G1120R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T1130R | ALAHIIKFRGHFLIEDDRFDVRNTDIQKQYQAFLETIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 206
(Q923R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
G1120R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 207
Q923R_ FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 208
G1120R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

Q923R_ MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 209
G1120R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_E | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 210
1037R_G | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
1120R_T | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
1130R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
F501R_E | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 211
1037R_G | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
1120R_I | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
1206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
F501R_E | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 212
1037R_T | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
1130R_I | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
1206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

F501R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 213
G1120R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

E1037R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 214
G1120R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H657R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 215
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
G1120R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T1130R | ALAHIIKFRGHFLIEDDRFDVRNTDIQKQYQAFLETIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H657R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 216
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
G1120R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H657R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 217
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

H657R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 218
G1120R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRRYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 219
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
G1120R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T1130R | ALAHIIKFRGHFLIEDDRFDVRNTDIQKQYQAFLETIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 220
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
G1120R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 221
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 222
G1120R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHRNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 223
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
H1119R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T1130R | ALAHIIKFRGHFLIEDDRFDVRNTDIQKQYQAFLETIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 224
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
HI1119R_ | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 225
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSRFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

D462R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 226
H1119R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSREFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
F501R_E | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 227
1037R_H | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
1119R_T | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
1130R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
F501R_E | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 228
1037R_H | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
1119R_I | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
1206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKTKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
F501R_E | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 229
1037R_T | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
1130R_I | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
1206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
F501R_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 230
H1119R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS

141



WO 2025/049928 PCT/US2024/044701

Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFIHRMTNNDRYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

E1037R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 231
H1119R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIQROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

Q923R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 232
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
HI1119R_ | FLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T1130R | ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLTIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

Q923R_ MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 233
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
H1119R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKTKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

Q923R_ | MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEY IKKNLIGALL 234
E1037R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
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Variant SEQID
Amino Acid Sequence NO
T1130R_ | FLVEEDKRGSKYPIFATLOEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
T11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHENLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLF SAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGYI
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGS IPHQVH
LTELKAITRROSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDEFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAF IHRMTNNDEFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLELYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKARFIRRQLVETRQITKHV
ARTILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKTREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSRATR
KMFEFYSNLMNMFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILAHGNSDKLIPRKRKDIYLDPKKYGGED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTQFMKFLYLA
SRYNESKGKPEETEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQDNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED

Q923R_ MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKNLIGALL 235
H1119R_ | FDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSKVDDSFFHRLEDS
T1130R_ | FLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHLRKELADKQEKADLRLIYL
11206R ALAHITKFRGHFLIEDDRFDVRNTDIQKQYQAFLEIFDTTFENNHLLSQNVD
VEAILTDKISKSAKKDRILAQYPNQKSTGIFAEFLKLIVGNQADFKKHFNLE
DKTPLQFAKDSYDEDLENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDL
STKAPLSASMIQRYDEHREDLKQLKQFVKASLPEKYQETIFADSSKDGYAGY I
EGKTNQEAFYKYLSKLLTKQEDSENFLEKIKNEDFLRKQRTFDNGSIPHQVH
LTELKAIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREKSDFAWMTR
KTDDSIRPWNFEDLVDKEKSAEAFITHRMTNNDFYLPEEKVLPKHSLIYEKFT
VYNELTKVRYKNEQGETYFFDSNIKQEIFDGVFKEHRKVSKKKLLDFLAKEY
EEFRIVDVIGLDKENKAFNASLGTYHDLEKILDKDFLDNPDNESILEDIVQT
LTLFEDREMIKKRLENYKDLFTESQLKKLYRRHYTGWGRLSAKLINGIRDKE
SOQKTILDYLIDDGRSNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGE
LAGSPAIKKGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQ
RYKLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMYTGEA
LDIDNLSQYDIDHITIPQAFIKDDSIDNRVLVSSAKNRGKSDDVPSLEIVKDC
KVFWKKLLDAKLMSQRKYDNLTKAERGGLT SDDKARFIRROLVETRQITKHV
ARILDERFNNELDSKGRRIRKVKIVTLKSNLVSNFRKEFGFYKIREVNDYHH
AHDAYLNAVVAKAILTKYPQLEPEFVYGLYRRKKLSKIVREDKEEKYSEATR
KMFEFYSNLMNMEFKRVVRLADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKV
LSYPQVNIVKKTEIQTGGFSKESILARGNSDKLIPRKRKDIYLDPKKYGGFED
SPIVAYSVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMRLPKYSLFELENGRRRLLASAGELOKGNELALPTOFMKEFLYLA
SRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDFSKRVILADANLEKIN
KLYQODNKENISVDELANNIINLFTFTSLGAPAAFKFFDKIVDRKRYTSTKEV
LNSTLIHQSITGLYETRIDLSKLGED
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Additional CRISPR nuclease variants are engineered and evaluated for their ability to
recognize less stringent PAM sequences. The variants of Table 20 are cloned and evaluated as
described in Example 2 using target sequences adjacent to 5’-NGN-3", 5’-NRN-3’, or 5’-
NYN-3" PAM sequences, in which N represents any nucleotide, R represents G or A, and Y

represents C or T.

Table 20. Variant CRISPR Nuclease Sequences.

Variants Amino Acid Sequences SEQ ID
NO
L1117R_D1144V_ | MNKPYSIGLDIGTINSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKN 236

GI227R_E1228F_ | LIGALLFDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSK
AI332R_R1345V_ | VDDSFFHRLEDSFLVEEDKRGSKYP IFATLOEEKDYHEKFPTIYHL
T1347R RKELADKQEKADLRLIYLALAHI IKFRGHFLIEDDRFDVRNTDIQK
QYQOAFLEIFDTTFENNHLLSQNVDVEAILTDKISKSAKKDRILAQY
PNQKSTGIFAEFLKLIVGNQADFKKHFNLEDKTP LOFAKDSYDEDL
ENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDLSTKAPLSASM
IQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGY IEGKT
NQEAFYKYLSKLLTKQEDSENFLEKIKNEDF LRKQRTFDNGSIPHQ
VHLTELKAI IRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREK
SDFAWMTRKTDDS IRPWNFEDLVDKEKSAEAF IHRMTNNDFYLPEE
KVLPKHSLIYEKFTVYNELTKVRYKNEQGETYFFDSNIKQEIFDGV
FKEHRKVSKKKLLDFLAKEYEEFRIVDVIGLDKENKAFNASLGTYH
DLEKILDKDFLDNPDNESILEDIVQOTLTLFEDREMIKKRLENYKDL
FTESQLKKLYRRHYTGWGRLSAKLINGIRDKESQKTILDYLIDDGR
SNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNOGRRNSRORY
KLLDDGVKNLASDLNGNILKEYP TDNQALQONERLFLYYLONGRDMY
TGEALDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDD
VPSLEIVKDCKVFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKAR
FIQRQLVETRQITKHVARILDERFNNELDSKGRRIRKVKIVTLKSN
LVSNFRKEFGFYKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEPE
FVYGLYRRKKLSKIVREDKEEKY SEATRKMFFY SNLMNMFKRVVRL
ADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKVLSYPQVNIVKKT
EIQTGGFSKESIRAHGNSDKLIPRKTKDIYLDPKKYGGEVSPIVAY
SVLVVADIKKGKAQKLKTVTELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASARFLOKGNELALPTQFM
KFLYLASRYNESKGKPEE IEKKQEFVNQHVSYFDDILQLINDFSKR
VILADANLEKINKLYQDNKENISVDELANNI INLFTFTSLGAPRAF
KFFDKIVDRKVYRSTKEVLNSTLIEQSITGLYETRIDLSKLGED

DI1144L,_S1145W_ | MNKPYSIGLDIGTNSVGWSI ITDDYKVPAKKMRVLGNTDKEY IKKN 237
G1227K_E1228Q | LIGALLFDGGNTAADRRLKRTARRRYTRRRNRILYLQEIFAEEMSK
R1345Q T1347R | VDDSFFHRLEDSFLVEEDKRGSKYPIFATLQEEKDYHEKFPTIYHL
RKELADKQEKADLRLIYLALAHI IKFRGHFLIEDDRFDVRNTDIQK
QYQAFLEIFDTTFENNHLLSQONVDVEAILTDKISKSAKKDRILAQY
PNQKSTGIFAEFLKLIVGNQADFKKHFNLEDKTP LQFAKDSYDEDL
ENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDLSTKAPLSASM
IQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGY IEGKT
NQEAFYKYLSKLLTKQEDSENFLEKIKNEDF LRKQRTFDNGSIPHQ
VHLTELKAI IRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREK
SDFAWMTRKTDDS IRPWNFEDLVDKEKSAEAF THRMTNNDFYLPEE
KVLPKHSLIYEKFTVYNELTKVRYKNEQGETYFFDSNIKQEIFDGV
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FKEHRKVSKKKLLDFLAKEYEEFRIVDVIGLDKENKAFNASLGTYH
DLEKILDKDFLDNPDNESILEDIVQTLTLFEDREMIKKRLENYKDL
FTESQLKKLYRRHYTGWGRLSAKLINGIRDKESQKTILDYLIDDGR
SNRNFMOLINDDGLSFKSIISKAQAGSHSDNLKEVVGELAGSPAIK
KGILOSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRORY
KLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMY
TGEALDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDD
VPSLEIVKDCKVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKAR
FIQRQLVETRQITKHVARILDERFNNELDSKGRRIRKVKIVILKSN
LVSNFRKEFGFYKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEPE
FVYGLYRRKKLSKIVREDKEEKYSEATRKMFEFYSNLMNMFKRVVRL
ADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKVLSYPQVNIVKKT
EIQTGGFSKESILAHGNSDKLIPRKTKDIYLDPKKYGGFLWPIVAY
SVLVVADIKKGKAQKLKIVTELLGITIMERSKFEKNPSAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAKQLOKGNELALPTQFM
KFLYLASRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDESKR
VILADANLEKINKLYQDNKENISVDELANNIINLFTFTSLGAPAAF
KFFDKIVDRKQYRSTKEVLNSTLIHQSITGLYETRIDLSKLGED

