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CRISPR/CAS SCREENING PLATFORM TO IDENTIFY GENETIC MODIFIERS OF TAU
SEEDING OR AGGREGATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of US Application No. 62/820,086, filed March

18, 2019, which is herein incorporated by reference in its entirety for all purposes.

REFERENCE TO A SEQUENCE LISTING
SUBMITTED AS A TEXT FILE VIA EFS WEB
[0002] The Sequence Listing written in file 544635SEQLIST.txt is 75.7 kilobytes, was
created on March 16, 2020, and is hereby incorporated by reference.

BACKGROUND
[0003] Abnormal aggregation or fibrillization of proteins is a defining feature of many
diseases, notably including a number of neurodegenerative diseases such as Alzheimer’s disease
(AD), Parkinson’s disease (PD), frontotemporal dementia (FTD), amyotrophic lateral sclerosis
(ALS), chronic traumatic encephalopathy (CTE), Creutzfeldt-Jakob disease (CJD), and others.
In many of these diseases, the fibrillization of certain proteins into insoluble aggregates is not
only a hallmark of disease, but has also been implicated as a causative factor of neurotoxicity.
Furthermore, these diseases are characterized by propagation of aggregate pathology through the
central nervous system following stereotypical patterns, a process which correlates with disease
progression. The identification of genes and genetic pathways that modify the processes of
abnormal protein aggregation, or cell-to-cell propagation of aggregates, are therefore of great
value in better understanding neurodegenerative disease etiology as well as in devising strategies

for therapeutic intervention.

SUMMARY
[0004] Provided herein are methods of screening for genetic modifiers of tau aggregation,
methods of producing a conditioned medium for inducing or sensitizing to tau aggregation, and
methods of generating a population of tau-aggregation-positive cells. Also provided herein are

Cas-tau biosensor cells or populations of such cells and in vitro cultures of Cas-tau biosensor
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cells and conditioned medium. Also provided herein are CRISPR/Cas synergistic activation
mediator (SAM)-tau biosensor cells or populations of such cells and in vitro cultures of SAM-tau
biosensor cells and conditioned medium.

[0005] In one aspect, provided are methods of screening for genetic modifiers of tau
aggregation. Some such methods (CRISPRn) can comprise: (a) providing a population of cells
comprising a Cas protein, a first tau repeat domain linked to a first reporter, and a second tau
repeat domain linked to a second reporter; (b) introducing into the population of cells a library
comprising a plurality of unique guide RNAs that target a plurality of genes; (c) culturing the
population of cells to allow genome editing and expansion, wherein the plurality of unique guide
RNAs form complexes with the Cas protein, and the Cas protein cleaves the plurality of genes
resulting in knockout of gene function to produce a genetically modified population of cells; (d)
contacting the genetically modified population of cells with a tau seeding agent to produce a
seeded population of cells; (e) culturing the seeded population of cells to allow tau aggregates to
form, wherein aggregates of the first tau repeat domain and the second tau repeat domain form in
a subset of the seeded population of cells to produce an aggregation-positive population of cells;
and (f) determining abundance of each of the plurality of unique guide RNAs in the aggregation-
positive population of cells identified in step (e) relative to the genetically modified population
of cells in step (c), wherein enrichment of a guide RNA in the aggregation-positive population of
cells identified in step (e) relative to the cultured population of cells in step (c) indicates that the
gene targeted by the guide RNA is a genetic modifier of tau aggregation, wherein disruption of
the gene targeted by the guide RNA enhances tau aggregation, or is a candidate genetic modifier
of tau aggregation (e.g., for further testing via secondary screens), wherein disruption of the gene
targeted by the guide RNA is expected to enhance tau aggregation.

[0006] In some such methods, the first tau repeat domain and/or the second tau repeat
domain is a human tau repeat domain. In some such methods, the first tau repeat domain and/or
the second tau repeat domain comprises a pro-aggregation mutation. Optionally, the first tau
repeat domain and/or the second tau repeat domain comprises a tau P301S mutation.

[0007] In some such methods, the first tau repeat domain and/or the second tau repeat
domain comprises a tau four-repeat domain. In some such methods, the first tau repeat domain
and/or the second tau repeat domain comprises SEQ ID NO: 11. In some such methods, the first

tau repeat domain and the second tau repeat domain are the same. In some such methods, the
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first tau repeat domain and the second tau repeat domain are the same and each comprises tau
four-repeat domain comprising a tau P301S mutation.

[0008] In some such methods, first reporter and the second reporter are fluorescent proteins.
Optionally, the first reporter and the second reporter are a fluorescence resonance energy transfer
(FRET) pair. Optionally, the first reporter is cyan fluorescent protein (CFP) and the second
reporter is yellow fluorescent protein (YFP).

[0009] In some such methods, the Cas protein is a Cas9 protein. Optionally, the Cas protein
is Streptococcus pyogenes Cas9. Optionally, the Cas protein comprises SEQ ID NO: 21.
Optionally, the Cas protein is encoded by a coding sequence comprising the sequence set forth in
SEQ ID NO: 22.

[0010] In some such methods, the Cas protein, the first tau repeat domain linked to the first
reporter, and the second tau repeat domain linked to the second reporter are stably expressed in
the population of cells. In some such methods, nucleic acids encoding the Cas protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter are genomically integrated in the population of cells.

[0011] In some such methods, the cells are eukaryotic cells. Optionally, the cells are
mammalian cells. Optionally, the cells are human cells. Optionally, the cells are HEK293T
cells.

[0012] In some such methods, the plurality of unique guide RNAs are introduced at a
concentration selected such that a majority of the cells receive only one of the unique guide
RNAs. In some such methods, the plurality of unique guide RNAs target 100 or more genes,
1000 or more genes, or 10000 or more genes. In some such methods, the library is a genome-
wide library.

[0013] In some such methods, a plurality of target sequences are targeted on average in each
of the targeted plurality of genes. Optionally, at least three target sequences are targeted on
average in each of the targeted plurality of genes. Optionally, about three to about six target
sequences (e.g., about three, about four, or about six) are targeted on average in each of the
targeted plurality of genes.

[0014] In some such methods, each guide RNA targets a constitutive exon. Optionally, each
guide RNA targets a 5’ constitutive exon. In some such methods, each guide RNA targets a first

exon, a second exon, or a third exon.
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[0015] In some such methods, the plurality of unique guide RNAs are introduced into the
population of cells by viral transduction. Optionally, each of the plurality of unique guide RNAs
is in a separate viral vector. Optionally, the plurality of unique guide RNAs are introduced into
the population of cells by lentiviral transduction. In some such methods, the population of cells
is infected at a multiplicity of infection of less than about 0.3.

[0016] In some such methods, the plurality of unique guide RNAs are introduced into the
population of cells together with a selection marker, and step (b) further comprises selecting cells
that comprise the selection marker. Optionally, the selection marker imparts resistance to a drug.
Optionally, the selection marker imparts resistance to puromycin or zeocin. Optionally, the
selection marker is selected from neomycin phosphotransferase, hygromycin B
phosphotransferase, puromycin-N-acetyltransferase, and blasticidin S deaminase. Optionally,
the selection marker is selected from neomycin phosphotransferase, hygromycin B
phosphotransferase, puromycin-N-acetyltransferase, blasticidin S deaminase, and bleomycin
resistance protein.

[0017] In some such methods, the population of cells into which the plurality of unique guide
RNAs are introduced in step (b) comprises greater than about 300 cells per unique guide RNA.
[0018] In some such methods, step (c¢) is about 3 days to about 9 days. Optionally, step (¢) is
about 6 days.

[0019] In some such methods, step (d) comprises culturing the genetically modified
population of cells in the presence of conditioned medium harvested from cultured tau-
aggregation-positive cells in which a tau repeat domain stably presents in an aggregated state.
Optionally, the conditioned medium was harvested after being on confluent tau-aggregation-
positive cells for about 1 to about 7 days. Optionally, the conditioned medium was harvested
after being on confluent tau-aggregation-positive cells for about 4 days. Optionally, step (d)
comprises culturing the genetically modified population of cells in about 75% conditioned
medium and about 25% fresh medium. In some such methods, the genetically modified
population of cells is not co-cultured with the tau-aggregation-positive cells in which a tau repeat
domain stably presents in an aggregated state.

[0020] In some such methods, step (e) is about 2 days to about 6 days. Optionally, step (e) is
about 4 days. In some such methods, the first reporter and the second reporter are a fluorescence

resonance energy transfer (FRET) pair, and the aggregation-positive population of cells in step
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(e) is identified by flow cytometry.

[0021] In some such methods, abundance is determined by next-generation sequencing. In
some such methods, a guide RNA is considered enriched if the abundance of the guide RNA
relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold higher in
the aggregation-positive population of cells in step (e) relative to the cultured population of cells
in step (c).

[0022] In some such methods, step (f) comprises determining abundance of each of the
plurality of unique guide RNAs in the aggregation-positive population of cells in step (e) relative
to the cultured population of cells in step (c) at a first time point in step (¢) and/or a second time
point in step (¢). Optionally, the first time point in step (¢) is at a first passage of culturing the
population of cells, and the second time point is in the middle of culturing the population of cells
to allow genome editing and expansion. Optionally, the first time point in step (c) is after about
three days of culturing, and the second time point in step (c) is after about six days of culturing.
[0023] In some such methods, a gene is considered a genetic modifier of tau aggregation,
wherein disruption of the gene enhances tau aggregation (or a candidate genetic modifier of tau
aggregation, wherein disruption of the gene is expected to enhance tau aggregation), if: (1) the
abundance of a guide RNA targeting the gene relative to the total population of the plurality of
unique guide RNAs is at least 1.5-fold higher in the aggregation-positive population of cells in
step (e) relative to the cultured population of cells in step (c) at both the first time point in step
(c) and the second time point in step (c); and/or (2) the abundance of at least two unique guide
RNAs targeting the gene relative to the total population of the plurality of unique guide RNAs is
at least 1.5-fold higher in the aggregation-positive population of cells in step (e) relative to the
cultured population of cells in step (¢) at either the first time point in step (c) or the second time
point in step (c).

[0024] In some such methods, the following steps are taken in step (f) to identify a gene as a
genetic modifier of tau aggregation, wherein disruption of the gene enhances tau aggregation (or
a candidate genetic modifier of tau aggregation, wherein disruption of the gene is expected to
enhance tau aggregation): (1) identifying which of the plurality of unique guide RNAs are
present in the aggregation-positive population of cells produced in step (e); (2) calculating the
random chance of the guide RNAs identified in step (f)(1) being present using the formula nCn’

* (x-n”)C(m-n) / xCm, wherein x is the variety of unique guide RNAs introduced into the
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population of cells in step (b), wherein m is the variety of unique guide RNAs identified in step
(f)(1), wherein n is the variety of unique guide RNAs introduced into the population of cells in
step (b) that target the gene, and wherein n’ is the variety of unique guide RNAs identified in
step (f)(1) that target the gene; (3) calculating average enrichment scores for the guide RNAs
identified in step (f)(1), wherein the enrichment score for a guide RNA is the relative abundance
of the guide RNA in the aggregation-positive population of cells produced in step (e) divided by
the relative abundance of the guide RNA in the cultured population of cells in step (c), and
wherein relative abundance is the read count of the guide RNA divided by the read count of the
total population of the plurality of unique guide RNAs; and (4) selecting the gene if a guide RNA
targeting the gene is significantly below the random chance of being present and above a
threshold enrichment score.

[0025] Some such methods (CRISPRa) can comprise: (a) providing a population of cells
comprising a chimeric Cas protein comprising a nuclease-inactive Cas protein fused to one or
more transcriptional activation domains, a chimeric adaptor protein comprising an adaptor
protein fused to one or more transcriptional activation domains, a first tau repeat domain linked
to a first reporter, and a second tau repeat domain linked to a second reporter; (b) introducing
into the population of cells a library comprising a plurality of unique guide RNAs that target a
plurality of genes; (c) culturing the population of cells to allow transcriptional activation and
expansion, wherein the plurality of unique guide RNAs form complexes with the chimeric Cas
protein and the chimeric adaptor protein, and the complexes activate transcription of the plurality
of genes resulting in increased gene expression to produce a genetically modified population of
cells; (d) contacting the genetically modified population of cells with a tau seeding agent to
produce a seeded population of cells; (e) culturing the seeded population of cells to allow tau
aggregates to form, wherein aggregates of the first tau repeat domain and the second tau repeat
domain form in a subset of the seeded population of cells to produce an aggregation-positive
population of cells; and (f) determining abundance of each of the plurality of unique guide RNAs
in the aggregation-positive population of cells identified in step (e) relative to the genetically
modified population of cells in step (c), wherein enrichment of a guide RNA in the aggregation-
positive population of cells identified in step (e) relative to the cultured population of cells in
step (c¢) indicates that the gene targeted by the guide RNA is a genetic modifier of tau

aggregation, wherein transcriptional activation of the gene targeted by the guide RNA enhances
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tau aggregation, or is a candidate genetic modifier of tau aggregation (e.g., for further testing via
secondary screens), wherein transcriptional activation of the gene targeted by the guide RNA is
expected to enhance tau aggregation.

[0026] In some such methods, the first tau repeat domain and/or the second tau repeat
domain is a human tau repeat domain. In some such methods, the first tau repeat domain and/or
the second tau repeat domain comprises a pro-aggregation mutation. Optionally, the first tau
repeat domain and/or the second tau repeat domain comprises a tau P301S mutation.

[0027] In some such methods, the first tau repeat domain and/or the second tau repeat
domain comprises a tau four-repeat domain. In some such methods, the first tau repeat domain
and/or the second tau repeat domain comprises SEQ ID NO: 11. In some such methods, the first
tau repeat domain and the second tau repeat domain are the same. In some such methods, the
first tau repeat domain and the second tau repeat domain are the same and each comprises tau
four-repeat domain comprising a tau P301S mutation.

[0028] In some such methods, first reporter and the second reporter are fluorescent proteins.
Optionally, the first reporter and the second reporter are a fluorescence resonance energy transfer
(FRET) pair. Optionally, the first reporter is cyan fluorescent protein (CFP) and the second
reporter is yellow fluorescent protein (YFP).

[0029] In some such methods, the Cas protein is a Cas9 protein. Optionally, the Cas protein
is Streptococcus pyogenes Cas9. In some such methods, the chimeric Cas protein comprises the
nuclease-inactive Cas protein fused to a VP64 transcriptional activation domain, optionally
wherein the chimeric Cas protein comprises from N-terminus to C-terminus: the nuclease-
inactive Cas protein; a nuclear localization signal; and the VP64 transcriptional activator domain.
In some such methods, the adaptor protein is an MS2 coat protein, and wherein the one or more
transcriptional activation domains in the chimeric adaptor protein comprise a p65 transcriptional
activation domain and an HSF1 transcriptional activation domain, optionally wherein the
chimeric adaptor protein comprises from N-terminus to C-terminus: the MS2 coat protein; a
nuclear localization signal; the p65 transcriptional activation domain; and the HSF1
transcriptional activation domain. In some such methods, the chimeric Cas protein comprises
SEQ ID NO: 36, optionally wherein the chimeric Cas protein is encoded by a coding sequence
comprising the sequence set forth in SEQ ID NO: 38. In some such methods, the chimeric

adaptor protein comprises SEQ ID NO: 37, optionally wherein the chimeric adaptor protein is
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encoded by a coding sequence comprising the sequence set forth in SEQ ID NO: 39.

[0030] In some such methods, the chimeric Cas protein, the chimeric adaptor protein, the
first tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter are stably expressed in the population of cells. In some such methods, nucleic
acids encoding the chimeric Cas protein, the chimeric adaptor protein, the first tau repeat domain
linked to the first reporter, and the second tau repeat domain linked to the second reporter are
genomically integrated in the population of cells.

[0031] In some such methods, the cells are eukaryotic cells. Optionally, the cells are
mammalian cells. Optionally, the cells are human cells. Optionally, the cells are HEK293T
cells.

[0032] In some such methods, the plurality of unique guide RNAs are introduced at a
concentration selected such that a majority of the cells receive only one of the unique guide
RNAs. In some such methods, the plurality of unique guide RNAs target 100 or more genes,
1000 or more genes, or 10000 or more genes. In some such methods, the library is a genome-
wide library.

[0033] In some such methods, a plurality of target sequences are targeted on average in each
of the targeted plurality of genes. Optionally, at least three target sequences are targeted on
average in each of the targeted plurality of genes. Optionally, about three to about six target
sequences (e.g., about three, about four, or about six) are targeted on average in each of the
targeted plurality of genes. Optionally, about three target sequences are targeted on average in
each of the targeted plurality of genes.

[0034] In some such methods, each guide RNA targets a guide RNA target sequence within
200 bp upstream of a transcription start site. In some such methods, each guide RNA comprises
one or more adaptor-binding elements to which the chimeric adaptor protein can specifically
bind. Optionally, each guide RNA comprises two adaptor-binding elements to which the
chimeric adaptor protein can specifically bind. Optionally, a first adaptor-binding element is
within a first loop of each of the one or more guide RNAs, and a second adaptor-binding element
is within a second loop of each of the one or more guide RNAs. Optionally, the adaptor-binding
element comprises the sequence set forth in SEQ ID NO: 33. In some such methods, wherein
each of one or more guide RNAs is a single guide RNA comprising a CRISPR RNA (crRNA)
portion fused to a transactivating CRISPR RNA (tracrRNA) portion, and the first loop is the
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tetraloop corresponding to residues 13-16 of SEQ ID NO: 17, and the second loop is the stem
loop 2 corresponding to residues 53-56 of SEQ ID NO: 17.

[0035] In some such methods, the plurality of unique guide RNAs are introduced into the
population of cells by viral transduction. Optionally, each of the plurality of unique guide RNAs
is in a separate viral vector. Optionally, the plurality of unique guide RNAs are introduced into
the population of cells by lentiviral transduction. In some such methods, the population of cells
is infected at a multiplicity of infection of less than about 0.3.

[0036] In some such methods, the plurality of unique guide RNAs are introduced into the
population of cells together with a selection marker, and step (b) further comprises selecting cells
that comprise the selection marker. Optionally, the selection marker imparts resistance to a drug.
Optionally, the selection marker imparts resistance to puromycin or zeocin. Optionally, the
selection marker is selected from neomycin phosphotransferase, hygromycin B
phosphotransferase, puromycin-N-acetyltransferase, and blasticidin S deaminase. Optionally,
the selection marker is selected from neomycin phosphotransferase, hygromycin B
phosphotransferase, puromycin-N-acetyltransferase, blasticidin S deaminase, and bleomycin
resistance protein.

[0037] In some such methods, the population of cells into which the plurality of unique guide
RNAs are introduced in step (b) comprises greater than about 300 cells per unique guide RNA.
[0038] In some such methods, step (c¢) is about 3 days to about 9 days. Optionally, step (¢) is
about 6 days.

[0039] In some such methods, step (d) comprises culturing the genetically modified
population of cells in the presence of conditioned medium harvested from cultured tau-
aggregation-positive cells in which a tau repeat domain stably presents in an aggregated state.
Optionally, the conditioned medium was harvested after being on confluent tau-aggregation-
positive cells for about 1 to about 7 days. Optionally, the conditioned medium was harvested
after being on confluent tau-aggregation-positive cells for about 4 days. Optionally, step (d)
comprises culturing the genetically modified population of cells in about 75% conditioned
medium and about 25% fresh medium. In some such methods, the genetically modified
population of cells is not co-cultured with the tau-aggregation-positive cells in which a tau repeat
domain stably presents in an aggregated state.

[0040] In some such methods, step (e) is about 2 days to about 6 days. Optionally, step (e) is
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about 4 days. In some such methods, the first reporter and the second reporter are a fluorescence
resonance energy transfer (FRET) pair, and the aggregation-positive population of cells in step
(e) is identified by flow cytometry.

[0041] In some such methods, abundance is determined by next-generation sequencing. In
some such methods, a guide RNA is considered enriched if the abundance of the guide RNA
relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold higher in
the aggregation-positive population of cells in step (e) relative to the cultured population of cells
in step (c).

[0042] In some such methods, step (f) comprises determining abundance of each of the
plurality of unique guide RNAs in the aggregation-positive population of cells in step (e) relative
to the cultured population of cells in step (c) at a first time point in step (¢) and/or a second time
point in step (¢). Optionally, the first time point in step (¢) is at a first passage of culturing the
population of cells, and the second time point is in the middle of culturing the population of cells
to allow genome editing and expansion. Optionally, the first time point in step (c) is after about
three days of culturing, and the second time point in step (c) is after about six days of culturing.
[0043] In some such methods, a gene is considered a genetic modifier of tau aggregation,
wherein transcriptional activation of the gene enhances tau aggregation (or a candidate genetic
modifier of tau aggregation, wherein transcriptional activation of the gene is expected to enhance
tau aggregation), if: (1) the abundance of a guide RNA targeting the gene relative to the total
population of the plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-
positive population of cells in step (e) relative to the cultured population of cells in step (c) at
both the first time point in step (c¢) and the second time point in step (¢); and/or (2) the abundance
of at least two unique guide RNAs targeting the gene relative to the total population of the
plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-positive population
of cells in step (e) relative to the cultured population of cells in step (c) at either the first time
point in step (c) or the second time point in step (c).

[0044] In some such methods, the following steps are taken in step (f) to identify a gene as a
genetic modifier of tau aggregation, wherein transcriptional activation of the gene enhances tau
aggregation (or a candidate genetic modifier of tau aggregation, wherein transcriptional
activation of the gene is expected to enhance tau aggregation): (1) identifying which of the

plurality of unique guide RNAs are present in the aggregation-positive population of cells
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produced in step (e); (2) calculating the random chance of the guide RNAs identified in step
(H)(1) being present using the formula nCn’ * (x-n”)C(m-n) / xCm, wherein x is the variety of
unique guide RNAs introduced into the population of cells in step (b), wherein m is the variety of
unique guide RNAs identified in step (£)(1), wherein n is the variety of unique guide RNAs
introduced into the population of cells in step (b) that target the gene, and wherein n’ is the
variety of unique guide RNAs identified in step (£)(1) that target the gene; (3) calculating
average enrichment scores for the guide RNAs identified in step (f)(1), wherein the enrichment
score for a guide RNA is the relative abundance of the guide RNA in the aggregation-positive
population of cells produced in step (e) divided by the relative abundance of the guide RNA in
the cultured population of cells in step (¢), and wherein relative abundance is the read count of
the guide RNA divided by the read count of the total population of the plurality of unique guide
RNAs; and (4) selecting the gene if a guide RNA targeting the gene is significantly below the
random chance of being present and above a threshold enrichment score.

[0045] In another aspect, provided are additional methods of screening for genetic modifiers
of tau aggregation. Some such methods (CRISPRn) can comprise: (a) providing a population of
cells comprising a Cas protein, a first tau repeat domain linked to a first reporter, and a second
tau repeat domain linked to a second reporter; (b) introducing into the population of cells a
library comprising a plurality of unique guide RNAs that target a plurality of genes; (c) culturing
the population of cells to allow genome editing and expansion, wherein the plurality of unique
guide RNAs form complexes with the Cas protein, and the Cas protein cleaves the plurality of
genes resulting in knockout of gene function to produce a genetically modified population of
cells; (d) contacting the genetically modified population of cells with a tau seeding agent to
produce a seeded population of cells; (e) culturing the seeded population of cells to allow tau
aggregates to form, wherein aggregates of the first tau repeat domain and the second tau repeat
domain form in a first subset of the seeded population of cells to produce an aggregation-positive
population of cells and do not form in a second subset of the seeded population of cells to
produce an aggregation-negative population of cells; and (f) determining abundance of each of
the plurality of unique guide RNAs in the aggregation-positive population of cells identified in
step (e) relative to the aggregation-negative population of cells identified in step (e) and/or the
seeded population of cells in step (d), and/or determining abundance of each of the plurality of

unique guide RNAs in the aggregation-negative population of cells identified in step (e) relative
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to the aggregation-positive population of cells identified in step (e) and/or the seeded population
of cells in step (d), wherein enrichment of a guide RNA in the aggregation-negative population
of cells identified in step (e) relative to the aggregation-positive population of cells identified in
step (e) and/or the seeded population of cells in step (d) or wherein depletion of a guide RNA in
the aggregation-positive population of cells identified in step (e) relative to the aggregation-
negative population of cells identified in step (e) and/or the seeded population of cells in step (d)
indicates that the gene targeted by the guide RNA is a genetic modifier of tau aggregation,
wherein disruption of the gene targeted by the guide RNA prevents tau aggregation, or is a
candidate genetic modifier of tau aggregation (e.g., for further testing via secondary screens),
wherein disruption of the gene targeted by the guide RNA is expected to prevent tau aggregation,
and/or wherein enrichment of a guide RNA in the aggregation-positive population of cells
identified in step (e) relative to the aggregation-negative population of cells identified in step (e)
and/or the seeded population of cells in step (d) or wherein depletion of a guide RNA in the
aggregation-negative population of cells identified in step (e) relative to the aggregation-positive
population of cells identified in step (e) and/or the seeded population of cells in step (d) indicates
that the gene targeted by the guide RNA is a genetic modifier of tau aggregation, wherein
disruption of the gene targeted by the guide RNA promotes or enhances tau aggregation, or is a
candidate genetic modifier of tau aggregation (e.g., for further testing via secondary screens),
wherein disruption of the gene targeted by the guide RNA is expected to promote or enhance tau
aggregation.

[0046] In some such methods, the Cas protein is a Cas9 protein. Optionally, Cas protein is
Streptococcus pyogenes Cas9. In some such methods, the Cas protein comprises SEQ ID NO:
21, optionally wherein the Cas protein is encoded by a coding sequence comprising the sequence
set forth in SEQ ID NO: 22.

[0047] In some such methods, the Cas protein, the first tau repeat domain linked to the first
reporter, and the second tau repeat domain linked to the second reporter are stably expressed in
the population of cells. In some such methods, nucleic acids encoding the Cas protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter are genomically integrated in the population of cells.

[0048] In some such methods, each guide RNA targets a constitutive exon. Optionally, each

guide RNA targets a 5’ constitutive exon. In some such methods, each guide RNA targets a first
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exon, a second exon, or a third exon.

[0049] Some such methods (CRISPRa) comprise: (a) providing a population of cells
comprising a chimeric Cas protein comprising a nuclease-inactive Cas protein fused to one or
more transcriptional activation domains, a chimeric adaptor protein comprising an adaptor
protein fused to one or more transcriptional activation domains, a first tau repeat domain linked
to a first reporter, and a second tau repeat domain linked to a second reporter; (b) introducing
into the population of cells a library comprising a plurality of unique guide RNAs that target a
plurality of genes; (c) culturing the population of cells to allow transcriptional activation and
expansion, wherein the plurality of unique guide RNAs form complexes with the chimeric Cas
protein and the chimeric adaptor protein, and the complexes activate transcription of the plurality
of genes resulting in increased gene expression to produce a genetically modified population of
cells; (d) contacting the genetically modified population of cells with a tau seeding agent to
produce a seeded population of cells; (e) culturing the seeded population of cells to allow tau
aggregates to form, wherein aggregates of the first tau repeat domain and the second tau repeat
domain form in a first subset of the seeded population of cells to produce an aggregation-positive
population of cells and do not form in a second subset of the seeded population of cells to
produce an aggregation-negative population of cells; and (f) determining abundance of each of
the plurality of unique guide RNAs in the aggregation-positive population of cells identified in
step (e) relative to the aggregation-negative population of cells identified in step (e) and/or the
seeded population of cells in step (d), and/or determining abundance of each of the plurality of
unique guide RNAs in the aggregation-negative population of cells identified in step (e) relative
to the aggregation-positive population of cells identified in step (e) and/or the seeded population
of cells in step (d), wherein enrichment of a guide RNA in the aggregation-negative population
of cells identified in step (e) relative to the aggregation-positive population of cells identified in
step (e) and/or the seeded population of cells in step (d) or wherein depletion of a guide RNA in
the aggregation-positive population of cells identified in step (e) relative to the aggregation-
negative population of cells identified in step (e) and/or the seeded population of cells in step (d)
indicates that the gene targeted by the guide RNA is a genetic modifier of tau aggregation,
wherein transcriptional activation of the gene targeted by the guide RNA prevents tau
aggregation, or is a candidate genetic modifier of tau aggregation (e.g., for further testing via

secondary screens), wherein transcriptional activation of the gene targeted by the guide RNA is
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expected to prevent tau aggregation, and/or wherein enrichment of a guide RNA in the
aggregation-positive population of cells identified in step (e) relative to the aggregation-negative
population of cells identified in step (e) and/or the seeded population of cells in step (d) or
wherein depletion of a guide RNA in the aggregation-negative population of cells identified in
step (e) relative to the aggregation-positive population of cells identified in step (e) and/or the
seeded population of cells in step (d) indicates that the gene targeted by the guide RNA is a
genetic modifier of tau aggregation, wherein transcriptional activation of the gene targeted by the
guide RNA promotes or enhances tau aggregation, or is a candidate genetic modifier of tau
aggregation (e.g., for further testing via secondary screens), wherein transcriptional activation of
the gene targeted by the guide RNA is expected to promote or enhance tau aggregation.

[0050] In some such methods, the Cas protein is a Cas9 protein. Optionally, the Cas protein
is Streptococcus pyogenes Cas9. In some such methods, the chimeric Cas protein comprises the
nuclease-inactive Cas protein fused to a VP64 transcriptional activation domain, optionally
wherein the chimeric Cas protein comprises from N-terminus to C-terminus: the nuclease-
inactive Cas protein; a nuclear localization signal; and the VP64 transcriptional activator domain.
In some such methods, the adaptor protein is an MS2 coat protein, and wherein the one or more
transcriptional activation domains in the chimeric adaptor protein comprise a p65 transcriptional
activation domain and an HSF1 transcriptional activation domain, optionally wherein the
chimeric adaptor protein comprises from N-terminus to C-terminus: the MS2 coat protein; a
nuclear localization signal; the p65 transcriptional activation domain; and the HSF1
transcriptional activation domain. In some such methods, the chimeric Cas protein comprises
SEQ ID NO: 36, optionally wherein the chimeric Cas protein is encoded by a coding sequence
comprising the sequence set forth in SEQ ID NO: 38. In some such methods, the chimeric
adaptor protein comprises SEQ ID NO: 37, optionally wherein the chimeric adaptor protein is
encoded by a coding sequence comprising the sequence set forth in SEQ ID NO: 39.

[0051] In some such methods, the chimeric Cas protein, the chimeric adaptor protein, the
first tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter are stably expressed in the population of cells. In some such methods, nucleic
acids encoding the chimeric Cas protein, the chimeric adaptor protein, the first tau repeat domain
linked to the first reporter, and the second tau repeat domain linked to the second reporter are

genomically integrated in the population of cells.
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[0052] In some such methods, each guide RNA targets a guide RNA target sequence within
200 bp upstream of a transcription start site. In some such methods, each guide RNA comprises
one or more adaptor-binding elements to which the chimeric adaptor protein can specifically
bind. Optionally, each guide RNA comprises two adaptor-binding elements to which the
chimeric adaptor protein can specifically bind. Optionally, a first adaptor-binding element is
within a first loop of each of the one or more guide RNAs, and a second adaptor-binding element
is within a second loop of each of the one or more guide RNAs. Optionally, the adaptor-binding
element comprises the sequence set forth in SEQ ID NO: 33. Optionally, each of one or more
guide RNAs is a single guide RNA comprising a CRISPR RNA (crRNA) portion fused to a
transactivating CRISPR RNA (tracrRNA) portion, and the first loop is the tetraloop
corresponding to residues 13-16 of SEQ ID NO: 17, and the second loop is the stem loop 2
corresponding to residues 53-56 of SEQ ID NO: 17.

[0053] In some such methods, step (c) is about 3 days to about 13 days. In some such
methods, step (c) is about 7 days to about 10 days, is about 7 days, or is about 10 days.

[0054] In some such methods, step (d) comprises culturing the genetically modified
population of cells in the presence of a medium comprising a cell lysate from cultured tau-
aggregation-positive cells in which a tau repeat domain stably presents in an aggregated state.
Optionally, the cell lysate in the medium is at a concentration of about 1 to about 5 ug/mL. In
some such methods, the medium comprising the cell lysate further comprises lipofectamine or
another transfection reagent. Optionally, the medium comprising the cell lysate comprises
lipofectamine at a concentration of about 1.5 to about 4 uL/mL. In some such methods, the
genetically modified population of cells is not co-cultured with the tau-aggregation-positive cells
in which a tau repeat domain stably presents in an aggregated state.

[0055] In some such methods, step (e) is about 1 day to about 3 days. Optionally, step (e) is
about 2 days. In some such methods, the first reporter and the second reporter are a fluorescence
resonance energy transfer (FRET) pair, and the aggregation-positive population of cells and the
aggregation-negative population of cells in step (e) is identified by flow cytometry. In some
such methods, abundance is determined by next-generation sequencing.

[0056] In some such methods, a guide RNA is considered enriched in the aggregation-
negative population of cells in step (e) if the abundance of the guide RNA relative to the total
population of the plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-
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negative population of cells in step (e) relative to the aggregation-positive population of cells in
step (e) and/or the seeded population of cells in step (d), and wherein a guide RNA is considered
depleted in the aggregation-positive population of cells in step (e) if the abundance of the guide
RNA relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold
lower in the aggregation-positive population of cells in step (e) relative to the aggregation-
negative population of cells in step (e) and/or the seeded population of cells in step (d), or
wherein a guide RNA is considered enriched in the aggregation-positive population of cells in
step (e) if the abundance of the guide RNA relative to the total population of the plurality of
unique guide RNAs is at least 1.5-fold higher in the aggregation-positive population of cells in
step (e) relative to the aggregation-negative population of cells in step (e) and/or the seeded
population of cells in step (d), and wherein a guide RNA is considered depleted in the
aggregation-negative population of cells in step (e) if the abundance of the guide RNA relative to
the total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-negative population of cells in step (e) relative to the aggregation-positive
population of cells in step (e) and/or the seeded population of cells in step (d).

