(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date
29 June 2023 (29.06.2023)

(10) International Publication Number

WO 2023/122023 Al

WIPO I PCT

(51) International Patent Classification:
CI2N 15/10 (2006.01) CI2N 9/22 (2006.01)
CI2N 9/12 (2006.01)

(21) International Application Number:
PCT/US2022/053377

(22) International Filing Date:
19 December 2022 (19.12.2022)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/291,550 20 December 2021 (20.12.2021) US
63/347,709 01 June 2022 (01.06.2022) UsS

(71) Applicant: INSCRIPTA, INC. [US/US]; 5500 Central
Ave., Suite 220, Boulder, Colorado 80301 (US).

(72) Inventors: ZIMMERMAN, Erik; 5500 Central Ave.,
Suite 220, Boulder, Colorado 80301 (US). FELDMAN,
Emily; 5500 Central Ave., Suite 220, Boulder, Colorado
80301 (US). SILTANEN, Christian; 5500 Central Ave.,
Suite 220, Boulder, Colorado 80301 (US). BARRETO
FELISBINO, Marina; 5500 Central Ave., Suite 220, Boul-
der, Colorado 80301 (US).

(74) Agent: MARSH, David et al.; Arnold & Porter Kaye Sc-
holer LLP, 601 Massachusetts Ave. NW, Washington, Dis-
trict of Columbia 20001 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG, KH, KN, KP, KR, KW,KZ, LA, LC,LK,LR, LS, LU,
LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI,
SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

(54) Title: TARGETED GENOMIC BARCODING FOR TRACKING OF EDITING EVENTS

w0 2023/122023 A1 N0 0000 AR 0 00 0 0 0

(57) Abstract: The present disclosure provides compositions of matter, meth-
ods and instruments for nucleic acid-guided nickase/reverse transcriptase fu-
sion enzyme editing of nucleic acids in live mammalian cells, and for tracking
of editing events.

100\
102
|DESIGN, SYNTHESIZE, AND AMPLIFY EDITING CASSETTES |/

#

DESIGN, SYNTHESIZE, AND AMPLIFY BARCODING
CASSETTES

'

| DESIGN NICKASE-RT FUSION ENZYME

!

| ASSEMBLE EDITING AND/OR ENGINE VECTORS

!

TRANSFORM CELLS WITH EDITING AND/OR ENGINE
VECTORS

#

| PROVIDE CONDITIONS FOR EDITING CELLS

'

| PROVIDE CONDITIONS FOR BARCODING CELLS

+

ENRICH FOR CELLS HAVING EDITS AND
BARCODES

+

‘ OPTIONALLY REPEAT STEPS 110-114 TO ACHIEVE

o
B

1=
&

o
=3

=)

=

@

@

ADDITIONAL EDITING AND BARCODING

!

SEQUENCE CELLS TO TRACK EDITING EVENTS VIA
BARCODES

N
=}

I U U U S

FIG. 1A

[Continued on next page]



WO 2023/122023 AT | [I 00000000 00RO 000

Published:
—  with international search report (Art. 21(3))



20

]
h

WO 2023/122023 PCT/US2022/053377

TARGETED GENOMIC BARCODING FOR TRACKING OF EDITING EVENTS

CROSS REFERENCETO RELATED APPLICATIONS

10601

I This application claims the benefit of US. Provisional Apphication No.
63/291,550, filed December 20, 2021, and U.S. Provisional Application No. 63/347,709,

filed June 1, 2022, the contents of which are mcorporated herein by reference n their

entireties.
FIELD OF THE INVENTION
{B002] This mvention relates to compositions of matter, methods, and mstruments for

tracking nucleic acid-guided editing events in hive cells, particularly mammalian cells.

BACKGROUND OF THE INVENTION

{003 In the following discussion certain articles and methods will be described for
background and introductory purposes. Nothing contaimed herein is to be construed as an
“admussion” of prior art. Apphlicant expressly reserves the right to demonsirate, where
appropriate, that the methods referenced herein do not constitute prior art under the
apphicable statutory provisions.

{8004} The ability to make precise, targeted changes to the genome of living cells has
been a long-standing goal in biomedical research and development. Recently, various
nucleases have been wdentified that allow manipulation of gene sequence, and hence gene
function. The nucleases include nucleic acid-guided nucleases, which enable researchers
to generate permanent edits in hive cells. Of course, it is not only desirable to attain the
hughest editing rates possible in a cell population, but also to track the genomic edits in the
cells, especially when multiple rounds of editing are performed and/or combinatorial
libraries of edits are prepared. However, current tracking methods are inefficient and may
lead to randomw genomic mdegration of tracking sequences, and/or require successive

rounds of editing for targeted integration.
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{8065} There is thus a need 1n the art of nucleic acid-guided nuclease editing for
improved methods, compositions, modules, and instruments for efficient tracking of

genomic edits, particularly in mammalian celis. The present disclosure addresses this need.

SUMMARY OF THE INVENTION

{8006} This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key or essential features of the claimed subject matter, nor is it intended
to be used to imit the scope of the claimed subject matter. Other features, details, utilities,
and advantages of the claimed subject maiter will be apparent from the foliowing written
Detarled Description including those aspects iHlustrated in the accompanying drawings and
defined in the appended claims.

{6067 In some aspects, the present disclosure provides a method for performing
nucleic actd-guided nuclease/reverse transcriptase fusion editing mn a genome of a live cell,
comprising: {a} providing the live cell, wherein the live cell comprises a first target locus
and a second target locus; (b} providing a nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme; (¢} providing a CF editing cassette, the CF editing cassetie
comprising: {1} a nucleic acid sequence encoding a first CFgRNA having a region of
complementarity to a sequence of the first target locus; and (1) a nucleic acid sequence
encoding a first repair template; (d) providing a CF barcoding cassette, the CF barcoding
cassette comprising: (1) a nucleic acid sequence encoding a second CFgRNA having a
region of complementarity to a sequence of the second target locus; and {11) a nucleic acid
sequence encoding a second repair template; (e} providing conditions to allow the nucleic
acid-guided nuclease/reverse transcriptase fusion enzyme, the first CFgRNA, and the first
repair template to bind to the furst target locus; (f) allowing the nucleic acid-guided
nuclease/reverse transcriptase fusion enzyme, the first CFgRNA, and the first repaw
template to edit the first target locus; (g) providing conditions to allow the nucleic acid-
guided nuclease/reverse transeriptase fusion enzyme, the second CFgRNA, and the second
repatr template to bind to the second target locus; and (h} allowing the nucleic acid-guided
nuclease/reverse transcriptase fusion enzyme, the second CFgRNA, and the second reparr

template to mtegrate the barcode into the second target locus.
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EHEEY In some aspects, the present disclosure provides an editing system: comprising
one or more vectors comprising: a nucleic acid sequence encoding a nucleic acid-guded
nuclease/reverse transcriptase fusion enzyme; a CF editing cassette comprising: a nucleic
acid sequence encoding a first CFgRNA having a region of complementarity to a sequence
of a first target focus in a cell; and a nucleic acid sequence encoding a {irst repair template;
a CF barcoding casseite comprising: 3 nucleic acid sequence encoding a second CFgRNA
having a region of complementarity t¢ a sequence of a second target locus in the cell; and
a nucleic acid sequence encoding a second repair template.

{0089} I some aspects, the present disclosure provides a vector comprising: a nucleic
acid sequence encoding a nucleic acid-guided nuclease/reverse transcriptase fusion
enzyme, a {F editing cassette compnising. a nucleic acid sequence encoding a first
CFpRNA having a region of complementarity to a sequence of a first target locus in a cell;
and a nucleic acid sequence encoding a first repair template; a CF barcoding cassette
comprising: a nucleic acid sequence encoding a second CFgRNA having a region of
complementarity to a sequence of a second target locus n the cell; and a nucleic acid
sequence encoding a second repawr temiplate,

0010} In some aspects, the present disclosure provides a method for performing
nucleic acid-guided nuclease/reverse transcriptase fusion editing in a genome of a hive cell,
comprising: {a) providing a live cell suitable for the editing; (b} wiroducing a nucleic acid-
guided nuclease/reverse transcriptase fusion enzyme; (¢} providing conditions to alfow the
nucleic acid-guided nuclease/reverse transcriptase fusion enzyme to bind to a first target
locus; {d) allowing the nucleic acid-guded nuclease/reverse transcriptase fusion enzyme
to edit the first target locus; {e} providing conditions to allow the nucleic acid-gnded
nuclease/reverse transcriptase fusion enzyme to bind to a second target tocus; (f) allowing
the nucleic acid-guided nuclease/reverse transcriptase fusion enzyme to mtegrate a barcode
mto the second target tocus.

{B011] These aspects and other features and advantages of the invention are described

below in more detail.
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BRIEF BESCRIPTION OF THE DRAWINGS
{B012] The foregoing and other features and advantages of the present nvention will
be more fully understcod from the following detailed description of illustrative
embodiments taken in conjunction with the accompanying drawings in which:
{8013} FIG. 1A 1s a simplified biock diagram of an example of a method for editing
and barcoding Hive cells to track editing events utilizing a CREATE Fusion (CF) editing
cassette, a CF barcoding cassette, and a nucleic acid-guided mickase/reverse transcriptase
fusion (“nickase-RT fusion”) enzyme FIG. 18 15 a simplified graphic depiction of the
sequencing step of FIG. 1A for tracking editing evenis. FIG 1C 15 a simplified graphic
depiction of the mechanism of nucleic acid-guided nickase/reverse transcriptase fusion
enzyme editing, generally. FIG 1D schematically depicts an example of a single-vector
system for trackable nickase-reverse transcriptase {RT) fusion editing of live cells, the
single vector comprising a nickase-RT fusion enzyme (“Editing Enzyme”), a CF editing
cassette (“Library gRNA”)}, a selectable marker ("PuroR”), and a CF barcoding cassette
{“Barcoding gRNA”}, wherein a mouse Ut promoter {"mU6”), a Human elongation factor-
t alpha (EF-1 alpha) promoter (“EF1a”), a buman U6 promoter (“hUG”}, and a
phosphoglveerate kinase promoter ("PGK”) are depicted as examples. FIG. 1E
schematically depicts an example of a multi~vector system for trackable nickase-RT fusion
editing of live cells, wherein a first vector comprises a CF barcoding cassetie (“Barcoding
gRNA”), and a second vector comprises a nickase-RT fusion enzyme {“Editing Enzyme™},
a CF editing cassette (“Library gRNA”), and a selectable marker ("PuroR”). FIG. IF
schematically depicts an example of a CF editing cassette {top} and CF barcoding cassette
{bottom)} for trackable nickase-RT fusion editing of hive cells. FIG. 1G 15 a simphified
graphic depiction of an example of a mechanism for selection of successfully edited and/or
harcoded hive celis.
{60614} FIGs. 2ZA — 2 depict three different views of an automated multi-module cell
processing mstrument for performing trackable nucleic acid-guided nuclease editing
employing a split protein reporter system.
{BO15] FIG. 3A depicts one aspect of a rotating growth vial for use with the cell growth
module described herein and in relation to FIGs. 3B - 3D FIG. 3B iflustrates a perspective

view of ¢ne aspect of a rotating growth vial in a cell growth modele housing. FIG. 3C
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depicts a cut-away view of the cell growth module from FIG. 3B. FIG 3D ilustrates the
cell growth module of FIG 3B coupled to LED, detector, and temperature regulating
components.

{016] FIG. 4A depicts retentate {(top) and permeate {(bottom) members for use in a
tangential flow filtration module {e.g., cell growth and/or concentration module}, as well
as the retentate and permeate members assembled mnto a tangential flow assembly (bottom).
FI(z 4B depicts two side perspective views of a reservorr assembly of a tangential flow
filtration module. FIGs. 4C — 4F depict an example of a top, with fluidic and pneumatic
ports and gasket suitable for the reservoir assemblies shown in FIG. 4B.

[6017] FIG. SA depicts an example of a combination reagent cartridge and
electroporation device {e.g., transformation module) that may be used 10 a multi-module
cell processing instrument. FIG. 5B 15 a top perspective view of one aspect of an example
of a flow-through electroporation device that may be part of a reagent cartridge. FIG. 5C
depicts a bottom perspective view of one aspect of an example of a flow-through
electroporation device that may be part of a reagent cartridge. FIGs. 5D — 5F depict a top
perspective view, a top view of a cross section, and a side perspective view of a cross
section of a flow-through electroporation device (FTEP) = useful 1 a multi-rodule
automated cell processing mstrument such as that shown in FiGs. 2A - 2C.

{001 §] FIG 6A depicts a simplified graphic of a workflow for singulating, editing and
normalizing cells m a solid wall device. FIGs. 6B — 6D depict an aspect of a solid wall
isolation wcubation and normalization (SWIHN} module. FIG. 6F depicts the aspect of the
SWIIN module in FIGs. 6B ~ 6D further comprising a heater and a heated cover.

{019} FIG 7 1s a sumplified process diagram of an aspect of an example of an
automated  multtmodule  cell  processing  instrument  comprising a  sohd  wall
singulation/growth/editing/normalization module for recursive and trackable cell editing—
meloding mammabian cell editing—n a system using a nmickase-RT fusion enzyme and a
genome-integrating CFgRNA.

{8020} FiGs. 8A — 8C illustrate an example of simultaneous barceding and editing
carried out in mammahan cells using CF barcoding cassettes and CF editing casseties. FI(z.
8A schematically illustrates an example of separate editing and barcoding plasmid designs

for simultaneous barcoding and editing. FIG. 8B graphically illustrates the editing rates
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observed in mammalian cells when transfected with a single editing plasmid, or dual
editing and barcoding plasmuds, and FIG. 8C graphically ilustrates the barcoding rates
observed in mammalian cells when transfected with the dual editing and barcoding
plasmids.

{8021} FiGs. 9A - 9C illustrate another example of simultaneous barcoding and editing
carried out in mammahan cells using CF barcoding cassettes and CF editing casseties. FIG.
9A schematically illustrates an example of separate editing and barcoding plasmid designs
{“Dual Plasmid”), as well as an example of a combined {(ie, in tandem or distal
configuration} editing and barcoding plasmid design (“Single Plasmid”™), for sumultaneous
barcoding and editing. FIG. 9B graphically illustrates the editing rates observed in in
maramalian cells when transfected with a single tandem plasmid, a single distal plasmud,
or dual editing and barcoding plasmids. FIG. 9C graphically illustrates the barcoding rates
observed in mammalian cells when transfected with a single tandem plasmud, a single distal
plasmid, or dual editing and barcoding plasmids.

[0022] FIGs. 10A and 10B illustrate another example of simultaneous barcoding and
editing carried out i mammalian cells using CF barcoding cassettes and CF editing
cassettes. FIG. 10A graphically iHustrates the editing rates observed 1o mammahan cells
when transfected with dual editing and barcoding plasnuds versus a negative barcoding
control. FIG. 10B depicts barcode insertion rates at a desired target locus as measured by
RMNAseq.

{B023] FIG 11 dlustrates an example of barcoding in mammalbian cells usig CF
barcoding cassettes comprising nucleic acid sequences encodimg CFgRNAs designed for
targeting one of a plurality of genomic loci corresponding o 3" untransiated regions (UTRs)
of transcribed genes. In particular, FIG 11 graphically illustrates the barcoding rates
observed 1 mammahan cells for each of the 96 different 3' UTR-corresponding loci
targeted 1n an experiment.

{8024} FIG 12 illustrates an example of simultaneous barceding and editing in
mammalian cells wusing CF barcoding cassettes comprising nucleic acid sequences
encoding (FgRNAs designed for targeting one of a plurality of genomic loci

corresponding to 3" UTRs of transcribed genes. More particularly, FIG. 12 graphically
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ittustrates both editing and barcoding rates observed i mammalian cells when transfected
with a single plasmid or dual plasmid system for four different 3' UTR barcoding loct.
{8025} FIG. 13 illustrates an example of barcoding in mammalian cells using CF
barcoding cassettes comprising nucleic acid sequences encoding CFgRNAs designed for
targeting one of a plurality of genomic loci corresponding to 3" UTRs of transcribed genes.
More particolarly, FIG. 13 illustrates relative expression levels of barcoded and non-
barcoded transcripts as determined by single-cell RNASeq.

[0026] FiGGs. 14A — 14C illustrate an example of simultanecus barcoding and editing
mn mammalian cells using a CFgRNA design for barcoded hemagglutinin (HA} eptiope tag
{("HA-tag”} knock-in edits. FIG. 14A depicts an example of a CFgRNA design for barcoded
HA epitope tag knock-in edits. FIG. 14B depicts an example of a HA epitope tag barcoding
scheme using synonymous codons, where there are 6.7 » 107 unique barcode sequences
with a synonymous anuno acid translation. FIG. 14C depicts a screening of CFgRNAs in
induced pluripotent stem cells (IPSCs) for knock-in and successful expression and surface
display of HA epitope tags at five endogenous surface receptor targets (BST2, CD151,
CD63, CDB1, and CD9), where the expression level of the HA-~tag (v-axis) 15 measured by
flow cytometry with PE (Phycoerythrin) labeled anti-HA antibodies, and where the
screened CFgRNAs are on the x-axis.

{8027} FIGs. 15A — 15C sllustrate an example of simultaneous barcoding and editing
m mammalian cells GPSCs), where the cells are co-transfected with CFgRNAs targeting a
GFP-to-BFP edit and a CD81-HA tag konock-in barcoding edit. FIG. 15A depicts that
physical magnetic sorting (magnetic-activated cell sorting “MACS”) with anti-HA
antibody functionalized beads enriches the population of cells with a successful CD&1-HA
knock-in edit from 2.2% (left) to 84.1% (right}. FIG 15B depicts that GREEN
FLUORESCENT PROTEIN (GFP}-to-BLUE FLUQORESCENT PROTEIN (BFP} edit
rates {y-axis) improved from 17% BFP+ i unsorted cells to 50% BFP+ i MACS enrniched
cells. FIG. 15C depicts edit rates at various endogenous targets, where the cells are co-
transfected with CFgRNAs targeting various edis at the endogenous loct and a CD81-HA
tag knock-in barcoding edit. Sorting for HA knock-in via MACS or fluorescence-activated
cell sorting (“FACS”) improves edit rates at most endogenous targets relative to the

unsorted samples.
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{8028} FiGs. 16A  — 16D ilustrate  examples of  hypoxanthine
phosphoribosyltransferase {(HPRT} loss-of-function edits allowing for negative selection
by resistance to 6-thioguanine (6-T(). FIG. 16A depicts an example of a scheme for HPRT
disruption by a frame shift barcode msertion. FIG. 16B depicts an example of a scheme for
HPRT knock-out that is used in FIGs. 16C and 16D FIG. 160 depicts 1PSCs co-transfected
with CFgRNAGS targeting a GFP-to-BFP edit and an HRPT knockout edit ("HPRT DF”),
wherein 6-T( treatment selects for cells with the HPRT DF edit. FIG. 16D depicts that
negative selection for HPRT DF with 6-TG supplemented media umproves the GFP-to-
BFP edit rate {y-axis) from approximately 60% BFP+ to approximately 80% BFP+

[6029] It should be understood that the drawings are not necessarily to scale, and that

like reference numbers refer to like features.

DETAILED DESCRIPTION

{0030} All the functionalities described in connection with one aspect are intended to
be applicable to the additional aspects described herein except where expressly stated or
where the feature or function is incompatible with the additional aspects. For example,
where a given feature or function s expressly described in connection with one aspect but
not expressly mentioned in connection with an alternative aspect, it should be understood
that the feature or function may be deployed, utilized, or implemented in connection with
the alternative aspect unless the feature or function 1s mcompatible with the alternative
aspect.

[0031] The practice of the techniques described herem may employ, unless otherwise
mndicated, conventional techniques and descriptions of organic chemistry, polymer
techoology, molecular biology (including recombinant techniques), cell bhiology,
biochemistry and sequencing technology, which are within the skill of those who practice
in the art. Such conventional techniques include polymer array synthesis, bybrnidization and
higation of polynucleotides, and detection of hybridization using a label Specific
iustrations of suitable techniques can be had by reference to the examples herein
However, other equuvalent conventional procedures can, of course, also be used Such
conventional technigues and descriptions can be found m standard laboratory manuals such
as Green, et al, Eds. (1999), Genome 4nalysis: A Laboraiory Manual Series (Vols. 11V},
Weiner, (abriel, Stephens, Eds. (2007), Genetic Variation: A Laboratory Manual,

8
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Dieffenbach, Dveksler, Eds. {2003), PCK Primer: A Laboratory Manual, Mount (2004},
Bicinformatics: Sequence and Genome Analysis, Sambrook and Russell (2006,
Condensed Protocols from Molecular Cloning: A Laboratory Manual, and Sambrook and
Russell (2002), Meolecular Cloning: 4 Laboratory Manual (all from Cold Spring Harbor
Laboratory Press); Stryer, L. {1995) Biochemistry (4th Ed}) W.H. Freeman, New York
N.Y.;, Gat, “Olfigonucleotide Synthesis: A Practical Approach” 1984, IRL Press, London;
Nelson and Cox (2000), Lekninger, Principles of Biochemistry 3 Ed., W. H. Freeman
Pub., New York, N.Y.: Berg et al. (2002} Biechemistry, 5" Ed., W H. Freeman Pub., New
York, N.Y.; all of which are herein incorporated in their entirety by reference for all
purposes. CRISPR-specific techniques can be found in, eg, Genome Editing and
Engineering from TALENs and CRISPRs 1o Molecular Surgery, Appasani and Church
2018y, and CRISPR: Methods and Protocols, Lindgren and Charpentier (2015); both of
which are herein incorporated in thewr entirety by reference for all purposes.

[6032] MNote that as used herein and 1n the appended claims, the singular forms "a."
"an," and "the" mclude plural referents unless the context clearly dictates otherwise. Thus,
for exarople, reference to “an oligonucleotide” refers to one or more oligonucleotides, and
reference 1o “an automated system” includes reference to equivalent steps and methods for
use with the systern known to those skilled in the art, and so forth. Additionally, 1t 15 to be
understood that terms such as "left," "night," "top," "bottom," "front," "rear," "side)"
"height,” "length,” "width," "upper,” "lower," "imnterior,” "exterior," "mner," "outer” that
may be used herein merely describe points of reference and do not necessartly humit aspects
of the present disclosure {0 any particular onientation or configuration. Furthermore, terms
such as "first,” "second,” "third," eic., merely identify one of a number of portions,
components, steps, operations, functions, and/or ponts of reference as disclosed herein,
and bikewise do not necessanily hmit aspects of the present disclosure to any particular
configuration or grientation.

{B033] Unless defined otherwise, ali technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. All publications mentioned herein are incorporated by reference herein

in their entireties.
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{8034} When a range of numbers is provided herein, the range 15 understood to be
inclusive of the edges of the range as well as any number between the defined edges of the
range. For example, “between 1 and 107 ncludes any number between 1 and 10, as well
as the number 1 and the number 10,

{8035} The term “about” means plus or minus 10% of the numerical value of the
number with which it is being used. For example, “about 1007 refers to numbers between
(and including) 90 and 110.

[0036] When a grouping of alternatives 15 presented, any and all combinations of the
members that make up that grouping of alternatives is specifically envisioned. For
example, if an item 1s selected from a group consisting of A, B, €, and D, the inventors
specifically envisions each alternative individually {e.g A alone, B alone, etc.}, as well as
combinations such as A, B, and ; A and C; B and C; etc.

{0037} The term “and/or” when used in a list of two or more itemns means any one of
the listed items by itself or in combination with any one or more of the other listed items.
For example, the expression “A and/or B” 1s intended to mean etther or both of A and B -
i.e., A alone, B alone, or A and B m combination. The expression “A, B and/or €7 1s
mtended to mean A alone, B alone, € glone, A and B in combination, A and € in
combmnation, B and C in combmation, or A, B, and C in combination

[B038] I the following description, numerous specific details are set forth to provide
a more thorough understanding of the present invention. However, 1t will be apparent to
one of ordimary skill mn the art that the present invention 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 1n order to avoid obscuring the
mvention

{0039] The term "complementary” as used herein refers to Watson~Crick base pairing
between nucleotides and specifically refers to nucleotides hydrogen bonded to one another
with thymine or uracil residues hinked to adenine residues by two hydrogen bonds and
cvtosine and guanine residues hinked by three hydrogen bonds. The terms “percent
complementarity” or “percent complementary” as used herein in reference to two
nucleotide sequences is similar to the concept of percent identity but refers to the

percentage of nucleotides of a query sequence that opiimally base-pair or hybridize to

10
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nucleotides a subject sequence when the query and subject sequences are linearly arranged
and optimally base paired without secondary folding structures, such as loops, stems or
hatrpins. Such a percent complementarity can be between two DNA strands, two RNA

>

strands, or a DNA strand and a RNA sirand. The “percent complementarity” can be
calculated by {1} optimally base-pairing or hybridizing the two nucleotide sequences in a
linear and fully extended arrangement {e.g., without folding or secondary structures) over
a window of comparison, (11} determining the number of positions that base-pair between
the two sequences over the window of comparison to vield the number of complementary
positions, (111} dividing the number of complementary positions by the total number of
positions it the window of comparison, and (1v) multiplying this quotient by 100% to yield
the percent complementarity of the two sequences. Optimal base pairing of two sequences
can be determined based on the known paurings of nucleotide bases, such as G-C, A-T, and
A-1, through hydrogen binding. I the “percent complementarity” is being calculated in
relation to a reference sequence without specifymg a particular comparison window, then
the percent wdentity 15 determined by dividing the number of complementary posttions
between the two linear sequences by the total length of the reference sequence. Thus, for
purposes of the present application, when two sequences {query and subject) are optimally
base-paired {with allowance for mismatches or non-base~-paired nucleotides), the “percent
complementarity” for the query sequence 1s equal to the number of base-paired positions
between the two sequences divided by the total number of positions 1o the query sequence
over its length, which 1s then multipbied by 100%. In general, a nucleic acid inclodes a
nucleotide sequence described as having a "percent complementarity” or being a “percent
complementary” to a specified second nucleotide sequence. For example, a nucleotide
sequence may have 70%, 80%, 90%, 95%, 99%, or 100% complementarity to a specified
second nucleotide sequence, indicating that, for example, 7 of 10, 8 of 10, 9 of 10, 19 of
20, 99 of 100, or 10 of 10 nucleotides, respectively, of 3 sequence are complementary 1o
the specified second nuclestide sequence. For example, the nucleotide sequence 3'-TCGA-
5" 15 100% complementary to the nucleotide sequence 5-AGCUT-3'; and the nucleotide
sequence 3'-TCGA-3 s 100% complementary to a region of the nucleotide sequence 5'-

TAGCOTG-3
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{8040} The term DNA "control sequences” refers collectively to promoter sequences,
polyadenviation signals, transcription termination sequences, upstream regulatory
domains, origins of replication, internal ribosome entry sies, nuclear localization
sequences, enhancers, and the hke, which collectively provide for the replication,
transcription and translation of a coding sequence i a recipient cell. Not all of these types
of control sequences need to be present so long as a selected coding sequence 1s capable of
being replicated, transcribed and—for some components—translated in an appropriate host
cell.

{8041} A “regulatory sequence” or “regulatory region” refers to the region of a gene where
RINA polymerase and other accessory transcription modulator proteins {e.g., transcription
factors) hind and interact to control transcription of the gene Non-limiting examples of
regulatory sequences or regions include promoters, enhancers, and terminators. Regulatory
sequences or regions are capable of increasing or decreasing gene expression. As a result,
these elements can control net protein expression from the gene.

[8042] The terms “CREATE tusion gRNA” or “CFgRNA” refer to a gRNA engineered
to function with a nucleic acid-guded nickase/reverse transcriptase fusion enzyme {a
“ruckase~-RT fusion”™) where the CFgRNA 15 designed to bind to and faciitate editing or
barcoding of one or both DNA strands in a target locus of a cell genome. In certain aspects,
“CREATE fusion gRNA” or “CFgRNA” refer to one of two gRNAs engineered to function
with a nucleic acid-guided nickase/reverse transcriptase fusion enzyme {(a “mckase-RT
fusion”) where the two CFgRNAs are designed to bind to and edit/barcode opposite DNA
strands m a target locus. The two CFgRNAs specific to a target locus have regions of
complementarity 1o one another at least at the site of the edit and preferably at regions §°
and 3' to the site of the edit. The term “complementary CFgRNASs” refers to two CFgRNAg
engineered to bimd to opposite DNA strands m a target locus which often create the
complementary edit at a site in the target locus,

{B043] The terms “CREATE fusion barcoding cassette” or “CF barcoding cassette” 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 barcoding in a nucleic acid-guided nickase/reverse transcriptase fusion system

where the CFgRNA 15 designed to bind to and facilitate incorporation of a barcode
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sequence into one or both DNA strands in a target locus. In certain aspects, “CF barcoding
cassette” refers to a nucleic acid molecule comprising a coding sequence for transcription
of two gRNAs to effect barcoding in a nucleic acid-guided nickase/reverse transcriptase
fusion system where the two gRNAs are designed to bind to and integrate barcode
sequences into opposite BDNA strands in a target locus.

{(044] The terms “CREATE fuston editing cassette” or “CF editing cassette” 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. In certain aspects, “CF editing cassette” refers to a nucleic acid molecule
comprising a coding sequence for transcription of two gRNAS to effect editing 1n a nucleic
acid-guided nickase/reverse transcriptase fusion system where the two gRNAs are
designed to bind to and edit opposite DNA strands in a target locus.

[B045] The terms “CREATE fusion editing system” or “CF editing system” refer to the
combination of a nucleic acid-guded nickase enzyme/reverse transcriptase fusion protein
{“nickase-RT fusion”} and a CREATE fusion editing cassette (“CF editing cassette”) to
etfect editing 1 live cells, To certain aspects, a CF editing system further ncludes a
CREATE fusion barcoding cassette {(“CF barcoding cassette”),
{0046] The terms “guide nucleic acid” or “guide RNA™ or “gRNA” refer to a
polynucleotide comprising 1} a gude sequence capable of hybridizing to a target genomuce
locus, and 2} a scaffold sequence capable of interacting or complexing with a nucleic acid-
guided nuclease.