D6IR_L1117R_D1
144L_S1145W_G1
227K_E1228Q_S1
327R_AI1332R_RI1
343P_R1345Q T1
347R

MNKPYSIGLDIGTNSVGWSIITDDYKVPAKKMRVLGNTDKEYIKKN
LIGALLFDGGNTAARRRLKRTARRRYTRRRNRILYLQEIFAEEMSK
VDDSFFHRLEDSFLVEEDKRGSKYPIFATLOQEEKDYHEKFPTIYHL
RKELADKQEKADLRLIYLALAHIIKFRGHFLIEDDREFDVRNTDIQK
QYOAFLEIFDTTFENNHLLSQNVDVEAILTDKISKSAKKDRILAQY
PNOKSTGIFAEFLKLIVGNQADFKKHENLEDKTPLQFAKDSYDEDL
ENLLGQIGDEFADLFSAAKKLYDSVLLSGILTVIDLSTKAPLSASM
IQRYDEHREDLKQLKQFVKASLPEKYQEIFADSSKDGYAGY IEGKT
NQEAFYKYLSKLLTKQEDSENFLEKIKNEDF LRKOQRTFDNGSIPHQ
VHLTELKATIIRRQSEYYPFLKENQDRIEKILTFRIPYYIGPLAREK
SDFAWMTRKTDDS IRPWNFEDLVDKEKSAEAF THRMTNNDEFYLPEE
KVLPKHSLIYEKFTVYNELTKVRYKNEQGETYFFDSNIKQEIFDGV
FKEHRKVSKKKLLDFLAKEYEEFRIVDVIGLDKENKAFNASLGTYH
DLEKILDKDFLDNPDNESILEDIVQTLTLFEDREMIKKRLENYKDL
FTESQLKKLYRRHYTGWGRLSAKLINGIRDKESQKTILDYLIDDGR
SNRNFMQLINDDGLSFKSIISKAQAGSHSDNLKEVVGELAGSPAIK
KGILQSLKIVDELVKVMGYEPEQIVVEMARENQTTNQGRRNSRQRY
KLLDDGVKNLASDLNGNILKEYPTDNQALONERLFLYYLONGRDMY
TGEALDIDNLSQYDIDHIIPQAFIKDDSIDNRVLVSSAKNRGKSDD
VPSLEIVKDCKVEFWKKLLDAKLMSQRKYDNLTKAERGGLTSDDKAR
FIQROQLVETRQITKHVARILDERFNNELDSKGRRIRKVKIVTLKSN
LVSNFRKEFGFYKIREVNDYHHAHDAYLNAVVAKAILTKYPQLEPE
FVYGLYRRKKLSKIVREDKEEKYSEATRKMFFYSNLMNMFKRVVRL
ADGSIVVRPVIETGRYMGKTAWDKKKHFATVRKVLSYPQVNIVKKT
EIQTGGFSKESIRAHGNSDKLIPRKTKDIYLDPKKYGGFLWPIVAY
SVLVVADIKKGKAQKLKTIVIELLGITIMERSKFEKNP SAFLESKGY
LNIRDDKLMILPKYSLFELENGRRRLLASAKQLOKGNELALPTQFM
KFLYLASRYNESKGKPEEIEKKQEFVNQHVSYFDDILQLINDESKR
VILADANLEKINKLYQDNKENISVDELANNIINLEFTFTRLGAPRAF
KFFDKIVDPKQYRSTKEVLNSTLIHQSITGLYETRIDLSKLGED

238

Example 10: Effectiveness of Variants of a CRISPR Nuclease with Relaxed PAM

Stringency for Targeting of Exemplary Mammalian Genes

This Example describes indel assessment on exemplary mammalian targets using
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variants of a CRISPR nuclease with a relaxed PAM transfected into HEK293T cells.

Arginine scanning mutagenesis was performed to individually substitute selected non-
arginine residues of the CRISPR nuclease variant of SEQ ID NO: 236 to arginine. This
resulted in 372 single arginine substitution variants. The variants were cloned and evaluated as
described in Example 2 using the target sequences adjacent to 5’-NGN-3" PAM sequences

summarized in Table 21.

Table 21. Mammalian Targets and Corresponding crRNAs

Target PAM Target Sequence RNA Guide Sequence
Identifier | Sequence

AACUCCCUUUGUGAGAAUGGGUU
UUAGAGCUGUGCUGAAAAGCACA
AACTCCCTTTGTGAGAAT | GCACGUUAAAAUAAGGCAGUGAU
GG (SEQ ID NO: 239) UGAAAAAUCCAGUCCGUAUUCAG
CUUGAAAAAGUGAGCACCGAAUC
GGUGCUU (SEQ ID NO: 240)

GGAUGGCGACUUCAGGCACAGUU
UUAGAGCUGUGCUGAAAAGCACA
GGATGGCGACTTCAGGCA | GCACGUUAAAAUAAGGCAGUGAU
CA (SEQ ID NO: 241) UGAAAAAUCCAGUCCGUAUUCAG
CUUGAAAAAGUGAGCACCGAAUC
GGUGCUU (SEQ ID NO: 242)

AAVS1 TGC

EMX1 GGA

HEK?293T cells were further transfected, followed by NGS analysis, as described in
Example 2. Indel activity of the CRISPR nuclease variant of SEQ ID NO: 236 is shown in
Table 22. The data in Table 22 is the average of ten control samples, each of which had two

bioreplicates and two technical replicates.

Table 22. Percentage of NGS Reads Comprising Indels
Variant AAVS1 EMX1

SEQ ID NO: 236 5.0 2.6

Next, for each target, indel ratios, referring to the percentage of NGS reads comprising
indels, were calculated for the variant CRISPR nuclease (SEQ ID NO: 236) and for each
variant CRISPR nuclease. To then calculate fold change in indel ratios, the indel ratio for each
variant was divided by the indel ratio for the variant CRISPR nuclease of SEQ ID NO: 236.
The indel ratios used for fold change calculations were the average of two technical replicates.

As shown in Table 23, 3 of the 372 variants with single arginine substitutions (left column)
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were characterized as yielding at least a 2X increase in indel ratio relative to the indel ratio for
the variant CRISPR nuclease of SEQ ID NO: 236, when averaged across the two targets (right

column).

Table 23. Fold Change in Indel Ratios*

Substitution AAVS1 EMX1 Average Fold Change
AG8R 1.1 4.3 2.7
D61R 1.4 3.00 2.2
H494R 1.1 3.1 2.1

* Variant indel ratio/indel ratio of variant set forth in SEQ ID NO: 236

11 variants with single arginine substitutions were analyzed as having indel ratios 1.5X-
2X of the reference indel ratios: L64R, S410R, T67R, Q849R, G1110R, F501R, T659R,
L784R, Y516R, G55R, and E1037R. 92 variants exhibited indel ratios 1-1.4X of the reference
indel ratios: N57R, D720R, A919R, A1294R, Q812R, N700R, H657R, T73R, Q899R,
T1347R, I857R, K751R, D327R, I581R, D462R, E331R, A589R, D471R, I699R, N1295R,
T470R, 11147R, E130R, S473R, A353R, K40R, K334R, A60R, S1348R, K367R, A1118R,
K31R, Q349R, K341R, Q83R, K585R, Q840R, G660R, K527R, G727R, Y42R, L1281R,
L122R, Q123R, T1108R, E41R, K1131R, K30R, S872R, I1206R, D1132R, K460R, L80R,
E459R, K1182R, L1117R, M696R, K918R, K126R, N721R, G1227R, Q809R, K1091R,
K736R, A1332R, K783R, N498R, K723R, E1228R, H1119R, F463R, L594R, D472R, K744R,
E365R, G595R, K45R, Y348R, K964R, S1181R, N813R, D407R, S839R, Y658R, E586R,
G754R, A730R, Y1015R, D903R, A1333R, S461R, and H1359R. The remaining variants with
single arginine substitutions (266 variants) resulted in decreased indel ratios relative to the
indel ratios for the variant CRISPR nuclease of SEQ ID NO: 236 (fold change in indel ratios of
less than 1.0).

This Example thus shows that the CRISPR nuclease variant of SEQ ID NO: 236 is an
active nuclease capable of editing target sequences adjacent to a 5’-NGN-3’ PAM (N
representing A, C, G, or U) and that particular further arginine substitutions (e.g., D61R,

A68R, and/or H494R) increase nuclease activity.

Example 11: mRNA-Mediated Editing of Target Sequences in Primary Human
Hepatocytes

This Example describes genomic editing of the EMX1 and VEGFA genes using mRNA

148



10

WO 2025/049928

encoding a CRISPR Nuclease-Reverse Transcriptase fusion polypeptide or a CRISPR Nickase-

Reverse Transcriptase fusion polypeptide.

Nucleic acids encoding the CRISPR Nuclease-Reverse Transcriptase fusion

polypeptide of SEQ ID NO: 55 and nucleic acids encoding the CRISPR Nickase-Reverse

Transcriptase fusion polypeptide of SEQ ID NO: 57 were individually cloned into an in vitro

transcription (IVT) backbone comprising a T7 promoter. Research grade and sequence verified

plasmids were obtained using a maxi prep kit (Qiagen). mRNAs were generated through in

vitro transcription of the IVT backbones, adding a 5’ cap and 3’ polyA tail. The full-length

mRNA sequences are shown in Table 24. Working solutions of each mRNA were prepared in

water.

