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MODULATING CELLULAR REPAIR MECHANISMS FOR
GENOMIC EDITING

CROSS-REFERENCE TO RELATED APPLICATION AND INCORPORATION
OF SEQUENCE LISTING

EHIY This application claims benefit of 1S, Provisional Application No. 63/369,601,
filed July 27, 2022, which 1s mcorporated by reference heremn in their entivety. A sequence
listing contained in the file named “P3520SW0OO00 SLXML”, which 15 93,091 byies
(measured in MS-Windows®} and created on July 24, 2023 15 filed electromcally herewith

and incorporated by reference in 1ts entirety.
FIELD

[002] This disclosure relates to methods and compositions of matter to increase the
percentage of edited cells 10 a cell population when employing nucleic-acid guided editing
methods, as well as systems and istruments, such as automated multi-module instruments,

for performing these methods and using these compositions.

BACKGROUND
LEHIRY In the following discussion, certan articles and methods will be described for
background and mtroductory purposes. Nothing contained heremn is {0 be construed as an
“admission” of prior art.  Apphicant expressly reserves the right to demonstrate, where

appropriate, that the methods referenced heremn do not constitute prior art under the

apphicable statutory provisions.
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{8065} There is thus a need 1n the art of nucleic acid-guided nuclease editing for

mmproved methods, composttions, instruments, and systems for increasing the efficiency
of editing. The present disclosure addresses this need.

SUMMARY
{B006] This Summary is provided to introduce a selection of concepts in a simphified
form that are further described below in the Detailed Description. This Summary is not
mtended to identify key or essential features of the clatmed subject matter, nor 15 it intended
1o be used to limit the scope of the claimed subject matier. Other features, details, utilities,
and advantages of the claimed subject matter will be apparent from the following written
Detailed Description including those aspects iHlustrated in the accompanying drawings and
defined in the appended clanms.
[0067] In certain embodiments, a systern for nucleic acid-guded editing in a genome
of a cell 15 provided, the system comprising: a CREATE fusion gRNA {CFgRNA} or a
polynucleotide sequence encoding a CFgRNA, the CFgRNA comprising an edit to a target
genomic locus of a cell; a nickase-RT fusion enzyme or a polyosucleotide sequence
encoding the nickase-RT fusion enzyme; and a musmatch repair (MMR )} perturbation agent,
the MMR perturbation agent comprising a first MMR polypeptide or a polynucleotide
sequence encoding the first MMR polypeptide, the first MMR polypeptide comprising a
wild-type MMR polypeptide from the cell or another species.
{0068] In certamm embodiments, a cell 18 provided, the cell comprising: a system for
nuclete acid-guided editing 1n the genome of the cell, the system comprising: a CREATE
fusion gRNA (CFgRNAj or a polynucleotide sequence encoding a CFgRNA, the CFgRNA
comprising an edit to a target genomic locus of a cell; a nickase-RT fusion enzyme or a
polvnucleotide sequence encoding the nickase-RT fusion enzyme; and a mismatch repair
(MMR) perturbation agent, the MMR perturbation agent comprising a first MMR

polvpeptide or a polynucleotide sequence encoding the first MMR polypeptide, the first
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MMR polypeptide comprising a wild-type MMR polypeptide from the cell or another
species.
EHEHA In certain embodiments, a method for performing nucleic acid-guided editing
in a genome of a cell s provided, the method comprising: introducing into a cell a system
for nucleic acid-guided editing in a genome of the cell, the system comprising: a CREATE
fusion gRNA (CFgRNA) or a polynucleotide sequence encoding a CFgRNA, the CFgRNA
comprising an edit to a target genomic locus of a cell; a nickase-RT fusion enzyme or a
polvnucleotide sequence encoding the nickase-RT fusion enzyme; and a mismatch repair
(MMR)} perturbation agent, the MMR perturbation agent comprising a first MMR
polypeptide or a polynucleotide sequence encoding the first MMR polypeptide, the first
MMR polypeptide comprising a wild-type MMR polypeptide from the cell or another
species; and providing conditions to allow the CFgRNA and the nickase-RT fusion
enzyme to bind to and edit the target genomic locus of the cell whule at least the first MMR
protein is expressed.
014} In certain embodiments, a system for nucleie acid-guided editing in a genome
of a cell 1s provided, the system comprising: a CREATE fusion gRNA (CFgRNA) or a
polynucleotide sequence encoding a CFgRNA, the CFgRNA comprising an edit to a target
genomic locus of a cell; a nickase-RT fusion enzyme or a polynucleotide sequence
encoding the nickase-RT fusion enzyme; and a musmatch repair {(MMR) perturbation agent,
the MMR perturbation agent comprising a first MMR polypeptide or a polynucleotide
sequence encoding the first MMR polypeptide, the first MMR polypeptide comprising a
wild-type MLHI from the cell or another species, wherein the MMR perturbation agent
further comprises a second MMR polypeptide or a polynucleotide sequence encoding the
second MMR polypeptide, the second MMR polypeptide comprising a K675R varnant of
MSH2.
{601 1] These aspects and other features and advantages of the disclosure are deseribed
below in more detail.

BRIEF BESCRIPTION OF THE DRAWINGS
{0012] The foregoing and other features and advantages of the present disclosure will
be more fully understcod from the following detailed description of illustrative
embodiments taken in conjunction with the accompanying drawings in which:
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{8013} FIG. 1A 1s a simplified block diagram of an exemplary method for improved
editing of live cells, wherein cellular mismatch repair (MMR) mechanisms of the cells are
disrupted via iniroduction of an MMR perturbation agent during the editing process. FIG.
1B 1s a simplified graphic depiction of the mechanism of nucleic acid-guided nuclease
editing, and more particularly, nucleic acid-guided nickase-reverse transcriptase fusion
enzyme editing (“nickase-RT fusion editing”)}, according to certain embodiments described
hergin.

[6014] FIG. 2A schematically depicts an exemplary two-vector system for editing of
live cells, the two vectors comprising a nuclease, an editing cassette, a selectable marker,
and a component of an MMR perturbation agent  FIG. 2B schematically depicts an
exemplary three-vector system for editing of live cells, wherein a first vector comprises a
component of an MMR perturbation agent, a second vector comprises a nuclease, and a
third vector comprises an editing cassette.

{001 5] FIG. 3 schematically depicts an exemplary CF editing cassette for nickase-RT
fusion editing of live cells.

[0016] FIGs, 4A-4D graphuwcally dlustrate the edit rates (%BFP+) in iPSCs for each of
a plurality of GFP-to-BFP CFgRNAs as screened agamst several MMR nucleotide
constructs found to faciitate improved editing performance as compared to baseline,
{8017} FIGs. SA-5D llustrate another example of CF editing carried out in iPSCs with
co~expression of exogenous MMR proteins (debivered as nucleotide constructs) along with
CF editing machinery. FIG, 8A schematically depicts an exemplary two-vector system for
editing of hve cells, the two vectors comprising a CF enzyme, a CFgRNA, a selectable
marker, and an MMR construct. FIG. 8B depicts a simplified graphic of a workflow for
editing cells with the two-vector system of FIG. SA. FIG, 3C graphically illustrates the
precise edit rates (% correct mtended edit) at each target genomue locus for experimental
samples transfected with different MMR proteins.  ¥FEGs. 8D graphically dlustrates the
precise edit rates (%% correct intended edit} observed m PSCs at various endogenous loci
for a top performing MMR protein from FIG. SC. FIG, 5K depicts the editing performance
fold-improvement over baseling for the top performing MMR protein from FIG. 5C.
{8018} FIGs. 6A-6G illustrate another example of CF editing carried out in 1PSCs to
determine the effects of co-expressing a combination of MMR proteins along with CF
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editing machinery, as compared to individual MMR proteins or no MMR protems. FI{,
6A graphically illustrates the on-target edit rates {correct mtended “edit fraction™) for
samples having one, two, or no MMR proteins delivered thereto, and FIG. 6B graphically
depicts the average fold-improvement for experimental samples over baseline. FIG. 6C
graphicaily depicts the occurrence of NHEJ (NHEJ fraction} for each of the above
conditions as averaged across all genomic targets. FIG, 61 graphically ilustrates the
binned increase i editing with each MMR protein individually or in combination at target
loct having different basal editing efficiencies. FIG. 6K graphically illustrates the average
fold-improvement {vs conirol} with each MMR protein individually or in combimation for
different edit types tested (insertion, swap, or swap/insertion}. FEG. 6F illustrates the
average fold-improvement {(vs control) with each MMR protein individually or in
combination based on nick-to-edit distance of the tested CFgRNAs (1-3 bases, 4-6 bases,
or 7+ bases). FIG. 6G dlustrates the average fold-improvement {vs control) with each
MMR protein individually or in combination based on edit length of the tested CFgRNAs
{2,3,4, 5, or 6+ bp).

[0019] It should be understood that the drawings are not necessarily to scale, and that

like reference numbers refer to fike features,

DETAILED DESCRIPTION

{0024} All of the functionalities described in connection with one embodunent are
mtended to be applicable to the additional embodiments described herein except where
expressly stated or where the feature or function 15 mcompatible with the additional
embodiments. For example, where a given feature or function 1s expressly described m
connection with one embodiment but not expressly mentioned 1 connection with an
alternative embodiment, 1t should be understood that the feature or function may be
deploved, utilized, or implemented in connection with the alternative embodiment unless
the feature or function 1s mcompatible with the alternative embodiment.

{p021] The practice of the techniques described heremn may employ, unless otherwise
indicated, conventional techmiques and descriptions of organic chemistry, polymer
technology, molecular biclogy (including recombinant techniques), cell bislogy,

bigchemistry and sequencing technology, which are within the skill of those who practice
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in the art. Such conventional techniques include polymer array synthesis, hybridization
and ligation of polynuclestides, and detection of hybridization using a label Specific
illustrations of suitable techmiques can be had by reference to the examples hersin
However, other equivalent conventional procedures can, of course, also be used. Such
conventional techniques and descriptions can be found in standard laboratory manuals such
as Green, et al., Eds. (1999}, Genome Analysis: A Labovatory Manual Sevies {Vols. 1-1V);
Weiner, Gabrigl, Stephens, Eds. (2007}, Generic Variation: A Laboraiory Manual,
Dheffenbach, Dveksler, Eds. (2003}, PCR Primer: A Laboratory Manual, Mount (2004),
Bioinformatics: Sequence and Genome Analysis; Sambrook and Russell (2006},
Condensed Provocols from Molecular Cloning: A Laboratory Manual, and Sambrook and
Russell (2002}, Molecular Cloning: A Laboratory Manual (all from Cold Spring Harbor
Laboratory Press); Stryer, L. {(1993) Riochemistry {4th Ed) W H Freeman, New York
N.Y ., Gaut, “Oligonucleotide Synthesis: A Practical Approach” 1984, IRL Press, London;
Nelson and Cox (2000), Lekninger, Principles of Biochemisory 3™ Ed., W. H Freeman
Pub., New York, N.Y.; Berg et al. (2002) Biochemistry, S"Ed., W.H. Freeman Pub., New
York, N.Y.; all of which are heren ncorporated in their entuety by reference for all
purposes. CRISPR-specific techniques can be found i, eg., Genome Editing and
Ingineering from TALENs and CRISPRs to Molecidar Surgery, Appasant and Church
(2018); and CRISPR: Methods and Protocals, Lindgren and Charpentier (2015); both of
which are herem ncorporated in their entirety by reference for all purposes.

{0022) Note that as used herem and in the appended claims, the singular forms "a,"
"an," and "the" mclude phural referents unless the context clearly dictates otherwise. Thus,
for example, reference to “an oligonucleotide” refers to one or more ohigonuclestides, and
reference to “an automated system” includes reference to equivalent steps and methods for

use with the system known to those skilled in the art, and so forth. Additionally, it1s to be

i §

understood that terms such as "left," "right,” "top," "bottom,” "front," "rear,” "side"

LLI 1

“height " "length," "width," "upper." "lower," "interior,

no# [T

exterior," "inner," "outer” that
may be used herein merely describe points of reference and do not necessarily hmit
embodiments of the present disclosure to any particular onientation or configuration

"o

Furthermore, terms such as "first,” "second," "third," etc., merely identify one of a number
of portions, components, steps, operations, functions, and/or poinis of reference as

6
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disclosed herem, and likewise do not necessarily himit embodiments of the present
disclosure to any particular configuration or orientation.

{8023} Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. AH publications mentioned herein are incorporated by reference for
the purpose of describing and disclosing devices, methods and cell populations that may
be used 11 connection with the presently described disclosure.

[0024] Where a range of values 1s provided, it 15 understood that each intervening
value, between the upper and lower limit of that range and any other stated or intervening
value in that stated range 1s encompassed within the disclosure. The upper and lower linuts
of these smaller ranges may independently be included in the smaller ranges, and are also
encompassed within the disclosure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding etther or
hoth of those included limits are also included in the disclosure.

[0025] I the following description, numerous specific details are set forth to provide
a more thorough understanding of the present disclosure. However, it will be apparent to
one of ordmnary skill in the art that the present disclosure may be practiced without one or
more of these specific details. In other mstances, well-known features and procedures well
known to those skilled 1o the art have not been described 10 order to avoid obscuring the
disclosure.

[08026] The terms “cellular DNA repair perturbation agent” or “DNA  repaw
perturbation agent,” as used herein, refer to an agent, typically biological, for modulating,
distupting, or even inhibiting one or more DNA repair pathways of a cell. Congruently, 3
“DNA mussmatch repatr perturbation agent,” “nusmatch repair perturbation agent,” or
“MMR perturbation agent” refers to an agent for disrupting or inhibiting a DNA musmatch
repatr (MMR) pathway of a cell. In the context of the present disclosure, a DNA repair
perturbation agent may refer to one or more polypeptides or proteins, or a nucleotide
sequences encoding the polypeptides or proteins, that when expressed in a cell, disrupt or
mhibit cellular DNA repair pathways. A DNA repair perturbation agent may comprise
naturally cccurring {e.g., wild-type) nucleotide sequences, polypeptides, or proteins of a
cell, or non-naturally occurring {e.g., 3 variant or exogenous) nucleotide sequences,

7
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polvpeptides, or proteins. In stifl further embodiments, a DNA repair perturbation agent
or MMR perturbation agent may comprise a chemical agent.
{8027} The terms “cellular DNA repair protein,” “DNA repair protein,” “repair

[T

protein,” “cellular DNA repair polypeptide,” “DNA repawrr polypeptide,” and “repair
polypepiide” as used herein refer to proteins and/or polypeptides which participate in
cellular DINA repair mechanisms or pathways to repair “damaged” DNA during
replication, recombination, and other processes.

[0028] The term "complementary” as used herein refers to Watson-Crick base patring
between nucleotides and specifically refers to nucleotides hydrogen bonded to one another
with thymine or uracil residues linked to adenine residues by two hydrogen bonds and
cytosine and guanine residues hinked by three hydrogen bonds. In general, a nucleic acid
mcludes a nucleotide sequence described as having a "percent complementarity” or
“percent homology” to a specified second nucleotide sequence. For example, a nucleotide
sequence may have 80%., 90%, or 100% complementarity to a specified second nucleotide
sequence, indicating that 8 of 10, 9 of 10 or 10 of 10 nucleotides of a sequence are
complementary to the specified second nucleotide sequence. For nstance, the nucleotide
sequence 3-TCGA-5" 15 100% complementary to the nucleotide sequence 5-AGCT-3" and
the nucleotide sequence 3-TCGA-5 15 100% complerentary to a region of the nucleotide
sequence 5-TAGCTG-3Y

{0029] The term DNA "control sequences” refers collectively to promoter sequences,
polyvadenyiation signals, transcription termunation sequences, upstream regulatory
domains, ongins of replication, internal ribosome entry sites, nuclear localization
sequences, enhancers, and the hke, which collectively provide for the replication,
transcription and translation of a coding sequence in a recipient cell. Not all of these types
of control sequences need 10 be present so long as a selected coding sequence 1s capable of
bemng replicated, transcribed and-—{for some components——iransiated 1n an appropriate host
cell.

{8030} The terms “CREATE fusion editing” or “CF editing” in the context of the
current methods and compositions refers to an editing technique that uses a nuclease editing
enzyme having nickase activity in conjunction with one or more nucleic acids to facilitate
editing. In specific embodiments, CF editing methods utilize a fusion protain, such as a

8
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nucleic acid-guided nickase/reverse transcriptase fusion, and a nucleic acid encoding one
or more editing gRNAs comprising a region complementary to a target region of a nucleic
acid. The one or more gRNAs are covalently linked to a repair template comprising a
region homologous to the target region and having a mutation, e.g., an edit, of at least one
nucleotide.  For information regarding CF editing see, eg, USPNs 10,089,669,
11,268,078, 11,268,088, USSN 16/740,421; and PCT Nos. PCT/US2020/023725 and
POT/USZ019/048607.

{0031} The terms “CREATE fuston editing cassette” or “CF editing cassetie” in the
context of the current methods and compositions refers to a nucleic acid molecule
comprising a coding sequence for transcription of a CREATE fusion gRNA or “CFgRNA”
to effect editing 1n a nucleic acid-guided nickase/reverse transcriptase fusion system where
the CFgRNA 1s designed to bind to and facilitate editing of one or both DNA strands ina
target locus.

[6032] The terms “CREATE fusion editing components” or “CF editing components”
refers to one or both of a nucleic acid-guided nickase enzyme/reverse transcriptase fusion
protein {“nickase-RT fusion”) and a CREATE fusion editing cassette (“CF editing
cassette” ) and/or CREATE fusion gRNA ("CFgRNA”Y 1o effect editing i hive cells.
[6033] The terms “CREATE fusion gRNA” or “CFgRNA” refer to a single RNA
molecule comprising two portions, the first portion being a gRNA and the second portion
being a repair template covalently linked to the gRNA and comprising an edit to a target
locus of a cell genome.

{06034] The term “editing cassette” refers to a nucleic acid molecule comprising a
coding sequence for transcription of a guide nucletc acid or gRNA covalently hnked to a
coding sequence for transcription of a donor template.

{B035] The terms “guide nucleic acid” or “guide RNA” or “gRNA” refer to a
polynuclestide comprising 1) a guide sequence {e.g, a “spacer” sequence) capable of
hybnidizing to a target genomic locus, and 2) a scaffold sequence capable of interacting or
complexing with a nucleic acid-guided nuclease.

{(036] "Hemology" or "identity” or "similarity” refers to sequence similarity between
two peptides or, more often 1 the context of the present disclosure, between two nucleic
acid molecules. The term "homologous region” or “homology arm” refers to a region on
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a donor BNA with a certain degree of homology with a target genomic DBNA sequence.
Homology can be determined by comparing a position in each sequence which may be
aligned for purposes of comparison. When a position it the compared sequence is occupied
by the same base or amino acid, then the molecules are homologous at that position. A
degree of homology between sequences is a function of the number of matching or
homologous positions shared by the sequences.

{8037} The terms “DNA mismatch repair protein,” “mismatch repair protein,” “MMR

39 ¢&

protein,” “DNA mismatch repair polypeptide,” “mismatch repair polypeptide,” and “MMR
polypeptide” refer to DNA repair proteins and/or polypeptides which participate in cellular
DNA miusmatch repair (MMR) mechanisms. Exemplary MMR proteins include MSHZ,
MSH6, MLHI, and PMS2. For more information regarding MMR and MMR proteins,
see, e.g., Li, GM. Mechanisms and functions of DNA mismatch repair. Cell Res 18 §5-98
(2008); Kolodner, RD., and Marsischky, GT. Ewkaryotic DNA mismatch repaiv. Current
Opinion in Genetics & Development 9(1): 89-96 (1999); Kunkel, TA, and Erte, DA 1INA4
Mismatch Repaiv. Annual Review of Biochemistry 74:681-710 (2005); Friedhoft et al.
Protein-prarein interactions in DNA mismaich repaiv. DNA Repair 38 50-57 (2016); all
of which are herein incorporated in their entirety by reference for all purposes.

{6038] The term “nucleic acid” or “polynucleotide” refers to deoxyribonucleic acids
(DNA} or nbonucleic acids (RNA} and polymers thereof wm erther single- or double-
stranded form. Unless otherwise indicated, the terms encompass nucleic acids contaning
known analogues or natural nucleotides that have similar bindmg properties as the
reference nucleic acid and are metabolized m a manner simidar to naturally occurring
nucleotides. Unless otherwise indicated, 1n addition to the sequence specifically stated, a
particular nucleic acid sequence also moplicitly encompasses conservatively modified
variants thereof (e.g., degenerate codon substitutions), alleles, orthologues, SNPs, and
complementary sequences. The term nucleic acid 18 used mterchangeably with DNA,
RINA, cDNA, gene, and mRNA encoded by a gene.

{8039} As used herein, “nucleic acid-guided nickase/reverse transcriptase fusion” or
“nickase-RT fusion” refers t¢ a nucleic acid-guided nickase—or nucleic acid-guded
nuclease or CRISPR nuclease that has been engineered to act as a nickase rather than a

nuclease that initiates double-stranded DNA breaks—where the nucleic acid-guded
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nickase is fused 1o a reverse transcriptase, which is an enzyme used to generate cDNA from
an RNA template. In certain embodiments, “nucleic acid-guided mickase/reverse
transcriptase fusion” or “nickase-RT fusion” refers to two or more nucleic acid-guided
nickases—or nucleic acid-guided nucleases or CRISPR nucleases that have been
engineered to act as nickases rather than nucleases that mitiate double-stranded DNA
breaks—where the nucleic acid-guded nickases are fused to a reverse transcriptase. For
information regarding nickase-RT fusions see, eg, USPN 10,689,669 and USSN
16/740,421.

{0040} “Nucleic acid-guided editing components” refers to one or both of a nickase or
nuclease and a guide nucleic acid or editing cassette.

{0041} "Operably linked" refers to an arrangement of elements where the components
so described are configured 50 as to perform their usual function. Thus, control sequences
operably linked to a coding sequence are capable of effecting the transcription, and in some
cases, the translation, of a coding sequence. The control sequences need not be contiguous
with the coding sequence 50 long as they function to direct the expression of the coding
sequence. Thus, for example, intervening untransiated yet transcribed sequences can be
present between a promoter sequence and the coding sequence and the promoter sequence
can stiil be considered "operably hinked” 1o the coding sequence. In fact, such sequences
need not reside on the same contiguous DNA molecule (1.e. chromosome) and may still
have interactions resulting i altered regulation.