[0057] In some such methods, step (f) comprises determining abundance of each of the
plurality of unique guide RNAs in the aggregation-negative population of cells in step (e)
relative to the aggregation-positive population of cells in step (e), the cultured population of cells
in step (c) at a first time point, and the seeded population of cells in step (d) at a second time
point, and/or wherein step (f) comprises determining abundance of each of the plurality of
unique guide RNAs in the aggregation-positive population of cells in step (e) relative to the
aggregation-negative population of cells in step (e), the cultured population of cells in step (c) at
a first time point, and the seeded population of cells in step (d) at a second time point.
Optionally, the first time point in step (c) is at a first passage of culturing the population of cells.
Optionally, the first time point in step (¢) is after about 3 days of culturing, and the second time
point in step (c¢) is after about 7 days of culturing or about 10 days of culturing.

[0058] In some such methods, a gene is considered a genetic modifier of tau aggregation,
wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene prevents tau
aggregation (or a candidate genetic modifier of tau aggregation, wherein disruption or
transcriptional activation of the gene is expected to prevent tau aggregation), if: (1) the

abundance of a guide RNA targeting the gene relative to the total population of the plurality of

16



WO 2020/190932 PCT/US2020/023131

unique guide RNAs is at least 1.5-fold higher in the aggregation-negative population of cells in
step (e) relative to the aggregation-positive population of cells in step (e), the cultured population
of cells in step (c) at the first time point, and the seeded population of cells in step (d) at the
second time point; and/or (2) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-negative population of cells in step (e) relative to the aggregation-positive
population of cells in step (e) and the seeded population of cells in step (d) at the second time
point; and/or (3) the abundance of a guide RNA targeting the gene relative to the total population
of the plurality of unique guide RNAs is at least 1.5-fold lower in the aggregation-positive
population of cells in step (e) relative to the aggregation-negative population of cells in step (e),
the cultured population of cells in step (¢) at the first time point, and the seeded population of
cells in step (d) at the second time point; and/or (4) the abundance of a guide RNA targeting the
gene relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold
lower in the aggregation-positive population of cells in step (e) relative to the aggregation-
negative population of cells in step (e) and the seeded population of cells in step (d) at the second
time point. In some such methods, a gene is considered a genetic modifier of tau aggregation,
wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene promotes or
enhances tau aggregation (or a candidate genetic modifier of tau aggregation, wherein disruption
or transcriptional activation of the gene is expected to promote or enhance tau aggregation), if:
(1) the abundance of a guide RNA targeting the gene relative to the total population of the
plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-positive population
of cells in step (e) relative to the aggregation-negative population of cells in step (e), the cultured
population of cells in step (¢) at the first time point, and the seeded population of cells in step (d)
at the second time point; and/or (2) the abundance of a guide RNA targeting the gene relative to
the total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-positive population of cells in step (e) relative to the aggregation-negative
population of cells in step (e) and the seeded population of cells in step (d) at the second time
point; and/or (3) the abundance of a guide RNA targeting the gene relative to the total population
of the plurality of unique guide RNAs is at least 1.5-fold lower in the aggregation-negative
population of cells in step (e) relative to the aggregation-positive population of cells in step (e),

the cultured population of cells in step (¢) at the first time point, and the seeded population of
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cells in step (d) at the second time point; and/or (4) the abundance of a guide RNA targeting the
gene relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold
lower in the aggregation-negative population of cells in step (e) relative to the aggregation-
positive population of cells in step (e) and the seeded population of cells in step (d) at the second
time point.

[0059] In some such methods, the following steps are taken in step (f) to identify a gene as a
genetic modifier of tau aggregation, wherein disruption (CRISPRn) or transcriptional activation
(CRISPRa) of the gene prevents tau aggregation (or as a candidate genetic modifier of tau
aggregation, wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene
is expected to prevent tau aggregation): (1) identifying which of the plurality of unique guide
RNAs are present in the aggregation-negative population of cells produced in step (e); (2)
calculating the random chance of the guide RNAs identified in step (f)(1) being present using the
formula nCn’ * (x-n”)C(m-n) / xCm, wherein x is the variety of unique guide RNAs introduced
into the population of cells in step (b), wherein m is the variety of unique guide RNAs identified
in step (f)(1), wherein n is the variety of unique guide RNAs introduced into the population of
cells in step (b) that target the gene, and wherein n’ is the variety of unique guide RNAs
identified in step (f)(1) that target the gene; (3) calculating average enrichment scores for the
guide RNAs identified in step (f)(1), wherein the enrichment score for a guide RNA is the
relative abundance of the guide RNA in the aggregation-negative population of cells produced in
step (e) divided by the relative abundance of the guide RNA in the aggregation-positive
population of cells produced in step (e) or the seeded population of cells in step (d), and wherein
relative abundance is the read count of the guide RNA divided by the read count of the total
population of the plurality of unique guide RNAs; and (4) selecting the gene if a guide RNA
targeting the gene is significantly below the random chance of being present and above a
threshold enrichment score. In some such methods, the following steps are taken in step (f) to
identify a gene as a genetic modifier of tau aggregation, wherein disruption (CRISPRn) or
transcriptional activation (CRISPRa) of the gene promotes or enhances tau aggregation (or as a
candidate genetic modifier of tau aggregation, wherein disruption or transcriptional activation of
the gene is expected to promote or enhance tau aggregation): (1) identifying which of the
plurality of unique guide RNAs are present in the aggregation-positive population of cells

produced in step (e); (2) calculating the random chance of the guide RNAs identified in step
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(H)(1) being present using the formula nCn’ * (x-n”)C(m-n) / xCm, wherein x is the variety of
unique guide RNAs introduced into the population of cells in step (b), wherein m is the variety of
unique guide RNAs identified in step (£)(1), wherein n is the variety of unique guide RNAs
introduced into the population of cells in step (b) that target the gene, and wherein n’ is the
variety of unique guide RNAs identified in step (£)(1) that target the gene; (3) calculating
average enrichment scores for the guide RNAs identified in step (f)(1), wherein the enrichment
score for a guide RNA is the relative abundance of the guide RNA in the aggregation-positive
population of cells produced in step (e) divided by the relative abundance of the guide RNA in
the aggregation-negative population of cells produced in step (e) or the seeded population of
cells in step (d), and wherein relative abundance is the read count of the guide RNA divided by
the read count of the total population of the plurality of unique guide RNAs; and (4) selecting the
gene if a guide RNA targeting the gene is significantly below the random chance of being
present and above a threshold enrichment score.

[0060] In some such methods, the first tau repeat domain and/or the second tau repeat
domain is a human tau repeat domain. In some such methods, the first tau repeat domain and/or
the second tau repeat domain comprises a pro-aggregation mutation. Optionally, the first tau
repeat domain and/or the second tau repeat domain comprises a tau P301S mutation.

[0061] In some such methods, the first tau repeat domain and/or the second tau repeat
domain comprises a tau four-repeat domain. In some such methods, the first tau repeat domain
and/or the second tau repeat domain comprises SEQ ID NO: 11. In some such methods, the first
tau repeat domain and the second tau repeat domain are the same. In some such methods, the
first tau repeat domain and the second tau repeat domain are the same and each comprises tau
four-repeat domain comprising a tau P301S mutation.

[0062] In some such methods, first reporter and the second reporter are fluorescent proteins.
Optionally, the first reporter and the second reporter are a fluorescence resonance energy transfer
(FRET) pair. Optionally, the first reporter is cyan fluorescent protein (CFP) and the second
reporter is yellow fluorescent protein (YFP).

[0063] In some such methods, the cells are eukaryotic cells. Optionally, the cells are
mammalian cells. Optionally, the cells are human cells. Optionally, the cells are HEK293T
cells.

[0064] In some such methods, the plurality of unique guide RNAs are introduced at a
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concentration selected such that a majority of the cells receive only one of the unique guide
RNAs. In some such methods, the plurality of unique guide RNAs target 100 or more genes,
1000 or more genes, or 10000 or more genes. In some such methods, the library is a genome-
wide library.

[0065] In some such methods, a plurality of target sequences are targeted on average in each
of the targeted plurality of genes. Optionally, at least three target sequences are targeted on
average in each of the targeted plurality of genes. Optionally, about three to about six target
sequences (e.g., about three, about four, or about six) are targeted on average in each of the
targeted plurality of genes. Optionally, about three target sequences are targeted on average in
each of the targeted plurality of genes.

[0066] In some such methods, the plurality of unique guide RNAs are introduced into the
population of cells by viral transduction. Optionally, each of the plurality of unique guide RNAs
is in a separate viral vector. Optionally, the plurality of unique guide RNAs are introduced into
the population of cells by lentiviral transduction. In some such methods, the population of cells
is infected at a multiplicity of infection of less than about 0.3.

[0067] In some such methods, the plurality of unique guide RNAs are introduced into the
population of cells together with a selection marker, and step (b) further comprises selecting cells
that comprise the selection marker. Optionally, the selection marker imparts resistance to a drug.
Optionally, the selection marker imparts resistance to puromycin or zeocin. Optionally, the
selection marker is selected from neomycin phosphotransferase, hygromycin B
phosphotransferase, puromycin-N-acetyltransferase, and blasticidin S deaminase. Optionally,
the selection marker is selected from neomycin phosphotransferase, hygromycin B
phosphotransferase, puromycin-N-acetyltransferase, blasticidin S deaminase, and bleomycin
resistance protein.

[0068] In some such methods, the population of cells into which the plurality of unique guide
RNAs are introduced in step (b) comprises greater than about 300 cells per unique guide RNA.
[0069] In another aspect, provided are methods of screening for genetic modifiers of tau
aggregation and/or disaggregation. Some such methods (CRISPRn) comprise: (a) providing a
population of cells comprising a Cas protein, a first tau repeat domain linked to a first reporter,
and a second tau repeat domain linked to a second reporter, wherein the cells are tau-

aggregation-positive cells in which a tau repeat domain stably presents in an aggregated state; (b)

20



WO 2020/190932 PCT/US2020/023131

introducing into the population of cells a library comprising a plurality of unique guide RNAs
that target a plurality of genes; (c) culturing the population of cells to allow genome editing and
expansion, wherein the plurality of unique guide RNAs form complexes with the Cas protein,
and the Cas protein cleaves the plurality of genes resulting in knockout of gene function to
produce a genetically modified population of cells, and wherein the culturing results in an
aggregation-positive population of cells and an aggregation-negative population of cells; (d)
identifying the aggregation-positive population of cells and the aggregation-negative population
of cells; and (e) determining abundance of each of the plurality of unique guide RNAs in the
aggregation-positive population of cells identified in step (d) relative to the aggregation-negative
population of cells identified in step (d) and/or the cultured population of cells at one or more
time points in step (c), and/or determining abundance of each of the plurality of unique guide
RNAs in the aggregation-negative population of cells identified in step (d) relative to the
aggregation-positive population of cells identified in step (d) and/or the cultured population of
cells at one or more time points in step (¢), wherein enrichment of a guide RNA in the
aggregation-negative population of cells identified in step (d) relative to the aggregation-positive
population of cells identified in step (d) and/or the cultured population of cells at one or more
time points in step (c) or wherein depletion of a guide RNA in the aggregation-positive
population of cells identified in step (d) relative to the aggregation-negative population of cells
identified in step (d) and/or cultured population of cells at one or more time points in step (c)
indicates that the gene targeted by the guide RNA is a genetic modifier of tau disaggregation,
wherein disruption of the gene targeted by the guide RNA promotes tau disaggregation, or is a
candidate genetic modifier of tau disaggregation (e.g., for further testing via secondary screens),
wherein disruption of the gene targeted by the guide RNA is expected to promote tau
disaggregation, and/or wherein enrichment of a guide RNA in the aggregation-positive
population of cells identified in step (d) relative to the aggregation-negative population of cells
identified in step (d) and/or the cultured population of cells at one or more time points in step (¢)
or wherein depletion of a guide RNA in the aggregation-negative population of cells identified in
step (d) relative to the aggregation-positive population of cells identified in step (d) and/or
cultured population of cells at one or more time points in step (¢) indicates that the gene targeted
by the guide RNA is a genetic modifier of tau aggregation, wherein disruption of the gene

targeted by the guide RNA promotes or enhances tau aggregation, or is a candidate genetic
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modifier of tau aggregation (e.g., for further testing via secondary screens), wherein disruption of
the gene targeted by the guide RNA is expected to promote or enhance tau aggregation.

[0070] In some such methods, the Cas protein is a Cas9 protein. Optionally, Cas protein is
Streptococcus pyogenes Cas9. In some such methods, the Cas protein comprises SEQ ID NO:
21, optionally wherein the Cas protein is encoded by a coding sequence comprising the sequence
set forth in SEQ ID NO: 22.

[0071] In some such methods, the Cas protein, the first tau repeat domain linked to the first
reporter, and the second tau repeat domain linked to the second reporter are stably expressed in
the population of cells. In some such methods, nucleic acids encoding the Cas protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter are genomically integrated in the population of cells.

[0072] In some such methods, each guide RNA targets a constitutive exon. Optionally, each
guide RNA targets a 5’ constitutive exon. In some such methods, each guide RNA targets a first
exon, a second exon, or a third exon.

[0073] Some such methods (CRISPRa) comprise: (a) providing a population of cells
comprising a chimeric Cas protein comprising a nuclease-inactive Cas protein fused to one or
more transcriptional activation domains, a chimeric adaptor protein comprising an adaptor
protein fused to one or more transcriptional activation domains, a first tau repeat domain linked
to a first reporter, and a second tau repeat domain linked to a second reporter, wherein the cells
are tau-aggregation-positive cells in which a tau repeat domain stably presents in an aggregated
state; (b) introducing into the population of cells a library comprising a plurality of unique guide
RNA s that target a plurality of genes; (¢) culturing the population of cells to allow transcriptional
activation and expansion, wherein the plurality of unique guide RNAs form complexes with the
chimeric Cas protein and the chimeric adaptor protein, and the complexes activate transcription
of the plurality of genes resulting in increased gene expression to produce a genetically modified
population of cells, and wherein the culturing results in an aggregation-positive population of
cells and an aggregation-negative population of cells; (d) identifying the aggregation-positive
population of cells and the aggregation-negative population of cells; and (e) determining
abundance of each of the plurality of unique guide RNAs in the aggregation-positive population
of cells identified in step (d) relative to the aggregation-negative population of cells identified in

step (d) and/or the cultured population of cells at one or more time points in step (c), and/or
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determining abundance of each of the plurality of unique guide RNAs in the aggregation-
negative population of cells identified in step (d) relative to the aggregation-positive population
of cells identified in step (d) and/or the cultured population of cells at one or more time points in
step (c¢), wherein enrichment of a guide RNA in the aggregation-negative population of cells
identified in step (d) relative to the aggregation-positive population of cells identified in step (d)
and/or the cultured population of cells at one or more time points in step (c) or wherein depletion
of a guide RNA in the aggregation-positive population of cells identified in step (d) relative to
the aggregation-negative population of cells identified in step (d) and/or cultured population of
cells at one or more time points in step (c) indicates that the gene targeted by the guide RNA is a
genetic modifier of tau disaggregation, wherein transcriptional activation of the gene targeted by
the guide RNA promotes tau disaggregation, or is a candidate genetic modifier of tau
disaggregation (e.g., for further testing via secondary screens), wherein transcriptional activation
of the gene targeted by the guide RNA is expected to promote tau disaggregation, and/or wherein
enrichment of a guide RNA in the aggregation-positive population of cells identified in step (d)
relative to the aggregation-negative population of cells identified in step (d) and/or the cultured
population of cells at one or more time points in step (¢) or wherein depletion of a guide RNA in
the aggregation-negative population of cells identified in step (d) relative to the aggregation-
positive population of cells identified in step (d) and/or cultured population of cells at one or
more time points in step (c¢) indicates that the gene targeted by the guide RNA is a genetic
modifier of tau aggregation, wherein transcriptional activation of the gene targeted by the guide
RNA promotes or enhances tau aggregation, or is a candidate genetic modifier of tau aggregation
(e.g., for further testing via secondary screens), wherein transcriptional activation of the gene
targeted by the guide RNA is expected to promote or enhance tau aggregation.

[0074] In some such methods, the Cas protein is a Cas9 protein. Optionally, the Cas protein
is Streptococcus pyogenes Cas9. In some such methods, the chimeric Cas protein comprises the
nuclease-inactive Cas protein fused to a VP64 transcriptional activation domain, optionally
wherein the chimeric Cas protein comprises from N-terminus to C-terminus: the nuclease-
inactive Cas protein; a nuclear localization signal; and the VP64 transcriptional activator domain.
In some such methods, the adaptor protein is an MS2 coat protein, and wherein the one or more
transcriptional activation domains in the chimeric adaptor protein comprise a p65 transcriptional

activation domain and an HSF1 transcriptional activation domain, optionally wherein the
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chimeric adaptor protein comprises from N-terminus to C-terminus: the MS2 coat protein; a
nuclear localization signal; the p65 transcriptional activation domain; and the HSF1
transcriptional activation domain. In some such methods, the chimeric Cas protein comprises
SEQ ID NO: 36, optionally wherein the chimeric Cas protein is encoded by a coding sequence
comprising the sequence set forth in SEQ ID NO: 38. In some such methods, the chimeric
adaptor protein comprises SEQ ID NO: 37, optionally wherein the chimeric adaptor protein is
encoded by a coding sequence comprising the sequence set forth in SEQ ID NO: 39.

[0075] In some such methods, the chimeric Cas protein, the chimeric adaptor protein, the
first tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter are stably expressed in the population of cells. In some such methods, nucleic
acids encoding the chimeric Cas protein, the chimeric adaptor protein, the first tau repeat domain
linked to the first reporter, and the second tau repeat domain linked to the second reporter are
genomically integrated in the population of cells.

[0076] In some such methods, each guide RNA targets a guide RNA target sequence within
200 bp upstream of a transcription start site. In some such methods, each guide RNA comprises
one or more adaptor-binding elements to which the chimeric adaptor protein can specifically
bind. Optionally, each guide RNA comprises two adaptor-binding elements to which the
chimeric adaptor protein can specifically bind. Optionally, a first adaptor-binding element is
within a first loop of each of the one or more guide RNAs, and a second adaptor-binding element
is within a second loop of each of the one or more guide RNAs. Optionally, the adaptor-binding
element comprises the sequence set forth in SEQ ID NO: 33. Optionally, each of one or more
guide RNAs is a single guide RNA comprising a CRISPR RNA (crRNA) portion fused to a
transactivating CRISPR RNA (tracrRNA) portion, and the first loop is the tetraloop
corresponding to residues 13-16 of SEQ ID NO: 17, and the second loop is the stem loop 2
corresponding to residues 53-56 of SEQ ID NO: 17.

[0077] In some such methods, step (c¢) is about 3 days to about 14 days. Optionally, step (c)
is about 10 days to about 14 days or about 12 days to about 14 days.

[0078] In some such methods, step (d) comprises synchronizing cell cycle progression to
obtain a cell population predominantly enriched in S phase. Optionally, the synchronization is
achieved by double thymidine block.

[0079] In some such methods, the first reporter and the second reporter are a fluorescence
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resonance energy transfer (FRET) pair, and the aggregation-positive population of cells and the
aggregation-negative population of cells in step (d) is identified by flow cytometry. In some
such methods, abundance is determined by next-generation sequencing.

[0080] In some such methods, a guide RNA is considered enriched in the aggregation-
negative population of cells in step (d) if the abundance of the guide RNA relative to the total
population of the plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-
negative population of cells in step (d) relative to the aggregation-positive population of cells in
step (d) and/or the cultured population of cells at one or more time points in step (c), and wherein
a guide RNA is considered depleted in the aggregation-positive population of cells in step (d) if
the abundance of the guide RNA relative to the total population of the plurality of unique guide
RNAGs is at least 1.5-fold lower in the aggregation-positive population of cells in step (d) relative
to the aggregation-negative population of cells in step (d) and/or the cultured population of cells
at one or more time points in step (c), or wherein a guide RNA is considered enriched in the
aggregation-positive population of cells in step (d) if the abundance of the guide RNA relative to
the total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-positive population of cells in step (d) relative to the aggregation-negative
population of cells in step (d) and/or the cultured population of cells at one or more time points
in step (c¢), and wherein a guide RNA is considered depleted in the aggregation-negative
population of cells in step (d) if the abundance of the guide RNA relative to the total population
of the plurality of unique guide RNAs is at least 1.5-fold lower in the aggregation-negative
population of cells in step (d) relative to the aggregation-positive population of cells in step (d)
and/or the cultured population of cells at one or more time points in step (c).

[0081] In some such methods, step (e) comprises determining abundance of each of the
plurality of unique guide RNAs in the aggregation-negative population of cells in step (d)
relative to the aggregation-positive population of cells in step (d), the cultured population of cells
in step (c) at a first time point, and the cultured population of cells in step (c) at a second time
point, and/or wherein step (e) comprises determining abundance of each of the plurality of
unique guide RNAs in the aggregation-positive population of cells in step (d) relative to the
aggregation-negative population of cells in step (e), the cultured population of cells in step (c) at
a first time point, and the cultured population of cells in step (c) at a second time point.

Optionally, the first time point in step (c) is at a first passage of culturing the population of cells,
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and the second time point is in the middle of culturing the population of cells to allow genome
editing and expansion or transcriptional activation and expansion. Optionally, the first time
point in step (c¢) is after about 7 days of culturing, and the second time point in step (c) is after
about 10 days of culturing.

[0082] In some such methods, a gene is considered a genetic modifier of tau disaggregation,
wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene promotes tau
disaggregation (or a candidate genetic modifier of tau disaggregation, wherein disruption or
transcriptional activation of the gene is expected to promote tau disaggregation), if: (1) the
abundance of a guide RNA targeting the gene relative to the total population of the plurality of
unique guide RNAs is at least 1.5-fold higher in the aggregation-negative population of cells in
step (d) relative to the aggregation-positive population of cells in step (d), the cultured
population of cells in step (¢) at the first time point, and the cultured population of cells in step
(c) at the second time point; and/or (2) the abundance of a guide RNA targeting the gene relative
to the total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-negative population of cells in step (d) relative to the aggregation-positive
population of cells in step (d) and the cultured population of cells in step (¢) at the second time
point; and/or (3) the abundance of a guide RNA targeting the gene relative to the total population
of the plurality of unique guide RNAs is at least 1.5-fold lower in the aggregation-positive
population of cells in step (d) relative to the aggregation-negative population of cells in step (d),
the cultured population of cells in step (c) at the first time point, and the cultured population of
cells in step (c) at the second time point; and/or (4) the abundance of a guide RNA targeting the
gene relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold
lower in the aggregation-positive population of cells in step (d) relative to the aggregation-
negative population of cells in step (d) and the cultured population of cells in step (c) at the
second time point. In some such methods, a gene is considered a genetic modifier of tau
aggregation, wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene
promotes or enhances tau aggregation (or a candidate genetic modifier of tau aggregation,
wherein disruption or transcriptional activation of the gene is expected to promote or enhance tau
aggregation), if: (1) the abundance of a guide RNA targeting the gene relative to the total
population of the plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-

positive population of cells in step (d) relative to the aggregation-negative population of cells in
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step (d), the cultured population of cells in step (c) at the first time point, and the cultured
population of cells in step (¢) at the second time point; and/or (2) the abundance of a guide RNA
targeting the gene relative to the total population of the plurality of unique guide RNAs is at least
1.5-fold higher in the aggregation-positive population of cells in step (d) relative to the
aggregation-negative population of cells in step (d) and the cultured population of cells in step
(c) at the second time point; and/or (3) the abundance of a guide RNA targeting the gene relative
to the total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-negative population of cells in step (d) relative to the aggregation-positive
population of cells in step (d), the cultured population of cells in step (c) at the first time point,
and the cultured population of cells in step (c) at the second time point; and/or (4) the abundance
of a guide RNA targeting the gene relative to the total population of the plurality of unique guide
RNAGs is at least 1.5-fold lower in the aggregation-negative population of cells in step (d) relative
to the aggregation-positive population of cells in step (d) and the cultured population of cells in
step (¢) at the second time point.

[0083] In some such methods, the following steps are taken in step (e) to identify a gene as a
genetic modifier of tau disaggregation, wherein disruption (CRISPRn) or transcriptional
activation (CRISPRa) of the gene promotes tau disaggregation (or a candidate genetic modifier
of tau disaggregation, wherein disruption or transcriptional activation of the gene is expected to
promote tau disaggregation): (1) identifying which of the plurality of unique guide RNAs are
present in the aggregation-negative population of cells identified in step (d); (2) calculating the
random chance of the guide RNAs identified in step (e)(1) being present using the formula nCn’
* (x-n”)C(m-n) / xCm, wherein x is the variety of unique guide RNAs introduced into the
population of cells in step (b), wherein m is the variety of unique guide RNAs identified in step
(e)(1), wherein n is the variety of unique guide RNAs introduced into the population of cells in
step (b) that target the gene, and wherein n’ is the variety of unique guide RNAs identified in
step (e)(1) that target the gene; (3) calculating average enrichment scores for the guide RNAs
identified in step (e)(1), wherein the enrichment score for a guide RNA is the relative abundance
of the guide RNA in the aggregation-negative population of cells identified in step (d) divided by
the relative abundance of the guide RNA in the aggregation-positive population of cells
identified in step (d) or the cultured population of cells in step (c) at the first time point or the

second time point, and wherein relative abundance is the read count of the guide RNA divided
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by the read count of the total population of the plurality of unique guide RNAs; and (4) selecting
the gene if a guide RNA targeting the gene is significantly below the random chance of being
present and above a threshold enrichment score. In some such methods, the following steps are
taken in step (e) to identify a gene as a genetic modifier of tau aggregation, wherein disruption
(CRISPRn) or transcriptional activation (CRISPRa) of the gene promotes or enhances tau
aggregation (or a candidate genetic modifier of tau aggregation, wherein disruption or
transcriptional activation of the gene is expected to promote or enhance tau aggregation): (1)
identifying which of the plurality of unique guide RNAs are present in the aggregation-positive
population of cells identified in step (d); (2) calculating the random chance of the guide RNAs
identified in step (e)(1) being present using the formula nCn’ * (x-n”)C(m-n) / xCm, wherein x is
the variety of unique guide RNAs introduced into the population of cells in step (b), wherein m is
the variety of unique guide RNAs identified in step (e)(1), wherein n is the variety of unique
guide RNAs introduced into the population of cells in step (b) that target the gene, and wherein
n’ is the variety of unique guide RNAs identified in step (e)(1) that target the gene; (3)
calculating average enrichment scores for the guide RNAs identified in step (e)(1), wherein the
enrichment score for a guide RNA is the relative abundance of the guide RNA in the
aggregation-positive population of cells identified in step (d) divided by the relative abundance
of the guide RNA in the aggregation-negative population of cells identified in step (d) or the
cultured population of cells in step (¢) at the first time point or the second time point, and
wherein relative abundance is the read count of the guide RNA divided by the read count of the
total population of the plurality of unique guide RNAs; and (4) selecting the gene if a guide RNA
targeting the gene is significantly below the random chance of being present and above a
threshold enrichment score.

[0084] In some such methods, the first tau repeat domain and/or the second tau repeat
domain is a human tau repeat domain. In some such methods, the first tau repeat domain and/or
the second tau repeat domain comprises a pro-aggregation mutation. Optionally, the first tau
repeat domain and/or the second tau repeat domain comprises a tau P301S mutation.

[0085] In some such methods, the first tau repeat domain and/or the second tau repeat
domain comprises a tau four-repeat domain. In some such methods, the first tau repeat domain
and/or the second tau repeat domain comprises SEQ ID NO: 11. In some such methods, the first

tau repeat domain and the second tau repeat domain are the same. In some such methods, the

28



WO 2020/190932 PCT/US2020/023131

first tau repeat domain and the second tau repeat domain are the same and each comprises tau
four-repeat domain comprising a tau P301S mutation.

[0086] In some such methods, first reporter and the second reporter are fluorescent proteins.
Optionally, the first reporter and the second reporter are a fluorescence resonance energy transfer
(FRET) pair. Optionally, the first reporter is cyan fluorescent protein (CFP) and the second
reporter is yellow fluorescent protein (YFP).

[0087] In some such methods, the cells are eukaryotic cells. Optionally, the cells are
mammalian cells. Optionally, the cells are human cells. Optionally, the cells are HEK293T
cells.

[0088] In some such methods, the plurality of unique guide RNAs are introduced at a
concentration selected such that a majority of the cells receive only one of the unique guide
RNAs. In some such methods, the plurality of unique guide RNAs target 100 or more genes,
1000 or more genes, or 10000 or more genes. In some such methods, the library is a genome-
wide library.

[0089] In some such methods, a plurality of target sequences are targeted on average in each
of the targeted plurality of genes. Optionally, at least three target sequences are targeted on
average in each of the targeted plurality of genes. Optionally, about three to about six target
sequences (e.g., about three, about four, or about six) are targeted on average in each of the
targeted plurality of genes. Optionally, about three target sequences are targeted on average in
each of the targeted plurality of genes.

[0090] In some such methods, the plurality of unique guide RNAs are introduced into the
population of cells by viral transduction. Optionally, each of the plurality of unique guide RNAs
is in a separate viral vector. Optionally, the plurality of unique guide RNAs are introduced into
the population of cells by lentiviral transduction. In some such methods, the population of cells
is infected at a multiplicity of infection of less than about 0.3.

[0091] In some such methods, the plurality of unique guide RNAs are introduced into the
population of cells together with a selection marker, and step (b) further comprises selecting cells
that comprise the selection marker. Optionally, the selection marker imparts resistance to a drug.
Optionally, the selection marker imparts resistance to puromycin or zeocin. Optionally, the
selection marker is selected from neomycin phosphotransferase, hygromycin B

phosphotransferase, puromycin-N-acetyltransferase, and blasticidin S deaminase. Optionally,
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the selection marker is selected from neomycin phosphotransferase, hygromycin B
phosphotransferase, puromycin-N-acetyltransferase, blasticidin S deaminase, and bleomycin
resistance protein.

[0092] In some such methods, the population of cells into which the plurality of unique guide
RNAs are introduced in step (b) comprises greater than about 300 cells per unique guide RNA.
[0093] In another aspect, provided are Cas-tau biosensor cells or populations of such cells.
Some such cells comprise a population of one or more cells comprising a Cas protein, a first tau
repeat domain linked to a first reporter, and a second tau repeat domain linked to a second
reporter.

[0094] In some such cells, the first tau repeat domain and/or the second tau repeat domain is
a human tau repeat domain. In some such cells, the first tau repeat domain and/or the second tau
repeat domain comprises a pro-aggregation mutation. Optionally, the first tau repeat domain
and/or the second tau repeat domain comprises a tau P301S mutation.

[0095] In some such cells, the first tau repeat domain and/or the second tau repeat domain
comprises a tau four-repeat domain. In some such cells, the first tau repeat domain and/or the
second tau repeat domain comprises SEQ ID NO: 11. In some such cells, the first tau repeat
domain and the second tau repeat domain are the same. In some such cells, the first tau repeat
domain and the second tau repeat domain are the same and each comprises tau four-repeat
domain comprising a tau P301S mutation.

[0096] In some such cells, the first reporter and the second reporter are fluorescent proteins.
Optionally, the first reporter and the second reporter are a fluorescence resonance energy transfer
(FRET) pair. Optionally, the first reporter is cyan fluorescent protein (CFP) and the second
reporter is yellow fluorescent protein (YFP).

[0097] In some such cells, the Cas protein is a Cas9 protein. Optionally, the Cas protein is
Streptococcus pyogenes Cas9. Optionally, the Cas protein comprises SEQ ID NO: 21.
Optionally, the Cas protein is encoded by a coding sequence comprising the sequence set forth in
SEQ ID NO: 22.

[0098] In some such cells, the Cas protein, the first tau repeat domain linked to the first
reporter, and the second tau repeat domain linked to the second reporter are stably expressed in
the cell. In some such cells, nucleic acids encoding the Cas protein, the first tau repeat domain

linked to the first reporter, and the second tau repeat domain linked to the second reporter are
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genomically integrated in the cell.

[0099] In some such cells, the cells are eukaryotic cells. Optionally, the cells are mammalian
cells. Optionally, the cells are human cells. Optionally, the cells are HEK293T cells. Some
such cells are in vitro.

[00100] In some such cells, wherein the first tau repeat domain linked to the first reporter and
the second tau repeat domain linked to the second reporter are not stably present in an aggregated
state. In some such cells, the first tau repeat domain linked to the first reporter and the second
tau repeat domain linked to the second reporter stably present in an aggregated state.

[00101] In another aspect, provided are in vifro cultures of Cas-tau biosensor cells and
conditioned medium. Some such in vitro cultures comprise any of the populations of cells
described above or elsewhere herein and a culture medium comprising a conditioned medium
harvested from cultured tau-aggregation-positive cells in which a tau repeat domain stably
presents in an aggregated state.

[00102] In some such in vitro cultures, the conditioned medium was harvested after being on
confluent tau-aggregation-positive cells for about 1 to about 7 days. Optionally, the conditioned
medium was harvested after being on confluent tau-aggregation-positive cells for about 4 days.
[00103] In some such in vitro cultures, the culture medium comprises about 75% conditioned
medium and about 25% fresh medium. In some such in vifro cultures, the population of cells is
not co-cultured with the cultured tau-aggregation-positive cells in which a tau repeat domain
stably presents in an aggregated state.

[00104] In another aspect, provided are SAM-tau biosensor cells or populations of such cells.
Some such cells comprise a population of one or more cells comprising a chimeric Cas protein
comprising a nuclease-inactive Cas protein fused to one or more transcriptional activation
domains, a chimeric adaptor protein comprising an adaptor protein fused to one or more
transcriptional activation domains, a first tau repeat domain linked to a first reporter, and a
second tau repeat domain linked to a second reporter.

[00105] In some such cells, the first tau repeat domain and/or the second tau repeat domain is
a human tau repeat domain. In some such cells, the first tau repeat domain and/or the second tau
repeat domain comprises a pro-aggregation mutation. Optionally, the first tau repeat domain
and/or the second tau repeat domain comprises a tau P301S mutation.