Table 24. mRNA Sequences

Component

mRNA Sequence

CRISPR
Nuclease-
Reverse
Transcriptase
mRNA

GGAGAGACCCAAGCUGUCUAGACGCCACCAUGAAACGGACAGCCGACGGAAGCGAGU
UCGAGUCACCAAAGAAGAAGCGGAAAGUCAACAAGCCUUACAGCAUCGGCCUGGAUA
UCGGCACCAACAGCGUGGGAUGGUCUAUCAUCACAGAUGACUACAAGGUGCCUGCCA
AGAAAAUGAGAGUGUUAGGCAACACCGACAAGGAGUACAUCAAGAAGAACCUGAUCG
GCGCCCUCCUGUUCGACGGCGGAAACACAGCCGCCGAUCGGCGGCUGAAAAGGACCG
CCAGACGGAGAUAUACGCGGCGGAGAAAUAGAAUCCUGUACUUACAGGAAAUCUUCG
CUGAGGAGAUGAGCAAAGUGGACGACUCUUUUUUCCACAGACUGGAAGAUAGCUUUU
UGGUGGAAGAGGACAAGCGAGGCUCUAAGUACCCUAUCUUCGCUACACUGCAAGAGG
AAAAGGACUACCACGAGAAGUUUCCCACCAUCUACCACCUGAGGAAAGAGCUGGCGG
ACAAACAAGAGAAGGCCGACCUGAGACUGAUCUACCUUGCCCUGGCUCAUAUCAUCA
AGUUCAGAGGCCACUUCCUGAUCGAGGACGACAGAUUCGACGUGAGAAAUACAGAUA
UCCAGAAGCAGUACCAGGCCUUUCUGGAGAUCUUCGACACCACCUUUGAAAACAACC
ACCUGCUGAGCCAAAACGUGGAUGUGGAAGCCAUCUUAACCGAUAAGAUCUCCAAGA
GCGCCAAGAAAGAUAGAAUCCUCGCCCAGUAUCCUAACCAGAAAAGCACCGGUAUCU
UCGCCGAAUUCCUGAAGCUGAUCGUGGGCAACCAGGCCGACUUCAAAAAACACUUUA
ACCUGGAGGACAAAACACCUCUGCAGUUUGCCAAGGACUCCUACGACGAAGAUCUGG
AARACCUGCUGGGCCAGAUCGGCGACGAGUUCGCCGAUCUGUUCAGCGCCGCUAAGA
AACUGUACGACAGCGUGCUGCUGAGCGGCAUCUUGACAGUGAUCGAUCUGUCCACAA
AGGCCCCCCUGAGCGCCAGCAUGAUCCAGAGAUACGACGAGCACAGAGAGGAUCUGA
AGCAGCUGAAGCAGUUUGUGAAGGCCUCUCUGCCCGAGAAGUACCAGGAGAUUUUUG
CGGACUCCAGCAAGGAUGGAUACGCCGGAUACAUUGAGGGCAAGACCAACCAGGAAG
CUUUCUACAAGUACCUGUCUAAACUGCUGACCAAACAGGAAGAUUCCGAGAACUUCC
UGGAGAAAAUCAAGAACGAAGAUUUCCUGAGAAAGCAGAGGACCUUCGACAACGGCA
GCAUCCCCCACCAGGUCCACCUGACCGAGCUGAAGGCUAUCAUCAGACGACAGAGUG
AGUACUACCCCUUCCUGAAGGAAAAUCAAGACAGAAUCGAGAAGAUUCUGACAUUCA
GAAUCCCAUACUAUAUCGGACCUCUGGCCCGUGAAAAGAGCGACUUCGCCUGGAUGA
CCAGAAAGACCGAUGAUUCUAUCCGGCCCUGGAACUUCGAGGACCUGGUGGACAAGG
AAAAGUCUGCCGAGGCCUUCAUCCACCGGAUGACCAACAACGACUUCUACCUGCCUG
AAGAGAAGGUGCUGCCUAAACAUUCCCUGAUCUACGAAAAGUUCACAGUGUACAACG
AGCUGACCAAGGUUAGAUACAAGAACGAGCAGGGCGAGACGUACUUCUUCGACUCUA
AUAUCAAGCAGGAAAUCUUCGAUGGAGUGUUCAAGGAGCACCGGAAGGUCUCUAAGA
AGAAACUGUUAGACUUCCUGGCUAAGGAAUACGAGGAAUUCCGGAUCGUGGACGUGA
UCGGACUGGAUAAGGAGAACAAAGCCUUUAACGCCAGCCUGGGAACAUACCACGACC
UGGAGAAGAUCCUCGACAAGGACUUCCUGGAUAACCCCGACAAUGAGUCCAUCCUGG
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AAGAUAUCGUGCAGACGCUGACACUGUUCGAGGACAGAGAGAUGAUCAAGAAGAGAC
UGGAAAACUACAAGGAUCUGUUCACCGAGAGCCAGCUGAAGAAGUUGUAUAGACGGC
ACUACACCGGAUGGGGCCGGCUGUCCGCUAAACUGAUCAACGGCAUCAGAGAUAAGG
AAAGUCAGAAAACCAUCCUGGACUACUUAAUCGACGAUGGCAGAAGCAACCGGAACU
UCAUGCAGCUGAUCAACGAUGAUGGCUUGAGCUUCAAGUCUAUCAUCUCUAAGGCCC
AGGCCGGAAGCCACAGCGAUAACCUGAAGGAAGUGGUGGGUGAGCUGGCCGGLCUCUC
CUGCCAUCAAGAAGGGCAUCCUGCAAAGUCUAAAGAUUGUCGACGAGCUGGUGAAGG
UGAUGGGCUAUGAACCUGAGCAGAUCGUGGUGGAAAUGGCCAGAGAAAACCAGACAA
CCAAUCAAGGCAGAAGAAACAGCAGACAGCGGUACAAGCUGCUGGACGACGGCGUGA
AGAAUCUGGCCAGCGACCUGAACGGCAACAUCCUGAAAGAGUACCCAACCGACAACC
AGGCCCUGCAGAACGAGCGCCUGUUUCUGUACUACCUGCAGAACGGCAGAGACAUGU
ACACCGGCGAAGCCCUGGAUAUCGAUAACCUGAGCCAGUACGAUAUCGACCACAUAA
UCCCACAGGCCUUUAUCAAGGAUGAUUCUAUUGAUAAUCGGGUGCUUGUCUCCAGCG
CGAAGAACAGAGGAAAGAGCGACGACGUGCCCAGCCUCGAAAUCGUGAAAGACUGCA
AGGUGUUCUGGAAGAAGCUCCUGGACGCCAAGCUGAUGAGCCAGAGAAAGUACGACA
ACCUGACCAAGGCCGAGAGAGGAGGCCUGACCAGCGACGAUAAGGCUAGAUUCAUCC
AAAGGCAGCUGGUCGAAACCAGACAGAUCACCAAGCACGUGGCCAGGAUCCUCGACG
AGCGGUUCAAUAACGAGCUGGACAGCAAAGGUAGAAGAAUUAGAAAGGUUAAGAUCG
UCACCCUGAAGUCUAAUCUUGUGUCCAACUUCCGGAAGGAGUUCGGCUUCUACAAGA
UCAGAGAGGUGAACGACUACCACCACGCCCAUGAUGCCUACCUGAACGCCGUGGUGG
CCAAAGCCAUCCUGACCAAAUACCCUCAACUGGAGCCCGAGUUCGUGUACGGCCUGU
ACAGACGGAAGAAGCUGAGCAAAAUCGUGCGGGAAGAUAAGGAAGAGAAGUACAGCG
AAGCCACAAGGAAAAUGUUUUUCUAUAGCAACCUGAUGAACAUGUUCAAGAGAGUGG
UGAGACUGGCCGACGGAUCUAUCGUCGUGCGGCCUGUGAUCGAAACCGGCAGAUACA
UGGGCAAAACCGCCUGGGACAAAAAGAAGCACUUCGCCACCGUGCGGAAGGUACUGA
GCUACCCUCAGGUGAACAUAGUGAAAAAGACAGAGAUCCAGACCGGCGGCUUCUCUA
AAGAGUCCAUCCUCGCUCACGGCAAUAGCGACAAGCUGAUCCCCAGAAAGACAAAAG
ACAUCUACCUGGACCCUAAGAAGUAUGGCGGCUUCGACAGCCCCAUCGUGGCUUACA
GCGUCCUGGUUGUGGCCGAUAUUAAGAAGGGCAAGGCUCAGAAGCUGAAGACGGUGA
CAGAGCUGCUGGGCAUAACAAUCAUGGAACGCAGCAAAUUCGAGAAGAACCCAAGCG
CUUUUCUGGAAAGCAAGGGCUACCUGAACAUCCGGGACGAUAAGCUGAUGAUCCUGC
CUAAGUACAGCCUGUUCGAACUGGAAAAUGGCAGACGGCGGCUGCUAGCCAGCGCCG
GAGAGCUGCAAAAGGGAAAUGAGCUGGCCCUGCCUACCCAGUUCAUGAAAUUCCUGU
AUCUGGCCUCUAGAUAUAACGAGAGCAAGGGCAAACCUGAAGAGAUCGAAAAGAAAC
AGGAGUUUGUGAACCAACACGUGAGCUACUUCGACGACAUCCUGCAGCUGAUCAAUG
ACUUCAGCAAGAGGGUGAUCCUGGCCGACGCCAACCUGGAAAAAAUCAACAAACUAU
AUCAGGACAACAAGGAGAAUAUCUCCGUGGACGAACUGGCUAACAACAUCAUUAAUC
UGUUCACAUUCACCAGCCUUGGCGCUCCUGCCGCCUUUAAGUUCUUCGACAAAAUCG
UGGACCGCAAGCGGUACACCAGCACCAAGGAGGUGCUUAACAGCACACUGAUCCACC
AGAGCAUCACUGGCCUGUAUGAGACAAGAAUCGACCUGUCUAAGCUGGGCGAGGAUU
CUGGAGGAUCUAGCGGAGGAUCCUCUGGCAGCGAGACACCAGGAACAAGCGAGUCAG
CAACACCAGAGAGCAGUGGCGGCAGCAGCGGCGGCAGCAGCACCCUAAAUAUAGAAG
AUGAGUAUCGGCUACAUGAGACCUCAAAAGAGCCAGAUGUUUCUCUAGGGUCCACAU
GGCUGUCUGAUUUUCCUCAGGCCUGGGCGGAAACCGGGGGCAUGGGACUGGCAGUUC
GCCAAGCUCCUCUGAUCAUACCUCUGAAAGCAACCUCUACCCCCGUGUCCAUAAAAC
AAUACCCCAUGUCACAAGAAGCCAGACUGGGGAUCAAGCCCCACAUACAGAGACUGU
UGGACCAGGGAAUACUGGUACCCUGCCAGUCCCCCUGGAACACGCCCCUGCUACCCG
UUAAGAAACCAGGGACUAAUGAUUAUAGGCCUGUCCAGGAUCUGAGAGAAGUCAACA
AGCGGGUGGAAGACAUCCACCCCACCGUGCCCAACCCUUACAACCUCUUGAGCGGGC
UCCCACCGUCCCACCAGUGGUACACUGUGCUUGAUUUAAAGGAUGCCUUUUUCUGCC
UGAGACUCCACCCCACCAGUCAGCCUCUCUUCGCCUUUGAGUGGAGAGAUCCAGAGA
UGGGAAUCUCAGGACAAUUGACCUGGACCAGACUCCCACAGGGUUUCAAAAACAGUC
CCACCCUGUUUAAUGAGGCACUGCACAGAGACCUAGCAGACUUCCGGAUCCAGCACC
CAGACUUGAUCCUGCUACAGUACGUGGAUGACUUACUGCUGGCCGCCACUUCUGAGC
UAGACUGCCAACAAGGUACUCGGGCCCUGUUACAAACCCUAGGGAACCUCGGGUAUC
GGGCCUCGGCCAAGAAAGCCCAAAUUUGCCAGAAACAGGUCAAGUAUCUGGGGUAUC
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UUCUAAAAGAGGGUCAGAGAUGGCUGACUGAGGCCAGAAAAGAGACUGUGAUGGGGC
AGCCUACUCCGAAGACCCCUCGACAACUAAGGGAGUUCCUAGGGAAGGCAGGCUUCU
GUCGCCUCUUCAUCCCUGGGUUUGCAGAAAUGGCAGCCCCCCUGUACCCUCUCACCA
AACCGGGGACUCUGUUUAAUUGGGGCCCAGACCAACAAAAGGCCUAUCAAGAAAUCA
AGCAAGCUCUGCUAACUGCCCCAGCCCUGGGGUUGCCAGAUUUGACUAAGCCCUUUG
AACUCUUUGUCGACGAGAAGCAGGGCUACGCCAAAGGUGUCCUAACGCAAAAACUGG
GACCUUGGCGUCGGCCGGUGGCCUACCUGUCCAAAAAGCUAGACCCAGUAGCAGCUG
GGUGGCCCCCUUGCCUACGGAUGGUAGCAGCCAUUGCCGUACUGACAAAGGAUGCAG
GCAAGCUAACCAUGGGACAGCCACUAGUCAUUCUGGCCCCCCAUGCAGUAGAGGCAC
UAGUCAAACAACCCCCCGACCGCUGGCUUUCCAACGCCCGGAUGACUCACUAUCAGG
CCUUGCUUUUGGACACGGACCGGGUCCAGUUCGGACCGGUGGUAGCCCUGAACCCGG
CUACGCUGCUCCCACUGCCUGAGGAAGGGCUGCAACACAACUGCCUUGAUAUCCUGG
CCGAAGCCCACGGAACCCGACCCGACCUAACGGACCAGCCGCUCCCAGACGCCGACC
ACACCUGGUACACGGAUGGAAGCAGUCUCUUACAAGAGGGACAGCGUAAGGCGGGAG
CUGCGGUGACCACCGAGACCGAGGUAAUCUGGGCUAAAGCCCUGCCAGCCGGGACAU
CCGCUCAGCGGGCUGAACUGAUAGCACUCACCCAGGCCCUAAAGAUGGCAGAAGGUA
AGAAGCUAAAUGUUUAUACUGAUAGCCGUUAUGCUUUUGCUACUGCCCAUAUCCAUG
GAGAAAUAUACAGAAGGCGUGGGUGGCUCACAUCAGAAGGCAAAGAGAUCAAAAAUA
AAGACGAGAUCUUGGCCCUACUAAAAGCCCUCUUUCUGCCCAAAAGACUUAGCAUAA
UCCAUUGUCCAGGACAUCAAAAGGGACACAGCGCCGAGGCUAGAGGCAACCGGAUGG
CUGACCAAGCGGCCCGAAAGGCAGCCAUCACAGAGACUCCAGACACCUCUACCCUCC
UCAUAGAAAAUUCAUCACCCAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAA
AAAAGAAAAAGUAAUAAGCGGCCGCAAAAAAARAAARAAANADAANAANADARANAARA