[p042] A “PAM mutation” refers to one or more edits to a target sequence that
removes, mutates, or otherwise renders mactive a PAM or spacer region m the target
sequence,

{0043} As used herein, the terms "protein,” “peptide,” and "polypeptide” are used
interchangeably herein and refer to a polymer of amino acid residues. Proteins may or may
not be made up entirely of amino acids transcribed by any class of any RNA polymerase [
1 or Hi

{8044} A “promoter” or “promoter sequence” 15 a DNA regulatory region capable of
binding RNA polymerase and mitiating transcription of a polynucleotide or polypeptide
coding sequence such as messenger RNA, ribosomal RNA, small nuclear or nucleolar
RINA, guide RNA, orany kind of RNA. Promoters may be constitutive or inducible.
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{8045} As used heremn, the term “repair template,” in the context of a CREATE fusion
editing system employing 3 nickase-RT fusion enzyme refers to a nucleic acid that is
designed to serve as a template (including a desired edit) to be incorporated mto target
DNA via reverse transcriptase.

{8046} As used herein, the term “selectable marker” refers to a gene introduced into a
cell, which confers a trait suitable for artificial selection. General use selectable markers
are well-known to those of ordinary skill in the art.  Drug selectable markers such as
ampicillin/carbenicilhin, kanamycin, chloramphenicol, nourseothricin N-acetyl transferase,
ervthromycin, tetracycline, gentamicin, bleomycin, streptomycin, puromyein, hygromycin,
blasticidin, and G418 may be emploved. In other embodiments, selectable markers
mclude, but are not limited to human nerve growth factor receptor {detected with a MAD,
such as described in U.S. Pat. No. 6,365,373); truncated human growth factor recepior
(detected with MAb); mutant human dihvdrofolate reductase (DHFR; fluorescent MTX
substrate available); secreted alkaline phosphatase (SEAP; fluorescent substrate available);
human  thyoudylate  synthase (TS; confers  resistance  to  anti-cancer agent
fluorodeoxyuridineg), human glutathione S-transferase alpha (GSTAL, conjugates
glutathione to the stem cell selective alkylator busulfan; chemoprotective selectable rmarker
1 CD34+cells);, CD24 cell surface antigen in hematopoietic stem cells; human CAD gene
to confer resistance to N-phosphovacetyl-L-aspartate (PALA), human multi-drug
resistance-1 (MDR-1;, P-glyvcoprotein surface protein selectable by mcreased drug
resistance or enriched by FACK);, human CD2S (IL-2q; detectable by Mab-FITC);
Methviguanme-DNA methylransferase (MGMT, selectable by carmustine}; rhamnose;
and Cytidine deaminase (CD; selectable by Ara-C). “Selective medium™ as used herein
refers to cell growth medium to which has been added a chemical compound or biological
motety that selects for or agaimst selectable markers.

{6047} The terms "target genomic DNA locus”, “target locus”, or “target genonic
locus™ refer to any locus i vitro or in vivo, or in a nucleic acid {e.g., genome or episome)
of a cell or population of cells, in which a change of at least one nucleotide s desired using
a nucleic acid-guided nuclease editing system. The target sequence can be a genomic locus

or extrachromosomal locus.
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{0048} The term "varnant" may refer to a polypeptide or polynucleotide that differs
from a reference polypeptide or polynucleotide (e.g., a wild-type} but retains essential
properties. A typical variant of a polypeptide differs in amino acid sequence from another
reference polypeptide. Generally, differences are limited so that the sequences of the
reference polypeptide and the variant are closely similar overall and, in many regions,
identical. A variant and reference polypeptide may differ in amino acid sequence by one
or more modifications {e.g., substitutions, additions, and/or deletions). A vanant of a
polypeptide may be a conservatively modified variant. A substituted or inserted amino
acid residue may or may not be one encoded by the genetic code {e g., a non-natural amino
acid}. A vanant of a polypeptide may be naturally occurring, such as an allelic variant, or
it may be a variant that is not known to occur naturally

{(049] A “vector” 1s any of a variety of nucleic acids that comprise a desired sequence
or sequences to be delivered to and/or expressed in a cell. Vectors are typically composed
of DNA, although RNA vectors are also avatlable. Vectors include, but are not limited to,
plasmuds, fosmuds, phagemuds, virus gevomes, BACs, YACs, PACs, synthetic
chromosomes, and the like. Inthe present disclosure, a single vector may include a coding

sequence for a nickase~-RT fusion enzyme and a CF editing cassette and/or CFgRNA

sequence to be transcribed. In other embodiments, however, two or more vectors — e.g,
an engine vector comprising the coding sequence for the nickase-RT fusion enzyme, and
an editing vector, comprising the CFgRNA sequence 1o be transcribed — may be used.

HESTH] The present disclosure relates to methods, compositions, mstraments, and
systems for improved nuclewc acid-guided noclease editing. With the present compositions
and methods, genomic editing efficiency 15 ymproved via modulation or disruption of
celhular DNA reparr mechamsms, such as DNA musmaich repawr (MMR) mechanisms.
Without being bound to any scientific theory, MMR can mpede genomic editing by
reversion of the mtended edit back to the oniginal, unedited sequence, and/or by promotion
of undesired indel bvproducts. More particufarly, certain embodiments of the present
disclosure facilitate improved editing efficiency wvia utilization of proteins and/or
polypeptides mnvolved in or affecting cellelar repair mechanisms, or polynuclectides
encoding such proteins and/or polypeptides, which may be co-delivered into and/or co-
expressed in desired cells along with editing machinery (e g., an editing gRNA covalently
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linked to an intended edit and a corresponding nucleic acid-guirded nuclease or nickase}.
The overexpression, or upregulation, of such proteins and/or polypeptides perturbs the
native repair mechanisms of the cells, leading to improved editing outcomes.

{051} Thus, n some aspects, there is provided a system for nucleic acid-ginded
editing in a genome of a cell, comprising: a CREATE fusion gRNA (CFgRNA} or a
polynucleotide sequence encoding a CFgRNA, the CFgRNA comprising an edit to a target
genomic locus of a cell; a nickase-RT fusion enzyme or a polynucieotide sequence
encoding the nickase-RT fusion enzyme; and a mismatch repair {MMR) perturbation agent,
the MMR perturbation agent comprising a first MMR polypeptide or a polynucleotide
sequence encoding the first MMR polypeptide, the first MMR polypeptide comprising a
wild-type MMR polypeptide.

[B052] In some aspects, the first MMR polypeptide comprises an MMR protein or a
portion thereof. In some aspects, the first MMR polypeptide comprises an MMR protein
complex comprising two or more wild-type MMR proteins or portions thereof (e.g, a
dimer). Examples of suitable MMR proteins mclude MLHET, MLHIco, MLH2, MLH3,
MSH2, MSH3, MSH6, PMST, PMSZ, ete. Examples of suitable MMR protein complexes
melude Mutl, (MutLo, MutL.f, MutLy), MutS (MutSa, MutSB), etc., which may comprises
one or more of MLHI, MLH2, MLH3, MSH2, MSH3, MSHs6, PMST, PMS2, et

[B053] In some aspects, the first MMR polypeptide comprises wild-type MSH2 or
portion thereof, and has an amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, or SEQ
I NG 3.

{0054] In some aspects, the first MMR polypeptide comprises wild-type MLH1T or
portion thereof, and has an amino acid sequence of SEQ ID NO: 4, SEQ 1D NG 3, or SEQ
ID NG 6.

HERRY In some aspects, the first MMR polypeptide comprises wild-type MSH6 or
portion thereof, and has an amino acid sequence of SEQ ID NO: 7, SEQ ID NO: B, or SEQ
D NG 9

EHERTY In some aspects, the first MMR polypeptide comprises wild-type PMS2 or
portion thereof, and has an aming acid sequence of SEQ ID NO: 10, SEQ 3 NG 11 or
SEQ ID NO: 12,
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{8057} In some aspects, the first MMR polvpeptide comprises wild-type MLHZ or
portion thereof, and has an amine acid sequence of SEQ D NO: 49

{0058] In some aspects, the first MMR polypeptide comprises wild-type MLH3 or
portion thereof, and has an amine acid sequence of SEQ 1D NO: 50,

EHERSY In some aspects, the first MMR polypeptide comprises wild-type MSH3 or
portion thereof, and has an amine acid sequence of SEQ 1D NO: 51

{6066] In some aspects, the first MMR polyvpeptide comprises wild-type PMST or
portion thereof, and has an amino acid sequence of SEQ D NO: 52

[0061] In some aspects, the first MMR polypeptide is a eukaryotic MMR polypeptide,
such as a mammalian MMR polypeptide. In specific aspects, the first MMR polypeptide
15 a human MMR polvpeptide. Insome aspects, the first MMR polypeptide 1s a prokaryotic
MMR polypeptide, such as a bacterial MMR polypeptide.  In specific aspects, the first
MMR polypeptide 15 an . cofi MMR polypeptide.  In some aspects, the first MMR
polypeptide 1s an archaeal MMR polypeptide.

[0062] In some aspects, MMR perturbation agent further comprises a second MMR
polypeptide or a polynucleotide sequence encoding the second MMR polypeptide, the
second MMR polypeptide comprising an MMR polypeptide vanani, e.g., a domunant-
negative variant that 1s catalytically impaired.

[8063] In some aspects, the second MMR polypeptide comprises an MMR protein or
a portion thereof. In some aspects, the second MMR polypeptide comprises an MMR.
protein complex comprising two or more MMR proteins or portions thereof {e.g., a dimer,
triumer, etc.). Hxamples of suitable MMR protemns winchude MEHI1, MLHlIco, MLH2,
MILH3, MSH2, MSH3, MSH6, PMS1T, PMKZ, etc. Examples of suitable MMR complexes
melode Muth (MutLa, MuthB, MutLy), MutS (MutSo, MutS8), ete., which may comprises
one or more of MLHT, MLH2, MLH3, MSHZ, MSH3, MSHo6, PMS1, PMS2Z, etc.

{0064] In some aspects, the second MMR polypeptide comprises a point mutation
variant of MSH2 or portion thereof, and has an amino acid sequence of SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ 1D NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ
3 NG: 20, or SEQ ID NO: 21, In some aspects, the second MMR polypeptide comprises
a domain truncation variant of MSH2 or portion thereof, and has an amino acid sequence
of SEQ ID NG 22, SEQ ID NO: 23, or SEQ 1D NO: 24
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{6065] In some aspects, the second MMR polypeptide comprises a domain fruncation
variant of MLH1 or portion thereof, and has an amino acid sequence of SEQ ID NO: 25,
SEQ D NO: 26, or SEQ ID NO: 27, In some aspects, the second MMR polypeptide
comprises a codon-optimized domain truncation variant of MLH1 or portion thereof, and
has an amino acid sequence of SEQ 1D NO: 43, SEQ 1D NG 44, or SEQID NG 45 In
some aspects, the second MMR polypeptide comprises a short deletion vanant of MLH1
or portion thereof, and has an amino acid sequence of SEQ ID NO: 46, SEQ ID NG: 47, or
SEQ D NO: 48.

{0066] In some aspects, the second MMR polypeptide comprises a point mutation
variant of MSHGO or portion thereof, and has an amino acid sequence of SEQ ID NQO: 28,
SEQ ID NO: 29, SEQ ID NO- 30, SEQ 1D NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ
D NO: 34, SEQ 1D NO: 35, or SEQ ID NO: 36, In some aspects, the second MMR
polypeptide comprises a domain truncation variant of MISH6 or portion thereof, and has an
amino acid sequence of SEQ ID NO: 38, SEQ 1D NO: 38, or SEQ 1D NO: 39

[8067] In some aspects, the second MMR polypeptide comprises a domain truncation
variant of PMS2 or portion thereof, and has an amino acid sequence of SEQ 1D NGO 40,
SEQ ID NO: 41, or SEQ 1D NO: 42.

[6068] In some aspects, the second MMR polypeptide comprises a ACTD (C~terminal
domain) varant or ANTD (N-terromnal domain) varant of an MMR protein.

[{6069] In some aspects, the second MMR polypeptide comprises a K675R varnant of
MSHZ. In some aspects, the second MMR polypeptide comprises a M68ER variant of
MSH2. In some aspects, the second MMR polypeptide comprises a ACTD variant of
MSH2.

{6676] In some aspects, the second MMR polypeptide comprises a ANTD variant of
MLHI. In some aspects, the second MMR polypeptide comprises a variant of MLH!
comprising a codon optimized NTD.  In some aspects, the second MMR polvpeptide
comprises 8 A754-756 variant of MLHI.

{6871} In some aspects, the second MMR polypeptide comprises a F432A vanant of
MSHé6. In some aspects, the second MMR polypeptide comprises 3 K11140R variant of

MSHG6. In some aspects, the second MMR polypeptide comprises a M1153R variant of
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MSHG6. In some aspects, the second MMR polypeptide comprises a ACTD variant of
MSHS6.

{6872} In some aspects, the second MMR polypeptide comprises a ANTE varant of
PMS2.

{8073} In some aspects, the second MMR polvpeptide 1s a eukarvotic MMR
polypeptide, such as a mammalian MMR polypeptide. In specific aspects, the second
MMR polypeptide 15 a human MMR polypeptide.  In some aspects, the second MMR
polypeptide 1s a prokarvotic MMR polypeptide, such as a bacterial MMR polypeptide. In
specific aspects, the second MMR polypeptide 15 an E. coli MMR polypeptide. In some
aspects, the second MMR polypeptide 15 an archaeal MMR polypeptide.

{0074] I some aspects, the first and/or the second MMR polypeptide further comprise
a nuclear localization site {NLSY at an N’ or  terminus thereof. In some aspects, the first
and/or the second MMR polypeptide further comprise a promaoter at an N or £’ termunus
thereof.

{0075} In some aspects, the MMR perturbation agent further comprises a polypeptide
comprising, or a polynucleotide sequence encoding, MEAFG, MPG, LIGI, LIG3 (A9),
LIG3 (B5), FENI, MRGBP, KAT7, RPA2, CHAFIB, ALKBHZ, NUDT! (B4), BUDT!
(B8}, portions thereof, and/or combinations thereof.

[0076] Tn further aspects, there 1s provided a system for nucleic acid-guided editing i
a genome of a cell, comprising: a CREATE fusion gRNA (CFgRNA} or a polynucleotide
sequence encoding a CFgRNA, the CFgRNA comprising an edit to a target genomic locus
of a cell; a nuckase-RT fusion enzyme or a polynucieotide sequence encoding the nickase-
RT fusion enzyme; and a mismatch repar (MMR) perturbation agent, the MMR
perturbation agent comprising a first polypeptide for perturbing an MMR mechanism or a
polynucleotide sequence encoding the first polypeptide.

{6677} In some aspects, the first polypeptide comprises a wild-type polypeptide.
{B078] In some aspects, the first polypeptide comprises a vanant or mutant
polypeptide.  In some aspects, the first polypeptide comprises a dominani-negative
polypeptide variant.

{8079} In some aspects, the first polypeptide comprises an MMR protein or a portion
thereof In some aspects, the first polypeptide comprises an MMR protein complex
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comprising two or more MMR proteins or portions thereof {e.g., a dimer, trimer, etc.}.
Hxamples of suitable MMR proteins inclode MLHI1, MLHico, MLH2Z, MLH3, MSHZ,
MSH3, MSHs6, PMST, PMS2Z, etc. Examples of suttable MMR complexes mclude Muth
(Mutbo, MutL8, MuotLy), MutS (MutSa, MutSB}, etc., which may comprises one or more
of MLHI, MLHZ, MLH3, MSH2, MSH3, MSHG, PMST, PMRZ, etc.

{080] In some aspecis, the first polypeptide comprises wild-type MSH2 or portion
thereof, and has an amino acid sequence of SEQ 1D NG 1, SEQ D NQO: 2, or SEQ 1D NO:
3. In some aspects, the first polypeptide comprises a point mutation variant of MSH2 or
portion thereof, and has an amino acid sequence of SEGQ ID NG 14, SEQ 1D NO: 15, SEQ
1D NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, or SEQ
ID NO: 21, In some aspects, the first polypeptide comprises a domain fruncation variant
of MSH2 or portion thereof, and has an amino acid sequence of SEQ 1D NO: 22, SEQ ID
NG 23, or SEQ 1D NO: 24,

{0081} In some aspects, the first polypeptide comprises wild-type MLH1 or portion
thereof, and has an ammo acid sequence of SEQ D NG: 4, SEQID NO: S, or SEQ ID NG
6. In some aspects, the first polvpeptide comprises a domain truncation vanant of MLHI
or portion thereof, and has an amino acid sequence of SEQ 1D NO: 25, SEQ ID NG: 26, or
SEQ ID NO: 27 In some aspects, the first polypeptide comprises a codon-optimized
domain truncation variant of MLH1 or portion thereof, and has an amino acid sequence of
SEQ D NO: 43, SEQ D NG 44, or SEQ ID NG 45, Insome aspects, the first polypeptide
comprises a short deletion vanant of MLHI or portion thereof, and has an amino acid
sequence of SEQ ID NO: 46, SEQ ID NO: 47, or SEQ 1D NG: 438,

{B082] In some aspects, the first polypeptide comprises wild-type MSH6 or portion
thereof, and has an amino acid sequence of SEQ ID NG 7, SEQ TD NO: &, or SEQ 1D N
9. In some aspects, the first polypeptide comprises a point mutation variant of MSHO or
portion thereof, and has an amino acid sequence of SEQ D NO: 28, SEQ 1D NO: 29, SEQ
1D NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID
NGO: 35, or SEQ 1D NG: 36. In some aspects, the first polypeptide comprises a domain
truncation variant of MSH®6 or portion thereof, and has an amino acid sequence of SEQ 1D

NG 38, SEQ ID NG: 38, or SEQ D NG: 39
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{6083} In some aspects, the first polypeptide comprises wild-type PMKSZ or portion
thereof, and has an amino acid sequence of SEQ 1D NO: 10, SEQ ID NG 11, or SEQ ID
NGO 12 In some aspects, the first polypeptide comprises a domain truncation vartant of
PMS2 or portion thereof, and has an amino acid sequence of SEQ 1D NO: 40, SEG ID NG:
41, or SEQ 1D NO: 42,

{(084] In some aspects, the first polypeptide comprises wild-type MLHZ or portion
thereof, and has an amino acid sequence of SEQ 1D NG 49

[B085] In some aspects, the first polypeptide comprises wild-type MLH3 or portion
thereof, and has an amino acid sequence of SEQ 1D NO: 50,

[3086] In some aspects, the first polypeptide comprises wild-type MSH3 or portion
thereof, and has an amino acid sequence of SEQ 1D NO: 51

{6087} In some aspects, the first polypeptide comprises wild-type PMS1T or portion
thereof, and has an amino acid sequence of SEQ ID NG 52,

[6088] In some aspects, the first polypepiide comprises MEAF6, MPG, LIG1, LIG3
(AS), LIG3 (BS), FENI, MRGBP, KAT7, RPAZ, CHAFIB, ALKBHZ, NUDTI (B4),
BUDTI (BB), portions thereof, and/or combinations thereof.

[B089] In some aspects, the first polypeptide comprises a ACTD (C-terminal domam)
variant or ANTD (N-terminal domain) variant of an MMR protein.

[3054] In some aspects, the first polypeptide comprises a K675R varant of MSH2, In
some aspects, the first polypeptide comprises a MO88R variant of MSH2.

{309 1] In some aspects, the first polypeptide comprises a ANTD variant of MLHIL. In
some aspects, the first polypeptide comprises a vanant of MLH1 comprising a codon
optimized NTD. In some aspects, the first polypeptide comprises a A754-756 varant of
MILHT

{092] In some aspects, the first polypeptide comprises a F432A vanant of MSHS. In
some aspects, the first polypeptide comprises a K11140R variant of MSH6. In some
aspects, the first polypeptide comprises a M1153R variant of MSH6. In some aspects, the
first polypeptide comprises 3 ACTD variant of MSH6.

{093 In some aspects, the first polypeptide comprises a ANTD varant of PMS2.
{6094} In some aspects, the first polypeptide 1s a eukaryotic polypeptide, such as a
mammalian polypeptide. In specific aspects, the first polypeptide is a human polypeptide.
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In some aspects, the first polypeptide 15 a prokaryotic polypeptide, such as a bactenal
polypeptide. In specific aspects, the first polypeptide 15 an £, coli polypeptide. In some
aspecis, the first polypeptide is an archaeal polypeptide.

{BOO5] In some aspects, the first polypeptide comprises a MuiS aptamer.

{8096} In some aspects, the MMR perturbation agent further comprises a second
polypeptide or a polynucleotide sequence encoding the second polypeptide.

{6897} In some aspects, the second polypeptide comprises a wild-type polypeptide.
[0098] In some aspects, the second polypeptide comprises a variant or mutant
polypeptide. In some aspects, the second polypeptide comprises a dominant-negative
polypeptide variant.

{8099} I some aspects, the second polypeptide comprises an MMR protein or a portion
thereof. In some aspects, the second polypeptide comprises an MMR protein complex
comprising two or more MMR proteins or portions thereof (e.g., a dimer, trimer, etc.).
Fxamples of suitable MMR proteins include MLH1, MLHico, MLH2, MLH3, MSHZ,
MSH3, MSHo, PMST, PMSZ, ete. Examples of suitable MMR complexes mclude Mutl,
{(MutLo, MutL8, MutLy), MutS (MutSa, MutSB), etc., which may comprises one or more
of MLHY, MLH2Z, MLH3, MSH2, MSH3, MSHG, PMSH, PMS2, etc.

[601066] Insome aspects, the second polypeptide comprises MEAFS, MPG, LIGE, LIG3
(AS), LIG3 (BS), FENI, MRGBP, KAT7, RPAZ, CHAFIB, ALKBHZ, NUDTI (B4),
BUDT! (B8}, portions thereof, and/or combinations thereof.

{#181] In some aspects, the second polypeptide comprises a ACTD (C-terminal domam)
variant or ANTD (N-terminal domain} variant of an MMR protein.

{#182] In some aspects, the second polypeptide comprises 3 K673R vanant of MSH2, In
some aspects, the second polypeptide comprises a M68BR varant of MSH2. In some
aspects, the second polypeptide comprises a ACTE variant of MSH2.

{8183} In some aspects, the second polypeptide comprises a ANTD variant of MLHI. In
some aspects, the second polypeptide comprises a variant of MLH1 comprising a codon
optimized NTD. In some aspects, the second polypeptide comprises a A754-756 variant
of MLH1L.