[00106] In some such cells, the first tau repeat domain and/or the second tau repeat domain
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comprises a tau four-repeat domain. In some such cells, the first tau repeat domain and/or the
second tau repeat domain comprises SEQ ID NO: 11. In some such cells, the first tau repeat
domain and the second tau repeat domain are the same. In some such cells, the first tau repeat
domain and the second tau repeat domain are the same and each comprises tau four-repeat
domain comprising a tau P301S mutation.

[00107] In some such cells, the first reporter and the second reporter are fluorescent proteins.
Optionally, the first reporter and the second reporter are a fluorescence resonance energy transfer
(FRET) pair. Optionally, the first reporter is cyan fluorescent protein (CFP) and the second
reporter is yellow fluorescent protein (YFP).

[00108] In some such cells, the Cas protein is a Cas9 protein. Optionally, the Cas protein is
Streptococcus pyogenes Cas9. In some such cells, the chimeric Cas protein comprises the
nuclease-inactive Cas protein fused to a VP64 transcriptional activation domain, optionally
wherein the chimeric Cas protein comprises from N-terminus to C-terminus: the nuclease-
inactive Cas protein; a nuclear localization signal; and the VP64 transcriptional activator domain.
In some such cells, the adaptor protein is an MS2 coat protein, and wherein the one or more
transcriptional activation domains in the chimeric adaptor protein comprise a p65 transcriptional
activation domain and an HSF1 transcriptional activation domain, optionally wherein the
chimeric adaptor protein comprises from N-terminus to C-terminus: the MS2 coat protein; a
nuclear localization signal; the p65 transcriptional activation domain; and the HSF1
transcriptional activation domain. In some such cells, the chimeric Cas protein comprises SEQ
ID NO: 36, optionally wherein the chimeric Cas protein is encoded by a coding sequence
comprising the sequence set forth in SEQ ID NO: 38. In some such cells, the chimeric adaptor
protein comprises SEQ ID NO: 37, optionally wherein the chimeric adaptor protein is encoded
by a coding sequence comprising the sequence set forth in SEQ ID NO: 39.

[00109] In some such cells, the chimeric Cas protein, the chimeric adaptor protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter are stably expressed in the cell. In some such cells, nucleic acids encoding the
chimeric Cas protein, the chimeric adaptor protein, the first tau repeat domain linked to the first
reporter, and the second tau repeat domain linked to the second reporter are genomically
integrated in the cell.

[00110] In some such cells, the cells are eukaryotic cells. Optionally, the cells are mammalian
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cells. Optionally, the cells are human cells. Optionally, the cells are HEK293T cells. Some
such cells are in vitro.

[00111] In some such cells, wherein the first tau repeat domain linked to the first reporter and
the second tau repeat domain linked to the second reporter are not stably present in an aggregated
state. In some such cells, the first tau repeat domain linked to the first reporter and the second
tau repeat domain linked to the second reporter stably present in an aggregated state.

[00112] In another aspect, provided are in vifro cultures of SAM-tau biosensor cells and
conditioned medium. Some such in vitro cultures comprise any of the populations of cells
described above or elsewhere herein and a culture medium comprising a conditioned medium
harvested from cultured tau-aggregation-positive cells in which a tau repeat domain stably
presents in an aggregated state.

[00113] In some such in vifro cultures, the conditioned medium was harvested after being on
confluent tau-aggregation-positive cells for about 1 to about 7 days. Optionally, the conditioned
medium was harvested after being on confluent tau-aggregation-positive cells for about 4 days.
[00114] In some such in vitro cultures, the culture medium comprises about 75% conditioned
medium and about 25% fresh medium. In some such in vitro cultures, the population of cells is
not co-cultured with the cultured tau-aggregation-positive cells in which a tau repeat domain
stably presents in an aggregated state.

[00115] In another aspect, provided are in vitro cultures of Cas-tau biosensor cells or SAM-
tau biosensor cells and a culture medium comprising a cell lysate from cultured tau-aggregation-
positive cells in which a tau repeat domain stably presents in an aggregated state. Some such in
vitro cultures comprise any of the populations of cells described above or elsewhere herein.
[00116] In some such in vifro cultures, the cell lysate in the medium is at a concentration of
about 1 to about 5 ug/mL. In some such in vifro cultures, the medium comprising the cell lysate
further comprises lipofectamine or another transfection reagent. Optionally, the medium
comprising the cell lysate comprises lipofectamine at a concentration of about 1.5 to about 4
uL/mL. In some such in vifro cultures, the cell lysate was produced by sonication of the tau-
aggregation-positive cells for about 2 minutes to about 4 minutes after collecting the cells in a
buffer comprising protease inhibitors.

[00117]  In another aspect, provided are methods of producing conditioned medium for

inducing or sensitizing to tau aggregation. Some such methods comprise: (a) providing a
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population of tau-aggregation-positive cells in which a tau repeat domain stably presents in an
aggregated state; (b) culturing the population of tau-aggregation-positive cells in a medium to
produce a conditioned medium; and (¢) harvesting the conditioned medium.

[00118] In some such methods, the tau-aggregation-positive cells are cultured in step (b) to
confluence. Optionally, the conditioned medium is harvested after being on the confluent tau-
aggregation-positive cells in step (c¢) for about 1 to about 7 days. Optionally, the conditioned
medium is harvested after being on the confluent tau-aggregation-positive cells in step (c) for
about 4 days.

[00119] In another aspect, provided are methods of generating a population of tau-
aggregation-positive cells. Some such methods comprise: (a) producing a conditioned medium
for inducing tau aggregation according to any of the methods described above or elsewhere
herein; and (b) culturing a population of cells comprising a protein comprising a tau repeat
domain in a culture medium comprising the conditioned medium to produce the population of
tau-aggregation-positive cells.

[00120] In some such methods, the culture medium comprises about 75% conditioned
medium and about 25% fresh medium. In some such methods, the population of cells is not co-
cultured with the tau-aggregation-positive cells used in the method to produce the conditioned
medium.

[00121] In some such methods, the tau repeat domain comprises a pro-aggregation mutation.
In some such methods, the tau repeat domain comprises a tau P301S mutation. In some such
methods, the tau repeat domain comprises a tau four-repeat domain. In some such methods, the
tau repeat domain comprises SEQ ID NO: 11.

[00122] In another aspect, provided are methods of producing a medium comprising a cell
lysate from cultured tau-aggregation-positive cells for inducing tau aggregation. Some such
methods comprise: (a) providing a population of tau-aggregation-positive cells in which a tau
repeat domain stably presents in an aggregated state; (b) collecting the tau-aggregation-positive
cells in a buffer comprising protease inhibitors; (c) sonicating the tau-aggregation-positive cells
for about 2 minutes to about 4 minutes to produce the cell lysate; and (d) adding the cell lysate to
a growth medium.

[00123] In some such methods, the cell lysate in the growth medium is at a concentration of

about 1 to about 5 ug/mL. Some such methods further comprise adding lipofectamine or another
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transfection reagent to the growth medium in step (d). Optionally, step (d) comprising adding
lipofectamine at a concentration of about 1.5 to about 4 uL/mL.

[00124] In another aspect, provided are methods of generating a population of tau-
aggregation-positive cells. Some such methods comprise: (a) producing a medium comprising a
cell lysate from cultured tau-aggregation-positive cells according to the any of the above
methods; and (b) culturing a population of cells comprising a protein comprising a tau repeat
domain in the medium comprising a cell lysate from cultured tau-aggregation-positive cells.
[00125] In some such methods, the population of cells is not co-cultured with the tau-
aggregation-positive cells used in the method to produce the conditioned medium.

[00126] In some such methods, the tau repeat domain comprises a pro-aggregation mutation.
In some such methods, the tau repeat domain comprises a tau P301S mutation. In some such
methods, the tau repeat domain comprises a tau four-repeat domain. In some such methods, the

tau repeat domain comprises SEQ ID NO: 11.

BRIEF DESCRIPTION OF THE FIGURES
[00127] Figure 1 (not to scale) shows a schematic of tau isoform 2N4R. The tau biosensor
lines include only tau4RD-YFP and tau4dRD-CFP as transgenes, not the full 2N4R.
[00128] Figure 2 shows a schematic of how aggregate formation is monitored by fluorescence
resonance energy transfer (FRET) in tau biosensor cell lines. The tau**P-CFP protein is excited
by violet light and emits blue light. The tau*®P-YFP fusion protein is excited by blue light and
emits yellow light. If there is no aggregation, excitation by violet light will not lead to FRET. If
there is tau aggregation, excitation by violet light will lead to FRET and yellow light emission.
[00129] Figure 3A shows relative Cas9 mRNA expression in tau**?-CFP/tau**P-YFP (TCY)
biosensor cell clones transduced with lentiviral Cas9 expression constructs relative to clone
Cas9H]1, which is a control underperforming Cas9-expression TCY clone that was previously
isolated.
[00130] Figure 3B shows cutting efficiency at the PERK locus and the SNCA locus in the
Cas9 TCY clones three and seven days after transduction with sgRNAs targeting PERK and
SNCA respectively.
[00131] Figure 4 shows a schematic of the strategy for disruption of target genes in Cas9
TCY biosensor cell using a genome-wide CRISPR/Cas9 sgRNA library.
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[00132] Figure 5 is a schematic showing derivation of tau*®°-YFP Agg[+] subclones
containing stably propagating tau aggregates when tau*®°-YFP cells are seeded with tau*®>
fibrils. A fluorescence microscopy image showing the subclone with tau aggregates is also
shown.

[00133] Figure 6 is a schematic showing that conditioned medium from tau*®°-YFP Agg[+]
subclones collected after three days on confluent cells can provide a source of tau aggregation
activity whereas medium from tau**°-YFP Agg[-] subclones does not. Conditioned medium was
applied to recipient cells as 75% conditioned medium and 25% fresh medium. Fluorescence-
activated cell sorting (FACS) analysis images are shown for each. The x-axis shows CFP (405
nm laser excitation), and the y-axis shows FRET (excitation from CFP emission). The upper
right quadrant is FRET[+], the lower right quadrant is CFP[+], and the lower left quadrant is
double-negative.

[00134] Figure 7 is a schematic showing the strategy for a genome-wide CRISPR nuclease
(CRISPRn) screen to identify modifier genes that promote tau aggregation.

[00135] Figure 8 is a schematic showing the concepts of abundance and enrichment for next-
generation sequencing (NGS) analysis using the gnome-wide CRISPRn screen.

[00136] Figure 9 shows a schematic for secondary screening for Target Genes 1-14 identified
in the genome-wide screen for modifier genes that promote tau aggregation.

[00137] Figure 10 is a graph showing FRET induction by tau aggregate conditioned medium
in Cas9 TCY biosensor cells transduced with lentiviral expression constructs for sgRNAs
targeting Target Genes 1-14. The secondary screen confirmed that Target Genes 2 and 8
modulate cell susceptibility to tau seeding/aggregation.

[00138] Figure 11 shows FACS analysis images for Cas9 TCY biosensor cells transduced
with lentiviral expression constructs for Target Gene 2 gRNAT1, Target Gene 8 gRNAS, a non-
targeting gRNA, and no gRNA. The cells were cultured in conditioned medium or fresh
medium. The x-axis shows CFP (405 nm laser excitation), and the y-axis shows FRET
(excitation from CFP emission). The upper right quadrant is FRET[+], the lower right quadrant
is CFP[+], and the lower left quadrant is double-negative. Disruption of Target Gene 2 or 8
increases the formation of tau aggregates in response to tau aggregate conditioned medium but
not fresh medium.

[00139] Figure 12 shows a schematic for secondary screening in Cas9 TCY biosensor cells
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transduced with lentiviral expression constructs for sgRNAs targeting Target Genes 2 and 8,
including mRNA expression analysis, protein expression analysis, and FRET analysis. Two
sgRNAs were used against Target Gene 2 (gl and g3), one sgRNA was used against Target Gene
8 (g5), and a non-targeting sgRNA (g3) was used as a non-targeting control.

[00140] Figure 13 shows relative expression of Target Gene 2 and Target Gene 8 in Cas9
TCY biosensor cells as assessed by qRT-PCR at Day 6 following transduction with the lentiviral
sgRNA expression constructs.

[00141] Figure 14 shows expression of Protein 2 (encoded by Target Gene 2) and Protein 8
(encoded by Target Gene 8) in Cas9 TCY biosensor cells as assessed by western blot at Day 13
following transduction with the lentiviral sgRNA expression constructs.

[00142] Figure 15 shows tau aggregation as measured by percent FRET[+] cells in Cas9 TCY
biosensor cells at Day 10 following transduction with the lentiviral sgRNA expression
constructs. No lipofectamine was used.

[00143] Figure 16 shows expression of Target Gene 2 and Target Gene 8 in the knockdown
Cas9 TCY cell clones as assessed by western blot.

[00144] Figure 17 shows expression of tau aggregation in the Target Gene 2 and Target Gene
8 knockdown Cas9 TCY cell clones as assessed by FRET.

[00145] Figure 18 shows expression of Target Gene 2 and Target Gene 8 in the knockdown
Cas9 TCY cell clones as assessed by western blot and phosphorylation of tau at positions S262
and S356 in those clones as assessed by western blot.

[00146] Figure 19 shows whole cell lysate from tau-YFP Agg[+] clonel8 can induce tau
aggregation and FRET signal in tau biosensor cells. Different amounts of whole cell lysate were
tested, and different sonication conditions for producing the lysate were tested.

[00147] Figure 20 shows whole cell lysate from tau-YFP Agg[+] clonel8 can induce tau
aggregation and FRET signal in tau biosensor cells. Different amounts of whole cell lysate were
tested, and different amounts of lipofectamine were tested.

[00148] Figure 21 shows whole cell lysate from tau-YFP Agg[+] clonel8 can induce tau
aggregation and FRET signal in tau biosensor cells but whole cell lysate from Agg|[-] clones
cannot. Different amounts of whole cell lysate were tested, and different amounts of
lipofectamine were tested.

[00149] Figure 22 shows a schematic showing the strategy for a genome-wide CRISPR
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nuclease (CRISPRn) screen to identify modifier genes that prevent tau aggregation.

[00150] Figure 23 is a graph showing the identification of genes with uniquely enriched
sgRNAs in FRET[-] samples.

[00151] Figure 24 is a graph showing the identification of genes with uniquely depleted
sgRNAs in FRET[-] samples.

[00152] Figure 25 shows a schematic showing the strategy for secondary screening to
confirm identified modifier genes that prevent tau aggregation.

[00153] Figure 26 shows a schematic showing the strategy for a genome-wide CRISPR
activation (CRISPRa) screen to identify modifier genes that prevent tau aggregation.

[00154] Figure 27 shows a schematic showing the strategy for a genome-wide CRISPR
nuclease (CRISPRn) screen to identify modifier genes that promote tau disaggregation.

[00155] Figure 28 shows gating used for sorting Agg[+], speckles[+], and Agg[-] cell
populations.

[00156] Figure 29 shows a schematic for a thymidine block strategy used in the genome-wide
CRISPR nuclease (CRISPRn) screen to identify modifier genes that promote tau disaggregation.

DEFINITIONS
[00157] The terms “protein,” “polypeptide,” and “peptide,” used interchangeably herein,
include polymeric forms of amino acids of any length, including coded and non-coded amino
acids and chemically or biochemically modified or derivatized amino acids. The terms also
include polymers that have been modified, such as polypeptides having modified peptide
backbones. The term “domain” refers to any part of a protein or polypeptide having a particular
function or structure.
[00158] Proteins are said to have an “N-terminus” and a “C-terminus.” The term “N-
terminus” relates to the start of a protein or polypeptide, terminated by an amino acid with a free
amine group (-NH2). The term “C-terminus” relates to the end of an amino acid chain (protein
or polypeptide), terminated by a free carboxyl group (-COOH).
[00159] The terms “nucleic acid” and “polynucleotide,” used interchangeably herein, include
polymeric forms of nucleotides of any length, including ribonucleotides, deoxyribonucleotides,
or analogs or modified versions thereof. They include single-, double-, and multi-stranded DNA

or RNA, genomic DNA, cDNA, DNA-RNA hybrids, and polymers comprising purine bases,
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pyrimidine bases, or other natural, chemically modified, biochemically modified, non-natural, or
derivatized nucleotide bases.

[00160] Nucleic acids are said to have “5’ ends” and “3’ ends” because mononucleotides are
reacted to make oligonucleotides in a manner such that the 5’ phosphate of one mononucleotide
pentose ring is attached to the 3” oxygen of its neighbor in one direction via a phosphodiester
linkage. An end of an oligonucleotide is referred to as the “5” end” if its 5” phosphate is not
linked to the 3° oxygen of a mononucleotide pentose ring. An end of an oligonucleotide is
referred to as the “3” end” if its 3’ oxygen is not linked to a 5’ phosphate of another
mononucleotide pentose ring. A nucleic acid sequence, even if internal to a larger
oligonucleotide, also may be said to have 5” and 3’ ends. In either a linear or circular DNA
molecule, discrete elements are referred to as being “upstream” or 5’ of the “downstream” or 3’
elements.

[00161] The term “genomically integrated” refers to a nucleic acid that has been introduced
into a cell such that the nucleotide sequence integrates into the genome of the cell. Any protocol
may be used for the stable incorporation of a nucleic acid into the genome of a cell.

[00162] The term “targeting vector” refers to a recombinant nucleic acid that can be
introduced by homologous recombination, non-homologous-end-joining-mediated ligation, or
any other means of recombination to a target position in the genome of a cell.

[00163] The term “viral vector” refers to a recombinant nucleic acid that includes at least one
element of viral origin and includes elements sufficient for or permissive of packaging into a
viral vector particle. The vector and/or particle can be utilized for the purpose of transferring
DNA, RNA, or other nucleic acids into cells either ex vivo or in vivo. Numerous forms of viral
vectors are known.

[00164] The term “wild type” includes entities having a structure and/or activity as found in a
normal (as contrasted with mutant, diseased, altered, or so forth) state or context. Wild type
genes and polypeptides often exist in multiple different forms (e.g., alleles).

[00165] The term “endogenous sequence” refers to a nucleic acid sequence that occurs
naturally within a cell or organism. For example, an endogenous MAPT sequence of a cell or
organism refers to a native MAPT sequence that naturally occurs at the MAPT locus in the cell or

organism.
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[00166] “Exogenous” molecules or sequences include molecules or sequences that are not
normally present in a cell in that form. Normal presence includes presence with respect to the
particular developmental stage and environmental conditions of the cell. An exogenous
molecule or sequence, for example, can include a mutated version of a corresponding
endogenous sequence within the cell, such as a humanized version of the endogenous sequence,
or can include a sequence corresponding to an endogenous sequence within the cell but in a
different form (i.e., not within a chromosome). In contrast, endogenous molecules or sequences
include molecules or sequences that are normally present in that form in a particular cell at a
particular developmental stage under particular environmental conditions.

[00167] The term “heterologous” when used in the context of a nucleic acid or a protein
indicates that the nucleic acid or protein comprises at least two segments that do not naturally
occur together in the same molecule. For example, the term “heterologous,” when used with
reference to segments of a nucleic acid or segments of a protein, indicates that the nucleic acid or
protein comprises two or more sub-sequences that are not found in the same relationship to each
other (e.g., joined together) in nature. As one example, a “heterologous” region of a nucleic acid
vector is a segment of nucleic acid within or attached to another nucleic acid molecule that is not
found in association with the other molecule in nature. For example, a heterologous region of a
nucleic acid vector could include a coding sequence flanked by sequences not found in
association with the coding sequence in nature. Likewise, a “heterologous” region of a protein is
a segment of amino acids within or attached to another peptide molecule that is not found in
association with the other peptide molecule in nature (e.g., a fusion protein, or a protein with a
tag). Similarly, a nucleic acid or protein can comprise a heterologous label or a heterologous
secretion or localization sequence.

[00168] The term “locus” refers to a specific location of a gene (or significant sequence),
DNA sequence, polypeptide-encoding sequence, or position on a chromosome of the genome of
an organism. For example, a “MAPT locus” may refer to the specific location of a MAPT gene,
MAPT DNA sequence, microtubule-associated-protein-tau-encoding sequence, or MAPT
position on a chromosome of the genome of an organism that has been identified as to where
such a sequence resides. A “MAPT locus” may comprise a regulatory element of a MAPT gene,
including, for example, an enhancer, a promoter, 5’ and/or 3” untranslated region (UTR), or a

combination thereof.

40



WO 2020/190932 PCT/US2020/023131

[00169] The term “gene” refers to a DNA sequence in a chromosome that codes for a product
(e.g., an RNA product and/or a polypeptide product) and includes the coding region interrupted
with non-coding introns and sequence located adjacent to the coding region on both the 5’ and 3’
ends such that the gene corresponds to the full-length mRNA (including the 5* and 3’
untranslated sequences). The term “gene” also includes other non-coding sequences including
regulatory sequences (e.g., promoters, enhancers, and transcription factor binding sites),
polyadenylation signals, internal ribosome entry sites, silencers, insulating sequence, and matrix
attachment regions. These sequences may be close to the coding region of the gene (e.g., within
10 kb) or at distant sites, and they influence the level or rate of transcription and translation of
the gene.

[00170] The term “allele” refers to a variant form of a gene. Some genes have a variety of
different forms, which are located at the same position, or genetic locus, on a chromosome. A
diploid organism has two alleles at each genetic locus. Each pair of alleles represents the
genotype of a specific genetic locus. Genotypes are described as homozygous if there are two
identical alleles at a particular locus and as heterozygous if the two alleles differ.

[00171] A “promoter” is a regulatory region of DNA usually comprising a TATA box capable
of directing RNA polymerase II to initiate RNA synthesis at the appropriate transcription
initiation site for a particular polynucleotide sequence. A promoter may additionally comprise
other regions which influence the transcription initiation rate. The promoter sequences disclosed
herein modulate transcription of an operably linked polynucleotide. A promoter can be active in
one or more of the cell types disclosed herein (e.g., a human cell, a pluripotent cell, a one-cell
stage embryo, a differentiated cell, or a combination thereof). A promoter can be, for example, a
constitutively active promoter, a conditional promoter, an inducible promoter, a temporally
restricted promoter (e.g., a developmentally regulated promoter), or a spatially restricted
promoter (e.g., a cell-specific or tissue-specific promoter). Examples of promoters can be found,
for example, in WO 2013/176772, herein incorporated by reference in its entirety for all
purposes.

[00172] “Operable linkage” or being “operably linked” includes juxtaposition of two or more
components (e.g., a promoter and another sequence element) such that both components function
normally and allow the possibility that at least one of the components can mediate a function that

is exerted upon at least one of the other components. For example, a promoter can be operably
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linked to a coding sequence if the promoter controls the level of transcription of the coding
sequence in response to the presence or absence of one or more transcriptional regulatory factors.
Operable linkage can include such sequences being contiguous with each other or acting in frans
(e.g., a regulatory sequence can act at a distance to control transcription of the coding sequence).
[00173] The term “variant” refers to a nucleotide sequence differing from the sequence most
prevalent in a population (e.g., by one nucleotide) or a protein sequence different from the
sequence most prevalent in a population (e.g., by one amino acid).

[00174] The term “fragment” when referring to a protein means a protein that is shorter or has
fewer amino acids than the full-length protein. The term “fragment” when referring to a nucleic
acid means a nucleic acid that is shorter or has fewer nucleotides than the full-length nucleic
acid. A fragment can be, for example, an N-terminal fragment (i.e., removal of a portion of the
C-terminal end of the protein), a C-terminal fragment (i.e., removal of a portion of the N-
terminal end of the protein), or an internal fragment.

[00175] “Sequence identity” or “identity” in the context of two polynucleotides or polypeptide
sequences refers to the residues in the two sequences that are the same when aligned for
maximum correspondence over a specified comparison window. When percentage of sequence
identity is used in reference to proteins, residue positions which are not identical often differ by
conservative amino acid 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 in conservative
substitutions, the percent sequence identity may be adjusted upwards to correct for the
conservative nature of the substitution. Sequences that differ by such conservative substitutions
are said to have “sequence similarity” or “similarity.” Means for making this adjustment are
well known. Typically, this involves scoring a conservative substitution as a partial rather than a
full mismatch, thereby increasing the percentage sequence identity. Thus, for example, where an
identical amino acid is given a score of 1 and a non-conservative substitution is given a score of
zero, a conservative substitution is given a score between zero and 1. The scoring of
conservative substitutions is calculated, e.g., as implemented in the program PC/GENE
(Intelligenetics, Mountain View, California).

[00176] “Percentage of sequence identity” includes the value determined by comparing two

optimally aligned sequences (greatest number of perfectly matched residues) over a comparison
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window, wherein the portion of the polynucleotide sequence in the comparison window may
comprise additions or deletions (i.e., gaps) as compared to the reference sequence (which does
not comprise additions or deletions) for optimal alignment of the two sequences. The percentage
is calculated by determining the number of positions at which the identical nucleic acid base or
amino acid residue occurs in both sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of positions in the window of comparison,
and multiplying the result by 100 to yield the percentage of sequence identity. Unless otherwise
specified (e.g., the shorter sequence includes a linked heterologous sequence), the comparison
window is the full length of the shorter of the two sequences being compared.

[00177] Unless otherwise stated, sequence identity/similarity values include the value
obtained using GAP Version 10 using the following parameters: % identity and % similarity for
a nucleotide sequence using GAP Weight of 50 and Length Weight of 3, and the nwsgapdna.cmp
scoring matrix; % identity and % similarity for an amino acid sequence using GAP Weight of 8
and Length Weight of 2, and the BLOSUMS62 scoring matrix; or any equivalent program thereof.
“Equivalent program” includes any sequence comparison program that, for any two sequences in
question, generates an alignment having identical nucleotide or amino acid residue matches and
an identical percent sequence identity when compared to the corresponding alignment generated
by GAP Version 10.

[00178] The term “conservative amino acid substitution” refers to the substitution of an amino
acid that is normally present in the sequence with a different amino acid of similar size, charge,
or polarity. Examples of conservative substitutions include the substitution of a non-polar
(hydrophobic) residue such as isoleucine, valine, or leucine for another non-polar residue.
Likewise, examples of conservative substitutions include the substitution of one polar
(hydrophilic) residue for another such as between arginine and lysine, between glutamine and
asparagine, or between glycine and serine. Additionally, the substitution of a basic residue such
as lysine, arginine, or histidine for another, or the substitution of one acidic residue such as
aspartic acid or glutamic acid for another acidic residue are additional examples of conservative
substitutions. Examples of non-conservative substitutions include the substitution of a non-polar
(hydrophobic) amino acid residue such as isoleucine, valine, leucine, alanine, or methionine for a
polar (hydrophilic) residue such as cysteine, glutamine, glutamic acid or lysine and/or a polar

residue for a non-polar residue. Typical amino acid categorizations are summarized below.
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[00179] Table 1. Amino Acid Categorizations.

Alanine Ala A Nonpolar Neutral 1.8
Arginine Arg R Polar Positive -4.5
Asparagine Asn N Polar Neutral -3.5
Aspartic acid Asp D Polar Negative -3.5
Cysteine Cys C Nonpolar Neutral 2.5
Glutamic acid Glu E Polar Negative -3.5
Glutamine Gln Q Polar Neutral -3.5
Glycine Gly G Nonpolar Neutral -0.4
Histidine His H Polar Positive -3.2
Isoleucine Ile I Nonpolar Neutral 4.5
Leucine Leu L Nonpolar Neutral 38
Lysine Lys K Polar Positive -3.9
Methionine Met M Nonpolar Neutral 1.9
Phenylalanine Phe F Nonpolar Neutral 2.8
Proline Pro P Nonpolar Neutral -1.6
Serine Ser S Polar Neutral -0.8
Threonine Thr T Polar Neutral -0.7
Tryptophan Trp W Nonpolar Neutral -0.9
Tyrosine Tyr Y Polar Neutral -1.3
Valine Val A% Nonpolar Neutral 4.2

[00180] A “homologous” sequence (e.g., nucleic acid sequence) includes a sequence that is
either identical or substantially similar to a known reference sequence, such that it is, for
example, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical to the known reference sequence. Homologous sequences can
include, for example, orthologous sequence and paralogous sequences. Homologous genes, for
example, typically descend from a common ancestral DNA sequence, either through a speciation
event (orthologous genes) or a genetic duplication event (paralogous genes). “Orthologous”
genes include genes in different species that evolved from a common ancestral gene by
speciation. Orthologs typically retain the same function in the course of evolution. “Paralogous”
genes include genes related by duplication within a genome. Paralogs can evolve new functions
in the course of evolution.

[00181] The term “in vitro” includes artificial environments and to processes or reactions that
occur within an artificial environment (e.g., a test tube or an isolated cell or cell line). The term

“in vivo” includes natural environments (e.g., a cell or organism or body) and to processes or
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reactions that occur within a natural environment. The term “ex vivo” includes cells that have
been removed from the body of an individual and to processes or reactions that occur within such
cells.

[00182] The term “reporter gene” refers to a nucleic acid having a sequence encoding a gene
product (typically an enzyme) that is easily and quantifiably assayed when a construct
comprising the reporter gene sequence operably linked to a heterologous promoter and/or
enhancer element is introduced into cells containing (or which can be made to contain) the
factors necessary for the activation of the promoter and/or enhancer elements. Examples of
reporter genes include, but are not limited, to genes encoding beta-galactosidase (lacZ), the
bacterial chloramphenicol acetyltransferase (cat) genes, firefly luciferase genes, genes encoding
beta-glucuronidase (GUS), and genes encoding fluorescent proteins. A “reporter protein” refers
to a protein encoded by a reporter gene.

[00183] The term “fluorescent reporter protein” as used herein means a reporter protein that is
detectable based on fluorescence wherein the fluorescence may be either from the reporter
protein directly, activity of the reporter protein on a fluorogenic substrate, or a protein with
affinity for binding to a fluorescent tagged compound. Examples of fluorescent proteins include
green fluorescent proteins (e.g., GFP, GFP-2, tagGFP, turboGFP, eGFP, Emerald, Azami Green,
Monomeric Azami Green, CopGFP, AceGFP, and ZsGreenl), yellow fluorescent proteins (e.g.,
YFP, eYFP, Citrine, Venus, YPet, PhiYFP, and ZsYellowl), blue fluorescent proteins (e.g., BFP,
eBFP, eBFP2, Azurite, mKalamal, GFPuv, Sapphire, and T-sapphire), cyan fluorescent proteins
(e.g., CFP, eCFP, Cerulean, CyPet, AmCyanl, and Midoriishi-Cyan), red fluorescent proteins
(e.g., RFP, mKate, mKate2, mPlum, DsRed monomer, mCherry, mRFP1, DsRed-Express,
DsRed2, DsRed-Monomer, HcRed-Tandem, HcRedl, AsRed2, eqFP611, mRaspberry,
mStrawberry, and Jred), orange fluorescent proteins (e.g., mOrange, mKO, Kusabira-Orange,
Monomeric Kusabira-Orange, mTangerine, and tdTomato), and any other suitable fluorescent
protein whose presence in cells can be detected by flow cytometry methods.

[00184] Repair in response to double-strand breaks (DSBs) occurs principally through two
conserved DNA repair pathways: homologous recombination (HR) and non-homologous end
joining (NHEJ). See Kasparek & Humphrey (2011) Seminars in Cell & Dev. Biol. 22:886-897,
herein incorporated by reference in its entirety for all purposes. Likewise, repair of a target

nucleic acid mediated by an exogenous donor nucleic acid can include any process of exchange
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of genetic information between the two polynucleotides.

[00185] The term “recombination” includes any process of exchange of genetic information
between two polynucleotides and can occur by any mechanism. Recombination can occur via
homology directed repair (HDR) or homologous recombination (HR). HDR or HR includes a
form of nucleic acid repair that can require nucleotide sequence homology, uses a “donor”
molecule as a template for repair of a “target” molecule (i.e., the one that experienced the
double-strand break), and leads to transfer of genetic information from the donor to target.
Without wishing to be bound by any particular theory, such transfer can involve mismatch
correction of heteroduplex DNA that forms between the broken target and the donor, and/or
synthesis-dependent strand annealing, in which the donor is used to resynthesize genetic
information that will become part of the target, and/or related processes. In some cases, the
donor polynucleotide, a portion of the donor polynucleotide, a copy of the donor polynucleotide,
or a portion of a copy of the donor polynucleotide integrates into the target DNA. See Wang et
al. (2013) Cell 153:910-918; Mandalos et al. (2012) PLOS ONE 7:¢45768:1-9; and Wang et al.
(2013) Nat Biotechnol. 31:530-532, each of which is herein incorporated by reference in its
entirety for all purposes.

[00186] NHEJ includes the repair of double-strand breaks in a nucleic acid by direct ligation
of the break ends to one another or to an exogenous sequence without the need for a homologous
template. Ligation of non-contiguous sequences by NHEJ can often result in deletions,
insertions, or translocations near the site of the double-strand break. For example, NHEJ can
also result in the targeted integration of an exogenous donor nucleic acid through direct ligation
of the break ends with the ends of the exogenous donor nucleic acid (i.e., NHEJ-based capture).
Such NHEJ-mediated targeted integration can be preferred for insertion of an exogenous donor
nucleic acid when homology directed repair (HDR) pathways are not readily usable (e.g., in non-
dividing cells, primary cells, and cells which perform homology-based DNA repair poorly). In
addition, in contrast to homology-directed repair, knowledge concerning large regions of
sequence identity flanking the cleavage site is not needed, which can be beneficial when
attempting targeted insertion into organisms that have genomes for which there is limited
knowledge of the genomic sequence. The integration can proceed via ligation of blunt ends
between the exogenous donor nucleic acid and the cleaved genomic sequence, or via ligation of

sticky ends (i.e., having 5 or 3’ overhangs) using an exogenous donor nucleic acid that is
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flanked by overhangs that are compatible with those generated by a nuclease agent in the cleaved
genomic sequence. See, e.g., US 2011/020722, WO 2014/033644, WO 2014/089290, and
Maresca et al. (2013) Genome Res. 23(3):539-546, each of which is herein incorporated by
reference in its entirety for all purposes. If blunt ends are ligated, target and/or donor resection
may be needed to generation regions of microhomology needed for fragment joining, which may
create unwanted alterations in the target sequence.