{0047} "Homology" or "identity” or "similarity” refers to sequence simularity between
two peptides or, more often n the context of the present disclosure, between two nucleic
acid molecules. The term "homologous region” or “homology arm”™ refers to a region on a
donor DNA with a certain degree of homology with a target genomic DNA sequence.
Homology can be determined by comparing a position in each sequence which may be
aligned for purposes of comparison. When a position in the compared sequence 1s occupied

by the same base or amino acid, then the molecules are homologous at that position. A
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degree of homology between sequences is a function of the number of matching or
homologous positions shared by the sequences.

{8048] The terms “percent identity” or “percent identical” as used herein in reference to
two or more nuclectide or aming acid sequences 15 calculated by (1) comparing two
optumally aligned sequences (nuclectide or amino acid} over a window of comparison {the
“alignable” region or regions), (it) determining the number of positions at which the
identical nucleic acid base (for nuclectide sequences) or amino acid residue {for proteins
and polypeptides) occurs in both sequences to vield the number of matched positions, (i1}
dividing the number of matched positions by the total number of positions in the window
of comparison, and then (iv) multiplying this quotient by 100% to vield the percent identity.
If the “percent identity” 15 being calculated in relation to a reference sequence without a
particular comparison window being specified, then the percent identity is determined by
dividing the number of matched positions over the region of alignment by the total length
of the reference sequence. Accordmgly, for purposes of the present application, when two
sequences (query and subject) are optimally aligned (with allowance for gaps m thew
alignment), the “percent wdentity” for the query sequence 5 equal to the number of 1dentical
positions between the two sequences divided by the total number of positions in the query
sequence over its length {or a companson window), which 1s then multiplied by 100%.
When percentage of sequence identity 15 used in reference to amino acids it 1s recognized
that residue positions which are not identical often differ by conservative aming aad
substitutions, where amino acid residues are substituted for other amino acid residues with
similar chemical properties (e.g., charge or hydrophobicity} and therefore do not change
the functional properties of the molecule. When sequences differ i conservative
substitutions, the percent sequence wdentity can be adjusted upwards to correct for the
conservative nature of the substitution. Sequences that differ by such conservative
substitutions are said to have “sequence sumilanty” or “simlanty.”

{0049} For optimal alignment of sequences to calculate their percent identity, various pair-
wise or multiple sequence alignment algorithms and programs are known n the art, such
as ClustalW or Basic Local Alignment Search Tool® (BLAST™), etc., that can be used to
compare the sequence identity or similarity between two or more nucleotide or amine acid

sequences. Although other alignment and comparison methods are known n the art, the

14



1

2

A

o2

(¥4

G

0

Wh

WO 2023/122023 PCT/US2022/053377

alignment and percent identity between two sequences {(including the percent identity
ranges described above) can be as determined by the ClustalW algorithm, see, e.g., Chenna
et al., “Multiple sequence alignment with the Clustal series of programs,” Nucleic Acids
Research 31. 3497-3500 (2003}, Thompson ef al., “Clustal W' Improving the sensivity
of progressive multiple sequence alignment through sequence weighting, position-specific
gap penalties and weight matrix choice,” Nucleic Acids Research 22: 4673-4680 {1994);
Larkin MA er @, “Clostal W and Clustal X version 2.0, Bioinformarics 23. 2947-48
{2007); and Alischul er af. "Basic local alignment search tool." J. Mol Bicl 215:403-41¢
(1990), the entire contents and disclosures of which are incorporated herein by reference.
[B050] The term “nucleic acid” or “polynucleotide” refers to deoxyribonucleic acids
(DNA) or nibonucleic acids (RNA} and polymers thereof in either single- or double-
stranded form. Unless otherwise indicated, the terms encompass nucleic acids containing
known analogues or natural nucleotides that have similar binding properties as the
reference nucleic acid and are metabolized in a manner similar to naturally occurring
nucleotides. Unless otherwise indicated, 1o addition to the sequence specifically stated, a
particular nucleic acid sequence also implicitly encompasses conservatively modified
variants thereof {e.z., degenerate codon substitutions), alleles, orthologues, SNPs, and
complementary sequences. The term nucleic acid 1s used mierchangeably with DNA, RNA,
cDNA, gene, and mRNA encoded by a gene.

{60651} As used herem, “nucleic acid-guided nickase/reverse transcriptase fusion” or
“nickase-RT fusion” refers to a nucleic acid-guided mickase—or nucleic acid-guded
nuclease or CRISPR nuclease that has been engineered o act as a nickase rather than a
nuclease that imittates double-stranded DNA breaks—where the nucleic acid-guded
nickase 1s fused to a reverse transeriptase, which 1s an enzyme used to generate cDNA from
an RNA template. In certam aspects, “nucleic acid-guided nickase/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 imitiate double-stranded DNA breaks—where the
nucleic acid-guided nickases are fused to a reverse transcriptase. For information regarding

nickase-RT fusions see, e.g., USPN 10,689,669 and USSN 16/740,421.
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{8052} “Nuclei¢ acid-guided editing components” refers to one or both of a nickase-
RT fusion and CREATE fusion guide nucleic acids {CFgRNAs).

{8053} "Operably linked" refers to an arrangement of elements where the components
so described are configured so 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 so long as they function to direct the expression of the coding
sequence. Thus, for example, intervening uniranslated yet transcribed sequences can be
present between a promoter sequence and the coding sequence and the promoter sequence
can still be considered "operably linked" to the coding sequence. In fact, such sequences
need not reside on the same contiguous DNA molecule {e.g. chromosome) and may still
have interactions resulting m altered regulation.

{3054] A “PAM mutation” refers to one or more edits 10 a target sequence that
removes, muiates, or otherwise renders mactive a protospacer adjacent motif (PAM) or
spacer region in the target sequence.

[B055] A “promoter” or “promoter sequence” 15 a DNA regulatory region capable of
binding RNA polymerase and mitiating transcription of a polynucleotide or polvpeptide
coding sequence such as messenger RNA, ribosomal RNA, small nuclear or nucleolar
RNA, guide RNA, or any kind of RNA. Tn some aspects, a promoter 18 an endogenous
promoter, synthetically produced, varied, or derived from a known or naturally occurring
promoter sequence or other promoter sequence. In some aspects, a promoter is g
constitutive promoter. In some aspects, a promoter is an nducible promoter. In some
aspects, a promoter 1s a heterologous promoter,

[8056] A “termunator” or “termumator sequence” or “transcription termination sequence”
refers to a DNA regulatory region of a gene that signals termunation of transcription of the
gene to an RNA polymerase. Without bemg limiting, termunators cause transcription of an
operably hnked nucleic acid molecule to stop.

{8057} A “coding sequence” or “coding region” refers to the region of 3 gene’s DNA
or RNA which codes for a protein. In DNA, the coding region of a gene 1s flanked by the
promoter sequence on the ¥ end of the template strand and the termination sequence on

the 3" end. After transcription, the coding region in an mRNA s flanked by the &
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untransiated region (5-UTR) and 3’ untranslated region (3'-UTR), the 5' cap, and poly-A
tail.

{8058} A “non-coding sequence” or “non-coding region” refers to the region of a gene’s
DNA which does not code for a protein. However, some non-coding DNA s transcribed
into functional non-coding RNA molecules {e.g., transfer RNA, microRNA, siRNA,
mRNA, ribosomal RNA, and regulatory RNAs). Gther functional non-coding DNA
include, for example, regulatory sequences of a gene that control 1is expression.

[B059] As used herein “gene product” refers to a biochemical material, either RNA or
protein, resulting from expression of a gene. In some aspects, a gene product is an RNA
molecule, e.g., transfer RNA, microRNA, siRNA, piRNA, ribosomal RNA, or regulatory
RNA. In some aspects, the gene product is a protein. In some aspects, the gene product is
an enzyme. In some aspects, the gene product 15 a membrane protein. In some aspects, the
gene product is a protein involved in the expression of a gene. In some aspects, the gene
product is a transcription factor. In some aspects, the gene product is a coactivator protein.
In some aspects, the gene product 1s a corepressor protem. In some aspects, the gene
product 1s a chromatin-binding protein,

[ S

{060} As used herein, the terms "protem,” “peptide,” and "polypeptide” are used
mterchangeably herein and refer to a polymer of ammo acid residues. In some aspects,
proteins are made up entirely of amino acids transcribed by any class of any RNA
polymerase 1, I or HL

{B061] As used herein, the term “repair teraplate” 1 the context of a CREATE fusion
editing system employing a mckase-RT fusion enzyme refers to a nucleic acid {e.g, a
ribonucleic acid) that 1s designed to serve as a template (inchuding a desired edit or barcode)
to be meorporated 1nto target DNA via reverse transcription {e.g., by reverse transcriptase}.
{08062} As used herem 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 1n the art. Drug selectable markers such as
ampiciilin/carbenicilling kanamyein, chloramphenicol, noursesthricin N-acetyl transferase,
erythromycin, tetracychine, gentamicin, bleomycin, streptomycin, puromycin, hygromycin,
blasticidin, and G418 may be employed. In other aspects, selectable markers inchude, but

are not limited to human nerve growth factor receptor (detected with a MAb, such as
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described in U.S. Pat. No. 6,365,373}, truncated human growth factor receptor {detected
with MAb); mutant human dihydrofolate reductase {DHFR. fluorescent MTX substrate
available); secreted alkaline phosphatase (SEAP; fluorescent substrate available); human
thymidviate synthase (TS, confers resistance to anti-cancer agent fluorodeoxyuriding);
human glutathione S-transferase alpha {(GSTA1; conjugates glutathione to the stem cell
selective alkylator busulfan; chemoprotective selectable marker in CD34+cells), D24 cell
surface antigen in hematopoietic stem cells; human CAD gene to confer resistance to N-
phosphonacetyl-L-aspartate  (PALA), human multi-drug resistance-i (MDR-1; P-
glycoprotein surface protein selectable by increased drug resistance or enriched by FACS);
human CDZS (IL-2g; detectable by Mab-FITC); Methylguanine-DNA methyliransferase
(MGMT; selectable by carmustine); rhamnose; and Cytidine deaminase {(CD; selectable by
Ara-C}. In some aspects, a selectable marker comprises an antibiotic resistance gene. In
some aspects, a selectable marker comprises a puromycin resistance gene. “Selective
medium” as used herein refers to cell growth medium to which has been added a chenucal
compound or biological moiety that selects for or against selectable markers. In some
aspects, a selectable marker provides a phenotypic handle for ive-cell selection. In some
aspects, the selection 15 a positive selection for a knock-in edit. In some aspects, the
selection 1s a negative selection for a knockout edit. In some aspects, a HA epitope tag can
be used as a phenotypic selection marker. In some aspects, 6-GT can be used to select for
HPRT knockout edits.

{8063 A “locus™ refers to a fixed position m a genome. In some aspects, a locus
comprises a coding region. In some aspects, a locus comprises a non-coding region. In
some aspects, a locus comprises a gene In an aspect, a locus comprises at least |
nucleotide. In an aspect, a locus comprises at least 10 nucleotides. In an aspect, a locus
comprises at least 25 nucleotides. In an aspect, a locus comprises at least 56 nucleotides.
In an aspect, a locus comprises at least 100 nucleotides. In an aspect, a locus comprises at
least 250 nucleotides. In an aspect, a locus comprises at least 500 nuclectides. In an aspect,
a locus comprises at least 1000 nucleotides. In an aspect, a locus comprises at least 2500
nuclectides. In an aspect, a locus comprises at least 5000 nucleotides.

{0064] The terms “target sequence”, "target genomic DNA locus”, “target locus”, or

“target genomic locus” refer to any locus in virro or in vive, or n a nucleic acid {(e.g,
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genome or episome} of a cell or population of cells, in which a change of at least one
nucleotide 15 desired using a nucleic acid-guided nuclease editing system. The target
sequence can be a genomic locus or extrachromosomal locus. In some aspects, a target
locus refers to a position in a genome targeted to be edited by the nucleic acid-guided
nuclease/reverse transcriptase fusion enzyme and the CF editing cassette. In some aspects,
a target locus comprises a gene, including its regulatory regions and coding regions. In
some aspects, a target locus comprises a regulatory region of a gene, e.g., a promoter region
or a ternunator region. In some aspects, the target locus is within a nuclear genome. In
some aspects, the target locus is within a mitochondrial genome. In some aspects, the target
locus 15 within a vector,

{8065} In some aspects, an “integration locus” refers to a position in a genome targeted for
the integration of a CF editing cassette. In some aspects, an integration locus comprises a
coding region. In some aspects, an mtegration locus comprises a non-coding regton. In
some aspects, an integration locus comprises a “safe harbor locus.” A “safe harbor locus”
as used herem refers to an intergenic region that has a reduced potential for the CF editing
cassette integration adversely affecting genes neighboring (eg., within 10 kb) the
mtegrated CF editing cassette.

[0066] The term "gene” refers to a nucleic acid region which includes a coding region
operably linked to a suitable regulatory region capable of regulating the expression of a
gene product {e.g., a protein or functional non-coding RNA}Y in some manner. Genes
nclude untranslated regulatory regions (e.g., promoters, enhancers, repressors, etc. } in the
DNA before {(upstream} and after {(downstream) the coding region {(open reading frame,
(ORF}, and, where applicable, intervening sequences {e.g., mirons} between mdividual
coding regions {e.g., exons},

{B067] The term "vanant” refers to a polypeptide or polynucleotide that differs from a
reference polypeptide or polynucleotide. A typical variant of a polypeptide differs in amino
acid sequence from another reference polypeptide. Generally, differences may be himited
so that the sequences of the reference polypeptide and the variant are closely simular overall
{e.g., at least 90% 1identical} and, i many regions, identical. A vaniant and reference
polvpeptide may differ in amino acid sequence by one or more modifications {e.g.,

substitutions, additions, and/or deletions). A wvartant of a polypeptide may be a
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conservatively modified variant (e.g., at least 95% identical to the reference polypeptide}.
A substitoted or inserted amino acid residue may or may not be one encoded by the genetic
code {e.g, a non-natural amino acid}. A variant of a polypeptide may be naturally
occurring, such as an allelic variant, or it may be a varnant that s not known to occur
naturally.

{B068] 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 available. Vectors include, but are not limited to,
plasmuds, fosmuds, phagemids, virus genomes, BACs, YACs, PACs, synthetic
chromosomes, and the like. In the 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 aspects, however, two vectors — e.g., an engine vector
comprising the coding sequence for the nickase-RT fusion enzyme, and an editing vector,
comprising the CFgRNA sequence to be transcribed — may be used.

[B069] As used herein, a “mutation” vefers to an nherdable genetic moditication
wtroduced into a gene to alter the expression or activity of a product encoded by the gene.
In some aspects, “mutation,” “modification,” and “edit” may be used mterchangeably in
the present disclosure. Tn some aspects, a modification can be tn any sequence region of a
gene, for example, 1 a promoter, 5" UTR, exon, 3" UTR, or ternunator region. In some
aspects, a modification 1s in the regulatory region of a gene. In some aspects, a modification
15 1 the coding region of a gene. In some aspects, a modification 13 in an exon. In some
aspects, a modification 13 in an infron. In some aspects, a modification spans an intron/exon
junction. In some aspects, a modification reduces, mhubits, or eliminates the expression or
activity of a gene product as compared to an snmodified control. In some aspects, a
modification mcereases, elevates, strengthens, or augments the expression or activity of a
geng product as compared 1o an ynmodified control.

{8670] In some aspects, a mutation, or modification is a “non-natural” or “non-naturally
occurring” mutation or modification. As used herein, a “non-natural” or “non-naturally
occurring” mutation or modification refers 1o a non-spontanecus mutation or modification
generated via human intervention, and does not correspond to a spontaneous mutation or

modification generated without human intervention. Non-himiting examples of human
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intervention include mutagenesis {e.g, chemical mutagenesis, ionizing radiation
mutagenesis) and targeted genetic modifications {e. g., nucleic-acid guided nuclease-based
methods, CREATE fusion-based methods, CRISPR-based methods, TALEN-based
methods, zinc finger-based methods). Non-natural mutations or modifications and non-
naturally occurring mutations or modifications do not include spontaneous mutations that
arise naturally {e.g., via aberrant DNA replication).

{8071} Several types of mutations or modifications are known in the art. In some aspects,
a mutation or modification comprises an insertion. An “insertion” refers to the addition of
one or more nucleotides or aming acids to a given polvnucleotide or amino acid sequence,
respectively, as compared to an endogenous reference polynucleotide or amino acid
sequence. In an aspect, an insertion comprises an insertion of at least 1, at least 2, at least
3, at least 4, at least 5, at least O, at least 7, at least 8, at least 9, at least 10, at least 28, at
least SO, at least 75, at least 100, at least 200, at least 300, at least 400, at least 5300, at least
750, at least 1000, or at least 2500 nucleotides.

[8072] In some aspects, a mutation or modification comprises a deletion. A “deletion”
refers to the removal of one or more nucleotides or amino acids to a given polynucleotide
or anuno acid sequence, respectively, as compared to an endogenous teference
polynucleotide or aroino acid sequence. In av aspect, a deletion comprises a deletion of at
least 1, at feast 2, at least 3, at least 4, at least §, at least 6, at least 7, at least &, at least 9, at
east 10, at least 25, at least 50, at least 75, at least 100, at feast 200, at least 300, at least
400 at least 500, at least 750, at least 1000, or at least 2500 nucleotides.

{8073} In some aspects, a mutation or modification comprises a substitution or a swap. A
“substitution” or “swap” refers to the replacement of one or more nucleotides or amino
acids to a given polynucleotide or amino acid sequence, respectively, as compared to an
endogenous reference polynucleotide or amino acid sequence. In some aspects, a
“substitution allele”™ refers to a nucleic acid sequence at a particular locus comprising a
substitution. In an aspect, a substitution comprises the substitution of at least 1, at least 2,
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least
15, at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, or at least 50
nucleotides. When more than 1 nuclectide i1s substituted, the substitutions can be

cONtiguOUs Of NON-CoNntiguous.
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{8074} In some aspects, a mutation or modification comprises an inversion. An “inversion”
refers to when a segment of a polynucleotide or amino acid sequence s reversed end-fo-
end. In an aspect, an iversion comprises an inversion of at least 2, at least 3, at least 4, at
least 5, at least 6, at least 7, at leasi 8, ai least 9, at least 10, at least 25, at least 50, at least
75, at least 100, at least 200, at least 300, at least 400, at least 500, at least 750, at least
1000, or at least 2500 nucleotides.

{8075} In some aspects, a mutation or modification provided herein comprises 2 mutation
selected from the group consisting of an insertion, a deletion, a substitution, and an
mversion. In some aspects, a mutation or modification provided herein comprises an
msertion. In some aspects, a mutation or modification provided herein comprises a
deletion. In some aspects, a mutation or modification provided herein comprises a
substitution. In some aspects, a mutation or modification provided herein comprises an
mversion.

[6076] In some aspects, a mutation or modification comprises one or more mutation types
selected from the group consisting of a nonsense mutation, a missense mutation, a
frameshift mutation, a splice-site mutation, and any combinations thereof. As used herein,
a “nonsense mutation” refers to a mutation to a vucletc acid sequence that ntroduces a
premature stop codon to an ammno acid sequence by the nuclewe acid sequence. As used
herein, a “oussense moutation” refers to a mutation to a nucleic acid sequence that causes a
substitution within the ammo acid sequence encoded by the nucleic acid sequence. As used
herein, a “frameshift muiation” refers to an msertion or deletion to a nucletc acid sequence
that shifts the frame for translating the nucleic acid sequence to an ammno acid sequence. A
“splice~site mutation” refers to a mutation in a nucleic acid sequence that causes an intron
1o be retaned for protein translation, or, alternatively, for an exon to be excluded from
protein translation. Splice-site mutations can cause nonsense, mussense, or frameshift
mutations.

{86771 Mutations or modifications in coding regions of genes {e.g., exonic mutations) can
result in a truncated protein or polypeptide when a mutated messenger RNA (mRNA} 15
translated into a protein or polypeptide. In some aspects, this disclosure provides a mutation
that results in the truncation of a protein or polypeptide. As used herein, a “truncated”

protein or polypepiide comprises at least one fewer amino acid as compared to an
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endogenous control protein or polypeptide. For example, if endogenous Protein A
comprises 100 aming acids, a truncated version of Protein A can comprise between 1 and
99 amino acids.

{0678] Without being hmited by any scientific theory, one way to cause a protemn or
polypepiide truncation is by the mtroduction of a premature stop codon in an mRNA
transcript of an endogenous gene. In some aspects, this disclosure provides a mutation that
results in a premature stop codon 1n an mRNA transcript of an endogenous gene. As used
herein, a “stop codon” refers to a nucleotide triplet within an mRNA transcript that signals
a termination of protein translation. A “premature stop codon” refers to a stop codon
positioned earlier {e.g., on the 5-side} than the normal stop codon position in an
endogenous mRNA transcript. Without being himiting, several stop codons are known in
the art, including “UAG,” “"UAA” “UGA,” “TAG” “TAA. and “TGA” In some aspects,
multiple {e.g, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more than 10} premature stop codons are
mtroduced.

[B079] In some aspects, a mutation or modification provided herein comprises a null
mutation. As used herein, a “null mutation” or “knockout edit” refers to a mutation that
confers a decreased function or cornplete loss-of-function for a protein encoded by a gene
comprising the mutation, or, alternatively, a mutation that confers a decreased function or
complete loss-of-function for a small RNA encoded by a genonuc locus. A null mutation
can cause lack or decrease of mRNA transcript production, small RNA transcript
production, protein function, or a combination thereof. As used heren, a “null allele” refers
to a nucleic acid sequence at a particular locus where a null mutation has conferred a
decreased function or complete loss-of-function to the allele.

{8080] In some aspects, a “synonymous edit” or “synonymous substitution” 1s the
substitution of one base for another in an exon of 3 gene coding for a protein, such that the
produced amino acid sequence 18 not modified. This 15 possible because the genetic code
is “degenerate”, meaning that some aming acids are coded for by more than one three-base-
pair codon; since some of the codons for a given amino acid differ by just one base pair
from others coding for the same amino acid, a mutation that replaces the “normal” base by
one of the alternatives will result in incorporation of the same aming acid into the growing

polypeptide chain when the gene 1s translated.
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{8081} In an aspect, an edit 1s a “knock-in” edit. As used herein, a “knock-in edit” or a
“knock-in mutation” the substitution or replacement of a non-functioning or low-
functioning allele of a gene with a functional or higher-functioning allele of the gene.
Knock-1n edits are sometimes referred to n the art as gamn-of-function edits.

{8082] In some aspecis, “codon optimization” refers to expernimental approaches designed
to improve the codon composition of a recombinant gene based on various criteria without
altering the amino acid sequence. Thus is possible because most amino acids are encoded
by more than one codon. Codon optimization may be used o improve gene expression and
mcrease the translation efficiency of a gene of mterest by accommodating for codon bias
of the host organism. In some aspects, a nucleic acid molecule provided herein encodes a
polypeptide that 13 codon optimized for a prokaryote. In some aspects, a nucleic acid
molecule provided herein encodes a polypeptide that is codon optimized for an Fscherichia
cofi cell. In some aspects, a nucleic acid molecule provided herein encodes a polypeptide
that 1s codon optimized for a eukarvote In some aspects, a nucleic acid molecule provided
heremn encodes a polypeptide that 1s codon optunuzed for a maromalhian cell Tn some
aspects, a nucleic acid molecule provided herein encodes a polypeptide that 15 codon
optimnized for a human cell In some aspects, a nucleic acid molecule provided herein
encodes a polypeptide that s codon optimized for a non-human mammalian cell. In some
aspects, a nucleic acid molecule provided herein encodes a polypeptide that s codon
optumized for a fungal cell. In some aspects, a nucleic acid molecule provided herein
encodes a polypeptide that 1s codon optinmized for a Saccharomyces cerevisiae cell. In some
aspects, 8 nucleic acid molecule provided herein encodes a polypeptide that 15 codon
optimized for a plant cell. Insome aspects, a nucleic acid molecule provided herein encodes
a polypeptide that 1s codon optimized for an archaeal cell.

{BO83] The present disclosure mcludes method of trackable nucleic acid-guided nuclease
editing i cell populations, e.g., prokaryotic, archaeal, and eukarvotic cells. In some
aspects, the cells include mammalian cells. In some aspects, the cells include human cells.
in some aspects, the cells include non-human mammalian cells. In some aspects, the cells
mclude bacterial cells. In some aspects, the cells include £, cofi cells. In some aspects, the
cells include fungal cells. In some aspects, the cells include S. cerevisiae cells. In some

aspects, the cells inchide plant cells.
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{8084} In some aspects, a mutation or modification provided herein can be positioned in
any part of a gene. In some aspecis, a mutation or modification provided herein can be
positioned in the coding region of a gene. In some aspects, a mutation or modification
provided herein can be positioned in the non-coding region of a gene. In some aspects, a
mutation or modification provided herein can be positioned in the regulatory region of a
gene. In some aspects, a mutation or modification provided herein s positioned within an
exon of a gene. In some aspects, a mutation or modification provided herein 15 positioned
within an intron of a gene. In some aspects, a mutation or modification provided herein is
positioned within an exon and an intron of a gene. In a further aspect, a mutation or
modification provided herein 15 positioned within a S'-untranslated region (UTR} of a gene.
In still another aspect, a mutation or modification provided herein s posttioned within a
3'-UTR of a gene. In yet another aspect, a mutation or modification provided herein is
positioned within a promoter of a gene. In vet another aspect, a mutation or modification
provided herein is positioned within a terminator of a gene.

[BO8S] The present disclosure relates to methods and compositions for nuproved tracking
of nucleic acid-guided nuclease editing. With the present compositions and methods,
targeted editing and tracking of the intended edit(s) 1s faciluated using a barcoding gRNA
covalently hinked to a barcode sequence and designed to precisely insert the barcode
sequence into a desired genomic locus. When mtroduced into cells along with an editing
oRNA covalently linked to an mtended edit and a corresponding nucleic acid-guided
nuclease or nickase, the barcoding gRNA facilitates simultaneous editing and tracking
{e.g., barcoding} of the edit(s), wherein the edit 13 incorporated into a first target locus and
the corresponding barcode 1s integrated mto a second, separate target locus. The integrated
barcode may then be tracked or analyzed via genomic sequencing (e.g., amplicon-based
next-generation sequencing), or RNA sequencing ("RNASeq”} if the second target locus
18 a gene-coding region, to identify the edit, plasmmd, or other constract that was co-
delivered with the barcoding gRNA. And, because the barcode is integrated into the
genome, the barcode maybe tracked beyond the timeframe of any transient plasmud
reagents utilized to facilitate editing, cell differentiation, and the hike.

{8086] In certain aspects, the barcoding gRNA is a component of a barcoding cassette for

performing tracking of nucleic acid-guided nuclease editing, the barcoding cassette
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comprising the barcoding gRNA having a region of complementarity {0 a sequence of a
target locus in which a barcode sequence 1s to be integrated, and a barcode sequence for
integration into the cell genome having a unique sequence by which a corresponding edit
may be dentified.

{8087} In certain aspects, the barcoding gRNA 15 a CREATE fusion gRNA {("CFgRNA”
defined infra) and the barcoding cassette 1s a UREATE fusion barcoding cassetie (“CF
barcoding cassette,” defined fnfra) comprising from 5' to 3" {A) a nucleic acid sequence
encoding a barcoding ¢RNA having a region of complementarity to a sequence of a target
locus 10 which a barcode sequence is to be integrated, the barcoding gRNA comprising: a
guide or spacer sequence, and a scaffold region recognized by a corresponding nuclease or
nickase; and {B) a nucleic acid sequence encoding a repair template covalently linked to
the barcoding gRNA comprising from 5" to 3" an optional post-barcode homology region,
a barcode sequence, a nick-to-barcode region, and a primer hinding site (PBS). In some
aspects, the components of the barcoding cassette are contiguous. In some aspects, the
barcoding cassette is agnostic to the order of the barcoding gRNA and repawr template. In
some aspects, the barcoding gRNA 18 under the control of a promoter at the §' end of the
barcoding cassette.

[0088] In certain aspects, the nick-to~-barcode region of the repair teroplate s between 1
nucleotide and 100 nucleotides 1 length, between 1 nucleotide and 75 nucleotides mn
length, between 1 nucleotide and 50 nucleotides in length, between 2 nucleotides and 250
nucleotides 1n length, between S nucleotides and 150 mucleotides m length, or between 1
nucleotide and 150 nucleotides in length. In some aspects of this method, the nick-to-
barcode region of the repair template 1s up to 10,000 nucleotides m length, up to 5000
nucleotides n length, up to 3000 nucleotides in length, up to 1000 nucleotides in length,
up to 500 nucleotides in length, up to 250 nucleotides m length, up to 1060 nucleotides in
length, up to SO nuclestides in length, or up to 25 nucleotides in length.

{B089] In certain aspects, the post-barcode homology region of the repair template s
between 2 nucleotides and 20 nuclestides in length, between 2 nucleotides and 15
nuclectides n length, between 2 nucleotides and 50 nucleotides in length, between 4
nucleotides and 40 nucleotides in length, between 3 nucleotides and 30 nucleotides in

length or between 5 nucleotides and 25 nucleotides in length.
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{8090} In certain aspects, the editing gRNA is a component of an editing cassette for
performing nucleic acid-gwded nuclease editing, the editing cassette comprising the
editing gRNA having a region of complementarity to a sequence of a target locus iy which
an edit 1s to be incorporated, and an edit for incorporation mto the cell genome.

