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Means and methods for selecting transformed cells.

ABSTRACT: The present invention relates to a nucleic acid
molecule at least one nucleotide sequence encoding a
selection marker indicating homologous recombination in
a eukaryotic cell and at least one nucleotide sequence
encoding a selection marker indicating heterologous
recombination in said eukaryotic cell. The present
invention also relates to a composition of matter
comprising at least two nucleic acid molecules of the
invention. The present invention further relates to in vitro
methods for enriching or producing eukaryotic cells which
are modified by homologous recombination. 92964
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Means and methods for selecting transformed cells

[0001] Targeted gene inactivation via homologous recombination is a powerful method
capable of providing conclusive information for evaluating gene function. However, the use of
this technique has been hampered by several factors, including the low efficiency at which
engineered constructs are correctly inserted into the chromosomal target site, the need for
time-consuming and labor-insensitive selection/screening strategies, and the potential for

adverse mutagenic effects.

[0002] However, meganucleases, Zinc-finger nucleases (ZFNs) and transcription activator-
like effector nucleases (TALENs) comprise a powerful class of tools that are redefining the
boundaries of biological research. These chimeric nucleases are composed of
programmable, sequence-specific DNA-binding modules linked to a non-specific DNA
cleavage domain. ZFNs and TALENs enable a broad range of genetic modifications by
inducing DNA double-strand breaks that stimulate error-prone non-homologous end joining
(NHEJ) or homology-directed repair (HDR) at specific genomic locations. The emergence of
clustered regulatory interspaced short palindromic repeat (CRISPR)/Cas-based RNA-guided

DNA endonucleases has even broadened the tool box for genome editing.

[0003] Meganucleases, ZFNs and TALENs are based on the use of engineered nucleases
composed of sequence-specific DNA-binding domains fused to a non-specific DNA cleavage
module. These chimeric nucleases enable efficient and precise genetic modifications by
inducing targeted DNA double-strand breaks (DSBs) that stimulate the cellular DNA repair
mechanisms, including NHEJ and HDR. The versatility of this approach is facilitated by the
programmability of the DNA-binding domains that are derived from zinc-finger and
transcription activator-like effector (TALE) proteins. This combination of simplicity and
flexibility has catapulted ZFNs and TALENs to the forefront of genetic engineering.
Nowadays, because of its fast and convenient applicability CRISPR/Cas has become the

front-running technology for genome editing.

[0004] However, though the genome editing technology is widely and efficiently applicable,
the screening and selection of desired clones is nevertheless labor-and time-sensitive
requiring, e.g. PCR techniques, sequencing or the like in order to verify desired clones. In
fact, the current protocols to derive genome edited lines require the screening of a

great number of clones to obtain one lacking random integration or on locus NHEJ
1
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containing alleles (Ran et al., Nat. Protoc. 8, 2281-2308 (2013), Sander and Joung,
Nat. Biotechnol. 32, 347-355 (2014)).

[0005] There is thus still a need for means and methods allowing the selection of
transformed cells having the desired genotype. The present application addresses this need
and thus provides means and methods for selecting transformed cells having the desired

genotype.

[0006] Specifically, the present application provides means and methods for streamlining the
gene editing process by incorporating reporters to reduce hands on time by
automating/simplifying the screening process. Accordingly, the present application makes
use of a negative and positive selection module. While the negative selection module allows
screening and sorting out undesired random/off-site modified transformed cells, the positive

selection module allows the identification of desired on-site modified cells.

[0007] By way of example, fluorescent proteins are used as selection markers on the nucleic
acid molecule used in gene editing as a donor DNA molecule, wherein different fluorescent
proteins are used for positive and negative selection such that both fluorescent proteins are
optically discriminable, e.g. in Fluorescent-activated cell sorting (FACS), flow cytometry or
fluorescence microscopy. The marker used for positive selection is flanked 5 and 3’ by
nucleotide sequences that are homologous to nucleotide sequences of a nucleic acid
sequence of interest comprised by eukaryotic cells, such as mammalian cells or plant cells
(homology arms) and thus is indicative of homologous recombination as it is integrated
together with the flanking homology arms. A cell comprising the positive selection marker is
therefore likely to be a desired on-site (or in locus) modified cells. The marker used for
negative selection, not comprised in the region flanked 5 and 3’ by homology arms, is likely
to be integrated in the cellular genome upon heterologous recombination, only, and thus
indicates an unwanted genetic modification, allowing to detect off-site (or out-of locus)

modified cells.

[0008] A preferred embodiment of the technique described herein is sometimes called
Fluorescence Assisted Genome Editing (FAGE). FAGE allows to derive correctly edited
clones carrying a positive selection fluorescent marker and to exclude non-edited, random
integrations and on-target allele NHEJ-containing cells from the correctly edited polyclonal
population. Specifically, the combined use of two fluorescent proteins in the positive
selection modules loaded onto specific homology arms (mutant/mutant, wild-
type/wild-type or mutant/wild-type) allows to deterministically predict the outcome of
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the modification as designed, thereby giving rise to bi-allelically targeted
homozygotes and heterozygote cell populations.

[0009] Accordingly, The means and methods of the present application allow the cell
population, polyclones or clones that have undergone removal of the positive selection
module to be enriched by the selection of cells that lost the optical, e.g. fluorescence signal
by, e.g. FACS. After the removal of the positive selection module, e.g. homozygous gene
corrected edited lines, homozygous mutant genome edited lines, heterozygous mutant
genome edited lines or heterozygous gene corrected edited lines can be subcloned or used

for phenotypic characterization, drug screening or cell therapy.

*kk

WM o«

[0010] It must be noted that as used herein, the singular forms “a”, “an”, and “the”, include
plural references unless the context clearly indicates otherwise. Thus, for example, reference
to “an expression cassette” includes one or more of the expression cassettes disclosed
herein and reference to “the method” includes reference to equivalent steps and methods

known to those of ordinary skill in the art that could be modified or substituted for the

methods described herein.

[0011] Unless otherwise indicated, the term "at least" preceding a series of elements is to be
understood to refer to every element in the series. Those skilled in the art will recognize, or
be able to ascertain using no more than routine experimentation, many equivalents to the
specific embodiments of the invention described herein. Such equivalents are intended to be

encompassed by the present invention.

[0012] Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and “comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but
not the exclusion of any other integer or step or group of integer or step. When used herein
the term “comprising” can be substituted with the term “containing” or sometimes when used

herein with the term “having”.

[0013] When used herein “consisting of' excludes any element, step, or ingredient not
specified in the claim element. When used herein, "consisting essentially of* does not
exclude materials or steps that do not materially affect the basic and novel characteristics of
the claim. In each instance herein any of the terms "comprising", "consisting essentially of"

and "consisting of" may be replaced with either of the other two terms.
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[0014] The term "about" or "approximately" as used herein means within 20%, preferably
within 10%, and more preferably within 5% of a given value or range. It includes also the
concrete number, e.g., about 20 includes 20.

[0015] Unless otherwise defined herein, scientific and technical terms used in connection
with the present invention shall have the meanings that are commonly understood by those
of ordinary skill in the art. Further, unless otherwise required by context, singular terms shall
include pluralities and plural terms shall include the singular. The methods and techniques of
the present invention are generally performed according to conventional methods well-known
in the art. Generally, nomenclatures used in connection with techniques of biochemistry,
enzymology, molecular and cellular biology, microbiology, genetics and protein and nucleic
acid chemistry and hybridization described herein are those well-known and commonly used
in the art.

[0016] The methods and techniques of the present invention are generally performed
according to conventional methods well-known in the art and as described in various general
and more specific references that are cited and discussed throughout the present
specification unless otherwise indicated. See, e. g., Sambrook et al., Molecular Cloning: A
Laboratory Manual, 3rd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y.
(2001); Ausubel et al., Current Protocols in Molecular Biology, J, Greene Publishing
Associates (1992, and Supplements to 2002); Handbook of Biochemistry: Section A
Proteins, Vol | 1976 CRC Press; Handbook of Biochemistry: Section A Proteins, Vol Il 1976
CRC Press. The nomenclatures used in connection with, and the laboratory procedures and
techniques of, molecular and cellular biology, protein biochemistry, enzymology and
medicinal and pharmaceutical chemistry described herein are those well-known and

commonly used in the art.