[00187] Compositions or methods “comprising” or “including” one or more recited elements
may include other elements not specifically recited. For example, a composition that
“comprises” or “includes” a protein may contain the protein alone or in combination with other
ingredients. The transitional phrase “consisting essentially of” means that the scope of a claim is
to be interpreted to encompass the specified elements recited in the claim and those that do not
materially affect the basic and novel characteristic(s) of the claimed invention. Thus, the term
“consisting essentially of” when used in a claim of this invention is not intended to be interpreted
to be equivalent to “comprising.”

[00188] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur and that the description includes instances in which the
event or circumstance occurs and instances in which it does not.

[00189] Designation of a range of values includes all integers within or defining the range,
and all subranges defined by integers within the range.

[00190] Unless otherwise apparent from the context, the term “about” encompasses values
within a standard margin of error of measurement (e.g., SEM) of a stated value.

[00191] The term “and/or” refers to and encompasses any and all possible combinations of
one or more of the associated listed items, as well as the lack of combinations when interpreted
in the alternative (“or”).

[00192] The term “or” refers to any one member of a particular list and also includes any
combination of members of that list.

[00193] The singular forms of the articles “a,” “an,” and “the” include plural references unless
the context clearly dictates otherwise. For example, the term “a protein” or “at least one protein”
can include a plurality of proteins, including mixtures thereof.

[00194] Statistically significant means p <0.05.
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DETAILED DESCRIPTION
L Overview
[00195] Cas-protein-ready tau biosensor cells and methods of making and using such cells to
screen for genetic modifiers of tau seeding or aggregation are provided. CRISPR/Cas synergistic
activation mediator (SAM)-ready tau biosensor cells and methods of making and using such cells
to screen for genetic modifiers of tau seeding or aggregation are provided. Cas-protein-ready tau
biosensor cells and methods of making and using such cells to screen for genetic modifiers of tau
disaggregation are provided. CRISPR/Cas synergistic activation mediator (SAM)-ready tau
biosensor cells and methods of making and using such cells to screen for genetic modifiers of tau
disaggregation are provided. Reagents and methods for sensitizing such cells to tau seeding
activity or tau aggregation are also provided. Reagents and methods for inducing tau
aggregation are also provided.
[00196] To identify genes and pathways that modify the processes of abnormal tau protein
aggregation, a platform was developed for performing screens with CRISPR (e.g.,
CRISPR/Cas9) nuclease (CRISPRn) sgRNA libraries to identify genes that regulate the potential
of cells to be “seeded” by tau disease-associated protein aggregates (e.g., genes which, when
disrupted, cause cells to be more susceptible to tau aggregate formation when exposed to a
source of tau fibrillized protein). To further identify genes and pathways that modify the
processes of abnormal tau protein aggregation, a platform was developed for performing screens
with CRISPR activation (CRISPRa) sgRNA libraries to identify genes that regulate the potential
of cells to be “seeded” by tau disease-associated protein aggregates (e.g., genes which, when
transcriptionally activated, cause cells to be more susceptible to tau aggregate formation when
exposed to a source of tau fibrillized protein). Likewise, a platform was developed for
performing screens with CRISPR (e.g., CRISPR/Cas9) nuclease (CRISPRn) sgRNA libraries to
identify genes that, when disrupted, prevent tau aggregation or promote tau disaggregation.
Likewise, a platform was developed for performing screens with CRISPR activation (CRISPRa)
sgRNA libraries to identify genes that, when transcriptionally activated, prevent tau aggregation
or promote tau disaggregation. A “seed” refers to one or more proteins that nucleate
aggregation of other proteins with a similar aggregation domain. The seeding activity of a
sample refers to the ability of a sample to nucleate (i.e. induce) aggregation of a protein with a

similar aggregation domain. The identification of such genes may elucidate the mechanisms of
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tau cell-to-cell aggregate propagation and genetic pathways that govern the susceptibility of
neurons to form tau aggregates in the context of neurodegenerative diseases.

[00197] The screens employ a tau biosensor cell line (e.g., human cell line, or HEK293T)
consisting of cells stably expressing tau repeat domain (e.g., tau four-repeat domain, tau 4RD)
with a pathogenic mutation (e.g., the P301S pathogenic mutation), linked to unique reporters that
can act together as an intracellular biosensor that produces a detectable signal when aggregated.
In one non-limiting example, the cell lines contain two transgenes stably expressing disease-
associated protein variants fused to the fluorescent protein CFP (e.g., eCFP) or the fluorescent
protein YFP (e.g., eYFP): tau**P-CFP/tau**P-YFP (TCY), wherein the tau repeat domain (4RD)
comprises the P301S pathogenic mutation. In these biosensor lines, tau-CFP/tau-YFP protein
aggregation produces a fluorescence resonance energy transfer (FRET) signal, the result of a
transfer of fluorescent energy from donor CFP to acceptor YFP. The term CFP (cyan fluorescent
protein) when used herein includes eCFP (enhanced cyan fluorescent protein), and the term YFP
(yellow fluorescent protein) when used herein includes eYFP (enhanced yellow fluorescent
protein). FRET-positive cells, which contain tau aggregates, can be sorted and isolated by flow
cytometry. At baseline, unstimulated cells express the reporters in a stable, soluble state with
minimal FRET signal. Upon stimulation (e.g., liposome transfection of seed particles), the
reporter proteins form aggregates, producing a FRET signal. Aggregate-containing cells can be
isolated by FACS. Stably propagating aggregate-containing cell lines, Agg[+], can be isolated
by clonal serial dilution of Agg[-] cell lines.

[00198] Several modifications were made to this tau biosensor cell line to make it useful for
genetic screening using CRISPRn libraries. First, these tau biosensor cells were modified by
introducing a Cas-expressing transgene (e.g., Cas9 or SpCas9) for use in the CRISPRn screens.
Second, reagents and a method were developed for sensitizing cells to tau seeding activity and
tau aggregation. A cell line was developed in which tau aggregates stably persist in all cells with
growth and multiple passages over time. These cells were used to produce conditioned medium
by collecting medium that has been on confluent cells for a period of time. This conditioned
medium can then be applied onto naive tau biosensor tau cells at a ratio of so that tau aggregation
could be induced in a small percentage of these recipient cells, thereby sensitizing them to tau
seeding activity and tau aggregation. Conditioned medium without co-culturing has not been

used in this context as a seeding agent before. However, the conditioned medium is particularly
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useful for large-scale genome-wide screens because tau fibrils produced in vitro are a limited
resource. In addition, conditioned medium is more physiologically relevant because it is
produced and secreted by cells rather than in vitro.

[00199] These cell lines were used to develop a method of screening in which Cas-expressing
tau biosensor cells without aggregates (Agg[—]) were transduced with a CRISPR guide RNA
library to introduce knock-out mutations at each target gene. After culturing the cells to allow
genome editing and expansion, the cells were grown in conditioned medium to sensitize them to
the seeding activity, and cells were identified in which tau aggregation occurred. Guide RNAs
were identified that were enriched in the aggregation-positive sub-population relative to earlier
time points during genome editing and expansion to identify genes that can regulate the
susceptibility of cells to tau seeding when exposed to an external source of tau seeding activity.
[00200] Likewise, several modifications were made to this tau biosensor cell line to make it
useful for genetic screening using CRISPRa libraries (e.g., for use with a CRISPR/Cas
synergistic activation mediator (SAM) system). In an exemplary SAM system, several activation
domains interact to cause a greater transcriptional activation than could be induced by any one
factor alone. For example, an exemplary SAM system comprises a chimeric Cas protein
comprising a nuclease-inactive Cas protein fused to one or more transcriptional activation
domains (e.g., VP64) and a chimeric adaptor protein comprising an adaptor protein (e.g., MS2
coat protein (MCP)) fused to one or more transcriptional activation domains (e.g., fused to p65
and HSF1). The MCP naturally binds to MS2 stem loops. In an exemplary SAM system, MCP
interacts MS2 stem loops engineered into the CRISPR-associated sgRNA and thereby shuttles
the bound transcription factors to the appropriate genomic location.

[00201] First, these tau biosensor cells were modified by introducing one or more transgenes
expressing the chimeric Cas protein comprising the nuclease-inactive Cas protein fused to one or
more transcriptional activation domains (e.g., VP64) and the chimeric adaptor protein
comprising the adaptor protein (e.g., MS2 coat protein (MCP)) fused to one or more
transcriptional activation domains (e.g., fused to p65 and HSF1). Although SAM systems are
described herein, other CRISPRa systems such as a nuclease-inactive Cas protein fused to one or
more transcriptional activation domains, wherein such systems do not also include a chimeric
adaptor protein, can also be used. In such cases, the tau biosensor cells would be modified by

introducing a transgene expressing the chimeric Cas protein.
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[00202] Second, reagents and a method were developed for sensitizing cells to tau seeding
activity and tau aggregation. A cell line was developed in which tau aggregates stably persist in
all cells with growth and multiple passages over time. These cells were used to produce
conditioned medium by collecting medium that has been on confluent cells for a period of time.
This conditioned medium can then be applied onto naive tau biosensor tau cells at a ratio of so
that tau aggregation could be induced in a small percentage of these recipient cells, thereby
sensitizing them to tau seeding activity and tau aggregation. Conditioned medium without co-
culturing has not been used in this context as a seeding agent before. However, the conditioned
medium is particularly useful for large-scale genome-wide screens because tau fibrils produced
in vitro are a limited resource. In addition, conditioned medium is more physiologically relevant
because it is produced and secreted by cells rather than in vitro.

[00203] These cell lines were used to develop a method of screening in which SAM-
expressing tau biosensor cells without aggregates (Agg[—]) were transduced with a CRISPRa
guide RNA library to transcriptionally activate each target gene. After culturing the cells to
allow genome editing and expansion, the cells were grown in conditioned medium to sensitize
them to the seeding activity, and cells were identified in which tau aggregation occurred. Guide
RNAs were identified that were enriched in the aggregation-positive sub-population relative to
earlier time points during genome editing and expansion to identify genes that can regulate the

susceptibility of cells to tau seeding when exposed to an external source of tau seeding activity.

II. Cas/Tau Biosensor and SAM/Tau Biosensor Cell Lines and Methods of Generating
A. Cas/Tau Biosensor Cells and SAM/Tau Biosensor Cells

[00204] Disclosed herein are cells not only expressing a first tau repeat domain (e.g.,
comprising the tau microtubule binding domain (MBD)) linked to a first reporter and a second
tau repeat domain linked to a second reporter, but also expressing a Cas protein, such as Cas9.
Also disclosed herein are cells not only expressing a first tau repeat domain (e.g., comprising the
tau microtubule binding domain (MBD)) linked to a first reporter and a second tau repeat domain
linked to a second reporter, but also expressing a chimeric Cas protein comprising a nuclease-
inactive Cas protein fused to one or more transcriptional activation domains and a chimeric
adaptor protein comprising an adaptor protein fused to one or more transcriptional activation

domains. The first tau repeat domain linked to the first reporter can be stably expressed, and the
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second tau repeat domain linked to the second reporter can be stably expressed. For example,
DNA encoding the first tau repeat domain linked to the first reporter can be genomically
integrated, and DNA encoding the second tau repeat domain linked to the second reporter can be
genomically integrated. Similarly, the Cas protein can be stably expressed in the Cas/tau
biosensor cells. For example, DNA encoding the Cas protein can be genomically integrated.
Likewise, the chimeric Cas protein and/or the chimeric adaptor protein can be stably expressed
in the SAM/tau biosensor cells. For example, DNA encoding the chimeric Cas protein can be
genomically integrated and/or DNA encoding the chimeric adaptor protein can be genomically

integrated. The cells can be tau-aggregation-negative or can be tau-aggregation-positive.

1. Tau and Tau Repeat Domains Linked to Reporters

[00205] Microtubule-associated protein tau is a protein that promotes microtubule assembly
and stability and is predominantly expressed in neurons. Tau has a role in stabilizing neuronal
microtubules and thus in promoting axonal outgrowth. In Alzheimer’s disease (AD) and a
family of related neurodegenerative diseases called tauopathies, tau protein is abnormally
hyperphosphorylated and aggregated into bundles of filaments (paired helical filaments), which
manifest as neurofibrillary tangles. Tauopathies are a group of heterogeneous neurodegenerative
conditions characterized by deposition of abnormal tau in the brain.

[00206] The tau repeat domain can be from a tau protein from any animal or mammal, such as
human, mouse, or rat. In one specific example, the tau repeat domain is from a human tau
protein. An exemplary human tau protein is assigned UniProt accession number P10636. The
tau proteins are the products of alternate splicing from a single gene that in humans is designated
MAPT (microtubule-associated protein tau). The tau repeat domain carries the sequence motifs
responsible for aggregation (i.e., it is the aggregation-prone domain from tau). Depending on
splicing, the repeat domain of the tau protein has either three or four repeat regions that
constitute the aggregation-prone core of the protein, which is often termed the repeat domain
(RD). Specifically, the repeat domain of tau represents the core of the microtubule binding
region and harbors the hexapeptide motifs in R2 and R3 that are responsible for Tau aggregation.
In the human brain, there are six tau isoforms ranging from 352 to 441 amino acids in length.
These isoforms vary at the carboxyl terminal according to the presence of either three repeat or

four repeat domains (R1-R4), in addition to the presence or absence of one or two insert domains
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at the amino-terminus. The repeat domains, located at the carboxyl-terminal half of tau, are
believed to be important for microtubule binding as well as for the pathological aggregation of
tau into paired helical filaments (PHFs), which are the core constituents of the neurofibrillary
tangles found in tauopathies. Exemplary sequences for the four repeat domains (R1-R4) are
provided in SEQ ID NOS: 1-4, respectively. Exemplary coding sequences for the four repeat
domains (R1-R4) are provided in SEQ ID NOS: 5-8. An exemplary sequence for the Tau four-
repeat domain is provided in SEQ ID NO: 9. An exemplary coding sequence for the Tau four-
repeat domain is provided in SEQ ID NO: 10. An exemplary sequence for the Tau four-repeat
domain with the P301S mutation is provided in SEQ ID NO: 11. An exemplary coding sequence
for the Tau four-repeat domain with the P301S mutation is provided in SEQ ID NO: 12.

[00207] The tau repeat domain used in the Cas/tau biosensor cells or the SAM/tau biosensor
cells can comprise the tau microtubule binding domain (MBD). The tau repeat domain used in
the Cas/tau biosensor cells or the SAM/tau biosensor cells can comprise one or more or all of the
four repeat domains (R1-R4). For example, the tau repeat domain can comprise, consist
essentially of, or consist of one or more or all of SEQ ID NOS: 1, 2, 3, and 4, or sequences at
least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID
NOS: 1, 2, 3, and 4. In one specific example, the tau repeat domain is the tau four-repeat domain
(R1-R4) found in several tau isoforms. The tau four-repeat domain can be used instead of full-
length tau because it reliably forms fibrils in cultured cells. For example, the tau repeat domain
can comprise, consist essentially of, or consist of SEQ ID NO: 9 or SEQ ID NO: 11 or a
sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to
SEQ ID NO: 9 or SEQ ID NO: 11. In one specific example, the nucleic acid encoding the tau
repeat domain can comprise, consist essentially of, or consist of SEQ ID NO: 12 or a sequence at
least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO:
12, optionally wherein the nucleic acid encodes a protein comprising, consisting essentially of, or
consisting of SEQ ID NO: 11. In another specific example, the nucleic acid encoding the second
tau repeat domain linked to the second reporter can comprise, consist essentially of, or consist of
SEQ ID NO: 10 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to SEQ ID NO: 10, optionally wherein the nucleic acid encodes a protein
comprising, consisting essentially of, or consisting of SEQ ID NO: 9. The first and second tau

repeat domains in the cells disclosed herein can be the same, similar, or different.
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[00208] One or both of the first tau repeat domain linked to the first reporter and the second
tau repeat domain linked to the second reporter can be stably expressed in the cells. For
example, nucleic acids encoding one or both of the first tau repeat domain linked to the first
reporter and the second tau repeat domain linked to the second reporter can be genomically
integrated in the population of cells and operably linked to promoters active in the cell.

[00209] The tau repeat domains used in the cells disclosed herein can also comprise a tau
pathogenic mutation, such as a pro-aggregation mutation. Such a mutation can be, for example,
a mutation that is associated with (e.g., segregates with) or causes a tauopathy. As one example,
the mutation can be an aggregation-sensitizing mutation that sensitizes tau to seeding but does
not result in tau readily aggregating on its own. For example, the mutation can be the disease-
associated P301S mutation. By P301S mutation is meant the human tau P301S mutation or a
corresponding mutation in another tau protein when optimally aligned with the human tau
protein. The P301S mutation in tau exhibits high sensitivity to seeding, but it does not readily
aggregate on its own. Thus, although at baseline tau reporter proteins comprising the P301S
mutation exist in a stable, soluble form within the cell, exposure to exogenous tau seeds leads to
tau reporter protein aggregation. Other tau mutations include, for example, K280del, P301L,
V337M, P301L/V337M, and K280del/1227P/1308P.

[00210] The first tau repeat domain can be linked to the first reporter and the second tau
repeat domain can be linked to the second reporter by any means. For example, the reporter can
be fused to the tau repeat domain (e.g., as part of a fusion protein).

[00211] The first reporter and second reporter can be and pair of unique reporters that can act
together as an intracellular biosensor that produces a detectable signal when the first and second
proteins are aggregated. As one example, the reporters can be fluorescent proteins, and
fluorescence resonance energy transfer (FRET) can be used to measure protein aggregation.
Specifically, the first and second reporters can be a FRET pair. Examples of FRET pairs (donor
and acceptor fluorophores) are well known. See, e.g., Bajar et al. (2016) Sensors (Basel)
16(9):1488, herein incorporated by reference in its entirety for all purposes. Typical
fluorescence microscopy techniques rely upon the absorption by a fluorophore of light at one
wavelength (excitation), followed by the subsequent emission of secondary fluorescence at a
longer wavelength. The mechanism of fluorescence resonance energy transfer involves a donor

fluorophore in an excited electronic state, which may transfer its excitation energy to a nearby
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acceptor chromophore in a non-radiative fashion through long-range dipole-dipole interactions.
For example, the FRET energy donor may be the first reporter, and the FRET energy acceptor
may be the second reporter. Alternatively, the FRET energy donor may be the second reporter,
and the FRET energy acceptor may be the first reporter. In a specific example, the first and
second reporters are CFP and YFP. Exemplary protein and coding sequences for CFP are
provided, e.g., in SEQ ID NOS: 13 and 14, respectively. Exemplary protein and coding
sequences for YFP are provided, e.g., in SEQ ID NOS: 15 and 16, respectively. As a specific
example, the CFP can comprise, consist essentially of, or consist of SEQ ID NO: 13 or a
sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to
SEQ ID NO: 13. As another specific example, the YFP can comprise, consist essentially of, or
consist of SEQ ID NO: 15 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to SEQ ID NO: 15.

[00212] As another example, a protein fragment complementation strategy can be used to
detect aggregation. For example, a split-luciferase can be used to produce bioluminescence from
a substrate, and the first and second reporters can be amino- (NLuc) and carboxy- (CLuc)
terminal fragments of the luciferase. Examples of luciferase include Renilla, firefly, click beetle,
and Metridia luciferase.

[00213] In one non-limiting example, the biosensor cells disclosed herein contain two
transgenes stably expressing disease-associated tau protein variants fused to the fluorescent
protein CFP or the fluorescent protein YFP, respectively (tau**?-CFP/tau**P-YFP (TCY)),
wherein the tau four repeat domain (4RD) comprises the P301S pathogenic mutation. In these
biosensor lines, tau-CFP/tau-YFP protein aggregation produces a FRET signal, the result of a
transfer of fluorescent energy from donor CFP to acceptor YFP. FRET-positive cells, which
contain tau aggregates, can be sorted and isolated by flow cytometry. At baseline, unstimulated
cells express the reporters in a stable, soluble state with minimal FRET signal. Upon stimulation
(e.g., liposome transfection of seed particles), the reporter proteins form aggregates, producing a
FRET signal.

[00214] The Cas/tau biosensor cells disclosed herein can be aggregation-positive (Agg[+])
cells in which the tau repeat domain stably presents in an aggregated state, meaning that the tau
repeat domain aggregates stably persist in all cells with growth and multiple passages over time.

Alternatively, the Cas/tau biosensor cells disclosed herein can be aggregation-negative (Agg[-]).
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2. Cas Proteins and Chimeric Cas Proteins

[00215] The Cas/tau biosensor cells disclosed herein also comprise nucleic acids (DNA or
RNA) encoding Cas proteins. Optionally, the Cas protein is stably expressed. Optionally, the
cells comprise a genomically integrated Cas coding sequence. Likewise, the SAM/tau biosensor
cells disclosed herein also comprise nucleic acids (DNA or RNA) encoding chimeric Cas
proteins comprising a nuclease-inactive Cas protein fused to one or more transcriptional
activation domains (e.g., VP64). Optionally, the chimeric Cas protein is stably expressed.
Optionally, the cells comprise a genomically integrated chimeric Cas coding sequence.

[00216] Cas proteins are part of Clustered Regularly Interspersed Short Palindromic Repeats
(CRISPR)/CRISPR-associated (Cas) systems. CRISPR/Cas systems include transcripts and
other elements involved in the expression of, or directing the activity of, Cas genes. A
CRISPR/Cas system can be, for example, a type I, a type I1, a type III system, or a type V system
(e.g., subtype V-A or subtype V-B). The methods and compositions disclosed herein can employ
CRISPR/Cas systems by utilizing CRISPR complexes (comprising a guide RNA (gRNA)
complexed with a Cas protein) for site-directed binding or cleavage of nucleic acids.

[00217] CRISPR/Cas systems used in the compositions and methods disclosed herein can be
non-naturally occurring. A “non-naturally occurring” system includes anything indicating the
involvement of the hand of man, such as one or more components of the system being altered or
mutated from their naturally occurring state, being at least substantially free from at least one
other component with which they are naturally associated in nature, or being associated with at
least one other component with which they are not naturally associated. For example, some
CRISPR/Cas systems employ non-naturally occurring CRISPR complexes comprising a gRNA
and a Cas protein that do not naturally occur together, employ a Cas protein that does not occur
naturally, or employ a gRNA that does not occur naturally.

[00218] Cas proteins generally comprise at least one RNA recognition or binding domain that
can interact with guide RNAs. Cas proteins can also comprise nuclease domains (e.g., DNase
domains or RNase domains), DNA-binding domains, helicase domains, protein-protein
interaction domains, dimerization domains, and other domains. Some such domains (e.g., DNase
domains) can be from a native Cas protein. Other such domains can be added to make a

modified Cas protein. A nuclease domain possesses catalytic activity for nucleic acid cleavage,
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which includes the breakage of the covalent bonds of a nucleic acid molecule. Cleavage can
produce blunt ends or staggered ends, and it can be single-stranded or double-stranded. For
example, a wild type Cas9 protein will typically create a blunt cleavage product. Alternatively, a
wild type Cpf1 protein (e.g., FnCpf1) can result in a cleavage product with a S-nucleotide 5’
overhang, with the cleavage occurring after the 18th base pair from the PAM sequence on the
non-targeted strand and after the 23rd base on the targeted strand. A Cas protein can have full
cleavage activity to create a double-strand break at a target genomic locus (e.g., a double-strand
break with blunt ends), or it can be a nickase that creates a single-strand break at a target
genomic locus.

[00219] Examples of Cas proteins include Casl, Cas1B, Cas2, Cas3, Cas4, CasS, Cas5Se
(CasD), Cas6, Caso6e, Caso6f, Cas7, Cas8al, Cas8a2, Cas8b, Cas8¢c, Cas9 (Csnl or Csx12),
Casl0, Casl0d, CasF, CasG, CasH, Csy1, Csy2, Csy3, Csel (CasA), Cse2 (CasB), Cse3 (CasE),
Csed (CasC), Cscl, Csc2, Csa5, Csn2, Csm2, Csm3, Csm4, CsmS5, Csm6, Cmrl, Cmr3, Cmr4,
Cmr5, Cmr6, Csbl, Csb2, Csb3, Csx17, Csx14, Csx10, Csx16, CsaX, Csx3, Csx1, Csx15, Csfl,
Csf2, Csf3, Csf4, and Cul966, and homologs or modified versions thereof.

[00220] An exemplary Cas protein is a Cas9 protein or a protein derived from a Cas9 protein.
Cas9 proteins are from a type Il CRISPR/Cas system and typically share four key motifs with a
conserved architecture. Motifs 1, 2, and 4 are RuvC-like motifs, and motif 3 is an HNH motif.
Exemplary Cas9 proteins are from Streptococcus pyogenes, Streptococcus thermophilus,
Streptococcus sp., Staphylococcus aureus, Nocardiopsis dassonvillei, Streptomyces
pristinaespiralis, Streptomyces viridochromogenes, Streptomyces viridochromogenes,
Streptosporangium roseum, Streptosporangium roseum, Alicyclobacillus acidocaldarius,
Bacillus pseudomycoides, Bacillus selenitireducens, Exiguobacterium sibiricum, Lactobacillus
delbrueckii, Lactobacillus salivarius, Microscilla marina, Burkholderiales bacterium,
Polaromonas naphthalenivorans, Polaromonas sp., Crocosphaera watsonii, Cyanothece sp.,
Microcystis aeruginosa, Synechococcus sp., Acetohalobium arabaticum, Ammonifex degensii,
Caldicelulosiruptor becscii, Candidatus Desulforudis, Clostridium botulinum, Clostridium
difficile, Finegoldia magna, Natranaerobius thermophilus, Pelotomaculum thermopropionicum,
Acidithiobacillus caldus, Acidithiobacillus ferrooxidans, Allochromatium vinosum,
Marinobacter sp., Nitrosococcus halophilus, Nitrosococcus watsoni, Pseudoalteromonas

haloplanktis, Ktedonobacter racemifer, Methanohalobium evestigatum, Anabaena variabilis,
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Nodularia spumigena, Nostoc sp., Arthrospira maxima, Arthrospira platensis, Arthrospira sp.,
Lyngbya sp., Microcoleus chthonoplastes, Oscillatoria sp., Petrotoga mobilis, Thermosipho
africanus, Acaryochloris marina, Neisseria meningitidis, or Campylobacter jejuni. Additional
examples of the Cas9 family members are described in WO 2014/131833, herein incorporated by
reference in its entirety for all purposes. Cas9 from S. pyogenes (SpCas9) (assigned SwissProt
accession number Q99ZW?2) is an exemplary Cas9 protein. Exemplary SpCas9 protein and
coding sequence are set forth in SEQ ID NOS: 21 and 22, respectively. Cas9 from S. aureus
(SaCas9) (assigned UniProt accession number J7RUAS) is another exemplary Cas9 protein.
Cas9 from Campylobacter jejuni (CjCas9) (assigned UniProt accession number QOP897) is
another exemplary Cas9 protein. See, e.g., Kim et al. (2017) Nat. Comm. 8:14500, herein
incorporated by reference in its entirety for all purposes. SaCas9 is smaller than SpCas9, and
CjCas9 is smaller than both SaCas9 and SpCas9. Cas9 from Neisseria meningitidis (Nme2Cas9)
is another exemplary Cas9 protein. See, e.g., Edraki et al. (2019) Mol. Cell 73(4):714-726,
herein incorporated by reference in its entirety for all purposes. Cas9 proteins from
Streptococcus thermophilus (e.g., Streptococcus thermophilus LMD-9 Cas9 encoded by the
CRISPR1 locus (St1Cas9) or Streptococcus thermophilus Cas9 from the CRISPR3 locus
(St3Cas9)) are other exemplary Cas9 proteins. Cas9 from Francisella novicida (FnCas9) or the
RHA Francisella novicida Cas9 variant that recognizes an alternative PAM
(E1369R/E1449H/R1556A substitutions) are other exemplary Cas9 proteins. These and other
exemplary Cas9 proteins are reviewed, e.g., in Cebrian-Serrano and Davies (2017) Mamm.
Genome 28(7):247-261, herein incorporated by reference in its entirety for all purposes.

[00221] As one example, the Cas protein can be a Cas9 protein. For example, the Cas9
protein can be a Streptococcus pyogenes Cas9 protein. As one specific example, the Cas protein
can comprise, consist essentially of, or consist of SEQ ID NO: 21 or a sequence at least about
90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%, or 99% identical to SEQ ID NO: 21. As
another specific example, a chimeric Cas protein comprising a nuclease-inactive Cas protein and
one or more transcriptional activation domains can comprise, consist essentially of, or consist of
SEQ ID NO: 36 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to SEQ ID NO: 36.

[00222] Another example of a Cas protein is a Cpfl (CRISPR from Prevotella and

Francisella 1) protein. Cpfl is a large protein (about 1300 amino acids) that contains a RuvC-
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like nuclease domain homologous to the corresponding domain of Cas9 along with a counterpart
to the characteristic arginine-rich cluster of Cas9. However, Cpf1 lacks the HNH nuclease
domain that is present in Cas9 proteins, and the RuvC-like domain is contiguous in the Cpfl
sequence, in contrast to Cas9 where it contains long inserts including the HNH domain. See,
e.g., Zetsche et al. (2015) Cell 163(3):759-771, herein incorporated by reference in its entirety
for all purposes. Exemplary Cpfl proteins are from Francisella tularensis 1, Francisella
tularensis subsp. novicida, Prevotella albensis, Lachnospiraceae bacterium MC2017 1,
Butyrivibrio proteoclasticus, Peregrinibacteria bacterium GW2011 GWA2 33 10,
Parcubacteria bacterium GW2011 GWC2 44 17, Smithella sp. SCADC, Acidaminococcus sp.
BV3L6, Lachnospiraceae bacterium MA2020, Candidatus Methanoplasma termitum,
Eubacterium eligens, Moraxella bovoculi 237, Leptospira inadai, Lachnospiraceae bacterium
ND2006, Porphyromonas crevioricanis 3, Prevotella disiens, and Porphyromonas macacae.
Cpf1 from Francisella novicida U112 (FnCpfl; assigned UniProt accession number A0Q7Q2) is
an exemplary Cpfl protein.

[00223] Cas proteins can be wild type proteins (i.e., those that occur in nature), modified Cas
proteins (i.e., Cas protein variants), or fragments of wild type or modified Cas proteins. Cas
proteins can also be active variants or fragments with respect to catalytic activity of wild type or
modified Cas proteins. Active variants or fragments with respect to catalytic activity can
comprise at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
sequence identity to the wild type or modified Cas protein or a portion thereof, wherein the
active variants retain the ability to cut at a desired cleavage site and hence retain double-strand-
break-inducing activity. Assays for double-strand-break-inducing activity are known and
generally measure the overall activity and specificity of the Cas protein on DNA substrates
containing the cleavage site.

[00224] One example of a modified Cas protein is the modified SpCas9-HF 1 protein, which is
a high-fidelity variant of Streptococcus pyogenes Cas9 harboring alterations
(N497A/R661A/Q695A/Q926A) designed to reduce non-specific DNA contacts. See, e.g.,
Kleinstiver et al. (2016) Nature 529(7587):490-495, herein incorporated by reference in its
entirety for all purposes. Another example of a modified Cas protein is the modified eSpCas9
variant (K848 A/K1003 A/R1060A) designed to reduce off-target effects. See, e.g., Slaymaker et
al. (2016) Science 351(6268):84-88, herein incorporated by reference in its entirety for all
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purposes. Other SpCas9 variants include K855A and K810A/K1003A/R1060A. These and
other modified Cas proteins are reviewed, e.g., in Cebrian-Serrano and Davies (2017) Mamm.
Genome 28(7):247-261, herein incorporated by reference in its entirety for all purposes. Another
example of a modified Cas9 protein is xCas9, which is a SpCas9 variant that can recognize an
expanded range of PAM sequences. See, e.g., Hu et al. (2018) Nature 556:57-63, herein
incorporated by reference in its entirety for all purposes.

[00225] Cas proteins can be modified to increase or decrease one or more of nucleic acid
binding affinity, nucleic acid binding specificity, and enzymatic activity. Cas proteins can also
be modified to change any other activity or property of the protein, such as stability. For
example, a Cas protein can be truncated to remove domains that are not essential for the function
of the protein or to optimize (e.g., enhance or reduce) the activity of or a property of the Cas
protein. As another example, one or more nuclease domains of the Cas protein can be modified,
deleted, or inactivated (e.g., for use in the SAM/tau biosensor cells comprising a nuclease-
inactive Cas protein).

[00226] Cas proteins can comprise at least one nuclease domain, such as a DNase domain.
For example, a wild type Cpf1 protein generally comprises a RuvC-like domain that cleaves both
strands of target DNA, perhaps in a dimeric configuration. Cas proteins can also comprise at
least two nuclease domains, such as DNase domains. For example, a wild type Cas9 protein
generally comprises a RuvC-like nuclease domain and an HNH-like nuclease domain. The
RuvC and HNH domains can each cut a different strand of double-stranded DNA to make a
double-stranded break in the DNA. See, e.g., Jinek et al. (2012) Science 337:816-821, herein
incorporated by reference in its entirety for all purposes.