{8184] In some aspects, the second polypeptide comprises a F432A variant of MSHS, In
some aspects, the second polypeptide comprises 8 K11140R variant of MSHG. In some
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aspecis, the second polypeptide comprises a M1153R variant of MSH6. In some aspects,
the second polypeptide comprises a ACTD varant of MSHG.

{8185} In some aspects, the second polvpeptide comprises a ANTE variant of PMSZ.
{#106] In some aspects, the second polypeptide s a eukaryotic polypeptide, such as a
mammalian polypeptide. In specific aspects, the second polypeptide 15 a human
polypeptide. In some aspects, the second polypeptide is a prokaryotic polypeptide, such as
a bacterial polypeptide. In specific aspects, the second polypeptide 15 an E. coli
polypeptide. In some aspects, the second polypeptide 1s an archaeal polypeptide.

{8187] In some aspects, the second polypeptide comprises a MutS aptamer.

{3108] In some aspects, the first and/or the second polypeptide further comprise a nuclear
localization site (NLS) at an N” or O terminus thereof In some aspects, the first and/or
the second polypeptide further comprise a promoter at an N or O terminus thereof.
{8189} In some aspects, there 1s provided a system for nucleic acid-guided editing in a
genome of a cell, the system comprising: a CREATE fusion gRNA (CFgRNA) or a
polynucleotide sequence encoding a CFgRNA, the CFgRNA comprising an edit to a target
genomic locus of a cell; a nickase-RT fusion enzyme or a polynucleotide sequence
encoding the nickase-RT fusion enzyme; and a musmatch repair (MMR) perturbation agent,
the MMR perturbation agent comprising a fust MMR polypeptide or a polynucleotide
sequence encoding the first MMR polypeptide, the first MMR polypeptide comprising a
wild-type MLHI from the cell or another species, wherein the MMR perturbation agent
further comprises a second MMR polypeptide or a polynucleotide sequence encoding the
second MMR polypeptide, the second MMR polypeptide comprising a K675R varnant of
MSHZ.

{8118] In some aspects, there 15 provided a cell comprising the above-described systems.
In some aspects, the cell 18 a live cell. In some aspects, the cell 15 an solated cell.

{8111] In some aspects, the cell comprises a eukaryotic cell, such as a mammalian cell or
fungal cell In specific aspects, the cell comprises a human cell, such as a human T cell
in specific aspects, the cell includes a Hela cell, HAPT cell, HEK cell {(e.g., HEK293T),
K562 cell, and the like.

{8112} In some aspects, the cell comprises a prokaryotic cell, such as a bacterial cell In
specific aspects, the cell comprises an £, coli cell.
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{8113} In some aspects, the cell comprises an archaeal cell.

{#114] In some aspects, the cell comprises a stem cell, such as a human stem cell. In
specific aspects, the cell comprises an induced pluripotent stem cell (1PSC).

{#115] In some aspects, there is provided a method for performing nucleic acid-guided
nuclease editing with the above-described systems. In some aspects, the method comprises
providing a cell comprising a target genomic locus, providing the CREATE fusion gRNA
(CFgRINA} or the polynucleotide sequence encoding the CFeRNA; providing the nickase-
RT fusion enzyme or the polynucleotide sequence encoding the nickase-RT fusion enzyme;
providing the mismatch repair (MMR} perturbation agent; delivering the CFgRNA, the
nickase-RT fusion enzyme, and the MMR perturbation agent to the cell; providing
conditions to allow the CFgRNA and the nickase-RT fusion enzyme to bind to and edit the
target genomic locus of the cell while the first MMR polypeptide and/or the second MMR
polypeptide are expressed.

{0116] In some aspects, the method comprises providing a cell comprising a target
genomic locus; providing the CREATE fusion gRNA (CFgRNA) or the polvnucleotide
sequence encoding the CFgRNA; providing the nickase-RT fusion enzyme or the
polynucleotide sequence encoding the nickase-RT fusion enzyme, providing the mismatch
repair (MMR) perturbation agent; delivering the CFgRNA, the nickase-RT fusion enzyme,
and the MMR perturbation agent to the cell; providing conditions to allow the CFgRNA
and the nickase-RT fusion enzyme to bind to and edit the target genomic locus of the cell
while the first polypeptide and/or the second polypeptide are expressed.

{8117} In some aspects, there 18 provided a method for performing nucleic acid-guided
editing in a genome of a celi, the method comprising: introducing nto a cell any of the
systems described above, and providing conditions to allow the CFgRNA and the nickase-
RT fusion enzyme to bind to and edit the {arget genomic locus of the cell.

{8118] In some aspects, the method achieves atleasta 15,2, 3, 4,5,6,7, 8,9, 10, 12, 15,
18, 20, or 25 fold increase in editing efficiency compared to a control editing system not

containing one of both of the first and the second MMR polypeptides.

[V

{#119] In some aspects, the fold increase 15 achieved 1n at least 20%, 30%, 40%, 50%,

60%, 70%, 80%, 90% or 95% target genomic loct tested.

22



v 4

16

20

jN.)
Wh

(e
<

WO 2024/026344 PCT/US2023/071012

{8120} In some aspects, the fold increase s achieved in target genomic loci with an editing
efficiency lower than 2%, 1%, 0.5%, 0.3%, 0.2%, 0.1%, 0.05%, 0.02%, 0.01%, 0.005%
when editing using the control editing system.

{#121] In further aspects, the MMR perturbation agent comprises a plurality of MMR
polvpeptides or polynucleotide sequences encoding the MMR polypeptides. In some
aspects, the MMR perturbation agent comprises two or more MMR polypeptides or
polvnucleotide sequences encoding the MMR polypeptides. In some aspects, two or more
of the MMR polypeptides comprise the same or different MMR polypeptides.

{8122] Insome aspects, the MMR perturbation agent comprises a plurality of polypeptides
or polynucleotide sequences encoding the polypeptides. In some aspects, the MMR
perturbation agent comprises two or more polypeptides or polvnucleotide sequences
encoding the polypeptides. In some aspects, two or more of the MR polypeptides comprise
the same or different polypeptides.

{#123] In some aspects, a polynucleotide sequence encoding an MMR or other polypeptide
comprises an open reading frame {ORF) of the MMR or other polypeptide.

[3124] In some aspects, an MMR or other polypeptide, or a nucleotide sequence encoding
the MMR or other polypeptide, comprises a portion of a protemn.  In some aspects, the
portion of the protein comprises one or more domains of the protemn. In some aspects, the
portion of the protein comprises an active domain of the protein.

[B125] In some aspects, an MMR or other protein comprises a wild-type or vanant {e.g.,
mutant) protem. In some aspects, a variant protemn comprises a codon-optumized variant,
a pomt mutant, a domain truncation vanant, a short deletion variant, etc.

[#126] In specific aspects, an MMR proten comprises 3 wild-type or varant MLH1
protein, a wild-type or variant MLH3 protein, a wild-type or variant MSHZ protein, a wild-
type or variant MSHS protein, a wild-type or vanant PMST protein, a wild-type or variant
PMS2 protein, a wild-type or vanant component of an MMR complex {e.g., a wild-type or
variant component of the MutSo—-MutLo MMR complex), or the like.

{8127} In some aspects, an MMR polypeptide is under the control of a constitutive or
mducible promoter. In specific aspects, the MMR polypeptide 1s under the controf of a
different promoter than that of an editing ¢RNA {e.g., CFgRNA) and/or nuclease or nickase

{e.g., nickase-RT fusion enzyme).

[\
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{8128} In some aspects, the CFgRNA 15 a component of an editing cassette, ¢.g., a
CREATE fusion editing cassette (“CF editing cassette,” defined infra), for performing
nucleic acid-guided nuclease editing. In some aspects, the CFgRNA 15 under the control
of a promoter at, e.g., a 5' end of the CF editing cassette.

{8129} In some aspecis, the CFgRINA comprises from 57 to 37 1} an editing gRNA having
a region of complementarity to a sequence of a target locus in which an edit 1s io be
integrated, the editing ¢RNA comprising: a guide or spacer region, and a scaffold region
recognized by a corresponding nickase or nuclease; and 2) a repair template covalently
linked to the editing gRNA and comprising from 57 t0 37: an optional post-edit homology
{(PEH) region, an edit region comprising the edit, a nick-to-edit region, and a primer binding
site {(PBS) or region.

{#130] In some aspects, the components of an editing gRNA, a CFgRNA, an editing
cassette, and/or a CF editing cassette are contiguous. In some aspects, an editing gRNA i3
agnostic to the order of a spacer region and a scaffold region. In some aspects, a CFgRNA
15 agnostic to the order of the editing gRNA and repair template. In some aspects, an
editing cassette or CF editing cassette 1s agnostic to the order of components thereof
[3131] Tn some aspects, a nick-to~-edit region of a repaur template s from 2-250 nucleotides
1 tength, or from 5-150 nucleotides o length, or from 0-150 nucleotides 1n length. To
some aspects, the mick-to-edit region of the repair template s up to 1,000 nucleotides in
length, up to 3,000 nucleotides in length, or up to 10,000 nucleotides n length.

{#132] In some aspects, a post-edit homology region of a repawr template 1s from 2-30
nucleotides m length, from 4-40 nucleotides in length, or from 5-25 nucleotides n length.
In some aspects, the post-edit homology region of the repair template 15 from 2-560
nucleotides m length, from 2-250 nucleotides in length, or from 2-100 nucleotides m
length.

{8133} In some aspects, 3 CFgRNA, an editing cassette, and/or CF editing cassette further
comprises an edit (e.g., 1,2, 3, 4, 5, or up to 10 edits} to immunize a target locus to prevent
re-micking or re-cutting thereof. As discussed herein, in some aspects, an edit (o immunize
a target locus to prevent re-nicking 1s one that alters the proto-spacer adjacent motif {or
other element) such that subsequent binding at the target locus by the nucleic acid-guided
nuclease or nickase is impaired or prevented.
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{8134} In some aspects, an editing cassette or a CF editing cassette comprises an RNA G-
quadruplex region at, e.g., a 3° end of a repair template to stabilize the editing casseite or
CF editing cassette and improve target nicking or cleavage efficiency without inducing off-
target activity,

{8135} In some aspects, a {F editing cassette comprises an amplification priming stie or
subpool primer binding site at, e.g., a 3' end thergof

{8136} In some aspects, a CF editing cassette comprises a melting temperature booster
region at, .2, a 3' end thereof, which is a short protective DNA buffer sequence.

{8137] In some aspects, a CF editing cassette comprises regions of homology to a vector
for gap-repair insertion of the cassette into the vector, such as an editing vector or engine
vector.

{#138] In some aspects, a region of complementarity between an editing gRNA {eg., a
guide or spacer region} of a CFgRMNA and a target locus 1s from 4-120 nucleotides in length,
or from 5-80 nucleotides m length, or from 6-60 nucleotides n length, e.g., from 0-10
nucleotides 10 length, 10-20 sucleotides m length, 20-50 nucleotides in length, or 50-100
nucleotides 1 length.

[3139] In some aspects, an edit 15 from 11,000 nucleotides in length, or from 1-750
nucleotides n length, or from 1-500 nucleotides in length, or from 1-150 nucleotides 10
length, e.g, from 1-10 nucleotides 1 length, 10-20 nucleotides inlength, 20-50 nucleotides
m length, 30-100 nucleotides, 100-250 nucleotides, 250-500 nucleotides, 500-750
nucleotides, or S00-1,000 or more nucleotides m length. In some aspects, the edit 1s from
1,000~ 10,000 or more nucleotides i length, or from 2,000-8,000 or more nuclectides in
length, or from 4,000-6,000 or more nucleotides m length.

[8140] In some aspects, an edit region comprises one or more edits, or two or more edifs,
or three or more edits, or four or more edits, or five or more edits.

[8141] In some aspects, an edit comprises one or more base swaps in the target locus.
{#142] In some aspects, an edit comprises an insertion n the target locus.

{8143} In some aspects, an edit comprises an insertion of recombinase sites, protein degron
tags, promoters, terminators, alternative-splice sites, CpG islands, etc.

{8144] In some aspects, an edit comprises a deletion in the target locus.
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{8145} In some aspects, an edit comprises a deletion of from 1 to 750 or more nucleotides
at a target locus. In some aspects, the edit comprises a deletion of from 1 to 10 nucleotides,
from 190 to 20 nucleotides, from 20 to 50 nucleotides, from 50 to 100 nucleotides, from 100
10 200 nucleotides, from 200 to 500 nucleotides or from 250 to 750 or more nucleotides at
a target locus.

{#146] In some aspects, an edit comprises a deletion of introns, exons, repetitive elements,
promoters, terminators, insulators, Up(s islands, non-coding elements, retrotransposons,
efc.

{8147] In some aspects, an edit comprises several types of edits and/or comprises more
than one of one or more types of edits. For example, in some aspects, the edit comprises
two or more base swaps {e.g., 2, 3, 4, 5, or from 1 to 20 or more base swaps), some or all
of which can be adjacent to each other or nonadjacent to each other. In some aspects, the
edit comprises one or more base swaps (e.g., 2, 3, 4, 5, or from 1 to 20 or more base swaps)
and an msertion of one or more nucleotides {eg., 2, 3, 4, 5, or from 1 to 20 or more
nucleotides). In some aspects, the edit corprises one or more base swaps {e.g, 2, 3, 4, 5,
or from 1 to 20 or more base swaps) and a deletion of one or more nucleotides {e.g., 2, 3,
4, 5, or from 1 to 20 or more nucleotides).

[0148] In some aspects, an edit 13 targeted for and/or effected in a coding region of the
target locus.

[8149] In some aspects, an edit 15 targeted for and/or effected in a noncoding region of the
target locus.

[8150] In some aspects, a nickase or nuclease includes a MAD-sertes mckase, nuclease, or
a variant {(e.g., orthologue} thereof. In some aspects, the nickase or nuclease nuclease
mcludes a MADL, MADZ MAD3, MAD4, MADS, MAD6, MAD7, MADS, MAD9,
MADIG, MADTT, MADIZ, MADI3, MADT4, MADIS, MADI6, MAD7, MADILS,
MADTS MAD20, MAD20CT, MAD20GT7, MADZ00S, MAD2009 MAD201T, MADZ017,
MADZ019, MAD297, MAD29S, MAD299, or other MAD-series nickase, nuclease,
variant thereof, and/or combination thereof.

{#151] In some aspects, a nickase or nuclease includes a Cas9 {(also known as Csnl and

Csx12), nickase, nuclease, or a variant thereof
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{8152] In some aspects, a nickase or nuclease includes C2¢1, C2¢2, C2¢3, Casi, CasiB,
Cas2, Cas3, Cas4, Cass, Caso, Cas7, Cas&, Casi0, Cpfl, Ceyl, Usy2, Csyv3, Csel, Usel,
Csel, Cse2, Csas, CsnZ, UsmZ, Csm3, Csmd, CsmS, Csmd, Umrl, Cmre3, Cnurd, Cmirs,
Cmro, CUsbl, Csb2, Csb3, Cex17, Csxl14, Csx100, Csxle, CsaX, Csx3, Usxl, Csx135, Usfl,
Csf2, Csf3, Csf4, or similar nickase, nuclease, vanant thereof, and/or combination thereotf.
{#153] In some aspects, such as embodiments wherein a CFgRNA and/or CF editing
cassette 15 utilized, a nickase or nuclease 1s part of a fusion protein—t.e., a nucleic acid-
guided nickase/reverse transcriptase fusion enzyme {2 “nickase-RT fusion”}—that retains
certain characteristics of nucleic acid-directed nickases or nuclease {(e.g, the binding
specificity and ability to cleave one or more DNA strands in a targeted manner) combined
with another enzymatic activity, namely, reverse transcriptase activity. The reverse
transcriptase portion of the nickase-RT fusion may use a CFgRNA to synthesize and edit
at a “flap” created by the nickase portion on one or both DNA strands of a target locus,
thereby circumventing some endogenous mismatch repair systems to integrate an edit.
[3134] In some aspects, a nusmatch repair (MMR) perturbation agent {or components
thereof}, an editing gRNA, and a nickase or nuclease are introduced mnto a cell on a single
vector {e.g., a single-part system). o certain embodiments, the MMR perturbation agent
{or one or more componentis thereof), the ediing gRNA, and the mickase or nuclease are
miroduced nto the cell as a multi-part system, wherein the MMR perturbation agent {or
component(s) thereof) may be mitroduced separately from the editing gRNA and/or the
nickase or muclease. For example, the MMR perturbation agent (or component(s) thereof)
may be comprised on a first vector, and the editing gRNA and/or the nickase or nuclease
may be comprised on a second vector (and/or third vector} co-delivered with the first
vector.

{B138] In some aspects, the nickase or nuclease 1s mtroduced into the cells as a BNA
molecule coding for the nickase or miclease separately or linked to the mismatch repair
MMR perturbation agent {or component(s} thereof) and/or the editing gRNA, or the
nickase or nuclease may imtroduced separately 1 polypeptide or protein form, or as part of
a complex.

{8156} In some aspects, the MMR perturbation agent {or component(s} thergof)}, the editing
gRNA, and/or the nucleic acid-gunded nickase or nuclease are introduced into the cells on

ey
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a linear or circular plasnmud.  In some aspects, the MMR perturbation agent (or
component(s) thereof), the editing gRNA or editing cassette, and/or the nickase or nuclease
are under the control of a constitutive or inductble promoter at, e g, a 5 end thereof. In
some aspects, the MMR perturbation agent {or component(s) thereof} is under the control
of a separate, independent {g.g., a different) promoter from the editing gRNA or editing
cassette and/or the nickase or nuclease.

{8157} In some aspects, a vector comprising the MMR perturbation agent (or component{s)
thereof)}, the editing gRNA, and/or the nucleic acid-guided nickase or nuclease further
comprises an origin of rephication and a selectable marker component, e g., an antibiotic
resistance gene or a fluorescent protein gene, for selection or enrichment of cells that have
been transformed and/or edited. The selectable marker may be utilized for selective
enrichment of transformed and/or edited cells. In some aspects, the selectable marker
comprises an antibiotic resistance gene or a fluorescent protein.

{#158] In some aspects, there s provided a library of vector or plasmid backbones and/or
a library of editing gRNAs or editing cassettes, and/or a hibrary of CFgRNAs or CF editing
cassettes, 1o be transformed nto cells. In some aspects, the utilization of a hibrary of
gRNAs, cassettes, and/or a library of vector or plasmid backbones enables combinatorial
or multiplex editing m the cells. A hibrary of gRNAs, casseties, or vectors may comprise
gRNAs, cassettes, or vectors that have any combination of common elements and non-
common or different elemenis as compared to other gRNAS, cassettes, or vectors within
the pool. For example, a hibrary of CF editing casseties can comprise common prining
sites or common nick-to-edit or post-edit homology regions, while also contaiming non-
common or umque edits. Combinations of common and non-common elements are
advantageous for multiplexing or combinatorial techmques disclosed herem.

{#139] In some aspects, a hibrary of cassettes comprises at least 2 casseties, or at least 10
cassettes, or at least 100 cassettes, or at least 1,000 cassettes, or at least 10,000 casseties,
or at least 100,000 cassettes, or at least 1,000,000 cassettes. In some aspects, a hibrary of
casseties comprises from 5 to a 1,000,000 cassettes, or from 100 to 500,000 cassettes, or
from 1,000 to 100,000 cassettes, or from 1,000 to 10,000 cassettes, or from 10,000 o
50,000 cassettes.
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[8160] In some aspects, one or more cassettes in a library of editing cassettes or CF editing
cassettes each comprise a different editing gRNA targeting a different target locus within
the cell genome. In some aspects, one or more cassettes in a library of editing casseties or
CF editing cassettes each comprise a different edit t0 be incorporated within the cell
genome.

{#161] In some aspects, there s provided a gRNA, an editing cassette, a CFgRNA, ora CF
editing cassette comprising a barcode or other unique molecular identifier (UMI) for
tracking of editing events. Insome aspects, there ts provided a trackable library comprising
a plurality of gRNAs, cassettes, or a plurality or vectors comprising cassettes as disclosed
herein. In some aspects, within the trackable library are distinct gRNA or cassetie and
barcode/UMI combinations, which when sequenced upon editing, facilitate tracking of
editing events i a population of cells. Accordingly, when edits and barcodes are
meorporated into a target genome, the incorporation of an edit i1s deternuned based on
sequenced the barcode.

[3162] Tn some aspects, there 18 provided a gene~wide or genome-wide library of gRNAg,
cassettes, or vectors comprising gRNAs or cassettes as disclosed herein,

[8163] In some aspects, there are provided methods of recursive or iterative rounds of
editing operations. In some aspects, methods disclosed herein comprise 2 or more rounds
of editing, such as 5 or more rounds of editing, such as 10 or more rounds of editing.
[{8164] In some aspects, one or more unigue barcodes or UMIs can be mserted n each
round of multiple terative or recursive editing operations.

[{8165] In selected embodiments, the present disclosure provides compositions, systems,
and methods switable for utilization with automated modules, nstruments, and systems for
automated multi-module cell processing and nucleic acid-guided genome editing n cells.
Automated systems for cell processing and editing that may be used can be found, e.g., in
U.S. Pat. Nos. (USPNs) 10,253,316, 10,329,559, 10,323,242, 10,421,959; 10,465,185,
10,519,437, 10,584,333 10,584334: 10,647,982 10,680,645 10738301 and
10,738,603, which are incorporated by referenced herein in their entirety. In some aspects,
the automated multi-module cell processing and editing mstroments are designed for

recursive genome editing, e.g., sequentially introducing multiple edits into genomes of one
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or more cells of a cell population through two or more editing operations within the
instruoments.

{8166} In some aspects, the methods, compositions, mstruments, and systems described
herein take advantage of cellular DNA repair mechanisms other than MMR to improve
editing outcomes. For example, in such aspects, cellular DNA repair polypeptides and/or
proteins other than those associated with MMR are expressed/overexpressed (e.g.,
apregulated) to perturb associated cellular repair pathways/mechanisms. Thus, in some
aspects, there 1s provided a system for nucleic acid-guided editing 1in a genome of a cell,
comprising: an editing gRNA or a polynucleotide sequence encoding an editing gRNA; a
nickase or nuclease or a polynucleotide sequence encoding the nickase or nuclease; and a
cellular DNA repair perturbation agent, the cellular DNA repair perturbation agent
comprising a cellular DNA repatr polypeptide or a polynucleotide sequence encoding the
cellular DNA repair polypeptide.