[0017] The present invention provides a nucleic acid molecule comprising at least one
nucleotide sequence encoding a selection marker indicating homologous recombination
when integrated in the sequence of interest comprised in a eukaryotic cell, such as a
mammalian or plant cell, and at least one nucleotide sequence encoding a selection marker
indicating heterologous recombination when not integrated in the sequence of interest
comprised in said eukaryotic cell, wherein the selection markers when being expressed are
optically discriminable, e.g. in FACS or any fluorescence guided capture, and wherein the
nucleotide sequence encoding a selection marker indicating homologous recombination in a
eukaryotic cell is flanked 5 and 3' by nucleotide sequences that are homologous to

nucleotide sequences of a nucleic acid sequence of interest comprised by eukaryotic cell.

92964




[0018] A eukaryotic cell when used herein may preferably be a mammalian cell or plant cell.
A mammalian cell may preferably be a cell from a human, dog, cat, cow, swine, horse,
sheep, goat, rabbit, mouse or rat, with human being preferred. A preferred human cell is a
stem cell or induced pluripotent stem cell. The human cells may be obtained from a healthy
human or a human suffering from a disease, such as Parkinson disease (PD) or Alzheimer
disease (AD). The human cell and any other mammalian cell may be from a cell line, e.g. a

deposited cell line or a commonly available cell line.

[0019] The term "nucleic acid molecule” or “nucleotide sequence” as used herein refers to a
polymeric form of nucleotides (i.e. polynucleotide) which are usually linked from one
deoxyribose or ribose to another. The term "nucleic acid molecule” preferably includes single
and double stranded forms of DNA or RNA. A nucleic acid molecule may include both sense
and antisense strands of RNA (containing ribonucleotides), cDNA, genomic DNA, and
synthetic forms and mixed polymers of the above. They may be modified chemically or
biochemically or may contain non-natural or derivatized nucleotide bases, as will be readily
appreciated by those of skill in the art. Such modifications include, for example, labels,
methylation, substitution of one or more of the naturally occurring nucleotides with an analog,
internucleotide modifications such as uncharged linkages (e.g., methyl phosphonates,
phosphotriesters, phosphoramidates, carbamates, etc.), charged linkages (e.g.,
phosphorothioates, phosphorodithioates, etc.), pendent moieties (e.g., polypeptides),
intercalators (e.g., acridine, psoralen, etc.), chelators, alkylators, and modified linkages (e.g.,
alpha anomeric nucleic acids, etc.) Also included are synthetic molecules that mimic
polynucleotides in their ability to bind to a designated sequence via hydrogen bonding and
other chemical interactions. Such molecules are known in the art and include, for example,
those in which peptide linkages substitute for phosphate linkages in the backbone of the
molecule. In a preferred embodiment the term “nucleic acid molecule” to be introduced into a
cell refers to DNA and even more preferred to double stranded DNA, whereas a nucleic acid

being an expression product is preferably a RNA.

[0020] The term “selection marker”, “selectable marker” or “marker” are used
interchangeably herein and refer to a gene introduced into a cell that confers a trait suitable
for selection of cells when being expressed, for e.g. successful transfection or a specific
genetic modification of a cell. A selection marker preferably provides the cell with a
phenotype that is optically detectable via FACS, flow cytometry or fluorescence microscopy,

such as e.g. fluorescent proteins.

[0021] The term “indicating” and its grammatical variants, such as “indicative for’ when used

in the context of a selection marker indicating homologous or heterologous recombination,

5
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respectively, does not mean that the selection marker is indicative that a homologous or
heterologous recombination indeed occurred. Rather, said term means that the selection
marker provides a skilled artisan with a reasonable likelihood/probability that homologous or
heterologous recombination, respectively, occurred. Put differently, the selection marker is
an indicator for a homologous or heterologous recombination, respectively, but is not a proof
for homologous or heterologous recombination, respectively.

[0022] A selection marker indicating homologous recombination when integrated in the
sequence of interest comprised in a eukaryotic cell is thus indicative that homologous
recombination occurred, while a selection marker indicating heterologous recombination
when not integrated in the sequence of interest comprised in a eukaryotic cell is indicative to
detect and exclude recombination events outside of the sequence of interest comprised by a

eukaryotic cell.

[0023] The term “homologous recombination” as used herein refers to homology-directed
repair (HDR) which is a template-dependent pathway for DNA double-strand break repair. By
supplying a homology-containing donor template, preferably along with a site-specific
nuclease, HDR faithfully inserts the donor molecule at the targeted locus. This approach
enables the insertion of single or multiple transgenes, as well as single nucleotide
substitutions. Thus, the present invention preferably employs homologous recombination for
site-specific genetic modification of the nucleic acid sequence of interest comprised by the
eukaryotic cell by integration of the nucleic acid molecule of the invention. To this end, the
nucleic acid molecule of the invention comprises nucleotide sequences that are homologous
to nucleotide sequences of a nucleic acid sequence of interest comprised by the eukaryotic
cell. The homologous nucleotide sequences comprised by the nucleic acid molecule of the
invention flank the selection marker which indicates homologous recombination 5’ and 3’ and
are thus called “homology arms”. The homology arms direct the nucleic acid molecule of the
invention to the desired nucleotide sequence of interest comprised by the eukaryotic cell and
thus mediate the site specific integration. As the homology arms are integrated upon
homologous recombination, the sequence flanked by the homology arms (i.e. the sequence
situated between the homology arms), e.g. the selection marker indicating homologous
recombination or any other nucleotide sequence, will also be integrated. The homology arms
do preferably not comprise any repetitive element. Without being bound by theory, excluding
repetitive elements from the homology arms increases homology directed repair efficiency

and decreases the rate of random integration.

[0024] The term “heterologous recombination” as used herein refers to the integration of the
nucleic acid molecule of the invention in a nucleic acid sequence comprised by the

6
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eukaryotic cell which is not homologous to the nucleotide sequence of the homology arms of
the nucleic acid molecule of the invention, i.e. random integration. Therefore, heterologous
recombination is not site-specific and results in an integration of the nucleic acid molecule of
the invention in an undesired sequence comprised by the eukaryotic cell or off-site. The
selection marker indicating heterologous recombination is not flanked by the homology arms
and is thus not situated between the homology arms. Without being bound by theory, the
present inventors assume that in the event of heterologous recombination the part of the
nucleic acid molecule of the invention which is integrated in the nucleic acid sequence
comprised by the eukaryotic cell is different compared to the part of the nucleic acid molecule
of the invention which is integrated in the nucleic acid sequence comprised by the eukaryotic
cell upon homologous recombination. More precisely, in case of homologous recombination
it is assumed that only the nucleic acid sequence of the nucleic acid molecule of the
invention comprising the homology arms and the nucleic acid sequence flanked by the
homology arms (e.g. selection marker indicating homologous recombination) is integrated in
the sequence of interest comprised by the eukaryotic cell, whereas in case of heterologous
recombination also nucleic acid sequences of the nucleic acid molecule of the invention may
be integrated in the nucleic acid sequence comprised by the eukaryotic cell which are not
comprised by the nucleic acid sequence comprising the homology arms and the sequence
flanked by the homology arms, e.g. the complete nucleic acid molecule of the invention.
Therefore in case of heterologous recombination also the second selection marker indicating
heterologous recombination may be integrated in the nucleic acid sequence comprised by
the eukaryotic cell and is therefore indicative of an unwanted off-site integration or random

integration event.

[0025] As described herein, the presence or absence of any one of the described selection
markers is indicative of a specific genetic modification of the nucleic acid sequence
comprised by the eukaryotic cell. However, the presence or absence of the described
selection markers provides no guarantee for a specific genetic modification of the nucleic
acid sequence comprised by the eukaryotic cell. Therefore, a further verification, e.g.
sequencing, may be used for verification of the genetic modification as described herein.

[0026] The term “nucleic acid sequence of interest” as used herein refers to any nucleic acid
sequence comprised by a eukaryotic cell, such as a plant or eukaryotic cell which is intended

to be genetically modified.

[0027] in a preferred embodiment the nucleic acid sequence of interest comprised by said
eukaryotic cells, e.g. plant or mammalian cell is in the genome of said eukaryotic cell.
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[0028] The term “genome” as used herein includes the cellular genome, mitochondrial
genome and/or chloroplast genome. The latter, if the eukaryotic cell is a plant cell. For

eukaryotic cells, said term includes the cellular genome and/or mitochondrial genome.

[0029] In a further preferred embodiment of the invention the nucleotide sequence encoding
a selection marker indicating homologous recombination when integrated in the sequence of
interest and said selection marker indicating heterologous recombination when not integrated
in the sequence of interest comprises a promoter driving expression of said selection
markers. Also envisioned herein is that the gene encoding the selection marker indicating
homologous recombination and the gene encoding the selection marker indicating

heterologous recombination are comprised in an expression cassette.