[00227] One or more or all of the nuclease domains can be deleted or mutated so that they are
no longer functional or have reduced nuclease activity. For example, if one of the nuclease
domains is deleted or mutated in a Cas9 protein, the resulting Cas9 protein can be referred to as a
nickase and can generate a single-strand break within a double-stranded target DNA but not a
double-strand break (i.e., it can cleave the complementary strand or the non-complementary
strand, but not both). If both of the nuclease domains are deleted or mutated, the resulting Cas
protein (e.g., Cas9) will have a reduced ability to cleave both strands of a double-stranded DNA
(e.g., a nuclease-null or nuclease-inactive Cas protein, or a catalytically dead Cas protein

(dCas)). An example of a mutation that converts Cas9 into a nickase is a D10A (aspartate to
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alanine at position 10 of Cas9) mutation in the RuvC domain of Cas9 from S. pyogenes.
Likewise, H939A (histidine to alanine at amino acid position 839), H840A (histidine to alanine
at amino acid position 840), or N863 A (asparagine to alanine at amino acid position N863) in the
HNH domain of Cas9 from §. pyogenes can convert the Cas9 into a nickase. Other examples of
mutations that convert Cas9 into a nickase include the corresponding mutations to Cas9 from S.
thermophilus. See, e.g., Sapranauskas et al. (2011) Nucleic Acids Res. 39(21):9275-9282 and
WO 2013/141680, each of which is herein incorporated by reference in its entirety for all
purposes. Such mutations can be generated using methods such as site-directed mutagenesis,
PCR-mediated mutagenesis, or total gene synthesis. Examples of other mutations creating
nickases can be found, for example, in WO 2013/176772 and WO 2013/142578, each of which is
herein incorporated by reference in its entirety for all purposes. If all of the nuclease domains
are deleted or mutated in a Cas protein (e.g., both of the nuclease domains are deleted or mutated
in a Cas9 protein), the resulting Cas protein (e.g., Cas9) will have a reduced ability to cleave
both strands of a double-stranded DNA (e.g., a nuclease-null or nuclease-inactive Cas protein).
One specific example is a D1I0A/H840A S. pyogenes Cas9 double mutant or a corresponding
double mutant in a Cas9 from another species when optimally aligned with S. pyogenes Cas9.
Another specific example is a DIOA/N863A §. pyogenes Cas9 double mutant or a corresponding
double mutant in a Cas9 from another species when optimally aligned with S. pyogenes Cas9.
[00228] Examples of inactivating mutations in the catalytic domains of xCas9 are the same as
those described above for SpCas9. Examples of inactivating mutations in the catalytic domains
of Staphylococcus aureus Cas9 proteins are also known. For example, the Staphylococcus
aureus Cas9 enzyme (SaCas9) may comprise a substitution at position N580 (e.g., N580A
substitution) and a substitution at position D10 (e.g., D10A substitution) to generate a nuclease-
inactive Cas protein. See, e.g., WO 2016/106236, herein incorporated by reference in its entirety
for all purposes. Examples of inactivating mutations in the catalytic domains of Nme2Cas9 are
also known (e.g., combination of D16A and H588A). Examples of inactivating mutations in the
catalytic domains of St1Cas9 are also known (e.g., combination of D9A, D598A, H599A, and
N622A). Examples of inactivating mutations in the catalytic domains of St3Cas9 are also known
(e.g., combination of D10A and N870A). Examples of inactivating mutations in the catalytic
domains of CjCas9 are also known (e.g., combination of D8A and H559A). Examples of
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inactivating mutations in the catalytic domains of FnCas9 and RHA FnCas9 are also known
(e.g., N99SA).

[00229] Examples of inactivating mutations in the catalytic domains of Cpf1 proteins are also
known. With reference to Cpf1 proteins from Francisella novicida U112 (FnCpfl),
Acidaminococcus sp. BV3L6 (AsCpfl), Lachnospiraceae bacterium ND2006 (LbCpfl), and
Moraxella bovoculi 237 (MbCpfl Cpf1l), such mutations can include mutations at positions 908,
993, or 1263 of AsCpf1 or corresponding positions in Cpf1 orthologs, or positions 832, 925, 947,
or 1180 of LbCpf1 or corresponding positions in Cpfl orthologs. Such mutations can include,
for example one or more of mutations D908A, E993A, and D1263 A of AsCpf1 or corresponding
mutations in Cpf1 orthologs, or D832A, E925A, D947A, and D1180A of LbCpf1 or
corresponding mutations in Cpf1l orthologs. See, e.g., US 2016/0208243, herein incorporated by
reference in its entirety for all purposes.

[00230] Cas proteins can also be operably linked to heterologous polypeptides as fusion
proteins. For example, a Cas protein can be fused to a cleavage domain, an epigenetic
modification domain, a transcriptional activation domain, or a transcriptional repressor domain.
See WO 2014/089290, herein incorporated by reference in its entirety for all purposes. For
example, Cas proteins can be operably linked or fused to a transcriptional activation domain for
use in the SAM/tau biosensor cells. Examples of transcriptional activation domains include a
herpes simplex virus VP16 activation domain, VP64 (which is a tetrameric derivative of VP16),
a NF«kB p65 activation domain, p53 activation domains 1 and 2, a CREB (cAMP response
element binding protein) activation domain, an E2A activation domain, and an NFAT (nuclear
factor of activated T-cells) activation domain. Other examples include activation domains from
Octl, Oct-2A, SP1, AP-2, CTF1, P300, CBP, PCAF, SRC1, PvALF, ERF-2, OsGAL HALF-1,
C1, AP1, ARF-5, ARF-6, ARF-7, ARF-8, CPRF1, CPRF4, MYC-RP/GP, TRAB1PC4, and
HSF1. See, e.g., US 2016/0237456, EP3045537, and WO 2011/146121, each of which is
incorporated by reference in its entirety for all purposes. In some cases, a transcriptional
activation system can be used comprising a dCas9-VP64 fusion protein paired with MS2-p65-
HSF1. Guide RNAs in such systems can be designed with aptamer sequences appended to
sgRNA tetraloop and stem-loop 2 designed to bind dimerized MS2 bacteriophage coat proteins.
See, e.g., Konermann et al. (2015) Nature 517(7536):583-588, herein incorporated by reference

in its entirety for all purposes. Examples of transcriptional repressor domains include inducible
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cAMP early repressor (ICER) domains, Kruppel-associated box A (KRAB-A) repressor
domains, YY1 glycine rich repressor domains, Sp1 -like repressors, E(spl) repressors, IxkB
repressor, and MeCP2. Other examples include transcriptional repressor domains from A/B,
KOX, TGF-beta-inducible early gene (TIEG), v-erbA, SID, SID4X, MBD2, MBD3, DNMTTI,
DNMG3A, DNMT3B, Rb, ROM2, See, e.g., EP3045537 and WO 2011/146121, each of which
is incorporated by reference in its entirety for all purposes. Cas proteins can also be fused to a
heterologous polypeptide providing increased or decreased stability. The fused domain or
heterologous polypeptide can be located at the N-terminus, the C-terminus, or internally within
the Cas protein.

[00231] Cas proteins can also be operably linked to heterologous polypeptides as fusion
proteins. As one example, a Cas protein can be fused to one or more heterologous polypeptides
that provide for subcellular localization. Such heterologous polypeptides can include, for
example, one or more nuclear localization signals (NLS) such as the monopartite SV40 NLS
and/or a bipartite alpha-importin NLS for targeting to the nucleus, a mitochondrial localization
signal for targeting to the mitochondria, an ER retention signal, and the like. See, e.g., Lange et
al. (2007) J. Biol. Chem. 282:5101-5105, herein incorporated by reference in its entirety for all
purposes. Such subcellular localization signals can be located at the N-terminus, the C-terminus,
or anywhere within the Cas protein. An NLS can comprise a stretch of basic amino acids, and
can be a monopartite sequence or a bipartite sequence. Optionally, a Cas protein can comprise
two or more NLSs, including an NLS (e.g., an alpha-importin NLS or a monopartite NLS) at the
N-terminus and an NLS (e.g., an SV40 NLS or a bipartite NLS) at the C-terminus. A Cas
protein can also comprise two or more NLSs at the N-terminus and/or two or more NLSs at the
C-terminus.

[00232] Cas proteins can also be operably linked to a cell-penetrating domain or protein
transduction domain. For example, the cell-penetrating domain can be derived from the HIV-1
TAT protein, the TLM cell-penetrating motif from human hepatitis B virus, MPG, Pep-1, VP22,
a cell penetrating peptide from Herpes simplex virus, or a polyarginine peptide sequence. See,
e.g., WO 2014/089290 and WO 2013/176772, each of which is herein incorporated by reference
in its entirety for all purposes. The cell-penetrating domain can be located at the N-terminus, the

C-terminus, or anywhere within the Cas protein.
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[00233] Cas proteins can also be operably linked to a heterologous polypeptide for ease of
tracking or purification, such as a fluorescent protein, a purification tag, or an epitope tag.
Examples of fluorescent proteins include green fluorescent proteins (e.g., GFP, GFP-2, tagGFP,
turboGFP, eGFP, Emerald, Azami Green, Monomeric Azami Green, CopGFP, AceGFP,
ZsGreenl), yellow fluorescent proteins (e.g., YFP, eYFP, Citrine, Venus, YPet, PhiYFP,
ZsYellowl), blue fluorescent proteins (e.g., eBFP, eBFP2, Azurite, mKalamal, GFPuv, Sapphire,
T-sapphire), cyan fluorescent proteins (e.g., eCFP, Cerulean, CyPet, AmCyanl, Midoriishi-
Cyan), red fluorescent proteins (e.g., mKate, mKate2, mPlum, DsRed monomer, mCherry,
mRFP1, DsRed-Express, DsRed2, DsRed-Monomer, HcRed-Tandem, HcRedl, AsRed2,
eqFP611, mRaspberry, mStrawberry, Jred), orange fluorescent proteins (e.g., mOrange, mKO,
Kusabira-Orange, Monomeric Kusabira-Orange, mTangerine, tdTomato), and any other suitable
fluorescent protein. Examples of tags include glutathione-S-transferase (GST), chitin binding
protein (CBP), maltose binding protein, thioredoxin (TRX), poly(NANP), tandem affinity
purification (TAP) tag, myc, AcVS5, AU1, AUS, E, ECS, E2, FLAG, hemagglutinin (HA), nus,
Softag 1, Softag 3, Strep, SBP, Glu-Glu, HSV, KT3, S, S1, T7, V5, VSV-G, histidine (His),
biotin carboxyl carrier protein (BCCP), and calmodulin.

[00234] Cas proteins can be provided in any form. For example, a Cas protein can be
provided in the form of a protein. For example, a Cas protein can be provided as a Cas protein
complexed with a gRNA. Alternatively, a Cas protein can be provided in the form of a nucleic
acid encoding the Cas protein, such as an RNA (e.g., messenger RNA (mRNA)) or DNA.
Optionally, the nucleic acid encoding the Cas protein can be codon optimized for efficient
translation into protein in a particular cell or organism. For example, the nucleic acid encoding
the Cas protein can be modified to substitute codons having a higher frequency of usage in a
bacterial cell, a yeast cell, a human cell, a non-human cell, a mammalian cell, a rodent cell, a
mouse cell, a rat cell, or any other host cell of interest, as compared to the naturally occurring
polynucleotide sequence. For example, the nucleic acid encoding the Cas protein can be codon
optimized for expression in a human cell. When a nucleic acid encoding the Cas protein is
introduced into the cell, the Cas protein can be transiently, conditionally, or constitutively
expressed in the cell.

[00235] Cas proteins provided as mRNAs can be modified for improved stability and/or

immunogenicity properties. The modifications may be made to one or more nucleosides within
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the mRNA. Examples of chemical modifications to mRNA nucleobases include pseudouridine,
I-methyl-pseudouridine, and 5-methyl-cytidine. For example, capped and polyadenylated Cas
mRNA containing N1-methyl pseudouridine can be used. Likewise, Cas mRNAs can be
modified by depletion of uridine using synonymous codons.

[00236] Nucleic acids encoding Cas proteins can be stably integrated in the genome of a cell
and operably linked to a promoter active in the cell. In one specific example, the nucleic acid
encoding the Cas protein can comprise, consist essentially of, or consist of SEQ ID NO: 22 or a
sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to
SEQ ID NO: 22, optionally wherein the nucleic acid encodes a protein comprising, consisting
essentially of, or consisting of SEQ ID NO: 21. In another specific example, the nucleic acid
encoding a chimeric Cas protein comprising a nuclease-inactive Cas protein and one or more
transcriptional activation domains can comprise, consist essentially of, or consist of SEQ ID NO:
38 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 38, optionally wherein the nucleic acid encodes a protein comprising,
consisting essentially of, or consisting of SEQ ID NO: 36. Alternatively, nucleic acids encoding
Cas proteins can be operably linked to a promoter in an expression construct. Expression
constructs include any nucleic acid constructs capable of directing expression of a gene or other
nucleic acid sequence of interest (e.g., a Cas gene) and which can transfer such a nucleic acid
sequence of interest to a target cell. Promoters that can be used in an expression construct
include promoters active, for example, in one or more of a eukaryotic cell, a human cell, a non-
human cell, a mammalian cell, a non-human mammalian cell, a rodent cell, a mouse cell, a rat
cell, a pluripotent cell, an embryonic stem (ES) cell, an adult stem cell, a developmentally
restricted progenitor cell, an induced pluripotent stem (iPS) cell, or a one-cell stage embryo.
Such promoters can be, for example, conditional promoters, inducible promoters, constitutive

promoters, or tissue-specific promoters.

3. Chimeric Adaptor Proteins

[00237] The SAM/tau biosensor cells disclosed herein can comprise not only nucleic acids
(DNA or RNA) encoding a chimeric Cas protein comprising a nuclease-inactive Cas protein
fused to one or more transcriptional activation domains (e.g., VP64) but optionally also nucleic

acids (DNA or RNA) encoding a chimeric adaptor protein comprising an adaptor protein (e.g.,
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MS2 coat protein (MCP)) fused to one or more transcriptional activation domains (e.g., fused to
p65 and HSF1). Optionally, the chimeric Cas protein and/or the chimeric adaptor protein is
stably expressed. Optionally, the cells comprise a genomically integrated chimeric Cas protein
coding sequence and/or a genomically integrated chimeric adaptor protein coding sequence.
[00238] Such chimeric adaptor proteins comprise: (a) an adaptor (i.e., adaptor domain or
adaptor protein) that specifically binds to an adaptor-binding element within a guide RNA; and
(b) one or more heterologous transcriptional activation domains. For example, such fusion
proteins can comprise 1, 2, 3, 4, 5, or more transcriptional activation domains (e.g., two or more
heterologous transcriptional activation domains or three or more heterologous transcriptional
activation domains). In one example, such chimeric adaptor proteins can comprise: (a) an
adaptor (i.e., an adaptor domain or adaptor protein) that specifically binds to an adaptor-binding
element in a guide RNA; and (b) two or more transcriptional activation domains. For example,
the chimeric adaptor protein can comprise: (a) an MS2 coat protein adaptor that specifically
binds to one or more MS2 aptamers in a guide RNA (e.g., two MS2 aptamers in separate
locations in a guide RNA); and (b) one or more (e.g., two or more transcriptional activation
domains). For example, the two transcriptional activation domains can be p65 and HSF1
transcriptional activation domains or functional fragments or variants thereof. However,
chimeric adaptor proteins in which the transcriptional activation domains comprise other
transcriptional activation domains or functional fragments or variants thereof are also provided.
[00239] The one or more transcriptional activation domains can be fused directly to the
adaptor. Alternatively, the one or more transcriptional activation domains can be linked to the
adaptor via a linker or a combination of linkers or via one or more additional domains.
Likewise, if two or more transcriptional activation domains are present, they can be fused
directly to each other or can be linked to each other via a linker or a combination of linkers or via
one or more additional domains. Linkers that can be used in these fusion proteins can include
any sequence that does not interfere with the function of the fusion proteins. Exemplary linkers
are short (e.g., 2-20 amino acids) and are typically flexible (e.g., comprising amino acids with a
high degree of freedom such as glycine, alanine, and serine).

[00240] The one or more transcriptional activation domains and the adaptor can be in any
order within the chimeric adaptor protein. As one option, the one or more transcriptional

activation domains can be C-terminal to the adaptor and the adaptor can be N-terminal to the one

66



WO 2020/190932 PCT/US2020/023131

or more transcriptional activation domains. For example, the one or more transcriptional
activation domains can be at the C-terminus of the chimeric adaptor protein, and the adaptor can
be at the N-terminus of the chimeric adaptor protein. However, the one or more transcriptional
activation domains can be C-terminal to the adaptor without being at the C-terminus of the
chimeric adaptor protein (e.g., if a nuclear localization signal is at the C-terminus of the chimeric
adaptor protein). Likewise, the adaptor can be N-terminal to the one or more transcriptional
activation domains without being at the N-terminus of the chimeric adaptor protein (e.g., if a
nuclear localization signal is at the N-terminus of the chimeric adaptor protein). As another
option, the one or more transcriptional activation domains can be N-terminal to the adaptor and
the adaptor can be C-terminal to the one or more transcriptional activation domains. For
example, the one or more transcriptional activation domains can be at the N-terminus of the
chimeric adaptor protein, and the adaptor can be at the C-terminus of the chimeric adaptor
protein. As yet another option, if the chimeric adaptor protein comprises two or more
transcriptional activation domains, the two or more transcriptional activation domains can flank
the adaptor.

[00241] Chimeric adaptor proteins can also be operably linked or fused to additional
heterologous polypeptides. The fused or linked heterologous polypeptide can be located at the
N-terminus, the C-terminus, or anywhere internally within the chimeric adaptor protein. For
example, a chimeric adaptor protein can further comprise a nuclear localization signal. A
specific example of such a protein comprises an MS2 coat protein (adaptor) linked (either
directly or via an NLS) to a p65 transcriptional activation domain C-terminal to the MS2 coat
protein (MCP), and HSF1 transcriptional activation domain C-terminal to the p65 transcriptional
activation domain. Such a protein can comprise from N-terminus to C-terminus: an MCP; a
nuclear localization signal; a p65 transcriptional activation domain; and an HSF1 transcriptional
activation domain. For example, a chimeric adaptor protein can comprise, consist essentially of,
or consist of an amino acid sequence at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the MCP-p65-HSF1 chimeric adaptor protein sequence set forth
in SEQ ID NO: 37. Likewise, a nucleic acid encoding a chimeric adaptor protein can comprise,
consist essentially of, or consist of a sequence at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the MCP-p65-HSF1 chimeric adaptor protein coding
sequence set forth in SEQ ID NO: 39
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[00242] Adaptors (i.e., adaptor domains or adaptor proteins) are nucleic-acid-binding domains
(e.g., DNA-binding domains and/or RNA-binding domains) that specifically recognize and bind
to distinct sequences (e.g., bind to distinct DNA and/or RNA sequences such as aptamers in a
sequence-specific manner). Aptamers include nucleic acids that, through their ability to adopt a
specific three-dimensional conformation, can bind to a target molecule with high affinity and
specificity. Such adaptors can bind, for example, to a specific RNA sequence and secondary
structure. These sequences (i.e., adaptor-binding elements) can be engineered into a guide RNA.
For example, an MS2 aptamer can be engineered into a guide RNA to specifically bind an MS2
coat protein (MCP). For example, the adaptor can comprise, consist essentially of, or consist of
an amino acid sequence at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the MCP sequence set forth in SEQ ID NO: 40. Likewise, a nucleic acid
encoding the adaptor can comprise, consist essentially of, or consist of an amino acid sequence at
least 85%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%. 99%, or 100% identical to the
MCP coding sequence set forth in SEQ ID NO: 41. Specific examples of adaptors and targets
include, for example, RNA-binding protein/aptamer combinations that exist within the diversity
of bacteriophage coat proteins. See, e.g., US 2019-0284572 and WO 2019/183123, each of
which is herein incorporated by reference in its entirety for all purposes.

[00243] The chimeric adaptor proteins disclosed herein comprise one or more transcriptional
activation domains. Such transcriptional activation domains can be naturally occurring
transcriptional activation domains, can be functional fragments or functional variants of naturally
occurring transcriptional activation domains, or can be engineered or synthetic transcriptional
activation domains. Transcriptional activation domains that can be used include those described,
for example, in US 2019-0284572 and WO 2019/183123, each of which is herein incorporated

by reference in its entirety for all purposes.

4. Cell Types

[00244] The Cas/tau biosensor cells disclosed herein can be any type of cell and can be in
vitro, ex vivo, or in vivo. A Cas/tau biosensor cell line or population of cells can be a monoclonal
cell line or population of cells. Likewise, the SAM/tau biosensor cells disclosed herein can be
any type of cell and can be in vitro, ex vivo, or in vivo. A SAM/tau biosensor cell line or

population of cells can be a monoclonal cell line or population of cells. The cell can be from any
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source. For example, the cell can be a eukaryotic cell, an animal cell, a plant cell, or a fungal
(e.g., yeast) cell. Such cells can be fish cells or bird cells, or such cells can be mammalian cells,
such as human cells, non-human mammalian cells, rodent cells, mouse cells, or rat cells.
Mammals include, for example, humans, non-human primates, monkeys, apes, cats dogs, horses,
bulls, deer, bison, sheep, rodents (e.g., mice, rats, hamsters, guinea pigs), livestock (e.g., bovine
species such as cows and steer; ovine species such as sheep and goats; and porcine species such
as pigs and boars). Birds include, for example, chickens, turkeys, ostrich, geese, and ducks.
Domesticated animals and agricultural animals are also included. The term “non-human animal”
excludes humans. In a specific example, the Cas/tau biosensor cells are human cells (e.g.,
HEK293T cells). Likewise, in a specific example, the SAM/tau biosensor cells are human cells
(e.g., HEK293T cells).

[00245] The cell can be, for example, a totipotent cell or a pluripotent cell (e.g., an embryonic
stem (ES) cell such as a rodent ES cell, a mouse ES cell, or a rat ES cell). Totipotent cells
include undifferentiated cells that can give rise to any cell type, and pluripotent cells include
undifferentiated cells that possess the ability to develop into more than one differentiated cell
types. Such pluripotent and/or totipotent cells can be, for example, ES cells or ES-like cells,
such as an induced pluripotent stem (iPS) cells. ES cells include embryo-derived totipotent or
pluripotent cells that are capable of contributing to any tissue of the developing embryo upon
introduction into an embryo. ES cells can be derived from the inner cell mass of a blastocyst and
are capable of differentiating into cells of any of the three vertebrate germ layers (endoderm,
ectoderm, and mesoderm).

[00246] The cell can also be a primary somatic cell, or a cell that is not a primary somatic cell.
Somatic cells can include any cell that is not a gamete, germ cell, gametocyte, or undifferentiated
stem cell. The cell can also be a primary cell. Primary cells include cells or cultures of cells that
have been isolated directly from an organism, organ, or tissue. Primary cells include cells that
are neither transformed nor immortal. They include any cell obtained from an organism, organ,
or tissue which was not previously passed in tissue culture or has been previously passed in
tissue culture but is incapable of being indefinitely passed in tissue culture. Such cells can be
isolated by conventional techniques and include, for example, somatic cells, hematopoietic cells,
endothelial cells, epithelial cells, fibroblasts, mesenchymal cells, keratinocytes, melanocytes,

monocytes, mononuclear cells, adipocytes, preadipocytes, neurons, glial cells, hepatocytes,
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skeletal myoblasts, and smooth muscle cells. For example, primary cells can be derived from
connective tissues, muscle tissues, nervous system tissues, or epithelial tissues.

[00247] Such cells also include would normally not proliferate indefinitely but, due to
mutation or alteration, have evaded normal cellular senescence and instead can keep undergoing
division. Such mutations or alterations can occur naturally or be intentionally induced.
Examples of immortalized cells include Chinese hamster ovary (CHO) cells, human embryonic
kidney cells (e.g., HEK293T cells), and mouse embryonic fibroblast cells (e.g., 3T3 cells).
Numerous types of immortalized cells are well known. Immortalized or primary cells include
cells that are typically used for culturing or for expressing recombinant genes or proteins.
[00248] The cell can also be a differentiated cell, such as a neuronal cell (e.g., a human

neuronal cell).

B. Methods of Generating Cas/Tau Biosensor Cells and SAM/Tau Biosensor Cells

[00249] The Cas/tau biosensor cells disclosed herein can be generated by any known means.
The first tau repeat domain linked to the first reporter, the second tau repeat domain linked to the
second reporter, and the Cas protein can be introduced into the cell in any form (e.g., DNA,
RNA, or protein) by any known means. Likewise, the SAM/tau biosensor cells disclosed herein
can be generated by any known means. The first tau repeat domain linked to the first reporter,
the second tau repeat domain linked to the second reporter, the chimeric Cas protein, and the
chimeric adaptor protein can be introduced into the cell in any form (e.g., DNA, RNA, or
protein) by any known means. “Introducing” includes presenting to the cell the nucleic acid or
protein in such a manner that the sequence gains access to the interior of the cell. The methods
provided herein do not depend on a particular method for introducing a nucleic acid or protein
into the cell, only that the nucleic acid or protein gains access to the interior of a least one cell.
Methods for introducing nucleic acids and proteins into various cell types are known and
include, for example, stable transfection methods, transient transfection methods, and virus-
mediated methods. Optionally, targeting vectors can be used.

[00250] Transfection protocols as well as protocols for introducing nucleic acids or proteins
into cells may vary. Non-limiting transfection methods include chemical-based transfection
methods using liposomes; nanoparticles; calcium phosphate (Graham et al. (1973) Virology 52
(2): 45667, Bacchetti et al. (1977) Proc. Natl. Acad. Sci. USA 74 (4): 15904, and Kriegler, M

70



WO 2020/190932 PCT/US2020/023131

(1991). Transfer and Expression: A Laboratory Manual. New York: W. H. Freeman and
Company. pp. 96-97); dendrimers; or cationic polymers such as DEAE-dextran or
polyethylenimine. Non-chemical methods include electroporation, Sono-poration, and optical
transfection. Particle-based transfection includes the use of a gene gun, or magnet-assisted
transfection (Bertram (2006) Current Pharmaceutical Biotechnology 7, 277-28). Viral methods
can also be used for transfection.

[00251] Introduction of nucleic acids or proteins into a cell can also be mediated by
electroporation, by intracytoplasmic injection, by viral infection, by adenovirus, by adeno-
associated virus, by lentivirus, by retrovirus, by transfection, by lipid-mediated transfection, or
by nucleofection. Nucleofection is an improved electroporation technology that enables nucleic
acid substrates to be delivered not only to the cytoplasm but also through the nuclear membrane
and into the nucleus. In addition, use of nucleofection in the methods disclosed herein typically
requires much fewer cells than regular electroporation (e.g., only about 2 million compared with
7 million by regular electroporation). In one example, nucleofection is performed using the
LONZA® NUCLEOFECTOR™ system.

[00252] Introduction of nucleic acids or proteins into a cell can also be accomplished by
microinjection. Microinjection of an mRNA is preferably into the cytoplasm (e.g., to deliver
mRNA directly to the translation machinery), while microinjection of a protein or a DNA
encoding a protein is preferably into the nucleus. Alternatively, microinjection can be carried
out by injection into both the nucleus and the cytoplasm: a needle can first be introduced into the
nucleus and a first amount can be injected, and while removing the needle from the cell a second
amount can be injected into the cytoplasm. Methods for carrying out microinjection are well
known. See, e.g., Nagy et al. (Nagy A, Gertsenstein M, Vintersten K, Behringer R., 2003,
Manipulating the Mouse Embryo. Cold Spring Harbor, New York: Cold Spring Harbor
Laboratory Press); Meyer et al. (2010) Proc. Natl. Acad. Sci. USA 107:15022-15026 and Meyer
et al. (2012) Proc. Natl. Acad. Sci. USA 109:9354-9359.

[00253] Other methods for introducing nucleic acid or proteins into a cell can include, for
example, vector delivery, particle-mediated delivery, exosome-mediated delivery, lipid-
nanoparticle-mediated delivery, cell-penetrating-peptide-mediated delivery, or implantable-
device-mediated delivery. Methods of administering nucleic acids or proteins to a subject to

modify cells in vivo are disclosed elsewhere herein.
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[00254] In one example, the first tau repeat domain linked to the first reporter, the second tau
repeat domain linked to the second reporter, and the Cas protein can be introduced via viral
transduction such as lentiviral transduction.

[00255] Screening for cells comprising the first tau repeat domain linked to the first reporter,
the second tau repeat domain linked to the second reporter, and the Cas protein can be performed
by any known means.

[00256] As one example, reporter genes can be used to screen for cells that have the Cas
protein, the first tau repeat domain linked to the first reporter, or the second tau repeat domain
linked to the second reporter. Exemplary reporter genes include those encoding luciferase, [3-
galactosidase, green fluorescent protein (GFP), enhanced green fluorescent protein (eGFP), cyan
fluorescent protein (CFP), yellow fluorescent protein (YFP), enhanced yellow fluorescent protein
(eYFP), blue fluorescent protein (BFP), enhanced blue fluorescent protein (eBFP), DsRed,
ZsGreen, MmGFP, mPlum, mCherry, tdTomato, mStrawberry, J-Red, mOrange, mKO,
mCitrine, Venus, YPet, Emerald, CyPet, Cerulean, T-Sapphire, and alkaline phosphatase. For
example, if the first reporter and the second reporter are fluorescent proteins (e.g., CFP and
YFP), cells comprising these reporters can be selected by flow cytometry to select for dual-
positive cells. The dual-positive cells can then be combined to generate a polyclonal line, or
monoclonal lines can be generated from single dual-positive cells.

[00257] As another example, selection markers can be used to screen for cells that have the
Cas protein, the first tau repeat domain linked to the first reporter, or the second tau repeat
domain linked to the second reporter. Exemplary selection markers include neomycin
phosphotransferase (neo"), hygromycin B phosphotransferase (hyg'), puromycin-N-
acetyltransferase (puro’), blasticidin S deaminase (bsr"), xanthine/guanine phosphoribosyl
transferase (gpt), or herpes simplex virus thymidine kinase (HSV-k). Another exemplary
selection marker is bleomycin resistance protein, encoded by the Sh ble gene (Streptoalloteichus
hindustanus bleomycin gene), which confers zeocin (phleomycin D1) resistance.

[00258] Aggregation-positive (Agg[+]) cells in which the tau repeat domain stably presents in
an aggregated state, meaning that the tau repeat domain aggregates stably persist in all cells with
growth and multiple passages over time, can be generated, for example, by seeding with tau
aggregates. For example, naive aggregation-negative (Agg[-]) Cas/tau biosensor cells disclosed

herein can be treated with recombinant fibrillized tau (e.g., recombinant fibrillized tau repeat
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domain) to seed the aggregation of the tau repeat domain protein stably expressed by these cells.
Likewise, naive aggregation-negative (Agg[-]) SAM/tau biosensor cells disclosed herein can be
treated with recombinant fibrillized tau (e.g., recombinant fibrillized tau repeat domain) to seed
the aggregation of the tau repeat domain protein stably expressed by these cells. The fibrillized
tau repeat domain can be the same as, similar to, or different from the tau repeat domain stably
expressed by the cells. Optionally, the recombinant fibrillized tau can be mixed with
lipofectamine reagent. The seeded cells can then be serially diluted to obtain single-cell-derived
clones and to identify clonal cell lines in which tau repeat domain aggregates stably persist in all
cells with growth and multiple passages over time.

[00259] As another example, aggregation-positive (Agg[+]) cells in which the tau repeat
domain stably presents in an aggregated state, meaning that the tau repeat domain aggregates
stably persist in all cells with growth and multiple passages over time, can be generated, for
example, by seeding cells (e.g., tau aggregation-negative cells) with cell lysate from tau
aggregation-positive cells. This is the “maximal seeding” described in the examples herein. For
example, the cells can be seeded using a medium comprising the cell lysate (e.g., fresh medium
comprising the cell lysate). “Maximal seeding” can refer to seeding that, by itself, induces tau
aggregation in a majority of aggregation-negative tau biosensor cells. “Minimal seeding” can
refer to seeding that, by itself, is insufficient to induce tau aggregation in aggregation-negative
tau biosensor cells (or only minimally induces tau aggregation) but sensitizes such cells to
induction of aggregation.

[00260] The amount or concentration of the cell lysate in the medium can be any suitable
amount or concentration. For example, the concentration of cell lysate in the medium can be
between about 0.1 pg/mL and about 50 pg/mL, between about 0.1 ug/mL and about 25 ug/mlL,
between about 0.1 pg/mL and about 10 pg/mL, between about 0.1 ug/mL and about 5 pg/mL,
between about 0.1 pg/mL and about 4.5 ug/mL, between about 0.1 pg/mL and about 4 ug/mL,
between about 0.1 pg/mL and about 3.5 ug/mL, between about 0.1 pg/mL and about 3 ug/mL,
between about 0.1 ug/mL and about 2.5 pg/mL, between about 0.1 pg/mL and about 2 ug/mL,
between about 0.1 ug/mL and about 1.5 pg/mL, between about 0.1 pg/mL and about 1 ug/mL,
between about 0.5 ug/mL and about 50 pg/mL, between about 0.5 pg/mL and about 25 ug/mL,
between about 0.5 ug/mL and about 10 pg/mL, between about 0.5 pg/mL and about 5 pg/mL,
between about 0.5 pg/mL and about 4.5 ug/mL, between about 0.5 pg/mL and about 4 ug/mL,
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between about 0.5 pg/mL and about 3.5 ug/mL, between about 0.5 pg/mL and about 3 ug/mL,
between about 0.5 pg/mL and about 2.5 pg/mL, between about 0.5 pg/mL and about 2 ug/mL,
between about 0.5 pg/mL and about 1.5 pg/mL, between about 0.5 pg/mL and about 1 ug/mL,
between about 1 ug/mL and about 50 ug/mL, between about 1 ug/mL and about 25 pg/mL,
between about 1 ug/mL and about 10 ug/mL, between about 1 ug/mL and about 5 pg/mL,
between about 1 ug/mL and about 4.5 pg/mL, between about 1 ug/mL and about 4 pg/mL,
between about 1 ug/mL and about 3.5 pg/mL, between about 1 ug/mL and about 3 pg/mL,
between about 1 ug/mL and about 2.5 pg/mL, between about 1 ug/mL and about 2 pg/mL,
between about 1 ug/mL and about 1.5 pg/mL, between about 1.5 ug/mL and about 50 pg/mL,
between about 1.5 ug/mL and about 25 pg/mL, between about 1.5 pg/mL and about 10 ug/mL,
between about 1.5 pg/mL and about 5 ug/mL, between about 1.5 ug/mL and about 4.5 ug/mL,
between about 1.5 pg/mL and about 4 ug/mL, between about 1.5 ug/mL and about 3.5 ug/mL,
between about 1.5 pg/mL and about 3 pg/mL, between about 1.5 ug/mL and about 2.5 ug/mL,
between about 1.5 ug/mL and about 2 pg/mL, between about 2 pg/mL and about 50 pg/mL,
between about 2 pg/mL and about 25 pg/mL, between about 2 ug/mL and about 10 pg/mL,
between about 2 ug/mL and about 5 pg/mL, between about 2 pg/mL and about 4.5 pg/mL,
between about 2 ug/mL and about 4 pg/mL, between about 2 pg/mL and about 3.5 pg/mL,
between about 2 ug/mL and about 3 pg/mL, between about 2 pg/mL and about 2.5 pg/mL,
between about 2.5 ug/mL and about 50 ug/mL, between about 2.5 pg/mL and about 25 ug/mL,
between about 2.5 ug/mL and about 10 pg/mL, between about 2.5 pg/mL and about 5 pg/mL,
between about 2.5 pg/mL and about 4.5 ug/mL, between about 2.5 pg/mL and about 4 ug/mL,
between about 2.5 ug/mL and about 3.5 pg/mL, or between about 2.5 pg/mL and about 3 pg/mL
of medium (e.g., fresh culture medium). For example, the cell lysate in the culture medium can
be at a concentration of between about 1 ug/mL and about 5 pg/mL or can be at a concentration
of about 1.5 pg/mL, about 2 pg/mL, about 2.5 pg/mL, about 3 pug/mL, about 3.5 pg/mL, about 4
ug/mL, about 4.5 pg/mL, or about 5 ug/mL. Optionally, the cell lysate can be in a buffer, such
as phosphate-buffered saline. Optionally, the buffer can comprise protease inhibitors. Examples
of protease inhibitors include, but are not limited to, AEBSF, aprotinin, bestatin, E-64, leupeptin,
pepstatin A, and ethylenediaminetetracetic acid (EDTA). The buffer can comprise any of these
inhibitors or any combination thereof (e.g., the buffer can comprise all of these protease

inhibitors).