{6167} In some aspects, there is provided a cell comprising the above-described system.
In further aspects, there 1s provided a method for performing nucleic acid-guided nuclease
editing with the above-described system.

[8168] In some aspects, the cellular BDNA repair polypeptide comprises a polypeptide or
protein nvolved i base excision repar {BER), nucleotide excision repair {(NER),
homologous recombination (HR), nov-homologous end jomung (NHED), other double-
strand break response mechanism, or the ke

{8169] In some aspects, rather than co-dehivering an MMR or cellular repair polypeptide
or a polynucleotide sequence encoding the polypeptide along with editing machinery
configured to effect an mtended edit in a genome of a cell, the editing machinery further
comprises a second edit to upregulate the expression of an MMR protein or DNA repair
protein already encoded or expressed by the cell. Thus, in some aspects, there is provided
a method for performing nucleic acid-guided nuclease editing in a genome of hive cells,
comprising. introducing a nucleic acid-guided nuclease, a first editing gRNA configured
to guide the nucleic acid-guided nuclease to a first target locus of the hive cells for
mtroduction of a first edit to upregulate expression of a DNA repair protein, a first repair
template comprising the first, a second editing gRNA configured to guide the nucleic acid-
guided nuclease 1o a second target locus of the five cells for introduction of a second edit,
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a second repair template comprising the second edit; providing conditions to allow the
nucleic acid-guided nuclease and the first editing gRINA to bind to and edit the first target
locus of the cells and upregulate expression of the DNA repair protein; and, providing
conditions to allow the nucleic acid-guided nuclease and the second editing gRNA to bind
to and edit the second target locus of the cells with the second edit.

{0176] In stll further aspects, reduced expression (eg., knockdown) or knockout of
cellular repair proteins during editing may perturb the native repair mechanisms of the
cells, leading to improved editing outcomes. Thus, in some aspects, there 15 provided a
method for performing nucleic acid-guided nuclease editing in a genome of live cells,
comprising: imtroducing a nucleic acid-guided nuclease, a first editing gRNA comprising
an mtended library edit, and a second editing gRNA comprising a knockdown or knockout
of a celiular repair protein; and providing conditions to allow the nucleic acid-guided
nuclease and the first and second editing gRNAs to hind to and edit target loci of the cells,
wherein editing with the second editing gRNA causes reduced expression of the cellular
repait protein 1o the cell.

{3171} In some aspects, there 18 provided a method for performing nucleic acid-guided
nuclease editing m a genome of hive cells, comprising: introducing a nucleic acid-guided
nuclease, an editing gRNA, and an exogenous nuclewc acid nto the cells, the exogenous
nuclete actd comprising sSiRNA configured to reduce expression or a cellular repair protein
of the cells; providing conditions to allow the nucleic acid-guided nuclease and the editing
gRINA to bind to and edit 3 target locus of the cells; and, providing conditions for reduced

expression of the cellular repair protein.

Nucleic Acid-Guided Muclease Editing, Gengrally
{8172] Certain embodiments described heremn utilize nucleic acid-guided nuclease editing

(i.e., RNA-guided nuclease or CRISPR editing) for performing genomic editing n live
cells, e.g, for perfornmung the competitive editing assay described above, to screen for
plasmid backbones. In some embodiments, one or more edits are introduced in a single
round of editing utilizing a plurality, e g., a library, of candidate plasmid backbones.

{8173} In CRISPR-type editing generally, a nucleic acid-guided nuclease {(or nickase} or
CREATE fusion enzyme (“CF enzyme”) complexed with an appropriate synthetic guide

nucleic acid {e.g

&0

a gRNA or CFgRNA} in a cell can cut the genome of the cell at a desired
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location. The guide nucleic acid helps the nucleic acid-guided nuclease recognize and cut
the BNA at a specific target sequence. By mampulating the nucleotide sequence of the
guide nucleic acid, the nucleic acid-guided nuclease may be programmed to target any
DNA sequence for cleavage as long as an appropriate protospacer adjacent motif (PAM)
is nearby. In certain aspects, the nucleic acid-guided nuclease editing system may use two
separate guide nucleic acid molecules that combine to function as a guide nucleic acid, e g,
a CRISPR RNA {crRNA) and trans-activating CRISPR RNA (tracrRNA). In other aspects
and preferably, the guide nucleic acid s a single guide nucleic acid construct that includes
both 1} a guide sequence capable of hybridizing to a genomic target locus, and 2) a scaffold
sequence capable of interacting or complexing with a nucleic acid-guided nuclease.
{8174} In general, a guide nucleic acid complexes with a compatible nucleic acid-guided
nuclease or CF enzyme and can then hybridize with a target seguence, thereby directing
the nuclease to the target sequence. A guide nucleic acid can comprise DNA or RNA;
alternatively, a guide nucleic acid may comprise both DNA and RNA.  In some
embodiments, a guide nucleie acid may comprise modified or non-naturally occurring
nucleotides. o certain embodiments, a guide nucleic acid may be encoded by a DNA
sequence on a plasnud, or the coding sequence may and preferably does reside withun an
editing cassette assembled nto a plasnud backbone. Methods and compositions for
designing and synthesizing editing cassettes and librarnies of editing casseties are described
i USPNs 10,240,167, 10,266,849, 9982 278; 10,351,877, 10,364 442, 10435715,
10,465,207, 10,669,559; 10,711,284; 10,731,180; and 11,078,498; all of which are
meorporated by reference herein.

{#178] A guide nucleic acid comprises a guide sequence, where the guide sequence 15 a
polynuclestide sequence having sufficient complementarity with a target sequence to
hybnidize with the target sequence and direct sequence-specific binding of a3 complexed
nucleic acid-guided nuclease to the target sequence. The degree of complementarity
between a guide sequence and the corresponding target sequence, when optimally ahigned
using a sutiable alignment algorithm, is about or more than about 50%, 60%, 75%, 80%,
85%, 90%, 95%, 97.5%, 99%, or more. Optimal alignment may be determined with the
use of any suitable algorithm for aligning sequences. In some embodiments, a guide
sequence 18 about or more than about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
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24, 25, 26, 27, 28 29, 30, 35, 40, 45, 50, 75, or more nucleotides n length. In some
embodiments, a guide sequence 1s less than about 75, 50, 45, 40, 35, 30, 25, 20 nucleotides
in length. Preferably, the guide sequence is 10-30 or 15-20 nucleotides long, or 15, 16, 17,
18, 19, or 20 nucleotides in length.

{8176} In certain embodiments of the present methods and compositions, the guide nucleic
acids are provided as mRNAs or as sequences to be expressed from a candidate plasmid
{or vector}, and/or as sequences to be expressed from a cassette optionally inserted mto a
plasmid backbone, and comprise both a guide sequence and a scaffold sequence as a single
transcript under the control of a promater, e g, an inducible or constitutive promoter. In
certain embodiments, the guide nucleic acid may be part of an editing cassette that encodes
a repatr template for effecting an edit in the cellular target sequence, and/or one or more
homology arms.  Alternatively, the guide nucleic acid may not be part of the editing
cassette and instead may be encoded on the plasmid backbone. For example, a sequence
coding for a guide nucleic acid can be assembled or inserted into a plasmid backbone fust,
followed by 1nsertion of the repawr template 1, e.g., an editing cassette. In other cases, the
repatr template 1n, e.g., an editing cassette can be mserted or assembled into a plasnmud
backbone first, followed by mnsertion of the sequence coding for the guide nucleic acid. In
certain embodiments, the sequence encoding the guide nucleic acid and repair template are
located together i a rationally designed editing cassette and are simultaneously inserted or
assembled via gap repatr into a plasmid backbone to create an editing plasmud (e, an
editing vector).

{8177] The guide nucleic acids are engineered 1o target a desired target sequence {e.g., a
cellular “editing” tfarget sequence} by altering the gude sequence so that the gwde
sequence 13 complementary 1o a desired target sequence, thereby allowing hybridization
between the guide sequence and the target sequence. The target sequence can be any
polynuclestide endogenous or exogenous to a cell, e.g., a prokaryotic or eukaryotic cell, or
in vitro. For example, the target sequence can be a polynucleotide residing in the nucleus
of a eukaryotic cell. A target sequence can be a sequence encoding a gene product (eg., a
protein), a non-coding sequence {e.g., a regulatory polynucleotide, an intron, a proto-spacer

adjacent motif {(PAM) sequence, or “junk” BNA), or other sequence.

2
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{8178] In general, to generate an edit 1n the target sequence, a guide nucleic acid/nuclease
complex binds to the target sequence as determined by the guide RNA, and the nuclease or
CF enzyme recognizes a PAM sequence adjacent to or i proximity to the target sequence.
The precise preferred PAM sequence and length requirements for different nucleic acid-
guided nucleases vary; however, PAMS typically are 2-10 or so base pairs in length and,
depending on the nuclease, can be 5' or 3' to the target sequence. Engineering of the PAM-
interacting domain of a nucleic acid-guided nuclease may allow for alteration of PAM
specificity, improve target site recognition fidelity, decrease target site recognition fidelity,
or increase the versatility of a nucleic acid-guded nuclease.

{0179} In certain emboduments, genome editing of a cellular target sequence both
mtroduces a desired DNA change to a cellular target sequence (an “mtended” edit}, e g.,
the genomic DNA of a cell, and removes, mutates, or renders inactive a PAM region in the
cellular target sequence (an “mmmunizing edit”), thereby rendering the target site immune
to further nuclease hinding. Rendering the PAM at the cellular target sequence inactive
precludes additional editing of the cell genome at that cellular target sequence. Thus, cells
having the desired cellular target sequence edit and an altered PAM can be selected for by
using a nucleic acid-guided nuclease cormplexed with a synthetic guide nuclec acid
complementary to the cellular target sequence. Cells that did not undergo the fust editing
event may be cut rendering a double-stranded DNA break, and thus will not continue to be
viable. The cells contaiming the desired cellular target sequence edit and PAM alteration
will not be cut, as these edited cells no longer contan the necessary PAM site and will
continue to grow and propagate.

{B188] As for the nuclease or CUF enzyme component of the editing system, a
polvauclestide sequence encoding the nucleic acid-guided nuclease or CF enzyme can be
codon optimuzed for expression in particalar cell types, such as bacterial, veast, and, here,
mammalian cells. The choice of the nucleic acid-guided nuclease or CF enzyme to be
emploved depends on many factors, such as what type of edit is to be made in the target
sequence and whether an appropriate PAM 15 located close to the desired target sequence.
Nucleases and nickases of use in the methods described hergin include but are not limited
to Cas9, Casi2, MADZ, or MAD7, MAD2007 or other MADzymes and MADzyme
systems (see USPNs 10.604,746; 10,655,114, 10,649754; 10,876,102, 10,833.077;
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11.053,485; 10,704,022, 10,745 .67%: 10.724,021; 10,767,169, 10,870,761 10,011,849
10,435,714; 10,626,416; 9,982,279 and 10,337.028; and USSNs 16/953,253; 17/374,628:
17.200,074; 17,200,080 17/200,110; 16/953,233; 17/463.498; 63/134,938; 16/819,896;
17/179.193; and 16/421,783 for sequences and other details related to engineered and
naturally-cccurring MADzymes).

{#181] CF enzvmes typically comprise a CRISPR nucleic acid-gunded nuclease enginegred
to cut one DNA strand in the target DNA rather than making a double-stranded cut, and
the ruckase portion is fused to a reverse transcriptase. In specific aspects, the one or more
nickases include MAD7 nickase, MAD2001 nickase, MADZ2007 nickase, MADZ008
nickase, MADZ2009 nickase, MAD2011 nickase, MAD2017 nickase, MADZ2019 nickase,
MAD297 nickase, MADZ98 nickase, MAD299 nickase, or other MAD-series nickases,
varianis thereof, and/or combinations thereof as described 1n USPN 10,883,077,
11,053,485; 11,085,030; 11,200,089, 11,193,115, and USSN 17/463 498 A coding
sequence for a desired nuclease or CF enzyme may be on an "engine vector” along with
other desired sequences such as a selective marker(s), or a coding sequence for the desired
nuclease may reside on an editing plasmid, or may be transfected 1oto a cell as a protemn.
[B182] In certain embodiments, nucleic acid-guided nucleases or CF enzymes comprise
one or more nuclear locahization sequences {NLSs), such as about or more than about 1, 2,
3.4,5,6,7, 8,9, 10, or more NLSs, particularly as an element of the nuclease sequence.
In some embodiments, an engineered nuclease comprises NLSs at or near the amino-
termnus, NLSs at or near the carboxy-ternmimus, or a combination.

[8183] Another component of the editing system s the repair template comprising
homology to the cellular target sequence. The repair template typically 15 designed to serve
as a template for homologous recombination with a cellalar target sequence cleaved by the
nucleic acid-guided nuclease, or the repair template serves as the template for template-
directed repair via the CF enzyme, as a part of the guwide nucleic acid/nuclease complex.
For the present methods and compositions, the repair template 15 typically on the same
vector as, i the same editing cassetie as, and/or part of the guide nucleic acid {e.g., a
CFgRNA) for editing, and may be under the control of the same promoter as the gwde
nucleic acid {that i3, a single promoter driving the transcription of both a gRNA and the
repair template}. A repair template polynucleotide may be of any suntable length, such as
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about or more than about 20, 25, 50, 75, 100, or more nucleotides in length. In certain
preferred aspects, the repair template can be provided as an ohigonucieotide of between 20-
100 nucleotides, such as between 30-75 nucleotides. When optimally aligned, the repair
template overlaps with {is complementary to} the cellular target sequence by, e.g., about
20, 25, 30, 35, 40, 50, 60, 70, 80, 90 or more nucieotides.

{(#184] The repair template generally comprises two regions that are complementary to a
portion of the cellular target sequence (e.g., homology arms}. In certamn embodiments of
the present methods and compositions, the two homology arms flank an intended edit, e.g. |
at least one alteration as compared to the cellular target sequence, such as a DNA sequence
msertion, which may be part of the repair template. In certain embaodiments, the repair
template comprises two homology arms that do not flank the intended edit. In such
embodiments, the homology arms may be encoded on a plasmid backbone, or in an editing
cassette with the edit.

{#185] Inducible editing 1s advantageous in that cells can be grown for several to many
cell doublings before editing 1s 1niiated, which increases the likehhood that cells with eduts
will survive, as the double-strand cuts caused by active editing are largely toxic to the cells.
This toxicity results both 1o cell death in the edited colonmes, as well as possibly a lag in
growth for the edited cells that do survive but must repair and recover following editing.
However, once the edited cells have a chance to recover, the size of the colonies of the
edited cells will eventually catch up to the size of the colonies of unedited cells. Tt s thas
toxicity, however, that 1s explotted herein to perform curing,

{8186] An editing cassette comprising a guide nucleic acid and repair template may further
comprise one or more primer binding sites. The primer binding sites are used to amphify
the editing cassette by using ohgonucleotide primers as described infra and may be
hiotinylated or otherwise labeled. In addition, or alternative to the edit, an editing cassette
may comprise a barcode. A barcode 18 a umique BNA sequence that corresponds o the
repair template such that the barcode can identify the edit made to the corresponding
cellular target sequence. The barcode typically comprises four or more nucleotides.
{#187] In certain embodiments, plasmid backbones and other editing vectors may further
comprise one or more selectable markers to enable artificial selection of cells undergoing
editing and/or curing events. For example, in certain embodiments, the plasmid backbones
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encode for one or more antibiotic resistance genes, such as ampicilin/carbenicillin and
chloramphenicol resistance genes, thereby facilitating enrichment for celis undergoing
editing and/or curing events via depletion of the cell population.  In other examples,
plasmid backbones may include an integrated GFP gene to enable phenotypic detection of
editing and/or curing events by flow cytometry, fluorescent cell imaging, etc.

{#188] In certain embodiments, plasmid backbones and other editing vectors editing
vectors may further comprise control sequences operably hinked to the editing component
sequences to be transcribed.  As described above, promoters driving transcription of one
or more components of the nucleic acid-guided nuclease editing system may be inducible.
A number of gene regulation control systems have been developed for the controlied
expression of genes in plant, microbe, and animal cells, including mammalian cells, such
as the pL promoter {induced by heat mactivation of the cI857 repressor), the pPhiF
promoter {induced by the addition of 2 4 diacetyiphloroglucingl (DAPG)), the pBAD
promoter {induced by the addition of arabinose to the cell growth medium), and the
rhamnose mducible promoter (induced by the addition of rhamnose 1o the cell growth
medium).  Other systerns include the tetracychne-controlled transcriptional activation
system {Tet-On/Tet-Off, Clontech, Inc. {(Palo Alto, Calbif'); Bujard and Gossen, PNAS,
BH(12):5547-5551 {1992)), the Lac Switch Inducible system (Wyborski et al, Environ Mol
Mutagen, 28(4):447-58 (1996); DuCoeur et al,, Strategies 5(33:70-72 (1992); U.S. Pat. No.
4,833,080}, the ecdysone-inducible gene expression system (No et al,, PNAS, 93(8).3346-
3351 (1996)), the cumate gene~switch system (Mullick et al,, BMC Biotechnology, 6:43
(2006}}, and the tamoxifen-inducible gene expression (Zhang et al, Nucleic Acids
Research, 24:543-548 (1996)) as well as others. In certam embodiments of the present
methods used in the modules and 1nstrumenis described herein, at Jeast one of the nucleic
acid~-gunded nuclease editing components {¢.g., the nuclease and/or the gRNA) 15 under the
control of a promoter that 1 activated by a rise in temperature, as such a promoter allows
for the promoter to be activated by an mncrease in temperature, and de-activated by a
decrease i temperature, thereby “turning off” the editing process. Thus, in the scenario of
a promoter that is de-activaied by a decrease in temperature, editing in the cell can be turned
off without having to change media; to remove, eg., an inducible biochemical in the

medium that 1s used to induce editing.
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{8189} Certain embodiments described herein also utilize an alternative to traditional
nucleic acid-guided nuclease editing {t.e., RNA-guided nuclease or CRISPR editing} for
performing genome editing. More particularly, such embodiments emplov a nucleic acid-
cuided nickase/reverse transcriptase fusion enzyme {“nickase-RT fusion”} as opposed to a
nucleic acid-guided nuclease (1., a "CRISPR nuclease”™}. Editing with a mickase-RT
fusion differs from traditional CRISPR editing 1n that instead of initiating double-stranded
breaks in the target genome and homologous recombination to effect an edit, the nickase
mitiates a nick in a single strand of the target genome, e.g., the non-complementary strand.
Further, the fusion of the nickase to a reverse transcriptase, im combination with an editing
cassette comprising a CFgRNA and repair template, e.g. a CF editing cassette, eliminates

the need for a donor DNA to be incorporated by homologous recombination. Instead, the

repair template of the corresponding cassette—typically a nbonucleic acid—may serve as
a template for the reverse transcription (“RT7} portion of the fusion enzyme to add an
mtended to the nicked strand at the target locus. That s, utilization of a nickase-RT fusion
enables incorporation of the edit in the target genome by copying an RNA sequence {(i.e.,
at the RNA level) rather than replacing a portion of the target locus with a donor DNA (1e |
at the DNA level).

[3190] The nickase—tunctionung as a single-strand cutter and having the specificity of a
nucleie acid-guided nuclease—engages the target locus and nicks a strand of the target
locus creating one or more free 3' terminal nucleotides. The 37 end of the editing cassette
15 then annealed to the nicked strand, and the reverse transcriptase utihizes the 3' terminal
nucleotide(s} of the nicked strand to copy the repair template and create a “flap” contaming
the desired edit. Thereafter, endogencus repair mechanisms of the celis repair the nick in
favor of the desired edit by hybridizing the flap to the wild-type (e.g., unedited) DNA

strand.

Improved Mucleic Acid-Guided Nuclease Editins With DNA Repair Mechanism

Disruption

{#191] The present disclosure is drawn to increasing the efficiency of nucleic acid-guided
nuclease editing in cells via disruption of cellular DNA repair mechanisms, and in
particular embodiments, DNA musmateh repair (MMR) mechanisms.
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{8192} Recently, 1t has been reported that expression of MMR-related genes can imnversely
correlate with precise editing cutcomes. See Chen et al., Cell 184, 1-18 (2021); da Silva
et al, bioRxiv 2021.0930.462548 {2021}, SNee also, Wout et al, bioRxiv
2022.05.04. 490422 (2022). More particularly, it has been reported that certain cellular
MMR pathways may inhibit, or at least strongly suppress, precise nucleic acid-guided
nuclease editing 1 live celis and may instead promote unwanted indel formation. See Chen
etal, Cell 184, 1-18 (2021).

{#193] To mitigate the negative effects of MMR on editing outcomes, recent work has
focused on MMR inhibition, or downregulation, via MMR-targeting siRNAs and other
MMR-mhibiting agents. For example, Chen has reported that siRNA-mediated
knockdown of certain MMR genes, as well as the expression of dominant negative MMR
protein variants, may lead to greater editing efficiency (see Chen et al, Cell 184, 1-18
(2021). Similarly, da Silva has demonstrated that editing rates may be tmproved via the
gtilization of sitRNAs to deplete MMR transcripts, and/or the utilization of protein
degradation technologies, such as dTAG, to deplete MMR proteins (see da Silva et al,
bioRxav 2021.09.30.462548 (2021)). Da Siva has further demonstrated that cells hines
comprising MMR gene knockouts may vield significantly higher editing efficiencies as
compared to other cell lines. Da Silva et al, bioRxiv 2021 .09.30 462548 (2021},

[0194] The mventors of the present disclosure, however, have discovered that
overexpression of certain MMR proteins {or polypeptides), and especially overexpression
of certain wild-type MMR proteins, also perturbs MMR mechanisms, such that when these
MMR proteins are overexpressed during editing, the negative effects of associated MMR
pathways on editing ocutcomes may be mutigated.  This strategy, which seemingly
contradicts the MMR mhibition and downregulation methods proposed by other
contemporary studies (see Chen et al, Cell 184, 1-18 (2021}, da Sidva et al, bioRxav
2021.09.30.462548 (2021}, and, Wout ¢t al., bioRxyv 2022.05.04 490422 {2022)), results
in simuilar or even Dbetter editing efficiencies as compared to such MMR
inhibition/downregulation methods.