[0030] The term “promoter” as used herein is a non-coding expression control sequence
preferably inserted nearby the start of the coding sequence of the expression cassette and
regulates its expression. Put into a simplistic yet basically correct way, it is the interplay of
the promoter with various specialized proteins called transcription factors that determine
whether or not a given coding sequence may be transcribed and eventually translated into
the actual protein encoded by the gene. It will be recognized by a person skilled in the art
that any compatible promoter can be used for recombinant expression in host cells. The
promoter itself may be preceded by an upstream activating sequence, an enhancer
sequence or combination thereof. These sequences are known in the art as being any DNA
sequence exhibiting a strong transcriptional activity in a cell and being derived from a gene
encoding an extracellular or intracellular protein. It will also be recognized by a person skilled
in the art that termination and polyadenylation sequences may suitably be derived from the
same sources as the promoter. Tthe promoter may be constitutive or inducible.

[0031] Expression cassettes as used herein contain transcriptional control elements suitable
to drive transcription such as e.g. promoters, enhancers, polyadenylation signals,
transcription pausing or termination signals. For proper expression of the polypeptides,
suitable translational control elements are preferably included, such as e.g. §' untranslated
regions leading to 5' cap structures suitable for recruiting ribosomes and stop codons to

terminate the translation process.

[0032] The terms “inducible” or “inducible promoter” as used herein refer to a promoter that
regulate the expression of an operably linked gene in response to the presence or absence
of an endogenous or exogenods stimulus. Such stimuli can be but are not limited to chemical
compounds or environmental signals. This is in contrast to a constitutive promoter which
does not require any stimulus to induce expression of an operably linked gene but

constitutively drives the expression of said gene.
8
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[0033] In an even further preferred embodiment of the invention the nucleotide sequence
encoding a selection marker indicating homologous recombination comprises 5’ and 3’
nucleotide sequences (i.e. excision elements) which allow excision of said nucleotide

sequence encoding said selection marker.

[0034] The excision elements comprised by the nucleic acid molecule of the invention
preferably flank the selection marker indicating homologous recombination 5’ and 3'. Thus, in
a preferred embodiment of the invention the nucleic acid sequence comprised by the nucleic
acid molecule of the invention comprising the selection marker indicating homologous

recombination is arranged as follows:

homology arm — excision element — selection marker indicating homologous recombination

operably linked to a promoter — poly A — excision element — homology arm.

[0035] In a preferred embodiment the nucleotide sequences which allow excision of the
nucleotide sequence encoding the selection marker indicating homologous recombination
are selected from loxP sequences, derivatives of loxP sequences, such as Lox511, Lox5171,
Lox2272, M2, M3, M7, M11, Lox71 or Lox66 sequences, Cre recombinase binding sites,
FRT sequences, derivatives of FRT sequences, such as FRT-G, FRT-H or FRT-F3, FLP
recombinase binding sites, terminal repeats, transposase binding sites, derivatives of
transposase binding sites, such as terminal repeats, internal terminal repeats, direct repeats,
inverted repeats or palindromic repeats, piggyback transposon binding sites, sleeping beauty
transposon binding sites, piggyback binding sites, binding site of transposons fused to
estrogen receptor, estrogen binding sites or mutational derivatives, binding site of
transposons fused to estrogen receptor tamoxifen binding sites, RNA-guided nuclease
binding site, Cas9 binding sites, Cpf binding site, nuclease binding sites, transcription
activator like effector nuclease (TALEN or TALEN-Fok1) binding sites, zinc finger nuclease

(ZFN) binding sites or RNA-guided nuclease binding sites.

[0036] The nucleotide sequence encoding a selection marker indicating homologous
recombination may be removed by excision or recombination or cleavage after depositing a
modification into the genome. The removal of the nucleotide sequence encoding a selection
marker indicating homologous recombination may be performed by the use of a
recombinase, transposase, RNA guided nuclease or nuclease. The excision, recombination
or cleavage of the nucleotide sequence encoding a selection marker indicating homologous
recombination may be induced by the expression of a recombinase, transposase, RNA
guided nuclease or nuclease. Such enzyme can be delivered by electroporation or
transfection of a double stranded DNA, transfection of a pre transcribed mRNA or pre

translated protein. When such enzyme is fused to a nuclear receptor domain (e.g. estrogen
9
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receptor) it can be translocated into the nucleus by the supplementation of tamoxifen, to
induce ER domain (or nuclear receptor translocation domains) mediated nuclear
translocation. Such enzyme may also be induced by the supplementation of doxycycline to
the media, inducing the tetracycline-controlled transcriptional activation of its gene. Cells that
have undergone removal of the nucleotide sequence encoding a selection marker indicating
homologous recombination may further be enriched by the selection of cells that lost the
fluorescence signal by FACS or fluorescence microscopy. After the removal of the positive
selection module homozygous gene corrected edited lines, homozygous mutant genome
edited lines, heterozygous mutant genome edited lines or heterozygous gene corrected
edited lines can be subcloned or used for phenotypic characterization, drug screening or cell

therapy.

[0037] In a further preferred embodiment the nucleic acid molecule of the invention
comprises a chemical resistance selection marker selected from neomycin resistance,
hygromycin resistance, HPRT1, puromycin resistance, puromycin N-acetyl-transferase,
blasticidin resistance, G418 resistance, phleomycin resistance, nourseothricin resistance or

chloramphenicol resistance, puromycin resistance being preferred.

[0038] It is envisioned herein that the chemical resistance selection marker is associated or
not associated with the selection marker indicating homologous recombination. Accordingly,
the chemical resistance selection marker may be associated with the selection marker
indicating homologous recombination via a linking element, e.g. P2A, T2A, E2A, F2A or and
internal ribosome entry site (IRES), T2A being preferred. Thus, in a preferred embodiment of
the invention the genetic element comprised by the nucleic acid molecule of the invention

comprising the selection marker indicating homologous recombination is arranged as follows:

homology arm — excision element — selection marker indicating homologous recombination
operably linked to a promoter — linking element — chemical resistance marker — poly A —

excision element — homology arm.

[0039] In a preferred embodiment of the invention the nucleotide sequences that are
homologous (homology arms) to nucleotide sequences of a nucleic acid sequence of interest
comprised by said eukaryotic cell allow homologous recombination with nucleotide

sequences of a nucleic acid sequence of interest comprised by said eukaryotic cell.

[0040] Accordingly, it is envisioned herein that homologous recombination allows depositing
a modification into the genome, said modification is selected from a single nucleotide
polymorphism (SNP), phosphomimetic mutation, phospho null mutation, missense mutation,
nonsense mutation, synonymous mutation, insertion, deletion, knock-out or knock-in.

10
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[0041] A preferred SNP that may be introduced into the alpha synuclein gene or an
othologue thereof of a eukaryotic cell, preferably of a human induced pluripotent stem cell is
one which results in the following mutation A30P, A53T, E46K, G51D or H50Q. Of course,
any preferred SNP can be introduced in any preferred gene of any eukaryotic cell, since
techniques for introducing SNPs or knocking-in or knocking-out genes by means and
methods facilitating homologous recombination are well known in the art and exemplarily
described herein, such as CRISPR/Cas.

[0042] The modification may be deposited in the genome of the cell preferably by a
mismatch in the homology arms of the nucleic acid molecule, which is integrated in the
genome of the cell upon homologous recombination, compared to the homologous
nucleotide sequences of a nucleic acid sequence of interest. However, a modification may
also be deposited by inserting a nucleic acid sequence or modification to be deposited in the
genome of the cell between the homology arms in the nucleic acid molecule of the invention.

[0043] In a preferred embodiment the homologous recombination occurs at one allele (mono
allelic) or at both alleles (bi-allelic) of said nucleic acid sequence of interest comprised by

said eukaryotic cell.

[0044] In a further preferred embodiment homologous recombination is mediated by
TALENSs, ZFNs, meganucleases, or CRISPR/Cas. Homologous recombination of the nucleic
acid molecule of the invention with the nucleic acid sequence of interest comprised by said
eukaryotic cell is a rare event. It is known in the art that inducing a DNA double-strand break
in nucleic acid sequences comprised by a cell induces cellular DNA repair mechanisms, such
as homologous recombination. Thus, the induction of a site specific DNA double-strand
break in the nucleic acid sequence of interest increases homologous recombination with the
nucleic acid molecule of the invention, being as well directed to the nucleic acid sequence of
interest via the homology arms. Such a DNA double-strand break may be induced by
employing TALENs, ZFNs, meganucleases, or CRISPR/Cas, or any other nuclease being

directed to the nucleic acid sequence of interest comprised by the eukaryotic cell.