{8091} In certain aspects of the present disclosure, the editing gRNA 15 a CREATE fusion
eRINA {("CFgRNA” defined infra) and the editing cassetie 1s a CREATE fusion editing
cassette {“CF editing cassette,” defined infra} comprising from 5" to 3" (A) a nucleic acid
sequence encoding an editing gRNA having a region of complementarity to a sequence of
a target locus in which an edit is to be incorporated, the editing gRNA comprising’ a guide
or spacer sequence, and a scaffold region recogruzed by a corresponding nuclease or
nickase; and {B) a nucleic acid sequence encoding a repair template covalently linked to
the editing gRNA comprising from 5' to 3% an optional post-edit homology region, an edit,
an optional nick-to-edit region, and a primer binding site ("PBS”). In some aspects, the
components of the editing cassette are contiguous. In some aspects, the editing cassette s
agnostic to the order of the editing gRNA and repair template. In some aspects, the editing
¢RNA 15 under the control of a promoter at the 53' end of the CF editing cassette.

[8092] In certain aspects, the nick-to-edit region of the repair teroplate 15 between 1
nucleotide and 100 nucleotides 10 length, between 1 nucleotide and 75 nucleotides 1
length, between 1 nucleotide and 50 nucleotides in length, between 2 nucleotides and 250
nucleotides in length, between 5 nucleotides and 150 nucleotides i length, or between 1
nucleotide and 150 nucleotides 1n length. In some aspects of this method, the mick~to-edit
region of the repair teraplate 13 up to 10,000 nucleotides i length, up to 5000 nucleotides
in length, up to 3000 nucleotides m tength, up to 1000 nucleotides in length, up to SG0
nucleotides i fength, up to 250 nucleotides n length, up to 100 nuclectides 1 length, up
to S0 nucleotides i fength, or up to 25 nucleotides in length.

{8093] In certain aspects, the post-edit homology region of the repair template is between
2 nucleotides and 20 nucleotides mn length, between 2 nucleotides and 15 nucleotides in
length, between 2 nucleotides and 50 nucleotides in length, between 4 nucleotides and 40
nuclectides in length, between 3 nucleotides and 30 nuclestides in length, or between 5

nucleotides and 25 nucleotides in length.



1

2

A

o2

(¥4

G

0

Wh

WO 2023/122023 PCT/US2022/053377

{8094} In certain aspects, the editing cassette 1s designed to facilitate incorporation of an
intended edit at a first target locus {e.g., target site or target region} of the cells, and the
barcoding cassetite is designed to facilitate integration of a barcode at a second target iocus
of the cells different from the first target locus.

{8095} In certain aspects, the editing cassette and/or the barcoding cassette (¢.g., the repair
templates) further comprise an edit {e.g., 1, 2, 3,4, 5, 6, 7, 8, 9, 10 edits) to immunize a
target locus to prevent re-nicking or re-cutting thereof As discussed hergin, in some
aspects, an edit to immunize a target locus to prevent re-nicking is one that alters the proto-
spacer adjacent mout (PAM) {or other element) such that subsequent binding at the target
locus by the nucleic acid-guided polypeptide {e.g., nuclease, nickase, inactive nuclease or
inactive nickase) 1s impaired or prevented.

[6096] In certain aspects, the editing cassette and/or the barcoding cassette further
comprise an RNA G-gquadruplex region at a 3’ end of the repair template to stabilize the
cassette and mmprove target micking or cleavage efficiency without inducing off-target
activity.

{6097} In certain aspects, the editing cassette and/or barcoding cassette further
comprise an amplification prinung site or subpool primer binding sequence at a 3' end
thereof. In specific aspects, the editing cassette and/or harcoding cassette further comprise
a melting temperature booster sequence at a 3' end thereof, which is a short protective DNA
buffer sequence. In addition, m specific aspects, the editing cassette and/or barcoding
cassette comprise regions of homology to a vector for gap-repair msertion of the cassette
mto the vector, such as an editing vector or engine vector,

{BOSE] In some aspects, a region of complementarity between the barcoding gRNA and
a target locus 1s between 4 nucleotides and 120 nucleotides n length, between S nucleotides
and 80 nucleotides n length, or between 6 nucleotides and 60 nucleotides n length. In
certain aspects, a region of complementarity between the barcoding gRNA and a target
locus 1s between 1 nuclectide and 10 nucieotides in length, between 10 nucleotides and 20
nucleotides in length, between 20 nucleotides and 50 nuclestides in length, or between 50
nuclectides and 100 nucleotides in length.

{6099] In some aspects, the barcode sequence of the repair template of the barcoding

cassette is between 1 nucleotide and 750 nucleotides in length, between 1 nucleotide and
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500 nucleotides in length, between 1 nuclectide and 150 nuclestides in length, between 1
nucleotide and 100 nucleotides in length, between 4 nucleotides and 50 nucleotides in
length, or between 4 nucleotides and 25 nuclectides in length.

{B0168]  In some aspects, a region of complementarity between the editing gRNA and a
target locus is between 4 nucleotides and 120 nucleotides in length, between 5 nucleotides
and 80 nucleotides in length, between 6 nucleotides and 60 nucleotides in length, between
I nucleotide and 10 nucleotides in length, between 10 nucleotides and 20 nucleotides in
length, between 20 nucleotides and 50 nucleotides in length, or between 50 nucleotides and
100 nucleotides in length.

{60101} In some aspects, the edit region of the repair template of the editing cassetie
15 between 1 nucleotide and 750 nucleotides in length, between 1 nucleotide and 500
nucleotides in length, between 1 nucleotide and 150 nucleotides in length, between 1
nucleotide and 10 nucleotides in length, between 10 nucleotides and 20 nucleotides in
length, between 20 nucleotides and 50 nucleotides in length, between 50 nucleotides and
100 nucleotides 10 length, between 100 nucleotides and 250 nucleotides m length, between
250 nucleotides and 500 nucleotides in length, or between 500 nucleotides and 750
nucleotides n length

[60162] In certain aspects, the edit region of the repair template of the editing cassetie
comprises two or more edits, or three or more edits, or four or more edits, or five or more
edits,

{B0163]  Insomeaspects, the edit created by the editing cassetie in a target locus mclades
one or more nucleotide swaps in the target locus.

{801864]  In some aspects, the edit created by the editing cassette in a target locus 15 an
msertion n the target locus.

[B01658]  In some aspects, the edit created by the editing cassette 18 an insertion of
recombinase sites, protemn degron tags, promoters, termimators, alternative-splice sites,
Cp(5 islands, ete.

{80106] In some aspects, the edit created by the editing cassetie in 3 target locus is a
deletion in the target locus.

{80187] In some aspects, the editing cassette is designed to provide a deletion of

between 1 nucleotide and 750 nucleotides at a target locus. In some aspects, the editing
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cassette is designed to provide a deletion of between 1 nucleotide and 10 nuclectides,
between 10 nucleotides and 20 nucleotides, between 20 nucleotides and 50 nucleotides,
between 50 nucleotides and 100 nucleotides, between 100 nucleotides and 200 nucleotides,
between 200 nucleotides and 3500 nucieotides, or beiween 250 nucleotides and 750
nucleotides at a target locus.

{BG108] In some aspects, the edit created s a deletion of introns, exons, repetitive
elements, promoters, terminators, insulators, p( islands, non-coding elements,
retrotransposons, etc.

{00109] Insome aspects, the edit coraprises several types of edits and/or comprises more
than one of one or more types of edits. For example, m some aspects, the edit comprises
two or more nucleotide swaps or substitutions {e.g., 2. 3, 4, 5, or between 1 and 20
nucleotide 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 nucleotide swaps {e.g., 2, 3. 4,
S, or between 1 and 20 nucleotide swaps) and an insertion of one or more nucleotides {e.g.,
2, 3,4, 5, or between 1 and 20 nucleotides). In some aspects, the edit comprises one or
moore nucleotide swaps {e.g., 2, 3, 4, 5, or between | and 20 nucleotide swaps) and a
deletion of one or more nucleotides {e.g., 2, 3, 4, 5, or between | abd 20 nucleotides).
[601168] In some aspects, the edit created by the editing cassette in a target locus s in a
coding region in the target locus.

{66111} In some aspects, the edit created by the editing cassette in a target locus 1s
in a noncoding region in the target locus.

{80112] In some aspects, a barcode sequence integrated at a second target locus
facilitates tracking of an incorporated edit at a first target locus. In some aspects, the second

<

target locus comprises a neutral integration site, or “safe spot,” that faciditates stable
mtegration of the barcode sequence without significant ympact on cell growth or function.
In some aspects, the second target locus 18 a safe harbor locus disposed centrally m a large
mtergenic region to reduce the potential of barcode sequence integration adversely
affecting genes neighboring the integrated barcode. In some aspects, where a plurality of
barcodes are integrated {e.g., during recussive or iterative editing methods}, the barcodes

are embedded nto one or more clustered neutral safe harbor foct. In some aspects, the
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integration locus of the barcode sequence s elected based on inspection of a host GFP
fusion localization database.

{66113} In some aspects, the second target locus is disposed within a coding region
{e.g., exon). In some aspects, the second target focus 1s disposed within a noncoding region
{(e.g., intronic or infergenic region}. In some aspects, the second target locus comprises the
adeno-assoctated virus site 1 (FTAAVS1”), the chemokine (T-C motif) receptor 5 (“CTRS™)
gene, the DNA methvltransferase 3B {("DMNT3b”) gene, the eukarvotic transiation
mitiation factor 4E-binding protein 2 (“4EBP2”) gene, the ornithine decarboxylase
antizyme 1 ("OAZ1”) gene, or an orthologue of the Rosa2é locus.

{60114] In some aspects, the second target locus i1s adjacent to the first target locus, or
within close proximity to the first target locus. As used herein, “close proximity” refers to
within S000 nucleotides.

{801158] In some aspects, successtully barcoded and/or edited cells may be enriched for
hased on the selection of the second target locus. For example, in specific aspects, the
second target locus may be disposed within the coding region of a non-essential cell surface
receptor such that integration of a barcode sequence i the second target locus eliminates
the receptor from the cell surface Accordingly, antibody and/or bead-based affinity
purification may be utilized to remove cells that were not successfully barcoded, leaving
only barcoded cells {e.g., negative selection). In some aspects, the barcode sequence may
comprise a frameshifting edit. In some aspects, the barcode sequence may comprise a
frameshifting edit and be 8 or more nucleotides in length, wherem the number of
nucleotides 13 not a multiple of 3 {e.g, 10, 11, 13, 14, ete.). In some aspects, the barcode
sequence may comprise an m-frame STOP codon {TAGTGA)} edit and be 9 or more
nucleotides 1 length.

{80116] In some aspects, the second target locus may be disposed within the coding
region of the CD9 cell surface glycoprotein, CDB1T cell surface receptor, D63 cell surface
receptor, or other non-essential cell surface receptor.

{80117] In specific aspects, the second target locus may be disposed within a locus
corresponding to the 3" and/or 3’ untransiated region (UTR} of a gene, mcluding CD81,
OAZ2, CDO, CD63, SGK1, CARHSPI, MAP4, SLC3SAL, WNK1, DIAPHI, LRRCBA,
FAFZ, NKTR, TBCID1o, GICH, NUCKS1, CAPZB, TBCID16, MPPS6, WDRRE3(0S,
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PMEPAL SERINCS, HTT, SLC29A1, PPP3CA, EZR, HEBPZ, HTT, SLCTAL, LSMI14A,
ERBB2Z, CYPS1AL, GPATCHE, and/or the like. In some aspects, the second target locus
may be disposed within a locus corresponding to a 5" and/or 3' UTR of an mRNA, so that
the integrated barcode may be detected by RNA sequencing methods.

{80118] In some aspects, the integrated barcode sequence is tracked or analyzed via
RINA sequencing {(e.g., iranscriptome sequencing) of genomic sequencing. In some aspects,
the integrated barcode sequence is tracked or analyzed via single cell whole genome
sequencing methods, which enable combinatorial and/or linked edit tracking.

{00119} In some aspects, the nuclease includes a MAD-series nuclease, nickase, or
a variant {e.g., orthologue) thereof In some aspects, the nuclease mncludes a MADI,
MAD?2, MAD3, MAD4, MADS, MADS, MADTR, MADS, MADO, MAD10, MADII,
MADIZ, MADIS, MADI4, MADIS, MADI6, MADI7, MADIS, MADI9, MADZO,
MAD2001, MAD2007, MADZ008, MADZ009, MAD2011, MAD2017, MAD2019,
MAD297, MAD298 MAD299, or other MAD-series nuclease, nickase, variants thereof,
and/or combinations thereof.

{66126] In some aspects, the nuclease includes a Cas? nuclease (also known as Csul
and Csx12), nickase, or a variant thereof,

[66121] In some aspects, the nuclease mcludes C2¢1, C2¢2, C2¢3, Caslt, CasiB, Cas2,
Cas3, Cas4, Cas5, Cas6, Cas7, Cas8, Cas10, Cpfl, Csyl, Csy2, Csy3, Csel, Cse2, Cscl,
Cse2, Csal, Csn2, Csm2Z, Cam3, Csmé, Csm3, Camé, Cowld, Cow3, Cord, Cmres, O,
Usbl, Csb2, Csb3, Tsx17, Csx14, Cax160, Csx16, CsaX, Csx3, Usx1, Csx 15, Csft, Csf2,
Csf3, Csfd, or similar nuclease, nickase, variants thereof, and/or combmations thereof
{80122] In some aspects, such as aspects wherein a CF barcoding cassette and/or CF
editing cassetie 18 utilized, the nuclease 15 a fusion protein—e.g., a nucleic acid-guided
nickase/reverse transcriptase fusion enzyme {a “nickase-RT fusion”}—that retains certain
characteristics of nucleic acid-directed nucleases {e.g., the binding specificity and ability
to cleave one or more DNA strands in a targeted manner) combined with another enzymatic
activily, namely, reverse transcriptase activity. In some aspects, the reverse transcriptase
portion of the nickase-RT fusion may use a CFgRNA (e.g., the barcoding gRNA ina CF
barcoding cassette or editing gRNA in a CF editing cassette) to synthesize and edit at a

“flap” created by the nickase portion on one or both DNA strands of a target locus, thereby

32



(¥4

10

20

A

o2

Wh

WO 2023/122023 PCT/US2022/053377

circumventing the endogenous mismatch repair systems to integrate a barcode or
incorporate an edit.

{80123] In some aspects, the barcoding cassette, the editing casseite, and the nuclease
are mtroduced into the cells on a single vector {e.g., a single-part system). In certain
aspecis, the barcoding cassette, the editing cassette, and/or the nuclease are introduced into
the cells as a multi-part system, wherein the barcoding cassette may be mtroduced
separately from the editing cassette and/or the nuclease In some aspects, the barcoding
cassette may be comprised on a first vector, and the editing cassette and/or the nuclease
may be comprised on a second vector co-delivered with the first vector. In some aspects,
the nuclease 1s introduced to the cells before the introduction of the barcoding cassette and
the editing cassette. In some aspects, one or more of the harcoding cassette, the editing
cassette, and the nuclease are introduced into the cells prior to the mtroduction of the
rematning components for effecting editing and/or barcoding. In some aspects, the cell
comprises the barcoding cassette, the editing cassette, and the nuclease. In some aspects,
the cell comprises the barcoding cassetie and the editing cassette. In some aspects, the cell
comprises the nuclease.

[80124] In some aspects, the nuclease s miroduced nto the cells as a DNA molecule
coding for the nuclease separately or linked to the barcoding cassetie and/or the editing
cassette. In some aspects, the nuclease may be introduced separately into the cells in protem
form or as part of a complex. In some aspects, the same nuclease may be otilized to
mcorporate the intended edit into a first genomaic locus of the cells and the barcode mio a
second genomic locus of the cells. In some aspects, different nucleases may be utilized to
mcorporate the intended edit into a first genomaic locus of the cells and the barcode mio a
second genomic locus of the cells. In some aspects, the nuclease 15 endogenously expressed
m the cells. In some aspects, the nuclease 1s transiently expressed in the cells. In some
aspects, the nuclease is delivered 1nto the cells as a protem molecule. In some aspects, the
nuclease i1s delivered into the cells as a complex with nucleic acid.

{80125} In some aspects, the barcoding cassette, the editing cassette, and/or the
nucleic acid-guided nuclease are introduced into the cell on a linear or circular plasmud. In
some aspects, the barcoding cassette, the editing cassette, and/or the nucleic acid-guided

nuclease are under the control of a constitutive or inducible promoter at a 5’ end thereof.
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{80126] In some aspects, a vector comprising the barcoding cassette, the editing
cassette, and/or the nucleic acid-guided nuclease further comprises an origin of replication
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 edited and/or barcoded. In
some aspects, the selectable marker may be utilized for selective enrichment of edited
and/or barcoded cells. In some aspects, the selectable marker comprises an antibiotic
resistance gene or a fluorescent protein. In some aspects, the selectable marker comprises
the PuroR gene.

{88127] In some aspects, there 15 provided a library of vector or plasnud backbones,
and/or a library of editing cassettes, and/or a library of barcoding cassettes to be
transformed into cells. In some aspects, the utilization of a library of cassettes and/or a
library of vector or plasmid backbones enables combinatorial or multiplex editing in the
cells. In some aspects, a library of cassettes or vectors may comprise casseties or vectors
that have any combination of common elements and non-common or different elements as
compared to other cassettes or vectors within the pool. In some aspects, a hibrary of editing
cassettes may comprise conunon prirming sites or common niwck-to-edit or post-edit
homology regions, while also containing non-comunon or unique edits. In some aspects, a
library of barcoding casseties may comprise conynon priming sites or common nick-to-
barcode or post-barcode homology regions, while also containing non-common or unique
barcode sequences. In some aspects, combinations of common and non-common elements
are advantageous for multiplexing or combimatorial technigues disclosed herein.

{60128] In some aspects, a library of casseties comprises at least 2 cassettes, at least
10 cassettes, at least 100 cassettes, at least 500 casseties, at feast 1,000 cassettes, at least
5,000 cassettes, at jeast 10,000 casseties, at least 100,000 casseites, or at least 1,000,000
cassettes. In some aspects, a library of cassettes comprises between 5 cassettes and
1,000,000 casseties, between 100 cassettes and 500,000 cassettes, between 1,000 cassettes
and 100,000 cassettes, between 1,000 cassettes and 10,000 cassettes, or between10,000
cassettes and 50,000 cassettes.

{B0129] In some aspects, one or more editing cassettes in a library of editing casseties
each comprise a different editing gRNA targeting a different target locus within the cell

genome. In some aspects, one or more editing cassettes in a library of editing cassettes each

34



v 4

10

2

A

o2

0

Wh

WO 2023/122023 PCT/US2022/053377

comprise a different edit to be incorporated within the celi genome. In some aspects, one
or more barcoding cassettes in the library of barcoding cassettes each comprise a different
barcoding gRNA targeting a different target locus within the cell genome. In some aspects,
one or more barcoding cassettes n a library of barcoding cassettes each comprise a
different barcode to be incorporated within the cell genome.

{B0138]  In some aspects, there is provided a trackable library comprising a plurality of
casseties or a plurality or vectors comprising a cassettes as disclosed herein. In some
aspects, within the trackable library are distinct editing cassette and barcoding cassette
combinations, which when sequenced upon editing, facilitate tracking of editing events in
a population of cells. Accordimgly, when edits and barcodes are incorporated into a target
genome, the incorporation of an edit 1s determined based on sequenced the barcode.
{60131] In some aspects, there is provided a gene-wide or genome-wide hibrary of
casseties or vectors comprising cassettes as disclosed herein.

{60132] In some aspects, there are provided methods of recursive or iterative rounds of
editing operations. In some aspects, during each round of editing, a new or unique barcode
is incorporated mio the cell genome, such that following multiple editing rounds to
construct combinatorial diversity throughout the genome, sequencing of the barcodes can
be used to reconstruct each combinatorial genotype or to confirm that the edit from each
round or operation has heen mcorporated into the genome. In some aspects, methods
disclosed herein comprise 2 or more rounds of editing, 3 or more rounds of editing, S or
more rounds of editing, 7 or more rounds of editing, or 10 or more rounds of editing. In
some aspects, methods disclosed heremn comprises one round of editing,

{B0133] Insome aspects, one or more unique barcodes can be inserted i each round of
multiple iterative or recursive editing operations. In some aspects, the umique barcodes may
be mserted adjacent or in proximity to each other {e.g., 1 a single target region}, or at a
distance and/or in separate target regions,

{B0134] In some aspects, recursive or iterative editing methods may be used. In some
aspects, recursive or iterative editing methods may be used for analyzing combinatorial
mutational effects on large populations, or for inserting entire pathways within cells.
{80135] Insome aspects, the methods described herein facilitate paraliel analysis of two

or more target profeins.
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{80136] In some aspects, the methods described herein enable preparation of a
comprehensive library of genetic variations encompassing all residue changes of one or
more target proteins, such as one of more target proteins that contributed to a trait.
{B6137] The present disclosure provides, in selected aspecis, modules, mstruments,
and systems for automated multi-module cell processing for trackable nucleic acid-guided
genome editing in multiple cells. Automated systems for cell processing that may be used
for can be found, e.g, in US Pat Nos USPNs 10,253316; 10,329,559; 10,323,242,
10,421,959 10.465,185; 10.519.437: 10,584.333: 10,584.334; 10,647,982 10,689 645;
10,738,30%; and 10,738,663,

{60138] Insome aspects, the automated multi-module cell processing instruments of the
present disclosure are designed for recursive genome editing, e.g., sequentially introducing
muliiple edits into genomes inside one or more cells of a cell population through two or
more editing operations within the mstrumenis.

[30139] In some aspects, the methods, compositions, modules, and instruments
described herem may be utilized for efficient tracking of barcodes utilized during editing,
for efficient tracking of nbonucleoprotein (RNP) based transfections, and for efficient
tracking of nouv-plasnud based barcode delivery via homologous recorobination (HR) or

non-homologous end joining {NHEDI) based integration.

Nugleic Acid-Guided Nickase/Reverse Transcriptase Fusion Protein Genome Editing,

Generally

{80148]  Certain aspects described herewn provide an alternative to traditional nucleic
acid-guided nuclease editing {e.g., RNA-guided nuclease or CRISPR editing) vsed to
mtroduce desired edits to a population of cells; that is, the compositions and methods
described heremn may employ a nucleic acid-guided nickase/reverse transcriptase fusion
enzyme {nickase-RT fusion™) as opposed to a nucleic acid-guided nuclease {e.g., a
“CRISPR nuclease”™). The nickase-RT fusion employed heremn differs from traditional
CRISPR editing in that instead of initiating double-stranded breaks m the target genome
and homologous recombination to effect an intended edit and/or integrate a barcode
corresponding with an intended edit, the nickase imitiates a nick i a single strand of the

target genome, ¢.g., the non-complementary strand. Further, the fusion of the nickase to a
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reverse transcriptase, in combination with an editing or barcoding cassette comprising a
¢RINA and repair template, eliminates the need for a donor DNA to be mcorporated by
homologous recombination. Instead, a nucleic acid sequence encoding the repair template
of the corresponding cassette—typically a ribonucleic acid—may serve as a template for
the reverse transcription {“RT7) portion of the fusion enzyme to add an intended edit or
barcode to the nicked strand at the target locus. That is, utilization of a nickase-RT fusion
enables incorporation of the edit or barcode in the target genome by copying an RNA
sequence {e.g., at the RNA level) rather than replacing a portion of the target locus witha
donor DNA {e.g., at the DNA level).

{60141] The nickase—functioning as a single-strand cutter and having the specificity of
a nucleic acid-guided nuclease—engages the target locus and nicks a strand of the target
locus creating one or more free 3' termunal nucleotides. The 3’ end of the repair template
encoded by the editing cassette or barcoding cassette s then annealed to the nicked strand,
and the reverse transcriptase utilizes the 3' terminal nucleotide(s) of the nicked strand to
copy the repair teroplate and create a “flap” containing the desired edit or barcode.
Thereafter, endogenous repair mechanisms of the cells repair the nick 10 favor of the
desired edit by hybnudizing the flap to the wild-type {e.g., unedited) DNA strand. In
sumumnary, m certain aspects, the present methods and compositions are drawn 1o using the
mckase-RT fusion to nick a strand of BNA at the target locus and, using an editing cassette
or barcoding cassette, to effect the desired edit or barcode on the strand via the reverse
transcriptase portion of the nickase-RT fusion.

{60142] (Generally, nucleic acid-guided nuclease editing typically begins with a nucleic
acid-gwided nuclease complexing with an appropriate guide nucleic acid 1 a cell whuch
can cut the genome of the cell at a desired location. The guide nucleic acid helps the nucleic
acid-gwided nuclease recognize and cut the DNA at a specific target sequence. By
manipulating the nucleotide sequence of the guide nucletc acid, the nucleic acid-guided
nuclease may be programmed to target any DNA sequence for cleavage as long as an
appropriate protospacer adjacent motf {(PAM) 1s nearby. For some nucleic acid-guided
nucleases, two separate guide nucleic acid molecules that combine to function as a gwde

nucleic acid are used, e.g., a CRISPR RNA {crRNA) and trans-activating CRISPR RNA
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(tracrRNA). For other nucleic acid-guided nucleases, the guide nucleic acid may be a single
cuide nucleic acid that includes both the crRNA and tractRNA sequences.

gRINA or CFgRNA) complexes with a

r

{80143] In general, a guide nucleic acid (e.g
compatible nucieic acid-guided nuclease and can then hybridize with a target sequence,
thereby directing the nuclease to the target sequence. A guide nucleic acid can be DNA or
RINA; alternatively, a guide nucleic acid may comprise both DNA and RNA. In some
aspecis, a guide nucleic acid may comprise modified or non-naturally occurring
nucleotides. In the present methods and compositions, the guide nucleic acid 1s RNA.
{00144] A guide nucleic acid comprises a guide sequence, where the guide sequence (as
opposed to the scaffold sequence portion of the guide nucleic acid) 15 a polynucleotide
sequence having sufficient complementarity with a target sequence to hybridize with the
target sequence and direct sequence-specific binding of a complexed nucleic acid-guided
nuclease to the target sequence. The degree of complementarity between a guide sequence
and the corresponding target sequence, when optimally aligned using a suitable alignment
algorithm, 1s about or more than about 50%, 55%, 60%, 65%%, 70%, 75%, 80%, §3%, 90%,
92.5%, 95%, 97.5%, 99%, or more. Optimal alignment may be determived with the use of
any suitable algorithm for aligning sequences {e.g., without being lirniting, BLAST™). In
some aspects, a guide sequence 18 about or more than about 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 75, or more nucleotides in
fength. In some aspects, a guide sequence 1s less than about 75, 50, 45, 40, 35, 30, 25, 20
nucleotides n length. Preferably the guide sequence 15 between 10 nucleotides and 30
nucleotides long, between 15 nucleotides and 20 nucleotides long, or 15, 16, 17, 18, 19, or
20 nucleotides m length.

{80145] In some aspects of the present methods and compositions, the guide nuclec
acids are provided as mRNAs or sequences to be expressed from a plasmid or vector, and/or
as sequences 1o be expressed form a cassette optionally nserted into a plasrmid or vector,
and comprise both the guide sequence and the scaffold sequence as a single transcript. The
guide nucleic acids are engineered to target a desired target sequence by altering the guide
sequence so that the gunde sequence i1s complementary to a desired target sequence, thereby
allowing hybridization between the guide sequence and the target sequence. In general, to

generate an edit or integrate a barcode in the target sequence, the gRNA/nuclease complex
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binds to a target sequence as determined by the guide RNA, and the nuclease recognizes a
protospacer adiacent motif (PAM]) sequence adjacent to the target sequence. The target
sequence can be any polvnucleotide endogencus or exogenous to a prokaryotic or
eukaryotic cell, or in vitre. 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 {e.g., a protein} or a non-coding sequence {¢.g., a regulatory polynucleotide,
an ntron, @ PAM, or “junk”™ DNA}Y.

{00146]  As described above, in certain aspects, the guide nucleic acids may be part of
editing cassettes or barcoding cassettes that also encode for repair templates, which are
used as templates for reverse transcription by the reverse transcriptase portion of the
nickase-RT fusion. Fach repair template generally comprises a desired edit or barcode
corresponding with a desired edit to be mcorporated into the target DNA sequence.
Accordingly, the edit or barcode 1s integrated into the target DNA sequence via copying of
the repair template by the nickase-RT fusion, therefore not depending on HDR mechanisms
between the target genome and a donor nucleic acid to effect the edit or barcode.

[60147]  The target sequence 18 associated with a proto-spacer adjacent motif (PAM),
whuch is a short nucleotide sequence recognized by the gRNA/muclease complex. The
precise preferred PAM sequence and length requirements for different nucleic acid-guided
nucleases vary; however, PAMs typically are 2-8 base-pawr sequences adjacent or mn
proximity to the target sequence and, depending on the nuclease, can be § or 3" to the target
sequence. Engimeering of the PAM-mnteracting domain of a nucleic acid-guided nuclease
may allow for alteration of PAM specificity, improve target site recogmtion fidehity,
decrease target site recogmiion fidelity, or increase the versatility of a nucleic acid-guded
nuclease.

{B0148]  In certan aspects, the editing or barcoding of a cellular target sequence both
mtroduces a deswred DNA change to the cellular target sequence, e.g., the genomic DNA
of a cell, and removes, mutates, or renders inactive a PAM region or spacer region in the
cellular target sequence. Rendering the PAM at the cellular target sequence inactive
preciudes additional editing of the cell genome at that cellular target sequence, e.g., upon
subsequent exposure to a nucleic acid-guided nuclease complexed with a synthetic guide

nucleic acid in later rounds of editing.
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{68149] The range of target sequences that nucleic acid-guided nucleases can recognize
is constrained by the need for a specific PAM to be located near the desired target sequence.
As a result, it often can be difficult to target edits with the precision that is necessary for
genome editing. It has been found that nucleases can recognize some PAMSs very well (e.g.,
canonical PAMs}, and other PAMSs less well or poorly {e.g., non-canonical PAMs).
{B0138]  As for the nuclease or nickase-RT fusion component of the nucleic acid-guded
nuclease editing system, a polynucleotide sequence encoding the nucleic acid-guided
nuclease or nickase-RT fusion can be codon optimized for expression in particular cell
types, such as archaeal, prokaryotic or eukaryotic cells. Eukaryotic cells can be veast,
fungi, algae, plant, animal, or human cells. Eukaryotic cells may be those of or derived
from a particular organism, such as a mammal, including but not limited to human, mouse,
rat, rabbit, dog, or non-human mammals including non-human primates. The choice of
nucleic acid-guided nuclease or nickase-RT fusion to be emploved depends on many
factors, such as what type of edit 1s to be made in the target sequence and whether an
appropriate PAM 15 located close to the desired target sequence.