{4195} Accordingly, embodiments of the present disclosure provide compositions of
matter, methods, systems, and instruments for improved nucleic acid-guided nuclease
editing, wherein cellular DNA repair perturbation agents comprising exogenous DNA

39



1

2

A8

(e
=
L

v 4

G

0

Wh

WO 2024/026344 PCT/US2023/071012

repair polypeptides and/or proteins, or polvnucleotides encoding the DNA repair
polypeptides and/or proteins, are co-dehivered into and/or are co-expressed in cells along
with editing machinery, e g, editing gRNAs and corresponding nucleases or nickases. The
expression/overexpression of such DNA repair polypeptides and/or proteins in the cells
perturbs/disrupts native cellular DNA repair mechanisms, such as native MMR pathways,
that can negatively affect editing outcomes, thereby resulting in more precise editing and
a reduction in reversion o wild-type sequence or unwanted indel formation.

{0196] FIG. 1A 15 a simplified block diagram of an exemplary method 100 for improved
editing of live cells via nucleic acid-guided nuclease editing, such as nickase/reverse
transcriptase fusion (“nickase-RT fusion”) editing, with stimultaneous disruption of cellular
DNA repair mechanisms. More particularly, the exemplary method 100 utilizes a nickase-
RT fusion enzyme and CREATE fusion editing cassette (“CF editing cassette”), in
combination with an MMR perturbation agent, to effect an intended edit in the cell genome
while disrupting one or more associated MIMR pathways of the cells. Though described
with reference to CREATE fusion Editing (CFE), the exemplary method 100 may also
apply to other types of nucleic acid-guided nuclease editing compositions, components,
and systems. Sumilarly, though MMR disruption i3 described 1 method 100, other DNA
repair pathways and/or repair proteins are also contemplated, including base excision repair
(BER), nucleotide excision repar (NER), homologous recombination (HR), non-
homologous end joining (NHEI), as well as other DNA repaw pathways and/or
mechanisms.

{8197] Looking at FIG. 14, method 100 begins at 102 by designing and synthesizing one
or more CF editing cassettes, such as a hibrary of CF editing cassettes, each cassette
comprising a CFgRNA having a covalently-linked editing gRNA and repanr template
designed to incorporate at 1east one edit into one or both DNA strands at a first target focus.
That 15, each CFgRNA of a CF editing cassette comprises an editing gRNA sequence and
a repair template sequence to be reverse transcribed, wherein the repair template sequence
comprises a desired genome edit. In certain embodiments, the CF editing cassettes may
further include a PAM and/or spacer mutation{s). Once the CF editing casseties are

synthesized, mdividual cassettes may be amplified.
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{B198] At 104, an MMR perturbation agent is designed and synthesized. Generally, the
MMR perturbation agent acts to disrupt, or even mthibit, one or more MMR pathways of
the ceils being edited. In certain embodiments, the MMR perturbation agent comprises
one or more polypeptides and/or proteins that facilitate disruption or inhibition of the one
or more MMR pathways of the cells, or polynuciectides encoding such polypeptides and/or
proteins which may be amplified after synthesis. The polypeptide(s} and/or protein(s} may
comprise naturally occurring {e.g., wild-type) polvpeptides and/or proteins of the cells,
and/or non-naturally occurring {e.g., a variant} polypeptides and/or proteins. In certain
embodiments, the polypeptide(s) and/or protein(s} comprise dominant-negative variants,
or other non-functional or catalytically-inactive mutants. In certain embodiments, the
MMR perturbation agent comprises a combination of naturally cccurring and non-naturally
occurring polypeptides and/or proteins.

{8199] In certain embodiments, the MMR perturbation agent comprises polypeptides
and/or proteins that are mdirectly or directly nvolved m an MMR pathway of the cells.
For example, the MMR perturbation agent may comprise one or more MMR proteins, or
one or more portions of MMR protemns, such as one or more domains of MMR. proteins.
Examples of suitable MMR proteins for use with the present disclosure include MLHI,
MLHlco, MLHZ, MLH3, MSH2, MSH3, MSH6, PMS1, PMS2, vanants thereof, portions
thereot, homologs thereof, orthologs thereof, and the like However, still other MMR
proteins are also contemplated.

{#288] In further embodiments, the MMR perturbation agent comprises an MMR complex
{(e.g., dimer, trimer, eic.} having two or more MMR proteins or portions of MMR proteins,
or a portion of an MMR complex.  For example, the MMR perturbation agent may
comprise a MutL and/or MutS complex, e.g., Muthoa, Mutd.p, Mutly, MuotSa, MutS, etc.
However, still other complexes are also conteraplated. Note that although many of the
presently-described examples mclude human proteins, such repair proteins are generally
conserved of at least present in some form across a wide variety of species, including
microbes such as £, cofi. Accordingly, the described examples may be utilized for editing
a variety of different cell types in addition to human/mammalian cells, including bacterial

and fungal cells.
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{8281} In certain embodiments, mm addition or alternative to MMR proteins, the MMR
perturbation agent comprises one or more other polypeptides, proteins, and/or portions
thereof 1involved m DNA replication, recombination, or repair processes, of
polynucleotides encoding such polypeptides, proteins, and/or portions that may facilitate
disruption or inhibition of cellular MMR pathways. Examples of such proteins inchide
MEAF6, MPG, LIGT, LIG3 (A9), LIG3 (B5), FEN1, MRGBP, KAT7, RPA2, CHAF1R,
ALKBHZ, NUDT! (B4), BUDTI (B8), vanants thereof, portions thereof, homologs
thereof, orthologs thereof, and the like.

{0202} In embodiments where the MMR perturbation agent comprises exogenous
polvnucleotides encoding polypeptides and/or proteins, such polynucieotides may include
an open reading frame {ORF) of an MMR protein. 1n certain embodiments, the exogenous
polvnucleotides comprise m vitro transcribed MMR protein mRNA.

{0283} In certain embodiments, the exogenous polvnucleotides may further mclude
promoters at 5 ends of the encoded polypeptides or proteins for transcriptional controd
thereof. In certain embodiments, the promoters comprise inducible promoters, such as
chenucally-inducible  promoters, temperature-inducible promoters, hght-inducible
promoters, and the hke. In certain emwbodiments, the promoters comprise constitutive
promoters.  Generally, the promoters may mclude the same or ditferent promoters as
utthized with other editing components of the present method, such as the CF editing
casseties and/or CF enzymes. In further embodiments, the polynucleotides further inclue
nuclear localization sequences (NLS), which may be at the 57 or 37 ends of the encoded
polypeptides and/or proteins.

{#284] At 1006, anickase-RT fusion enzyme {e.g., a CF enzyme) 1s designed. As described
above, the nickase-RT fusion enzyme comprises, in order from aminge terminus to carboxy
termunus, or from carboxy termings 1o amino terminus, a nucleic acid-guided mckase and
a reverse transcriptase. The nickase-RT fusion enzyme may be delivered to the cells as a
coding sequence m a vector (in some embodiments under the control of an mducible
promoter), such as the same or different vector as the CF editing cassetie(s) and/or
polynucleotide(s} of the MMR perturbation agent, or the nickase-RT fusion enzyme may

be delivered to the cells as a protein or protemn complex.
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{8285] At 108, the CF editing cassette(s}, the nickase-RT fusion enzyme, and in certain
embodiments, the MMR perturbation agent {e.g., as one or more polynucleotides), are
assembied with vector backbones, such as plasmid backbones, to create “editing” vectors,
and/or “engine” vectors, and/or “MMR perturbation vectors,” e.g., a hibrary of vectors. In
certain  embodimenis, a CF editing cassette, nickase-RT fusion enzyme, and
polynucleotide(s} encoding MMR-perturbing polvpeptides and/or proteins are assembled
together on a single vector. In certain embodiments, the CF editing cassette and nickase-
RT fusion enzyme are assembled into an editing vector together, and the polynucleotide(s)
encoding the MMR-perturbing polypeptides and/or proteins are assembled into separate,
MMR perturbation vectors. An example of such a two-vector system 1s illusirated in FIG
2A. In other embodiments, however, the polynucleotide(s) encoding the MMR-perturbing
polypeptides and/or proteins and the nickase-RT fusion enzyme are assembled into a vector
together, and the CF editing cassette s assembled into a separate editing vector. In still
other embodiments, the CF editing cassette, the polynucleotide(s) encoding the MMR-
perturbing polvpeptides and/or protens, and the nickase-RT fusion enzyme are each
assembled into separate editing, MMR perturbation, and engine vectors, respectively. An
example of such a three~vector system is dlustrated in FIG 2A. In embodiments where the
perturbation agent comprises polypeptides and/or protems, only the CF editing cassetie
and/or the nickase-RT fusion enzyme may be assembled with vector backbones at 108,

[B286] At 110, the editing vectors, engine vectors, and/or MMR perturbation vectors {or
MMR-pertubing polypeptides or proteins) are introduced into the live cells. A varnety of
delivery systems may be used to introduce (e.g., transform, transfect, or transduce) nucleic
acid-guwided nickase fusion editing system components and MMR perturbation agent into
a host cell 116, These delivery systems mnclude the use of yeast systems, hipofection
systems,  micromjection  systems,  biolistic  systems,  virosomes, liposomes,
mmunoliposomes, polycations, hpidnucleie acid comjugates, virions, artificial virions,
viral vectors, electroporation, cell permeable peptides, nanoparticles, nanowires,
exosomes. Alternatively, molecular trojan horse hiposomes may be used to deliver nucleic
acid-guided nuclease components across the blood brain barrier. Of particular interest is
the use of electroporation, particularly flow-through eleciroporation {either as a stand-alone
nstrument or as a module in an auvtomated mult-module system) as described in, e.g,,
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USPNs 10,253,316, issued 09 April 2019; 10,329,559, issued 25 June 2019; 10,323,242,
issued 18 June 2019; 10,421,959, issued 24 September 2019; 10,465,185, issued 05
MNovember 2019; 10,519,437, issued 31 December 2019; 10,584,333 issued 10 March
2020; 10,584,334, issued 10 March 2020; 10,647,082, issued 12 May 2020: 10,689,645,
issued 23 June 2020; 10,738,301, issued 11 August 2020; 10,738,663, issued 29 September
2020, and 10,894,958, 1ssued 19 January 2021 all of which are herein incorporated by
reference in their entirety.

{0207} Once transformed 110, the next steps in method 100 include providing conditions
for nucleic acid-guided nuclease editing 112 and for MMR perturbation 114, As described
above, the mventors of the present disclosure have discovered that overexpression of
certain MMR (or other) proteins or portions thereof disrupts and in certain cases, inhibits,
associated cellular MMR pathways.  Accordingly, when these MMR proteins are
expressed/overexpressed before or during editing, negative effects of associated MMR
mechanisms on editing may be suppressed or avoided, resulting in improved editing
QUECOINGS.

[0268] Generally, “providing conditions” at 110 mcludes mncubation of the cells 1o
appropriate mediwm and may also mclude providing conditions to induce transcription of
an wmnducible promoter (e g, adding antibiotics, adding inducers, ncreasing temperature)
for transcription of a CF editing cassette, nickase-RT fusion enzyme, and n certamn
embodiments, polynucleotide{(s} encoding the MMR-perturbing polypeptides and/or
proteins. In certain embodiments, the conditions for editing 112 and for perturbation 114
{e.g., MMR-perturbing protein expression/overexpression) are the same and thus, these
steps are performed simultaneously. In certamn embodiments, the conditions for editing
112 and for MMR perturbation 114 are different {eg., an MMR-perturbing protein
sequence may be under the control of a different inducible promoter than the components
of the editing system}, and these steps may be performed either simulanecusly or in
sequence.

{8289] Once editing s complete, the cells are allowed to recover and are preferably
enriched for cells that have been edited 116, Enrichment can be performed directly, such
as via cells from the population that express a selectable marker, or by using surrogates,
e.g., cell surface handles co-miroduced with one or more components of the editing
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components. At this point in method 100, the cells can be characterized phenotypically or
genotypically, e g, via sequencing, or, optionally, any of steps 102-116 or steps 110-116
may be repeated to make additional edits 118 in recursive or iterative editing rounds. In
certain embodiments, steps 102-116 are repeated to create or construct a defined
combination of edits or a combinatonal library.

{#218] For reference, FIG, 1B 15 a simplified graphic depiction of the mechanism of a
nucleic acid-guided nickase enzyme/reverse transcriptase fusion enzyme edit. At left in
FIG. 1B, a nickase-RT fusion enzyme and CFgRNA of a CF editing cassette are shown
bound to a target locus of the cell genome, where the target locus in the context of the
methods and compositions herem 15 a locus of approximately 1 to 1,000 nuclectides or
more n length, or 2 to 500 nucleotides n length, or 10 to 400 nucleotides in length, or 20
to 200 nucleotides in length. In one step, the nickase-RT fusion enzyme and the CFgRINA
bind to the target locus and the nickase nicks a single DNA strand at the target locus, thus
creating a 37 “flap.” In order for the nickase-RT fusion enzyme and the CFgRNA to bind
to the target locus and nick the genomic DNA, there must be a protospacer adjacent motif
{(PAM)} appropriately located n or adjacent (e.g., downstream) to the target locus and on
the strand to be nicked and edited. The CFgRNA must also be complementary 1o a region
of the strand to be edited and must include the desired edit to be incorproated.

{0211} At night in FIG. 1B shows the previously formed flap, where the reverse
transcriptase {RT) portion of the nickase-RT fusion enzyme adds nucleotides to extend the
3' free end of the nicked strand using the repair teraplate of the CFgRNA, which mcludes
the desired edit, as a template. The regions of the DNA strands that are synthesized by the
RT may mclude, e.g., a nick-to-edit region, an edit region, and a post-edit homology (PEH}
region.  The nick-to-edit region and the post-edit homology (PEH} region are
complementary to the unedited {Le., wild-type) strand, thus facilitating resolution of the
edited flap with the unedited strand via endogenous repair mechanisms, e.g., homology-
directed repair (HDR), recombination pathways, or other BDNA repair pathways. The target
locus may resolve o either wild-type, where the desired edit is not incorporated, or mto
an edited target locus. Once the DNA flap containing the edit is synthesized, an equilibrium
is established between the newly synthesized 3' flap and the wild-type 5 flap. The
equilibrium can be affected by the length of the edit, nick-to-edit distance, and/or post edit
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homology region.  In order for the newly synthesized flap to be mcorporated mto the
genome, the 5' flap 15 hikely degraded by an exonuclease. This allows the 3' flap to anneal
to the BNA| and a polymerase then likely fills m any missing nucleotides and a DNA ligase
seals the mick.

{8212} Atthus stage, one DNA strand contains the edit while the second DNA strand does
not. A DNA replication process or similar process 1s likely responsible for copying the
edit into both strands. Note that DNA replication and associated processes, including
MMR and other cellular DNA repair processes, may favor the wild-type strand as opposed
to the edited strand after annealing. For example, MMR machinery may recognize the
mismatch between the edited strand and the wild-type strand, excise the “error-prone”
edited strand, and thereafter fill in/seal the gap via templated repair using the wild-type
strand, thus reverting the edited strand to wild-type, and decreasing editing efficiency of
the editing process. Accordingly, editing and repair or reversion to wild-type are constantly
in competition, wherein the outcome may be determined by cellular detection and repair
response. To overcome or curtail these cellular repair and reversion mechanisms, a DNA
repair perturbation agent, such as an MMR perturbation agent, may be mtroduced into the
cells prior to or during editing, which can disrupt such cellular mechanisms and 1mprove
editing outcomes, as described above. By disrupting or mbubiting MMR and other cellular
DINA repair mechamisms, editing, such as CF editing, may be favored as compared to repaw
or reversion of edited strands to wild-type.

{#213] FIG. 2A schematically depicts an exemplary two-vector systermn for nickase-RT
fusion editing (CF editing) of hive cells according to embodiments described heremn. Note
that the layouts of the vectors 1n FIG. 2A are only exernplary and do not imat embodiments
of the present disclosure to any particular arrangement or orientation of components. For
example, in certain other embodiments, the CF editing components and MMR perturbation
agent may be disposed on a single vector.

{0214] As shown, the “editing” vector comprises a nickase-RT fusion enzyme and a CF
editing cassette comprising a CFgRNA. Meanwhile, the “MMR perturbation” vector
comprises a polynuciectide encoding an MMR-perturbing polypeptide or protein
(“MMR”}, which may be a wild-type MMR protein of the cells. In certain embodiments,
one or both vectors of the two-vector system further include a selectable marker to facilitate
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enrichment or selection of cells successfully transformed with each respective vector, e g,
while performing the method 100. Accordingly, the selectable marker(s} may be used to
“tag” and enrich for transformation events. Examples of suitable markers include antibictic
resistance genes and fluorescent proteins, such as the PuroR gene.

{8215} Also shown in both vectors are one or more promoters {e.g., inducible or
constitutive}, which may be integrated into the vector at 5” ends of the nickase-RT fusion
enzyme, the CF editing casseite, the MMR-perturbing protein, the selectable marker(s},
and/or other components to drive transcription thereof. For example, in the editing vector
of FIG. 2A, the nickase-RT fusion enzyme is depicted as being under the transcriptional
control of a mouse U6 ("mU6") promoter, the CF editing cassette is under the
transcriptional control of a human U6 ("hUS”} promoter, and the selectable marker 1s under
the transcriptional control of a phosphoglycerate kinase (“"PGK”) promoter. Sumilarly, in
the MMR perturbation vector, the MMR protein is shown as being under the control of a
eukaryotic translation elongation factor 1 o (“EF1A”) promoter, and the selectable marker
15 under the control of a simian virus 40 ("SV407) promoter. However, other promoters
are also contemplated.

[08216] FIG, 2B schematically depicts an exemplary three-vector system for nickase-RT
fusion editing of live cells according to embodiments described herein. Tn particular, FIG.
2B depicts a system wherein each of a nickase-RT fusion enzyme, a CF editing cassette
comprising a CFeRNA, and a polynucleotide encoding an MMR-perturbing polvpeptide
or protein are assembled into separate vectors. Agam, the lavout of the three vectors in
FIG. 2B 15 only exemplary, and does not lumit embodiments of the present disclosure to
any particular arrangement or orientation of components.

{8217} Sumilar to previcus example, the nickase-RT fusion enzyme, the {F editing
cassette, the MMR-perturbing proten, and/or other components of the multiple vectors
may be under the control of one or more inducible or constitutive promoters. For purposes
of tlustration, the same promoters in FEG, 2ZA are depicted in FIG. 2B, However, other
promoters are also contemplated.

{0218] FIG. 3 15 a simplified graphic depiction of an exemplary double-stranded CF
editing cassetie for nickase-RT fusion editing of live cells. Note that the layout of the
cassette in KFiG. 3 s only exemplary and does not himit embodiments of the present

ey
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disclosure to any particular arrangement or orientation of components thereof. In ¥FIG. 3,
the CF editing casseite comprises a UFgRNA having an editing gRNA covalently linked
to a repair template. More particularly, the CF editing casseite comprises from 57 t0 37 an
optional transcription inttiation sequence which facilitates high efficiency transcription
(e.g., by T7 RNA polymerase) {denoted “G{7); a CFgRNA comprising from 57 to 37 an
editing gRNA configured to target a first target locus and comprising a spacer region
(denoted “SR™} having complementarity to the first target locus and a scaffold or repeat
region {(denoted “CR”) for complexing with a nickase-RT fusion enzyme, as well as a repair
template comprising from 5” to 37 an optional post-edit homology region {denoted “PEH"),
an edit {denoted “E”}, a nick-to-edit region {denoted “NE”), and a primer binding site
{(denoted “PBS™); an optional G-guadruplex region (denoted “Q€) or other nucleic acid
stabtlization moiety for stabilizing the CF editing cassette preventing degradation of the

repair template; and a PolyT transcription terminator (denoted “TT7).

EXAMPLES
[0219] The following examples are put forth so as to provide those of ordinary skill 10 the
art with a complete disclosure and description of how to make and use the present
disclosure, and are not intended to himut the scope of what the mventors regard as their
disclosure, nor are they intended to represent or imply that the experiments below are all
of or the only experiments performed. It will be appreciated by persons skilled in the ant
that numerous variations and/or modifications may be made to the disclosure as shown in
the specific aspects without departing from the spirit or scope of the disclosure as broadly
described. The present aspects are, therefore, to be considered in all respects as situstrative

and not restrictive.

Fxample I: GFP 1o BFP Conversion Assgy

{0228] A GFP to BFP reporter cell line was created using mammalian cells with a stably
integrated genomic copy of the GFP gene (HEKZ93T-GFP). These cell lines enabled
phenotypic detection of genomic edits of different classes by various different mechanisms,
including flow cytometry, fluorescent cell imaging, and genotypic detection by sequencing
of the genome-integrated GFP gene. Lack of editing, or perfect repar of cut events in the
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GFP gene, result in cells that remain GFP-positive. (ut events that are repaired by the Non-
Homologous End-Joining (NHET} pathway often result in nucleotide insertion or deletion
events {indels), resulting in frame-shift mutations in the coding sequence that cause loss of
GFP gene expression and fluorescence. Cut events that are repaired by the Homology-
Directed Repair (HDR) pathway, using the GFP-to-BFP HDR donor as a repair template
or by the use of CFgRNAs, result in conversion of the cell fluorescence profile from that

of GFP to that of BFP.

Exampie I{: CREATE Fusion fditing

{0221} CREATE fusion editing (CFE) s a live cell editing technique that uses a nucleic
acid-guided nickase fusion protein {e.g., MAD2007 nickase and others, see USPNs
10,883.077: 11.053,485; and 11,085,030; and USSNs 17/200,089 and 17/200,110 filed 12
March 2021, 17/463 498, filed 23 August 2021, and 17/463,581, filed 01 September 2021)
fused to a peptide with reverse transcriptase activity along with a nucleic acid encoding a
CFgRNA (1e, CF editing cassette) comprising a region complementary to a target region
of a nucleic acid in one or more cells, which comprises a mutation of at least one nucleotide
relative to the target region in the one or more cells and a protospacer adjacent mouf (PAM)
routation,

[8222] Tn a first design, a nickase enzyme derived from the MAD2007 nuclease (see,
USPN 9,982,279 and 10,337,028}, e.g., Cas% HB40A mckase or MAD7 nickase (see, e.g.,
USSNs 16/837,212 and 17/084,522), was fused to an engineered reverse transcriptase (RT)
on the C-terminus and cloned downstream of a CMV promoter. In this mstance, the RT
used was derived from Moloney Murine Leskemua Virus (M-MLV).
{6223] CF editing cassettes were designed comprising (FgRNAs that were
complementary to a single region proximal to the EGFP-to-BFP editing site.  The repaur
template on the 3' end mchuded 3 region of 13 bp that include the TY-to-S8H edit and a
second region of 13 bp that is complementary to the nicked EGFP DNA sequence. This
allowed the nicked genomic DNA to anneal to the 3' end of the repair template which can
then be extended by the reverse transcriptase to incorporate the edit in the genome. A
second CF editing cassette targeted a region m the EGFP DNA sequence that 15 80 bp
upstream of the edit site. The CFgRNA of the second {F editing cassette was designed
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such that it enables the nickase to cut the opposite strand relative to the other CF editing
cassette. Both of these CF editing cassettes were cloned downstream of a U6 promoter. A
polv-T sequence was also included that terminates the transcription of the CF editing
cassette.