[0045] The term “TALEN” as used herein refers to transcription activator-like effector
nucleases which are fusions of the Fokl cleavage domain and DNA-binding domains derived
from TALE proteins. As the Fokl cleavage domain is only active as a dimer, two TALENSs
have to be used which bring the Fokl cleavage domains in close proximity upon binding to
their target sequence resulting in the induction of a DNA double-strand break. TALEs contain
multiple 33—-35-amino-acid repeat domains that each recognizes a single base pair with the
so-called repeat variable di-residue (RVD) which are two variable amino acids determining

the binding specificity one single repeat. Like ZFNs, TALENs induce targeted DSBs that
11
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activate DNA damage response pathways and enable custom alterations. However, TALENs
may also be modified such that one of the Fokl cleavage domains is inactivated. Such
modified TALENSs cause only single-strand breaks and are thus nickases.

[0046] The term “ZFN’ or “zinc-finger nuclease” as used herein refers to fusions of the
nonspecific DNA cleavage domain from the Fokl restriction endonuclease with zinc-finger
proteins. ZFN dimers induce targeted DNA DSBs that stimulate DNA damage response
pathways. The binding specificity of the designed zinc-finger domain directs the ZFN to a
specific genomic site. However, also zinc-finger nickases (ZFNickases) may be used. Zinc-
finger nickases are ZFNs that contain inactivating mutations in one of the two Fokl cleavage
domains. ZFNickases make only single-strand DNA breaks and induce HDR without

activating the mutagenic NHEJ pathway.

[0047] The term “meganuclease” as used herein refers to a family of endonucleases, also
called homing endonucleases that can be divided into five families based on sequence and
structure motifs: LAGLIDADG, GIY-YIG, HNH, His-Cys box and PD-(D/E)XK characterized
by a large recognition site (double-stranded DNA sequences of 12 to 40 base pairs). The
most well studied family is that of the LAGLIDADG proteins, including I-Scel, I-Crel and |-
Dmol which are most widely used in research and genome engineering. The best known
LAGLIDADG endonucleases are homodimers (I-Crel) or internally symmetrical monomers (I-
Scel). The DNA binding site, which contains the catalytic domain, is composed of two parts
on either side of the cutting point. The half-binding sites can be extremely similar and bind to
a palindromic or semi-palindromic DNA sequence (I-Crel), or they can be non-palindromic (-

Scel).

[0048] The term “CRISPR/Cas” as used herein relates to the Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR) Type Il system which is a bacterial
immune system that has been modified for genome engineering. CRISPR consists of two
components: a “guide” RNA (gRNA) and a non-specific CRISPR-associated endonuclease
(Cas9). The gRNA is a short synthetic RNA composed of a “scaffold” sequence necessary
for Cas9-binding and a user-defined ~20 nucleotide “spacer” or “targeting” sequence which
defines the genomic target to be modified. Thus, one can change the genomic target of Cas9
by simply changing the targeting sequence present in the gRNA. CRISPR/Cas can be used
for gene engineering by co-expressing a gRNA specific to the sequence to be targeted and
the endonuclease Cas9. The genomic target can be any ~20 nucleotide DNA sequence,
provided the sequence is unique compared to the rest of the genome and the target is
present immediately upstream of a Protospacer Adjacent Motif (PAM).The PAM sequence is

12
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absolutely necessary for target binding and the exact sequence is dependent upon the

species of Cas9.

[0049] In a further preferred embodiment of the invention the nucleotide sequences that are
homologous (homology arms) to nucleotide sequences of a nucleic acid sequence of interest
comprised by the eukaryotic cell do not comprise a target sequence for TALENs, ZFNs,
meganucleases, or CRISPR/Cas or any other nuclease which mediate homologous

recombination.

[0050] As nucleotide sequences that are homologous (homology arms) to nucleotide
sequences of a nucleic acid sequence of interest are intended to be integrated in the nucleic
acid sequence of interest comprised by the eukaryotic cell or the cellular genome, cleavage
by the nuclease used to mediate homologous recombination is to be avoided. Thus, it is
envisioned that the homology arms do not comprise a target sequence for a nuclease used
to mediate homologous recombination. In order to avoid a target sequence within the
homology arms the nucleic acid sequence of the homology arms may be modified such that
the nuclease does not recognize it as a target sequence or the binding affinity of the
nuclease is reduced. Thus the nuclease used to mediate homologous recombination can
only induce a DNA double-strand break in the nucleotide sequence of interest comprised by
the cell but not in the integrated nucleic acid molecule of the invention or the non-integrated
nucleic acid molecule of the invention comprised by the eukaryotic cell. However, the target
sequence of the nuclease may also be splitted in the nucleic acid molecule of the invention
by the selection marker indicating homologous recombination such that the nuclease cannot
recognize it as a target sequence or the binding affinity of the nuclease is reduced. Without
being bound by theory, such an unwanted DNA double-strand break could induce the error
prone DNA repair mechanism non-homologous end joining and would thus introduce
unwanted mutations in the nucleic acid molecule of the invention or in the nucleic acid

molecule of the invention integrated in the cellular genome.

[0051] The term “non-homologous end joining” as used herein refers to a DNA repair
pathway that ligates or joins two broken ends together. NHEJ does not use a homologous
template for repair and thus typically leads to the introduction of small insertions and
deletions at the site of the break, often inducing frame-shifts that knockout gene function.

[0052] In another preferred embodiment the nucleic acid molecule of the invention is a

vector.

[0053] The term "vector" as used herein refers to a nucleic acid molecule into which the

nucleic acid molecule of the invention may be inserted or cloned. The vector may encodes a
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further antibiotic resistance gene. The vector may be an expression vector. The vector may
be capable of autonomous replication in a host cell (e. g., vectors having an origin of
replication which functions in the host cell). The vector may have a linear, circular, or
supercoiled configuration and may be complexed with other vectors or other material for

certain purposes.

[0054] One type of vector is a plasmid, which refers to a circular double stranded DNA loop
into which additional DNA segments may be introduced via ligation or by means of
restriction-free cloning. Other vectors include cosmids, bacterial artificial chromosomes
(BAC), yeast artificial chromosomes (YAC) or mini-chromosomes. Another type of vector is a
viral vector, wherein additional DNA segments may be ligated into the viral genome.

[0055] In a preferred embodiment of the invention the vector is circular or linearized.

[0056] In yet another preferred embodiment of the invention the optical discriminability is
different emission wavelength, e.g. different emission wavelength in the fluorescence range.

[0057] The term “optically discriminable” as used herein preferably relates to a difference in
emission wavelength, e.g. different colors such that the selection marker indicating
homologous recombination and the selection marker indicating heterologous recombination
can be distinguished upon detection, e.g. using FACS, fluorescence microscopy or flow

cytometry.

[0058] In a preferred embodiment of the invention the selection marker indicating
homologous recombination and the selection marker indicating heterologous recombination
is a fluorescent protein. The fluorescent protein is preferably selected from Sirius, SBFP2,
Azurite, EBFP2, mKalama1, mTagBFP2, Aquamarine, ECFP, Cerulean, mCerulean3,
SCFP3A, mTurquoise2, CyPet, AmCyan1, mTFP1, MiCy, iLOV, AcGFP1, sfGFP, mEmerald,
EGFP, mAzamiGreen, cfSGFP2, ZsGreen, mWasabi, SGFP2, Clover, mClover2, EYFP,
mTopaz, mVenus, SYFP2, mCitrine, YPet, ZsYellow1, mPapayal, mKO, mOrange,
mOrange2, mKO2, TurboRFP, mRuby2, eqFP611, DsRed2, mApple, mStrawberry,
FusionRed, mRFP1, mCherry, mCherry2, dTOMATO, tdTOMATO, tagBFP, photoactivatable

or photoswitchable fluorescent protein.

[0059] The fluorescent proteins applied in the nucleic acid molecule of the present invention
are advantageously chosen such that they are optically discriminable from each other. A pair
of fluorescent proteins applied in connection with the selection marker indicating homologous

recombination is optically discriminable from each other and is optically discriminable from
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the fluorescent protein applied in connection with the selection marker indicating

heterologous recombination.

[0060] Exemplary combinations of fluorescent proteins are as follows:

selection marker indicating | selection marker indicating | selection marker indicating
heterologous homologous recombination | homologous recombination
recombination (nucleic acid molecule 1) (nucleic acid molecule 2)
tagBFP EGFP dTOMATO

tagBFP EGFP EBFP2

tagBFP EGFP Cerulean

tagBFP EGFP SYFP2

tagBFP EGFP mRFP1

EGFP tagBFP dTOMATO

dTOMATO EGFP tagBFP

[0061] In another preferred embodiment the invention provides a composition of matter
comprising a mixture of at least two different nucleic acid molecules of the invention, each
comprising a different nucleotide sequence encoding a selection marker indicating

homologous recombination in said eukaryotic cell.