[60181] Nucleases of use m the methods described herein include but are not hmited to
nickases engineered from nucleic acid-gwided nucleases such as Cas9, Cas 12/Cpfl,
MADZ, MADZGOT7, MADZ017, MAD2019, MAD297, MAD2Z98, MADZ99, MADT®, or
other MADZYME®, variants thereof, and nuclease or nickass fusions thereof Nickase-
RT fusion enzymes typically comprise one or more CRISPR nucletc acid-guided nucleases,
each engineered to nick one DNA strand in the target DNA rather than making a double-
stranded cut, and the nickase portion{s} are fused to a reverse transcriptase. In certain
aspects of the present methods, the nickase-RT fusion nicks both strands of the target locus,
atbeit where the two nicks are staggered rather than at the same position which would result
m a double-stranded cut. As with the gurde nucleic acid, the nucleases or nickases may be
encoded by one or more DNA sequences on a vector {e.g., an engine vector or an editing
or barcoding vector also comprising the editing and/or barcoding cassette} and be under
the control of a promoter—including inducible or constitutive promoters—or the nickase-
RT fusion may be delivered as a protein or RNA-protein complex.

{80152] In addition to a nucleic acid sequence encoding the gRNA and a nucleic acid

sequence encoding the repair template, an editing cassette, barcoding cassette, or editing
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vector backbone may comprise one or more primer sites. The primer sites can be used to
amplify the cassetie or editing vector backbone by using oligonucleotide primers; for
example, if the primer sites flank one or more of the other components of the cassetie or
editing vector backbone, e.g., the nucleic acid sequence encoding the gRNA and/or the
nucleic acid sequence encoding the repair template.

{B01583]  Additionally, 1n some aspects, a vector encoding the nickase-RT fusion enzyme
and/or the CF editing cassette further encodes one or more nuclear localization sequences
{INLSs), such as about or more thanabout 1, 2,3, 4, 5, 6,7, 8,9, 10, or more NLSs. In some
aspects, the engineered nuclease comprises NLSs at or near the amino-terminus, NLSs at

or near the carboxy-terminus, or a combination.

Improved Nucleic Acid-Guided Nickase/Reverse Transceriptase Fusion Editine and

Trackine of Edic

{001584] Creating a library of genomic ediis requires tracking {e.g., identification) of
editing events. Traditionally, 1n order to track editing events during one or more rounds of
nucleic acid-guded nuclease editing, lentivector-based barcodes or episomal components
are introduced into the host cells along with the editing guide nucleic acids, donor DNA,
and/or nucleases for mtegration into the cell genomes. However, random integration of
lentivector-based systems may adversely affect phonotype-genotype reagents, and
episomes are nefficient and have low establishments rates, leading to a loss in library
diversity. The present disclosure addresses the deficiencies of these and other trackable
mtegration technologies.

{B0185]  In particular, aspects of the present disclosure provide compositions of matter,
methods and mnstruments for nucleic acid-gwnded nickase/reverse transcriptase fusion
{“nickase-RT fusion”) editing of hve cells using editing and barcoding cassettes, e.g.,
CREATE fusion editing and barcoding cassettes, each comprising a gRNA covalently
linked to a repair template comprising an intended edit or barcode. The editing casseties
and barcoding casseties are engineered to edit and barcode genomic DNA, respectively, at
separate target loci, wherein each barcode may correspond with one or more editing events.
Thus, nickase-RT fusion editing events may be tracked on a one-to-one basis utilizing

single cell genomic DNA or RNA sequencing methods to ideniify integrated barcodes. In
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such examples, each integrated barcode may serve as a proxy for one or more
corresponding edits.

{801586] Uulizing the composttions and methods described herein, a single nickase-RT
fusion enzyme may be used to facilitate the incorporation of a desired edit into a cell
genome at a first target locus, as well as the integration of a barcode sequence mio the
genome at a second target locus. Further, a single barcode mntegration locus, e.g., a safe
harbor locus, intronic region, or non-essential gene exon, once optimized, may enable
consistent integration of multiple trackable barcodes, thereby facilitating tracking of
multiple editing events that may target many different genomic loct via sequencing of the
single barcode integration locus. Accordingly, sequencing of a single locus enables relative
quantitation of design diversity and abundance without having to directly sequence the
exact targeted iocus or construct used in an edit-driving library.

{80187] FIG 1A isasimplified block diagram of an example of a method 100 for editing
live cells via nucleic acid-guided nickase/reverse transcriptase fusion (“nickase-RT
fusion”) editing and for tracking the editing events. In particular, the exemplary method
100 utilizes a nickase-RT fusion enzyme 10 combination with a CREATE fusion editing
cassette {“CF editing cassette”) and a CREATE fusion barcoding cassette (“CF barcoding
cassette”), as described above, to effect an intended edit in the cell genome and further
mtegrate a barcode corresponding with the mtended edit.

{80188] Lookingat FIG 1A, method 100 begins at 102 by designing and synthesizing
CF editing cassettes, such as a library of CF editing cassettes, each comprising a
covalently-linked editing CFgRNA and repair template designed to incorporate an edit into
one or both DNA strands at a first target locus. That 1s, each CF editing cassette encodes
an editing CFgRNA sequence and a repair template sequence to be reverse transcribed
comprising a desired genome edit, as well as a PAM and/or spacer mutation{s}. Once the
CF editing cassettes have been synthesized, the individual cassettes may be amplified.
{001%9]  Smularly, at 104, CF barcoding cassettes {e.g., a hibrary of CF barcoding
cassettes) are designed and synthesized, each cassetie comprising a covalently-linked
barcoding CFgRNA and repair template designed to incorporate a unique barcode into one
or both DNA strands at a second target locus, which may be different from the first target

locus. In other words, each CF barcoding cassette encodes a barcoding CFgRNA sequence
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and a repair template sequence {o be reverse transcribed comprising a barcode sequence
corresponding with an edit carrigd by the CF editing cassettes, as well as a PAM and/or
spacer nnutation{s). Once the CF barcoding cassettes have been synthesized, the individual
cassettes may be amplified.

{80168] In certain aspects, the second target locus comprises a neutral integration site,
or “safe spot,” that facilitates stable integration of the barcode sequence without significant
impact on cell growth or function. In certain aspects, the second target locus 1s a safe harbor
locus disposed centrally in a large mtergenic or intronic region to reduce the potential of
barcode sequence integration adversely affecting genes neighboring the integrated barcode.
In certain aspects, the integration locus of the barcode sequence is elected based on
mspection of a host GFP fusion localization database. In further aspects, the second target
locus 1s adjacent to the first target locus, or within close proximity to the first target locus.
[80161] At 106, a nickase-RT fusion enzyme 15 designed As described above, the
nickase-RT fusion enzyme comprises, in order from amino terminus to carboxy terminus,
or from carboxy termunus to amino terminus, a nucleic acid-guded nickase and a reverse
transcriptase. The nuckase~-RT fusion enzyme may be dehivered to the cells as a coding
sequence m a vector {in some aspects under the control of an nducible promoter), such as
the same or different vector as the CF editing cassetie and/or CF barcoding cassetie, or the
nckase-RT fusion enzyme may be delivered to the cells as a protein or protein complex.
In method 100, the nickase-RT fusion enzyme 1s delivered to the cells via a coding
sequence m an editing vector further comprising at least the CF editing cassette.

[80162] At 108, the CF editing cassettes, the CF barcoding casseties, and/or the nickase-
RT fusion enzymes are assembled with vector backbones, such as plasmid backbones, to
create editing vectors, e.g., a hbrary of editing vectors. In certam aspects, a CF editing
cassette, {F barcoding cassette, and nickase-RT fusion enzyme are assembled together on
a single editing vector. An example of an editing vector comprising all the aforementioned
components is illustrated in FIG 1D In certain other aspects, however, the CF editing
cassette and nickase-RT fusion enzyme are assembled into an editing vector together, and
the CF barcoding cassette is assembled mnto a separate barcoding vector. In stiil other
aspects, the CF barcoding cassette and nickase-RT fusion enzyme are assembled into a

vector together, and the {F editing cassette is assembled into a separate vector.
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{80163] At 110, the engine and editing vectors are introduced into the live cells. A
variety of delivery systems may be used to introduce {e.g., transform, transfect, or
transduce) nucleic acid-guided nickase fusion editing system components into a host cell
110, These dehivery systems mclude the use of yeast systems, lipofection systems,
microinjection systems, biolistic systems, virosomes, lhiposomes, immunoliposomes,
polycations, hipidinucleic acid conjugates, virions, artificial virions, viral vectorss,
electroporation, cell permeable peptides, nanoparticles, nanowires, exosomes.
Alternatively, molecular trojan horse liposomes may be used to deliver nucleic acid-guided
nuclease components across the blood brain barrier. OFf particular interest is the use of
electroporation, particularly flow-through electroporation (either as a stand-alone
mstrument or as a module in an awtomated multi-module system) as described in, e.g.,
USPNs 10,253,316, 1ssued 09 Aprid 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
November 2019; 10,519,437, issued 31 December 2019; 10,584,333, issued 10 March
2020; 10,584,334, 1ssued 10 March 2020; 10,647,982, 1ssued 12 May 2020; 10,689,645,
issued 23 June 2020; 10,738,301, 1ssued 11 August 2020; 10,738,663, 1ssued 29 September
2020; and 10,894,938, issued 19 January 2021,

[00164] Ounce transformed 110, the next steps i method 100 wnclude providing
condifions for nucleic acid-guided nuclease editing 112 and for barcoding 114 “Providing
conditions” includes incubation of the cells n appropriate medium and may also include
providing conditions to mduce transeription of an inducible promoter (e.g., adding
antibiotics, adding inducers, increasing temperature) for transcription of a CF editing
cassette, CF barcoding cassette, and/or nickase-RT fusion enzyme. In certam aspects, the
conditions for editing 112 and for genomic integration of the barcode 114 are the same and
thus, these steps are performed simultaneously. In certain aspects, the conditions for editing
112 and for genomic mtegration of the barcode 114 are different {e.g., the barcoding
CHFgRNA of the CF barcoding cassette may be under the control of a different inducible
promoter than other components of the editing system), and these steps may be performed
either simultaneously or in sequence.

{80165] Once editing and barcoding s complete, the cells are allowed to recover and

are preferably enriched for cells that have been edited and/or cells in which the barcode
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has mtegrated into the genome 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-introduced with one or more components of the editing components. At
this pomt i method 100, the cells can be characterized phenotypically or genotypically or,
optionally, steps 102 to 114 or steps 110 to 114 may be repeated to make additional
trackable edits 118 in recursive or iterative editing rounds. In certain aspects, steps 102 to
114 are repeated to create or construct a defined combination of edits or a combinatonal
library.

{80166] After recovery and enrichment of edited cells, the genomic DNA or RNA
transcripts of the cells may be sequenced to track or analyze the editing events 120, wherein
the integrated barcode(s) serve as accurate proxies for corresponding edits. For example,
the cells may be lysed and DNA or RNA extracted, purified, amplified, prepared into
libraries, and sequenced to track for integrated barcodes. A simplified graphic depiction of
step 120 1s depicted in FIG. 1B, wherein a library of edits 15 sequenced to track editing
events. In certain aspects, amplicons of genomic DNA are sequenced via any suttable high-
throughput method, such as single molecule real time (SMRT) sequencing, nanopore
sequencing, sequencing by synthesis (8BS or Hlumina sequencing, Ton Torrent
sequencing, sequencing by higation {(SBL), combinatorial probe anchor synthesis {¢PAS)
sequencing, parallel pyrosequencing, mucrofluidic methods, etc. In certain aspects, the
transcriptome of the cells 15 sequencing via any suitable high-throughput RNA sequencing
{(RNA-Seq) method, such as bulk or scRNA-Seq.

[80167] FIG 1€ 13 a simplified graphic depiction of the mechanism of a nucleic acid-
guided nickase enzyme/reverse transcriptase fusion enzyme edit. At left w FIG 1€, a
nickase-RT fusion enzyme and CFgRNA of 3 {F editing cassette {or CF barcoding
cassette) are shown bound to a target locus of the cell genome, where the target locus in
the context of the methods and compositions herein 15 a locus of approximately 8 to 500
nucleotides in length, or 10 to 400 nucleotides in length, or 10 to 300 nucleotides m length.
in one step, the nickase-RT fusion enzyme and the CFgRNA bind to the target locus and
the nickase nicks a single DNA strand at the target locus, thus creating a 3” “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) appropniately located in

45



v 4

10

20

jN.)
Wh

(e
<

WO 2023/122023 PCT/US2022/053377

or adjacent (e.g., downsiream) to the target locus and on the strand to be nicked and edited.
The CFgRNA must also be complementary to a region of the strand to be edited and must
include the desired edit to be incorporated.

{B0168] At nght in FIG 1C shows the previcusly formed flap, where the reverse
transcriptase (RT} portion of the nickase-RT fusion enzyme adds nuclectides to extend the
3' free end of the nicked strand using the repair template of the CF editing cassette, which
includes the desired edit, as a template. The regions of the DNA strands that are synthesized
by the RT may include a nick-to-edit region, an edit region, and a post-edit homology
complementary to the unedited {e.g., wild-type (wt}) 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 DNA repair pathways. The target
locus may resolve into either wild-type, where the desired edit is not incorporated, or nto
an edited target locus. Once the DNA flap containing the edit 1s synthesized, an equitibrium
15 established between the newly synthesized 3' flap and the wt 5' flap. The equilibrium can
be affected by the length of the edu, nick-to-edit distance, and/or post edit homology
region. In order for the newly synthesized flap to be incorporated into the genome, the §'
flap 1s hikely degraded by an exonuclease. This allows the 3" flap to anneal to the DNA, and
a polymerase then likely fills in any missing nucleotides and a DNA ligase seals the nick.

[80169] At this stage, one DNA strand contaimns the edit while the second DNA strand
does not. A musmaich repair or DNA replication process 13 hikely responsible for copying
the edit into both strands. Note that DNA replication and muismatch repair can also favor
the wt strand as opposed to the edited strand. If the flap equilibration favors the wi
(wildtype} 5' flap, the newly synthesized flap 15 likely degraded and sealed 1n the same
manner described above,

{60178] Although described with reference to a CF editing cassette, the mechamsm
depicted in FIG. 1C may also be utilized for integration of a barcode with a CF barcoding
cassette. For example, the same nickase-RT fusion enzyme may be utilized o create and
add to a 3" flap, wherein the RT portion of the fusion enzyvme utilizes the repair template
of the CF barcoding cassette as a template to add the barcode to the nicked strand.

Accordingly, the regions of the DNA strands that are synthesized by the RT may include a

46



1

2

A

o2

v 4

G

0

Wh

WO 2023/122023 PCT/US2022/053377

nick-to-barcode region, a barcode region, and a post-barcode homology (PBH) region. The
nick-to-barcode region and the post-barcode homology (PBH) region, similarly to the nick-
to-edit region and PEH region, are complementary to the wild-type sirand, thus facilitating
resolution of the barcoded flap with the wild-type strand via endogencus repair
mechanmisms, e.g., homology-directed repair (HDR) or other recombination pathways,
before being copied mto both strands.

{80171] FIG 1D schematically depicts an example of a single-vector system for
trackable nickase-RT fusion editing of live cells according to aspects described herein.
Note that the layout of the vector in FIG. 1D s only an example of, and does not limit
aspects of, the present disclosure to any particular arrangement or orientation of
components. As shown, the “combined editing and barcoding” vector comprises a nickase-
RT fusion enzyme, a CF editing cassette comprising a nucleic acid sequence encoding an
editing CFgRNA and repair template, and a CF barcoding cassette comprising a nucleic
acid sequence encoding a barcoding CFgRNA and repair template. Also shown n FIG 1D
are one or more mammalian promoters {e.g., inducible or constitutive), which may be
mtegrated nto the vector at 5 ends of the ruckase-RT fusion enzyme, the CF editing
cassette, the CF barcoding cassette, and/or other components to drive transcription thereof.
For exarople, the nickase-RT fusion enzyme in FIG. 1D 15 depicted as being under the
transeriptional control of a eukaryotic translation elongation factor 1 o ("EFLA”) promoter,
the CF editing cassette 13 under the transcriptional control of a human Us ("hU6™)
promoter, and the CF barcoding cassette 15 under the transcriptional control of a mouse U
(“mlJ6”) promoter. However, other promoters are also contemplated.

{80172]  Incertam aspects, the single-vector systern further includes a selectable marker
to facilitate ennchment or selection of cells successfully transformed with the vector, e.g.,
while performing the method 100, Accordingly, the selectable marker may be used to “tag”
and enrich for transformation events, and may also be under the transcriptional contro} of
a promoter. Examples of suitable markers include antibiotic resistance genses and
fluprescent protems. In FIG. 1D, the selectable marker comprises the PuroR gene, which
is under the control of a phosphoglycerate kinase (“"PGK”) promoter at a 5’ end thereof.
{80173] FIG 1E schematically depicts an exemplary multi-vector system for trackable

nickase-RT fusion editing of hive cells according to aspects described heremn. In particular,



1

2

A

o2

v 4

G

0

Wh

WO 2023/122023 PCT/US2022/053377

FI(z 1E depicts a two-vector system, wherein a nickase-RT fusion enzyme, a CF editing
cassette comprising a nucleic acid sequence encoding an editing CFgRNA and repair
template, and a selectable marker are disposed on a first “editing” vector, and the CF
barcoding cassette comprising a nuclei¢ acid sequence encoding a barcoding CFeRNA and
repair template 1s disposed on a second “barcoding” vector. Note that the layout of the two
vectors in FIG 1TE 1s only an example, and does not limit aspects of the present disclosure
to any particular arrangement or orientation of components. For example, in certain
aspects, the nickase-RT fusion enzyme and/or selectable marker may be integrated into the
barcoding vector with the CF barcoding cassette instead of the editing vector.

{60174]  Swnular to FIG. 1D, the nickase-RT fusion enzyme, the CF editing cassette, the
CF barcoding cassette, and/or other components of the multiple vectors may be under the
control of one or more inducible or constitutive promoters. For purposes of illustration, the
same promoters in FIG. 1D are depicted in FIG. 1E. However, other promoters are also
contemplated.

[B0178] FIG 1F 15 a sunplified graphic depiction of an example of a double-stranded
CF editing cassette {(top) and CF barcoding cassetie (bottom) for trackable nickase-RT
fusion editing of live cells. Note that the layouts of the cassettes i FIG IF are only
examples and does not it aspects of the present disclosure to any particular arrangement
or orientation of corponents thereof. In FIG. 1F, each of the CF editing cassette and CF
barcoding cassetie comprise a nucleic acid sequence encoding a CFgRNA covalently
linked to a repair template. More particularly, the CF editing cassetie comprises from 5’ to
3" an optional GG transcription initiation sequence to facilitate high efficiency transcription
{e.g., by T7 RNA polymerase) (denoted “G{G7); an editing CFgRNA configured to target
a first target locus and comprising from 5" to 3’ a spacer region (denoted “SR”} having
complementarity to the {irst target focus and a scaffold or repeat region (denoted “CR”Y;
the repair template comprising from 5" to 3" 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 RNA Geguadruplex region {denoted “QG7), and a PolyT
transcription terminator {denoted “TT7}.

{80176] Similarly, the CF barcoding cassetie comprises from 3 to 3’ an optional GG

transcription mitiation sequence {denoted “G(G7); a barcoding CFgRNA configured to
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target a second target locus and comprising from 5’ to 3' a spacer region {denoted “SR”)
having complementarity to the second target locus and a scaffold (denoted “CR”Y; the
repair template comprising from 5 to 3’ an optional posi-barcode homology region
{denoted “PBH”), a barcode sequence {denoted “BC”}, a nick-to-barcode region {denoted
“INB”), and a primer binding stie {denoted “PBS”}; an RNA G-quadruplex region {denoted
“QG7); and a PolyT transcription terminator {denoted “TT7).

{80177] FIG 1G 15 a simphified graphic depiction of an example of a mechamism for
selection of successfully edited and/or barcoded live cells. In the example of FIG 1, the
barcoding CFgRNA 15 designed to target a second target locus within the coding region of
a non-essential cell surface receptor such that a barcode i1s integrated into said coding
region, thus preventing expression of a functional cell surface receptor gene. Accordingly,
successful barcode integration results in elimination of the receptor from cell surfaces.
Antibody and/or bead-based affimty purification (e.g., affinity depletion) may then be
utilized to remove cells that were not successfully barcoded (2.g., still expressing the cell
surface receptor), leaving only barcoded cells via negative selection (right of FIG. 1G).
[66178] In such examples, the barcode sequence may comprise a frameshifting edit
{bottorn of FIG. 1G) and be § or more nucleotides m length, wherein the number of
nucleotides 1s not a multiple of 3 (e.g., 10, 11, 13, 14, etc.). Alternatively, the barcode
sequence may comprise an in-frame STOP codon {TAGTGA) {center of FIG. 1G) edit and

be 9 or more nucleotides n fength,

Automated Cell Editine Instraments and Modules to Perform Nudcleie Acid-Guided

Nuclease Editine in Cells

Automated Cell Editing Instrumenis

{B6179] FIG. 2A depicts an example of an automated multi-module cell processing
mstrument 200 to, e.g, perform one of the exemplified novel methods using the novel
nickase-RT fusion and CFgRNA compositions described herein. The instrument 200, for
example, may be and preferably is designed as a stand-alone desktop instrument for use
within a laboratory environment. The instrument 200 may incorporate a mixture of reusable
and disposable components for performing the various integrated processes in conducting

automated genome cleavage and/or editing in cells without human mtervention. Hlustrated
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is a ganiry 202, providing an automated mechanical motion system {actuator} {not shown)
that supplies XYZ axis motion control to, e.g., an automated (e.g., robotic) liquud handling

¢, an air displacement pipettor 232 which allows for cell

&

system 258 including, e
processing among multiple modules without human intervention. In some automated
multi-module cell processing instruments, the air displacement pipettor 232 s moved by
gantry 202 and the various modules and reagent cartridges remain stationary; however, in
other aspects, the hquid handling system 258 may stay stationary while the various
modules and reagent cartridges are moved. Also included in the automated multi-module
cell processing instrument 200 are reagent cartridges 210 comprising reservoirs 212 and
transformation module 230 {e.g., a flow-through electroporation device as described in
detatl in relation to FIGs. 5B — 5F), as well as wash reservoirs 206, cell input reservoir 251
and cell output reservoir 253, The wash reservoirs 206 may be configured to accommodate
large tubes, for example, wash solutions, or solutions that are used often throughout an
iterative process. Although two of the reagent cartridges 210 comprise a wash reservoir
206 in FIG. 2A, the wash reservoirs instead could be ncluded in a wash cartridge where
the reagent and wash cartridges are separate cartridges. In such a case, the reagent cartridge
210 and wash carinidge 204 may be identical except for the consumables (reagents or other
components contained within the various inserts) inserted theren.

[B0188] In some wmplementations, the reagent cartridges 210 are disposable kus
comprising  reagents and cells for use wn the automated multi-module cell
processing/editing nstrument 200, For example, a user may open and position each of the
reagent cartridges 210 comprising various desired mserts and reagents within the chassis
of the automated multi-module cell editing mstrument 200 prior to activating cell
processing. Further, each of the reagent cariridges 210 may be mserted into receptacles
the chassis having different temperature zones appropriate for the reagents contamed
therein.

{00181]  Alsoillustrated in FIG. 2A 15 the robotic ligund handling system 258 including
the gantry 202 and air displacement pipettor 232, In some examples, the robotic handling
system 258 may include an avtomated higuid handling system such as those manufactured
by Tecan Group Ltd of Mannedorf, Switzerland, Hamilton Company of Reno, NV {see,

e.g., WO2018015544A1), or Beckman Coulter, Inc. of Fort Collins, CO. (see, e.g,
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US20160018427A1). Pipette tips may be provided in a pipette transfer tip supply (not
shown) for use with the air displacement pipettor 232

{80182] Inseris or components of the reagent cartridges 210, in some implementations,
are marked with machine-readable indicia (not shown}, such as bar codes, for recognition
by the robotic handling system 258. For example, the robotic hquid handling system 258
may scan one of more inserts within each of the reagent cartridges 210 to confirm contents.
in other implementations, machine-readable mmdicia may be marked upon each reagent
cartridge 210, and a processing system (not shown, but see element 237 of FIG. 2B) of the
automated mulit-module cell editing instrument 200 may wdentify a stored materials map
hased upon the machine-readable indicia. In the aspect llustrated in FIG. 2A, a cell growth
module comprises a cell growth vial 218 (described in greater detail below in relation to
FlGs. 3A — 3D} Additionally seen s the TFF module 222 {described above in detatl in
relation to FIGs. 4A — 4E). Also illustrated as part of the automated multi-module cell
processing instrument 200 of FIG. 2A 1s a singulation module 240 {e.g., a sohd wall
isolation, meubation and normalization device (SWIIN device) 1s shown here) described
herein n relation to FIGs. 6C — 6F, served by, e.g., robotic hiqud handing systers 258 and
air displacement pipettor 232, Additionally seen 15 a selection module 220, Also vote the
placement of three heatsinks 255,

[B0183] FIG 2B s a simphified representation of the contents of the example of a mult-
module cell processing mstrument 200 depicted 1o FIG. 2A. Cartridge-based source
materials (such as 10 reagent cartridges 210}, for example, may be positioned in designated
areas on a deck of the mstrument 200 for access by an air displacement pipettor 232, The
deck of the multi-module cell processing mstrument 200 may melude a protection sink
such that contarmnants spitling, dripping, or overflowing from any of the modules of the
mstrument 200 are contained within a lip of the protection sink. Also seen are reagent
cartridges 210, which are shown disposed with thermal assemblies 211 which can create
temperature zones appropriate for different regions. Note that one of the reagent cartridges
also comprises a flow-through electroporation device 230 (FTEP), served by FTEP
interface (e.g., manifold arm} and actuator 231. Also seen 1s TFF module 222 with adjacent
thermal assembly 225, where the TFF module 1s served by THF interface {e.g., manifold

arm} and actuator 233. Thermal assembligs 225, 235, and 245 encompass thermal electric
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devices such as Peliier devices, as well as heatsinks, fans and coolers. The rotating growth
vial 218 is within a growth module 234, where the growth module 18 served by two thermal
assemblies 235, Selection module 15 seen at 220, Also seen is the SWIIN module 240,
comprising a SWHN cartridge 241, where the SWIIN module also comprises a thermal
assembly 245, dlumination 243 (in this aspect, backlighting}, evaporation and
condensation control 249, and where the SWIIN module 1s served by SWHN interface (e.g.,
manifold arm} and actuator 247 Also seen in this view is touch screen display 201, display
actuator 203, illumination 205 (one on etther side of multi-module cell processing
mstrument 200}, and cameras 239 (one tllumination device on either side of multi-module
cell processing instrument 200). Finally, element 237 comprises electronics, such as circut
control boards, high-voltage amplifiers, power supplies, and power entry; as well as
pneumatics, such as pumps, valves and sensors.

{00184] FIG 2C illustrates a front perspective view of multi-module cell processing
mstrument 200 for use n as a deskiop version of the automated multi-module cell editing
mstrument 200 For example, a chassis 290 may have a width of about 2448 inches, a
height of about 24—48 inches and a depth of about 24-48 1nches. Chassis 290 may be and
preferably 1z designed to hold all modules and disposable supplies used in automated cell
processing and to perform all processes required without human mtervention; that is,
chassis 290 15 configured to provide an integrated, stand-alone automated multi-module
cell processing instrument. As tllustrated n FIG. 2C, chassis 290 mcludes touch screen
display 201, coohing grate 264, which allows for air flow via an mternal fan {not shown}.
The touch screen display provides mformation to a user regarding the processing status of
the automated multi-module cell editing nstrument 200 and accepts mputs from the vser
for conducting the cell processing. In this aspect, the chassis 290 1s hifted by adjustable feet
270a, 2706, 270¢ and 270d (feet 2708 — 270c are shown o this FIG. 2C). Adjustable feet
270a - 270d, for example, allow for additional air flow beneath the chassis 290,

{B01858]  Inside the chassis 290, in some implementations, will be most or all of the
components described in relation to FIGs. 2A and 2B, including the robotic liquid handhing
system disposed along a gantry, reagent cariridges 210 mcluding a flow-through
electroporation device, a rotating growth vial 218 in a cell growth module 234, a tangential

flow filtration module 222, a SWIIN module 240 as well as interfaces and actuators for the
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various modules. In addition, chassis 290 houses control circuitry, higuid handhing tubes,
air pump controls, valves, sensors, thermal assemblies {e.g., heating and cooling units} and
other control mechanisms. For examples of multi-module cell editing instruments, see
USPNs 10253316, 10,329,559, 10,323,242, 10,421,959, 10,465,185, 10519437,
10,584 333; 10,584 334, 10,647 982; 10,689,645, 10,738,301, 10,738,603 and USSNg
16/412 175 and 16/988,694, all of which are herein incorporated by reference in therr

entirety.

The Rotating Cell Growth Module

{00186] FIG 3A shows one aspect of a rotating growth vial 300 for use with the cell
growth device and in the automated multi-module cell processing instruments described
heremn. The rotating growth vial 300 is an optically-transparent container having an open
end 304 for receiving liquid media and cells, a central vial region 3006 that defines the
primary container for growing cells, a tapered-to-constricted region 318 defining at least
one hight path 310, a closed end 316, and a drive engagement roechamism 312, The rotating
growth vial 300 has a central longitudinal axis 320 around which the vial rotates, and the
light path 310 15 generally perpendicular to the longitudinal axus ot the vial. The first hight
path 310 1s positioned in the lower constricted portion of the tapered-to-constricted region
318 Optionally, some aspects of the rotating growth vial 300 have a second light path 308
n the tapered region of the tapered-to~-constricted region 318, Both hight paths 1 this aspect
are positioned in 8 region of the rotating growth vial that 13 constantly filled with the cell
culture {cells + growth media} and are not affected by the rotational speed of the growth
vial. The first hight path 310 1s shorter than the second light path 308 allowing for sensitive
measurement of OD values when the OD values of the cell culture in the vial are at a high
level {e.g., later in the cell growth process), whereas the second hght path 308 allows for
sensitive measurement of 0D values when the OD valoes of the cell colture 10 the vial are
at a lower level {e.g., earlier n the cell growth process).