74



WO 2020/190932 PCT/US2020/023131

[00261] The cells for producing the lysate can be collected in a buffer, such as phosphate-
buffered saline. Optionally, the buffer can comprise protease inhibitors. Examples of protease
inhibitors include, but are not limited to, AEBSF, aprotinin, bestatin, E-64, leupeptin, pepstatin
A, and ethylenediaminetetracetic acid (EDTA). The buffer can comprise any of these inhibitors
or any combination thereof (e.g., the buffer can comprise all of these protease inhibitors).
[00262] The cell lysate can, for example, be collected by sonicating the tau-aggregation-
positive cells (e.g., cells collected in a buffer and protease inhibitors as described above) for any
suitable amount of time. For example, the cells can be sonicated for between about 1 minute and
about 6 minutes, between about 1 minute and about 5 minutes, between about 1 minute and
about 4 minutes, between about 1 minute and about 3 minutes, between about 2 minutes and
about 6 minutes, between about 2 minutes and about 5 minutes, between about 2 minutes and
about 4 minutes, between about 2 minutes and about 3 minutes, between about 2 minutes and
about 6 minutes, between about 3 minutes and about 5 minutes, or between about 3 minutes and
about 4 minutes. For example, the cells can be sonicated for between about 2 minutes and about
4 minutes or for about 3 minutes.

[00263] Optionally, the medium comprises lipofectamine or liposomes (e.g., cationic
liposomes) or phospholipids or another transfection agent. Optionally, the medium comprises
lipofectamine. Optionally, the medium does not comprise lipofectamine or liposomes (e.g.,
cationic liposomes) or phospholipids or another transfection agent. Optionally, the medium does
not comprise lipofectamine. The amount or concentration of the lipofectamine or liposomes
(e.g., cationic liposomes) or phospholipids or other transfection agent in the medium can be any
suitable amount or concentration. For example, the concentration of lipofectamine or liposomes
(e.g., cationic liposomes) or phospholipids or other transfection agent in the medium can be
between about 0.5 uL./mL to about 10 uL/mL, between about 0.5 uL/mL to about 5 pL./mL,
between about 0.5 uL./mL to about 4.5 uL/mL, between about 0.5 uL/mL to about 4 uL./mL,
between about 0.5 pL./mL to about 3.5 uL/mL, between about 0.5 uL/mL to about 3 uL./mL,
between about 0.5 pL./mL to about 2.5 uL./mL, between about 0.5 uL/mL to about 2 uL./mL,
between about 0.5 pL./mL to about 1.5 uL/mL, between about 0.5 uL/mL to about 1 uL./mL,
between about 1 uL./mL to about 10 uL/mL, between about 1 pL./mL to about 5 uL/mL, between
about 1 uL./mL to about 4.5 uL/mL, between about 1 uL/mL to about 4 uL./mL, between about 1
ulL/mL to about 3.5 uL/mL, between about 1 uL./mL to about 3 uL/mL, between about 1 puL./mL
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to about 2.5 uL./mL, between about 1 uL./mL to about 2 ul/mL, between about 1 uL./mL to about
1.5 uL/mL, between about 1.5 ul./mL to about 10 uL/mL, between about 1.5 uL./mL to about 5
uL/mL, between about 1.5 pul./mL to about 4.5 uL./mL, between about 1.5 uL./mL to about 4
ulL/mL, between about 1.5 pul./mL to about 3.5 uL./mL, between about 1.5 uL./mL to about 3
ulL/mL, between about 1.5 pul./mL to about 2.5 uL./mL, between about 1.5 uL./mL to about 2
uL/mL, between about 2 uL./mL to about 10 uL./mL, between about 2 pul./mL to about 5 uL/mL,
between about 2 uL./mL to about 4.5 uL/mL, between about 2 uL./mL to about 4 uL./mL, between
about 2 uL./mL to about 3.5 uL/mL, between about 2 uL./mL to about 3 uL./mL, or between about
2 uL/mL to about 2.5 uL/mL of medium (e.g., fresh medium). For example, the concentration of
lipofectamine or liposomes (e.g., cationic liposomes) or phospholipids or other transfection agent
in the medium can be between about 1.5 ul./mL and about 4 uL/mL or it can be about 1.5
ulL/mL, about 2 uL/mL, about 2.5 uL/mL, about 3 uL./mL, about 3.5 uL/mL, or about 4 puL/mL.
[00264] Tau cell-to-cell propagation may also result from tau aggregation activity secreted by
aggregate-containing cells. For example, Agg[+] cells, or cells sensitized to becoming Agg[+]
cells (e.g., sensitized to tau seeding or tau aggregation activity), can be generated by co-culturing
Agg[-] Cas/tau biosensor cells with Agg[+] cells. Likewise, Agg[+] cells, or cells sensitized to
becoming Agg[+] cells (e.g., sensitized to tau seeding or tau aggregation activity), can be
generated by co-culturing Agg[-] SAM/tau biosensor cells with Agg[+] cells.

[00265] Agg[+] cells, or cells sensitized to becoming Agg[+] cells (e.g., sensitized to tau
seeding or tau aggregation activity), can also be generated using conditioned medium harvested
from cultured tau-aggregation-positive cells in which a tau repeat domain stably presents in an
aggregated state as described herein. This is the “minimal seeding” disclosed in the examples
herein. Conditioned medium refers to spent medium harvested from cultured cells. It contains
metabolites, growth factors, and extracellular matrix proteins secreted into the medium by the
cultured cells. Use of conditioned medium does not involve co-culturing with Agg[+] cells (i.e.,
the naive Agg[-] cells are not co-cultured with Agg[+] cells). As one example, conditioned
medium can be generated by collecting medium that has been on confluent Agg[+] cells. The
medium can have been on the confluent Agg[+] cells for about 12 hours, about 24 hours, about 2
days, about 3 days, about 4 days, about 5 days, about 6 days, about 7 days, about 8 days, about 9
days, or about 10 days. For example, the medium can have been on the confluent Agg[+] cells

for about 1 to about 7, about 2 to about 6, about 3 to about 5, or about 4 days. Conditioned
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medium can then be applied to naive (Agg[-]) Cas/tau biosensor cells in combination with fresh
medium. Likewise, conditioned medium can then be applied to naive (Agg[-]) SAM/tau
biosensor cells in combination with fresh medium. The ratio of conditioned medium to fresh
medium can be, for example, about 10:1, about 9:1, about 8:1, about 7:1, about 6:1, about 5:1,
about 4:1, about 3:1, about 2:1, about 1:1, about 1:2, about 1:3, about 1:4, about 1:5, about 1:6,
about 1:7, about 1:8, about 1:9, or about 1:10. For example, the ratio of conditioned medium of
fresh medium can be from about 5:1 to about 1:1, about 4:1 to about 2:1, or about 3:1. For
example, it can comprise culturing the genetically modified population of cells in about 90%
conditioned medium and about 10% fresh medium, about 85% conditioned medium and about
15% fresh medium, about 80% conditioned medium and about 20% fresh medium, about 75%
conditioned medium and about 25% fresh medium, about 70% conditioned medium and about
30% fresh medium, about 65% conditioned medium and about 35% fresh medium, about 60%
conditioned medium and about 40% fresh medium, about 55% conditioned medium and about
45% fresh medium, about 50% conditioned medium and about 50% fresh medium, about 45%
conditioned medium and about 55% fresh medium, about 40% conditioned medium and about
60% fresh medium, about 35% conditioned medium and about 65% fresh medium, about 30%
conditioned medium and about 70% fresh medium, about 25% conditioned medium and about
75% fresh medium, about 20% conditioned medium and about 80% fresh medium, about 15%
conditioned medium and about 85% fresh medium, or about 10% conditioned medium and about
90% fresh medium. In one example, it can comprise culturing the genetically modified
population of cells in a medium that comprises at least about 50% conditioned medium and no
more than about 50% fresh medium. In a specific example, it can comprise culturing the
genetically modified population of cells in about 75% conditioned medium and about 25% fresh
medium. Optionally, the conditioned medium is applied to the naive Agg[-] cells without
lipofectamine or without liposomes (e.g., cationic liposomes) or without phospholipids.
Optionally, the genetically modified population of cells is not co-cultured with the tau-
aggregation-positive cells in which a tau repeat domain stably presents in an aggregated state.
[00266] Conditioned medium without co-culturing has not been used in this context as a
seeding agent before. However, conditioned medium is particularly useful for large-scale
genome-wide screens because tau fibrils produced in vifro are a limited resource. In addition,

conditioned medium is more physiologically relevant because it is produced and secreted by
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cells rather than in vifro. Use of conditioned medium as described herein provides a boost of tau
seeding activity (e.g., ~0.1% as measured by FRET induction as disclosed elsewhere herein) to

sensitize cells to tau aggregation.

C. In Vitro Cultures and Conditioned Medium

[00267] Also disclosed herein are in vitro cultures or compositions comprising the Cas/tau
biosensor cells disclosed herein and medium for culturing those cells. Also disclosed herein are
in vitro cultures or compositions comprising the SAM/tau biosensor cells disclosed herein and
medium for culturing those cells. The cells can be Agg|[-] cells or Agg[+] cells. For example,
the culture or composition can comprise Agg[-] cells. In one example, the medium comprises
conditioned medium from Agg[+] cells as disclosed elsewhere herein. Optionally, the cells in
the culture or composition are Agg|-] cells and are not being co-cultured with Agg[+] cells. The
medium can comprise a mixture of conditioned medium and fresh medium. As one example, the
ratio of conditioned medium to fresh medium can be, for example, about 10:1, about 9:1, about
8:1, about 7:1, about 6:1, about 5:1, about 4:1, about 3:1, about 2:1, about 1:1, about 1:2, about
1:3, about 1:4, about 1:5, about 1:6, about 1:7, about 1:8, about 1:9, or about 1:10. For example,
the ratio of conditioned medium of fresh medium can be from about 5:1 to about 1:1, about 4:1
to about 2:1, or about 3:1. For example, it can comprise culturing the genetically modified
population of cells in about 90% conditioned medium and about 10% fresh medium, about 85%
conditioned medium and about 15% fresh medium, about 80% conditioned medium and about
20% fresh medium, about 75% conditioned medium and about 25% fresh medium, about 70%
conditioned medium and about 30% fresh medium, about 65% conditioned medium and about
35% fresh medium, about 60% conditioned medium and about 40% fresh medium, about 55%
conditioned medium and about 45% fresh medium, about 50% conditioned medium and about
50% fresh medium, about 45% conditioned medium and about 55% fresh medium, about 40%
conditioned medium and about 60% fresh medium, about 35% conditioned medium and about
65% fresh medium, about 30% conditioned medium and about 70% fresh medium, about 25%
conditioned medium and about 75% fresh medium, about 20% conditioned medium and about
80% fresh medium, about 15% conditioned medium and about 85% fresh medium, or about 10%
conditioned medium and about 90% fresh medium. In one example, it can comprise culturing

the genetically modified population of cells in a medium that comprises at least about 50%
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conditioned medium and no more than about 50% fresh medium. In a specific example, it can
comprise culturing the genetically modified population of cells in about 75% conditioned
medium and about 25% fresh medium. Optionally, the medium comprises lipofectamine or
liposomes (e.g., cationic liposomes) or phospholipids. Optionally, the medium does not
comprise lipofectamine or liposomes (e.g., cationic liposomes) or phospholipids. Optionally, the

medium does not comprise lipofectamine.

D. In Vitro Cultures and Medium Comprising Lysate from Tau-Aggregation-
Positive Cells

[00268] Also disclosed herein are in vitro cultures or compositions comprising the Cas/tau
biosensor cells disclosed herein and medium for culturing those cells. Also disclosed herein are
in vitro cultures or compositions comprising the SAM/tau biosensor cells disclosed herein and
medium for culturing those cells. In one example, the medium comprises a cell lysate from
cultured tau-aggregation-positive cells in which a tau repeat domain stably presents in an
aggregated state. The cells can be Agg[-] cells or Agg[+] cells. For example, the culture or
composition can comprise Agg[-] cells. Optionally, the cells in the culture or composition are
Aggl[-] cells and are not being co-cultured with Agg[+] cells. The medium can comprise a
mixture of fresh medium and the cell lysate.

[00269] The amount or concentration of the cell lysate in the medium can be any suitable
amount or concentration. For example, the concentration of cell lysate in the medium can be
between about 0.1 ug/mL and about 50 pg/mL, between about 0.1 pg/mL and about 25 ug/mL,
between about 0.1 ug/mL and about 10 pg/mL, between about 0.1 pg/mL and about 5 pg/mL,
between about 0.1 pg/mL and about 4.5 ug/mL, between about 0.1 pg/mL and about 4 ug/mL,
between about 0.1 ug/mL and about 3.5 pg/mL, between about 0.1 pg/mL and about 3 ug/mL,
between about 0.1 ug/mL and about 2.5 pg/mL, between about 0.1 pg/mL and about 2 ug/mL,
between about 0.1 pg/mL and about 1.5 pug/mL, between about 0.1 pg/mL and about 1 ug/mL,
between about 0.5 ug/mL and about 50 pg/mL, between about 0.5 pg/mL and about 25 ug/mL,
between about 0.5 ug/mL and about 10 pg/mL, between about 0.5 pg/mL and about 5 pg/mL,
between about 0.5 pg/mL and about 4.5 ug/mL, between about 0.5 pg/mL and about 4 ug/mL,
between about 0.5 pg/mL and about 3.5 pg/mL, between about 0.5 pg/mL and about 3 ug/mL,
between about 0.5 pg/mL and about 2.5 ug/mL, between about 0.5 pg/mL and about 2 ug/mL,

79



WO 2020/190932 PCT/US2020/023131

between about 0.5 pg/mL and about 1.5 ug/mL, between about 0.5 pg/mL and about 1 ug/mL,
between about 1 ug/mL and about 50 ug/mL, between about 1 ug/mL and about 25 pg/mL,
between about 1 ug/mL and about 10 ug/mL, between about 1 ug/mL and about 5 pg/mL,
between about 1 ug/mL and about 4.5 pg/mL, between about 1 ug/mL and about 4 pg/mL,
between about 1 ug/mL and about 3.5 pg/mL, between about 1 ug/mL and about 3 pg/mL,
between about 1 ug/mL and about 2.5 pg/mL, between about 1 ug/mL and about 2 pg/mL,
between about 1 ug/mL and about 1.5 pg/mL, between about 1.5 ug/mL and about 50 pg/mL,
between about 1.5 ug/mL and about 25 pg/mL, between about 1.5 pg/mL and about 10 ug/mL,
between about 1.5 pg/mL and about 5 ug/mL, between about 1.5 ug/mL and about 4.5 ug/mL,
between about 1.5 pg/mL and about 4 ug/mL, between about 1.5 ug/mL and about 3.5 ug/mL,
between about 1.5 pg/mL and about 3 pg/mL, between about 1.5 ug/mL and about 2.5 ug/mL,
between about 1.5 pg/mL and about 2 pg/mL, between about 2 ug/mL and about 50 ug/mL,
between about 2 pg/mL and about 25 pg/mL, between about 2 ug/mL and about 10 pg/mL,
between about 2 ug/mL and about 5 pg/mL, between about 2 pg/mL and about 4.5 pg/mL,
between about 2 ug/mL and about 4 pg/mL, between about 2 pg/mL and about 3.5 pg/mL,
between about 2 ug/mL and about 3 pg/mL, between about 2 pg/mL and about 2.5 pg/mL,
between about 2.5 ug/mL and about 50 ug/mL, between about 2.5 pg/mL and about 25 ug/mL,
between about 2.5 ug/mL and about 10 pg/mL, between about 2.5 pg/mL and about 5 pg/mL,
between about 2.5 pg/mL and about 4.5 ug/mL, between about 2.5 pg/mL and about 4 ug/mL,
between about 2.5 ug/mL and about 3.5 pg/mL, or between about 2.5 pg/mL and about 3 pg/mL
of medium (e.g., fresh culture medium). For example, the cell lysate in the culture medium can
be at a concentration of between about 1 ug/mL and about 5 pg/mL or can be at a concentration
of about 1.5 pg/mL, about 2 pg/mL, about 2.5 pg/mL, about 3 pug/mL, about 3.5 pg/mL, about 4
ug/mL, about 4.5 pg/mL, or about 5 ug/mL. Optionally, the cell lysate can be in a buffer, such
as phosphate-buffered saline. Optionally, the buffer can comprise protease inhibitors. Examples
of protease inhibitors include, but are not limited to, AEBSF, aprotinin, bestatin, E-64, leupeptin,
pepstatin A, and ethylenediaminetetracetic acid (EDTA). The buffer can comprise any of these
inhibitors or any combination thereof (e.g., the buffer can comprise all of these protease
inhibitors).

[00270] The cells for producing the lysate can be collected in a buffer, such as phosphate-

buffered saline. Optionally, the buffer can comprise protease inhibitors. Examples of protease
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inhibitors include, but are not limited to, AEBSF, aprotinin, bestatin, E-64, leupeptin, pepstatin
A, and ethylenediaminetetracetic acid (EDTA). The buffer can comprise any of these inhibitors
or any combination thereof (e.g., the buffer can comprise all of these protease inhibitors).
[00271] The cell lysate can, for example, be collected by sonicating the tau-aggregation-
positive cells (e.g., cells collected in a buffer and protease inhibitors as described above) for any
suitable amount of time. For example, the cells can be sonicated for between about 1 minute and
about 6 minutes, between about 1 minute and about 5 minutes, between about 1 minute and
about 4 minutes, between about 1 minute and about 3 minutes, between about 2 minutes and
about 6 minutes, between about 2 minutes and about 5 minutes, between about 2 minutes and
about 4 minutes, between about 2 minutes and about 3 minutes, between about 2 minutes and
about 6 minutes, between about 3 minutes and about 5 minutes, or between about 3 minutes and
about 4 minutes. For example, the cells can be sonicated for between about 2 minutes and about
4 minutes or for about 3 minutes.

[00272] Optionally, the medium comprises lipofectamine or liposomes (e.g., cationic
liposomes) or phospholipids or another transfection agent. Optionally, the medium comprises
lipofectamine. Optionally, the medium does not comprise lipofectamine or liposomes (e.g.,
cationic liposomes) or phospholipids or another transfection agent. Optionally, the medium does
not comprise lipofectamine. The amount or concentration of the lipofectamine or liposomes
(e.g., cationic liposomes) or phospholipids or other transfection agent in the medium can be any
suitable amount or concentration. For example, the concentration of lipofectamine or liposomes
(e.g., cationic liposomes) or phospholipids or other transfection agent in the medium can be
between about 0.5 uL./mL to about 10 uL/mL, between about 0.5 uL/mL to about 5 pL./mL,
between about 0.5 uL./mL to about 4.5 uL/mL, between about 0.5 uL/mL to about 4 uL./mL,
between about 0.5 pL./mL to about 3.5 uL/mL, between about 0.5 uL/mL to about 3 uL./mL,
between about 0.5 pL./mL to about 2.5 uL./mL, between about 0.5 uL/mL to about 2 uL./mL,
between about 0.5 pL./mL to about 1.5 uL/mL, between about 0.5 uL/mL to about 1 uL./mL,
between about 1 uL./mL to about 10 uL/mL, between about 1 pL./mL to about 5 uL/mL, between
about 1 uL./mL to about 4.5 uL/mL, between about 1 uL/mL to about 4 uL./mL, between about 1
ulL/mL to about 3.5 uL/mL, between about 1 uL./mL to about 3 uL/mL, between about 1 puL./mL
to about 2.5 uL./mL, between about 1 uL./mL to about 2 ul/mL, between about 1 uL./mL to about
1.5 uL/mL, between about 1.5 ul./mL to about 10 uL/mL, between about 1.5 uL./mL to about 5
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uL/mL, between about 1.5 pul./mL to about 4.5 uL./mL, between about 1.5 uL./mL to about 4
ulL/mL, between about 1.5 pul./mL to about 3.5 uL./mL, between about 1.5 uL./mL to about 3
ulL/mL, between about 1.5 pul./mL to about 2.5 uL./mL, between about 1.5 uL./mL to about 2
uL/mL, between about 2 uL./mL to about 10 uL./mL, between about 2 pul./mL to about 5 uL/mL,
between about 2 uL./mL to about 4.5 uL/mL, between about 2 uL./mL to about 4 uL./mL, between
about 2 uL./mL to about 3.5 uL/mL, between about 2 uL./mL to about 3 uL./mL, or between about
2 uL/mL to about 2.5 uL/mL of medium (e.g., fresh medium). For example, the concentration of
lipofectamine or liposomes (e.g., cationic liposomes) or phospholipids or other transfection agent
in the medium can be between about 1.5 ul./mL and about 4 uL/mL or it can be about 1.5

ulL/mL, about 2 uL/mL, about 2.5 uL/mL, about 3 uL./mL, about 3.5 uL/mL, or about 4 puL/mL.

III. Guide RNA Knockout Libraries

[00273] The CRISPRn screening methods disclosed herein make use of CRISPR guide RNA
(gRNA) knockout libraries such as genome-wide gRNA knockout libraries. Cas nucleases such
as Cas9 can be programmed to induce double-strand breaks at specific genomic loci through
gRNAs designed to target specific target sequences. Because the targeting specificity of Cas
proteins is conferred by short gRNAs, pooled genome-scale functional screening is possible.
Such libraries have several advantages over libraries such as shRNA libraries, which reduce
protein expression by targeting mRNA. In contrast, gRNA libraries achieve knockout via
frameshift mutations introduced in genomic coding regions of genes.

[00274] The CRISPRa screening methods disclosed herein make use of CRISPR guide RNA
(gRNA) transcriptional activation libraries such as genome-wide gRNA transcriptional activation
libraries. SAM systems can be programmed to activate transcription of genes at specific
genomic loci through gRNAs designed to target specific target sequences. Because the targeting
specificity of Cas proteins is conferred by short gRNAs, pooled genome-scale functional
screening is possible.

[00275] The gRNAs in a library can target any number of genes. For example, the gRNAs
can target about 50 or more genes, about 100 or more genes, about 200 or more genes, about 300
or more genes, about 400 or more genes, about 500 or more genes, about 1000 or more genes,
about 2000 or more genes, about 3000 or more genes, about 4000 or more genes, about 5000 or

more genes, about 10000 or more genes, or about 20000 or more genes. In some libraries, the

82



WO 2020/190932 PCT/US2020/023131

gRNAs can be selected to target genes in a particular signaling pathway. Some libraries are
genome-wide libraries.

[00276] The genome-wide libraries include one or more gRNAs (e.g., sgRNAs) targeting each
gene in the genome. The genome being targeted can any type of genome. For example, the
genome can be a eukaryotic genome, a mammalian genome, a non-human mammalian genome, a
rodent genome, a mouse genome, a rat genome, or a human genome. In one example, the
targeted genome is a human genome.

[00277] The gRNAs can target any number of sequences within each individual targeted gene.
In some libraries, a plurality of target sequences are targeted on average in each of the targeted
plurality of genes. For example, about 2 to about 10, about 2 to about 9, about 2 to about 8,
about 2 to about 7, about 2 to about 6, about 2 to about 5, about 2 to about 4, or about 2 to about
3 unique target sequences can be targeted on average in each of the targeted plurality of genes.
For example, at least about 2, at least about 3, at least about 4, at least about 5, or at least about 6
unique target sequences can be targeted on average in each of the targeted plurality of genes. As
a specific example, about 6 target sequences can be targeted on average in each of the targeted
plurality of genes. As another specific example, about 3 to about 6 or about 4 to about 6 target
sequences are targeted on average in each of the targeted plurality of genes.

[00278] For example, the libraries can target genes with an average coverage of about 1, about
2, about 3, about 4, about 5, about 6, about 7, about 8, about 9, or about 10 gRNAs per gene. In
a specific example a library can target genes with an average coverage of about 3-4 gRNAs per
gene or about 6 gRNAs per gene.

[00279] The gRNASs can target any desired location in the target genes. The CRISPRn
gRNAs can be designed to target coding regions of genes so that cleavage by the corresponding
Cas protein will result in frameshift insertion/deletion (indel) mutations that result in a loss-of-
function allele. More specifically, frameshift mutations can be achieved through targeted DNA
double strand breaks and subsequent mutagenic repair via the non-homologous end joining
(NHEJ) pathway, which produces indels at the site of break. The indel being introduced into the
DSB is random, with some indels leading to frameshift mutations that cause premature
termination of the gene.

[00280] In some CRISPRn libraries, each gRNA targets a constitutive exon if possible. In

some CRISPRn libraries, each gRNA targets a 5’ constitutive exon if possible. In some

83



WO 2020/190932 PCT/US2020/023131

methods, each gRNA targets a first exon, a second exon, or a third exon (from the 5’ end of the
gene) if possible.

[00281]  As one example, the gRNAs in the CRISPRn library can target constitutive exons.
Constitutive exons are exons that are consistently conserved after splicing. Exons expressed
across all tissues can be considered constitutive exons for gRNA targeting. The gRNAs in the
library can target constitutive exons near the 5’ end of each gene. Optionally, the first and last
exons of each gene can be excluded as potential targets. Optionally, any exon containing an
alternative splicing site can be excluded as potential targets. Optionally, the two earliest exons
meeting the above criteria are selected as potential targets. Optionally, exons 2 and 3 are
selected as potential targets (e.g., if no constitutive exons are identified). In addition, the gRNAs
in the library can be selected and designed to minimize off-target effects.

[00282] In a specific example, the genome-wide CRISPRn gRNA library or libraries comprise
sgRNAs targeting 5° constitutive exons of > 18,000 genes in the human genome with an average
coverage of ~6 sgRNAs per gene, with each target site was selected to minimize off-target
modification.

[00283] The CRISPRa gRNAs can be designed to target sequences adjacent to the
transcription start site of a gene. For example, the target sequence can be within 1000, 900, 800,
700, 600, 500, 400, 300, 200, 190, 180, 170, 160, 150, 140, 130, 120, 110, 100, 90, 80, 70, 60,
50, 40, 30, 20, 10, 5, or 1 base pair of the transcription start site. For example, each gRNA in the
CRISPRa library can target a sequence within 200 bp upstream of a transcription start site.
Optionally, the target sequence is within the region 200 base pairs upstream of the transcription
start site and 1 base pair downstream of the transcription start site (-200 to +1).

[00284] The gRNAs in the genome-wide library can be in any form. For example, the gRNA
library can be packaged in a viral vector, such as retroviral vectors, lentiviral vectors, or
adenoviral vectors. In a specific example, the gRNA library is packaged in lentiviral vectors.
The vectors can further comprise reporter genes or selection markers to facilitate selection of
cells that receive the vectors. Examples of such reporter genes and selection markers are
disclosed elsewhere herein. As one example, the selection marker can be one that imparts
resistance to a drug, such as neomycin phosphotransferase, hygromycin B phosphotransferase,
puromycin-N-acetyltransferase, and blasticidin S deaminase. Another exemplary selection

marker is bleomycin resistance protein, encoded by the S/ ble gene (Streptoalloteichus
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hindustanus bleomycin gene), which confers zeocin (phleomycin D1) resistance. For example,
cells can be selected with a drug (e.g., puromycin) so that only cells transduced with a guide

RNA construct are preserved for being used to carry out screening.

A. Guide RNASs

[00285] A “guide RNA” or “gRNA” is an RNA molecule that binds to a Cas protein (e.g.,
Cas9 protein) and targets the Cas protein to a specific location within a target DNA. Guide
RNAs can comprise two segments: a “DNA-targeting segment” and a “protein-binding
segment.” “Segment” includes a section or region of a molecule, such as a contiguous stretch of
nucleotides in an RNA. Some gRNAs, such as those for Cas9, can comprise two separate RNA
molecules: an “activator-RNA” (e.g., tractRNA) and a “targeter-RNA” (e.g., CRISPR RNA or
crRNA). Other gRNAs are a single RNA molecule (single RNA polynucleotide), which can also
be called a “single-molecule gRNA,” a “single-guide RNA,” or an “sgRNA.” See, e.g., WO
2013/176772, WO 2014/065596, WO 2014/089290, WO 2014/093622, WO 2014/099750, WO
2013/142578, and WO 2014/131833, each of which is herein incorporated by reference in its
entirety for all purposes. For Cas9, for example, a single-guide RNA can comprise a crRNA
fused to a tracrRNA (e.g., via a linker). For Cpfl, for example, only a crRNA is needed to
achieve binding to a target sequence. The terms “guide RNA” and “gRNA” include both double-
molecule (i.e., modular) gRNAs and single-molecule gRNAs.

[00286] An exemplary two-molecule gRNA comprises a crRNA-like (“CRISPR RNA” or
“targeter-RNA” or “crRNA” or “crRNA repeat”) molecule and a corresponding tracrRNA-like
(“trans-acting CRISPR RNA” or “activator-RNA” or “tracrfRNA”) molecule. A crRNA
comprises both the DNA-targeting segment (single-stranded) of the gRNA and a stretch of
nucleotides that forms one half of the dsSRNA duplex of the protein-binding segment of the
gRNA. An example of a crRNA tail, located downstream (3”) of the DNA-targeting segment,
comprises, consists essentially of, or consists of GUUUUAGAGCUAUGCU (SEQ ID NO: 23).
Any of the DNA-targeting segments disclosed herein can be joined to the 5 end of SEQ ID NO:
23 to form a crRNA.

[00287] A corresponding tractRNA (activator-RNA) comprises a stretch of nucleotides that
forms the other half of the dsSRNA duplex of the protein-binding segment of the gRNA. A

stretch of nucleotides of a crRNA are complementary to and hybridize with a stretch of
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nucleotides of a tractrRNA to form the dsSRNA duplex of the protein-binding domain of the
gRNA. As such, each crRNA can be said to have a corresponding tractRNA. An example of a
tractRNA sequence comprises, consists essentially of, or consists of
AGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACC
GAGUCGGUGCUUU (SEQ ID NO: 24). Other examples of tracrRNA sequences comprise,
consist essentially of, or consist of any one of
AAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGG
CACCGAGUCGGUGCUUUU (SEQ ID NO: 28), or
GUUGGAACCAUUCAAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCA
ACUUGAAAAAGUGGCACCGAGUCGGUGC (SEQ ID NO: 29).

[00288] In systems in which both a crRNA and a tracrRNA are needed, the crRNA and the
corresponding tractrRNA hybridize to form a gRNA. In systems in which only a crRNA is
needed, the crRNA can be the gRNA. The crRNA additionally provides the single-stranded
DNA-targeting segment that hybridizes to the complementary strand of a target DNA. If used
for modification within a cell, the exact sequence of a given crRNA or tractRNA molecule can
be designed to be specific to the species in which the RNA molecules will be used. See, e.g.,
Mali et al. (2013) Science 339:823-826; Jinek et al. (2012) Science 337:816-821; Hwang et al.
(2013) Nat. Biotechnol. 31:227-229; Jiang et al. (2013) Nat. Biotechnol. 31:233-239; and Cong
et al. (2013) Science 339:819-823, each of which is herein incorporated by reference in its
entirety for all purposes.

[00289] The DNA-targeting segment (crRNA) of a given gRNA comprises a nucleotide
sequence that is complementary to a sequence on the complementary strand of the target DNA,
as described in more detail below. The DNA-targeting segment of a gRNA interacts with the
target DNA in a sequence-specific manner via hybridization (i.e., base pairing). As such, the
nucleotide sequence of the DNA-targeting segment may vary and determines the location within
the target DNA with which the gRNA and the target DNA will interact. The DNA-targeting
segment of a subject gRNA can be modified to hybridize to any desired sequence within a target
DNA. Naturally occurring crRNAs differ depending on the CRISPR/Cas system and organism
but often contain a targeting segment of between 21 to 72 nucleotides length, flanked by two
direct repeats (DR) of a length of between 21 to 46 nucleotides (see, e.g., WO 2014/131833,

herein incorporated by reference in its entirety for all purposes). In the case of S. pyogenes, the
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DRs are 36 nucleotides long and the targeting segment is 30 nucleotides long. The 3’ located
DR is complementary to and hybridizes with the corresponding tractrRNA, which in turn binds to
the Cas protein.