[0062] Such a composition of matter, comprises different nucleic acid molecules of the
invention, differing in the nucleotide sequence encoding a selection marker indicating
homologous recombination in the eukaryotic cell such that the selection markers when being
expressed are optically discriminable as described herein. Such a composition of matter is
advantageous in detecting cells in which both alleles have been successfully genetically
modified as the presence of both selection markers in the eukaryotic cell are indicative of two
homologous recombination events and thus genetic modification of both alleles. By way of
example, one nucleic acid molecule comprises a selection marker gene indicating
homologous recombination encoding for EGFP, whereas the second nucleic acid molecule
comprises a selection marker gene indicating homologous recombination encoding for
dTomato. Thus, without being bound by theory a cell being positive for EGFP and dTomato
(and being negative for the selection marker indicating heterologous recombination) has two
site specific integrations of the nucleic acid molecules of the invention and has therefore the
genetic modification in both alleles. Such a cell may be positive for EGFP and dTomato or
may also be yellow, due to the presence of green and red, when subjected to FACS analysis
or fluorescence microscopy. The discrimination between the two nucleic acid molecules
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differing in the nucleotide sequence encoding a selection marker indicating homologous
recombination in the eukaryotic cell further allows to detect cells in which both alleles have
different genetic modifications. By way of example, the first nucleic acid molecules may
comprise a wild type sequence and an EGFP selection marker indicating homologous
recombination, whereas the second nucleic acid molecules may comprise a pathologic
mutation and a dTomato selection marker indicating homologous recombination. Thus, a cell
being EGFP and dTomato positive (or yellow) when subjected to FACS analysis or
fluorescence microscopy has both nucleic acid molecules integrated and is thus
heterozygous with respect to the genetically modified sequence of interest. However, it is
also envisioned to discriminate cells which are only positive for a single selection marker by
way of the expression level of the selection marker gene, e.g. brightness of the fluorescence
due to the expression of a fluorescent protein. Without being bound by theory, it is expected
that cells having two integrations of the nucleic acid molecule of the invention encoding e.g. a
fluorescent protein are brighter when subjected to FACS analysis or fluorescence

microscopy and thus have both alleles genetically modified.

[0063] In a further preferred embodiment the invention provides an in vitro method for

enriching eukaryotic cells which are modified by homologous recombination, comprising

(a) subjecting a population of cells transformed with a nucleic acid molecule or a
composition of the invention to means for selecting for said marker indicating
heterologous recombination and separate transformed cells expressing said selection
marker indicating heterologous recombination in said eukaryotic cell; and

(b) subjecting the non-separated cells to means for selecting for said marker indicating
homologous recombination in order to enrich transformed cells comprising said

homologous recombination.

[0064] The in vitro methods of the invention make use of the discriminable selection markers
by separating in a first step (a) cells which comprise the selection marker indicating
heterologous recombination and therefore an unspecific and/or off-site integration of the
nucleic acid molecule or the composition of the invention in the eukaryotic cell. In the second
selection step (b) non-separated cells (cells which are not positive for the selection marker
indicating heterologous recombination) are selected for said marker indicating homologous
recombination indicating a site-specific integration of the nucleic acid molecule or the
composition of the invention. Said second selection step separates cells which do not
comprise the selection marker, indicating that said cells were not successfully transformed.
In case a composition of the invention is used in the in vitro methods of the invention two
different selection markers may be detected, as the nucleic acid molecules of the

composition differ in the nucleotide sequence encoding a selection marker indicating
16

92964




homologous recombination. Thus, in case nucleic acid molecule one comprises marker 1
and nucleic acid molecule two comprises marker 2 a cell may comprise the following
combinations of selection markers with respect to two alleles of the nucleic acid sequence of
interest: marker 1, marker 2, marker 1 and marker 1, marker 2 and marker 2, and marker 1
and marker 2 (or marker 2 and marker 1). Said combinations of selection markers provide
further information on the genetic modification of the cell. In case a cell is single positive for
marker 1 or marker 2 this indicates a single integration of one nucleic acid molecule of the
invention and therefor the modification of one allele, only. In case a cell is double positive for
marker 1 or marker 2 (i.e. marker 1 and marker 1 or marker 2 and marker 2) this indicates
two integrations of the same nucleic acid molecule of the invention. Thus, both alleles of the
cell are likely to be modified and the cell is likely to be homozygous with respect to the
modified allele (sequence of interest). Without being bound by theory, such a cell appears
more positive when subjected to detection means suitable to detect the marker (e.g. brighter
in color in case of fluorescent proteins). In case a cell is positive for marker 1 and marker 2
this indicates two integrations (one integration of each nucleic acid molecule of the
invention). Thus, both alleles of the cell are likely to be modified. As the combination of two
different markers, which are discriminable, preferably optical discriminable, such as different
fluorescent proteins differing in emission wavelength, are easily detectable by a person
skilled in the art, such a cell is preferred. In case the two different nucleic acid molecules of
the invention further differ in the genetic modification introduced upon homologous
recombination in the eukaryotic cell, such a cell would be likely heterozygous with respect to
the modified allele (sequence of interest). The above described single and double
integrations of one marker also applies mutatis mutandis to the use of one nucleic acid
molecule of the invention. However, in case the nucleic acid molecule or the nucleic acid
molecules comprised by the composition of matter further comprise a chemical resistance
marker, the cells may be subjected to chemical selection prior to subjecting to selection for
the marker indicating heterologous recombination and the marker indicating homologous

recombination.

[0065] The selection process described for the in vitro methods of the invention may also be
performed more than one time, such as 2, 3, 4, 5, 6, 7, 8, 9 or more times to further enrich

the eukaryotic cell comprising the desired homologous recombination or mutation.

[0066] The term “enriching” as used herein also refers to “selecting” and “obtaining”

eukaryotic cells which are modified by homologous recombination.

[0067] The term “means for selecting” as used herein refers to means which are suitable to
detect the selectable marker. In case of an optically detectable marker, e.g. a fluorescent
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protein, such means may be but are not limited to FACS, fluorescent guided capture, e.g.
colony/clone picking by detecting fluorescent colonies/clones, flow cytometry or fluorescence

microscopy.

[0068] The term “transformed” or “transformation” as use herein refers to any method
suitable to deliver or transport nucleic acid to the cell, such as transformation, transfection,
transduction, electroporation, magnetofection, lipofection and the like, electroporation being

preferred.

[0069] In a further preferred embodiment of the invention the in vitro method for enriching
eukaryotic cells which are modified by homologous recombination further comprises (c)

subjecting said enriched cells to sequencing.

[0070] The term "sequencing" as used herein refers to obtaining sequence information from
a nucleic acid strand, typically by determining the identity of at least some nucleotides
(including their nucleobase components) within the nucleic acid molecule. While in some
embodiments, "sequencing" a given region of a nucleic acid molecule includes identifying
each and every nucleotide within the region that is sequenced, in some embodiments
"sequencing" comprises methods whereby the identity of only some of the nucleotides in the
region is determined, while the identity of some nucleotides remains undetermined or
incorrectly determined. “Sequencing” may refer to obtaining sequence information of a region
or of the whole genome of the cell. Any suitable method of sequencing may be used, such as
label-free or ion based sequencing methods, labeled or dye-containing nucleotide or
fluorescent based nucleotide sequencing methods, or cluster-based sequencing or bridge

sequencing methods.

[0071] In a further preferred embodiment of the invention the in vitro method for enriching
eukaryotic cells which are modified by homologous recombination further comprises
removing the nucleotide sequence encoding said marker indicating homologous
recombination. Said marker indicating homologous recombination is preferably removed by

excision as described herein.

[0072] In another preferred embodiment the invention provides an in vitro method for
producing eukaryotic cells comprising a modification in its genome introduced by

homologous recombination, comprising

(a) subjecting a population of cells transformed with a nucleic acid molecule of the

invention or a composition of the invention to means for selecting for said marker
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indicating heterologous recombination and separate transformed cells expressing said

selection marker indicating heterologous recombination in said eukaryotic cell;

(b) subjecting the non-separated cells to means for selecting for said marker indicating
homologous recombination in order to enrich transformed cells comprising said

homologous recombination; and

(c) sequencing said enriched transformed cells in order to determine whether said

enriched transformed cells comprise the desired modification.