{B0187] The drive engagement mechanism 312 engages with a motor {not shown) to
rotate the vial. In some aspects, the motor drives the drive engagement mechamism 312
such that the rotating growth vial 300 is rotated in one direction only, and in other aspects,

the rotating growth vial 300 is rotated in a first direction for a first amount of time or
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pertodicity, rotated in a second direction {e.g., the opposite direction) for a second amount
of time or periodicity, and this process may be repeated so that the rotating growth vial 300
(and the cell culture contents) are subjected to an oscillating motion. Further, the choice of
whether the culture is subjected to oscillation and the periodicity therefor may be selected
by the user. The first amount of time and the second amount of time may be the same or
may be different. The amount of time may be 1, 2, 3, 4, 5, or more seconds, or may be i,
2, 3, 4 or more minutes. In another aspect, i an early stage of cell growth the rotating
growth vial 400 may be oscillated at a first periodicity {e.g., every 60 seconds), and then a
later stage of cell growth the rotating growth vial 300 mayv be oscillated at a second
perwodicity {e.g., every one second) different from the first periodicity.

{00188] The rotating growth vial 300 may be reusable or, preferably, the rotating growth
vial 1s consumable. In some aspects, the rotating growth vial is consumable and 1s presented
to the user pre-filled with growth medium, where the vial 1s hermetically sealed at the open
end 304 with a foil seal A medium-filled rotating growth vial packaged in such a manner
may be part of a kit for use with a stand-alone cell growth device or with a cell growth
module that s part of an auvtomated moulti-module cell processing system. To introduce
cells to the vial, a user need only pipetie up a desired volume of cells and use the pipette
tip to punch through the fod seal of the vial. Open end 304 may optionally inchude an
extended hip 302 to overlap and engage with the cell growth device. In automated systems,
the rotating growth vial 300 may be tagged with a barcode or other identifying means that
can be read by a scanner or camera (not shown) that 15 part of the automated system.
{80189] The volume of the rotating growth vial 300 and the volume of the cell culture
{including growth medium} may vary greatly, but the volume of the rotating growth vial
300 must be large enough to generate a specified total number of cells. In practice, the
volume of the rotating growth vial 300 may range from between 1 and 250 mi., between 2
and 100 ml, between 5 and 80 mlL, between 10 and 530 mi., or between 12 and 35 mi.
Likewise, the volume of the cell culture (cells + growth media) should be appropriate to
allow proper aeration and mxing in the rotating growth vial 400, Proper aeration promotes
uniform cellular respiration within the growth media. Thus, the volume of the cell culture

should be approximately 5-85% of the volume of the growth vial or between 20% and 60%
PP 3 2
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of the volume of the growth vial. For example, for a 30 mL growth vial, the volume of the
cell culture would be from about 1.5 mL to aboui 26 mL, or from 6 mL 1o about 18 mi..

{80198] The rotating growth vial 300 preferably is fabricated from a big-compatible
optically transparent material—or at least the portion of the vial comprising the hght
path{s} is transparent Additionally, material from which the rotating growth vial 15
fabricated shouid be able to be cooled to about 4°C or lower and heated to about 55°C or
higher to accommaodate both temperature-based cell assays and long-term storage at low
temperatures. Further, the material that is used to fabricate the vial must be able to
withstand temperatures up to 53°C without deformation while spinning. Suitable materials
mclude cychlic olefin copolymer {(COC), glass, polyvinyl chloride, polyethylene,
polvamide, polypropylene, polycarbonate, poly{methyl methacrylate (PMMA),
polysulfone, polyurethane, and co-polymers of these and other polymers. Preferred
matertals mclude polypropylene, polycarbonate, or polystyrene. In some aspects, the
rotating growth vial is inexpensively fabricated by, e.g., injection molding or extrusion.

[B0191] FIG 3B s a perspective view of one aspect of a cell growth device 330 FIG,
3C depicts a cut-away view of the cell growth device 330 from FIG 3B In both figures,
the rotating growth vial 300 15 seen positioned mnside a main housing 336 with the extended
1ip 302 of the rotating growth vial 300 extending above the main housing 336, Additionally,
end housings 352, a lower housing 332 and flanges 334 are indicated in both figures.
Flanges 334 are used to attach the cell growth device 330 to heating/cooling means or other
structure (not shown}. FIG. 3C depicts additional detasl. In FIG 3C, upper bearing 342 and
lower bearing 340 are shown posttioned within mam housing 336, Upper bearing 342 and
lower bearing 340 support the vertical load of rotating growth vial 300. Lower housing 332
contains the drive motor 338, The cell growth device 330 of FIG. 3C comprises two light
paths: a primary light path 344, and a secondary hght path 350, Light path 344 corresponds
to hight path 310 positioned in the constricted portion of the tapered-to-constricted portion
of the rotating growth vial 300, and light path 350 corresponds to light path 308 in the
tapered portion of the tapered-to-constricted portion of the rotating growth via 316, Light
paths 310 and 308 are not shown i FIG. 3C but may be seen mn FIG. 3A. In addition to

light paths 344 and 340, there 1s an emission board 348 to tlluminate the light path{s}, and
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detector board 346 to detect the light after the light travels through the cell culture liquid
in the rotating growth vial 300

{80192] The motor 338 engages with drive mechanism 312 and 1s used to rotate the
rotating growth vial 300. In some aspecis, motor 338 is a brushless DC type drive motor
with built-in drive controls that can be set to hold a constant revolution per minute (RPM)
between O and about 3000 RPM. Alternatively, other motor types such as a stepper, servo,
brushed DC, and the hike can be used. Optionally, the motor 338 may also have direction
control to allow reversing of the rotational direction, and a tachometer to sense and report
actual RPM. The motor 1s controlled by a processor (not shown) according to, e.g, standard
protocols programmed into the processor and/or user input, and the motor may be
configured to vary RPM to cause axial precession of the cell culture thereby enhancing
mixing, e.g., to prevent cell aggregation, increase aeration, and optimize cellular
respiration.

{60193] Main housing 336, end housings 352 and lower housing 332 of the cell growth
device 330 may be fabricated from any suitable, robust material ncluding aluminur,
stainless steel, and other thermally conductive materals, including plastics. These
structures or portions thereof can be created through various techmigues, e.g., metal
fabrication, mjection molding, creation of structural lavers that are fused, etc. Whereas the
rotating growth vial 300 15 envisioned in some aspects to be reusable, but preferably s
consumable, the other components of the cell growth device 330 are preferably reusable
and function as a stand-alone benchtop device or as a module m 3 multi-module cell
Processing systen,

{B0194]  The processor (not shown} of the cell growth device 330 may be programmed
with mformation to be used as a “blank™ or control for the growing cell culture. A “blank”
or control 18 a wvessel contaming cell growth medium only, which yields 100%
transmittance and 0 0D {optical density), while the cell sample will deflect Light rays and
will have a lower percent transmittance and higher OD. As the cells grow in the media and
become denser, transmittance will decrease and OD will increase. The processor {(not
shown) of the cell growth device 330-may be programmed {0 use wavelength values for
blanks commensurate with the growth media typically used in cell culture (whether, e.g.,

mammalian cells, bacterial cells, animal cells, veast cells, etc.). Alternatively, a second
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spectrophotometer and vessel may be included in the cell growth device 330, where the
second spectrophotometer 1s used to read a blank at designated intervals.

{80195] FIG 3D illustrates a cell growth device 330 as part of an assembly comprising
the cell growth device 330 of FIG. 3B coupled to light source 390, detector 392, and
thermal components 394, The rotating growth vial 300 is mserted into the cell growth
device. Components of the light source 390 and detector 392 {e.g., such as a photodiode
with gain control to cover 5-log} are coupled to the main housing of the cell growth device.
The lower housing 332 that houses the motor that rotates the rotating growth vial 300 s
llustrated, as 1s one of the flanges 334 that secures the cell growth device 330 to the
assembly. Also, the thermal components 394 dlustrated are a Peltier device or
thermoelectric cooler. In this aspect, thermal control 1s accomplished by attachment and
electrical integration of the cell growth device 330 to the thermal components 394 via the
flange 334 on the base of the lower housing 332 Thermoelectric coolers are capable of
“pumping” heat to either side of a junction, etther cooling a surface or heating a surface
depending on the direction of current flow. In one aspect, a thermistor 18 used to measure
the temperature of the main housing and then, through a standard electronic proportional-
mtegral-dertvative (PID) controller loop, the rotating growth vial 300 s controlled to
approximately +/- 0.5°C.

[80196] Inuse, cells are imnoculated {cells can be pipetied, e g, from an automated hquid
handling system or by a user} into pre-filled growth media of a8 rotating growth vial 300 by
percing though the foil seal or film. The programmed software of the cell growth device
330 sets the control temperature for growth, typically 30°C, then slowly starts the rotation
of the rotating growth vial 300, The cell/growth media nuxture slowly moves vertically up
the wall due to cenirifugal force allowing the rotating growth vial 300 o expose a large
surface area of the mixture to a normal oxygen environment. The growth monitoring
system takes etther continuous readings of the OD or 0D measurements at pre-set or pre-
programmed time intervals. These measurements are stored in internal memory and if
requested the software plots the measurements versus time to display a growth curve. If
enhanced mixing s required, e.g., to optimize growth conditions, the speed of the vial
rotation can be varied to cause an axial precession of the liquid, and/or a complete

directional change can be performed at programmed intervals. The growth monitoring can
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be programmed to automatically terminate the growth stage at a pre-determined OD, and
then quickly cool the mixture to a lower temperature to inhibit further growth.

{80197] One application for the cell growth device 330 is {o constantly measure the
optical density of a growing cell culture. One advantage of the described cell growth device
is that optical density can be measured continuously (kinetic monitoring} or at specific time
mtervals; e.g., every 5, 10, 15, 20, 30, 45, or 60 seconds, orevery 1,2, 3, 4,5, 6,7, 8,9, or
10 munutes. While the cell growth device 330 has been described in the context of
measuring the OD of a growing cell culture, it should, however, be understood by a skilled
artisan given the teachings of the present specification that other cell growth parameters
can be measured in addition to or instead of cell culture OD. As with optional measure of
cell growth in relation to the solid wall device or module described supra, spectroscopy
using vistble, ultraviolet (UV), or near infrared (NIR} light allows monitoring the
concentration of nutrients and/or wastes m the cell culture and other spectroscopic
measurements may be made; that is, other spectral properties can be measured via, e.g.,
dielectric mmpedance spectroscopy, visible fluorescence, fluorescence polanzation, or
luminescence. Additionally, the cell growth device 330 may include additional sensors for
measuring, e.g., dissolved oxygen, carbon dioxade, pH, conductivity, and the like For
additional details regarding rotating growth vials and cell growth devices see USPNs

10,435,662; 10,443 ,031; 10,590,375, and 10,717,959,

The Cell Concentration Module

{66198] As described above n relation to the rotating growth vial and cell growth
module, in order to obtain an adequate number of cells for transformation or transfection,
cells typically are grown to a specific optical density 1o medium appropriate for the growth
of the cells of interest; however, for effective transformation or transfection, it 1S desirable
to decrease the volume of the cells as well as render the cells competent via buffer or
medium exchange. Thus, one sub-component or module that is desired in cell processing
systems to perform the methods described herein is a module or component that can grow,
perform buffer exchange, and/or concentrate cells and render them competent so that they
may be transformed or transfected with the nucleic acids needed for engineering or editing

the cell’s genome.
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{80199] FIG. 4A shows a retentate member 422 (top}, permeate member 420 {(nuddle)
and a tangential flow assembly 410 (bottom} comprising the retentate member 422,
membrane 424 {(not seen in FIG. 4A}, and permeate member 420 (also not seen). In FIG
4A, retentate member 422 comprises a tangential flow channel 402, which has a serpentine
configuration that initiates at one lower corner of retentate member 422——specifically at
retentate port 428-——traverses across and up then down and across retentate member 422,
ending in the other lower comer of retentate member 422 at a second retentate port 428
Also seen on retentate member 422 are energy directors 491, which circumscribe the region
where a membrane or filter (not seen in this FIG. 4A) is seated, as well as interdigitate
between areas of channel 402, Energy directors 491 in this aspect mate with and serve to
facilitate ultrasonic welding or bonding of retentate member 422 with permeate/filtrate
member 420 via the energy director component 491 on permeate/filtrate member 420 (at
right). Additionally, countersinks 423 can be seen, two on the bottom one at the top nuddle
of retentate member 422 Countersinks 423 are used to couple and tangential flow assembly
410 1o a reservoir assembly (not seen in this FIG. 4A but see FIG. 4B).

[00206] Permeate/filivate member 420 1s seen in the middle of FIG. 4A and comprises,
n addition to energy director 491, through-holes for retentate ports 428 at each bottom
corner {which mate with the through-holes for retentate ports 428 at the bottom corners of
retentate moember 422), as well as a tangential flow channel 402 and two permeate/filirate
ports 426 positioned at the top and center of permeate member 420, The tangential flow
channel 402 structure n this aspect has a serpentine configuration and an undulating
geometry, although other geometries may be used Permeate member 420 also comprises
countersinks 423 comcident with the countersinks 423 on retentate member 420,

{80281] On the left of FIG 4A 15 a tangential flow assembly 410 comprnising the
retentate member 422 and permeate member 420 seen in this FIG. 4A. In this view,
retentate member 422 15 “on top” of the view, a membrane {not seen m this view of the
assembly} would be adiacent and under retentate member 422 and permeate member 420
(also not seen in this view of the assembly) is adjacent to and beneath the membrane. Again
countersinks 423 are seen, where the countersinks in the retentate member 422 and the

permeate member 420 are coincident and configured to mate with threads or mating
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elements for the countersinks disposed on a reservoir assembly (not seen in FIG. 4A but
see FIG. 4B).

{80202] A membrane or filter 1s disposed between the retentate and permeate members,
where fhids can flow through the membrane but cells cannot and are thus retained in the
flow channel disposed 1n the retentate member. Filters or membranes appropriate for use
in the TFF device/module are those that are solvent resistant, are contamination free during
filiration, and are able to retain the types and sizes of cells of interest. For example, in order
to retain small cell types such as bacterial cells, pore sizes can be as low as 0.2 yum, however
for other cell types, the pore sizes can be as high as 20 pm. Indeed, the pore sizes useful in
the TFF device/module include filters with sizes from 0.20 um, 0.21 um, 0.22 um, 0.23
um, 0.24 pr, 0.25 pm, 0.26 um, 0.27 pm, G283 pm, 0.29 wm, 0.30 um, 831 pm, .32 ym,
0.33 wmy, 0.34 pm, .35 pm, 0.36 pm, 0.37 um, 0.38 pm, 0.39 pm, .40 pm, 0.41 um, .42
um, 0.43 pm, 0.44 pm, 0.45 pm, 0.46 um, 0.47 pum, 0.48 um, 0.49 um, 0.50 ym and larger.
The filters may be fabricated from any suitable non-reactive material including cellulose
muxed ester {cellulose nitrate and acetate) (CME), polycarbonate (PC), polyvinylidene
fluonide (PVDF), polyethersulfone (PES), polytetratluoroethylene (PTFE), nvion, glass
fiber, or metal substrates as in the case of laser or electrochemical etching,

[00203] The length of the channel structure 402 may vary depending on the volume of
the cell culture to be grown and the optical density of the cell culture to be concentrated.
The length of the channel structure typically 1s between 60 mm and 300 mm, or between
70 mm and 200 mm, or between 80 mm and 100 mm. The cross-section configuration of
the flow channel 402 may be round, ethiptical, oval, square, reclangular, traperoidal, or
wrregular. If square, rectangular, or another shape with generally straight sides, the cross
section may be between about 10 pwm and 1000 pm wide, or between 200 gm and 800 wm
wide, or between 300 um and 700 pum wide, or between 400 um and 600 um wide; and
between about 10 um and 1000 pm high, or between 200 pm and 800 wm high, or between
300 pm and 700 um high, or between 400 um and 600 yum high. If the cross section of the
flow channel 402 is generally round, oval or elliptical, the radius of the channel may be
between about 50 pm and 1000 gm in hydraulic radius, or between 5 pm and 800 um in
hydraulic radius, or between 200 um and 700 um m hydraulic radius, or between 300 um

and 600 um wide in hydraulic radius, or between about 200 and 500 ym 10 hydraulic radius.
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Moreover, the volume of the channel in the retentate 422 and permeate 420 members may
be different depending on the depth of the channel i each member.

{80204] FIG. 4B shows front perspective (right) and rear perspective (left} views of a
reservoir assembly 450 configured to be used with the tangential flow assembly 410 seen
in FIG. 4A. Seen in the front perspective view {(e.g., “front” being the side of reservoir
assembly 450 that 1s coupled to the tangential flow assembly 410 seen in FIG. 4A) are
retentate reservoirs 452 on either side of permeate reservoir 454, Also seen are permeate
ports 426, retentate ports 428 and three threads or mating elements 425 for countersinks
423 {countersinks 423 not seen in this FIG. 4B) Threads or mating elements 425 for
countersinks 423 are configured to mate or couple the tangential flow assembly 410 (seen
n FIG. 4A) toreservoir assembly 450, Alternatively or in addition, fasteners, sonic welding
or heat stakes may be used to mate or couple the tangential flow assembly 410 to reservoir
assembly 450. In addition gasket 445 is seen covering the top of reservoir assembly 450,
(Gasket 445 15 described in detail 1n relation to FIG. 4E. At left in FIG 4B 15 a rear
perspective view of reservor assembly 1250, where “rear” 1s the side of reservoir assembly
450 that 1s not coupled to the tangential flow assembly. Seen are retentate reservoirs 452,
permeate reservoir 454, and gasket 4458,

[002065] The TFF device may be fabricated from any robust material m which channels
{and channel branches) may be milled including stainless steel, sithicon, glass, aluminur,
or plastics meluding cychic-olefin copolymer (COC), cvelo-olefin polymer {COP),
polystyrene, polyvinyl chloride, polyethylene, polyamide, polyethylene, polypropylene,
acrylonitride  butadiene, polycarbonate, polyetheretheketone (PEEK), poly(methyl
methylacrviate) (PMMA), polysulfone, and polyurethane, and co-polymers of these and
other polymers. If the TFF device/module is disposable, preferably it 15 made of plastic. In
some aspects, the material used to fabricate the TFF device/module 1 thermally-conductive
50 that the cell culture may be heated or cooled to a desired temperature. In certain aspects,
the TFF device is formed by precision mechanical machining, laser machining, electro
discharge machining (for metal devices); wet or dry etching {for silicon devices}, dryv or
wet  etching, powder or sandblasting, photostructuring {(for glass devices), or
thermoforming, injection molding, hot embossing, or laser machining {for plastic devices)

using the materials mentioned above that are amenable to this mass production techniques.
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{80206] FIG. 4C depicts a top-down view of the reservoir assemblies 450 shown in FIG.
4B. FIG. 4D depicis a cover 444 for reservoir assembly 450 shown in FIG 4B and 4E
depicts a gasket 445 that 10 operation 15 disposed on cover 444 of reservorr assemblies 450
shown m FIG. 4B. FIG. 4C 15 a top-down view of reservoir assembly 450, showing the
tops of the two retentate reservorrs 452, one on either side of permeate reservoir 454, Also
seen are grooves 432 that will mate with a pneumatic port {not shown), and thud channels
434 that reside at the bottom of retentate reservoirs 452, which flndically couple the
retentate reservoirs 452 with the retentate ports 428 (not shown}, via the through-holes for
the retentate ports in permeate member 420 and membrane 424 (also not shown). FIG. 4D
depicts a cover 444 that is configured to be disposed upon the top of reservoir assembly
450 Cover 444 has round cut-outs at the top of retentate reservoirs 452 and
permeate/filirate reservoir 454, Again, at the bottom of retentate reservous 452 fluid
channels 434 can be seen, where fluid channels 434 fluidically couple retentate reservoirs
452 with the retentate ports 428 (not shown). Also shown are three pneumatic ports 430
for each retentate reservoir 452 and permeate/filirate reservorr 454, FIG 4F depicts a
gasket 445 that 18 configures to be disposed upon the cover 444 of reservoir assembly 450,
Seen are three fliid transfer poris 442 for each retentate reservoir 432 and for
permeate/filirate reservorr 454, Agamn, three pneurnatic ports 430, for each retentate
reservoir 432 and for permeate/filtrate reservoir 454, are shown.

{86287] The overall work flow for cell growth comprises loading a cell culture 1o be
grown into a first retentate reservoir, optionally bubbling air or an appropriate gas through
the cell culture, passing or flowing the cell culture through the first retentate port then
tangentially through the TFF channel structure while collecting medium or buffer through
one or both of the permeate ports 406, collecting the cell culture through a second retentate
port 404 nto 3 second retentate reservoir, optionally adding additional or different medium
to the cell culture and optionally bubbling air or gas through the cell colture, then repeating
the process, all while measuring, e.g., the optical density of the cell culture in the retentate
reservoirs continuously or at desired intervals. Measurements of optical densities at
programmed time intervals are accomplished using a 600 nm Light Emitting Diode (LED)
that has been columnated through an optic into the retentate reservoir(s} containing the

growing cells. The light continues through a collection optic to the detection system which
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consists of a {digital} gain-controlled silicone photodiode. Generally, optical density 1s
shown as the absolute value of the logarithm with base 10 of the power transmission factors
of an optical attenuator. 0D = -logl0 (Power ouwt/Power in}. Since OD 13 the measure of
optical attenuation—that is, the sum of absorption, scatiering, and reflection—the TFF
device OD measurement records the overall power transnussion, so as the cells grow and
become denser in population, the OD (the loss of signal) increases. The O system 1is pre-
calibrated against OD standards with these values stored in an on-board memory accessible
by the measurement progran.

{00208]  Inthe channel structure, the membrane bifurcating the flow channels retains the
cells on one side of the membrane (the retendate side 422} and allows unwanted medium
or buffer to flow across the membrane into a filtrate or permeate side {(e.g., permeate
member 420} of the device. Bubbling air or other appropriate gas through the cell culture
both aerates and mixes the culture to enhance cell growth. During the process, medium that
is removed during the flow through the channel structure is removed through the
permeate/filtrate ports 406, Alternatively, cells can be grown in one reservoir with bubbling
or agitation without passing the cells through the TFF channel from one reservorr to the
other.

[00209] The overall work flow for cell concentration using the TFF device/module
mvolves flowing a cell culture or cell sample tangentially through the channel structure.
As with the cell growth process, the membrane bifiircating the flow channels retains the
cells on one side of the membrane and allows unwanted medium or baffer to flow across
the membrane into a permeate/filtrate sude {(e.g., permeate member 420} of the device. In
this process, a fixed vohume of cells in medium or buffer 1s driven through the device until
the cell sample 13 collected mto one of the retentate ports 404, and the medium/buffer that
has passed through the membrane 1s collected through one or both of the permeate/filirate
ports 406, All types of prokaryotic and eukaryotic cells—both adherent and non-adherent
cells—can be grown in the THFF device. Adherent cells may be grown on beads or other
cell scatfolds suspended in medium that flow through the TFF device.

{00218]  The medium or buffer used to suspend the cells in the cell concentration
device/module may be any suitable medium or buffer for the type of cells being

transformed or transfected, such as LB, SOC, TPD, YPG, YPAD, MEM DMEM IMDM)
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RPMI, Hanks', PBS and Ringer's solution, where the media may be provided in a reagent
cartridge as part of a kit. For culture of adherent cells, cells may be disposed on beads,
microcariiers, or other type of scaffold suspended in medium. Most normal mammalian
tissue-derived cells— except those derived from the hematopoietic system——are anchorage
dependent and need a surface or cell culture support for normal proliferation. In the rotating
growth vial described herein, miucrocarrier technology is leveraged. Microcarriers of
particular use typically have a diameter of 100-300 pm and have a density slightly greater
than that of the culture medium (thus facilitating an easy separation of cells and medium
for, e.g., medium exchange) vet the density must also be sufficiently low to allow complete
suspension of the carriers at a minimum stirring rate in order to avoid hydrodynamic
damage to the cells. Many different types of microcarriers are available, and different
microcarriers are optimized for different tvpes of cells. There are positively charged
carriers, such as Cytodex 1 {(dextran-based, GE Healthcare), DE-52 (cellulose-based,
Sigma-Aldrich Labware}, DE-53 {cellulose-based, Sigma-Aldrich Labware), and HLX 11-
170 {(polystyrene-based); collagen- or ECM- (extracellular matrix) coated carriers, such as
Cytodex 3 {dextran-based, GE Healthcare) or HyQ-sphere Pro-F 102-4 (polystyrene-~based,
Thermo Scientific); non-charged carmers, like HyQ-sphere P 102-4 {Thermo Scientific);
or macroporous carriers based on gelatin (Cultisphere, Percell Biolytica) or cellulose
{Cytopore, GE Healthcare).

{60211] In both the cell growth and concentration processes, passing the cell sample
through the TFF device and collecting the cells 1n one of the retentate ports 404 while
collecting the medium n one of the permeate/filtrate ports 406 1s considered “one pass” of
the cell sample. The transfer between retentate reservoirs “flips” the culture. The retentate
and permeatee ports collecting the cells and medium, respectively, for a given pass reside
on the same end of TFF device/module with fluidic connections arranged so that there are
two distingt flow layers for the retentate and permeate/filtrate sides, but if the retentate port
404 resides on the retentate member of device/module {that 1s, the cells are driven through
the channel above the membrane and the filtrate (medium) passes to the portion of the
channel below the membrane), the permeate/filtrate port 406 will reside on the permeate
member of device/module and vice versa (that s, if the cell sample 15 driven through the

channel below the membrane, the filtrate {medium) passes to the portion of the channel
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above the membrane). Due to the high pressures used to transter the cell culture and fhuds

ghgible.

oD

through the flow channel of the TFF device, the effect of gravity 1s ne
{80212] At the conclusion of a “pass” in etther of the growth and concentration
processes, the cell sample 1s collected by passing through the retentate port 404 and into
the retentate reservoir (not shown}). To mitiate another “pass”, the cell sample is passed
again through the TFF device, this time in a flow direction that 1s reversed from the first
pass. The cell sample is coliected by passing through the retentate port 404 and into
retentate reservoir (not shown) on the opposite end of the device/module from the retentate
port 404 that was used to collect cells during the first pass. Likewise, the medium/buffer
that passes through the membrane on the second pass is collected through the permeate
port 406 on the opposite end of the device/module from the permeate port 406 that was
used to collect the filtrate during the first pass, or through both ports. This alternating
process of passing the retentate (the concentrated cell sample) through the device/module
is repeated until the cells have been grown to a desired optical density, and/or concentrated
to a desired volume, and both permeate ports {(e.g., if there are more than one) can be open
during the passes to reduce operating time. In addition, buffer exchange may be effected
by adding a desired buffer {or fresh medium) to the cell sample 0 the retentate reservoir,
betfore mitiating another “pass”, and repeating this process until the old medium or buffer
15 diluted and filtered out and the cells reside 1o fresh medium or buffer. Note that buffer
exchange and cell growth may {and typically do} take place simultaneously, and buffer
exchange and cell concentration may (and typically do) take place simultaneously. For
further information and alternative aspects on TFFs see, e.g., USSNs 62/728,365, filed 07

September 2018; 62/857,599, filed 05 June 2019, and 62/867 418, filed 27 June 2019,

The Cell Transformaiion Module

[80213] FIG SA depicts an example of a combination reagent cartridge and
electroporation device 500 (“cartridge™) that may be used n an automated multi-module
cell processing instrument along with the TFF module. In addition, in certain aspecis the
material used to fabricate the cartridge is thermally-conductive, as in certain aspects the
cartridge 500 coniacts a thermal device (not shown), such as a Peltier device or

thermoeleciric cooler, that heats or cools reagents in the reagent reservoirs of reservoirs
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504. Reagent reservoirs or reservoirs 504 may be reservoirs into which individual tubes of
reagents are inserted as shown n FIG. 5A, or the reagent reservoirs may hold the reagents
without inserted tubes. Addittonally, the reservoirs i a reagent cartridge may be
configured for any combination of tubes, co-joined tubes, and direct-fill of reagenis.
{80214] In one aspect, the reagent reservoirs or reservoirs 504 of reagent cartridge 500
are configured to hold various size tubes, including, e.g., 250 mL tubes, 25 mi. tubes, 10
mb tubes, 5 mL tubes, and Eppendorf or microcentrifuge tubes. In yet another aspect, all
reservoirs may be configured to hold the same size tube, e.g., 5 mL tubes, and reservoir
inserts may be used to accommodate smaller tubes in the reagent reservour. In vet another
aspect—particularly in an aspect where the reagent cartridge 15 disposable—the reagent
reservoirs hold reagents without nserted tubes. In this disposable aspect, the reagent
cartridge may be part of a kit, where the reagent cartridge 1s pre-filled with reagents and
the receptacles or reservoirs sealed with, e.g, foil, heat seal acrylic or the like and presented
o a consumer where the reagent cartridge can then be used in an automated multi-module
cell processing instrument. As one of ordinary skill m the art will appreciate given the
present disclosure, the reagents contained in the reagent cartridge will vary depending on
work flow; that 1s, the reagents will vary depending on the processes to which the cells are
subjected 1o the automated multi-module cell processing mstrument, e.g., proten
production, cell transformation and culture, cell editing, ete.