AAAAAANAAAAAAAAAANAAANAAAAANAAAAAAAAANAAAA (SEQ ID NO
243)
CRISPR GGAGAGACCCAAGCUGUCUAGACGCCACCAUGAAACGGACAGCCGACGGAAGCGAGU
Nickase- UCGAGUCACCAAAGAAGAAGCGGAAAGUCAACAAGCCUUACAGCAUCGGCCUGGAUA
Reverse UCGGCACCAACAGCGUGGGAUGGUCUAUCAUCACAGAUGACUACAAGGUGCCUGCCA
Transcriptase AGAAAAUGAGAGUGUUAGGCAACACCGACAAGGAGUACAUCAAGAAGAACCUGAUCG
mRNA GCGCCCUCCUGUUCGACGGCGGAAACACAGCCGCCGAUCGGCGGCUGARAAAGGACCG

CCAGACGGAGAUAUACGCGGCGGAGAAAUAGAAUCCUGUACUUACAGGAAAUCUUCG
CUGAGGAGAUGAGCAAAGUGGACGACUCUUUUUUCCACAGACUGGAAGAUAGCUUUU
UGGUGGAAGAGGACAAGCGAGGCUCUAAGUACCCUAUCUUCGCUACACUGCAAGAGG
AAAAGGACUACCACGAGAAGUUUCCCACCAUCUACCACCUGAGGAAAGAGCUGGCGG
ACAAACAAGAGAAGGCCGACCUGAGACUGAUCUACCUUGCCCUGGCUCAUAUCAUCA
AGUUCAGAGGCCACUUCCUGAUCGAGGACGACAGAUUCGACGUGAGAAAUACAGAUA
UCCAGAAGCAGUACCAGGCCUUUCUGGAGAUCUUCGACACCACCUUUGAAAACAACC
ACCUGCUGAGCCAAAACGUGGAUGUGGAAGCCAUCUUAACCGAUAAGAUCUCCAAGA
GCGCCAAGAAAGAUAGAAUCCUCGCCCAGUAUCCUAACCAGAAAAGCACCGGUAUCU
UCGCCGAAUUCCUGAAGCUGAUCGUGGGCAACCAGGCCGACUUCAAAAANCACUUUA
ACCUGGAGGACAAAACACCUCUGCAGUUUGCCAAGGACUCCUACGACGAAGAUCUGG
AARACCUGCUGGGCCAGAUCGGCGACGAGUUCGCCGAUCUGUUCAGCGCCGCUAAGA
AACUGUACGACAGCGUGCUGCUGAGCGGCAUCUUGACAGUGAUCGAUCUGUCCACAA
AGGCCCCCCUGAGCGCCAGCAUGAUCCAGAGAUACGACGAGCACAGAGAGGAUCUGA
AGCAGCUGAAGCAGUUUGUGAAGGCCUCUCUGCCCGAGAAGUACCAGGAGAUUUUUG
CGGACUCCAGCAAGGAUGGAUACGCCGGAUACAUUGAGGGCAAGACCAACCAGGAAG
CUUUCUACAAGUACCUGUCUAAACUGCUGACCAAACAGGAAGAUUCCGAGAACUUCC
UGGAGAAAAUCAAGAACGAAGAUUUCCUGAGAAAGCAGAGGACCUUCGACAACGGCA
GCAUCCCCCACCAGGUCCACCUGACCGAGCUGAAGGCUAUCAUCAGACGACAGAGUG
AGUACUACCCCUUCCUGAAGGAAAAUCAAGACAGAAUCGAGAAGAUUCUGACAUUCA
GAAUCCCAUACUAUAUCGGACCUCUGGCCCGUGAAAAGAGCGACUUCGCCUGGAUGA
CCAGAAAGACCGAUGAUUCUAUCCGGCCCUGGAACUUCGAGGACCUGGUGGACAAGG
AAAAGUCUGCCGAGGCCUUCAUCCACCGGAUGACCAACAACGACUUCUACCUGCCUG
AAGAGAAGGUGCUGCCUAAACAUUCCCUGAUCUACGAAAAGUUCACAGUGUACAACG
AGCUGACCAAGGUUAGAUACAAGAACGAGCAGGGCGAGACGUACUUCUUCGACUCUA
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AUAUCAAGCAGGAAAUCUUCGAUGGAGUGUUCAAGGAGCACCGGAAGGUCUCUAAGA
AGAAACUGUUAGACUUCCUGGCUAAGGAAUACGAGGAAUUCCGGAUCGUGGACGUGA
UCGGACUGGAUAAGGAGAACAAAGCCUUUAACGCCAGCCUGGGAACAUACCACGACC
UGGAGAAGAUCCUCGACAAGGACUUCCUGGAUAACCCCGACAAUGAGUCCAUCCUGG
AAGAUAUCGUGCAGACGCUGACACUGUUCGAGGACAGAGAGAUGAUCAAGAAGAGAC
UGGAAAACUACAAGGAUCUGUUCACCGAGAGCCAGCUGAAGAAGUUGUAUAGACGGC
ACUACACCGGAUGGGGCCGGCUGUCCGCUAAACUGAUCAACGGCAUCAGAGAUAAGG
AAAGUCAGAAAACCAUCCUGGACUACUUAAUCGACGAUGGCAGAAGCAACCGGAACU
UCAUGCAGCUGAUCAACGAUGAUGGCUUGAGCUUCAAGUCUAUCAUCUCUAAGGCCC
AGGCCGGAAGCCACAGCGAUAACCUGAAGGAAGUGGUGGGUGAGCUGGCCGGCUCUC
CUGCCAUCAAGAAGGGCAUCCUGCAAAGUCUAAAGAUUGUCGACGAGCUGGUGAAGG
UGAUGGGCUAUGAACCUGAGCAGAUCGUGGUGGAAAUGGCCAGAGAAAACCAGACAA
CCAAUCAAGGCAGAAGAAACAGCAGACAGCGGUACAAGCUGCUGGACGACGGCGUGA
AGAAUCUGGCCAGCGACCUGAACGGCAACAUCCUGAAAGAGUACCCAACCGACAACC
AGGCCCUGCAGAACGAGCGCCUGUUUCUGUACUACCUGCAGAACGGCAGAGACAUGU
ACACCGGCGAAGCCCUGGAUAUCGAUAACCUGAGCCAGUACGAUAUCGACGCCAUAA
UCCCACAGGCCUUUAUCAAGGAUGAUUCUAUUGAUAAUCGGGUGCUUGUCUCCAGCG
CGAAGAACAGAGGAAAGAGCGACGACGUGCCCAGCCUCGAAAUCGUGAAAGACUGCA
AGGUGUUCUGGAAGAAGCUCCUGGACGCCAAGCUGAUGAGCCAGAGAAAGUACGACA
ACCUGACCAAGGCCGAGAGAGGAGGCCUGACCAGCGACGAUAAGGCUAGAUUCAUCC
AAAGGCAGCUGGUCGAAACCAGACAGAUCACCAAGCACGUGGCCAGGAUCCUCGACG
AGCGGUUCAAUAACGAGCUGGACAGCAAAGGUAGAAGAAUUAGAAAGGUUAAGAUCG
UCACCCUGAAGUCUAAUCUUGUGUCCAACUUCCGGAAGGAGUUCGGCUUCUACAAGA
UCAGAGAGGUGAACGACUACCACCACGCCCAUGAUGCCUACCUGAACGCCGUGGUGG
CCAAAGCCAUCCUGACCAAAUACCCUCAACUGGAGCCCGAGUUCGUGUACGGCCUGU
ACAGACGGAAGAAGCUGAGCAAAAUCGUGCGGGAAGAUAAGGAAGAGAAGUACAGCG
AAGCCACAAGGAAAAUGUUUUUCUAUAGCAACCUGAUGAACAUGUUCAAGAGAGUGG
UGAGACUGGCCGACGGAUCUAUCGUCGUGCGGCCUGUGAUCGAAACCGGCAGAUACA
UGGGCAAAACCGCCUGGGACAAAAAGAAGCACUUCGCCACCGUGCGGAAGGUACUGA
GCUACCCUCAGGUGAACAUAGUGAAAAAGACAGAGAUCCAGACCGGCGGCUUCUCUA
AAGAGUCCAUCCUCGCUCACGGCAAUAGCGACAAGCUGAUCCCCAGAAAGACAARAAG
ACAUCUACCUGGACCCUAAGAAGUAUGGCGGCUUCGACAGCCCCAUCGUGGCUUACA
GCGUCCUGGUUGUGGCCGAUAUUAAGAAGGGCAAGGCUCAGAAGCUGAAGACGGUGA
CAGAGCUGCUGGGCAUAACAAUCAUGGAACGCAGCAAAUUCGAGAAGAACCCAAGCG
CUUUUCUGGAAAGCAAGGGCUACCUGAACAUCCGGGACGAUAAGCUGAUGAUCCUGC
CUAAGUACAGCCUGUUCGAACUGGAAAAUGGCAGACGGCGGCUGCUAGCCAGCGCCG
GAGAGCUGCAAAAGGGAAAUGAGCUGGCCCUGCCUACCCAGUUCAUGAAAUUCCUGU
AUCUGGCCUCUAGAUAUAACGAGAGCAAGGGCAAACCUGAAGAGAUCGAAAAGAAAC
AGGAGUUUGUGAACCAACACGUGAGCUACUUCGACGACAUCCUGCAGCUGAUCAAUG
ACUUCAGCAAGAGGGUGAUCCUGGCCGACGCCAACCUGGAAAAAAUCAACAAACUAU
AUCAGGACAACAAGGAGAAUAUCUCCGUGGACGAACUGGCUAACAACAUCAUUAAUC
UGUUCACAUUCACCAGCCUUGGCGCUCCUGCCGCCUUUAAGUUCUUCGACAAAAUCG
UGGACCGCAAGCGGUACACCAGCACCAAGGAGGUGCUUAACAGCACACUGAUCCACC
AGAGCAUCACUGGCCUGUAUGAGACAAGAAUCGACCUGUCUAAGCUGGGCGAGGAUU
CUGGAGGAUCUAGCGGAGGAUCCUCUGGCAGCGAGACACCAGGAACAAGCGAGUCAG
CAACACCAGAGAGCAGUGGCGGCAGCAGCGGCGGCAGCAGCACCCUAAAUAUAGAAG
AUGAGUAUCGGCUACAUGAGACCUCAAAAGAGCCAGAUGUUUCUCUAGGGUCCACAU
GGCUGUCUGAUUUUCCUCAGGCCUGGGCGGAAACCGGGGGCAUGGGACUGGCAGUUC
GCCAAGCUCCUCUGAUCAUACCUCUGAAAGCAACCUCUACCCCCGUGUCCAUAAAAC
AAUACCCCAUGUCACAAGAAGCCAGACUGGGGAUCAAGCCCCACAUACAGAGACUGU
UGGACCAGGGAAUACUGGUACCCUGCCAGUCCCCCUGGAACACGCCCCUGCUACCCG
UUAAGAAACCAGGGACUAAUGAUUAUAGGCCUGUCCAGGAUCUGAGAGAAGUCAACA
AGCGGGUGGAAGACAUCCACCCCACCGUGCCCAACCCUUACAACCUCUUGAGCGGGC
UCCCACCGUCCCACCAGUGGUACACUGUGCUUGAUUUAAAGGAUGCCUUUUUCUGCC
UGAGACUCCACCCCACCAGUCAGCCUCUCUUCGCCUUUGAGUGGAGAGAUCCAGAGA
UGGGAAUCUCAGGACAAUUGACCUGGACCAGACUCCCACAGGGUUUCAAAAACAGUC
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CCACCCUGUUUAAUGAGGCACUGCACAGAGACCUAGCAGACUUCCGGAUCCAGCACC
CAGACUUGAUCCUGCUACAGUACGUGGAUGACUUACUGCUGGCCGCCACUUCUGAGC
UAGACUGCCAACAAGGUACUCGGGCCCUGUUACAAACCCUAGGGAACCUCGGGUAUC
GGGCCUCGGCCAAGAAAGCCCAAAUUUGCCAGAAACAGGUCAAGUAUCUGGGGUAUC
UUCUAAAAGAGGGUCAGAGAUGGCUGACUGAGGCCAGAAAAGAGACUGUGAUGGGGC
AGCCUACUCCGAAGACCCCUCGACAACUAAGGGAGUUCCUAGGGAAGGCAGGCUUCU
GUCGCCUCUUCAUCCCUGGGUUUGCAGAAAUGGCAGCCCCCCUGUACCCUCUCACCA
AACCGGGGACUCUGUUUAAUUGGGGCCCAGACCAACAAAAGGCCUAUCAAGAAAUCA
AGCAAGCUCUGCUAACUGCCCCAGCCCUGGGGUUGCCAGAUUUGACUAAGCCCUUUG
AACUCUUUGUCGACGAGAAGCAGGGCUACGCCAAAGGUGUCCUAACGCAAAAACUGG
GACCUUGGCGUCGGCCGGUGGCCUACCUGUCCAAAAAGCUAGACCCAGUAGCAGCUG
GGUGGCCCCCUUGCCUACGGAUGGUAGCAGCCAUUGCCGUACUGACAAAGGAUGCAG
GCAAGCUAACCAUGGGACAGCCACUAGUCAUUCUGGCCCCCCAUGCAGUAGAGGCAC
UAGUCAAACAACCCCCCGACCGCUGGCUUUCCAACGCCCGGAUGACUCACUAUCAGG
CCUUGCUUUUGGACACGGACCGGGUCCAGUUCGGACCGGUGGUAGCCCUGAACCCGG
CUACGCUGCUCCCACUGCCUGAGGAAGGGCUGCAACACAACUGCCUUGAUAUCCUGG
CCGAAGCCCACGGAACCCGACCCGACCUAACGGACCAGCCGCUCCCAGACGCCGACC
ACACCUGGUACACGGAUGGAAGCAGUCUCUUACAAGAGGGACAGCGUAAGGCGGGAG
CUGCGGUGACCACCGAGACCGAGGUAAUCUGGGCUAAAGCCCUGCCAGCCGGGACAU
CCGCUCAGCGGGCUGAACUGAUAGCACUCACCCAGGCCCUAAAGAUGGCAGAAGGUA
AGAAGCUAAAUGUUUAUACUGAUAGCCGUUAUGCUUUUGCUACUGCCCAUAUCCAUG
GAGAAAUAUACAGAAGGCGUGGGUGGCUCACAUCAGAAGGCAAAGAGAUCAAAAAUA
AAGACGAGAUCUUGGCCCUACUAAANAGCCCUCUUUCUGCCCAAAAGACUUAGCAUAA
UCCAUUGUCCAGGACAUCAAAAGGGACACAGCGCCGAGGCUAGAGGCAACCGGAUGG
CUGACCAAGCGGCCCGAAAGGCAGCCAUCACAGAGACUCCAGACACCUCUACCCUCC
UCAUAGAAAAUUCAUCACCCAAAAGGCCGGCGGCCACGAAAANGGCCGGCCAGGCAA
AAAAGAAAAAGUAAUAAGCGGCCGCAAAAAAAAAARAAAANAAAANAARANAAAAANA
AAAAAAAAAAAAAAAAAAAAAAAANAAAAANAAAARANAAAAAAAAAAAAAAAARAA