[0073] In a further preferred embodiment of the invention the in vitro method for producing
eukaryotic cells comprising a modification in its genome introduced by homologous
recombination further comprises removing the nucleotide sequence encoding said marker
indicating homologous recombination. Said marker indicating homologous recombination is

preferably removed by excision as described herein.

[0074] The present invention also provides the use of a nucleic acid molecule as described
herein or a composition as described herein for enriching eukaryotic cells which are modified

by homologous recombination.

[0075] Furthermore, the present invention provides the use of a nucleic acid as described
herein or a composition as described herein for producing eukaryotic cells comprising a
modification in its genome introduced by homologous recombination.

[0076] The present invention allows to discriminate between different nucleic acid molecules
of the invention, due to different selection markers, wherein the nucleic acid molecules target
the same sequence of interest. The different nucleic acid molecules may further deposit
different modifications into the genome of the cell. Thus a cell being positive for both markers
is likely to be heterozygous with respect to the sequence of interest. Such a cell may
comprise a mutation in one allele, whereas the other allele comprises the wild type nucleic
acid sequence giving rise to bi-allelically targeted homozygotes and heterozygote cell
populations at will. This allows the generation of cell lines which are homozygous gene
corrected edited lines, homozygous mutant genome edited lines, heterozygous mutant
genome edited lines or heterozygous gene corrected edited lines which may be subcloned or

used for phenotypic characterization, drug screening or cell therapy.
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FIGURES

[0077] Fig. 1: Examples of nucleic acid molecules of the invention and selection
process.

A) Representation of a standard donor vector containing a fluorescent positive selection
module expressing EGFP or d TOMATO and a negative selection module expressing tagBFP
B) Expected outcomes for the derived population as designed with each dsDNA donor.

C) Workflow of Fluorescence Assisted Genome Editing (FAGE). Is shown the gating
structure to exclude random integration tagBFP positive cells and include herozygotes-
homozygotes combinations for each modification.

D) One specific genotype is sorted based on the fluorescence combination. Representative
heterozygous EGFP and dTOMATO positive single cell and colonies after sorting.

E) The selected population is expanded and transfected with transposase to remove the
positive selection module restoring the native structure of the locus. The polyclonal

populations is sequenced optionally subcloned.

EXAMPLES

The following Examples illustrate the invention, but are not to be construed as limiting the

scope of the invention.

Example 1: Designing of the donor constructs.

[0078] Desired nucleotide modifications are added into the homology arms targeting a
specific sequence in the genome by site directed mutagenesis. When used CRISPR-Cas9 a
point mutation in the PAM sequence is introduced. The homology arms are cloned into the
donor scaffold by Gibson assembly as shown in Figure 1A. Two donor vectors are created to
introduce a biallelic knock in of the donor DNA and giving rise to homozygote or
heterozygote edited cells as described in Figure 1B. A fluorescent reporter (distinct from the
one used in the positive selection cassette) is inserted externally to the homology arms and
the positive selection cassette to exclude cells that present random integration events as

shown in Figure 1A and 1C.

Example 2: Cell culture conditions and transfection.

[0079] Human induced pluripotent stem cell lines derived by episomal, mRNA or retroviral
methods were used. Lines were cultured on Essential 8 media (Life Technologies) on laminin

521 or 511. For electroporation and normal passage cell lines are detached with Acutase
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(Life Technologies). Human induced pluripotent stem cell lines were transformed with both
donor vectors and nuclease coding vector with an Amaxa nucleofector 4D kit (Lonza) and

plated in media containing Rho Kinase inhibitor.

Example 3: Enrichment of on target edited cells.

[0080] After electroporation cells are cultured on 0.5ug/mL of puromicyn and expanded for
up to 3 days and sorted in BD ARIAIl FACS. Random integration events are evidenced by
the expression of the negative selection reporter tagBFP and are discarded (Figure 1C).
Based on the fluorescent pattern, only the population presenting biallelic integration of both
positive selection modules is selected by FACS or microscopy guided capture of the cells
(Figure 1D and 1E).

Example 4: Removal of the positive selection cassette and QC.

[0081] Homogeneous biallelic populations coexpressing both positive selection module
reporters are transfected with IVT mRNA (Applied Biosystems) coding codon optimized
hyper transposase using Stemfect (Stemgent) according to manufacturer instruction. Two
days after transfection the cells are sorted in BD ARIAII for the removal of the fluorescent
reporters indicative of the excision of the positive selection module and restoration of the
endogenous locus. The quality of homogenously edited polyclonal population is assessed by
MiSeq deep sequencing including the analysis of nuclease off targets and random

integration.

Example 5: Knock in of Parkinson disease associated SNPs using FAGE.

[0082] Parkinson disease is a multifactorial neurodegenerative disorder with a limited
number of mendelian linked genetic variants. Parkinson patients with mutations in the alpha
synuclein gene carry the heterozygote mutations A30P, A53T, E46K, G51D or H50Q. Fast
enrichment of the desired populations was achieved by the use of two donors containing the
fluorescent protein EGFP or dTOMATO and a drug selection resistant gene (Figure 1A). In
order to load the genotypic combinations into wild type human induced pluripotent stem cell
(hiPSC) lines for SNCA (Figure 1B) dsDNA donors were used. In order to enhance the
homology directed repair (HDR) efficiency and decrease the rate of random integration any
repetitive element was excluded from the homology arms used in the dsDNA donors.

Random integration events were excluded by the selection of tagBFP negative cells (Figure
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1A and 1C). The efficiency of biallelic knock in for SNCA was 5%. Stepwise enrichment of
the double positive population ranged 5%-10% in the first sorting, 95-98 in the second to
99.9-99.9% in the third for all the mutants analyzed.

Example 6: Enrichment of bi-allele targeted cells

The positive selection module coupled to fluorescent protein markers allows the genotyping
by FACS or fluorescence microscopy for the enrichment or fluorescence guided capture of
gene edited lines (such as, homozygous gene corrected edited lines, homozygous mutant
genome edited lines, heterozygous mutant genome edited lines and heterozygous gene
corrected edited lines but not exclusively).

By the use of double stranded DNA donors (nucleic acid molecules of the invention) with
homology arms carrying both (homozygous) or only one (heterozygous) specific sequence
and positive selection cassettes containing fluorescent selection modules, the enrichment of
gene corrected lines from a population of genome targeted cells is possible based on the
fluorescence expression pattern. Examples for editing specific disease patient lines or for
creating isogenic control lines for in vitro disease modelling are mentioned below.

Enrichment of non-random integration edited lines

By the use of a fluorescent reporter or a chemical selection located in a different area of the
positive selection cassette of the donor, enrichment of cells not carrying this reporter will be
avoided since the fluorescent positive cells in this case represent incorrect gene edited lines.

Enrichment of homozygous gene edited lines.

By the use of double stranded DNA donors with homology arms carrying both a specific
sequence and positive selection cassette containing fluorescent selection modules, the
enrichment of gene corrected lines from a population of genome targeted cells is possible

based on the fluorescence expression pattern.

Enrichment of homozygous gene corrected edited lines.

By the use of double stranded DNA donors with homology arms carrying wild type alleles
and positive selection cassette containing fluorescent selection modules, the enrichment of
gene corrected lines from a population of genome targeted cells is possible based on the

fluorescence expression pattern.

Enrichment of heterozygous gene edited lines.
By the use of double stranded DNA donors with homology arms carrying different specific
sequences and positive selection cassette containing fluorescent selection modules, the
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enrichment of gene corrected lines from a population of genome targeted cells is possible

based on the fluorescence expression pattern.

Enrichment of heterozygous mutant genome edited lines.

By the use of double stranded DNA donors with homology arms carrying one of them a
mutant allele and the other a wild type allele and both carrying positive selection cassette
containing fluorescent selection modules the enrichment of gene heterozygote mutant lines
from a population of genome targeted cells is possible based on the fluorescence expression

pattern.

Enrichment of homozygous mutant genome edited lines

By the use of double stranded DNA donors with homology arms carrying mutant alleles and
positive selection cassette containing fluorescent selection modules the enrichment of gene
homozygous mutant lines from a population of genome targeted cells is possible based on

the fluorescence expression pattern.