{66218] Reagents such as cell samples, enzymes, buffers, nocleic acid vectors,
expression cassettes, proteins or peptides, reaction components {such as, e.g, MgCh,
dNTPs, nucleic acid assembly reagents, gap repair reagents, and the hike}, wash solutions,
ethanol, and magnetic beads for nucleic acid purification and solation, etc. may be
positioned 1o the reagent cartridge at a known position. In some aspects of cartridge 500,
the cartridge comprises a script {not shown} readable by a processor {not shown) for
dispensing the reagents. Also, the cartridge 500 as one component n an automated multi-
module cell processing instrument may comprise a script specifying two, three, four, five,
ten or more processes to be performed by the automated multi-module cell processing
mstrument. In certain aspects, the reagent cartridge 1s disposable and 1s pre-packaged with
reagents tatlored to performing specific cell processing protocols, e.g., genome ediiing or

protein production. Because the reagent cartridge contents vary while components/modules
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of the automated multi-module cell processing instrument or system may not, the seript
associated with a particular reagent cartridge matches the reagents used and cell processes
performed. Thus, e.g., reagent cartridges may be pre-packaged with reagents for genome
editing and a script that specifies the process steps for performing genome editing in an
automated multi-module cell processing instrument, or, e.g, reagents for protein
expression and a script that specifies the process steps for performing protein expression
in an automated multi-module cell processing instrument.

{60216] For example, the reagent cartridge may comprise a script to pipetie competent
cells from a reservoir, transfer the cells to a transformation module, pipette a nucleic acid
solution comprising a vector with expression cassette from another reservoir in the reagent
cartridge, transfer the nucleic acid solution to the transformation module, intiate the
transformation process for a specified time, then move the transformed cells to yet another
reservoir in the reagent cassette or to another module such as a cell growth module in the
automated multi-module cell processing instrument. In another example, the reagent
cartridge may comprise a script to transfer a nucleic acid solution comprising a vector from
a reservoir in the reagent cassette, nucleic acid solution comprising editing oligonucleotide
cassettes m a reservowr m the reagent cassette, and a nucleic acid assembly nux from
another reservour to the nucleic acid assembly/desalting module, if present. The script may
also specify process steps performed by other modules in the automated multi-module cell
processing mstrument. For example, the script may specify that the nucleic acid
assembly/desalting reservoir be heated to 30°C for 30 minutes to generate an assembled
product; and desalting and resuspension of the assembled product via magnetic bead-based
nucleic acid punfication mvolving a series of pipette transfers and mixing of magnetic
beads, ethanol wash, and buffer.

{80217]  As described n relation to FIGs. SB and SC below, the examples of reagent
cartridges for use 1n the automated multi-module cell processing nstruments may include
one or more electroporation devices, preferably flow-through electroporation (FTEP)
devices. In vet other aspects, the reagent cartridge is separate from the transformation
module. Electroporation 1s a widely-used method for permeabilization of cell membranes
that works by temporarily generating pores in the cell membranes with electrical

stimulation. Applications of electroporation include the delivery of DNA, RNA, siRNA,
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peptides, proteins, antibodies, drugs or other substances to a variety of cells such as
mammalian cells (inchiding human cells), plant cells, archea, veasts, other eukaryotic cells,
bacteria, and other cell types. In some aspects, a cell is a prokaryotic cell. In some aspects,
a cell 13 an archaea cell In some aspects, a cell is a bacterial cell. In some aspects, a cell 15
an fuscherichia coli cell. In some aspects, a cell is a evkaryotic cell. In some aspects, a ceil
is an animal cell. In some aspects, a cell is 2 mammalian cell. In some aspecis, acellisa
human cell. In some aspects, the cell is an induced pluripotent stem cell (iPSC}. In some
aspects, a cell is a non-human animal cell. In some aspects, a cell 15 a non-human
maramalian cell. In some aspects, a cell is a primate cell. In some aspects, a cell is a rodent
cell. In some aspects, a cell 15 a plant cell. In some aspects, a cell 1s a fungal cell. In some
aspects, a cell 15 a yeast cell. In some aspects, a cell is a Saccharomyces cerevisiae cell. In
some aspects, a cell 1s a Schizosaccharomvees pombe cell.

{00218] Electrical stimulation may also be used for cell fusion in the production of
hybridomas or other fused cells. During a typical electroporation procedure, cells are
suspended in a butfer or medium that s favorable for cell survival. For bactenial cell
electroporation, low conductance mediums, such as water, givcero! solutions and the hike,
are often used to reduce the heat production by transient high current In traditional
electroporation devices, the cells and matenial to be electroporated mto the cells
{collectively “the cell sample”) are placed 10 a cuvette embedded with two tlat electrodes
for electnical discharge. For example, Bio-Rad {(Hercules, Calif} makes the GENE
PULSER X{CELL™ hine of products to electroporate cells in cuvettes. Traditionally,
electroporation requires high field strength; however, the flow-through electroporation
devices mncluded in the reagent cartridges achieve high efficiency cell electroporation with
fow toxicity. The reagent cartridges of the disclosure allow for particularly easy mtegration
with robotic iquid handling instrumentation that s typically used in automated instruments
and systems such as air displacement pipetiors. Such automated mstrumentation includes,
but 15 not himited to, off-the-shelf auwtomated liquid handling systems from Tecan
(Mannedorf, Switzerland), Hamilton {Reno, NV}, Beckman Coulter (Fort Collins, CO},
etc.

{80219] FiGs. 5B and 5C are top perspective and bottom perspective views,

respectively, of an example of an FTEP device 550 that may be part of {e.g., a component
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in} reagent cartridge 500 in FI{G. SA or may be a stand-alone module; that is, not a part of
a reagent cartridge or other module. FIG. 5B depicts an FTEP device 550. The FTEP device
550 has wells that define cell sample inlets 552 and cell sample outlets 554 FIG. 5C 5 a
bottom perspective view of the FTEPR device 550 of FIG. 5B. An inlet well 352 and an
outlet well 554 can be seen m this view. Also seen in FIG. 5C are the bottom of an inlet
362 corresponding to well 552, the bottom of an outlet 564 corresponding to the cutlet well
554, the bottom of a defined flow channel 566 and the bottom of two electrodes 568 on
etther side of flow channel 566. The FTEP devices may comprise push-pull pneumatic
means to allow multi-pass electroporation procedures; that s, cells to electroporated may
be “pulled” from the inlet toward the outlet for one pass of electroporation, then be
“pushed” from the cutlet end of the FTEP device toward the inlet end to pass between the
electrodes again for another pass of electroporation. Further, this process may be repeated
one to many times. For additional information regarding FTEP devices, see, e.g., USPNs
10,435,713 10,443,074, 10323.258: 10,508.288: 10415058, 10,851,389 and
10,557,150, Further, other aspects of the reagent cartridge may provide or accommaodate
electroporation devices that are not configured as FTEP devices, such as those described
m USPN 10,738,327, For reagent cartridges useful 1n the present automated roulti-module
cell processing mnstruments, see, e.g., USPN 10,376,889, 10,406,525, 10,478,822,
10,576,474; and 10,639637.

{60228] Additional details of the FTEP devices are iHlustrated in FIGs. 5D - SF. Note
that 1 the FTEP devices i FIGs. 5D — 5F the electrodes are placed such that a first
electrode 13 placed between an inlet and a narrowed region of the flow channel, and the
second electrode 15 placed between the narrowed region of the flow channel and an outlet.
FIG. 50 shows a top planar view of an FTEP device 550 having an inlet 552 for miroducing
a fluid contaning cells and exogenous material into FTEP device S50 and an outlet 554 for
removing the transformed cells from the FTEP following electroporation. The electrodes
568 are ntroduced through channels (not shown) in the device. FIG. 5E shows a cutaway
view from the top of the FTEP device 550, with the mlet 552, outlet 554, and electrodes
568 positioned with respect to a flow channel 566, FIG. 5F shows a side cutaway view of
FTEP device 550 with the mnlet 552 and inlet channel 572, and outlet 554 and outlet channel

574. The electrodes 568 are positioned in electrode channels 576 so that they are i fluid
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communication with the flow channel 566, but not directly in the path of the cells traveling
through the flow channel 566, Note that the first electrode is placed between the inlet and
the narrowed region of the flow channel, and the second electrode is placed between the
narrowed region of the flow channel and the cutlet The electrodes 568 in this aspect of the
device are positioned in the electrode channels 576 which are generally perpendicular to
the flow channel 566 such that the thud containing the cells and exogenous material flows
from the inlet channel 572 through the flow channel 566 to the ocutlet channel 574, and in
the process fluid flows into the electrode channels 576 to be in contact with the electrodes
568. In this aspect, the inlet channel, outlet channel and electrode channels all originate
from the same planar side of the device. In certain aspects, however, the electrodes may be
mtroduced from a different planar side of the FTEP device than the inlet and outlet
channels.

{80221] In the FTEP devices of the disclosure, the toxicity level of the transformation
results in greater than 30% viable cells after electroporation, preferably greater than 35%,
40%, 45%, 50%, 55%, 60%, T0%, 75%, 80%, 83%, 90%, 95% or even 99% viable cells
following transformation, depending on the cell type and the nucleic acids being introduced
mto the cells.

[00222]  The housing of the FTEP device can be made from many materials depending
on whether the FTEP device 1s to be reused, autoclaved, or is disposable, mcluding stainless
steel, silicon, glass, resin, polyvinyl chlornide, polvethylene, polyamide, polystyrene,
polyethylene, polypropylene, acrylomirile butadiene, polycarbonate, polyetheretheketone
(PEEK}, polysulfone and polyurethane, co-polymers of these and other polymers.
Similarly, the walls of the channels m the device can be made of any suitable material
meluding silicone, resin, glass, glass fiber, polyvinyl chioride, polyethylene, polyamde,
polyethylene, polypropylene, acrylomirile butadiene, polycarbonate, polyetheretheketone
(PEEK}, polysulfone and polyurethane, co-polymers of these and other polymers.
Preferred materials inclode crysial styrene, cyclo-olefin polvmer (COP) and cvclic olephin
co-polymers {(COC), which allow the device to be formed entirely by injection molding in
one piece with the exception of the electrodes and, e.g., a bottom sealing film f present.
{80223] The FTEP devices described herein {or portions of the FTEP devices) can be

created or fabricated via various techniques, e.g., as entire devices or by creation of
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structural lavers that are fused or otherwise coupled. For example, for metal FTEP devices,
fabrication may include precision mechanical machining or laser machining; for silicon
FTEP devices, fabrication may mciude dry or wet etching; for glass FTEP devices,
fabrication may include dry or wet etching, powderblasting, sandblasting, or
photostructuring; and for plastic FTEP devices fabrication may include thermoforming,
injection molding, hot embossing, or laser machining. The components of the FTEP
devices may be manufaciured separately and then assembled, or certain components of the
FTEP devices {or even the entire FTEP device except for the elecitrodes) may he
manufactured (¢.g., using 3D printing} or molded (e.g., using injection molding} as a single
entity, with other components added after molding. For example, housing and channels
may be manufactured or molded as a single entity, with the electrodes later added to form
the FTEP unit. Alternatively, the FTEP device may also be formed in two or more parallel
layers, e.g., a layer with the horizontal channel and filter, a layer with the vertical channels,
and a layer with the inlet and outlet ports, which are manufactured and/or molded
mndividually and assembled following manufacture,

[60224] In specific aspects, the FTEP device can be manufactured using a circuit board
as a hase, with the slectrodes, filter and/or the flow channel formed in the desired
configuration on the circuit board, and the remaining housing of the device contaming, e.g.,
the one or more et and outlet channels and/or the flow channel formed as a separate layer
that 1s then sealed onto the circust board. The sealing of the top of the housing onio the
circutt board provides the desired configuration of the different elements of the FTEP
devices of the disclosure. Also, two to many FTEP devices may be manufactured on a
single substrate, then separated from one another thereafter or used 0 parallel In certam
aspects, the FTEP devices are reusable and, m some aspects, the FTEP devices are
disposable. In additional aspects, the FTEP devices may be autociavable.

{80225] The electrodes SO8 can be formed from any suitable metal, sach as copper,
stainiess steel, titanium, aluminom, brass, silver, rhodium, gold or platinum, or graphite.
One preferred electrode material 1s alloy 303 {UNS330300} austenutic stainless steel. An
apphied electric field can destroy electrodes made from of metals like alummum. If a
multipie-use {e.g., non-disposable} flow-through FTEP device 1s desired-as opposed to a

disposable, one-use flow-through FTEP device-the electrode plates can be coated with
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metals resistant to electrochemical corrosion. Conductive coatings like noble metals, e.g.,
gold, can be used to protect the electrode plates.

[68226] As mentioned, the FTEP devices may comprise push-pull pneumatic means to
allow multi-pass electroporation procedures; that 1s, cells to electroporated may be "pulled”
from the inlet toward the outlet for one pass of electroporation, then be "pushed” from the
outlet end of the flow-through FTEP device toward the nlet end to pass between the
electrodes agamn for another pass of electroporation. This process may be repeated one to
many {mes.

{80227] Depending on the type of cells to be electroporated {e.g., bactenal, veast,
mammalian} and the configuration of the electrodes, the distance between the electrodes in
the flow channel can vary widely. For example, where the flow channel decreases i width,
the flow channel may narrow to between 10 um and 5 mam, or between 25 um and 3 mm,
or between S50 um and 2 ram, or between 75 um and 1 mm. The distance between the
electrodes in the flow channel may be between 1 mm and 10 mm, or between 2 mum and 8
mm, or between 3 mm and 7 mum, or between 4 oun and 6 mm. The overall size of the
FTEP device may be between 3 em and 15 om in length, or between 4 cm and 12 cm 1o
length, or between 4.5 cm and 10 cm in length. The overall width of the FTEP device may
be between 0.5 ¢ and 5 om, or between 075 emand 3 om, or between | cmand 2.5 em,
or between 1 cmand 1.5 em.

{80228] The region of the flow channel that is narrowed 15 wide enough so that at least
two cells can fit in the narrowed portion stde-by-side. For example, a typical bactenal cell
is T um in diameter; thus, the narrowed portion of the flow channel of the FTEP device
used to transform such bacterial cells will be at least 2 pm wide. In another example, if a
mammalian cell 1s approximately 50 pm in diameter, the narrowed portion of the flow
channel of the FTEP device used to transform such mammalian cells will be at least 160
um wide. That 1s, the narrowed portion of the FTEP device will not physically contort or
"squeeze" the cells being transformed.

{80229] In aspects of the FTEP device where reservoirs are used to introduce cells and
exogenous material into the FTEP device, the reservoirs range in volume from between
100 uL and 10 mL, or between 500 yL and 75 mL, or between 1 mL and 5 mL. The flow

rate in the FTEP ranges from between 0.1 mL and 5 mbL per minute, or between 0.5 mL
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and 3 mL per minute, or between 1.0 mb and 2.5 mL per minute. The pressure in the FTEP
device ranges from between 1 and 30 PSL, or between 2 and 10 P8I, or between 3 and 5
PSE

{00238]  Toavoid different field intensities between the electrodes, the electrodes should
be arranged in parallel. Furthermore, the surface of the electrodes should be as smooth as
possible without pin holes or peaks. Electrodes having a roughness Rz of between 1 um
and 10 um are preferred In another aspect of the invention, the flow-through
electroporation device comprises at least one additional electrode which applies a ground

potential to the FTEP device.

Cell Singulation and Ennichment Device

[60231] FIG. 6A depicts a solid wall device 6050 and a workflow for singulating cells
in microwells in the solid wall device. Atthe top left of the figure (1), there 1s depicted solid
wall device 6050 with microwells 6052. A section 6054 of substrate 6050 i1s shown at (11},
also depicting nucrowells 6052, At (1u), a side cross-section of solid wall device 6050 13
shown, and microwells 6052 have been loaded, where, in this aspect, Poisson or substantial
Poisson loading has taken place; that 15, each microwell has one or no cells, and the
likelthood that any one microwell has more than one cell 15 low. At (iv}, workflow 6040 1s
tlustrated where substrate 6050 having microwells 6052 shows microwells 6036 with one
cell per nucrowel, microwells 6057 with no cells 1y the microwells, and one microwell
6060 with two cells in the microwell In step 6051, the cells in the microwells are allowed
to double approximately 2-150 times to form clonal colonies (v}, then editing 1s allowed to
occur 6053,

{606232] After editing 6053, many cells in the colonies of cells that have been edited
die as a result of the nicks caused by active editing or by fitness effects from the edits
themselves and there 15 a lag 1 growth for the edited cells that do survive but must repair
and recover following editing {microwells 6058), where cells that do not undergo editing
thrive {microwells 6059} (vi}. All cells are allowed to continue grow to establish colonies
and normalize, where the colontes of edited cells in microwells 6058 catch up in size and/or
cell number with the cells in microwells 6059 that do not underge editing (vi1). Once the

cell colonies are normalized, etther pooling 6060 of all cells in the microwells can take

.
43



v 4

10

20

jN.)
Wh

(e
<

WO 2023/122023 PCT/US2022/053377

place, in which case the cells are enriched for edited cells by eliminating the hias from non-
editing cells and fitness effects from editing; alternatively, colony growth in the microwells
is monitored after editing, and slow growing colonies {e.g., the cells in microwells 6058)
are identified and selected 6061 {e.g., “cherry picked”)} resuiting in even greater enrichment
of edited cells.

{B0233]  In growing the cells, the medium used will depend, on the type of celis being
edited—e.2., bacterial, yeast or mammalian. For example, medium for yeast cell growth
mcludes LB, SOC, TPD, YPG, YPAD, MEM and DMEM.

{00234} A module useful for performing the method depicted in FIG. 6A is a solid
wall isolation, incubation, and normalization (SWIIN)} module. FIG. 6B depicis an aspect
of a SWIIN module 650 from an exploded top perspective view. In SWIIN module 650 the
retentate member is formed on the botiom of a top of a SWIIN module component and the
permeate member is formed on the top of the bottom of a SWIIN module component.
[B0235] The SWHN module 650 in FIG. 6B comprises from the top down, a reservoir
gasket or cover 638, a retentate member 604 {where a retentate flow chavnel cavnot be
seen m this FIG. 6B), a perforated member 601 swaged with g filter (filter not seen in FIG.
6B), a permeate member 608 comprising ntegrated reservours {permeate reservoirs 652
and reteptate reservoirs 654}, and two reservoir seals 662, which seal the botiom of
permeate reservoirs 652 and retentate reservoirs 654, A permeate channel 660a can be seen
disposed on the top of permeate member 608, defined by a raised portion 676 of serpentine
channel 660z, and ultrasonic tabs 664 can be seen disposed on the top of permeate member
608 as well. The perforations that form the wells on perforated member 601 are not seen
m this FIG. 6B, however, through-holes 666 to accommodate the ultrasonic tabs 664 are
seen. In addition, supports 670 are disposed at erther end of SWIIN module 650 to support
SWIIN module 650 and to elevate permeate member 608 and retentate member 604 above
reservoirs 652 and 654 to munumize bubbles or air entering the fhuid path from the permeate
reservolr to serpentine channel 660a or the fluid path from the retentate reservoir to
serpentine channel 660b {neither fhnd path is seen in this FIG. 6B).

{00236] In this FIG. 6B, it can be seen that the serpentine channel 6603 that 1s disposed
on the top of permeate member 608 traverses permeate member 608 for most of the length

of permeate member 608 except for the portion of permeate member 608 that comprises
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permeate reservoirs 652 and retentate reservoirs 654 and for most of the width of permeate
member 608, As used herein with respect to the distribution channels n the retentate
member or permeate member, “most of the length” means about 95% of the fength of the
retentate member or permeate member, or about 90%, 85%, 80%, 75%, or 70% of the
length of the retentate member or permeate member. As used herein with respect to the
distribution channels in the retentate member or permeate member, “most of the width”
means about 95% of the width of the retentate member or permeate member, or about 90%,
85%, 8%, 75%, or 70% of the width of the retentate member or permeate member.

[80237] In this aspect of a SWIN module, the perforated member includes through-
holes to accommeodate ulirasonic tabs disposed on the permeate member. Thus, in this
aspect the perforated member is fabricated from 316 stainless steel, and the perforations
form the walls of microwells while a filter or membrane is used to form the bottom of the
microwells. Typically, the perforations (microwells} are approximately 150 um to 200 um
in diameter, and the perforated member is approximately 125 um deep, resulting in
mucrowells having a volume of approximately 2.5 nl, with a total of approximately
200,000 microwells. The distance between the microwells 1s approximately 279 um center-
to~center. Though here the microwells have a volume of approximately 2.5 o, the volume
of the nmucrowells may be between 1 nL and 25 nL,, or preferably between 2 nl. and 10 nl,
and even more preferably between 2 ul and 4 nl.. As for the filter or oembrane, like the
filter described previously, filters appropriate for use are solvent resistant, contamination
free during filtration, and are able to retam the types and sizes of cells of mterest. For
example, n order to retain small cell types such as bacterial cells, pore sizes can be as fow
as 0.10 um, however for other cell types {e.g., such as for mammalian cells), the pore sizes
can be as high as from 10.0 pum to 20.0 um or more. Indeed, the pore sizes useful m the cell
concentration device/module mclude filters with sizes from 6.10 wm, 6.1 pm, 612 um,
0.13 um, 0.14 pm, 615 pm, 016 pmy, 017 pm, O 18 i, 619 pm, 0.20 pm, 0.21 um, 0.22
um, .23 wm, 0.24 pm, 0.25 pm, 0.26 pm, G.27 um, 0.28 pm, 0.29 um, 030 pm, 0.31 um,
0.32 um, 0.33 pm, 634 um, 0.35 pm, 0.36 um, ¢.37 um, 0.38 pum, 0.39 pum, 0.40 um, .41
um, 0.42 um, 0.43 pm, 0.44 um, 0.45 um, 0.46 um, 0.47 um, 048 pm, 0.49 pwm, 0.50 pm
and larger. The filters may be fabricated from any suitable material including cellulose

mixed ester {cellulose nitrate and acetate} (CME), polycarbonate (PC), polyvinylidene
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fluoride (PVDF), polyethersulfone (PES}, polytetrafiuoroethylene (PTFE}, nylon, or glass
fiber.

{60238} The cross-section configuration of the mated serpenting channel may be
round, elliptical, oval, square, rectangular, trapezoidal, or irregular. If square, rectangular,
or ancther shape with generally straight sides, the cross section may be between about 2
mm and 15 mm wide, or between 3 mm and 12 mm wide, or betwesen 5 mm and 10 mm
wide. If the cross section of the mated serpentine channel is generally round, oval or
elliptical, the radiws of the channel may be between about 3 mm and 20 mm in hydraulic
radius, or between S mm and 15 mm in hydraulic radius, or between 8 mum and 12 mm i
hydraulic radius.

{00239] Serpentine channels 660a and 660b can have approximately the same volume
or a different volume. For example, each “side” or portion 660a, 660b of the serpentine
channel may have a volume of, e.g., 2 mL, or serpentine channel 660a of permeate member
608 may have a volume of 2 mL, and the serpentine channel 660b of retentate member 604
may have a volume of, e.g., 3 mL. The volume of fluid in the serpentine channel may range
from about 2 mL to about 80 mL., or from about 4 mL 1o gbout 60 ml, or from about S mL
to about 40 mL, or from about 6 mL to about 20 mL {note these volumes apply to a SWIIN
module comprising a, e.g., 30-300K perforation member). The volume of the reservoirs
may range between 3 mi and 50 mL, or between 7 mL and 40 mL, or between 8 mL and
30 mL or between 10 mL and 20 mL, and the volumes of all reservoirs may be the same
or the volumes of the reservoirs may differ (e.g., the vohume of the permeate reservoirs is
greater than that of the retentate reservoirs).

[80240] The serpentine channel portions 660a and 660b of the permeate member 608
and retentate member 604, respectively, are approximately 200 mm long, 130 mm wide,
and 4 mm thick, though n other aspects, the retentate and permeate members can be
between 75 mm and 400 mm 1o length, or between 100 mm and 300 mun in length, or
between 150 mm and 250 mm in length; between 50 mm and 250 mm in width, or between
75 num and 200 mm in widih, or between 100 mm and 150 mm in width; and between 2
mm and 15 mm i thickness, or between 4 mm and 10 mm in thickness, or between 5 mm
and 8 mm in thickness. In some aspects, the retentate {and permeate) members may be

fabricated from PMMA {poly(methyl methacrylate) or other matenals may be used,
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including polycarbonate, cyclic olefin co-polymer {(COC), glass, polyvinyl chlornide,
polyethylene, polyamide, polypropylene, polysulfone, polyurethane, and co-polymers of
these and other polymers. Preferably at least the retentate member 8 fabricated from a
transparent material so that the cells can be visualized (see, e.g., FIG. 6F and the description
thereof}. For example, a video camera may be used to monitor cell growth by, e.g., density
change measurements based on an image of an empty well, with phase contrast, or if, e. g,
a chromogenic marker, such as a chromogenic protein, 18 used to add a distinguishable
color to the cells. Chromogenic markers such as blitzen blue, dreidel teal, virginia viaolet,
vixen purple, prancer purple, tinsel purple, maccabee purple, donner magenta, cupid pink,
seraphina pink, scrooge orange, and leor orange (the Chromogenic Protein Paintbox, all
available from ATUM (Newark, CA)) obviate the need to use fluorescence, although
fluorescent cell markers, fluorescent proteins, and chemiluminescent cell markers may also
be used.

{60241] Because the retentate member preferably is transparent, colony growth in the
SWIHN module can be monitored by automated devices such as those sold by JoVE

(ScanLag™

system, Cambridge, MA) {(also see Levin-Reisman, et al., Nature Methods,
7:737-39 (2010)). Cell growth for, e.g., mammalian cells may be mormtored by, e.g., the
growth momtor sold by IncuCyite (Ann Arbor, MI) (see also, Choudhry, PLos One,
11{2)e0148469 (2016)). Further, automated colony pickers may be employed, such as
those sold by, e.g., TRCAN (Pickolo™ system, Mannedorf, Switzerland), Hudson Inc.
{(RapidPick™, Springfield, NJ); Molecular Devices (QPix 400 ™ system, San Jose, CA);

and Singer Tnstruments (PIXL™

system, Somerset, UK).

{080242] Due to the heating and cooling of the SWIHN module, condensation may
accumulate on the retentate member which may interfere with accurate visualization of the
growing cell colonies. Condensation of the SWHN module 650 may be controlled by, e.g.,
moving heated atr over the top of {e.g., retentate member} of the SWIIN module 650, or by
applying a transparent heated lid over at least the serpentine channel portion 660b of the
retentate member 604, See, e.g., FIG. OF and the description thereof infra.

{0243] In SWIN module 650 cells and medium—at a dilution appropriate for
Poisson or substantial Poisson distribution of the cells in the microwells of the perforated

member—are flowed into serpentine channel 660b from ports in retentate member 604,



1

2

A

o2

v 4

G

0

Wh

WO 2023/122023 PCT/US2022/053377

and the cells settle in the microwells while the medium passes through the filier into
serpenting channel 660a in permeate member 608, The celis are retained in the microwells
of perforated member 601 as the cells cannot travel through filter 603. Appropriate medium
may be introduced imto permeate member 608 through permeate ports 611, The medium
flows upward through filter 603 to nourish the cells in the microwells {perforations) of
perforated member 601, Additionally, buffer exchange can be effected by cycling medium
through the retentate and permeate members. In operation, the cells are deposited into the
microwells, are grown for an mnitial, e g, between 2 and 100 doublings, editing is induced
by, e.g., raising the temperature of the SWIIN to 42°C to induce a temperature inducible
promoter or by removing growth medium from the permeate member and replacing the
growth medium with a medium comprising a chemical component that induces an
inducible promoter.

{00244} Once editing has taken place, the temperature of the SWIN may be
decreased, or the inducing medium may be removed and replaced with fresh medium
lacking the chemical component thereby de-activating the inducible promoter. The cells
then continue to grow m the SWHN module 650 until the growth of the cell colonies mthe
microwells 15 normalized. For the vormalization protocol, once the colomes are
normalized, the colonies are flushed from the microwells by applyving flind or air pressure
{or both) to the permeate mernber serpentine channel 660a and thus to filter 603 and pooled.
Alternatively, if cherry picking 1s desired, the growth of the cell colonies in the microwells
s monttored, and slow-growing colonies are directly selected; or, fast-growing colonies
are elimmated.

[00245] FIG. 6C 15 a top perspective view of a SWIIN module with the retentate and
perforated members in partial cross section. In this FIG. 6C, it can be seen that serpentine
channel 660a 1s disposed on the top of permeate member 608 15 defined by raised portions
676 and traverses permeate member 608 for most of the length and width of permeate
member 608 except for the portion of permeate member 608 that comprises the permeate
and retentate reservoirs (note only one reteniate reservoir 652 can be seen}). Moving from
left to nght, reservoir gasket 658 is disposed upon the integrated reservoir cover 678 (cover
not seen in this FIG. 6} of retentate member 604, Gasket 658 comprises reservoir access

apertures 632a, 632b, 632¢, and 632d, as well as pneumatic poris 633a, 633b, 633¢ and
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33d. Also at the far left end 15 support 670, Disposed under permeate reservoir 652 can
be seen one of two reservoir seals 662. In addition to the retentate member being in cross
section, the perforated member 601 and filter 603 (filter 603 15 not seen n this FIG. 6C)
are in cross section. Note that there are a number of ultrasonic tabs 664 disposed at the
right end of SWIIN module 650 and on raised portion 676 which defines the channel turns
of serpentine channel 6602, including ultrasonic tabs 604 extending through through-holes
666 of perforated member 601, There 15 also a support 670 at the end distal reservoirs 652,
654 of permeate member 608

{00246} FIG. 6D 1s a side perspective view of an assembled SWIIN module 650,
mcluding, from right to left, reservoir gasket 658 disposed upon integrated reservoir cover
678 (not seen} of retentate member 604, Gasket 658 may be fabricated from rubber,
silicone, trile rubber, polvietrafiuoroethylene, a plastic polymer such as
polychlorotrifluoroethylene, or other flexible, compressible material. Gasket 658
COMPTISEs reservolr access apertures 632a, 632b, 632¢, and 632d, as well as pneumatic
ports ©33a, 633b, 633¢ and 633d. Also at the far-left end is support 670 of permeate
raember 608 In addition, permeate reservoir 632 can be seen, as well as one reservoir seal
662. At the far-right end 13 a second support 670.