Editing template RNAs 1 and 2 (Table 25) were designed to install a 3-nucleotide
insertion at the EMX1 and VEGFA target genes. The editing template RNAs were ordered as
desalted synthetic guides from GenScript with the following chemical modifications: 2'-O-
methy] for the first three and last three bases and phosphorothioate bonds between the first
three and last three bases, as shown in bold in the Guide (RNA) column of Table 25.

Table 25. Editing Template RNAs Sequences.

Editing Scaffold DNA Encoding Editine Template
Template | Spacer RTT PBS Editing RN AbSe uell)we
RNA Template RNA q
1 GAGCC | GUUUUA | GCAUG [ ACUA | GAGCCAGTGTT | mG*mA*mG*CCA
AGUGU | GAGCUG | CUGCC | GCAA | GCTAGTCAAGT | GUGUUGCUAGU
UGCUA | UGCUGA | CUUGA [ CACU |[TTTAGAGCTGT | CAAGUUUUAGA
GUCAA | AAAGCA | AG G GCTGAAAAGCA | GCUGUGCUGAA
(SEQID | CAGCAC |[(SEQID |(SEQ |CAGCACGTTAA | AAGCACAGCAC
NO: GUUAAA | NO:247) | ID NO: | AATAAGGCAGT | GUUAAAAUAAG
245) AUAAGG 248) GATTGAAAAAT | GCAGUGAUUGA
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CAGUGA CCAGTCCGTATT | AAAAUCCAGUC
UUGAAA CAGCTTGAAAA | CGUAUUCAGCU
AAUCCA AGTGAGCACCG | UGAAAAAGUGA
GUCCGU AATCGGTGCGC | GCACCGAAUCG
AUUCAG ATGCTGCCCTTG | GUGCGCAUGCU
CUUGAA AAGACTAGCAA | GCCCUUGAAGA
AAAGUG CACTG (SEQID | CUAGCAACA*mC
AGCACC NO: 249) *mU*mG (SEQ ID
GAAUCG NO: 250)

GUGC
(SEQID
NO: 246)

2 UUUUA [(SEQID |UGGAU | CCAU | TTTTAAACTCTC | mU*mU*mU*UAA
AACUC | NO:246) |GAGCC |GGAG | CATGGACCGTT | ACUCUCCAUGG
UCCAU UGGUA | AGUU | TTAGAGCTGTG | ACCGUUUUAGA
GGACC AG U CTGAAAAGCAC | GCUGUGCUGAA
(SEQID (SEQID |(SEQ | AGCACGTTAAA | AAGCACAGCAC
NO: NO: 252) | ID NO: | ATAAGGCAGTG | GUUAAAAUAAG
251) 253) | ATTGAAAAATC | GCAGUGAUUGA

CAGTCCGTATT | AAAAUCCAGUC
CAGCTTGAAAA | CGUAUUCAGCU
AGTGAGCACCG | UGAAAAAGUGA
AATCGGTGCTG | GCACCGAAUCG
GATGAGCCTGG | GUGCUGGAUGA
TAAGCCATGGA | GCCUGGUAAGC
GAGTTT (SEQ ID | CAUGGAGAG*m
NO: 254) U*mU*mU (SEQ
ID NO: 255)

* = phosphorothioate (PS) bond, mN = 2’-O-methyl modified base

PHH cells from human donors (from Thermo Fisher Scientific or Lonza) were thawed

from liquid nitrogen quickly in a 37°C water bath. The cells were added to pre-warmed

hepatocyte recovery media (Thermo Fisher Scientific, CM7000) and centrifuged. The cell

pellet was resuspended in an appropriate volume of William’s E Medium (Thermo Fisher

Scientific) supplemented with Hepatocyte Plating Supplement Pack (serum-containing)

(Thermo Fisher Scientific). The cells were counted using a trypan blue viability count and a

Vi-CELL BLU cell counter. The desired number of viable cells were then washed in PBS and

resuspended in P3 buffer + supplement (Lonza, V4SP-3096) and transfection enhancer oligo.

Resuspended cells were dispensed into Lonza 96-well electroporation plates. mRNA effector

(1 mg/mL in water) was mixed with synthetic RNA guides (1 mM in water) ata 1:1 volume

ratio. mRNA/guide RNA mixtures were added to each reaction at a final mRNA concentration

of 25 nM. The plate was electroporated using an electroporation device (program DS-150,

Lonza 4D-nucleofector). Following electroporation, pre-warmed Hepatocyte plating medium

was added to each well and mixed very gently. For each technical replicate plate, 125,000 cells
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of diluted nucleofected cells were plated into a pre-warmed collagen-coated 96-well plate
(Thermo Fisher Scientific) containing Hepatocyte plating medium. The cells were then
incubated at 37°C. After 4 hours, the media was changed to hepatocyte maintenance media
(Williams’ Medium E, Thermo Fisher Scientific) supplemented with William’s E Medium Cell
Maintenance Cocktail, Thermo Fisher Scientific).