{8224} The plasmuds were transformed into NEB Stable 7. cofi (Ipswich, NY} and grown
overnight in 25 mL EB cultures. The following day the plasmids were purified from £.
cofi using the (Giagen Midi Prep kit (Venlo, Netherlands). The purified plasmid was then
RNase A (ThermoFisher, Waltham, Mass) treated and re-purified using the DNA Clean
and Concentrator kit {Zymo, Irvine, CA).

[0225] HEK293T cells were cultured in DMEM medium which was supplemented with
10% FBS and 1X Penicillin and Streptomycin. 100 ng of total DNA (50 ng of gRNA
plasmid and 50 ng of CFE plasmids) was mixed with 1 ul of PolyFect (CGiagen, Venlo,
Netherlands) i 25 pl of OptiMEM in a 96 well plate. The complex was incubated for 10
minutes and then 20,000 HEK293T cells resuspended in 100 pl of DMEM were added to
the nuxture. The resulting mixture was then 1ncubated for 80 houwrs at 37 C and 3% COa
[6226] The cells were harvested from flat bottorn 96 well plates using TrypLE Express

reagent {ThermoFisher, Waltham, Mass) and transferred to v-bottom 96 well plate. The

plate was then spun down at 300 g for 5 munutes. The TrypLE solution was then aspirated
and the cell pellet was resuspended i FACS buffer (1X PBS, 1 % FBS, | mMEDTA and
0.5% BSA). The GFP+, BFP+ and RFP+ cells were then analyzed on the Attune NxT flow
cytometer and the data was analyzed on Flowlo software.

{8227} The RFP+BFP+ cells that were identified were mdicative of the proportion of
enriched cells that have undergone precise or imprecise editing process. BFP+ cells
mdicate cells that have undergone successful editing process and express BFP. The GFP-
cells indicate cells that have been imprecisely edited, feading to disraption of the GFP open
reading frame and loss of expression.

{0228] In this exemplary experiment, the edit is positioned roughly 5' in the repair template
and 3' of the edit 13 a further region complementary to the nicked genome, although the
mtended edit could also be present further within the region homologous to the nicked
genome. A nickase RT fusion enzyme {Cas9 H840A nickase or MAD2007) created a nick
in the target site and the nicked DNA annealed to its complementary sequence on the 3'

0
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end of the repair template . The RT then extended the DNA, thereby incorporating the
mtended edit directly in the genome.

{8229} The effectiveness of CREATE fuston editing in GFP+ HEKZ93T cells was then
tested. In the assay system devised, a successful precise edit resulted in a BFP+ cell
whereas an imprecisely edited cells turned the cell both BFP and GFP negative. CREATE
Fusion gRNA mn combination with CFE2.1 or CFE2 2 gave ~40-45% BFP+ cells indicating
that almost half the cell population has undergone successful editing {(data not shown). The
GFP- cells are ~10% of the population. The use of a second nicking gRNA, as described
i Liu et al. (Nature, 576(77851:149-157 (2019} did not increase the precision edit rate
any further; n fact, it significantly increased the imprecisely edited, GFP-negative cell
population and the editing rate was lower.

{02306] Previous literature has shown that double nicks on opposite strands (<90 bp away)
do result in a double strand break which tend to be repaired via NHEJ resulting tn imprecise
msertions or deletions.  QOverall, the results indicated that CREATE fusion editing
predominantly yielded precisely edited cells and the imprecisely edited cells proportion 1s
rouch lower (data not shown).

[8231] An ennichiment handle, specifically a fluorescent reporter {(RFP) hinked to nuclease
expression was mncluded i this experimentation as a proxy for cells receiving the editing
machinery. When only the RFP-positive cells were analyzed (computational enrichment)
after 3-4 cell divisions, up to 75% of the cells were BFP+ when tested with {F editing
cassettes {data not shown), indicating uptake or expression-linked reporters can be used to
enrich for a population of cells with higher rates of CREATE fusion-mediated gene editing.
In fact, the combined use of CREATE fusion editing and the described enrichment methods

resulted n a significantly improved rate of intended edits (data not shown}.

Foxample I{i: CREATE Fusion Editing with CF Editing Cassette

{0232] CREATE fusion editing was carried out in mammalian cells using a CF editing
cassetie comprising a CFgRNA having an mntended edit to the native sequence and an edit
that disrupts nuclease cleavage at this site. Briefly, lentiviral vectors were produced using
the foliowing protocol: 1000 ng of Lentiviral transfer plasmid containing the editing
cassettes along with 1500 ng of Lentiviral Packaging plasmids {ViraSafe Lentivirus

1
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Packaging System (ell BioLabs} were transfected into HEKZ93T cells using
Lipofectamine LTX in 6-well plates. Media containing the lentivirus was collected 72 hrs
post transfection. Two clones of a lentiviral CF editing cassette design were chosen, and
an empty lentiviral backbone was included as negative control.

{8233} The day before the transduction, 200,000 HEKZ293T cells were seeded 1n six well
plates. Different volumes of CF editing cassette lentivirus (10 to 1000 ul} were added to
HEKZ293T cells m 6-well plates along with 10 gg/ml of Polvbrene 48 hours after
transduction, media with 15 pg/ml of Blasticidin was added to the wells. Cells were
maintained 10 selection for one week. Following selection, the well with lowest number of
surviving cells was selected for future experiments (<5 % cells).

{0234] The experimental constructs or wild-type SpCas9 were electroporated into
HEK2937 cells using the Neon Transfection System (Thermo Fisher Scientific, Waltham,
MA, USA). Briefly, 400 ng of total plasmid DNA was mixed with 100,000 cells in Buffer
R in a total of 15ul volume. The 10 pl Neon tip was used to electroporate cells using 2
pulses of 20 ms and 1150 v.  Cells were analyzed on the flow cytometer 80 hrs post
electroporation. Unenriched editing rates of up to 13% were achieved from single copy
delivery of an editing cassette (data not shown},

[0238] When the editing was combined with computational selection of RFP+ cells,
however, enriched editing rates of up to 30% were achieved from a single copy delivery
CF editing cassette. This enrichment via selection of cells receiving the editing machinery
was shown to result in a 2-fold increase in precise, complete intended edits (data not
shown). Two or more enrichment/delivery steps can also be used to achieve higher editing
rates of CREATE fusion editing in an automated mstrument, ¢.g., use of a module for cell
handle enrichment and identification of cells having BFP expression. When the method
enriched for cells that have higher CF editing cassette expression levels, the editing rate
was even further increased, and thus a growth and/or ennichment module of the mstrument

may include editing cassette enrichment.

Exampie IV: Screening MMR Proteins for Enfanced CREATE Fusion Editing

{8236} CREATE fusion editing was carried out i 1P5Cs to dentify MMR proteins that,

when expressed during CF editing, would improve GFP-to-BFP edit rates. Here, a two-
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vector editing system was used, wherein the two-vector system included a first “editing”

plasmid comprising a nucleotide sequence encoding one of four CFgRNAs (“g1,” “g18,”

39

“g25,

or “257") and a corresponding CF enzyme to incorporate a GFP-to-BFP edit, and a

second “MMR expressiony” plasmud comprising a nucleotide sequence encoding one of

forty-eight (48) MMR constructs comprising MMR proteins, as listed in Table 1 found

below, to perturb an associated MMR pathway.

Table 1:

Avg Fold-
Construct Construct Base Variant Improvement | AA SEQ
No. description Base variant Geune Type Over Control i

pR-wiMSH2- wild-type

pMMROY | mCherry wiMSH2 MSH2 | OBF 2.37 i
pR-NLS(cMy<c)-
wiMSH2- wild-type

pMMEO2 | mChewy wiMSH2 MSH2 | ORF 28 2
pR-wiMSH2-
NLS(SV40)- wid-type

pMMRO3 | mCherry wiMSH2 MSH2 | OBF 2.42 3
pR-wiMLH1- wild-type

pMMRO4 | mCherry wiMLH1 MLH1 | ORF 334 4
pR-NLS(cMy¢)-
wihLH1- wild-type

pMMROS | mCherry wiMLH1 MLH1 | ORF 3.09 5
pRE-wiMLH1-
NES{(SV40)- wild-type

pMMRO6 | mCherry wiMLH1 MLH1 | ORF 31 6
pR-wiMSHG- wild-type

pMMRG7 | mCherry wiMB3H6 MSHs | ORF 132 7
pR-NES{cMyc)-
wiMSHG- wild-type

pMMROS | mCherry wiMSH6 MSHG | ORF 1.27 8
pR-wibMSHG-
NLS{SV4G)- wild-type

pMMROS | mCherry wiMBHG MSH6 | ORF 1.23 9
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pR-wiPMS2- wild-type

pMMR1O | mChemry wiPMS2 PMS2 | ORF 1.29 16
pR-NLS{cMyc)-
wiPM32- wild-type

pMMRIL | mCherry witPMS2 PMS2 | ORF 1.2 it
pR-wiPMS2-
NLA(SV40)- wild-type

pMMRI2 | mCherry wiPMS2 PMS2 | ORF 1.05 12
pi-
MSH2 K&75R- point

pMME13 | mChemry MSH2 K675R | MSHZ | mutant 297 i3
pR-NLS(cMy¢)-
MSH2 K675R- point

pMMR14 | mCherry MSH2 K675R | MSH2 | mutant 3.68 14
pR-
MSH2 K&735R-
NLS{SV4G)- port

pMMR1S | mChenry MSH2 K675R | MSH2 | mutant 297 is
pit-
MSH2 K675A- point

pMMRI6 | mCherry MSH2 K675A | MSHZ | mutant 2.62 16
pR-NLB(cMyc)-
MSH2 K675A- poinat

pMMR17 | mCherry MSH2 K675A | MSH2 | mutant 2.17 17
pi-
MSH2 K675A-
NLS(SV40)- point

pMMR1I8 | mCheay MSH?2 Ko75A | MSH2 | mutand 223 18
pR-
MSH2 Mo8BR- point

pMMRI9 | mCherry MSH2Z M6BSR. | MSH?Z | mutant 1.08 19
pR-NLB(cMyc)-
MSH2 MGESR- point

pMMR20 | mChenry MSH2 Me8BR | MSH2 | mutant 123 26
pR- point

pMMR21 | MSHZ MG8ER- | MSH2 MOESR | MSH2 | mutant 1.36 21
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NLS(SV40)-
mCherry
pit-
MSHZ ACTD- domain

pMMR22 | mCherry MSH2 ACTD MSH2 | truncation | 2.06 22
pR-NLS(cMy¢)-
MSH2 ACTD- dorain

pMMR23 | mCherry MSH2 ACTD MSH2 | truncation | 1.94 23
pi-
MSH2Z ACTD-
NLS{(SV4G)~ domain

pMMR24 | mCheuy MSH2 ACTD MSH2 | truncation 24
pit-
MLHI NTD- domain

pMMR25 | mCherry MLHI NTD MLH1 | truncation { 2.66 25
pR-NLB(cMyc)-
MLHI NTD- dornain

pMMR26 | mCherry MLH1 NTD MELH1 | truncation | 2.95 26
pit-
MUHI NTD-
NLS(SV403- domain

pMMR27 | mCheay MLH1 NTD MELHI | truncation 27
pR-
MSHG6 F432A- point

pMMR28 | mCherry MSH6 F4324A MSH6 | mutant .98 28
pR-NL3{cMyc)-
MSH F432A- point

pMMR2Y | mCheny MSH6 F432A MSHS | mutant 1.85 28
pR-
MSHG6 F432A-
NES(3V4D)- point

pMMHE30 | mChewry MSH6 F432A MSHS | mutan 1.96 30
pR-
MSH6 K1140R- point

pMMR31 | mCherry MSH6 K1140R | MSHe | mutant 1.9 31
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pR-NLS{cMyc)-
MSH6 K1140R- point

pMMR32 | mCherry MSH6 K1140R | MSHe | mutant 14 32
pR-
MSHG K1I40R-
NL3{SV40)- point

pMMR33 | mCherry MSH6 K1140R | MSH6 | mutant 1.4 33
pi-
MSH6 M1153R- point

pMME34 | mChemry MSH6 MI153R | MSHG6 | mutant 0.94 34
pR-NLS{cMy¢)-
MSHe MI133R- poinat

pMMR3S | mCherry MSH6 M1153R | MSH6 | mutant 1.17 35
pR-
MSHG MIIS3R-
NLS{SV4G)- port

pMMR36 | mChenry MSHG MIIS3R | MSHS | mutant 137 36
pit-
MSH6 ACTD- domain

pMMR37 | mCherry MSHe ACTD MSBHG | truncation | 1.57 37
pR-NLB(cMyc)-
MSHe ACTD- dorain

pMMR38 | mCherry MSH6 ACTD MSH6 | truncation | 1.51 38
pi-
MSH6 ACTD-
NLS{(SV4G)~ domain

pMMR3% | mCheay MSHe ACTD MSHS | truncation 39
pR-
PMS2 ANTD- domain

pMMR4G | mCherry PMS2 ANTD PMSZ | truncation | 1.91 40
pR-NL3{cMyc)-
PMS2 ANTD- dornain

pMMR4l | mChenry PMS2 ANTD PMS2 | truncation 4]
pR- domain

pMMR42 | PM32 ANTD- PMS2 ANTD PMS2 | truncation | 1.69 42
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NLS(SV40)-
mCherry
pit-
MiHlico NTD- domain

pMMR43 | mCherry MEHlIco NTD | MLH1 | troncation | 3.8 43
pR-NLS(cMy¢)-
MLHIcoe NTD- dorain

pMMR44 | mChemry MbLHIco NTD | MLH1 | truncation | 3.36 44
pi-
MLHlIco NTD-
NLS{(SV4G)~ domain

pMMR4S | mCheny MbHico NTD | MLH1 | tuscation | 3.5 45
pit-
MUHI A7534- MUHI A754- short

pMMR46G | 756~-mCherty 756 MLH1 | deletion 3.24 46
pR-NLB(cMyc)-
MLHI A754- MLH1 A754- short

pMMR47 | T56-m{herry 736 MEHL | deletion 43 47
pit-
MUHI A7534-
T56-NLS(SV40)- | MLH1 A754- short

pMMR48 | mCheay 736 MELHI | deletion 48

{08237} The MMR constructs included open reading frames (ORFs) of the MMR proteins,

either as wild-type, mutant, or truncation variants, which were tested with or without an

NLS at esther the N” end {a cMyc sequence) or the O end (an SV40 sequence} end of the

ORF. The position of the NLS 15 reflected i the “description” of the construct in Table 1.

Table 1 further mcludes each construct “vartant type,” base vanant, base gene, as well as

the ammo acid SEQ D NGO of the mature protein product for sach MMR construct

{including NLS sequences). In this experiment, mCherry was expressed as a ribosomal-

skip (T2A) tag and thus, the mature protein product {and AA sequence) for each MMR

construct did not comprise an mCherry tag,

{8238} Controls for this experiment incloded cells transformed with a first editing plasmid

and a second “control MMR expression plasmid” comprising no MMR protein sequence,
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as well as cells transformed with a first editing plasmid and a second plasmid encoding a
small ubiguitin-related modifier 4 (SUMO4) protemn.

{82398} 906 hours post transfection (96 hpt) with the vectors, the IPSCs were assayed via a
flow cytometry and edit rates (as %BFP+} calculated. Table 1 above inchides the fold-
improvement in editing performance for the experimental samples transformed with MMR
constructs over control samples, averaged for all CFgRNAs.  As shown, average fold-
improvement ranged from ~0.94x {little to no improvement, on average} to ~4.3x (a
significant improvement, on average), with a most MMR constructs facilitating at least
some improvement in editing performance.

{0240] Additionally, FiGs, 4A-4D graphically itlustrate the edit rates {(as %BFP+) for each
of the four CFgRNAs with several MMR constructs from Table 1 that facilitated improved
editing performance as compared to baseline: FIG. 4A illustrates the % edit rates of gl
with such MMR constructs; FIG. 4B dlustrates the % edit rates of g18 with such MMR
constructs; FI1G, 4C illustrates the edit rates of g25 with such MMR constructs; and FIG.
4D ilustrates the % edit rates of g3 with such MMR constructs. As shown, edit rates were
signuficantly improved for all four CFgRNAs by most of the selected MMR constructs. To
many nstances, the edit rate was increased by ~5%, ~10%, ~15%, ~20%, ~25%, or more.
{0241} Upon analysis of the results, 1t was found that the primary coroponent of the MutL-
homolog complex, MLH1, and the primary corponent of the MutS-homolog complex,
MSH?2, facilitated, on average, the largest improvement 1 editing performance for all four
GFP-to-BFP CFgRNAs as etther wild-type or mutant varants, with wiMLH!T being a top
performer.  These results suggest that MLH1 and MSH2 are more sensitive to MMR
perturbation as compared 1o other MMR proteins because they are key components of their
respective MMR complexes. Additionally, though expression of wild-type, truncated, and
mutant variants of such MMR protemns were shown to significantly improve editing
performance, transtent overexpression of wild-type MMR proteins may provide the most

substantial improvement.

Example V: CREATE Fusion Editing Enfanced by Ovedrexpression of MME Profeins

{8242} CREATE fusion editing was again carried out in 1PSCs using a two-vector system,

wherein the two-vector system included a first editing plasmid comprising a nucleotide

(¥4



v 4

16

~

i5

WO 2024/026344 PCT/US2023/071012

sequence encoding 3 UFgRNA and corresponding {F enzyme, and a second MMR
expression plasmid comprising an ORF sequence of one of seven experimental MMR
protemns. The design of the two plasmids 15 tllustrated in FIG., SA

{0243] As shown, the “editing” plasmid (here, “SCRPTSE”Y comprised: a nucleotide
sequence encoding a CFegRNA under the transcriptional control of a hsiJ6 promoter and
having a repair template comprising an intended edit {either an insertion, swap, or deletion
edit type) for at least one of twelve (12} targeted genomic loci; a nucleotide sequence
encoding a corresponding CF enzyme (depicted as “CFE”) under the control of a first EF 1o
promoter; and, a nucleotide sequence encoding a PuroR wild-type antibiotic resistance
marker under the control of a second EFla promoter. The target locus, edit type, nick-to-
edit length (in bases), and edit length (in bases) for each experimental CFgRNA are shown
below in Table 2.

Table 2:

Design Target Locus Edit Type Mick-to-Edit Edit Length
i ACTRB Insertion i 3
2 DNMT3b-2 Swap 1 25
3 D24 Swap 2 4
4 HSPOOABI Swap 3 4
5 ENO1 Swap 5 2
& RPSI2 Swap 2 4
7 H2AZ] Swap 2 4
3 SAMD11 Insertion i 3
9 ATRX Insertion 2 3
10 4EBP2 Deletion 1 3
i EGEFP Swap X 5
12 4E-T ?? 77 77

[{#244] Meanwhile, the “MMR expression” plasmud (here, “pMMR™} comprised: one of
seven MMR nucleotide constructs under the transcriptional control of a third EFla

promoter and comprising an ORF sequence encoding the MMR protem ("MMR”); and, an
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origin of replication {depicted as “ORI”). For controls, an MMR expression plasmud with
1o MMR construct/ORF was used.

{8245} The seven tested MMR constructs included top and bottom performers of a
previous screen of dozens of MMR-derived genes in a GFP-to-BFP edit experiment
(inciuding wild-type, point mutants, domain deletions, dommant-negatives, varmable NLS
tags, etc., as described in Example IV above and found in Table 1} Such top and bottom
performers were: pMMRO4, pMMRA4S, pMMR47, pMMRO1, pMMR14, pMMR19, and
pMMR12Z, Again, the MMR constructs included the MMR protein ORFs, either as wild-
type, mutant, or fruncation variants, which were tested with or without an NLS. Position
of the NLS 1s reflected in the “construct description” column in Table 1. Table 1 further
lists each construct vanant type, as well as the amino acid SEQ 1D NO of the mature protein
product for each MMR construct (including NLS sequences). mCherry was expressed as
a ribosomal-skip (T2A) tag and thus, the mature protein product {and AA sequence) for
each MMR construct did not comprise an mCherry tag.

[08246] Briefly, PGPI68-GFP cells were cultured it mTeSR Plus medium (Stemeel
Technologies, Vancouver, CA) at 37°C and 5% CO2. 24 hours before transfection with
vectors, the cells were seeded at 15,000 cells per well in Matrigel-coated (Corning, NY,
USA) flat bottom 96-well culture plates and supplemented with 10 uM Y-27632 ROCK
mhibitor (Stemcell Technologies) 100 ul. of mediurn was replaced (without Y-27632)
mmmediately before transfection.

{8247] The plasmuds were prepared by muxing 50 ng of SCRPTS0 plasmid and 50 ng of
pMMR plasmid (100 ng of total BDNA)Y with 0.75 uL Lipofectamine Stem Transfection
Reagent {Thermo Fisher Scientific, MA, USA} in 10 uL of OpttMEM Reduced Serum
Media { Thermo Fisher Scientific). The resulting mixtores was mcubated for 10-30 minutes
at room temperature, and then added to a single well of coltured PGP168-GFP cells n the
96-well plates and transferred to a 37°C mncubator with 5% CO:z for co-transfection of the
plasmids. As shown in the exemplary flow diagram of FIG. 8B, the transfection medium
was removed after 24 hours of incubation and replaced with mTeSR Plus mediuim
{Stemcell Technologies) and 10 pg/mb puromycin (Invivogen, CA, USA) for enrichment
of transfected cells. 48 hours after transfection, the medium was again replaced with
mTeSKR Plus {Stemcell Technologies).
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{8248} 906 hours to 144 hours after transfection, genomic DNA was purified from the cells
using a Beckman Coulter DN Advance gDNA extraction kit (Brea, CA, US), and PCR was
performed to amplify regions of genes containing the target sites of the CFgRNAg
expressed from the SCRPTS50 plasmid. The PCR amplicons were prepared for next-
generation sequencing (NGS} using an {Hlumina TruSeq DNA Sample Preparation Kit
according to the manufacturer’s instructions, and the samples were sequenced using an
Hlumina MiSeq using the Zx150 Reagent Kit (Iilumina, San Diego, CA, USA).