23

92964




9296

Neue Patentanmeldung
Université du Luxembourg
U.Z.: LUX15656LU

Patentanspriiche

1.  Nukleinsduremolekul, umfassend zumindest eine Nukleotidsequenz, kodierend fiir einen
Selektionsmarker, welcher auf eine homologe Rekombination hindeutet, wenn dieser in
die Sequenz von Interesse integriert, die in einer eukaryotischen Zelle enthalten ist, und
zumindest eine Nukleotidsequenz, kodierend fiir einen Selektionsmarker, welcher auf
eine heterologe Rekombination hindeutet, wenn dieser nicht in die Sequenz von
Interesse integriert, die in einer eukaryotischen Zelle enthalten ist, wobei die
Selektionsmarker bei Expression optisch unterscheidbar sind, z.B. mittels FACS oder
einer fluoreszenzgestiitzten Erfassung, und wobei die Nukleotidsequenz, kodierend fir
einen Selektionsmarker, welcher auf homologe Rekombination in einer eukaryotischen
Zelle hindeutet, 5 und 3' von Nukleotidsequenzen flankiert ist, die homolog zu
Nukleotidsequenzen einer Nukleinsduresequenz von Interesse sind, die in der

eukaryotischen Zelle enthalten ist.

2.  Nukleinsduremolekil nach Anspruch 1, wobei die Nukleinsduresequenz von Interesse,
die in der eukaryotischen Zelle enthalten ist, im Genom der eukaryotischen Zelle ist.

3.  Nukleinsduremolekiil nach einem der vorhergehenden Anspriiche, wobei die
Nukleotidsequenz, kodierend fur einen Selektionsmarker, welcher auf homologe
Rekombination hindeutet und der Selektionsmarker, welcher auf heterologe
Rekombination hindeutet, einen Promoter umfasst, welcher die Expression der

Selektionsmarker antreibt.

4, Nukleinsdauremolekul nach Anspruch 3, wobei der Promoter konstitutiv oder induzierbar

ist.

5.  Nukleinsauremolekiil nach einem der vorhergehenden Anspriiche, wobei die
Nukleotidsequenz, kodierend fiir einen Selektionsmarker, welcher auf homologe
Rekombination hindeutet, 5° und 3' Nukleotidsequenzen umfasst, welche es erlauben
die fir den Selektionsmarker kodierende Nukleotidsequenz auszuschneiden.

6. Nukleinsduremolekil nach Anspruch 5, wobei die Nukleotidsequenzen, welche es
erlauben die Nukleotidsequenz, kodierend fiir den Selektionsmarker, auszuschneiden,
ausgewahlt werden aus loxP-Sequenzen, Derivaten von loxP-Sequenzen, sowie
Lox511, Lox5171, Lox2272, M2, M3, M7, M11, Lox71 oder Lox66 Sequenzen, Cre-
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10.

11.

Rekombinase-Bindestellen, FRT-Sequenzen, Derivaten von FRT-Sequenzen, sowie
FRT-G, FRT-H oder FRT-F3, FLP-Rekombinase-Bindestellen, terminale Repeats,
Transposase-Bindestellen, Derivate von Transposase-Bindestellen, sowie terminale
Repeats, interne terminale Repeats, direkte Repeats, umgekehrte Repeats oder
palindromische Repeats, piggyback Transposon-Bindungsstellen, Sleeping-Beauty-
Transposon-Bindungsstellen, piggyback Bindungsstellen, Bindungsstelle von
Ostrogenrezeptor-fusionierten Transposons, Ostrogen-Bindungsstellen oder Mutations-
Derivate, Bindungsstelle von Ostrogenrezeptor-fusionierten Transposons Tamoxifen-
Bindungsstellen, RNA-gesteuerte Nuklease-Bindungsstelle, Cas9-Bindungsstellen, Cpf-
Bindungsstelle, Nuklease-Bindungsstellen, TALEN-Fok1-Bindungsstellen, Zinkfinger-
Bindungsstellen oder RNA-gesteuerte Nuklease-Bindungsstellen.

Nukleinsduremolekiil nach einem der vorhergehenden Anspriiche, wobei das
Nukleinsduremolekiil einen chemische-Resistenz  Selektionsmarker  umfasst,
ausgewahlt aus Neomycinresistenz, Hygromycinresistenz, HPRT1, Puromycinresistenz,
Puromycin N-Acetyltransferase, Blasticidinresistenz, G418-Resistenz,
Phleomycinresistenz, Nourseothricinresistenz oder Chloramphenicolresistenz.

Nukleinsauremolekil nach Anspruch 7, wobei der chemische-Resistenz
Selektionsmarker mit dem Selektionsmarker, welcher auf homologe Rekombination
hindeutet, verkniipft ist oder nicht verknupft ist.

Nukleinsauremolekiil nach einem der vorhergehenden Anspriiche, wobei die
Nukleotidsequenzen, die homolog zu Nukleotidsequenzen einer Nukleinsduresequenz
von Interesse sind, die in der eukaryotischen Zelle enthalten sind, homologe
Rekombination, mit Nukleotidsequenzen einer Nukleinsduresequenz von Interesse
erlauben, die in der eukaryotischen Zelle enthalten sind.

Nukleinsduremolekiil nach Anspruch 9, wobei homologe Rekombination das Hinterlegen
einer Modifikation im Genom erlaubt, wobei die Modifikation ausgewahlt ist aus Einzel-
Nukleotid-Polymorphismen, phosphomimetischer Mutation, phospho-null-Mutation,
sinnverdandernder Mutation, sinnentstellender Mutation, synonymer Mutation, Einfligen,

Léschen, Knock-out oder Knock-in.

Nukleinsauremolekul, nach Anspruch 9 oder 10, wobei die homologe Rekombination bei
einem Allel oder bei beiden Allelen der Nukleinsduresequenz von Interesse auftritt, die
in der eukaryotischen Zelle enthalten ist.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Nukleinsauremolekiil nach einem der vorhergehenden Anspriiche, wobei homologe
Rekombination von TALENs, ZFNs, Meganukleasen oder CRISPR/Cas induziert wird.

Nukleinsduremolekiil nach Anspruch 12, wobei die Nukleotidsequenzen die homolog zu
Nukleotidsequenzen einer Nukleinsduresequenz von Interesse sind, die in der
eukaryotischen Zelle enthalten sind, keine Zielsequenz umfassen fur TALENs, ZFNs,
Meganukleasen oder CRISPR/Cas, welche die homologe Rekombination vermitteln.

Nukleinsauremolekil nach einem der vorhergehenden Anspriiche, wobei das

Nukleinsauremolekiil ein Vektor ist.
Nukleinsduremolekiil nach Anspruch 14, wobei der Vektor zirkular oder linearisiert ist.

Nukleinsauremolekil nach einem der vorhergehenden Anspriiche, wobei die optische
Unterscheidbarkeit unterschiedliche Emissionswellenlange ist.

Nukleinsauremolekiil nach einem der vorhergehenden Anspriiche, wobei der
Selektionsmarker, welcher auf homologe Rekombination hindeutet, und der
Selektionsmarker, welcher auf heterologe Rekombination hindeutet, ein

fluoreszierendes Protein ist.

Nukleinsauremolekiil nach Anspruch 17, wobei das fluoreszierende Protein ausgewéhit
ist von Sirius, SBFP2, Azurite, EBFP2, mKalama1, mTagBFP2, Aquamarine, ECFP,
Cerulean, mCerulean3, SCFP3A, mTurquoise2, CyPet, AmCyan1, mTFP1, MiCy, iLOV,
AcGFP1, sfGFP, mEmerald, EGFP, mAzamiGreen, cfSGFP2, ZsGreen, mWasabi,
SGFP2, Clover, mClover2, EYFP, mTopaz, mVenus, SYFP2, mCitrine, YPet,
ZsYellow1, mPapaya1l, mKO, mOrange, mOrange2, mKO2, TurboRFP, mRuby2,
eqFP611, DsRed2, mApple, mStrawberry, FusionRed, mRFP1, mCherry, mCherry2,
dTOMATO, tdTOMATO, tagBFP, photoaktivierbares oder photoschaltbares
fluoreszierendes Protein.

Stoffz7usammensetzung, umfassend eine Mischung von zumindest zwei
unterschiedlichen Nukleinsduremolekiilen nach einem der Anspriiche 1 bis 18, wobei
jedes eine unterschiedliche Nukleotidsequenz umfasst, die fiir einen Selektionsmarker
kodiert, welcher auf homologe Rekombination in der eukaryotischen Zelle hindeutet.

In vitro Verfahren zur Anreicherung eukaryotischer Zellen, welche durch homologe

Rekombination modifiziert sind, umfassend

(a) Unterziehen einer Population von Zellen, transformiert mit einem

Nukleinsduremolekiil nach einem der Anspriche 1 bis 18 oder einer
3
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21.

22.

23.

24.

25.