3 days post electroporation, cells in the wells were harvested using Accutase (Thermo
Fisher Scientific) and transferred to 96-well twin.tec® PCR plates (Eppendorf) and centrifuged.
Media was flicked off, and cells were resuspended in DNA extraction buffer (QuickExtract™).
Samples were cycled in a PCR machine at 65°C for 15 min, 68°C for 15 min, and 98°C for 10
min. Samples were then frozen at -20°C and subsequently analyzed via NGS as described in
Example 1.

Edit incorporation in PHH using an mRNA (SEQ ID NO: 243) encoding the CRISPR
nuclease-reverse transcription fusion polypeptide of SEQ ID NO: 55 or an mRNA (SEQ ID
NO: 244) encoding the CRISPR nickase-reverse transcription fusion polypeptide of SEQ ID
NO: 57 is shown in Table 26 or Table 27, respectively. For the CRISPR nuclease-reverse
transcriptase fusion polypeptide, the average percentage of NGS reads comprising indels
ranged from 12.6% to 13.2%, while the average percentage of NGS reads comprising 3-
nucleotide insertion installation ranged from 0.57% to 0.95% (Table 26). For the CRISPR
nickase-reverse transcription fusion polypeptide, the average percentage of NGS reads
comprising indels ranged from 0.38% to 2.71%, while the average percentage of NGS reads
comprising 3-nucleotide insertion installation ranged from 0.17% to 1.05% (Table 27).
Overall, the use mRNA encoding the CRISPR nickase-reverse transcriptase fusion polypeptide
and mRNA encoding the CRISPR nuclease-reverse transcriptase fusion polypeptide resulted in
similar levels of 3-nucleotide insertion installation at the target loci.

Table 26. Editing Efficiencies with mRNA Encoding CRISPR Nuclease-Reverse
Transcriptase Fusion Polypeptide in PHH

Editing Template Average % Indel Average % 3-nt
insertion installation
1 13.2 0.57
2 12.6 0.95

Table 27. Editing Efficiencies with mRNA Encoding CRISPR Nickase-Reverse
Transcriptase Fusion Polypeptide in PHH

Editing Template Average % Indel Average % 3-nt
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insertion installation

1 0.38 0.17
2 2.71 1.05

This Example thus shows that the abovementioned mRNAs combined with synthetic

guides edit non-dividing human cells.

Example 12: RNA-Templated Editing of Mouse Genes in Mice Using CRISPR Nuclease-
Reverse Transcriptase and CRISPR Nickase-Reverse Transcriptase Fusion Polypeptides

This Example shows genetic modification of the DNMT1 gene in mice utilizing mRNA
encoding a CRISPR Nuclease-Reverse Transcriptase fusion polypeptide or a CRISPR Nickase-
Reverse Transcriptase fusion polypeptide.

The mRNA molecules provided in Table 24 of Example 11 were used. Editing
template RNAs provided in Table 28 below were designed to install a G>C substitution or a
CCC insertion into the DNMT 1 locus. A 12-nucleotide RTT was used to install the G>C
substitution (Editing Template RNA 1), and a 15-nucleotide RTT was used to install the CCC
insertion (Editing Template RNA 2). The editing template RNAs provided in Table 28 were
tested in the presence of the RNA guide provided in Table 29. These editing template guide
RNAs and RNA guides were ordered as HPLC-purified synthetic guides from GenScript with
the following chemical modifications: 2'-O-methy] for the first three and last three bases, and
phosphorothioate bonds between the first three and last three bases as shown in bold in the

Guide (RNA) column of Table 28.

Table 28. Sequences of Editing Template RNAs and Components Thereof

Editing Guide (RNA)
Template| Spacer | Scaffold | prr | PBS Guide (DNA)
RNA | (RNA)

1 CGGGCU SEQID AAGAUGLCGAAC CGGGCTGGAGCTG mC*mG*mG*GCUGG
GGAGCUNO: 246  |GCAGCGAGCUC [TTCGCGCGTTTTA [AGCUGUUCGCGCGU

GUUCGC SEQID [CAG GAGCTGTGCTGAA [UUUAGAGCUGUGCU
IGC (SEQ [See Table NO:257) (SEQID |AAGCACAGCACGT|GAAAAGCACAGCAC
IDNO: 5 above NO: 258) TAAAATAAGGCAG|GUUAAAAUAAGGCA
256) TGATTGAAAAATC |[GUGAUUGAAAAAUC

CAGTCCGTATTCA [CAGUCCGUAUUCAG
GCTTGAAAAAGTG [CUUGAAAAAGUGAG
IAGCACCGAATCGG|CACCGAAUCGGUGC
TGCAAGATGGCAGIAAGAUGGCAGCGCG
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CGCGAACAGCTCC [AACAGCUC*mC*mA*

TCCAG (SEQ ID NO
062)

IAG (SEQ ID NO: mG (SEQ ID NO: 260)
259)

2 SEQID PSEQID AAGAUGESEQID [CGGGCTGGAGCTGmC*mG*mG*GCUGG
INO: 256 NO:246 [CCAGCG NO: 258 [TTCGCGCGTTTTA |AGCUGUUCGCGCGU
GGG GAGCTGTGCTGAA [UUUAGAGCUGUGCU
See Table [SEQ ID IAAGCACAGCACGT|GAAAAGCACAGCAC
25 above [NO:261) TAAAATAAGGCAG|GUUAAAAUAAGGCA
TGATTGAAAAATC [GUGAUUGAAAAAUC
CAGTCCGTATTCA [CAGUCCGUAUUCAG

GCTTGAAAAAGTG|CUUGAAAAAGUGAG
IAGCACCGAATCGG|CACCGAAUCGGUGC
TGCAAGATGCCAG[|AAGAUGCCAGCGGG
CGGGGCGAACAGCIGCGAACAGCUC*mC*

(mA*mG (SEQ ID NO:
263)

* = phosphorothioate (PS) bond, mN = 2’-O-methy]l modified base

Table 29. RNA guide sequence

DNA sequence RNA sequence

CCGCGCGCGCGAAAAAGCCGGTTT
TAGAGCTGTGCTGAAAAGCACAGC
ACGTTAAAATAAGGCAGTGATTGA
AAAATCCAGTCCGTATTCAGCTTGA

mC*mC*mG*CGCGCGCGAAAAAGCCGG
UUUUAGAGCUGUGCUGAAAAGCACAGC
ACGUUAAAAUAAGGCAGUGAUUGAAA
AAUCCAGUCCGUAUUCAGCUUGAAAAA
AAAAGTGAGCACCGAATCGGTGC | GUGAGCACCGAAUCGG*mU*mG*mC
(SEQ ID NO: 264) (SEQ ID NO: 265)

* = phosphorothioate (PS) bond, mN = 2°-O-methyl modified base

The following components were loaded into lipid nanoparticles (LNPs):

a) the mRNA (SEQ ID NO: 243) encoding the CRISPR nuclease-reverse transcriptase
(SEQ ID NO: 55) or the mRNA (SEQ ID NO: 244) encoding the CRISPR nickase-reverse
transcriptase fusion polypeptides (SEQ ID NO: 57),

b) the editing template RNA provided in Table 28, and

¢) the RNA guide provided in Table 29.

The LNPs contained 46.3% cationic lipid 6-((2-hexyldecanoyl)oxy)-N-(6-((2-
hexyldecanoyl)oxy)hexyl)-N-(4-hydroxybutyl)hexan-1-aminium, 9.4% phospholipid 1,2-
Distearoyl-sn-glycerol-3-phosphocholine (DSPC), 42.7% cholesterol, and 1.6% PEG lipid 2-
[(polyethylene glycol)-2000]-N,N ditetradecylacetamide and were formulated with a Molar
N/P ratio of ~6. The LNPs were prepared according to the general procedures described in
Schoenmaker, [JPharm, 601:120586, 2021, the relevant disclosures of which are incorporated
by reference herein for the subject matter and purpose referenced herein.

Male, C57BL6 mice (6-weeks of age, Jackson Laboratories, Bar Harbor, ME) were
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used for these studies. Animals were acclimated to the housing facility for a minimum of 3

days prior to study start. Animals were weighed prior to dosing. The study 1 groups were

treated with mRNA encoding the CRISPR nickase-reverse transcriptase fusion polypeptide.

The study 2 groups were treated with mRNA encoding the CRISPR nuclease-reverse

5  transcriptase fusion polypeptide. The ratio column in Table 30 and Table 31 refer to the ratio

of the mRNA encoding the fusion polypeptide to the editing template RNA to the RNA guide.

On study day 0, editing templates formulated in LNPs were dosed intravenously via retro-

orbital injection in a volume of 200 pl.

10 Table 30: Study 1 Conditions (CRISPR Nickase-Reverse Transcriptase Fusion

Polypeptide)
Group Editing # Mice Dose Ratio Admin Route | Freq. [ Dose
# Template Day
RNA
1 1 5 2 mg/kg 1:0.9:0.1 | Retro-orbital 1x DO
2 1 5 3.5 mg/kg | 1:0.9:0.1 | Retro-orbital Ix DO
3 1 5 5 mg/kg 1:0.9:0.1 | Retro-orbital Ix DO
4 2 5 25 mg/kg | 1:0.9:0.1 | Retro-orbital 1x DO
5 2 5 5 mg/kg 1:0.9:0.1 | Retro-orbital Ix DO
6 Saline control 5 N/A N/A Retro-orbital 1x DO
15  Table 31: Study 2 Conditions (CRISPR Nuclease-Reverse Transcriptase Fusion
Polypeptide)
Group Editing # Mice Dose Ratio Admin Freq. | Dose
# Template Route Day
RNA
1 1 5 3.5 mg/kg 1:0.9:0.1 [ Retro-orbital Ix DO
2 2 5 5mg/kg | 2:0.75:0.25 | Retro-orbital 1x DO
3 Saline control 5 N/A N/A Retro-orbital 1x DO
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7 days after LNP dosing, animals were euthanized and perfused with PBS. The left
liver lobe pieces comprising of 30-50 mg of tissue were collected and frozen on dry ice for
tissue processing. The tissue was processed in Quick Extract™ buffer (Lucigen®) with 5 mm
beads, with one bead per sample using a TissueLyser II, then resuspended in Quick Extract™
buffer (Lucigen®). Cells were incubated at 65°C for 15 minutes and 98°C for 2 minutes.

Samples were prepared for NGS and analyzed as described in Example 1. The
percentage of NGS reads containing indels or edits encoded by the editing template RNAs and
incorporated into the DNMT]1 locus were quantified. Results are shown in Table 32 and Table
33.