{0249] NGS analysis was performed using a custom read alignment pipeline to bin read
counts according to sequence identity to target genomic loci with a complete precise target
genomic edit or a wild-type sequence. Precise edit rates of samples with and without each
of the MMR constructs at the 12 endogenous target genomic loct were then calculated as a
fraction of the total reads aligned to the target genomic locus that contained the precise edit
sequence, with the results shown i FIG. 5C.

{0256] In FIG, 5C, the precise edit rates (% correct intended edit) at each target genomic
locus are shown for experumental samples wherein CFgRNAs were co~delivered and co-
expressed with an MMR protein {as a construct), as well as for control samples wherein
editing was carried out without MMR protein co-expression {control plasmid). As shown,
for most of the target genomic low tested, the occurrence of precise editing increased
between ~3% and ~30% when the CFgRNAs were co~delivered and co-expressed with an
MMR protemn. There was only one CFgRNA design, “Dresign 1710 Table 2 (ACTB), which
generally showed reduced editing performance with MMR protein overexpression. The
top performers from the MMR proteins wtihized i this experiment mcluded wiMLH1T and
dnMLHIs, though transient overexpression of wiMELH1 improved editing signmificantly
more on average than direct MMR inhibitton with doMLH1s. Meanwhile, wiPMS2,
though providing some improved editing performance at most of the target genomic loci,
was a bottom performer.

{80281} Specific resulis for the top performer, wiMLH1, are shown i FiGs, 5D and SE.
More particularly, FEG, 5 depicts the precise edit rate (% correct intended editsyat 11/12
of the previous target genomic loct for experimental samples wherein the CFgRNA was
co-delivered and co-expressed with wiMLH1, as well as for control samples. FIG. 8E,
meanwhile, depicts the fold-mmprovement between the experimental and controf samples.
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Again, for most of the target genomic loct tested, precise editing significantly improved
when the with transient overexpression of exogenous wiMLH1. Fora majority of the target
genomic loci shown {6/11}, the incidence of precise editing mmproved 2-fold, 3-fold, or
more with the overexpression of wtMLH1 as compared to the negative control, such that
there was a 3.6x average fold-improvement across the experimental constructs between the
control samples and experimental samples. Thus, contrary to the recent literature reporting
that MMR inhibition improves editing, these results show that transient overexpression of
wild-type MMR proteins {or other polypeptides) during editing facilitates substantial edit
performance improvement at various endogenous loci, even for different types of edits.
Fven further, such results suggest that overexpression of wild-type MMR proteins may

perturb cellular MMR mechanisms, which may otherwise hamper editing performance.

Exampie Vi CREATE Fusion Fditing With Simultaneous Overexpression of Multipie
MMER Proteins

[0252] CREATE fusion editing was also carried out 10 (PSCs to determine the effects of
co-expressing a combination of MMR proteins along with CF editing machinery, as
compared to expression of mdividual MMR proteins or no MMR protems. Again, a two-
vector system was used. The two vectors mcluded a first editing plasmid comprising a
nucleotide sequence encoding one of 96 CFgRNAs designed to test diversity 1n edit type,
nick-to-edit distance, and observed edit efficiency, as well as a corresponding CF enzyme,
and a second MMR expression plasmud comprising one or two nucleotide sequences
encoding MMR protems.

{0233] A similar plate editing workflow as described 1o Example V was performed. This
tume, four different conditions were tested, which are histed in Table 3 below. The
conditions mcluded: no delivery/expression of MMR proteins {control} during editing; co-
delivery/co-expression of wild-type MLHI, co-delivery/co-expression of dommant-
negative mutant MSH?2; and co-delivery/co-expression of both wild-type MLH1 and
dominant-negative mutant MSH2 Fach MMR protein was delivered as an MMR
nucleotide construct with or without a nuclear localization signal. Similar to Table 1 above,
Table 3 includes information relating to the NLS, vanant type, and mature AA SEQ ID NG
for each construct. Again, mCherry was expressed as a ribosomal-skip (T2A) tag and thus,
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the mature protein product (and AA sequence) for each MMR construct did not comprise

an m{"herry tag.

Table 3:
Condition MMR MMR Construct Full Variant AASEG D
Construct{s) Name(s) Type NG
Control None None plIC-FC02 N/A
Plasmid
MLHIwt pMMRO4 pR-wiMLH1-mCherry Wild-type (4
MSH2mut pMMR14 pR-NLS{(cMyc}- Point mutant 14
MSH2Z K675R-
mherry
MILHTwt pMMRO4, pR-wiMLHI-mCherry, | Combmation (4, 14
+ pMMR 14 pR-NLS{cMyc)- wild-type and
MSHZmut MSH2 K675R- point mutant
mCherry

[0254] Note that at no pomnt during the editing workflow was there any indication that
transient overexpression of MLHwit and/or MSH2 disrupted either iPSC cell morphology
or the ability of the cells to differentiate into three germ layers.

[82385] NGS analvais was performed using the custom read alignment pipeline described
above and edit rates for experimental and control samples were calculated as a fraction of
total reads aligned to the target genomic locus that contamed the correct edit sequence,
with the results shown in FiGs. 64 and 68, In FIG, 64 the on-target edit rates (correct
mtended “edit fraction”) for each condition are shown averaged across all genomic targets.
Meanwhile, FI{. 6B depicts the average fold-improvement between the experimental and
control samples. It was found that the MLHIwi and MSH2Zmut ORFs each behaved
differently for different target genomic loct and different CFgRNA designs.  Yet,
mndividual expression of MLHwt or MSHZmut during editing vielded a ~1.6x average
improvement in correct intended edit (CIE) rate as compared to no MMR protein
expression, with an average edit performance improvement (EPI} of about ~3x or ~2x,

respectively. Meanwhile, co-expression of both MLHIwt and MSH2mut vielded a ~2x
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improvement in CIE rate as compared to no MMR protein expression, with an average EPI
of about ~3.5x. Accordingly, the results suggest that transient overexpression of both
MILH 1wt and MSH2mut provided a partially additive effect on editing performance, and
thus, at genomic target sites where, e g, MLHIwt overexpression did not improve or
decrease editing performance, MSH2mut overexpression may have shown a compensatory
higher editing performance improvement, and vice versa.  Therefore, transient
overexpression of two or more different MMR proteins {or other MMR polypeptides)
during editing may yield greater editing performance improvement as compared to
overexpression of a single MMR protein.

{0256] In addition to on-target edit rates, the rates of non-homologous end joining (NHEL
were also deternuned for all four conditions. FIG. 6C depicts the occurrence of NHE]J
{(NHEJ fraction) for each condition averaged across all genomic targets. As shown, the
mdividual and dual expression of MLHIwt and MSH2mut during editing of the
experimental samples resulted in only a nominal increase in NHEJ as compared to controls.
Accordingly, these results suggest that MMR disruption via expression/overexpression of
MMR proteins {or other polypeptides) induces a robust improvement n targeted editing
performance without substantially increasing NHEDL

[0257] Analysis was also performed using the custom read alignment pipehine to determine
editing performance wnprovement of the conditions with MLHIwit and/or MSH2mut at
target genomic loct having varying basal editing efficiencies. ¥, 6B illustrates the
hinned tncrease m editing with co-expression of MLH1wt and/or MSH2Zmut at target loct
having basal editing efficiencies of <1%, 1-5%, 5-10%, 10-20%, and >20%. As shown,
transient overexpression of MSHIwt, and particularly, MSHIwt mn combination with
MSH2mut, predommantly inproved editing at very difficult targets (lower basal editing
efficiencies of, e.g., <1% and 1-5%).

[8258] The editing results for conditions with MLHIwt and/or MSH2mut were further
parsed based on the edit type, nick-to-edit distance, and edit length of the 96 CFgRNAs
assembled into the editing plasnud of the two-vector system. FIG. 6E illustrates the
average fold-improvement (vs control} of each of the MLHIwt and/or MSHZmut
conditions for each edit type of the tested CFgRNAs (insertion, swap, or swap/inseriion};
FIG, 6F illustrates the average fold-improvement {vs contref) of each of the MLHIwt
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and/or MSHZmut conditions based on nick-to-edit distance of the tested CFeRNAs (1-3
bases, 4-6 bases, or 7+ bases), FIG. 6G dlustrates the average fold-improvement (vs
control} of each of the MLH1wt and/or MSHZmut conditions based on edit length of the
tested CFgRNAs (2, 3, 4, 5, or 6+ bp).  As shown in FiGs, 6K and 6F, CFeRNAs with
medium-length (46 bases) nick-to-edit distances and swap edits showed the most
performance improvement as a result of MMR protein expression. Meanwhile, in FIG.
66, CFgRNAs with edits of 3-4bp showed the most editing performance improvement
with expression of MLH 1wt and/or MSH2mut.

{8259} In furtherance of the combinatorial testing of MLH1wt and/or MSH2mut using the
aforementioned MMR constructs (pMMRO1, pMMR14), additional combinations of MMR
constructs from Table 1 were screened against CFgRNAgS targeting 12 genomic loct for
effect on editing performance. These combmations included: pMMR47 and pMMR14;
pMMR14 and pMMR30; pMMR 14 and pMMR47 and pMMR30; pMMRO! and
pMMRO4; pMMROT and pMMRO7; and pMMRO1 and pMMRO4 and pMMRO7, which
are listed i Table 4 below. Table 4 further mcludes the fold-improvement between
experimental and control samples averaged across all the genomic targets.

Table 4:

Combination Average Fold-

{mprovement
pMMR47 + pMMR 14 2.42x
pMMR14 + pMMR30 1.71x
pMMR14 + pMMR47 + pMMR30 1.96x
pMMRO1 + pMMRO4 2.24x
pMMROL + pMMRO7 Fdix
pMMROT + pMMRO4+ pMMRO7 2.14x

{#268] As shown, while all combinations exhibited some improvement 1w editing
performance, those combmations comprising MLHI exhibited greater improvement than

others.

Exampie VI Screening Addiional Genes for Enhanced CREATE Fusion Editing
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{8261} CREATE fusion editing was carried out in 1PSCs to 1identify additional genes that,
when expressed during CF editing alone or in combination with, e.g., MMR proteins,
would improve precise edit rates. Simular to the workflow in Example IV, the genes were
screened against four different CFgRNAs encoding a GFP-to-BFP edit to see if
expression/overexpression thereof would improve editing performance. Thirty-nine (39)

different genes, delivered as nucleotide constructs to the IPSCs 1 a two-vector system,

PCT/US2023/071012

were designed and/or tested. The constructs are listed below i Table 5.

Table 5;

Avg Fold-
Construct Base ‘ariznt | Improvement
No. Construct description Base variant Gene Type Over Control
pMMR49 | pR-MEAF6-mChenry wiMEAFS MEAFS wild-type | 1.1
ORF
pMMHE3I0 | pR-NLS{cMyc)-MEAFG- wiMEBEAF6 MEAF6 wild-type | 0.88
mCherry ORF
pMMR31 | pR-MEAF6-NLS{S3V40}- wiMEAFG MEAFG wild-type
mCheny ORF
pMMRS2 | pR-MPG-mCherry wiMGG MBG wild-type | 1.23
ORF
pMMES3 | pR-NLS{cMye)»-MPG-mCherry | wiMPG MPG wild-type
ORF
pMMES4 | pR-MPG-NLSSV4GO-mChenry | wiMPG MPG wild-type | 1.44
ORF
pMMR33 | pR-LIGI-mChenry wiLIG1 LiGE wild-type | 0.89
ORF
pMMR36 | pR-NLS({cMyc)-LIGE-mCherry | wil.IG1 LIGE wild-type | 0.9
ORF
pMMR37 | pR-LIGI-NLS(SV40)-mCherry | wiLIG1 LIGI wild-type | 1
ORF
pMMRS8 | pR-LIG3 A9-mCheny wil1G3 LIG3 wild-type | 1.27
(A% (A% ORF
pMMR39 | pR-NLS(cMye)-LIG3 AS- wil I3 LIG3 wild-tvpe | 0.9¢
mCherry (A9 (AD) ORF
pMMR6G | pR-LIG3 AS-NLI(SV40)- wilIG3 LIG3 wild-type | 113
mCherry {AD) {AD) ORF
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pMMHE6D | pR-LIG3 BS-mCherry wiLIG3 LIG3 wild-type | 1.49
(B5) (BS5) ORF
pMMRG2 | pR-NLS{(cMyc)-LIG3 BS- wiliG3 LIG3 wild-type
mCheny {(B3) B3 ORF
pMMR63 | pR-LIG3 BS-NLS(SV4()- wilIG3 LIG3 wild-type | 1.1
mCherry (B3 B3} ORF
pMME64 | pR-FENI-mCherry wiFEN] FENI wild-type | 1.1
ORF
pMMRES | pR-NLS{cMyo)-FENI- wibFENT FENI wild-type
mCherry ORF
pMMREG | pR-FENT-NLS(8V40)- wiFENT FEN1 wilddype | 1.1
mCherry ORF
pMMR6E7 | pR-MRGBEP-mChenry wiMRGBP | MRGBP | wild-type | 1.29
ORF
pMMHE6E | pR-NLS{cMyo)-MRGBP- wiMRGBP | MRGBP | wildtype | 1.2
mCherry ORF
pMMR&GY | pR-MRGBP-NLS{(SV40)- wiMRGBP | MRGBP | wild4ype | 1.18
mCheny ORF
pMMR7G | pR-KAT7-mCherry wikKAT7 KAT7 wild-type | 1.26
ORF
pMMR71 | pR-NLS(cMyc)-KAT7- wiK AT7 KAT7 wild-type | 1.21
mCherry ORF
pMMR72 | pR-KAT7-NLS(SV40)- wiKAT7 KAT7? wild-type
mCherry ORF
pMMR73 | pR-RPA2-mCherry wiRPAZ RPAZ wild-type
ORF
pMMR74 | pR-NLS(cMyc)r-RPAZ- wiRPA2 RPAZ wild-type | 117
mCherry ORF
pMMR75 | pR-RPA2-NLS(EV40)- wiRPA2 RPA2 wild-type | 1.22
mCherry ORF
pMMR76 | pR-CHAFIB-mCherry wiCHAFIR | CHAFIB | wildtype | 1.23
ORF
pMMR77 | pR-NLS{(cMyc)-CHAF1B- wiCHAFIB | CHAFIB | wildtype
mCherry ORF
pMMR78 | pR-CHAFIB-NL5(SV40)- wtCHAFIB | CHAFIB | wild4ype | 1.21
mCherry ORF
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pMME7S | pR-ALKBHZ-mCherry wtALKBHZ | ALKBHZ | wild-type
ORF
pMMRSO | pR-NLS(cMyc)-ALKBHZ- wiALKBHZ | ALKBHZ | wild-type
mCheny ORF
pMMRED | pR-ALKBHZ-NLS(SV4()- wiALKBHZ | ALKBHZ | wild-type
mCherry ORF
pMMEE2 | pR-NUDT1 B4-mChemry wiNUDTI NUDTI wild-type | 1.26
(B4 {B4) ORF
pMMRE3 | pR-NLS{cMyc)-NUDT1 B4- wiUDT1 NUDT1 wild-type | 0.86
mCherry (B4) B4 ORF
pMMRE4 | pR-NUDTI B4-NLS(SV40)- wiNUDT] NUDTI wild-type | 1.19
mCherry (B4 B4H ORF
pMMRSES | pR-NUDTI B8-mCherry wiNUDTI NUDTI wild-type | 1.38
(B8) (B%) ORF
pMMHEE6 | pR-NLS(cMye)-NUDT1 Bi- wiNUDT1 NUDT1 wild-type
mCherry {(B8) B8 ORF
pMMRSE7 | pR-NUDTI BB-NLI{SV40)- wibiUDT1 NUDTI wild-type
mCheny {(B8) B8 ORF

[0262] The constructs included open reading frames {ORFs) of the various genes/proteins
as wild-type, which were tested with or without an NLS at either the N” end or the C end
of the ORF. The position of the NLS 1s reflected in the “description” column of Table 5.
Table S further mncludes each construct base vanant and gene, as well as the average fold-
mprovement 1o editing performance over controls.

[0263] As shown, average fold-improvement ranged from ~086x (little to no
mprovement, on average) to ~1.49x (a sigmficant improvement, on average), with most
constructs facilitating at least some improvement in editing performance. Accordingly, the
results indicate that co~-delivering/co-expressing such constructs along with CF editing
machinery can help improve editing performance. Hven further, there 15 the potential to
combine such constructs with, eg., the MMR protemns described above, to facilitate
additional editing performance improvement.

[0264] While this disclosure 15 satisfied by embodiments m many different forms, as
described in detail in connection with preferred embodiments of the disclosure, it is

understood that the present disclosure 1s to be considered as exemplary of the principles of
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the disclosure and 18 not mtended to hmit the disclosure to the specific embodiments
itiustrated and described herein. Numerous variations may be made by persons skilled in
the art without departure from the spirit of the disclosure. The scope of the disclosure will
be measured by the appended claims and their equivalents. The abstract and the title are
snot to be construed as himiting the scope of the present disclosure, as their purpose is to
enable the appropriate authorities, as well as the general public, to quuickly determine the
general nature of the disclosure. Inthe clamms that follow, unless the term “means” 1s used,
none of the features or elements recited therein should be construed as means-plus-function

limutations pursuant to 35 US.C. §112, 6.

EXAMPLE EMBODIMENTS
{0265] Embodiment 1: A system for nucleic acid-guided editing in a genome of a cell,
comprising: a first polynucleotide sequence encoding an editing cassette, the editing
cassette comprising an edit to a target genomic locus of a cell; a second polynucleotide
sequence encoding at least a portion of a first DNA repair protein participating i a DNA
repair mechanism of the cell; and a third polynucieotide sequence encoding a nucleic acid-
guided nuclease or a mickase-RT fusion,
[0266] Embodiment 2. The system of Ernbodiment 1, wherein the fust DNA repawr protein
comprises a protein participating in a DNA break response mechanism,
{8267} Embodiment 3. The systemn of Embodiment 1, wherein the first DNA repair protemn
comprises 3 protein participating i a base excision repair { BER) mechanism, 3 nucleotide
excision repair {NER) mechanism, a homologous recombination (HR} mechanism, or a
non-homologous end joming (NHEJ} mechanism of the cell
{8268] Embodiment 4. The systern of Embodiment 1, wherein the second polynucleotide
sequence encodes an open reading frame {ORF} of the first DNA repair protein.
{8269] Embodiment 5. The systemn of Embodiment 1, wherein the first DNA repair proteimn
comprises a nusmatch repair (MMR) protein.
{8270} Embodiment 6. The system of Embodiment 5, wherein the first DNA repair protein
comprises a wild-type MMR protein of the cell.
{8271} Embodiment 7. The system of Embodiment 5, wherein the first DNA repair protein
comprises a mutant or modified MMR protein.
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{8272} Embodiment 8. The system of Embodiment 6, wherein the first DNA repair protein
comprises a wild-type MLHI protein, a wild-tvpe MSH2 protein, a wild-type MSHo6
protemn, a wild-type PMSZ protein, or a wild-type component of a MutSo-MuiLo MMR
complex.

{8273} Embodiment 9. The system of Embodiment 7,  wherein the first DNA repair
protein comprises a mutant MLHI protein, a mutant MSH2 protein, a mutant MSHG
protemn, a mutant PMS2 protein, or a mutant component of a MutSo—~MutLa MMR
complex.

{8274} Embodiment 10: The system of Embodiment 1,  wherein the furst DNA repauwr
protein encoded by the second polynucleotide sequence 1s under the control of an inducible
promaoter,

{0275] Embodiment 11; The system of Embodiment 10, wherein the first DNA repair
protein encoded by the second polynucleotide sequence s under the control of an inducible
promoter that is separate and different than an inducible promoter controlling the editing
cassetie,

{0276} Emnbodiment 12: The systern of Embodiment 1, wherein the first DNA repair
protein encoded by the second polynucleotide sequence 15 under the control of a
constitutive promoter.

{8277} Embodiment 13 The system of Embodiment 1, further comprising: a fourth
polvnuclestide sequence encoding at least a portion of a second DNA repair protein.
{#278] Embodiment 14: The system of Embodiment 13, wherem the fourth polynucleotide
sequence encodes an open reading frame (ORF) of the second DNA repair protem.

{#279] Embodiment 15: The systermn of Embodiment 13, wheremn the second DNA repair
protein comprises a wild-type MMR protemn of the cell.

{#288] Embodiment 16; The systermn of Embodiment 13, wherewn the second DNA repair
protein comprises a mutant or modified MMR protem.

{0281} Embodiment 17: The system of Embodiment 16, wherein the second DNA repair
protemn comprises a dominant negative MMR protein that is catalyvtically impaired.

{#0282] Embodiment 18 The system of Embodiment 1, wherein the first and second DNA

repair proteins are different DNA repair proteins.
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{8283} Embodiment 19 The system of Embodiment 18, wherein the first DNA repair
protein is a functional BNA repair protein, and wherein the second DNA repair protein is
a catalytically impaired DNA repair protein.

{#284] Embodiment 20: The system of Embodiment 1, wherein the first and second DNA
repair proteins are different MMR proteins.

{#285] Embodiment 21: The system of Embodiment 20, wherein the first DNA repair
protein is a functional MMR protein, and wherein the second DNA repair protein s a
catalytically impaired MMR protein.

{0286] Embodiment 22: The system of Embodiment 13, wherein the second DNA repaur
protein encoded by the fourth polynucleotide sequence 1s under the control of an inducible
promaoter,

{0287} Embodiment 23: The system of Embodiment 13, wherein second DNA repair
protein encoded by the fourth polynucleotide sequence s under the control of an mducible
promoter that is separate and different than an inducible promoter controlling the editing
cassette or an inductble promoter controlling the first DNA repair proten encoded by the
second polynucleotide sequence.