Zusammensetzung nach Anspruch 19, Mitteln zur Selektion auf den Marker,
welcher auf heterologe Rekombination hindeutet und Abtrennen transformierter
Zellen, welche den Selektionsmarker exprimieren, welcher auf eine heterologe
Rekombination in der eukaryotischen Zelle hindeutet; und

(b) Unterziehen der nicht-abgetrennten Zellen Mitteln zur Selektion auf den Marker,
welcher auf homologe Rekombination hindeutet, um transformierte Zellen, die
homologe Rekombination aufweisen, anzureichern.

Verfahren nach Anspruch 20, weiterhin umfassend (c) Unterziehen der angereicherten
Zellen einer Sequenzierung.

Verfahren nach Anspruch 20 oder 21, weiterhin umfassend Entfernen der
Nukleotidsequenz, kodierend fiir den Marker, welcher auf homologe Rekombination

hindeutet.

In vitro Verfahren zur Herstellung eukaryotischer Zellen umfassend eine Modifikation in

ihrem Genom, eingefiihrt durch homologe Rekombination, umfassend

(a) Unterziehen einer Population von Zellen, transformiert mit einem
Nukleinsduremolekiil nach einem der Anspriche 1 bis 18 oder einer
Zusammensetzung nach Anspruch 19, Mitteln zur Selektion auf den Marker,
welcher auf heterologe Rekombination hindeutet und Abtrennen transformierter
Zellen, welche den Selektionsmarker exprimieren, welcher auf eine heterologe
Rekombination in der eukaryotischen Zelle hindeutet;

(b) Unterziehen der nicht-abgetrennten Zellen Mitteln zur Selektion fir den Marker,
welcher auf homologe Rekombination hindeutet, um transformierte Zellen, die
homologe Rekombination aufweisen, anzureichern; und

(c) Sequenzieren der angereicherten transformierten Zellen, um zu Bestimmen, ob
die angereicherten transformierten Zellen die gewiinschte Modifikation umfassen.

Verfahren nach Anspruch 23, weiterhin umfassend Entfernen der Nukleotidsequenz,
kodierend fur den Marker, welcher auf homologe Rekombination hindeutet.

Verwendung eines Nukleinsauremolekdils nach einem der Anspriiche 1 bis 18 oder einer
Zusammensetzung nach Anspruch 19 zur Anreicherung eukaryotischer Zellen, welche
durch homologe Rekombination modifiziert sind.
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26. Verwendung eines Nukleinsduremolekiils nach einem der Anspriiche 1 bis 18 oder einer 92964
Zusammensetzung nach Anspruch 19 zur Herstellung eukaryotischer Zellen umfassend
eine durch homologe Rekombination eingefiihrte Modifikation in ihnrem Genom.
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Figure 1 (cont’d)
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Figure 1 (cont’'d) 92964
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ABSTRACT

The present invention relates to a nucleic acid molecule at least one nucleotide sequence
encoding a selection marker indicating homologous recombination in a eukaryotic cell and at
least one nucleotide sequence encoding a selection marker indicating heterologous
recombination in said eukaryotic cell. The present invention also relates to a composition of
matter comprising at least two nucleic acid molecules of the invention. The present invention
further relates to in vitro methods for enriching or producing eukaryotic cells which are
modified by homologous recombination.
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has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Box No.V  Reasoned statement with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

. Statement
Novelty Yes: Claims 5, 6,12, 19, 22, 24
No: Claims 1-4, 7-11, 13-18, 20, 21, 23, 25, 26
Inventive step Yes: Claims
No: Claims 1-26
Industrial applicability Yes: Claims 1-26

No: Claims

. Citations and explanations

see separate sheet
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WRITTEN OPINION Application number
(SEPARATE SHEET) LU92964

1.1

Re ltem V
Reasoned statement on Novelty, Inventive Step and Industrial Applicability -

The documents mentioned in the present Opinion are numbered as in the
search report, i.e. D1 corresponds to the first document of the search report
etc.

Novelty

D1 discloses a method of gene targetting via homologous recombination
wherein positive-negative constructs are used and these may be based on
the use of an internal positive fluorescent marker and an external (in sense of
outside homologous integration unit) negative marker which may also be
fluorescent. In the latter case it is clearly stated that the fluorescent markers
for positive and negative selection should differ (see e.g. para. [0009-0017], in
particular [0017, 0029, 0031,0034, 0037]). The positive marker may be a
combination of fluorescent and chemical selection marker such as rsGFP-
neo. Sorting of cells by FACS is disclosed in e.g. para. [0044]. Cells can be
further selected to sequencing to confirm correct selection (e.g. para. [0020]).
D1 does not disclose excision sequences flanking parts of the cassette,
neither use of TALEN, ZFN or CRISPR, presumably as these were not or little
known at the time..

D1 is considered anticipatory for 1-4, 7-11, 13-18, 20, 21, 23, 25-26.

D2 is a chinese patent document. No official english translation is available.
Its content does not extend beyond the scope of D1, so its exact relevance
will need to be established by high quality translations at a later stage if it
becomes critical. The following provisional translations show relevant
passages:

2. homologous recombination vector makes up
(A) homologous recombination technique explanation:

The present invention adopts a kind of double fluorescent screening process
of dna homolog reorganization, utilizes the cell of double fluorescent
screening generation homologous recombination in the embryo, does not
need the operation of embryonic stem cell and embryo’s mosaic. The present
invention takes following technical measures: select and negative sense
selection principle based on forward, make up the double fluorescent
screening homologous recombination vector, the steps include: that (1) starts
the target dna fragment of regulating and controlling sequence (GH-promoter)

Form LU237-3 (separate sheet) (January 2007) (sheet 1)




WRITTEN OPINION Application number
(SEPARATE SHEET) LU92964

1.2

as homologous recombination with tethelin in the zebra fish gene; (2) green
fluorescent protein (GFP) gene is that forward is selected gene, places
homologous dna segment inboard;(3) red fluorescent protein (RFP) gene is
that negative sense is selected gene, places the homology BNA segment
outside.(4) in the homologous recombination vector startup regulating and
controlling sequence (B-actin promoter) of beta-actin is connected with green
fluorescent protein (GFP), is connected with red fluorescent protein (RFP) by
homology arm again.Through digestion with restriction enzyme, obtain linear
recombinant DNA segment, adopt micro-injection method that homologous
recombination vector is imported in the zebra fish zygote.In the cell of non-
homogeneous reorganization, can observe green fluorescence and red
fluorescence simultaneously;In the cell that homologous recombination takes
place,, can only observe green fluorescence (GFP) owing to place red
fluorescent protein (RFP) gene in the homologous dna segment outside cut in
dna molecular homologous recombination process. The embryo of green
fluorescence only appears in screening under the fluorescence anatomical
lens, can obtain the mosaic of homologous recombination.

In the cell of non-homogeneous reorganization, can observe green
fluorescence and red fluorescence simultaneously; In the cell that
homologous recombination takes place,, can only observe green
fluorescence (GFP) owing to place red fluorescent protein (RFP) gene in the
homologous dna segment outside cut in dna molecular homologous
recombination process. The embryo of green fluorescence only appears in
screening under the fluorescence anatomical lens, can obtain the mosaic of
homologous recombination.

Based on the provisional inofficial translation available to the examiner, it
appears that D2 anticipates claims: 1-4, 9-11, 13-18, 20, 25-26.

Inventive Step

With respect to D1, which can be taken as the closest prior art (CPA), only
claims 5, 6, 12, 19, 22 and 24 even appear to be novel. Novelty relies on
having an excisable marker insert (5, 6, 22, 24), having homologous
recombination induced by TALENs ZFNs, meganucleases, or CRISPR/Cas
(12) [Note: this may be intrinsic in art though], or having a composition
comprising at least two different molecules of the invention (19).

Form LU237-3 (separate sheet) (January 2007) (sheet 2)
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1.3

2.1
211

21.2

Excision of no longer required positive markers by standard techniques such
as loxP can of course not impart inventive activity (see e.g. D3). In view of the
development of the prior art towards TALENs ZFNs, meganucleases, or
CRISPR/Cas, it is obvious that a skilled person can adapt the established
technique of D1 thereto. There is no significant modification required at all.
Having two or more of an obvious construct obviously does not impart
inventive activity.

Industrial Applicability

Present claims appear to be industrially applicable.
Re Item Vi

Clarity

Claim 1 - The terminology "optically discriminable" is relatively unclear since a
toxin marker could arguably be optically discriminated on the basis of visible
cell death. The term should be replaced by clearer technical definitions.

Claim 5 - essentially any nucleotide can now "allow excision". Hence, this is
not considered to constitute a limiting feature.
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