[00290] The DNA-targeting segment can have, for example, a length of at least about 12, 15,
17, 18, 19, 20, 25, 30, 35, or 40 nucleotides. Such DNA-targeting segments can have, for
example, a length from about 12 to about 100, from about 12 to about 80, from about 12 to about
50, from about 12 to about 40, from about 12 to about 30, from about 12 to about 25, or from
about 12 to about 20 nucleotides. For example, the DNA targeting segment can be from about
15 to about 25 nucleotides (e.g., from about 17 to about 20 nucleotides, or about 17, 18, 19, or 20
nucleotides). See, e.g., US 2016/0024523, herein incorporated by reference in its entirety for all
purposes. For Cas9 from S. pyogenes, a typical DNA-targeting segment is between 16 and 20
nucleotides in length or between 17 and 20 nucleotides in length. For Cas9 from S. aureus, a
typical DNA-targeting segment is between 21 and 23 nucleotides in length. For Cpf1, a typical
DNA-targeting segment is at least 16 nucleotides in length or at least 18 nucleotides in length.
[00291] TracrRNAs can be in any form (e.g., full-length tracrRNAs or active partial
tractrRNAs) and of varying lengths. They can include primary transcripts or processed forms.
For example, tractrRNAs (as part of a single-guide RNA or as a separate molecule as part of a
two-molecule gRNA) may comprise, consist essentially of, or consist of all or a portion of a wild
type tractRNA sequence (e.g., about or more than about 20, 26, 32, 45, 48, 54, 63, 67, 85, or
more nucleotides of a wild type tractrRNA sequence). Examples of wild type tracrRNA
sequences from S. pyogenes include 171-nucleotide, 89-nucleotide, 75-nucleotide, and 65-
nucleotide versions. See, e.g., Deltcheva et al. (2011) Nature 471:602-607; WO 2014/093661,
each of which is herein incorporated by reference in its entirety for all purposes. Examples of
tractrRNAs within single-guide RNAs (sgRNAs) include the tracrRNA segments found within
+48, +54, +67, and +85 versions of sgRNAs, where “+n” indicates that up to the +n nucleotide
of wild type tractrRNA 1is included in the sgRNA. See US 8,697,359, herein incorporated by
reference in its entirety for all purposes.

[00292] The percent complementarity between the DNA-targeting segment of the guide RNA
and the complementary strand of the target DNA can be at least 60% (e.g., at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least

98%, at least 99%, or 100%). The percent complementarity between the DNA-targeting segment
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and the complementary strand of the target DNA can be at least 60% over about 20 contiguous
nucleotides. As an example, the percent complementarity between the DNA-targeting segment
and the complementary strand of the target DNA can be 100% over the 14 contiguous
nucleotides at the 5’ end of the complementary strand of the target DNA and as low as 0% over
the remainder. In such a case, the DNA-targeting segment can be considered to be 14
nucleotides in length. As another example, the percent complementarity between the DNA-
targeting segment and the complementary strand of the target DNA can be 100% over the seven
contiguous nucleotides at the 5° end of the complementary strand of the target DNA and as low
as 0% over the remainder. In such a case, the DNA-targeting segment can be considered to be 7
nucleotides in length. In some guide RNAs, at least 17 nucleotides within the DNA-targeting
segment are complementary to the complementary strand of the target DNA. For example, the
DNA-targeting segment can be 20 nucleotides in length and can comprise 1, 2, or 3 mismatches
with the complementary strand of the target DNA. In one example, the mismatches are not
adjacent to the region of the complementary strand corresponding to the protospacer adjacent
motif (PAM) sequence (i.e., the reverse complement of the PAM sequence) (e.g., the mismatches
are in the 5” end of the DNA-targeting segment of the guide RNA, or the mismatches are at least
2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, or 19 base pairs away from the region of
the complementary strand corresponding to the PAM sequence).

[00293] The protein-binding segment of a gRNA can comprise two stretches of nucleotides
that are complementary to one another. The complementary nucleotides of the protein-binding
segment hybridize to form a double-stranded RNA duplex (dsRNA). The protein-binding
segment of a subject gRNA interacts with a Cas protein, and the gRNA directs the bound Cas
protein to a specific nucleotide sequence within target DNA via the DNA-targeting segment.
[00294] Single-guide RNAs can comprise a DNA-targeting segment and a scaffold sequence
(i.e., the protein-binding or Cas-binding sequence of the guide RNA). For example, such guide
RNAs can have a 5° DNA-targeting segment joined to a 3’ scaffold sequence. Exemplary
scaffold sequences comprise, consist essentially of, or consist of:
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGA
AAAAGUGGCACCGAGUCGGUGCU (version 1; SEQ ID NO: 17),
GUUGGAACCAUUCAAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCA
ACUUGAAAAAGUGGCACCGAGUCGGUGC (version 2; SEQ ID NO: 18);
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GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGA
AAAAGUGGCACCGAGUCGGUGC (version 3; SEQ ID NO: 19); and
GUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUU
AUCAACUUGAAAAAGUGGCACCGAGUCGGUGC (version 4; SEQ ID NO: 20). Other
exemplary scaffold sequences comprise, consist essentially of, or consist of:
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGA
AAAAGUGGCACCGAGUCGGUGCUUUUUUU (version 5; SEQ ID NO: 30);
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGA
AAAAGUGGCACCGAGUCGGUGCUUUU (version 6; SEQ ID NO: 31); or
GUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUU
AUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU (version 7; SEQ ID NO: 32).
Guide RNAs targeting any of the guide RNA target sequences disclosed herein can include, for
example, a DNA-targeting segment on the 5 end of the guide RNA fused to any of the
exemplary guide RNA scaffold sequences on the 3” end of the guide RNA. That is, any of the
DNA-targeting segments disclosed herein can be joined to the 5’ end of any one of the above
scaffold sequences to form a single guide RNA (chimeric guide RNA).

[00295] Guide RNAs can include modifications or sequences that provide for additional
desirable features (e.g., modified or regulated stability; subcellular targeting; tracking with a
fluorescent label; a binding site for a protein or protein complex; and the like). Examples of such
modifications include, for example, a 5” cap (e.g., a 7-methylguanylate cap (m7G)); a 3’
polyadenylated tail (i.e., a 3’ poly(A) tail); a riboswitch sequence (e.g., to allow for regulated
stability and/or regulated accessibility by proteins and/or protein complexes); a stability control
sequence; a sequence that forms a dsSRNA duplex (i.e., a hairpin); a modification or sequence
that targets the RNA to a subcellular location (e.g., nucleus, mitochondria, chloroplasts, and the
like); a modification or sequence that provides for tracking (e.g., direct conjugation to a
fluorescent molecule, conjugation to a moiety that facilitates fluorescent detection, a sequence
that allows for fluorescent detection, and so forth); a modification or sequence that provides a
binding site for proteins (e.g., proteins that act on DNA, including transcriptional activators,
transcriptional repressors, DNA methyltransferases, DNA demethylases, histone
acetyltransferases, histone deacetylases, and the like); and combinations thereof. Other examples

of modifications include engineered stem loop duplex structures, engineered bulge regions,
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engineered hairpins 3’ of the stem loop duplex structure, or any combination thereof. See, e.g.,
US 2015/0376586, herein incorporated by reference in its entirety for all purposes. A bulge can
be an unpaired region of nucleotides within the duplex made up of the crRNA-like region and the
minimum tractRNA-like region. A bulge can comprise, on one side of the duplex, an unpaired
5'-XXXY-3' where X is any purine and Y can be a nucleotide that can form a wobble pair with a
nucleotide on the opposite strand, and an unpaired nucleotide region on the other side of the
duplex.

[00296] In some cases, a transcriptional activation system can be used comprising a dCas9-
VP64 fusion protein paired with MS2-p65-HSF1. Guide RNAs in such systems can be designed
with aptamer sequences appended to sgRNA tetraloop and stem-loop 2 designed to bind
dimerized MS2 bacteriophage coat proteins. See, e.g., Konermann et al. (2015) Nature
517(7536):583-588, herein incorporated by reference in its entirety for all purposes.

[00297] Unmodified nucleic acids can be prone to degradation. Exogenous nucleic acids can
also induce an innate immune response. Modifications can help introduce stability and reduce
immunogenicity. Guide RNAs can comprise modified nucleosides and modified nucleotides
including, for example, one or more of the following: (1) alteration or replacement of one or both
of the non-linking phosphate oxygens and/or of one or more of the linking phosphate oxygens in
the phosphodiester backbone linkage; (2) alteration or replacement of a constituent of the ribose
sugar such as alteration or replacement of the 2 hydroxyl on the ribose sugar; (3) replacement of
the phosphate moiety with dephospho linkers; (4) modification or replacement of a naturally
occurring nucleobase; (5) replacement or modification of the ribose-phosphate backbone; (6)
modification of the 3” end or 5° end of the oligonucleotide (e.g., removal, modification or
replacement of a terminal phosphate group or conjugation of a moiety); and (7) modification of
the sugar. Other possible guide RNA modifications include modifications of or replacement of
uracils or poly-uracil tracts. See, e.g., WO 2015/048577 and US 2016/0237455, each of which is
herein incorporated by reference in its entirety for all purposes. Similar modifications can be
made to Cas-encoding nucleic acids, such as Cas mRNAs. For example, Cas mRNAs can be
modified by depletion of uridine using synonymous codons.

[00298] As one example, nucleotides at the 5” or 3” end of a guide RNA can include
phosphorothioate linkages (e.g., the bases can have a modified phosphate group that is a
phosphorothioate group). For example, a guide RNA can include phosphorothioate linkages

90



WO 2020/190932 PCT/US2020/023131

between the 2, 3, or 4 terminal nucleotides at the 5’ or 3’ end of the guide RNA. As another
example, nucleotides at the 5’ and/or 3’ end of a guide RNA can have 2’-O-methyl
modifications. For example, a guide RNA can include 2’-O-methyl modifications at the 2, 3, or
4 terminal nucleotides at the 5 and/or 3’ end of the guide RNA (e.g., the 5’ end). See, e.g., WO
2017/173054 A1 and Finn et al. (2018) Cell Reports 22:1-9, each of which is herein incorporated
by reference in its entirety for all purposes. Other possible modifications are described in more
detail elsewhere herein. In a specific example, a guide RNA includes 2’-O-methyl analogs and
3’ phosphorothioate internucleotide linkages at the first three 5 and 3’ terminal RNA residues.
Such chemical modifications can, for example, provide greater stability and protection from
exonucleases to guide RNAs, allowing them to persist within cells for longer than unmodified
guide RNAs. Such chemical modifications can also, for example, protect against innate
intracellular immune responses that can actively degrade RNA or trigger immune cascades that
lead to cell death.

[00299] In some guide RNAs (e.g., single guide RNAs), at least one loop (e.g., two loops) of
the guide RNA is modified by insertion of a distinct RNA sequence that binds to one or more
adaptors (i.e., adaptor proteins or domains). Such adaptor proteins can be used to further recruit
one or more heterologous functional domains, such as transcriptional activation domains (e.g.,
for use in CRISPRa screening in the SAM/tau biosensor cells). Examples of fusion proteins
comprising such adaptor proteins (i.e., chimeric adaptor proteins) are disclosed elsewhere herein.
For example, an MS2-binding loop ggccAACAUGAGGAUCACCCAUGUCUGCAGggcc (SEQ
ID NO: 33) may replace nucleotides +13 to +16 and nucleotides +53 to +56 of the sgRNA
scaffold (backbone) set forth in SEQ ID NO: 17 or SEQ ID NO: 19 (or SEQ ID NO: 30 or 31) or
the sgRNA backbone for the S. pyogenes CRISPR/Cas9 system described in WO 2016/049258
and Konermann et al. (2015) Nature 517(7536):583-588, each of which is herein incorporated by
reference in its entirety for all purposes. See also US 2019-0284572 and WO 2019/183123, each
of which is herein incorporated by reference in its entirety for all purposes. The guide RNA
numbering used herein refers to the nucleotide numbering in the guide RNA scaffold sequence
(i.e., the sequence downstream of the DNA-targeting segment of the guide RNA). For example,
the first nucleotide of the guide RNA scaffold is +1, the second nucleotide of the scaffold is +2,
and so forth. Residues corresponding with nucleotides +13 to +16 in SEQ ID NO: 17 or SEQ ID
NO: 19 (or SEQ ID NO: 30 or 31) are the loop sequence in the region spanning nucleotides +9 to
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+21 in SEQ ID NO: 17 or SEQ ID NO: 19 (or SEQ ID NO: 30 or 31), a region referred to herein
as the tetraloop. Residues corresponding with nucleotides +53 to +56 in SEQ ID NO: 17 or SEQ
ID NO: 19 (or SEQ ID NO: 30 or 31) are the loop sequence in the region spanning nucleotides
+48 to +61 in SEQ ID NO: 17 or SEQ ID NO: 19 (or SEQ ID NO: 30 or 31), a region referred to
herein as the stem loop 2. Other stem loop sequences in in SEQ ID NO: 17 or SEQ ID NO: 19
(or SEQ ID NO: 30 or 31) comprise stem loop 1 (nucleotides +33 to + 41) and stem loop 3
(nucleotides +63 to + 75). The resulting structure is an sgRNA scaffold in which each of the
tetraloop and stem loop 2 sequences have been replaced by an MS2 binding loop. The tetraloop
and stem loop 2 protrude from the Cas9 protein in such a way that adding an MS2-binding loop
should not interfere with any Cas9 residues. Additionally, the proximity of the tetraloop and
stem loop 2 sites to the DNA indicates that localization to these locations could result in a high
degree of interaction between the DNA and any recruited protein, such as a transcriptional
activator. Thus, in some sgRNAs, nucleotides corresponding to +13 to +16 and/or nucleotides
corresponding to +53 to +56 of the guide RNA scaffold set forth in SEQ ID NO: 17 or SEQ ID
NO: 19 (or SEQ ID NO: 30 or 31) or corresponding residues when optimally aligned with any of
these scaffold/backbones are replaced by the distinct RNA sequences capable of binding to one
or more adaptor proteins or domains. Alternatively or additionally, adaptor-binding sequences
can be added to the 5° end or the 3’ end of a guide RNA. An exemplary guide RNA scaffold
comprising MS2-binding loops in the tetraloop and stem loop 2 regions can comprise, consist
essentially of, or consist of the sequence set forth in SEQ ID NO: 34. An exemplary generic
single guide RNA comprising MS2-binding loops in the tetraloop and stem loop 2 regions can
comprise, consist essentially of, or consist of the sequence set forth in SEQ ID NO: 35.

[00300] Guide RNAs can be provided in any form. For example, the gRNA can be provided
in the form of RNA, either as two molecules (separate crRNA and tracrRNA) or as one molecule
(sgRNA), and optionally in the form of a complex with a Cas protein. The gRNA can also be
provided in the form of DNA encoding the gRNA. The DNA encoding the gRNA can encode a
single RNA molecule (sgRNA) or separate RNA molecules (e.g., separate crRNA and
tractRNA). In the latter case, the DNA encoding the gRNA can be provided as one DNA
molecule or as separate DNA molecules encoding the crRNA and tractrRNA, respectively.
[00301] When a gRNA is provided in the form of DNA, the gRNA can be transiently,
conditionally, or constitutively expressed in the cell. DNAs encoding gRNAs can be stably
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integrated into the genome of the cell and operably linked to a promoter active in the cell.
Alternatively, DNAs encoding gRNAs can be operably linked to a promoter in an expression
construct. For example, the DNA encoding the gRNA can be in a vector comprising a
heterologous nucleic acid, such as a nucleic acid encoding a Cas protein. Alternatively, it can be
in a vector or a plasmid that is separate from the vector comprising the nucleic acid encoding the
Cas protein. Promoters that can be used in such expression constructs include promoters active,
for example, in one or more of a eukaryotic cell, a human cell, a non-human cell, a mammalian
cell, a non-human mammalian cell, a rodent cell, a mouse cell, a rat cell, a pluripotent cell, an
embryonic stem (ES) cell, an adult stem cell, a developmentally restricted progenitor cell, an
induced pluripotent stem (iPS) cell, or a one-cell stage embryo. Such promoters can be, for
example, conditional promoters, inducible promoters, constitutive promoters, or tissue-specific
promoters. Such promoters can also be, for example, bidirectional promoters. Specific
examples of suitable promoters include an RNA polymerase Il promoter, such as a human U6
promoter, a rat U6 polymerase III promoter, or a mouse U6 polymerase III promoter.

[00302] Alternatively, gRNAs can be prepared by various other methods. For example,
gRNAs can be prepared by in vifro transcription using, for example, T7 RNA polymerase (see,
e.g., WO 2014/089290 and WO 2014/065596, each of which is herein incorporated by reference
in its entirety for all purposes). Guide RNAs can also be a synthetically produced molecule
prepared by chemical synthesis. For example, a guide RNA can be chemically synthesized to
include 2°-O-methyl analogs and 3 phosphorothioate internucleotide linkages at the first three 5’
and 3’ terminal RNA residues.

[00303] Guide RNAs (or nucleic acids encoding guide RNAs) can be in compositions
comprising one or more guide RNAs (e.g., 1, 2, 3, 4, or more guide RNAs) and a carrier
increasing the stability of the guide RNA (e.g., prolonging the period under given conditions of
storage (e.g., -20°C, 4°C, or ambient temperature) for which degradation products remain below
a threshold, such below 0.5% by weight of the starting nucleic acid or protein; or increasing the
stability in vivo). Non-limiting examples of such carriers include poly(lactic acid) (PLA)
microspheres, poly(D,L-lactic-coglycolic-acid) (PLGA) microspheres, liposomes, micelles,
inverse micelles, lipid cochleates, and lipid microtubules. Such compositions can further

comprise a Cas protein, such as a Cas9 protein, or a nucleic acid encoding a Cas protein.
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B. Guide RNA Target Sequences

[00304] Target DNAs for guide RNAs include nucleic acid sequences present in a DNA to
which a DNA-targeting segment of a gRNA will bind, provided sufficient conditions for binding
exist. Suitable DNA/RNA binding conditions include physiological conditions normally present
in a cell. Other suitable DNA/RNA binding conditions (e.g., conditions in a cell-free system) are
known in the art (see, e.g., Molecular Cloning: A Laboratory Manual, 3rd Ed. (Sambrook et al .,
Harbor Laboratory Press 2001), herein incorporated by reference in its entirety for all purposes).
The strand of the target DNA that is complementary to and hybridizes with the gRNA can be
called the “complementary strand,” and the strand of the target DNA that is complementary to
the “complementary strand” (and is therefore not complementary to the Cas protein or gRNA)
can be called “noncomplementary strand” or “template strand.”

[00305] The target DNA includes both the sequence on the complementary strand to which
the guide RNA hybridizes and the corresponding sequence on the non-complementary strand
(e.g., adjacent to the protospacer adjacent motif (PAM)). The term “guide RNA target sequence”
as used herein refers specifically to the sequence on the non-complementary strand
corresponding to (i.e., the reverse complement of) the sequence to which the guide RNA
hybridizes on the complementary strand. That is, the guide RNA target sequence refers to the
sequence on the non-complementary strand adjacent to the PAM (e.g., upstream or 5’ of the
PAM in the case of Cas9). A guide RNA target sequence is equivalent to the DNA-targeting
segment of a guide RNA, but with thymines instead of uracils. As one example, a guide RNA
target sequence for an SpCas9 enzyme can refer to the sequence upstream of the 5’-NGG-3’
PAM on the non-complementary strand. A guide RNA is designed to have complementarity to
the complementary strand of a target DNA, where hybridization between the DNA-targeting
segment of the guide RNA and the complementary strand of the target DNA promotes the
formation of a CRISPR complex. Full complementarity is not necessarily required, provided
that there is sufficient complementarity to cause hybridization and promote formation of a
CRISPR complex. If a guide RNA is referred to herein as targeting a guide RNA target
sequence, what is meant is that the guide RNA hybridizes to the complementary strand sequence
of the target DNA that is the reverse complement of the guide RNA target sequence on the non-

complementary strand.
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[00306] A target DNA or guide RNA target sequence can comprise any polynucleotide, and
can be located, for example, in the nucleus or cytoplasm of a cell or within an organelle of a cell,
such as a mitochondrion or chloroplast. A target DNA or guide RNA target sequence can be any
nucleic acid sequence endogenous or exogenous to a cell. The guide RNA target sequence can
be a sequence coding a gene product (e.g., a protein) or a non-coding sequence (e.g., a regulatory
sequence) or can include both.

[00307] For CRISPRa and SAM systems, it can be preferable for the target sequence to be
adjacent to the transcription start site of a gene. For example, the target sequence can be within
1000, 900, 800, 700, 600, 500, 400, 300, 200, 190, 180, 170, 160, 150, 140, 130, 120, 110, 100,
90, 80, 70, 60, 50, 40, 30, 20, 10, 5, or 1 base pair of the transcription start site. Optionally, the
target sequence is within the region 200 base pairs upstream of the transcription start site and 1
base pair downstream of the transcription start site (-200 to +1).

[00308] Site-specific binding and cleavage of a target DNA by a Cas protein can occur at
locations determined by both (1) base-pairing complementarity between the guide RNA and the
complementary strand of the target DNA and (i1) a short motif, called the protospacer adjacent
motif (PAM), in the non-complementary strand of the target DNA. The PAM can flank the
guide RNA target sequence. Optionally, the guide RNA target sequence can be flanked on the 3’
end by the PAM (e.g., for Cas9). Alternatively, the guide RNA target sequence can be flanked
on the 5” end by the PAM (e.g., for Cpfl). For example, the cleavage site of Cas proteins can be
about 1 to about 10 or about 2 to about 5 base pairs (e.g., 3 base pairs) upstream or downstream
of the PAM sequence (e.g., within the guide RNA target sequence). In the case of SpCas9, the
PAM sequence (i.e., on the non-complementary strand) can be 5’-N1GG-3’, where N is any
DNA nucleotide, and where the PAM is immediately 3’ of the guide RNA target sequence on the
non-complementary strand of the target DNA. As such, the sequence corresponding to the PAM
on the complementary strand (i.e., the reverse complement) would be 5’-CCN»-3’, where N is
any DNA nucleotide and is immediately 5’ of the sequence to which the DNA-targeting segment
of the guide RNA hybridizes on the complementary strand of the target DNA. In some such
cases, N1 and N, can be complementary and the N1- N> base pair can be any base pair (e.g.,
N1=C and N»>=G; N1=G and N»=C; N1=A and N>=T; or N;=T, and N>=A). In the case of Cas9
from S. aureus, the PAM can be NNGRRT or NNGRR, where N can A, G, C, or T, and R can be
G or A. In the case of Cas9 from C. jejuni, the PAM can be, for example, NNNNACAC or
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NNNNRYAC, where N can be A, G, C, or T, and R can be G or A. In some cases (e.g., for
FnCpfl), the PAM sequence can be upstream of the 5’ end and have the sequence 5’-TTN-3".
[00309] An example of a guide RNA target sequence is a 20-nucleotide DNA sequence
immediately preceding an NGG motif recognized by an SpCas9 protein. For example, two
examples of guide RNA target sequences plus PAMs are GN19sNGG (SEQ ID NO: 25) or
N20NGG (SEQ ID NO: 26). See, e.g., WO 2014/165825, herein incorporated by reference in its
entirety for all purposes. The guanine at the 5” end can facilitate transcription by RNA
polymerase in cells. Other examples of guide RNA target sequences plus PAMs can include two
guanine nucleotides at the 5” end (e.g., GGN20NGG; SEQ ID NO: 27) to facilitate efficient
transcription by T7 polymerase in vitro. See, e.g., WO 2014/065596, herein incorporated by
reference in its entirety for all purposes. Other guide RNA target sequences plus PAMs can have
between 4-22 nucleotides in length of SEQ ID NOS: 25-27, including the 5° G or GG and the 3’
GG or NGG. Yet other guide RNA target sequences plus PAMs can have between 14 and 20
nucleotides in length of SEQ ID NOS: 25-27.

[00310] Formation of a CRISPR complex hybridized to a target DNA can result in cleavage of
one or both strands of the target DNA within or near the region corresponding to the guide RNA
target sequence (i.e., the guide RNA target sequence on the non-complementary strand of the
target DNA and the reverse complement on the complementary strand to which the guide RNA
hybridizes). For example, the cleavage site can be within the guide RNA target sequence (e.g.,
at a defined location relative to the PAM sequence). The “cleavage site” includes the position of
a target DNA at which a Cas protein produces a single-strand break or a double-strand break.
The cleavage site can be on only one strand (e.g., when a nickase is used) or on both strands of a
double-stranded DNA. Cleavage sites can be at the same position on both strands (producing
blunt ends; e.g. Cas9)) or can be at different sites on each strand (producing staggered ends (i.e.,
overhangs); e.g., Cpfl). Staggered ends can be produced, for example, by using two Cas
proteins, each of which produces a single-strand break at a different cleavage site on a different
strand, thereby producing a double-strand break. For example, a first nickase can create a single-
strand break on the first strand of double-stranded DNA (dsDNA), and a second nickase can
create a single-strand break on the second strand of dsDNA such that overhanging sequences are
created. In some cases, the guide RNA target sequence or cleavage site of the nickase on the

first strand is separated from the guide RNA target sequence or cleavage site of the nickase on
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the second strand by at least 2, 3,4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 75, 100, 250, 500, or
1,000 base pairs.

1V. Methods of Screening for Genetic Modifiers of Tau Seeding or Aggregation

[00311] The Cas/tau biosensor cell lines disclosed herein can be used in methods of screening
for genetic modifiers of tau seeding or aggregation. Such methods can comprise providing a
population of Cas/tau biosensor cells as disclosed elsewhere herein, introducing a library
comprising a plurality of unique guide RNAs, and assessing tau seeding or aggregation in the
targeted cells.

[00312] As one example, a method can comprise providing a population of Cas/tau biosensor
cells (e.g., a population of cells comprising a Cas protein, a first tau repeat domain linked to a
first reporter, and a second tau repeat domain linked to a second reporter), introducing into the
population of cells a library comprising a plurality of unique guide RNAs that target a plurality
of genes, and culturing the population of cells to allow genome editing and expansion. The
plurality of unique guide RNAs form complexes with the Cas protein, and the Cas protein
cleaves the plurality of genes resulting in knockout of gene function to produce a genetically
modified population of cells. The genetically modified population of cells can then be contacted
with a tau seeding agent to produce a seeded population of cells. The seeded population of cells
can be cultured to allow tau aggregates to form, wherein aggregates of the first tau repeat domain
and the second tau repeat domain form in a subset of the seeded population of cells to produce an
aggregation-positive population of cells. Finally, abundance of each of the plurality of unique
guide RNAs can be determined in the aggregation-positive population of cells relative to the
population of cells being cultured after introduction of the guide RNA library. Enrichment of a
guide RNA in the aggregation-positive population of cells relative to the population of cells
being cultured after introduction of the guide RNA library indicates that the gene targeted by the
guide RNA is a genetic modifier of tau aggregation, wherein disruption of the gene targeted by
the guide RNA enhances tau aggregation, or is a candidate genetic modifier of tau aggregation
(e.g., for further testing via secondary screens), wherein disruption of the gene targeted by the
guide RNA is expected to enhance tau aggregation.

[00313] Similarly, the SAM/tau biosensor cell lines disclosed herein can be used in methods

of screening for genetic modifiers of tau seeding or aggregation. Such methods can comprise
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providing a population of SAM/tau biosensor cells as disclosed elsewhere herein, introducing a
library comprising a plurality of unique guide RNAs, and assessing tau seeding or aggregation in
the targeted cells.

[00314] As one example, a method can comprise providing a population of SAM/tau
biosensor cells (e.g., a population of cells comprising a chimeric Cas protein comprising a
nuclease-inactive Cas protein fused to one or more transcriptional activation domains, a chimeric
adaptor protein comprising an adaptor protein fused to one or more transcriptional activation
domains, a first tau repeat domain linked to a first reporter, and a second tau repeat domain
linked to a second reporter), introducing into the population of cells a library comprising a
plurality of unique guide RNAs that target a plurality of genes, and culturing the population of
cells to allow transcriptional activation and expansion. The plurality of unique guide RNAs form
complexes with the chimeric Cas protein and the chimeric adaptor protein, and the complexes
activate transcription of the plurality of genes resulting in increased gene expression and a
modified population of cells. The modified population of cells can then be contacted with a tau
seeding agent to produce a seeded population of cells. The seeded population of cells can be
cultured to allow tau aggregates to form, wherein aggregates of the first tau repeat domain and
the second tau repeat domain form in a subset of the seeded population of cells to produce an
aggregation-positive population of cells. Finally, abundance of each of the plurality of unique
guide RNAs can be determined in the aggregation-positive population of cells relative to the
population of cells being cultured after introduction of the guide RNA library. Enrichment of a
guide RNA in the aggregation-positive population of cells relative to the population of cells
being cultured after introduction of the guide RNA library indicates that the gene targeted by the
guide RNA is a genetic modifier of tau aggregation, wherein transcriptional activation of the
gene targeted by the guide RNA enhances tau aggregation, or is a candidate genetic modifier of
tau aggregation (e.g., for further testing via secondary screens), wherein transcriptional
activation of the gene targeted by the guide RNA is expected to enhance tau aggregation.
[00315] The Cas/tau biosensor cells used in the method can be any of the Cas/tau biosensor
cells disclosed elsewhere herein. Likewise, the SAM/tau biosensor cells used in the method can
be any of the SAM/tau biosensor cells disclosed elsewhere herein. The first tau repeat domain
and the second tau repeat domain can be different or can be similar or the same. The tau repeat

domain can be any of the tau repeat domains disclosed elsewhere herein. For example, the first
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tau repeat domain and/or the second tau repeat domain can be a wild type tau repeat domain or
can comprise a pro-aggregation mutation (e.g., a pathogenic, pro-aggregation mutation), such as
a tau P301S mutation. The first tau repeat domain and/or the second tau repeat domain can
comprise a tau four-repeat domain. As one specific example, the first tau repeat domain and/or
the second tau repeat domain can comprise, consist essentially of, or consist of SEQ ID NO: 11
or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical
to SEQ ID NO: 11. In one specific example, the nucleic acid encoding the tau repeat domain can
comprise, consist essentially of, or consist of SEQ ID NO: 12 or a sequence at least about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 12, optionally
wherein the nucleic acid encodes a protein comprising, consisting essentially of, or consisting of
SEQID NO: 11.

[00316] The first tau repeat domain can be linked to the first reporter and the second tau
repeat domain can be linked to the second reporter by any means. For example, the reporter can
be fused to the tau repeat domain (e.g., as part of a fusion protein). The reporter proteins can be
any pair of reporter proteins that produce a detectable signal when the first tau repeat domain
linked to the first reporter is aggregated with the second tau repeat domain linked to the second
reporter. As one example, the first and second reporters can be a split luciferase protein. As
another example, the first and second reporter proteins can be a fluorescence resonance energy
transfer (FRET) pair. FRET is a physical phenomenon in which a donor fluorophore in its
excited state non-radiatively transfers its excitation energy to a neighboring acceptor
fluorophore, thereby causing the acceptor to emit its characteristic fluorescence. Examples of
FRET pairs (donor and acceptor fluorophores) are well known. See, e.g., Bajar et al. (2016)
Sensors (Basel) 16(9):1488, herein incorporated by reference in its entirety for all purposes. As
one specific example of a FRET pair, the first reporter can be cyan fluorescent protein (CFP) and
the second reporter can be yellow fluorescent protein (YFP). As a specific example, the CFP can
comprise, consist essentially of, or consist of SEQ ID NO: 13 or a sequence at least about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 13. As another
specific example, the YFP can comprise, consist essentially of, or consist of SEQ ID NO: 15 or a
sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to
SEQ ID NO: 15.
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[00317] For the Cas/tau biosensor cells, the Cas protein can be any Cas protein disclosed
elsewhere herein. As one example, the Cas protein can be a Cas9 protein. For example, the
Cas9 protein can be a Streptococcus pyogenes Cas9 protein. As one specific example, the Cas
protein can comprise, consist essentially of, or consist of SEQ ID NO: 21 or a sequence at least
about 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%., or 99% identical to SEQ ID NO: 21.
[00318] One or more or all of the Cas protein, the first tau repeat domain linked to the first
reporter, and the second tau repeat domain linked to the second reporter can be stably expressed
in the population of cells. For example, nucleic acids encoding one or more or all of the Cas
protein, the first tau repeat domain linked to the first reporter, and the second tau repeat domain
linked to the second reporter can be genomically integrated in the population of cells. In one
specific example, the nucleic acid encoding the Cas protein can comprise, consist essentially of,
or consist of SEQ ID NO: 22 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO: 22, optionally wherein the nucleic acid
encodes a protein comprising, consisting essentially of, or consisting of SEQ ID NO: 21.

[00319] For the SAM/tau biosensor cells, the Cas protein can be any Cas protein disclosed
elsewhere herein. As one example, the Cas protein can be a Cas9 protein. For example, the
Cas9 protein can be a Streptococcus pyogenes Cas9 protein. As one specific example, the
chimeric Cas protein can comprise the nuclease-inactive Cas protein fused to a VP64
transcriptional activation domain. For example, the chimeric Cas protein can comprise from N-
terminus to C-terminus: the nuclease-inactive Cas protein; a nuclear localization signal; and the
VP64 transcriptional activator domain. As one specific example, the adaptor protein can be an
MS2 coat protein, and the one or more transcriptional activation domains in the chimeric adaptor
protein can comprise a p65 transcriptional activation domain and an HSF1 transcriptional
activation domain. For example, the chimeric adaptor protein can comprise from N-terminus to
C-terminus: the MS2 coat protein; a nuclear localization signal; the p65 transcriptional activation
domain; and the HSF1 transcriptional activation domain. In one specific example, the nucleic
acid encoding the chimeric Cas protein can comprise, consist essentially of, or consist of SEQ ID
NO: 38 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 38, optionally wherein the nucleic acid encodes a protein comprising,
consisting essentially of, or consisting of SEQ ID NO: 36. In one specific example, the nucleic

acid encoding the chimeric adaptor protein can comprise, consist essentially of, or consist of
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SEQ ID NO: 39 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to SEQ ID NO: 39, optionally wherein the nucleic acid encodes a protein
comprising, consisting essentially of, or consisting of SEQ ID NO: 37.