[0288] Embodiment 24; The system of Ernbodiment 13, wheren the second DNA repau
protein encoded by the fourth polynuclectide sequence 1s under the control of a constitutive
promaoter.

{6288] Embodiment 25 The system of Embodiment 1, wheremn the first polynucleotide
sequence, the second polynuclestide sequence, and the third polynucleotide sequence are
comprised on one or more vector constructs.

{#298] Embodiment 26 The system of Embodiment 25, wherein second polynucleotide
sequence 1s comprised on a vector construct different from a vector construct of the first
polynucleotide sequence or the third polynucleotide sequence.

{8291] Embodiment 27, The system of Embodiment 1, wheremn the first polynucleotide
sequence encoding the editing casseite comprises a sequence encoding a gRNA transcript
having a region of complementarity 10 a sequence of the target genomic locus and

configured to guide the nuclease to the target genomic locus.
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{8292} Embodiment 28 The system of Embodiment 1, wherein the first polynuclectide
sequence encoding the editing cassette comprises a sequence encoding a repair template
transcript comprising the edit.

{#293] Embodiment 29 The system of Embodiment 28, wherein the sequence encoding
the repair template transcript is covalently hinked to a sequence of the first polynucleotide
sequence encoding a gRNA transcript.

{8294} Embodmment 30: The system of Embodiment 28, wherein the repair template
transcript further comprises an immunizing edit to prevent subsequent editing of the target
genomic locus.

{0295] Embodiment 31 The system of Embodiment 1, wherein the nuclease comprises a
MAD nuclease, a MAD nickase, or a varnant thereof.

{0296] Embodiment 32: The system of Embodiment 31, wherein the nuclease comprises
one or mare of MADT, MAD?2, MAD3, MAD4, MADS, MADS, MAD?, MADS, MAD®,
MADIO, MADTL, MADIZ2, MADI3, MADI4, MADIS, MADI6, MADI7, MADIS,
MADI9, MADZO, MADZ0CL, MADZ007, MAD200S, MADZOOY, MAD20LT, MAD2017,
MAD2019, MAD297, MAD298, and MAD?299.

[6297] Embodirvent 33: The system of Embodunent 1, wherein the nuclease comprises a
Cas9 nuclease, a Cas9 nickase, or a variant thereof.

[0298] Embodiment 34: The system of Embodiment 1, wherein the nuclease comprises
one or more of C2¢l, C2¢2, €2¢3, Casl, CasiB, Cas2, Cas3, Casd, Cass, Casd, Cas?,
Cas&, Casi, Cpfl, Csvl, Csy2, Csy3, Tsel, TUse2, Usel, CseZ, Csal, Can2, Csm?2, Csm3,
Camd, Csm3, Cam6, Carl, Cme3, Crrd, CmrS, Coord, Csbl, Csb2, Tsb3, Csx17, Caxi4,
Csx100, Csx16, CsaX, Csx3, Caxl, Csx15, Cafl, Cst2, Csf3, and Csf4.

{8299] Embodmment 35 A system for nucleic acid-guided nickase/reverse transcriptase
fusion ediing m a genome of a cell, comprising: a first polynucleotide encoding a
CFgRNA, the CFgRNA comprising a repatr template having an edit to a target genomic
locus of a cell; a second polynucleotide encoding at least a portion of a first DNA repair
protein participating i a DNA repair mechanism of the cell; and a nucleic acid-guided
nickase/reverse transcriptase fusion enzyme or a thurd polynucleotide encoding the nucleic

acid-guided nickase/reverse transcriptase fusion enzyme.
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{8380} Embodiment 36 The system of Embodiment 35, wherein the first DNA repair
protein comprises a protein configured to function in a BNA break response mechanism.
{8381} Embodiment 37 The system of Embodiment 35, wherein the first DNA repair
protein comprises a protein participating i a base excision repair {BER} mechanism, a
nucleotide excision repair (NER) mechanism, a homologous recombination {(HR)
mechanism, or a non-homologous end joining (NHEJ)} mechanism of the cell.

{8382} Embodiment 38: The system of Embodiment 35, wheremn the second
polynucleotide encodes an open reading frame (ORF} of the first DNA repair protein.
{8303} Embodiment 39 The system of Embodiment 35, wherein the first DNA repair
protein comprises a nusmatch repair {(MMR) protein participating in an MMR pathway of
the cell.

{6304] Embodiment 40 The system of Embodiment 39, wherein the first DNA repair
protein comprises a wild-type MMR protein of the cell.

{6305] Embodiment 41; The system of Embodiment 39, wherein the first DNA repair
protein comprises a mutant or modified MMR protem.

[8366] Embodiment 42 The system of Embodiment 40, wherein the first DNA repair
protein comprises a wild-type MELH1 protein, a wild-type MSH2 protein, a wild-type
MSHG protein, a wild-type PMS2 protein, or a wild-type component of a MutSo—MutLe
MMR complex.

{8367} Embodiment 43. The system of Embodiment 41, wheremn the first BDNA repair
protein comprises 3 mutant MLHI protem, a mutant MSH2 protein, a muotant MSH6
protem, a mutant PMS2 protemn, or a mutant component of a MutSe~MutLa MMR
complex.

{8368] Embodiment 44. The system of Embodiment 35, wheren the first DNA repair
protein encoded by the second polynucteotide 18 under the control of an inducible promoter.
{8369] Embodiment 45 The system of Embodiment 44, wheremn the first BDNA repair
protein encoded by the second polynuclestide is under the control of an inducible promaoter
that 1s separate and different than an inducible promoter controlling the CFgRNA.

{#316] Embodiment 46 The system of Embodiment 35, wherein the first DNA repair
protein encoded by the second polynucleotide is under the control of a constitutive

promoter.
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{8311} Embodmment 47 The system of Embodiment 35, further comprising: a fourth
polynucleotide encoding at least a portion of a second DNA repair protein.

{8312} Embodiment 48 The system of Embodiment 47, wherein the fourth polynucleotide
encodes an open reading frame {ORF) of the second DNA repair protem.

{8313} Embodmment 49: The system of Embodiment 47, wherein the second DNA repair
protein comprises a wild-type MMR protein of the cell.

{8314} Embodmment 50: The system of Embodiment 47, wherein the second DNA repair
protein comprises a mutant or modified MMR protein.

{8315} Embodiment 51: The system of Embodiment 50, wherein the second DNA repaur
protein comprises a dominant negative MMR protein that s catalytically impaired.

{8316} Embodiment 52: The system of Embodiment 35, wherein the first and second DNA
repair proteins are different DNA repatr proteimns.

{8317} Embodiment 53: The system of Embodiment 52, wherein the first DNA repair
protein s a functional DNA repair protein, and wherein the second DNA repair protein s
a catalytically impaired DNA repair protein.

{0318] Embodiment 54: The system of Embodiment 52, wherein the first and second DNA
repair proteins are different MMR protens,

[6319] Embodiment 55 The system of Embodiment 54, wherein the first DNA repair
protein 1s a functional MMR protein, and wheremn the second DNA repau protein 15 a
catalyiically impaired MMR protein.

{#328] Embodiment 56; The systermn of Embodiment 47, wherewn the second DNA repair
protein encoded by the fourth polynucleotide is under the control of an mducible promoter.
{#321] Embodiment 57, The system of Embodiment 47, wherein second DNA repair
protein encoded by the fourth polymicleotide 15 under the control of an inducible promoter
that 15 separate and different than an inducible promoter controlling the CFgRNA or an
mducible promoter controlling the fust DNA repair protein encoded by the second
polynucleotide.

{8322} Embodiment 58 The system of Embodiment 47, wherein the second DNA repair
protein encoded by the fourth polynucleotide 15 under the control of a constitutive

promaoter.
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{8323} Embodiment 59: The system of Embodiment 35, wherein the first polynucleotide,
the second polynucleotide, and the third polynucleotide are comprised on one or more
vector constructs.

{#324] Embodiment 60 The system of Embodiment 35, wherein second polynucleotide
sequence is comprised on a vector construct different from a vector construct of the first
polynucleotide or the third polynucleotide.

{8325} Embodmment 61: The system of Embodiment 35, wherein the CFgRNA comprises
from 57 to 37 a sequence encoding an editing gRNA transcript covalently linked to a repair
template transcript.

{8326} Embodiment 62 The system of Embodiment 61, wherein the sequence encoding
sequence, an edit sequence, a nick-to-edit region sequence, and a primer binding site (PBS)
sequence.

{6327} Embodiment 63: The system of Embodiment 61, wherein the CFgRNA 1s disposed
on a CF editing cassette further comprising a sequence encoding an RNA G-guadruplex
region at a 3 end of the repair template transcript.

[08328] Embodiment 64: The system of Embodiment 35, wherein a muckase portion of the
nucleic acid-guided nickase/reverse transcriptase fusion enzyme comprises a MAD nickase
or a variant thereof.

{8328] Embodiment 65 The system of Embodiment 64, wheretn the nickase portion of the
nucletce acid-guided nickase/reverse transcriptase fusion enzyme comprises one or more of
MADI, MAD2, MAD3, MAD4, MADS, MADS, MAD7, MADE, MADS, MADIG,
MADILI, MAD12, MADI3, MADI14, MADIS, MADI6, MAD17, MADS, MADIS,
MAD20, MAD20CY, MADZ007, MAD2008, MAD2009, MAD201I, MAD2017,
MADZ019, MADR97, MADZ98, and MAD299.

{8330] Embodiment 66: The aystem of Embodiment 35, wherem a nickase portion of the
nucleic acid-guided nickase/reverse transcriptase fusion enzyme comprises a Cas9 nickase
or a variant thereof

{#331] Embodiment 67. The system of Embodiment 35, wherein a nickase portion of the
nucleic acid-guided nickase/reverse transcriptase fusion enzyme comprises one or more of
C2ct, C2¢2, C2¢3, Casi, CaslB, Cas2, Cas3, Cas4, Cas5s, Casd, Cas7?, Cas8, Cas1O, Cpfl,
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Csyl, Csv2, Usy3, Csel, UseZ, Uscl, Use2, Usal, CsnZ, CsmZ, Csm3, Csmd, Csm3, Csmd,
Cmrl, Cmr3, Cmrd, Cmrs, Cmeds, Csbl, Csb2, Csb3, Csx17, Csx14, Csx100, Csx16, CsaX,
Csx3, Coxld, Csx15, Cofl, Csf2, Csf3, and Csi4,

{#332] Embodiment 68 A cell comprising any of the systems of Embodiments 1-67.
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CLAIMS

I. A system for nucleic acid-guided editing 1n a genome of a cell, comprising:

a CREATE fusion gRNA (CFeRNA)} or a polynucleotide sequence encoding a
CFeRNA, the CFeRNA comprising an edit to a target genomic focus of a cell;

a nickase-RT fusion enzyme or a polynucleotide sequence encoding the nickase-
RT fusion enzyme; and

a musmatch repair {(MMR} perturbation agent, the MMR perturbation agent
comprising a first MMR polypeptide or a polynucleotide sequence encoding the furst
MMR polypeptide, the first MMR polypeptide comprising a wild-type MMR polypeptide

from the cell or another species.

2. The system of claim 1, wherein the MMR perturbation agent further comprises a
second MMR polypeptide or a polynucleotide sequence encoding the second MMR
polypeptide, the second MMR polypeptide comprising an MMR polypeptide mutant

variani,

3 The systern of claim 1 or 2, wherein the first MMR polypeptide comprises an MMR.
protein or MMR protein complex comprising at least one of MLHI, MLHIco, MLH2,
MLH3, MSH2, MSH3, MSH6, PMS1, and PMS2.

4. The system of clammn 3, wherein the first MMR polypeptide comprises MLHL.

S. The system of claim 2, wherein the second MMR polypeptide comprises a

dominant-negative mutant vanant of an MMR protein.

6. The system of claim 5, wherein the second MMR polypeptide comprises at least

one of MLHT MLH1co, MLHZ, MLH3, MSH2Z, MSH3, MSHG6, PMS1, and PMS2.

7. The system of claim 2, wherein the second MMR polypeptide comprises at least
one of MELHT MEHIco, MLHZ, MEH3, MSH2, MSH3, MSHo6, PMS1, and PMS2.
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8. The system of claim 7, wherein the second MMR polypeptide comprises MSH2.

9. The system of claim 8, wherein the second MMR polypeptide comprises a K675R

mutant variant of MSH2Z.

10. The system of claim 8, wherein the second MMR polypeptide comprises a K675A

mutant variant of MSH2.

11 The system of claim 8, wherein the second MMR polypeptide comprises a MOSER

mutant variant of MSHZ.

12, The system of claim 8, wherein the second MMR polypeptide comprises a ACTD

mutant variant of MSH2.

13. The system of any one of claims 5-12, wherem the first MMR polypeptide

comprises MLHL.

14 The systern of claim 1 or 3, wherein the first MMR polypeptide comprises a

mammalian MMR polypeptide.

IS, The system of claim 14, wherein the first MMR polypeptide comprises a human

MMR polypeptide.

B

16 The systern of clatm 1 or 3, wherem the first MMR polypeptide comprises a

bacterial MMR polypeptide.

17 The system of claim 16, wherein the first MMR polypeptide comprises an £ cofi

MMR polypeptide.
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I8 The system of claim 2 or 5, wherein the second MMR polypeptide comprises a

point mutation mutant varant,

19. The system of claim 2 or 5, wherein the second MMR polypeptide comprises a

domain truncation mutant variant,

20 The system of claim 2 or 5, wherein the second MMR polypeptide comprises a

deletion mutant variant,

21 The system of claim 1 or 2, wherein the first MMR polypeptide comprises an MMR

protein complex or a portion of an MMR protein complex.

22. The system of claim 21, wherein the first MMR polypeptide comprises a Mutl. or

MutS protein complex or a portion of a MutL or MutS protein complex.

23 The system of claim 2, wherein the second MMR polypeptide comprises an MMR

protein complex or a portion of an MMR protein complex.

24, The system of claim 23, wherein the second MMR polypeptide comprises a Mutl,

or MutS protein complex or a portion of a Muth, or MutS protein complex.

25, The system of claim 1 or 2, wheremn the MMR perturbation agent comprises the
polynucleotide sequence encoding the first MMR polypeptide, and wherem the first MMR
polypeptide 1s under the transcriptional control of an mducible promoter.

26. The system of claim 2, wherein the MMR perturbation agent comprises the
polynucleotide sequence encoding the second MMR polvpepiide, and wherein the second
MMR polypeptide is under the transcriptional control of an inducible promoter.

27 The system of clamm 1 or 2, wherein the CFgRNA comprises:
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an editing gRNA having a region of complementarity 1o a sequence of the target
genomic locus of the cell; and
a repair template covalently linked to the editing gRNA, the repair template

comprising edit to the target genomic locus of the cell.

28. The system of claim 1 or 2, wherein the nickase-RT fusion enzyme comprises at
least a portion of @ MAD-series nickase or vanant thereof fused to at least a portion of a

reverse transcriptase.

29. The system of claim 28, wherein the MAD-series nickase comprises a MADI,
MAD?2, MAD3, MAD4, MADS, MADS, MAD7., MADS, MADO, MAD10, MADI1,
MADIZ, MADIS, MADI4, MADIS, MADI6, MADI7, MADIS, MADI9, MADZO,
MAD2001, MAD2007, MADZ008, MADZ009, MAD2011, MAD2017, MAD2019,
MAD297, MAD29S, or MADI299 nickase.

30. The systemn of claim 1 or 2, whereim a nickase portion of the nickase-RT fusion
enzyme comprises at least a portion of a Cas®, C2¢l, C2¢2, €23, Casl, CaslB, Cas2,
Cas3, Casd, Cas$, Cas6, Cas7, Cas8, Casl0, Cpfl, Cayl, Csy2, Csy3, Csel, Cse2, Csel,
Csc2, CsalS, Csn2, Csm2, Csm3, Csmd, CamS, Csm6, Crorl, Crmor3, Cnwd, Cous, Cmrs,
Csbl, Csb2, Usb3, Cax17, Csxl4, Csx100, Cax16, UsaX, Usx3, Caxl, Csx15, Csf1, Csf2,

Cst3, or Cst4 mickase.
31 A cell, the cell comprising any one of the systems of claims 1-30.
s & an X

32 A method for performmg nucleic acid-guided editing m a genome of a cell, the
method comprising;
introducing mnto a cell any one of the systems of claims 1-30; and
providing conditions to allow the CFgRNA and the nickase-RT fusion enzvme to
bind to and edit the target genomic locus of the cell while at least the first MMR protein

is expressed.
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(43
(43

A system for nucleic acid-guided editing in a genome of a cell, comprising:
a CREATE fusion gRNA (CFgRNA} or a polynucleotide sequence encoding a
CFeRNA, the CFgRNA comprising an edit to a target genomic locus of a cell;

a nickase-RT fusion enzyme or a polvnucleotide sequence encoding the nickase-
RT fusion enzyme; and

a musmatch repair {(MMR)} perturbation agent, the MMR perturbation agent
comprising a first MMR polypeptide or a polvnucleotide sequence encoding the first MMR
polypeptide, the first MMR polypeptide comprising a wild-type MLH1 from the cell or
another species, wherein the MMR perturbation agent further comprises a second MMR
polypeptide or a polynucleotide sequence encoding the second MMR polypeptide, the

second MMR polypeptide comprising a K675R varant of MSHZ.

34 A cell comprising the system of claim 33,
35 A method for performing nuclee acid-guided editing 1 a genome of a cell, the

rethod comprising:
wmiroducing o a cell the system of claim 33; and
providing conditions to allow the CFgRNA and the nickase-RT fusion enzyme to

bind to and edit the target genomic locus of the cell.

36. The method of claim 35, wheremn the method achieves at leasta 1.5, 2,3, 4, 5,6, 7,
8,9, 10, 12, 15, 18, 20, or 25 fold increase m editing efficiency compared to a control

editing system not containing ong or both of the {irst and the second MMR polypeptides.

37. The method of ¢laim 36, wheremn the fold merease 1s achieved n at least 20%, 30%,

40%, 50%, 60%;, 70%, 8%, 90%., or 95% loci tested.
38. The method of claim 36 or 37, wherein the fold increase is achieved in loct with an
editing efficiency lower than 2%, 1%, 0.5%, 0.3%, 0.2%, 0.1%, 0.05%, 0.02%, 0.01%,

0.005% when editing using the control editing system.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/071012
A. CLASSIFICATION OF SUBJECT MATTER
INV. C12N15/10 C12N9/12 C12N9/22 C12N15/113 C12N15/90
ADD.

According to International Patent Classification (IPC) or to both national ¢lassification and IPC

B. FIELDS SEARCHED

Cl2N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, BIOSIS, EMBASE, WPI Data

Electronic data base consulted during the inlernational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2022/150790 A2 (BROAD INST INC [US]; 1,3,4,
HARVARD COLLEGE [US] ET AL.) 14,15,
14 July 2022 (2022-07-14) 21,25,
27-32
claim 1; figure 15A
X FERREIRA DA SILVA J. ET AL: "Prime 1,3,4,
editing efficiency and fidelity are 14,15,
enhanced in the absence of mismatch 21,25,
repair", 28-32
NATURE COMMUNICATIONS,
vol. 13, no. 1,
9 February 2022 (2022-02-09), XP093030388,
DOI: 10.1038/s41467-022-28442-1
Retrieved from the Internet:
URL:https://www.nature.com/articles/s41467
-022-28442-1>
page 4, column 2, paragraph 2; figure 2
-/—

|__x| Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"0O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 October 2023

Date of mailing of the international search report

17/10/2023

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Seroz,

Thierry
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category” | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CHEN PETER J. ET AL: "Enhanced prime 1-38
editing systems by manipulating cellular
determinants of editing outcomes”,
CELL,
vol. 184, no. 22,
14 October 2021 (2021-10-14), pages
5635-5652.e29, XP093080387,
Amsterdam NL
ISSN: 0092-8674, DOI:
10.1016/3j.cell.2021.09.018
page 5641, cclumn 1, last paragraph - page
5641, column 2, paragraph 2; figure 4
A WO 2022/067130 A2 (BROAD INST INC [US]; 1-38
HARVARD COLLEGE [US])
31 March 2022 (2022-03-31)
paragraph [0296]
A JIANG LURONG ET AL: "Enhancing prime 1-38
editing via inhibition of mismatch repair
pathway",
MOLECULAR BIOMEDICINE,
vol. 3, no. 1,
23 February 2022 (2022-02-23),
XP055916706,
DOI: 10.1186/s43556-022-00072-5
Retrieved from the Internet:
URL:https://link. springer.com/content /pdf/
10.1186/543556-022-00072-5 . pdf>
A WO 02/059331 Al (NOVOZYMES AS [DK]; VIND 1-38
JESPER [DK]) 1 August 2002 (2002-08-01)
page 1, lines 32-34
A MARK DROST ET AL: "A rapid and cell-free 1-38
assay to test the activity of lynch
syndrome—associated MSH2 and MSH6 missense
variants",
HUMAN MUTATION, JOHN WILEY & SONS, INC,
us,
vol. 33, no. 3,
29 December 2011 (2011-12-29), pages
488-494, XP071975595,
ISSN: 1059-7794, DOI: 10.1002/HUMU.22000
page 492, column 1, paragraph 1
A US 2007/122817 A1l (CHURCH GEORGE [US] ET 1-38
AL) 31 May 2007 (2007-05-31)
paragraph [0183]
A US 2021/363507 Al (SOROKIN ALEXANDER [FR] 1-38
ET AL) 25 November 2021 (2021-11-25)
page 16, column 1, line 1; seguence 15
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.

b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13{er1(a)).

accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the
international application as filed.

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant
sequence listing.

3. Additional comments:
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WO 2022150790 A2 14-07-2022 AU 2022206476 Al 20-07-2023
CA 3203876 Al 14-07-2022
WO 2022150720 A2 14-07-2022
WO 2022067130 A2 31-03-2022 AU 2021350835 Al 27-04-2023
CA 3193099 a1 31-03-2022
EP 4217490 A2 02-08-2023
WO 2022067130 a2 31-03-2022
WO 02059331 Al 01-08-2002 NONE
US 2007122817 Al 31-05-2007 NONE
US 2021363507 Al 25-11-2021 AU 2019276370 Al 21-01-2021
CA 3102037 a1l 05-12-2019
EP 3575396 Al 04-12-2019
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