Table 32: Study 1 Results (CRISPR Nickase-Reverse Transcriptase Fusion Polypeptide)

Group | Editing Template | Average % Indel | Average % Edit
# RNA Installation
1 1 0.42 2.21
2 1 0.63 3.90
3 1 0.79 5.41
4 2 0.85 1.13
5 2 0.98 2.46
6 Saline control 0.38 0.08

Table 33: Study 2 Results (CRISPR Nuclease-Reverse Transcriptase Fusion Polypeptide)

Group Editing Template Average % Indel Average % edit
# RNA installation
1 1 592 0.186
2 2 13.02 1.12
3 Saline control 0.78 0.04

For study 1 with the CRISPR nickase-reverse transcriptase fusion polypeptide, the
average percentage of NGS reads comprising indels ranged from 0.42% to 0.98%, while the
average percentage of NGS reads comprising edit installation ranged from 1.13% to 5.41%
(Table 32). For both editing template RNAs, there was a dose-dependent increase in
incorporation of encoded edits (Table 32). For study 2 with the CRISPR nuclease-reverse
transcriptase fusion polypeptide, the average percentage of NGS reads comprising indels
ranged from 5.92% to 13.02%, while the average percentage of NGS reads comprising edit
installation ranged from 0.186% to 1.12% (Table 33). Overall, the use of the CRISPR nickase-
reverse transcriptase fusion polypeptide resulted in higher edit installation at the DNMT 1 locus

compared to the CRISPR nuclease-reverse transcriptase fusion polypeptide.

159



10

15

20

25

30

WO 2025/049928 PCT/US2024/044701

Therefore, this Example shows that edits were capable of being installed by the
CRISPR nuclease-reverse transcriptase and CRISPR nickase-reverse transcriptase fusion

polypeptides at the DNMT1 locus in mice.

OTHER EMBODIMENTS

All of the features disclosed in this specification may be combined in any combination.
Each feature disclosed in this specification may be replaced by an alternative feature serving
the same, equivalent, or similar purpose. Thus, unless expressly stated otherwise, each feature
disclosed is only an example of a generic series of equivalent or similar features.

From the above description, one skilled in the art can easily ascertain the essential
characteristics of the present invention, and without departing from the spirit and scope thereof,
can make various changes and modifications of the invention to adapt it to various usages and

conditions. Thus, other embodiments are also within the claims.

EQUIVALENTS

While several inventive embodiments have been described and illustrated herein, those
of ordinary skill in the art will readily envision a variety of other means and/or structures [or
performing the function and/or obtaining the results and/or one or more of the advantages
described herein, and each of such variations and/or modifications is deemed to be within the
scope of the inventive embodiments described herein. More generally, those skilled in the art
will readily appreciate that all parameters, dimensions, materials, and configurations described
herein are meant to be exemplary and that the actual parameters, dimensions, materials, and/or
configurations will depend upon the specific application or applications for which the inventive
teachings is/are used. Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific inventive embodiments
described herein. It is, therefore, to be understood that the foregoing embodiments are
presented by way of example only and that, within the scope of the appended claims and
equivalents thereto, inventive embodiments may be practiced otherwise than as specifically
described and claimed. Inventive embodiments of the present disclosure are directed to each
individual feature, system, article, material, kit, and/or method described herein. In addition,
any combination of two or more such features, systems, articles, materials, kits, and/or
methods, if such features, systems, articles, materials, kits, and/or methods are not mutually
inconsistent, is included within the inventive scope of the present disclosure.

All definitions, as defined and used herein, should be understood to control over
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dictionary definitions, definitions in documents incorporated by reference, and/or ordinary
meanings of the defined terms.

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

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

The phrase “and/or,” as used herein in the specification and in the claims, should be
understood to mean “either or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple elements
listed with “and/or” should be construed in the same fashion, i.e., “one or more” of the
elements so conjoined. Other elements may optionally be present other than the elements
specifically identified by the “and/or” clause, whether related or unrelated to those elements
specifically identified. Thus, as a non-limiting example, a reference to “A and/or B”, when
used in conjunction with open-ended language such as “comprising” can refer, in one
embodiment, to A only (optionally including elements other than B); in another embodiment,
to B only (optionally including elements other than A); in yet another embodiment, to both A
and B (optionally including other elements); etc.

As used herein in the specification and in the claims, “or” should be understood to have
the same meaning as “and/or” as defined above. For example, when separating items in a list,
“or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion of at least one, but
also including more than one, of a number or list of elements, and, optionally, additional
unlisted items. Only terms clearly indicated to the contrary, such as “only one of” or “exactly
one of,” or, when used in the claims, “consisting of,” will refer to the inclusion of exactly one
element of a number or list of elements. In general, the term “or” as used herein shall only be
interpreted as indicating exclusive alternatives (i.e. “one or the other but not both™”) when
preceded by terms of exclusivity, such as “either,” “one of,” “‘only one of,” or “exactly one of.”
“Consisting essentially of,” when used in the claims, shall have its ordinary meaning as used in
the field of patent law.

As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of elements, but not necessarily
including at least one of each and every element specifically listed within the list of elements

and not excluding any combinations of elements in the list of elements. This definition also
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allows that elements may optionally be present other than the elements specifically identified
within the list of elements to which the phrase “at least one” refers, whether related or
unrelated to those elements specifically identified. Thus, as a non-limiting example, “at least
one of A and B” (or, equivalently, “at least one of A or B,” or, equivalently “at least one of A
and/or B”) can refer, in one embodiment, to at least one, optionally including more than one,
A, with no B present (and optionally including elements other than B); in another embodiment,
to at least one, optionally including more than one, B, with no A present (and optionally
including elements other than A); in yet another embodiment, to at least one, optionally
including more than one, A, and at least one, optionally including more than one, B (and
optionally including other elements); etc.

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

recited.
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WHAT IS CLAIMED IS:

1. A gene editing system comprising:

(a) a fusion polypeptide comprising a CRISPR nuclease polypeptide and a
reverse transcriptase (RT) polypeptide, or a first nucleic acid encoding the fusion polypeptide;
wherein the CRISPR nuclease polypeptide comprises the amino acid sequence of SEQ ID NO:
1, or is a variant of SEQ ID NO: 1, the variant comprising:

(1) one or more mutations in the HNH nuclease domain or in the RuvC
nuclease domain of SEQ ID NO: 1 that reduce or eliminate the nuclease activity
thereof;

(ii) one or more arginine and/or lysine substitutions, optionally one or
more arginine substitutions;

(iii) one or more mutations for reducing PAM recognition stringency; or

(iv) a combination of any of (i), (ii), and (iii);

(b) an RNA molecule comprising a guide RNA (gRNA) and a reverse
transcription donor RNA (RT donor RNA), or a second nucleic acid encoding the RNA
molecule;

wherein the gRNA comprises a scaffold sequence recognizable by the CRISPR

nuclease and a spacer sequence specific to a target sequence within a genomic site of
interest, the target sequence being upstream to a protospacer adjacent motif (PAM); and

wherein the RT donor RNA comprises a primer binding site (PBS) and a

template sequence.

2. The gene editing system of claim 1, wherein the fusion polypeptide further
comprises one or more nuclear localization signals (NLSs) upstream or downstream to the

CRISPR nuclease polypeptide, the RT polypeptide, or both.

3. The gene editing system of claim 2, wherein the fusion polypeptide, from N-
terminus to C-terminus, comprises a first NLS, the CRISPR nuclease polypeptide, the RT
polypeptide, and a second NLS; optionally wherein the fusion polypeptide further comprises a
peptide linker between the CRISPR nuclease polypeptide and the RT polypeptide.

4. The gene editing system of claim 2, wherein the fusion polypeptide comprises a

first peptide linker located between the CRISPR nuclease polypeptide and the RT polypeptide,
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and wherein the fusion polypeptide comprises a first NLS, a second NLS, which are located at

the N-terminus and/or the C-terminus of the fusion polypeptide.

5. The gene editing system of claim 4, wherein the fusion polypeptide further

comprises a third NLS and optionally a fourth NLS.

6. The gene editing system of claim 4, wherein the fusion polypeptide further
comprises a second peptide linker connecting the CRISPR nuclease polypeptide or the RT
polypeptide, and the first or second NLS(s); optionally wherein the fusion polypeptide further

comprises a third peptide linker connecting two NLSs.

7. The gene editing system of any one of claims 4-6, wherein the fusion
polypeptide comprises, from N-terminus to C-terminus,

Q) the first NLS, the second NLS, the CRISPR nuclease polypeptide, the first
peptide linker, and the RT polypeptide;

(ii) the CRISPR nuclease polypeptide, the first peptide linker, the RT polypeptide,
the first NLS, and the second NLS;

(iii)  the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the RT
polypeptide, the third NLS, the second peptide linker, and the second NLS;

(iv)  the CRISPR nuclease polypeptide, the first peptide linker, the RT polypeptide,
the third NLS, the second NLS, the second peptide linker, and the first NLS;

) the first NLS, the second peptide linker, the CRISPR nuclease polypeptide, the
first peptide linker, the RT polypeptide, the third peptide linker, and the second
NLS;

(vi)  the first NLS, the second peptide linker, the CRISPR nuclease, the first peptide
linker, the RT polypeptide, the third peptide linker, the third NLS, the fourth
NLS, and the second NLS;

(vii)  the first NLS, the second peptide linker, the RT polypeptide, the first peptide
linker, the CRISPR nuclease polypeptide, the third peptide linker, the third
NLS, the fourth NLS, and the second NLS;

(viii) the RT polypeptide, the first peptide linker, the CRISPR nuclease polypeptide,
the third NLS, the second NLS, the second peptide linker, and the first NLS;

(ix)  the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the
second peptide linker, the second NLS, and the RT polypeptide;
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x) the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the
third NLS, the second peptide linker, the RT polypeptide, the third peptide
linker, and the second NLS;

(xi)  the first NLS, the RT polypeptide, the first peptide linker, the second NLS, the
second peptide linker, and the CRISPR nuclease polypeptide,

(xii) the first NLS, the RT polypeptide, the first peptide linker, the third NLS, the
second peptide linker, the CRISPR nuclease polypeptide, the third peptide
linker, and the second NLS;

(xiii) the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the RT
polypeptide, and the second NLS; or

(xiv) the first NLS, the CRISPR nuclease polypeptide, the first peptide linker, the RT
polypeptide, the second peptide linker, the third peptide linker, and the second
NLS.

8. The gene editing system of claim 7, wherein the fusion polypeptide comprises,

from N-terminus to C-terminus, (iv), (v), (vii), (ix), or ().

9. The gene editing system of any one of claims 4-8, wherein the peptide linker(s)
between the CRISPR nuclease polypeptide and the RT polypeptide is about 20-80 amino acids
in length.

10. The gene editing system of any one of claims 1-9, wherein the CRISPR
nuclease polypeptide is the variant of SEQ ID NO: 1.

11. The gene editing system of claim 10, wherein the CRISPR nuclease polypeptide
is the variant of SEQ ID NO: 1, which comprises one or more mutations in the HNH nuclease
domain at positions D844, H845, and/or N868 relative to SEQ ID NO: 1; optionally wherein
the mutation is at position H845, which optionally is H845A.