[00247]  Imaging of cell colomes growmg in the wells of the SWIIN 15 desired in most
wmplementations for, e.g., montoring both cell growth and device performance and
maging 15 necessary for cherry-picking mnplementations. Real-time monitoring of cell
growth m the SWIN requires backlighting, retentate plate (top plate) condensation
management and a system-level approach to temperature control, atr flow, and thermal
management. In some mmplementations, imaging emplovs a camera or CUD device with
sufficient resolution to be able to wmage mdividual wells. For example, in some
configurations a camera with a 9-pixel pitch 1s used (that 1s, there are 9 pixels center-to-
center for each well). Processing the images may, in some implementations, utilize reading
the images in grayscale, rating each pixel from low to hugh, where wells with no cells will
be brightest (due to full or nearly-full light transmission from the backlight} and wells with
cells will be dim (due to cells blocking light transmission from the backlight}) After
processing the images, thresholding s performed to determine which pixels will be called

“bright” or “dim”, spot finding 15 performed to find bright pixels and arrange them nto
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blocks, and then the spots are arranged on a hexagonal grid of pixels that correspond to the
spots. Once arranged, the measure of mtensity of each well 15 extracted, by, e.g., looking
at one or more pixels in the niddle of the spot, looking at several to many pixels at random
of pre-set posttions, or averaging X number of pixels in the spot. In addition, background
intensity may be subtracted. Thresholding is again used to call each well positive {e.g.,
containing cells) or negative (e.g., no cells in the well). The maging information may be
used in several ways, including taking images at time poinis for monitoring cell growth.
Monitoring cell growth can be used to, e.g., remove the “mufttin tops” of fast-growing cells
followed by removal of all cells or removal of cells i “rounds” as described above, or
recover cells from specific wells {e.g., slow-growing cell colonies); alternatively, wells
containing fast-growing cells can be identified and areas of UV light covering the fast-
growing cell colonies can be projected {or rastered with shutters} onto the SWIIN to
trradiate or inhibit growth of those cells. Imaging may also be used to assure proper fhad
flow in the serpentine channel 660,

[80248] FIG 6F depicts the aspect of the SWIIN module 1 FIGs. 6B — 6D further
comprising a heat management system mcluding a heater and a heated cover. The heater
cover facilitates the condensation management that 1s required for imaging. Assembly 698
comprises a SWIIN module 650 seen lengthwise in cross section, where one permeate
reservoir 652 18 seen. Disposed mmomediately upon SWIHN module 650 1s cover 694 and
disposed immediately below SWIIN module 650 is backlight 680, which allows for
imaging, Beneath and adjacent to the backlight and SWIHN module 1s msulation 682, which
1s disposed over a heatsink 684, In this FIG. 6E, the fins of the heatsmk would be m-out of
the page. In addition there 1s also axial fan 686 and heat sink 688, as well as two
thermoelectric coolers 692, and a controller 690 to control the pneumatics, thermoelectric
coolers, fan, solenoid valves, etc. The arrows denote cool air coming nto the onit and hot
atr being removed from the anit. It should be noted that control of heating allows for growth
of many different types of cells {prokaryotic and eukaryotic) as well as strains of cells that
are, e.g., temperature sensitive, etc., and allows use of temperature-sensitive promoters.
Temperature control allows for protocols to be adjusted to account for differences in
transformation efficiency, cell growth and viability. For more details regarding solid wall

isolation incubation and normalization devices see USSNg 16/399,988, filed 30 April 2019;
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16/454 8035, filed 26 June 2019; and 16/540,606, filed 14 August 2019, For alternative
isolation, incubation and normalization modules, see USSN 16/536,049, filed 08 August

2019

Use of the Automated Multi-Module Cell Processing Instrument

{(0249] FIG. 7 illustrates an aspect of a multi-module cell processing instrument. This
aspect depicts an example of a system that performs recursive and trackable
CFgRNA/nickase-RT fusion editing on a cell population. The cell processing instrument
700 may include a housing 726, a reservoir for storing cells to be transformed or transfected
702, and a cell growth module {(comprising, e.g., a rotating growth vial) 704. The cells to
be transformed are transferred from a reservorr 702 to the cell growth module 704 to be
cultured unuil the cells hit a target OD. Once the cells hit the target OD, the growth module
may cool or freeze the cells for later processing or transfer the cells to a cell concentration
{e.g., filtration) module 706 where the cells are subjected to buffer exchange and rendered
electrocompetent and the volume of the cells may be reduced substantially. Once the cells
have been concenfrated to an appropriate volume, the cells are transferred to
electroporation device 708 or other transformation module. In addition to the reservoir for
storing cells 702, the multi-module cell processing instrument includes a reservoir for
storing the engine and editing vectors or engine + editing vectors or vectors and protems
1o be miroduced mto the electrocompetent cell population 722, The vector backbones and
editing casseties are transferred to the electroporation device 708, which already contains
the cell culture grown to a target OD. In the electroporation device 708, the nucleic acids
{or nucleic acids and protems) are electroporated into the cells. Following electroporation,
the cells are transferred 1nto an optional recovery and dilution module 710, where the cells
recover briefly post-transformation.

{00256] After recovery, the cells may be transferred {0 a storage module 712, where
the cells can be stored at, e.g., 4°C or -20°C for later processing, or the cells may be diluted
and transferred to a selectiony/singulation/growth/induction/editing/normalization (SWIIN)
module 720. In the SWIIN 720, the cells are arrayed such that there is an average of one to
twenty or fifty or so cells per microwell. The arrayed cells may be in selection medium to

select for cells that have been transformed or transfected with the editing vector(s). Unce
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singulated, the cells grow through 2 to 50 doublings and establish colonies. Once colonies
are established, editing 1s induced by providing conditions (e.g., temperature, addition of
an inducing or repressing chemical) to induce editing. Editing 1s then inttiated and allowed
to proceed, the cells are allowed to grow to termunal size {e.g., normalization of the
colonies) in the microwells and then are treated to conditions that cure the editing vector
from this round. Once cured, the cells can be flushed out of the microwells and pooled,
then transferred to the storage {(or recovery) umit 712 or can be transferred back to the
growth module 704 for another round of editing. In between pooling and transfer to a
growth module, there typically s one or more additional steps, such as cell recovery,
medium exchange {rendering the cells electrocompetent), cell concentration (typically
concurrently with medium exchange by, e.g., filtration.

[00251] Note that the selection/singulation/growtivVinduction/editing/normalization
and curing modules may be the same module, where all processes are performed in, e.g., a
solid wall device, or selection and/or dilution may take place in a separate vessel before
the cells are transferred o the solid wall
singulation/growth/induction/editing/normalization/editing module (SWIIN}. Similarly,
the cells may be pooled after normalization, transferred 1o a separate vessel, and cured in
the separate vessel. Once the putatively-edited cells are pooled, they may be subjected to
another round of editing, beginning with growth, cell concentration and treatment to render
electrocompetent, and transformation by yet another donor nucleic acid 1 another editing
cassette via the electroporation module 708,

[60252] In electroporation device 708, the cells selected from the first round of editing
are transformed by a second set of editing vectors and the cycle 13 repeated until the cells
have been transformed and edited by a desired number of, e.g., CF editing cassettes. The
multi-module cell processing mstrument exemplified 1n FIG. 7 18 controlied by a processor
724 configured to operate the strument based on user input or is controlled by one or
more scripts including at least one script associated with the reagent cartridge. The
processor 724 may control the timing, duration, and temperature of various processes, the
dispensing of reagents, and other operations of the various modules of the instrument 700
For example, a script or the processor may control the dispensing of cells, reagents, vectors,

and editing oligonucieotides; which editing oligonucieotides are used for cell editing and
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in what order; the time, temperature and other conditions used in the recovery and
expression module, the wavelength at which OD is read i the cell growth module, the
target O to which the cells are grown, and the target time at which the cells will reach the
target 0D, In addition, the processor may be programmed to notify a user {e.g., via an
application} as to the progress of the cells in the automated molti-module cell processing
mstrument.

{80253] It should be apparent to one of ordinary skill in the art given the present
disclosure that the process described may be recursive and multiplexed; that is, cells may
go through the worktlow described in relation to FIG. 7, then the resulting edited culture
may go through another (or several or many) rounds of additional editing {e.g., recursive
editing) with different editing cassettes (or ribozyme-containing editing cassettes). For
example, the cells from round 1 of editing may be diluted and an aliquot of the edited cells
edited by editing cassette A may be combined with editing cassette B, an aliquot of the
edited cells edited by editing cassette A may be combined with editing cassette C, an
aliquot of the edited cells edited by editing cassette A may be combined with editing
cassette D, and so on for a second round of editing. After round two, an aliquot of each of
the double-edited cells may be subjected to a third round of editing, where, e.g., aliquots
of each of the AB-~, AC-, AD-edited cells are combined with additional editing cassettes,
such as editing cassettes X, Y, and Z. That 15, double-edited cells AB may be combinec
with and edited by editing cassettes X, Y, and 7 to produce triple-edited edited cells ABX|
ABY, and ABZ; double-edited cells AT may be combined with and edited by editing
casseties X, Y, and 7 to produce triple-edited cells ACX, ACY, and ACZ; and doubie-
edited cells AD may be combined with and edited by editing cassettes X, Y, and 7 o
produce triple-edited cells ADX, ADY, and ADZ, and so on In this process, many
permutations and combinations of edits can be executed, leading to very diverse cell
populations and cell libraries.

{B0254] In any recursive process, it is advaniagecus to “cure” the editing vectors
comprising the CF editing cassette. “Curing” 15 a process in which one or more editing
vectors used in the prior round of editing 15 eliminated from the transformed cells. (See,
e.g., curing can be accomplished by, e.g., cleaving the editing vector{(s) using a curing

plasmid thereby rendering the editing vectors nonfunctional; diluting the editing vector(s)

o
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in the cell population via cell growth {that 1s, the more growth cycles the cells go through,
the fewer daughter celis will retain the editing vector{s}), or by, e.g., utilizing a heat-

sensitive origin of replication on the editing vector. The conditions for curing will depend

on the mechamism used for curing; that 15, in this example, how the curing plasmid cleaves

g5
the editing vector.

{B0288] A variety of further modifications and improvements in and to the composition,
methods, and modified cells of the present disclosure will be apparent to those skilled in
the art. The following non-limiting, embodiments are specifically envisioned:

1. A method for performing nucleic acid-guided nuclease/reverse transcriptase fusion
editing in a genome of a live cell, comprising;

{(a) providing the live cell, wherein the live cell comprises a first target locus and a
second target locus;

(b} providing a nucleic acid-guided nuclease/reverse transcriptase fusion enzyme;

(c) providing a CF editing cassette, the CF editing cassette comprising:

{1} a nucleic acid sequence encoding a fust CFgRNA having a region of
complementanty to a sequence of the first target locus; and
{11} a nucleic acid sequence encoding a first repawr teroplate;

{(d} providing a CF barcoding cassetie, the CF barcoding cassette comprising;

{1} a nuclewc acid sequence encoding a second CFgRNA having a region of
complementarity to a sequence of the second target ocus; and
(11} a nucleic acid sequence encoding a second repair template;

{e} providing conditions to allow the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme, the first CFgRNA, and the first repair template to bind to the
first target locus;

(1) alfowing the nucleic acid-guded nuclease/reverse transcriptase fusion enzyme,
the first CFgRNA, and the first repatr template to edit the first target locus;

(g} providing condittons to allow the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme, the second CFgRNA, and the second repair template to bind

to the second target locus; and
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{(h} allowing the nucleic acid-guided nuclease/reverse transcriptase fusion enzyme,
the second CFgRNA, and the second repair template to integrate the barcode into the
second target locus.

2. The method of embodiment 1, wherein the first CFgRNA comprises a spacer region
and a structural region recognized by the nucleic acid-guided nuclease/reverse transcriptase
fusion enzyme.

3 The method of embodiment 1 or 2, wherein the first repair template comprises an
edit and a primer binding site (PBS).

4. The method of embodiment 3, wherein the first repair template further comprises a
post-edit homology region.

5 The method of embodiment 3 or 4, wherein the first repaur template comprises a
nick-to-edit region.

6. The method of any one of embodiments 1 to 5, wherein the second CFgRNA
comprises a spacer region and a structural region recognized by the nucleic acid-guided
nuclease/reverse transcriptase fusion enzyme.

7. The method of any one of embodiments 1 to 6, wherein the second repair template
comprises a barcode and a primer binding site (PBS).

8. The method of embodiment 7, wherein the second repair template further
comprises a post-barcode homology region,

9. The method of embodiment 7 or §, whereimn the second repatr teraplate comprises
a mck-to-barcode region.

10, The method of any one of embodiments 1 {o 9, further comprising:

sequencing the genome or a transcriptome of the cell to track for integration of the
barcode, the integration of the barcode representing a nucleic acid-guided
nuclease/reverse transcriptase {usion editing event effected by the CF editing cassette.
it The method of embodiment 10, wherein the genome 15 sequenced by single-celi
amplicon-based next-generation sequencing.

12, The method of embodiment 10, wherein the transcriptome 13 sequenced by single-

cell RNA sequencing.
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13 The method of any one of embodiments 1 to 12, wherein the nucleic acid-guided
nuclease/reverse transcriptase fusion enzyme comprises 3 nucleic acid-guided nickase
and a reverse {ranscriptase.

14. The method of embodiment 13, wherein the nucleic acid-guided nickase

v 4

comprises a MAD nickase or a variant thereof.
15 The method of embodiment 13, wherein the nucleic acid-guided nickase
comprises a {as nickase or a variant thereof.
16, The method of any one of embodiments 1 to 13, wherein a nucleic acid sequence
encoding the nucleic acid-guided nuclease/reverse transcriptase fusion enzyme and the
10 CF editing cassette are assembled into a vector for introduction of the nucleic acid-guided
nuclease/reverse transcriptase fusion enzyme and CF editing cassette into the cell.
17. The method of embodiment 16, wherein the CF barcoding cassette is further
assembied into the vector for introduction of the CF barcoding cassette into the cell.
18, The method of any one of embodiments 1 to 13, wherein the CF barcoding
15 cassette 1s assembled into a barcoding vector for miroduction of the CF barcoding
cassette into the cell, and wherem the CF editing cassette 15 assembled into an editing
vector for introduction of the CF editing cassetie into the cell, wherein the editing vector
is different from the barcoding vector.
19, The method of any one of embodiments 1 to 18, further comprising:
20 providing a selectable marker.
20, The method of embodiment 19, wherein the selectable marker is for selection and
enrichment of cells having an mntegrated barcode or an effected edit.
21 The method of embodiment 19 or 20, further comprising selecting and enriching

for cells having an integrated barcode or an effected edit.

25 22 The method of any one of embodiments 1 to 21, wherein the second target locus
1s a safe harbor locus disposed centrally m an intergenic or mironic region of the cell.
23. The method of any one of embodiments 1 to 21, wherein the second target locus
is disposed within a coding region of the cell.
24, The method of any one of embodiments 1 to 21, wherein the second target locus
30 is disposed within a noncoding region of the cell.

86



WO 2023/122023 PCT/US2022/053377

25. The method of any one of embodiments 1 to 24, wherein the CF editing cassette
further comprises an edit to immunize the first target locus and prevent re-nicking.
26. The method of any one of embodiments 1 to 25, wherein the CF barcoding

cassette further comprises an edit to immunize the second target locus and prevent re-

5 nicking.
27. An editing system comprising one of more vectors Comprising;
a nucleic acid sequence encoding a nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme;
a CF editing cassette comprising:
10 a nucleic acid sequence encoding a first CFgRNA having a region of

complementarity to a sequence of a first target locus n a cell; and
a nucleic acid sequence encoding a first repair template;
a CF barcoding cassette comprising:
a nucleic acid sequence encoding a second CFgRNA having a region of
15 complementarity o a sequence of a second target locus in the cell; and
a nucleic acid sequence encoding a second repair template.
28. The editing system of embodiment 27, wherein the first CFgRNA comprises a
spacer region and a structural region recognized by the nucleic acid-guided
nuclease/reverse transcriptase fusion enzyme.
20 29 The editing system of embodiment 27 or 28, wherein the first repair template
comprises an edit and a primer binding site (PBS).
30 The editing system of embodiment 29, wherein the first repawr template further

comprises a post-edit homology region.

31 The editing system of embodiment 29 or 30, wherein the first repair template
25 further comprises a nick-to-edit region.

32, The editing system of any one of embodiments 27 to 31, wherein the second

CHFgRNA comprises a spacer region and a structural region recognized by the nucleic

acid-guided nuclease/reverse transcriptase fusion enzyme.

33. The editing system of anv one of embodiments 27 to 32, wherein the second
30 repair template comprises a barcode and a primer binding site (PBS).
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34 The editing system of embodiment 33, wherein the second repair template forther
comprises a post-barcode homology region.

35. The editing system of embodiment 33 or 34, wherein the second repair template
comprises a nick-to-barcode region.

36. The editing system of any one of embodiments 27 to 35, wherein the nucleic acid-
guided nuclease/reverse transcriptase fusion enzyme comprises a nucleic acid-guided
nickase and a reverse transcripiase.

37. The editing system of embodiment 36, wherein the nucleic acid-guided nickase
comprises a MAD nickase or a variant thereof.

38 The editing system of embodiment 36, wherein the nucleic acid-guided nickase
comprises a Cas nickase or a variant thereof.

39. The editing system of any one of embodiments 27 to 38, wherein the one or more
vectors comprises an editing vector, and wherein the editing vector comprises the CF
editing cassette.

40 The editing systerm of embodiment 39, wherein the editing vector further
comprises a nuclewe acid sequence encoding the nuclewc acid-guided nuclease/reverse
transeriptase fusion enzyme.

41. The editing system of embodiment 39 or 40, wherem the editing vector further
comprises the CF barcoding cassette.

42. The editing system of any one of embodiments 27 to 38, wheretn an editing
vector comprises the UF editing cassette, and a barcoding vector comprises the CF
barcoding cassette, and wherein the editing vector 18 different than the barcoding vector.
43 The editing system of any one of embodiments 27 to 38, whereimn one or more of
the one or more vectors comprises a selectable marker.

44, The editing system of embodiment 43, wherein the selectable marker 15 for
selection and enrichment of cells having an integrated barcode or an effected edit.

45. The editing system of anv one of embodiments 27 to 44, wherein the second
target locus 1s a safe harbor locus disposed centrally in an intergenic or intronic region of
the cell.

46, The editing system of any one of embodiments 27 to 44, wherein the second

target locus is disposed within a coding region of the cell
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47, The editing system of any one of embodiments 27 to 44, wherein the second
target locus is disposed within a noncoding region of the cell.
48, The editing system of any one of embodiments 27 to 47, wherein the CF editing

cassette further comprises an edit to immunize the first target locus and prevent re-

5 nicking.
49 The editing system of anv one of embodiments 27 to 48, wherein the CF
barcoding cassette further comprises an edit to immunize the second target locus and
prevent re-nicking.
50 A vector comprising:

10 a nucleic acid sequence encoding a nucleic acid-guided nuclease/reverse

transcriptase fusion enzyme,
a CF editing cassetie cormprising:
a nucleic acid sequence encoding a first CFgRNA having a region of
complementarity 1o a sequence of a first target locus in a cell; and
15 a nucleic acid sequence encoding a first repair teroplate;
a UF barcoding cassette comprising:
a nucleic acid sequence encoding a second CFgRINA having a region of
complermentarity to a sequence of a second target locus o the cell; and
a nucleic acid sequence encoding a second repair template,

20 SL The vector of embodiment 50, wheren the first CFgRNA comprises a spacer
region and a structural region recognized by the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme.

52, The vector of embodiment S0 or ST, wherein the first repair template comprises
an edit and a primer binding sute (PBS).

25 53 The vector of embodiment 52, wherein the first repair template further comprises
a post-edit homology region.

54 The vector of embodiment 52 or 53, wherein the first repair template further
comprises a nick-to-edit region.
55. The vector of any one of embodiments 50 to 54, wherein the second CFgRNA

30 comprises a spacer region and a structural region recognized by the nucleic acid-guided

nuclease/reverse transcriptase fusion enzyme.

89



(¥4

10

2

A

o2

0

Wh

WO 2023/122023 PCT/US2022/053377

56. The vector of any one of embodiments 50 to 535, wherein the second repair
template comprises a barcede and a primer binding site (PBS).

57. The vector of any one of embodiments 56, wherein the second repair template
further comprises a post-barcode homology region.

58. The vector of embodiment 56 or 57, wherein the second repair template
comprises a nick-to-barcode region.

59. The vector of any one of embodiments 50 to 58, wherem the nucleic acid-guided
nuclease/reverse transcriptase fusion enzyme comprises a nucleic acid-guided nickase
and a reverse {ranscriptase.

60, The vector of embodiment 59, wherein the nucleic acid-guided nickase comprises
a MAD nickase or a variant thereof.

61, The vector of embodiment 59, wherein the nucleic acid-guided nickase comprises
a Cas nickase or a variant thereof

62, The vector of any one of embodiments 50 1o 61, wherem the vector further
comprises a selectable marker.

a3, The vector of embodiment 62, wherein the sslectable marker s for selection and
enrichment of cells having an integrated barcode or an effected edit.

o4, The vector of embodiment 62 or 63, wheremn the selectable marker is a puromycin
resistance gene,

5S. The vector of any one of embodiments 50 (o 64, wheremn the second target focus
15 a safe harbor locus disposed centrally 1 an intergenic or mironic region of the cell,

56. The vector of any one of embodiments 50 (o 64, wheremn the second target focus
s disposed within a coding region of the cell.

57, The vector of any one of embodiments 50 (o 64, wheremn the second target focus
15 disposed within a noncoding region of the cell.

58. The vector of any one of embodiments 50 to 67, wheremn the CF editing cassette
further comprises an edit to immunize the first target locus and prevent re-nicking.

69. The vector of any one of embodiments 50 to 68, wherein the CF barcoding
cassette further comprises an edit to immunize the second target focus and prevent re-

nicking.
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70. A method for performing nucleic acid-guided nuclease/reverse transcriptase
fusion editing in a genome of a live cell, comprising:
{(a) providing a hive cell suitable for the editing;

{b} mtroducing a nucleic acid-guided nuclease/reverse transcriptase fusion

v 4

enzyme;
(<) providing conditions to allow the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme to bind to a first target locus;
(d} allowing the nucleic acid-guided nuclease/reverse transcriptase fusion enzyme
to edit the first target locus;
10 (e) providing conditions to allow the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme to bind to a second target locus;
(f) allowing the nucleic acid-guided nuclease/reverse transcriptase fusion enzyme
to mtegrate a barcode into the second target locus.
71. The method of embodiment 70, wherein the live cell comprises a CF editing
15 cassette, the CF editing cassetie comprising a nucleic acid sequence encoding a first
CFgRNA having a region of complementarity 1o a sequence of the first target locus, and a
nucleic acid sequence encoding a first repair template.
72. The method of embodiment 71, wherein the first CFgRNA comprises a spacer
region and a structural region recogmized by the pucleiwc acid-guided nuclease/reverse
20 transcriptase fusion enzyme,
73 The method of any one of embodiments 70 to 72, wherein the first repair template
comprises an edit and a primer binding site (PBS).
74 The method of any one of embodiments 70 to 73, wheremn the live cell comprises a

CF barcoding cassetie, the CF barcoding cassetie comprising a nucleic acid sequence

25 encodmg a second CFgRNA having a region of complementanity to 8 sequence of the
second target focus, and a nucleic acid sequence encoding a second repair template.
75. The method of embodiment 74, wherein the second CFgRNA comprises a spacer
region and a siructural region recognized by the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme.

30 76 The method of any one of embodiments 70 to 75, wherein the second repair

template comprises a barcede and a primer binding site (PBS).
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EXAMPLES
{00256] The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how to make and use the present
mvention, and are not intended to limit the scope of what the mmventors regard as their
invention, nor are they intended to represent or umply that the experiments below are all of
or the only experiments performed. It will be appreciated by persons skilled in the art that
numerous variations and/or modifications may be made to the mvention as shown n the
specific aspects without departing from the spirit or scope of the mvention as broadly
described. The present aspects are, therefore, to be considered 1n all respects as illustrative

and not restrictive.

Example I GFPto BFE Conversion 4ssay

{80287] A GFP to BFP reporter cell line 1s created using mammalian cells with a stably
mtegrated genomic copy of the GFP gene (HEKZ293T-GFP). These cell lines
enablephenotypic detection of genomic edus of different classes by various different
raechanisms, mcluding flow cytometry, fluorescent cell 1maging, and genotypic detection
by sequencing of the genome-integrated GFP gene Lack of editing, or perfect repair of cut
events in the GFP gene, result in cells that remain GFP-positive. Cut events that are
repaired by the Non-Homologous End-Joumung (NHEDT) pathway often result in nucleotide
msertion or deletion events {indels), resulting i frame-shift mutations in the coding
sequence that cause loss of GFF gene expression and fluorescence. Cut events that are
repaired by the Homology-Directed Repawr (HDR) pathway using the GFP to BFP HDR
donor as a repair template or by the use of CFgRNAs, e.g., complementary CFgRNAg,

result 1n conversion of the cell fluorescence profile from that of GFP to that of BFP.

Foxample I{: CREATE Fusion Editing—MADZ2007 Nickase

{00258] CREATE Fusion Editing (CFE} 15 a techmique that uses a nucleic acid nickase

fusion protein {e.g., MAD2007 nickase} fused to a peptide with reverse transcriptase
activity along with a nucleic acid encoding a gRNA comprising a region complementary

to a target region of a nucleic acid in one or more cells, which comprises a mutation of at
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least one nucleotide relative to the target region in the one or more cells and a protospacer
adjacent motif (PAM} mutation.

{80259] In a first design, a nickase enzyme derived from the MAD2007 nuclease {see,
e.g., USPNs 9,982,279 and 10,337,028), e.g., Cas9 HB40A nickase or MAD7® nickase
(see, e.g., USSNs 16/837,212 and 17/084,522), 15 fused to an engineered reverse
transcriptase {RT) on the C-terminus and cloned downstream of a CMV promoter. In this
instance, the RT used 1s derived from Moloney Murine Leukemia Virus (M-MLV}.
[602608] RNA guides (gRNAs) are designed that are complementary to a single region
proximal to the EGFP-10-BFP editing site. The gRNA 15 extended on the 3' end to include
a region of 13 bp that include the TY-t0-SH edit and a second region of 13 bp that is
complementary to the nicked EGFP DNA sequence. This allows the nicked genomic DNA
o anneal to the 3' end of the gRNA which can then be extended by the reverse transcriptase
to mcorporate the edit in the genome. A second gRNA targets a region in the EGFP DNA
sequence that is 86 bp upstream of the edit site. This gRNA 15 designed such that it enables
the nickase to cut the opposite strand relative to gRNA. Both of these gRNAs are cloned
downstrearn of a Ub promoter. A poly-T sequence s also included that terminates the
transeription of the gRNA.

[00261]  The plasmuds are transformed 1nto NEB Stable £, coli (Ipswich, NY) and grown
overnight in 25 mL LB cultures. The following day the plasmids are purified from F. col
using the Qragen Midi Prep kit {Venlo, Netherlands). The purified plasmid s then RNase
A {ThermoFisher, Waltham, Mass) treated and re-purified using the DNA Clean and
Concentrator kit (Zymo, Trvine, CA).

[80262] HEK293T cells are cultured in DMEM mednim which 15 supplemented with
10% FBS and 1x Pemicillin and Streptomycin. 100 ng of total DNA {50 ng of gRNA
plasmud and SO ng of CFE plasmuds) 15 mixed with 1 uL of PolyFect {{iagen, Venlo,
Netherlands) m 25 pl of OptiMEM in a 96 well plate. The complex 1s mcubated for 10
mimites and then 20,000 HEK2937T cells resuspended in 100 gL of DMEM are added to
the mixture. The resulting mixture is then incubated for 80 hours at 37 °C and 5% €Oz
{00263]  The cells are harvested from flat bottom 96 well plates using TrypLE Express
reagent ( ThermoFisher, Waltham, MA) and transferred to v-bottom 96 well plate. The plate

is then spun down at 500 x g for 5 minutes. The TrypLE solution is then aspirated and the
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cell pellet is resuspended in FACS buffer (1X PBS, 1 % FBS, 1 mM EDTA and 0.5%
BSA}. The GFP+, BFP+ and RFP+ cells are then analyzed on the Attune NxT flow
cvtometer and the data 1s analyzed on Flowlo software.

{#0264] The RFP+BFP+ cells that are identified are indicative of the proportion of
enriched celis that have undergone precise or imprecise editing process. BFP+ cells
indicate cells that have undergone successful editing process and express BFP. The GFP-
cells indicate cells that have been imprecisely edited, leading to disruption of the GFP open
reading frame and loss of expression.

{80265] Inthis experiment, the edit is immediately 3' of the gRNA, and 3’ of the edit 1s
a further region complementary to the nicked genome, although the intended edit could
also be present further 5' within the region homologous to the nicked genome. A nickase
RT ftusion enzyme {Cas9 H840A nickase} creates a nick in the target site and the nicked
DNA anneals to its complementary sequence on the 3' end of the gRNA. The RT then
extends the DNA, thereby incorporating the intended edit directly in the genome.

[80266] The effectiveness of CREATE Fusion Editing m GFP+ HEK293T cells 18
tested. In the assay system devised, a successtul precise edit results 1n a BFP+ cell whereas
an mmprecise edit turns the cell both BFP and GFP negative. CREATE Fusion gRNA in
combination with CFE2.1 or CFE2.2 gives approximately 40-45% BYFP+ cells indicating
that almost half the cell population undergoes successtul editing {data not shown). The
GFP- cells are ~10% of the population. The use of a second nicking gRNA, as deseribed
n Anzalone et al. (Nature, S76{7785):149-157 (2019} does not increase the precision edit
rate any further; m fact, it significantly mereases the muprecisely edited, GFP-negative cell
population and the editing rate 13 fower.