12. The gene editing system of claim 11, wherein:
(a) the mutation at D844 is an amino acid substitution of D844 A, D844G,
D844L, or D844S;
(b) the mutation at H845 is an amino acid substitution of H845A, H845G,
HB845L, or H845S; and
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(c) the mutation at N868 is an amino acid substitution of N868A, N868G,
N868L, or N868S.

13. The gene editing system of any one of claims 10-12, wherein the CRISPR
nuclease polypeptide comprises a bridge helix (BH) domain, a nucleic acid recognition (REC)
domain, a phosphate lock loop (PLL), a wedge (WED) domain, and a PAM-interacting (PID)
domain, and wherein one or more arginine and/or lysine substitutions, optionally arginine
substitutions, are located in the BH domain, in the REC domain, in the PLL domain, in the

WED domain, in the PID domain, or a combination thereof.

14. The gene editing system of 10, wherein the CRISPR nuclease variant is any one

of those listed in Table 19 or Table 20.

15. The gene editing system of any one of claims 10-14, wherein the CRISPR
nuclease polypeptide contains up to 20 arginine and/or lysine substitutions relative to SEQ ID
NO: 1; optionally wherein the CRISPR nuclease polypeptide contains up to 15 arginine and/or
lysine substitutions relative to SEQ ID NO: 1; preferably wherein the one or more arginine
and/or lysine substitutions are at positions K736, L.784, Q812, N813, [857, and/or A919 of
SEQ ID NO: 1, which optionally is at position 1857, optionally I857R.

16. The gene editing system of claim 15, wherein the CRISPR nuclease polypeptide
contains at least two arginine and/or lysine substitutions relative to SEQ ID NO: 1, and
wherein the at least two arginine and/or lysine substitutions are at positions K736, L784, Q812,

N813, I857, and/or A919 of SEQ ID NO: 1.

17. The gene editing system of claim 16, wherein the CRISPR nuclease polypeptide
contains arginine and/or lysine substitutions at the following positions relative to SEQ ID NO:
1:

(a) 1857, L784, and K736;

(b) I857, A919, and K736;

(c) I857, N813, and L784;

(d) I857, L784, and A919;

(e) 1857, N813, and K736;

(f) I857 and N813;
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(g) L784, A919, and K736;
(h) 1857 and L.784; and
(1) 1857 and A919.

18. The gene editing system of claim 17, wherein the CRISPR nuclease polypeptide
comprises the following arginine substitutions relative to SEQ ID NO: I:

(a) I8STR, L784R, and K736R;

(b) I85TR, A919R, and K736R;

(c) I85TR, N813R, and L784R;

(d) I857R, L784R, and A919R;

(e) I8STR, N813R, and K736R;

(f) I857R and N813R;

(g) L784R, A919R, and K736R;

(h) I857R and L784R; and

(1) I857R and A919R;

optionally wherein the CRISPR nuclease polypeptide comprises the arginine

substitutions of (a).

19. The gene editing system of claim 1, wherein the CRISPR nuclease polypeptide
comprises a nickase mutation at position H845, optionally H845A, and an arginine and/or

lysine substitution at position 1857, optionally I857R relative to SEQ ID NO: 1.

20. The gene editing system of any one of claims 1-19, wherein the CRISPR
nuclease polypeptide comprises the one or more mutations for reducing PAM recognition
stringency, optionally wherein the one or more mutations are at positions D61, A68, H494,
L1117, D1144,S1145, G1227, E1228, S1327, A1332, R1343, R1345, and/or T1347 of SEQ
ID NO: 1.

21. The gene editing system of claim 20, wherein the one or more mutations
comprise:
(i) one or more arginine and/or lysine substitutions, optionally arginine
substitutions, at position D61, A68, H494, L1117, G1227, S1327, A1332, and/or T1347
of SEQ ID NO: 1;

(i1) one or more amino acid substitutions at position D1144, S1145, E1228,
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R1343, and/or R1345, of SEQ ID NO: 1, optionally D1144L, S1145W, E1228Q,
R1343P, R1345V and/or R1345Q; or

(ii1) a combination of (i) and (ii).

22. The gene editing system of claim 21, comprising the following combination of
mutations relative to SEQ ID NO: 1:
(i) L1117R,D1144V, G1227R, E1228F, A1332R, R1345V, T1347R, and A68R;
(i) L1117R, D1144V, G1227R, E1228F, A1332R, R1345V, T1347R, and D61R,;
or

(iii) L1117R, D1144V, G1227R, E1228F, A1332R, R1345V, T1347R, and H494R.

23. The gene editing system of any one of claims 10-22, wherein the CRISPR
nuclease polypeptide comprises (a) the one or more mutations in the HNH nuclease domain at
positions D844, H845, and/or N868 relative to SEQ ID NO: 1; optionally wherein the mutation
is at position H845; and (b) one or more arginine and/or lysine substitutions relative to SEQ ID
NO: 1, optionally wherein the arginine and/or lysine substitutions are at positions 1857, L784,

and K736.

24. The gene editing system of any one of claims 10-23, wherein the CRISPR
nuclease polypeptide comprises an amino acid sequence at least 90% identical to SEQ ID NO:

1.

25. The gene editing system of claim 24, wherein the CRISPR nuclease polypeptide

comprises an amino acid sequence at least 95% identical to SEQ ID NO: 1.

26. The gene editing system of claim 25, wherein the CRISPR nuclease polypeptide

comprises an amino acid sequence at least 98% identical to SEQ ID NO: 1.

27. The gene editing system of any one of claims 1-26, wherein the RT polypeptide
is Moloney Murine Leukemia Virus (MMLV)-RT, optionally the MMLV-RT comprises the
amino acid sequence of SEQ ID NO: 53.

28. The gene editing system of claim 1, wherein the fusion polypeptide is set forth
in Table 8 or Table 17.
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29. The gene editing system of any one of claims 1-28, wherein the system

comprises the fusion polypeptide.

30. The gene editing system of any one of claims 1-29, wherein the system

comprises the first nucleic acid encoding the fusion polypeptide.

31. The gene editing system of claim 30, wherein the first nucleic acid is located on

a vector, which optionally is a viral vector.

32. The gene editing system of claim 31, wherein the first nucleic acid is a first

messenger RNA (mRNA).

33. The gene editing system of any one of claims 1-32, wherein the spacer sequence

in the gRNA of (b) is 15-30-nucleotide in length; optionally 15-20-nucleotide in length.

34. The gene editing system of any one of claims 1-33, wherein the PAM is 5°-
NDR-3’ or 5’-NGN-3’, in which N represents any nucleotide, D represents A, G, or T, and R
represents G or A; optionally wherein the PAM is 5°-NRG-3" or 5’-NRR’3’, in which N and
Rare defined herein; preferably wherein the PAM is 5°-NGG-3’, in which N represents any

nucleotide.

35. The gene editing system of any one of claims 1-34, wherein the scaffold

sequence comprises a nucleotide sequence at least 85% identical to SEQ ID NO: 2.

36. The gene editing system of claim 35, wherein the scaffold sequence comprises

the nucleotide sequence of SEQ ID NO: 2.

37. The gene editing system of any one of claims 1-36, wherein the PBS in the RT
donor RNA is 5-50-nucleotide in length; optionally 5-20-nucleotide in length.

38. The gene editing system of any one of claims 1-37, wherein the PBS binds a

PBS-targeting site that is adjacent to or overlaps with the target sequence.
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39. The gene editing system of any one of claims 1-38, wherein the PBS-targeting

site is adjacent to or overlaps with the target sequence.

40. The gene editing system of claim 39, wherein the PBS-targeting site is adjacent
to the 5° of the PAM, optionally wherein the 3’ end nucleotide of the PBS-targeting site is

about 2-15 nucleotides upstream to the PAM.

41. The gene editing system of any one of claims 1-40, wherein the template
sequence in the RT donor RNA is 5-100-nucleotide in length; optionally 15-25-nucleotide in
length.

42. The gene editing system of any one of claims 1-41, wherein the template
sequence in the RT donor RNA is homologous to the genomic site of interest and comprises

one or more nucleotide variations relative to the genomic site of interest.

43. The gene editing system of claim 42, wherein at least one nucleotide variation is
located within the target sequence; and/or wherein at least one nucleotide variation is located in

the PAM.

44. The gene editing system of any one of claims 1-43, wherein the RNA molecule

of (b) further comprises a 3’ end extension.

45. The gene editing system of any one of claims 1-44, wherein the RNA molecule
of (b) further comprises a 5’ end protection fragment, a 3’ protection fragment, or both, each of
the 5’ end protection fragment and the 3’ end protection fragment forming a secondary

structure, which optionally is a hairpin, a pseudoknot, a circularization, or a triplex structure.

46. The gene editing system of any one of claims 1-45, wherein the RNA molecule
of (b) comprises, from 5’ to 3’:
(i) the spacer sequence, the scaffold sequence, the template sequence, and the
PBS; or
(ii) the spacer sequence, the scaffold sequence, the template sequence, the PBS,

and the 3’ extension.
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47. The gene editing system of any one of claims 1-46, wherein the system

comprises the RNA molecule of (b).

48. The gene editing system of any one of claims 1-46, wherein the system

comprises the second nucleic acid encoding the RNA molecule.

49. The gene editing system of claim 48, wherein the nucleic acid is located on a

vector, which optionally is a viral vector.

50. The gene editing system of any one of claims 1-49, wherein the system

comprises one or more lipid nanoparticles (LNPs) associated with one or more of elements (a)-

(b).

51. The gene editing system of any one of claims 1-50, wherein the system
comprises one or more viral vectors, optionally one or more adeno-associated viral (AAV)

vectors encoding one or more of elements (a)-(b).

52. A pharmaceutical composition comprising the gene editing system of any one of

claims 1-51.

53. A kit comprising the elements (a)-(b) of the gene editing system set forth in any

one of claims 1-51.

54. A gene editing method, comprising delivering the gene editing system of any
one of claims 1-51 to a host cell to edit a genomic site targeted by the gRNA of the gene

editing system.

55. The gene editing method of claim 54, wherein the host cell is cultured in vitro.

56. The gene editing method of claim 55, wherein the host cell is located in a

subject who needs the gene editing.

57. A fusion polypeptide, comprising a CRISPR nuclease polypeptide set forth in

any one of claims 1-26 and a reverse transcriptase polypeptide set forth in claim | or claim 27.
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58.  The fusion polypeptide of claim 57, which comprises the amino acid sequence

of SEQ ID NO: 55 or 57.

5 59. A nucleic acid encoding the fusion polypeptide of claim 57 or claim 58.

60. The nucleic acid of claim 59, which comprises the nucleotide sequence of SEQ

ID NO: 54, 243, 56, or 244.

10 61. The nucleic acid of claim 60, which is a vector, optionally an expression vector.
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