{66267] Previous hiterature has shown that double nicks on opposite strands (<90 bp
away} do result i a double strand break which tend to be repaired via NHEJ resulting in
mprecise msertions or deletions. Overall, the results indicate that CREATE Fusion Editing
predominantly yields precisely edited celis and that the imprecisely edited cells proportion
is much lower {(data not shown).

{#0268] An enrichment handle, specifically a fluorescent reporter (RFP) linked to
nuclease expression 1s included in this experimentation as a proxy for cells receiving the

editing machinery. When only the RFP-positive cells are analyzed {(computational
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enrichment) after 3 to 4 cell divisions, up to 75% of the cells are BFP+ when tested with
¢RINA {data not shown), indicating uptake or expression-finked 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 result in a significantly improved rate of intended edits (data not shown}.

Exampie I CREATE Fasion Editing

{60269] CREATE Fusion Editing 1s carrted out in mammalian cells using a single guide
RNA covalently linked to a homology arm having an intended edit to the native sequence
and an edit that disrupts nuclease cleavage at this site. Briefly, lentiviral vectors are
produced using the following protocol: 1000 ng of lentiviral transfer plasmid containing
the CREATE Fusion cassettes along with 1500 ng of lentiviral packaging plasmids
(ViraSafe Lentivirys Packaging System Cell BioLabs) are transfected into HEK2937T cells
using Lipofectamine LTX in 6-well plates. Media containing the lentivirus 15 collected 72
hours post transfection. Two clones of a lentiviral CREATE Fusion gRNA-HA design are
chosen, and an empty lentiviral backbone 15 included as negative control.

[80278]  The day before the transduction, 200,000 HEK293T cells are seeded m six well
plates. Different volumes of CREATE lentivirus (10 ul. to 1000 ul) are added to
HEKZ293T cells m six well plates along with 10 ug/mlL of Polybrene. 48 hours after
ransduction, media with 15 pg/mL of Blasticidin 15 added to the wells. Cells are
maintained 1o selection for one week. Following selection, the well with lowest number of
surviving cells 1s selected for future experiments (<5 % cells).

{B0271] The expenmental constructs or wild-type Sp{as9 are eleciroporated nto
HEK293T cells using the Neon Transfection System {Thermo Fisher Scientific). Briefly,
400 ng of total plasnud DNA 15 mixed with 100,000 cells m Buffer R i a total of 15ul
volume. The 10 gL Neon tip is used to electroporate cells using 2 pulses of 20 ms and 1150
v. Cells are analyzed on the flow cytometer 80 hours post electroporation. Unenriched
editing rates of up to 15% are achieved from single copy dehivery of gRNA (data not
shown).

{80272] When the editing 1s combined with computational selection of RFP+ cells,

however, enriched editing rates of up to 30% are achieved from a single copy delivery
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gRNA. This enrichment via selection of cells receiving the editing machinery is 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 Hditing in an automated mstrument, e.g., use of a module for cell handle
enrichment and identification of cells having BFP expression. When the method enriches
for cells that have higher gRNA expression levels, the editing rate is even further increased,
and thus a growth and/or enrichment module of the instrument may incluode gRNA

enrichment.

Example IV Dugl Plasmid CREATE Fusion £diting and Barcoding

{80273] C(REATE Fusion Barcoding (“CFB”) 15 simultaneously carried out with
CREATE Fusion Editing in mammalian 1PS-GFP cells using CF barcoding casseties and
CF editing cassettes having different CFgRNAs for targeting separate genomic loct. CF
editing cassettes include a single CFgRNA covalently linked to a repair template for
targeting a model GFP locus and effecting a GFP-t0-BFP swap mutation at this site. CF
barcoding cassettes include a single CFgRNA covalently linked to a repair teroplate for
targeting either a model eukaryotic translation sutiation factor 4E-binding protein 2
(“4EBP2”} locus or model DNA methyliransferase 3 beta ("DNMT3b”) locus and
mntegrating a @ bp barcode at these sites. The CF editing cassettes are assembled into editing
plasmids encoding the CF editing cassettes and a CREATE Fusion Enzyme ("CFE”), and
the CF barcoding cassettes are assembled into separate barcoding plasnuds. FIG BA
schematically 1llusirates the assembled editing and barcoding plasmuds.

{80274] The editing and barcoding plasmuds are co-transfected into the 1PS-GFP cells,
and conditions for editing/barcoding are provided FIG. 8B graphically illustrates the
editing rates that are observed mn the 1PS-GFP celis when the cells are transfected with a
single editing {targeting GFP) plasmid, or dual editing {targeting GFP) and barcoding
{either targeting 4EBP2 or DNMT3b} plasmids. The cells in FIG. 8B are then sorted on
BFP +/- gates by fluorescence-activated cell sorting ("FACS”), and barcode mnsertion rates
are measured by next-generation sequencing {“NGK”}, with the resulis shown in FIG. 8C.
45% or 89% of the editing cells (BFP+) are successfully barcoded at either the 4EBP2

locus or DNMT3b locus, respectively.
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Exampie V: Single Plasmid CREATE Fusion Editing and Barcoding
{80275] Similar to Example IV, CREATE Fusion Barcoding {("CFB”} 1s simultanecusly

carried out with CREATE Fusion Editing in mammalian 1P8-GFP cells using CF barcoding
cassettes and CF editing cassettes having different CFgRNAs for targeting separate loci.
CF editing cassettes include a single CFgRNA covalently linked to a repair template for
targeting a model GFP locus and effecting a GFP-to-BFP swap mutation at this site. CF
harcoding cassettes include a single CFgRNA covalently linked to a repair template for
targeting a model DNA methyltransferase 3 beta ("DNMT3b”} locus and integrating either
a 9 bp barcode (MAMI10 or Pacl insertion) or an 18 bp barcode (IScel msertion) at these
sites. The CF editing cassettes and CF barcoding cassettes are either assembled into a single
plasmid {e.g., in “tandem”) further encoding a CREATE fusion enzyme (“CFE”), or the
CF editing cassettes and CF barcoding cassettes are assembled into separate editing and
barcoding plasmids, respectively. FIG. 9A schematically illustrates the assembled
plasmuds.

[00276] The single or dual plasmuds are transfected mio the 1PS-GFP cells, and
conditions for editing/barcoding are provided. FIG. 9B graphically illustrates the editing
rates that are observed 1 the IPS-GFP cells when the cells are transfected with a single
tandem (targeting GFP and DNMT3b) plasnud, or dual eduing (targeting GFP) and
barcoding {(targeting DNMT3b) plasouds. Sumlarly, FIG 9C graphically illustrates the
barcoding rates that are observed in the 1PS-GFP cells when the cells are transfected with
a single tandem (targeting GFP and DNMT3b) plasmud, or dual editing (targeting GFP)
and barcoding (targeting DNMT3b) plasmids. As shown, editing and barcoding rates are
both improved utilizing a single tandem plasmid as compared to duoal plasmid transfection.
Barcoding rates are sensitive to barcode msertion sequence and length, with no detectable

I5cel {18bp) usertions detected by ¢PCR.

Example Vi: Defection of CREATE Fusion Barcodes by BNAseg

{06277} CREATE Fuston Barcoding (“CFB”) s simultaneously carried out with

CREATE Fusion Editing m mammalian 1PS-GFP cells using CF barcoding cassettes and

CF editing cassettes having different CFgRNAs for targeting separate loci. OF editing
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cassettes include a single CFgRNA covalently linked to a repair template for targeting a
model GFP locus and effecting a GFP-to-BFP swap mutation at this site. OF barcoding
cassettes include a single CFgRNA covalently linked to a repair template for targeting a
model ormithine decarboxylase antizyme 1 ("OAZ1”} locus and effecting a 2 bp swap at
this site. The CF editing cassettes and CF barcoding cassettes are assembled into separate
editing and barcoding plasmids, and are co-transfected into the iPS-GFP cells. FIG. 10A
graphically tllustrates the editing rates ohserved in the 1PS-GFP cells when the cells are
transfected with dual editing (targeting GFP) and barcoding (targeting OAZ1) plasmids
versus a negative harcoding control. The cells in FIG. 10A are sorted on BFP +/- gates by
fluorescence-activated cell sorting ("FACS”), and barcode insertion rates at QAZ1

transcripts are measured by RNAseg, with the results shown in FIG 10B.

Exampie Vil CREATE Fusion Barcoding in 3' UTRs of Transcribed Genes

{60278]  As previously discussed, barcoding may be carried out in genomic safe harbor
loct 1o reduce the potential of barcode sequence integration adversely affecting genes
neighboring the mtegrated barcode(s). In other words, a target genomic locus for barcoding
may include a safe harbor region of the genome that mnumally affects the biology of the
cell. Tn this experiment, genomic loci corresponding to 3" untranslated regions (UTRs)
regions of transcribed genes are considered and tested for barcoding due to the 3 UTRs
being bemign to cell function while also being readily detectable by RNAseq. In this
experiment, ninety-six (96} different 3'-UTR loct are tested and screened for barcoding
efficiency utilizing a 9 bp barcode encoded by barcoding casseties.

{80279] Brefly, CREATE Fuston Barcoding ("CFB”) 1s carried out in mammalian 1PS-
GFP cells using CF barcoding cassettes having CFgRNAs designed for targeting one of a
plurality of genomic toct corresponding to 3" UTRs of transeribed genes. The F barcoding
cassettes inchude a single CFgRNA covalently linked to a repair template for targeting and
integrating the @ bp barcode at a respective 3-UTR locus.

{80288] With the aforementioned cassettes, each of the minety-six {96) different 3'UTR
loct are individually tested for barcoding efficiency using the following protocol: PGP168-
GEP cells are coltured i mTeSR Plus medium (STEMUELL Technologies, Vancouver,

Canada} at 37°C and 5% COz. 24 hours before transfection, the cells are seeded at 15k cells
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per well in Matrigel-coated (Corming Life Sciences, Corning, NY} flat bottom, 96-well
culture plates and supplemented with 10 uM Y-27632 ROCK mhibitor (STEMCELL
Technologies). 100 pL of the medium s replaced {without Y-27632) immediately before
transfection. 100 ng of total DNA {50 ng of barcoding gRNAs pius 50 ng of CREATE
Fusion Enzyme (CFE) and plasmids) 1s mixed with 1 ul. Lipofectamine Stem Transfection
Reagent (Thermo Fisher Scientific} in 10 uL of OptiMEM {Thermo Fisher Scientific). The
resulting mixture 1s incubated for 10-30 minutes at room temperature, then added to a
single well of PGP168-GFP cells in 96-well culture plates and transferred to a 37°C
incubator with 5% CO». After 24 hours of incubation, the transfection medium 18 removed,
and replaced with mTeSR Plus Medium and 2 pg/mL puromycin (InvivoGen, San Diego,
CA). 48 hours after transfection, the medium is replaced with mTeSR Plus and 0.25 pg/mU
PUrOMyCin.

{00281] Ninety-six hours after transfection, genomic DNA is purified from the cells
using a DNAdvanced Kit {Beckman Coulter Life Sciences, Brea, CA) for genomic DNA
extraction. Regions of genes containing the target loci of the CFE-gRNA complexes are
then amplified via PCR. These PCR amphlicons are prepared for next generation sequencing
(NGS) using a TruSeq DNA Sample Prep Kut (Humina, Inc., San Diego, CA) according
to the manufacturer’s mstructions. The samples are then sequenced using an Hlumina
MiSeq benchtop sequencer and 2x1 50 reagent kit (THuroina). NGS analysis 1s performed
using a custom NGS analysis and sequencing read abignment pipeling to bin read counts
according to sequence wdentity to target genomic loci with a complete targeted @ base
msertion or wild-type sequence.

[00282] FIG 11 graphucally dlustrates the barcoding rates observed in the cells for each
of the 96 different 3'-UTR-corresponding loct (“gudel”- “guide96”) targeted. The
barcoding rates depicted 10 FIG. 11 are calculated as the fraction of total reads aligned to
the respective target genomic locus that contained the @ bp insertion. As shown, the results
indicate that barcoding of 3" UTR loct according to the methods described herein is
generally effective with relatively high barceding rates at some 3' UTR loci (right side of
FIG. 11} The varying barcoding efficiency rates also indicate that while 3 UTR loct appear
to be effective for barcoding, barcoding efficiency appears to be sensitive to and dependent

on the specific 3-UTR locus targeted. In the example of FIG. 11, the top 28 performing
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loct (in terms of barcoding efficiency; “guide96” - “ouide69”} include 3° UTR of the
following genes, respectively: CARHSPI, MAP4, SLO38AT, WNK1, DIAPHIT, LRRCEA,
FAF2 NKTR, TBCOIDI6, JCI, NUCKST, CAPZB, TBC1D16, MPPs, WDRE3EGS,
PMEPAL, SERINCS, HTT, SLO29A1, PPPICA, EZR, HEBP2, HTT, SLOTAL, LSMI4A,
ERBBZ, CYP51AL, and GPATCHS.

Example VIH: (REATE Fusion Editing and Barcoding in 3° UTRs of Transcribed

Genes

{00283] C(REATE Fusion Barcoding (“CFB”) 15 simultaneously carried out with
CREATE Fusion Editing in mammalian 1PS-GFP cells using CF barcoding casseties and
CF editing cassettes having different CFgRNAs for targeting separate genomic loct. CF
editing cassettes include a single CFgRNA covalently linked to a repair template for
targeting a model GFP locus and effecting a GFP-to-BFP swap mutation at thus site. CF
harcoding cassettes include a single CFgRNA covalently linked to a repair template for
targeting one of four different genonuc loci corresponding to 37 UTRs of transcribed genes
gudel”, “guide2”, “guide3”, and “guded” — shown n FIG. 12), including a 37 UTR of
(D63, and integrating a 9 bp barcode at each respective site.

[00284] The CF editing cassettes and CF barcoding casseties are etther assembled into
a single plasmid {e.g., n “tandem™) turther encoding a CREATE fusion enzyme ("CFE”),
or the CF editing casseties and CF barcoding casseties are assembled into separate editing
and barcoding plasmids, respectively.

{80285]  Bnefly, CF barcoding and editing with the single plasimud system 15 carned out
with the following protocol: PGPTO8-GFP cells are transfected in 96-well culture plates at
15,000 cells per well with 100 ng total plasmud DNA, as described in Example VH. Here,
a CFE, barcoding cassette {e.g., comprising a barcoding gRNA), hbrary editing cassette
{(e.g., comprising an editing gRNA targeting the GFP-to-BFP conversion target described
in Example 1}, and puromycin deacetylase gene are exprassed from the single plasmid. 24
hours after transfection, the transfection medium 1s replaced with mTeSR Plus and 4, 8, or
1¢ pg/mb puromyecin, and is then reduced to 0.25 pg/mL puromycin at 48 houss after

transfection.
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{80286] Meanwhile, CF barcoding and editing with the dual-plasmid svstem is carried
out with the following protocol: PGP168-GFP cells are transfected m 96-well culture plates
at 15,000 cells per well with 100 ng total plasmid DNA, as described in Example VIL The
cells are transfected with 25, 50, or 75 ng of a first plasmuid contaming a CFE, editing
cassette, and puromycin deacetyvlase gene, as well as 75, 50, or 25 ng of a second plasmid
containing a barcoding cassette, respectively. Twenty-four hours after transfection, the
transfection medium is replaced with mTeSR Plus and 10 ug/mb puromycin, and s then
reduced to 0.25 ug/mL puromycin at 48 hours after transfection.

{00287] Ninety-six hours after transfection for each of the two experiments, genomic
DINA are extracted from a first aliquot of each sample and barcoding rates are determined
via genontic amplicon sequencing, as described in Example VI Another aliquot of each
sample is then collected and analyzed for GFP-to-BFP conversion by flow cytometry, as
described in Example I

{60288] FIG 12 graphically illustrates both editing and barcoding rates observed in the
cells when the cells are transtected with a single plasmid systern (“1-Plasoud,” shown at
lefty or dual plasnud system ("2-Plasmud,” shown at right) for four different 37 UTR
barcoding loci (“guide!” to “guided”}. The |-Plasmud graphs at left further depict editing
and barcoding rates 1o samples prepared with different concentrations of puromycin 1o the
selection and maintenance roedia {e.g, ether 4, 8, or 10 yg/ml, as described above).
Simlarly, the 2-Plasmid graphs at right depict editing and barcoding rates for samples
prepared with different ratios of the two plasmids (in FIG. 12, the mass of the barcoding
plasmd, “pUCIDT,” 15 histed, as well as the corresponding barcode (“B{™} gRNA to edit
gRNA stoichiometry}. As shown, the results generally indicate that simultaneous, high
efficiency editing is possible with barcoding of 37 UTR loci for both single plasmid and

dual plasmid systems according to the methods described herein.

Exampie IX: Detection of CREATE Fusion Barcodes in 3° UTHEs of Transcribed Genes

by Single-cell RNAseqg

{00289] CREATE fusion barcode insertion in genomic 1oci corresponding with the
FUTRs of transcribed genes enables efficient barcode detection and sequencing using

common poly-A mRNA sequencing techniques. Here, CREATE Fusion barcodes inserted

101



v 4

10

20

jN.)
Wh

(e
<

WO 2023/122023 PCT/US2022/053377

into such 3’ UTR loct are detected by single-cell RINAseq using the following protocol:
PGPI68-GFP cells are transfected 1in tniplicate with plasmids comprising a CFE and
barcode editing cassette, and are thereafter enriched by puromycin selection as described
in Example VII. Ninety-six hours after transfection, samples having about 5060 cells per
sample are collected and processed with a 10X Genomics Chromium Next GEM Single
Cell 37 Reagent Kit v3.1 with feature barcoding for cell multiplexing, per the
manufacturer’s instructions (10X Genomics, Pleasanton, CA). Sequencing libraries are
then prepared using a NextSeg 550 v2.5 150 cycle High Cutput Kit (Illumina) and
sequenced with paired end, dual indexing on an [Humina NextSeq System.

{60206]  NGS analysis 1s performed using 10X Genomics Cell Ranger software and a
custom NGS analysis and sequencing read alignment pipeline to de-multiplex single cell
transciptomes and bin read counts according to sequence identity {e.g., similarity) to
barcoded target genomic loci with a complete 9 base insertion or wild-type sequence. Raw
counts of unique molecular identitiers associated with barcode or wild-type reads are then
used to determmne the relative expression level of barcoded and non-barcoded transcripts,
as shown 1o FIG. 13,

[80291] In FIG 13, complete targeted insertions are labeled as “alt,” whule a wild-type
sequences are labeled as “ref’” Barcoded cells are shown and classified as cells witha ©
base barcode insertion n all target genoric loct reads (“altv/alt”), or a nuxture of 9 base
barcode msertions and wild-type sequences (“alt/ref”), corresponding with cells that are
harcoded on both or one allele, respectively. Non-barcoded cells, where no barcodes were
detected, are classified and shown as “ref/ref” Lastly, mstances where neither the reference
sequence nor the barcode were detected are classified are shown n FIG. 13 as “No Call”
FIG 13 thus mndicates that barcodes integrated 1nto genomic loct corresponding with the
37 UTR of transcribed genes according to the methods described herein are relatively easy
to detect via mRNA sequencing technigues.

Example X CREATE Fusion Editing and Barcoding - Intepration of HA Evitepe Tag

Knock-in on Cell Surface Recepiors

{00292] CREATE fusion barcoding and editing s carried out in mammalian cells
(iPS{s), where the CFgRNA design allows for barcoded HA epitope tag knock-in edits at

various genomic loct that encodes for endogenous surface receptors (BST2, CD151, CD63,
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CDE&1, and CD9) (FIG. 14A). The HA epitope tag has a barcoded linker using synonymous
codons, where there are 6.7 » 107 unigue barcode sequences with a synonymous amino
acid translation (FIG. 14B). Vartous CFgRNAs (x-axis) used in this experiment are
screened in 1PSCs for successful knock-mn, expression, and surface display of the HA tags,
where expression (y-axis} is measured by flow cytometry with PE labeled antt-HA
antibodies (FIG. 1403,

Exampie Xi: CREATE Fusion Editing and Barcoding - Integration of Various Bdifs af

Endopenous Loci gnd CDEI-HA Ty Knock-in Barcoding Edit

{80293] CREATE fusion barcoding and editing 1s carried out in mammalian cells
{(1iPSCs), where the cells are co-transfected with CFgRNAs targeting a GFP-10-BFP edit
and a CD81-HA tag knock-in barcoding edit Physical magnetic sorting (MACS) 1s
performed with anti-HA antibody functionalized beads, and enriches the population of cells
with a successtul CD81-HA tag knock-in edit from 2.2% (left) to 84.1% (right} (FIG 15A)}.
GEFP-to-BFP edit rates {y-axis) is improved from 17% BFP+ i unsorted cells to 50% BFP+
mn MACS sorted/entiched cells (FIG. 15B). Cells are co-transtected with CFgRNAs
targeting various edits at endogenous loct and a CDEI-HA tag knock-n barcoding edit.
Sorting cells for HA knock-tn via MACS or FACS 1improves edit rates at most endogenous
targets relative to the edit rates for the unsorted samples (FIG. 15C).

Example X3 CREATE Fusion Editing and Barcoding - Integration of HPRT Loss-gf-

function Edit Confers Negative Selection by Resistance (o 6~-TG

{80294] CREATE fusion barcoding and editing 1s carried out 1n mammalian cells using
CFeRNA designs for HPRT loss-of-function edit, for example wherein the HPRT loss of
function 18 introduced by a frame shift barcode msertion {FIG. 16A), or wherein the HPRT
loss of function s from a HPRT knockout (FIG. 16B). Cells are co-transfected with
{FgRNAs targeting a GFP-to-BFP edit and an HRPT knockout edit ("HPRT DF™, and
further treated with 6-TG, wherein the 6-T( ireaiment selects for cells with the HPRT DF
edit (FIG 16C). Negative selection for HPRT DF with 6-TG supplemented media improves
the GFP-10-BFP edit rate {v-axis} from approximately 60% BFP+ to approximately 80%
BFP+ (FIG. 16D).

Example XI: (REATE Fusion Editing and Barcoding - integration of Genomic Edits
and g CHEI-HA Tag Knocl-in Barcoding Edit
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{80295] (REATE fusion barcoding and editing is carried out in mammalian cells, where
the celis are co-transfected with CFaRNAS targeting various genomic edits and a CDS81-
HA knock-in barcoding edit, wherein each genomic edit CFeRNA design is paired with a
unique barcode CFgRNA during co-transfection. HA-tag knock-in provides a phenotypic
handle for hive-cell selection which enriches the population of cells with the desired
genomic edits. NGS data shows genomic DNA-level insertion rates across diverse barcode
sequences. NGS data also shows correlation of the barcode - genomic edit pairs, and shows
a proof-of-concept for using barcodes to track intended genomic edits.

{80296] Further to the aforementioned examples, in some aspects, the compositions,
methods, and modified cells of the current disclosure applies to the use of gRNA. In some
aspects, the compositions, methods, and modified cells of the current disclosure applies to
the use of any type of gRNA In some aspects, the compositions, methods, and modified
cells of the current disclosure applies to the use of one or more types of gRNAs.

{60297] In some aspects, the compositions, methods, and modified cells of the current
disclosure applies to gene editing via endogenous repair mechanisms, e.g., Homology-
Directed Repair (HDR), recombination pathways, or other DNA repair pathways. In some
aspects, the compositions, methods, and moditied cells of the current disclosure applies to
HDR-based gene editing. In some aspects, the corapositions, methods, and modified cells
of the current disclosure applies to any method to mtroduce a genetic mutation nto a
genome {e.z., knock-n}. In some aspects, the compositions, methods, and modified cells
of the current disclosure applies to the use of gRNAs and HDR-based gene editing.
[60288] While thus mmvention 1s satisfied by aspects i many different forms, as described
in detail 11 connection with preferred aspects of the mvention, it 18 anderstood that the
present disclosure 13 to be considered as an example of the principles of the invention and
15 not intended to limut the mvention to the specific aspects illustrated and described herein.
Numerous varations may be made by persons skilled o the art without departure from the
spirit of the imvention. The scope of the inveniion 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 invention, as their purpose 15 1o enable the appropriate authorities, as
well as the general public, to quickly determine the general nature of the invention. In the

claims that follow, unless the term “means” 1s used, none of the features or elements recited
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therein should be construed as means-phis-function limitations pursuant to 35 U8 C §112,

fo.
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CLAIMS

1. A method for performing nucleic acid-guided nuclease/reverse transcriptase fusion
editing in 3 genome of a live cell, comprising:

{a) providing the hive cell, wherein the live cell comprises a first target locus and a

S second target locus;
{b} providing a nucleic acid-guided nuclease/reverse transcriptase fusion enzyme;
{(c) providing a CF editing cassette, the CF editing cassette comprising:
(1} a nucleic acid sequence encoding a first CFgRNA having a region of
complementarity to a sequence of the first target locus; and
10 (11) a nucleic acid sequence encoding a first repair template;
{(d) providing a CF barcoding cassette, the CF barcoding cassette comprising:
(1} a nucleic acid sequence encading a second CFgRNA having a region of
complementarity to a sequence of the second target locus; and
(11} a nucleic acid sequence encoding a second repair template;

15 {e) providing conditions to allow the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme, the first CFgRNA, and the first repair template to bind to
the first target locus;

(f) allowing the nucleic acid-guided nuclease/reverse franscriptase fusion enzyme,
the first CFgRNA, and the first repatr template to edit the first target focus;

20 (g} providing conditions to allow the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme, the second CFgRNA, and the second repair template to bind
to the second target locus; and

{h) allowing the nucleic acid-guided nuclease/reverse transcriptase fusion enzyme,

the second CFgRNA, and the second repair ternplate to integrate the barcode mio the

25 second target focus.
2. The method of claim 1, further comprising:
sequencing the genome or a transcriptome of the cell to track for integration of the
barcode, the integration of the barcode representing a nucleic acid-guided
nuclease/reverse transcriptase fusion editing event effected by the CF editing cassette.
30 3 The method of claim 2, wherein the genome is sequenced by single-cell

amplicon-based next-generation sequencing.
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4. The method of claim 2, wherein the transcriptome is sequenced by single-cell
RINA sequencing,
5. The method of any one of claims 1 to 4, wherein a nucleic acid sequence
encoding the nucleic acid-guided nuclease/reverse transcriptase fusion enzyme and the
CF editing cassette are assembled mto a vector for introduction of the nucleic acid-guided
nuclease/reverse transcriptase fusion enzyme and CF editing cassette into the cell.
6. The method of claim 5, wherein the CF barcoding cassette 1s further assembled
mto the vector for introduction of the CF barcoding cassette into the cell.
7. The method of any one of claims 1 to 4, wherein the CF barcoding cassette s
assembled into a barcoding vector for introduction of the CF barcoding cassette into the
cell, and wherein the CF editing cassette 1s assembled into an editing vector for
mtroduction of the CF editing cassette into the cell, wherein the editing vector 1s different
from the barcoding vector.
2. The method of any one of claims 1 to 7, further comprising:
providing a selectable marker.
9. The method of claim 8, wherein the selectable marker is for selection and
enrichment of cells having an mtegrated barcode or an effected edit.
10 The method of claim § or 9, further comprising selecting and enriching for cells
having an integrated barcode or an effected edit.
it An editing system COmprising one or more Vectors comprising:
a nucleic acid sequence encoding a nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme,
a CF editing cassette comprising:
a nucleic acid sequence encoding a first CFgRNA having a region of
complementarity 1o a sequence of a first target focus i a cell; and
a nucleic acid sequence encoding a first repair template;
a CF barcoding cassette comprising:
a nucleic acid sequence encoding a second CFgRNA having a region of
complementarity to a sequence of a second target locus in the cell; and

a nucleic acid sequence encoding a second repair template.
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12, The editing system of claim 11, wherein the one or more vectors comprises an
editing vector, and wherein the editing vector comprises the CF editing cassette.
13 The editing system of claim 12, wherein the editing vector further comprises a
nucleic acid sequence encoding the nucleic acid-guided nuclease/reverse transcriptase
fusion enzyme.
14. The editing system of claim 12 or 13, wherein the editing vector further comprises
the CF barcoding cassette.
1. The editing system of claim 11, wherein an editing vector comprises the CF
editing cassetie, and a barcoding vector comprises the CF barcoding cassette, and
wherein the editing vector is different than the barcoding vector.
16. The editing system of claim 11, wherein one or more of the one or more vectors
comprises a selectable marker.
17. A vector comprising;
a nucleic acid sequence encoding a nucleic acid-guided nuclease/reverse
transeriptase fusion enzyme;
a CF editing cassette comprising:
a nucleic acid sequence encoding a first CFgRNA having a region of
complementarity to a sequence of a first target locus i a cell; and
a nucleic acid sequence encoding a first repair terplate;
a CF barcoding cassette comprising,
a nucleic acid sequence encoding a second CFgRNA having a region of
complementarity to a sequence of a second target locus in the cell; and
a nucleic acid sequence encoding a second repair template.
I8 The vector of claim 17, wherem the CF editing cassette further comprises an edit
to immunize the first target locus and prevent re-nicking.
19 The vector of claim 17 or 18, wherem the CF barcoding cassette further comprises
an edit to immunize the second target locus and prevent re-nicking.
20. A method for performing nucleic acid-guided nuclease/reverse transcriptase
fusion editing in a genome of a live cell, comprising:

{(a) providing a hive cell suitable for the editing;
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(b} iniroducing a nucleic acid-guided nuclease/reverse transcriptase fusion
enzyme;

(¢} providing conditions to allow the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme to bind to a first target locus;

{d} allowing the nucleic acid-guided nuclease/reverse transcriptase fusion enzyme
to edit the first target locus;

(e} providing conditions to allow the nucleic acid-guided nuclease/reverse
transcriptase fusion enzyme to bind to a second target locus;

(f) allowing the nucleic acid-guided nuclease/reverse transcriptase fusion enzyme

to integrate a barcode into the second target locus.
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