[00320] One or more or all of the chimeric Cas protein, the chimeric adaptor protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter can be stably expressed in the population of cells. For example, nucleic acids
encoding one or more or all of the chimeric Cas protein, the chimeric adaptor protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter can be genomically integrated in the population of cells.

[00321] As disclosed elsewhere herein, the cells can be any type of cells. For example, the
cells can be eukaryotic cells, mammalian cells, or human cells (e.g., HEK293T cells or neuronal
cells).

[00322] The plurality of unique guide RNAs can be introduced into the population of cells by
any known means. In some methods, the guide RNAs are introduced into the population of cells
by viral transduction, such as retroviral, adenoviral, or lentiviral transduction. In a specific
example, the guide RNAs can be introduced by lentiviral transduction. Each of the plurality of
unique guide RNAs can be in a separate viral vector. The population of cells can be infected at
any multiplicity of infection. For example, the multiplicity of infection can be between about 0.1
and about 1.0, between about 0.1 and about 0.9, between about 0.1 and about 0.8, between about
0.1 and about 0.7, between about 0.1 and about 0.6, between about 0.1 and about 0.5, between
about 0.1 and about 0.4, or between about 0.1 and about 0.3. Alternatively, the multiplicity of
infection can be less than about 1.0, less than about 0.9, less than about 0.8, less than about 0.7,
less than about 0.6, less than about 0.5, less than about 0.4, less than about 0.3, or less than about
0.2. In a specific example, the multiplicity of infection can be less than about 0.3.

[00323] The guide RNASs can be introduced into the population of cells together with a
selection marker or reporter gene to select for cells that have the guide RNAs, and the method
can further comprise selecting cells that comprise the selection marker or reporter gene.
Examples of selection markers and reporter genes are provided elsewhere herein. As one
example, the selection marker can be one that imparts resistance to a drug, such as neomycin
phosphotransferase, hygromycin B phosphotransferase, puromycin-N-acetyltransferase, and

blasticidin S deaminase. Another exemplary selection marker is bleomycin resistance protein,
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encoded by the S% ble gene (Streptoalloteichus hindustanus bleomycin gene), which confers
zeocin (phleomycin D1) resistance. For example, cells can be selected with a drug (e.g.,
puromycin) so that only cells transduced with a guide RNA construct are preserved for being
used to carry out screening. For example, the drug can be puromycin or zeocin (phleomycin
D1).

[00324] In some methods, the plurality of unique guide RNAs are introduced at a
concentration selected such that a majority of the cells receive only one of the unique guide
RNAs. For example, if the guide RNAs are being introduced by viral transduction, the cells can
be infected at a low multiplicity of infection to ensure that most cells receive only one viral
construct with high probability. As one specific example, the multiplicity of infection can be
less than about 0.3.

[00325] The population of cells into which the plurality of unique guide RNAs is introduced
can be any suitable number of cells. For example, the population of cells can comprise greater
than about 50, greater than about 100, greater than about 200, greater than about 300, greater
than about 400, greater than about 500, greater than about 600, greater than about 700, greater
than about 800, greater than about 900, or greater than about 1000 cells per unique guide RNA.
In a specific example, the population of cells comprises greater than about 300 cells or greater
than about 500 cells per unique guide RNA.

[00326] The plurality of unique guide RNAs can target any number of genes. For example,
the plurality of unique guide RNAs can target about S0 or more genes, about 100 or more genes,
about 200 or more genes, about 300 or more genes, about 400 or more genes, about 500 or more
genes, about 1000 or more genes, about 2000 or more genes, about 3000 or more genes, about
4000 or more genes, about 5000 or more genes, about 10000 or more genes, or about 20000 or
more genes. In some methods, the guide RNAs can be selected to target genes in a particular
signaling pathway. In some methods, the library of unique guide RNAs is a genome-wide
library.

[00327] The plurality of unique guide RNAs can target any number of sequences within each
individual targeted gene. In some methods, a plurality of target sequences are targeted on
average in each of the targeted plurality of genes. For example, about 2 to about 10, about 2 to
about 9, about 2 to about 8, about 2 to about 7, about 2 to about 6, about 2 to about 5, about 2 to

about 4, or about 2 to about 3 unique target sequences can be targeted on average in each of the

102



WO 2020/190932 PCT/US2020/023131

targeted plurality of genes. For example, at least about 2, at least about 3, at least about 4, at
least about 5, or at least about 6 unique target sequences can be targeted on average in each of
the targeted plurality of genes. As a specific example, about 6 target sequences can be targeted
on average in each of the targeted plurality of genes. As another specific example, about 3 to
about 6 or about 4 to about 6 target sequences are targeted on average in each of the targeted
plurality of genes.

[00328] The guide RNASs can target any desired location in the target genes. In some
CRISPRn methods using the Cas/tau biosensor cells, each guide RNA targets a constitutive exon
if possible. In some methods, each guide RNA targets a 5’ constitutive exon if possible. In
some methods, each guide RNA targets a first exon, a second exon, or a third exon (from the 5’
end of the gene) if possible. In some CRISPRa methods using the SAM/tau biosensor cells, each
guide RNA can target a guide RNA target sequence within 200 bp upstream of a transcription
start site, if possible. In some CRISPRa methods using the SAM/tau biosensor cells, wherein
each guide RNA can comprise one or more adaptor-binding elements to which the chimeric
adaptor protein can specifically bind. In one example, each guide RNA comprises two adaptor-
binding elements to which the chimeric adaptor protein can specifically bind, optionally wherein
a first adaptor-binding element is within a first loop of each of the one or more guide RNAs, and
a second adaptor-binding element is within a second loop of each of the one or more guide
RNAs. For example, the adaptor-binding element can comprise the sequence set forth in SEQ
ID NO: 33. In a specific example, each of one or more guide RNAs is a single guide RNA
comprising a CRISPR RNA (crRNA) portion fused to a transactivating CRISPR RNA
(tracrRNA) portion, and the first loop is the tetraloop corresponding to residues 13-16 of SEQ ID
NO: 17, 19, 30, or 31, and the second loop is the stem loop 2 corresponding to residues 53-56 of
SEQ ID NO: 17, 19, 30, or 31.

[00329] The step of culturing the population of cells to allow genome editing and expansion
can be any suitable period of time. For example, the culturing can be for between about 2 days
and about 10 days, between about 3 days and about 9 days, between about 4 days and about 8
days, between about 5 days and about 7 days, or about 6 days. Likewise, the step of culturing
the population of cells to allow transcriptional activation and expansion can be any suitable

period of time. For example, the culturing can be for between about 2 days and about 10 days,

103



WO 2020/190932 PCT/US2020/023131

between about 3 days and about 9 days, between about 4 days and about 8 days, between about 5
days and about 7 days, or about 6 days.

[00330] Any suitable tau seeding agent can be used to produce a seeded population of cells.
Suitable tau seeding agents are disclosed elsewhere herein. Some suitable seeding agents
comprise a tau repeat domain that can be, for example, different from or similar to or the same as
the first tau repeat domain and/or the second tau repeat domain. In one example, the seeding
step comprises culturing the genetically modified population of cells in the presence of
conditioned medium harvested from cultured tau-aggregation-positive cells in which a tau repeat
domain stably presents in an aggregated state. For example, the conditioned medium can have
been harvested from confluent tau-aggregation-positive cells after being on the confluent cells
for about 1 to about 7 days, about 2 to about 6 days, about 3 to about 5 days, or about 4 days.
The seeding step can comprise culturing the genetically modified population of cells in any
suitable ratio of conditioned medium to fresh medium. For example, it can comprise culturing
the genetically modified population of cells in about 90% conditioned medium and about 10%
fresh medium, about 85% conditioned medium and about 15% fresh medium, about 80%
conditioned medium and about 20% fresh medium, about 75% conditioned medium and about
25% fresh medium, about 70% conditioned medium and about 30% fresh medium, about 65%
conditioned medium and about 35% fresh medium, about 60% conditioned medium and about
40% fresh medium, about 55% conditioned medium and about 45% fresh medium, about 50%
conditioned medium and about 50% fresh medium, about 45% conditioned medium and about
55% fresh medium, about 40% conditioned medium and about 60% fresh medium, about 35%
conditioned medium and about 65% fresh medium, about 30% conditioned medium and about
70% fresh medium, about 25% conditioned medium and about 75% fresh medium, about 20%
conditioned medium and about 80% fresh medium, about 15% conditioned medium and about
85% fresh medium, or about 10% conditioned medium and about 90% fresh medium. In one
example, it can comprise culturing the genetically modified population of cells in a medium that
comprises at least about 50% conditioned medium and no more than about 50% fresh medium.
In a specific example, it can comprise culturing the genetically modified population of cells in
about 75% conditioned medium and about 25% fresh medium. Optionally, the genetically
modified population of cells is not co-cultured with the tau-aggregation-positive cells in which a

tau repeat domain stably presents in an aggregated state.
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[00331] The step of culturing the seeded population of cells to allow tau aggregates to form,
wherein aggregates of the first tau repeat domain and the second tau repeat domain form in a
subset of the seeded population of cells to produce an aggregation-positive population of cells,
can be any suitable length of time. For example, the culturing can be for between about 1 day
and about 7 days, between about 2 days and about 6 days, between about 3 days and about 5
days, or about 4 days. Aggregation can be determined by any suitable means, depending on the
reporters used. For example, in methods in which the first reporter and the second reporter are a
fluorescence resonance energy transfer (FRET) pair, the aggregation-positive population of cells
can be identified by flow cytometry.

[00332] Abundance of guide RNAs can be determined by any suitable means. In a specific
example, abundance is determined by next-generation sequencing. Next-generation sequencing
refers to non-Sanger-based high-throughput DNA sequencing technologies. For example,
determining abundance of a guide RNA can comprise measuring read counts of the guide RNA.
[00333] In some methods, a guide RNA is considered enriched if the abundance of the guide
RNA relative to the total population of the plurality of unique guide RNAs is at least about 1.5-
fold higher in the aggregation-positive population of cells relative to the population of cells being
cultured after introduction of the guide RNA library. Different enrichment thresholds can also
be used. For example, an enrichment threshold can be set higher to be more stringent (e.g., at
least about 1.6-fold, at least about 1.7-fold, at least about 1.8-fold, at least about 1.9-fold, at least
about 2-fold, at least about 2.5-fold, or at least about 2.5-fold). Alternatively, an enrichment
threshold can be set lower to be less stringent (e.g., at least about 1.4-fold, at least about 1.3-fold,
or at least about 1.2-fold).

[00334] In one example, the step of determining abundance can comprise determining
abundance of the plurality of unique guide RNAs in the aggregation-positive population relative
to the population of cells cultured after introduction of the guide RNA library at a first time point
during the culturing and/or a second time point during the culturing. For example, the first time
point can be at a first passage of culturing the population of cells, and the second time point can
be in the middle of culturing the population of cells to allow genome editing and expansion. For
example, the first time point can be after a sufficient amount of time for the guide RNAs to form
complexes with the Cas protein, and for the Cas protein to cleave the plurality of genes resulting

in knockout of gene function (CRISPRn) or to transcriptionally activate the plurality of genes
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(CRISPRa). However, the first time point should ideally be at the first cell passage to determine
the gRNA library representation soon after infection (i.e., before further expansion and genome
editing) and to determine if each gRNA representation evolves from the first time point to the
second time points and to any additional time points to a final time point. This allows ruling out
enriched gRNAs/targets due to cell growth advantages during the course of the screen by
verifying gRNA abundance is unchanged between the first and second time points. As a specific
example, the first time point can be after about 1 day, about 2 days, about 3 days, or about 4 days
of culturing and expansion, and the second time point can be after about 3 days, about 4 days,
about 5 days, or about 6 days of culturing and expansion. For example, the first time point can
be after about 3 days of culturing and expansion, and the second time point can be after about 6
days of culturing and expansion. In some methods, a gene can then be considered a genetic
modifier of tau aggregation, wherein disruption (CRISPRn) or transcriptional activation
(CRISPRa) of the gene enhances (or is expected to enhance) tau aggregation, if the abundance of
a guide RNA targeting the gene relative to the total population of the plurality of unique guide
RNAGs is at least 1.5-fold higher (or higher than a different selected enrichment threshold) in the
aggregation-positive population of cells relative to the population of cells cultured after
introduction of the guide RNA library at both the first time point and the second time point.
Alternatively or additionally, a gene can be considered a genetic modifier of tau aggregation,
wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene enhances (or
is expected to enhance) tau aggregation, if the abundance of at least two unique guide RNAs
targeting the gene relative to the total population of the plurality of unique guide RNAs is at least
1.5-fold higher (or higher than a different selected enrichment threshold) in the aggregation-
positive population of cells relative to the population of cells cultured after introduction of the
guide RNA library at either the first time point or the second time point.

[00335] In some CRISPRn methods, the following steps are taken to identify a gene as a
genetic modifier of tau aggregation, wherein disruption (CRISPRn) or transcriptional activation
(CRISPRa) of the gene enhances (or is expected to enhance) tau aggregation. Likewise, in some
CRISPRa methods, the following steps are taken to identify a gene as a genetic modifier of tau
aggregation, wherein transcriptional activation of the gene enhances tau aggregation. The first
step comprises identifying which of the plurality of unique guide RNAs are present in the

aggregation-positive population of cells. The second step comprises calculating the random
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chance of the guide RNAs identified being present using the formula nCn’ * (x-n”)C(m-n) /
xCm, where x is the variety of unique guide RNAs introduced into the population of cells, m is
the variety of unique guide RNAs identified in step (1), n is the variety of unique guide RNAs
introduced into the population of cells that target the gene, and n’ is the variety of unique guide
RNAs identified in step (1) that target the gene. The third step comprises calculating average
enrichment scores for the guide RNAs identified in step (1). The enrichment score for a guide
RNA is the relative abundance of the guide RNA in the aggregation-positive population of cells
divided by the relative abundance of the guide RNA in the population of cells cultured after
introduction of the guide RNA library. The relative abundance is the read count of the guide
RNA divided by the read count of the total population of the plurality of unique guide RNAs.
The fourth step comprises selecting the gene if a guide RNA targeting the gene is significantly
below the random chance of being present and above a threshold enrichment score. Possible
threshold enrichment scores are discussed above. As a specific example, the threshold
enrichment score can be set at about 1.5-fold.

[00336] Variety when used in the phrase variety of unique guide RNAs means the number of
unique guide RNA sequences. It is not the abundance, but rather the qualitative “present” or
“not present.” Variety of unique guide RNAs means the number of unique guide RNA sequence.
The variety of unique guide RNA is determined by next generation sequencing (NGS) to identify
all the unique guide RNAs present in a cell population. It is done by using two primers that
recognize the constant regions of the viral vector to amplify the gRNA that is between the
constant regions and a primer that recognizes one constant region for sequencing. Each unique
guide RNA present in the sample will generate read counts using the sequencing primer. The
NGS results will include the sequence and also the number of reads corresponding to the
sequence. The number of reads will be used for the enrichment score calculation for each guide
RNA, and the presence of each unique sequence will tell us which guide RNAs are present. For
instance, if there are three unique guide RNAs for a gene before selection, and all three are
retained post-selection, then both n and n” are 3. These numbers are used for calculating the
statistics but not the actual read counts. However, the read counts for each guide RNA (in one
example, 100, 200, 50, which correspond to each of the 3 unique guide RNAs) will be used for

the calculation of enrichment score.
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V. Methods of Screening for Genetic Modifiers of Tau Aggregation that Prevent Tau
Aggregation

[00337] The Cas/tau biosensor cell lines disclosed herein can be used in methods of screening
for genetic modifiers of tau aggregation (e.g., that prevent tau aggregation or are expected to
prevent tau aggregation). Such methods can comprise providing a population of Cas/tau
biosensor cells as disclosed elsewhere herein, introducing a library comprising a plurality of
unique guide RNAs, and assessing tau aggregation in the targeted cells.

[00338] As one example, a method can comprise providing a population of Cas/tau biosensor
cells (e.g., a population of cells comprising a Cas protein, a first tau repeat domain linked to a
first reporter, and a second tau repeat domain linked to a second reporter), introducing into the
population of cells a library comprising a plurality of unique guide RNAs that target a plurality
of genes, and culturing the population of cells to allow genome editing and expansion. The
plurality of unique guide RNAs form complexes with the Cas protein, and the Cas protein
cleaves the plurality of genes resulting in knockout of gene function to produce a genetically
modified population of cells. The genetically modified population of cells can then be contacted
with a tau seeding agent to produce a seeded population of cells. For example, the tau seeding
agent can be a “maximum seeding” agent as described elsewhere herein, such as cell lysates
from tau-aggregation-positive cells. The seeded population of cells can be cultured to allow tau
aggregates to form, wherein aggregates of the first tau repeat domain and the second tau repeat
domain form in a subset of the seeded population of cells to produce an aggregation-positive
population of cells and wherein aggregates do not form in a second subset of the seeded
population of cells to produce an aggregation-negative population of cells. Finally, abundance of
each of the plurality of unique guide RNAs can be determined in the aggregation-positive
population of cells relative to the aggregation-negative population of cells and/or relative to the
population of cells after being seeded and/or relative to the population of cells being cultured
after introduction of the guide RNA library. Enrichment of a guide RNA in the aggregation-
negative population of cells relative to the aggregation-positive population of cells and/or
relative to the population of cells after being seeded and/or relative to the population of cells
being cultured after introduction of the guide RNA library indicates that the gene targeted by the
guide RNA is a genetic modifier of tau aggregation, wherein disruption of the gene targeted by

the guide RNA prevents tau aggregation, or is a candidate genetic modifier of tau aggregation
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(e.g., for further testing via secondary screens), wherein disruption of the gene targeted by the
guide RNA is expected to prevent tau aggregation. Likewise, depletion of a guide RNA in the
aggregation-positive population of cells relative to the aggregation-negative population of cells
and/or relative to the population of cells after being seeded and/or relative to the population of
cells being cultured after introduction of the guide RNA library indicates that the gene targeted
by the guide RNA is a genetic modifier of tau aggregation, wherein disruption of the gene
targeted by the guide RNA prevents tau aggregation, or is a candidate genetic modifier of tau
aggregation (e.g., for further testing via secondary screens), wherein disruption of the gene
targeted by the guide RNA is expected to prevent tau aggregation. Enrichment of a guide RNA
in the aggregation-positive population of cells relative to the aggregation-negative population of
cells and/or relative to the population of cells after being seeded and/or relative to the population
of cells being cultured after introduction of the guide RNA library indicates that the gene
targeted by the guide RNA is a genetic modifier of tau aggregation, wherein disruption of the
gene targeted by the guide RNA promotes or enhances tau aggregation, or is a candidate genetic
modifier of tau aggregation (e.g., for further testing via secondary screens), wherein disruption of
the gene targeted by the guide RNA is expected to promote or enhance tau aggregation.
Likewise, depletion of a guide RNA in the aggregation-negative population of cells relative to
the aggregation-positive population of cells and/or relative to the population of cells after being
seeded and/or relative to the population of cells being cultured after introduction of the guide
RNA library indicates that the gene targeted by the guide RNA is a genetic modifier of tau
aggregation, wherein disruption of the gene targeted by the guide RNA promotes or enhances tau
aggregation, or is a candidate genetic modifier of tau aggregation (e.g., for further testing via
secondary screens), wherein disruption of the gene targeted by the guide RNA is expected to
promote or enhance tau aggregation.

[00339] Similarly, the SAM/tau biosensor cell lines disclosed herein can be used in methods
of screening for genetic modifiers of tau aggregation (e.g., that prevent tau aggregation or are
expected to prevent tau aggregation). Such methods can comprise providing a population of
SAM/tau biosensor cells as disclosed elsewhere herein, introducing a library comprising a
plurality of unique guide RNAs, and assessing tau aggregation in the targeted cells.

[00340] As one example, a method can comprise providing a population of SAM/tau

biosensor cells (e.g., a population of cells comprising a chimeric Cas protein comprising a
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nuclease-inactive Cas protein fused to one or more transcriptional activation domains, a chimeric
adaptor protein comprising an adaptor protein fused to one or more transcriptional activation
domains, a first tau repeat domain linked to a first reporter, and a second tau repeat domain
linked to a second reporter), introducing into the population of cells a library comprising a
plurality of unique guide RNAs that target a plurality of genes, and culturing the population of
cells to allow transcriptional activation and expansion. The plurality of unique guide RNAs form
complexes with the chimeric Cas protein and the chimeric adaptor protein, and the complexes
activate transcription of the plurality of genes resulting in increased gene expression and a
modified population of cells. The modified population of cells can then be contacted with a tau
seeding agent to produce a seeded population of cells. For example, the tau seeding agent can be
a “maximum seeding” agent as described elsewhere herein, such as cell lysates from tau-
aggregation-positive cells. The seeded population of cells can be cultured to allow tau
aggregates to form, wherein aggregates of the first tau repeat domain and the second tau repeat
domain form in a subset of the seeded population of cells to produce an aggregation-positive
population of cells and wherein aggregates do not form in a second subset of the seeded
population of cells to produce an aggregation-negative population of cells. Finally, abundance of
each of the plurality of unique guide RNAs can be determined in the aggregation-positive
population of cells relative to the aggregation-negative population of cells and/or relative to the
population of cells after being seeded and/or relative to the population of cells being cultured
after introduction of the guide RNA library. Enrichment of a guide RNA in the aggregation-
negative population of cells relative to the aggregation-positive population of cells and/or
relative to the population of cells after being seeded and/or relative to the population of cells
being cultured after introduction of the guide RNA library indicates that the gene targeted by the
guide RNA is a genetic modifier of tau aggregation, wherein transcriptional activation of the
gene targeted by the guide RNA prevents tau aggregation, or is a candidate genetic modifier of
tau aggregation (e.g., for further testing via secondary screens), wherein transcriptional
activation of the gene targeted by the guide RNA is expected to prevent tau aggregation.
Likewise, depletion of a guide RNA in the aggregation-positive population of cells relative to the
aggregation-negative population of cells and/or relative to the population of cells after being
seeded and/or relative to the population of cells being cultured after introduction of the guide

RNA library indicates that the gene targeted by the guide RNA is a genetic modifier of tau
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aggregation, wherein transcriptional activation of the gene targeted by the guide RNA prevents
tau aggregation, or is a candidate genetic modifier of tau aggregation (e.g., for further testing via
secondary screens), wherein transcriptional activation of the gene targeted by the guide RNA is
expected to prevent tau aggregation. Enrichment of a guide RNA in the aggregation-positive
population of cells relative to the aggregation-negative population of cells and/or relative to the
population of cells after being seeded and/or relative to the population of cells being cultured
after introduction of the guide RNA library indicates that the gene targeted by the guide RNA is
a genetic modifier of tau aggregation, wherein transcriptional activation of the gene targeted by
the guide RNA promotes or enhances tau aggregation, or is a candidate genetic modifier of tau
aggregation (e.g., for further testing via secondary screens), wherein transcriptional activation of
the gene targeted by the guide RNA is expected to promote or enhance tau aggregation.
Likewise, depletion of a guide RNA in the aggregation-negative population of cells relative to
the aggregation-positive population of cells and/or relative to the population of cells after being
seeded and/or relative to the population of cells being cultured after introduction of the guide
RNA library indicates that the gene targeted by the guide RNA is a genetic modifier of tau
aggregation, wherein transcriptional activation of the gene targeted by the guide RNA promotes
or enhances tau aggregation, or is a candidate genetic modifier of tau aggregation (e.g., for
further testing via secondary screens), wherein transcriptional activation of the gene targeted by
the guide RNA is expected to promote or enhance tau aggregation.

[00341] The Cas/tau biosensor cells used in the method can be any of the Cas/tau biosensor
cells disclosed elsewhere herein. Likewise, the SAM/tau biosensor cells used in the method can
be any of the SAM/tau biosensor cells disclosed elsewhere herein. The first tau repeat domain
and the second tau repeat domain can be different or can be similar or the same. The tau repeat
domain can be any of the tau repeat domains disclosed elsewhere herein. For example, the first
tau repeat domain and/or the second tau repeat domain can be a wild type tau repeat domain or
can comprise a pro-aggregation mutation (e.g., a pathogenic, pro-aggregation mutation), such as
a tau P301S mutation. The first tau repeat domain and/or the second tau repeat domain can
comprise a tau four-repeat domain. As one specific example, the first tau repeat domain and/or
the second tau repeat domain can comprise, consist essentially of, or consist of SEQ ID NO: 11
or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical

to SEQ ID NO: 11. In one specific example, the nucleic acid encoding the tau repeat domain can
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comprise, consist essentially of, or consist of SEQ ID NO: 12 or a sequence at least about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 12, optionally
wherein the nucleic acid encodes a protein comprising, consisting essentially of, or consisting of
SEQID NO: 11.

[00342] The first tau repeat domain can be linked to the first reporter and the second tau
repeat domain can be linked to the second reporter by any means. For example, the reporter can
be fused to the tau repeat domain (e.g., as part of a fusion protein). The reporter proteins can be
any pair of reporter proteins that produce a detectable signal when the first tau repeat domain
linked to the first reporter is aggregated with the second tau repeat domain linked to the second
reporter. As one example, the first and second reporters can be a split luciferase protein. As
another example, the first and second reporter proteins can be a fluorescence resonance energy
transfer (FRET) pair. FRET is a physical phenomenon in which a donor fluorophore in its
excited state non-radiatively transfers its excitation energy to a neighboring acceptor
fluorophore, thereby causing the acceptor to emit its characteristic fluorescence. Examples of
FRET pairs (donor and acceptor fluorophores) are well known. See, e.g., Bajar et al. (2016)
Sensors (Basel) 16(9):1488, herein incorporated by reference in its entirety for all purposes. As
one specific example of a FRET pair, the first reporter can be cyan fluorescent protein (CFP) and
the second reporter can be yellow fluorescent protein (YFP). As a specific example, the CFP can
comprise, consist essentially of, or consist of SEQ ID NO: 13 or a sequence at least about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 13. As another
specific example, the YFP can comprise, consist essentially of, or consist of SEQ ID NO: 15 or a
sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to
SEQ ID NO: 15.

[00343] For the Cas/tau biosensor cells, the Cas protein can be any Cas protein disclosed
elsewhere herein. As one example, the Cas protein can be a Cas9 protein. For example, the
Cas9 protein can be a Streptococcus pyogenes Cas9 protein. As one specific example, the Cas
protein can comprise, consist essentially of, or consist of SEQ ID NO: 21 or a sequence at least
about 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%., or 99% identical to SEQ ID NO: 21.
[00344] One or more or all of the Cas protein, the first tau repeat domain linked to the first
reporter, and the second tau repeat domain linked to the second reporter can be stably expressed

in the population of cells. For example, nucleic acids encoding one or more or all of the Cas
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protein, the first tau repeat domain linked to the first reporter, and the second tau repeat domain
linked to the second reporter can be genomically integrated in the population of cells. In one
specific example, the nucleic acid encoding the Cas protein can comprise, consist essentially of,
or consist of SEQ ID NO: 22 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO: 22, optionally wherein the nucleic acid
encodes a protein comprising, consisting essentially of, or consisting of SEQ ID NO: 21.

[00345] For the SAM/tau biosensor cells, the Cas protein can be any Cas protein disclosed
elsewhere herein. As one example, the Cas protein can be a Cas9 protein. For example, the
Cas9 protein can be a Streptococcus pyogenes Cas9 protein. As one specific example, the
chimeric Cas protein can comprise the nuclease-inactive Cas protein fused to a VP64
transcriptional activation domain. For example, the chimeric Cas protein can comprise from N-
terminus to C-terminus: the nuclease-inactive Cas protein; a nuclear localization signal; and the
VP64 transcriptional activator domain. As one specific example, the adaptor protein can be an
MS2 coat protein, and the one or more transcriptional activation domains in the chimeric adaptor
protein can comprise a p65 transcriptional activation domain and an HSF1 transcriptional
activation domain. For example, the chimeric adaptor protein can comprise from N-terminus to
C-terminus: the MS2 coat protein; a nuclear localization signal; the p65 transcriptional activation
domain; and the HSF1 transcriptional activation domain. In one specific example, the nucleic
acid encoding the chimeric Cas protein can comprise, consist essentially of, or consist of SEQ ID
NO: 38 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 38, optionally wherein the nucleic acid encodes a protein comprising,
consisting essentially of, or consisting of SEQ ID NO: 36. In one specific example, the nucleic
acid encoding the chimeric adaptor protein can comprise, consist essentially of, or consist of
SEQ ID NO: 39 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to SEQ ID NO: 39, optionally wherein the nucleic acid encodes a protein
comprising, consisting essentially of, or consisting of SEQ ID NO: 37.

[00346] One or more or all of the chimeric Cas protein, the chimeric adaptor protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter can be stably expressed in the population of cells. For example, nucleic acids

encoding one or more or all of the chimeric Cas protein, the chimeric adaptor protein, the first
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tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter can be genomically integrated in the population of cells.

[00347] As disclosed elsewhere herein, the cells can be any type of cells. For example, the
cells can be eukaryotic cells, mammalian cells, or human cells (e.g., HEK293T cells or neuronal
cells).

[00348] The plurality of unique guide RNAs can be introduced into the population of cells by
any known means. In some methods, the guide RNAs are introduced into the population of cells
by viral transduction, such as retroviral, adenoviral, or lentiviral transduction. In a specific
example, the guide RNAs can be introduced by lentiviral transduction. Each of the plurality of
unique guide RNAs can be in a separate viral vector. The population of cells can be infected at
any multiplicity of infection. For example, the multiplicity of infection can be between about 0.1
and about 1.0, between about 0.1 and about 0.9, between about 0.1 and about 0.8, between about
0.1 and about 0.7, between about 0.1 and about 0.6, between about 0.1 and about 0.5, between
about 0.1 and about 0.4, or between about 0.1 and about 0.3. Alternatively, the multiplicity of
infection can be less than about 1.0, less than about 0.9, less than about 0.8, less than about 0.7,
less than about 0.6, less than about 0.5, less than about 0.4, less than about 0.3, or less than about
0.2. In a specific example, the multiplicity of infection can be less than about 0.3.

[00349] The guide RNAs can be introduced into the population of cells together with a
selection marker or reporter gene to select for cells that have the guide RNAs, and the method
can further comprise selecting cells that comprise the selection marker or reporter gene.
Examples of selection markers and reporter genes are provided elsewhere herein. As one
example, the selection marker can be one that imparts resistance to a drug, such as neomycin
phosphotransferase, hygromycin B phosphotransferase, puromycin-N-acetyltransferase, and
blasticidin S deaminase. Another exemplary selection marker is bleomycin resistance protein,
encoded by the S% ble gene (Streptoalloteichus hindustanus bleomycin gene), which confers
zeocin (phleomycin D1) resistance. For example, cells can be selected with a drug (e.g.,
puromycin) so that only cells transduced with a guide RNA construct are preserved for being
used to carry out screening. For example, the drug can be puromycin or zeocin (phleomycin
D1).

[00350] In some methods, the plurality of unique guide RNAs are introduced at a

concentration selected such that a majority of the cells receive only one of the unique guide
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RNAs. For example, if the guide RNAs are being introduced by viral transduction, the cells can
be infected at a low multiplicity of infection to ensure that most cells receive only one viral
construct with high probability. As one specific example, the multiplicity of infection can be
less than about 0.3.

[00351] The population of cells into which the plurality of unique guide RNAs is introduced
can be any suitable number of cells. For example, the population of cells can comprise greater
than about 50, greater than about 100, greater than about 200, greater than about 300, greater
than about 400, greater than about 500, greater than about 600, greater than about 700, greater
than about 800, greater than about 900, or greater than about 1000 cells per unique guide RNA.
In a specific example, the population of cells comprises greater than about 300 cells or greater
than about 500 cells per unique guide RNA.

[00352] The plurality of unique guide RNAs can target any number of genes. For example,
the plurality of unique guide RNAs can target about S0 or more genes, about 100 or more genes,
about 200 or more genes, about 300 or more genes, about 400 or more genes, about 500 or more
genes, about 1000 or more genes, about 2000 or more genes, about 3000 or more genes, about
4000 or more genes, about 5000 or more genes, about 10000 or more genes, or about 20000 or
more genes. In some methods, the guide RNAs can be selected to target genes in a particular
signaling pathway. In some methods, the library of unique guide RNAs is a genome-wide
library.

[00353] The plurality of unique guide RNAs can target any number of sequences within each
individual targeted gene. In some methods, a plurality of target sequences are targeted on
average in each of the targeted plurality of genes. For example, about 2 to about 10, about 2 to
about 9, about 2 to about 8, about 2 to about 7, about 2 to about 6, about 2 to about 5, about 2 to
about 4, or about 2 to about 3 unique target sequences can be targeted on average in each of the
targeted plurality of genes. For example, at least about 2, at least about 3, at least about 4, at
least about 5, or at least about 6 unique target sequences can be targeted on average in each of
the targeted plurality of genes. As a specific example, about 6 target sequences can be targeted
on average in each of the targeted plurality of genes. As another specific example, about 3 to
about 6 or about 4 to about 6 target sequences are targeted on average in each of the targeted

plurality of genes.
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[00354] The guide RNASs can target any desired location in the target genes. In some
CRISPRn methods using the Cas/tau biosensor cells, each guide RNA targets a constitutive exon
if possible. In some methods, each guide RNA targets a 5’ constitutive exon if possible. In
some methods, each guide RNA targets a first exon, a second exon, or a third exon (from the 5’
end of the gene) if possible. In some CRISPRa methods using the SAM/tau biosensor cells, each
guide RNA can target a guide RNA target sequence within 200 bp upstream of a transcription
start site, if possible. In some CRISPRa methods using the SAM/tau biosensor cells, wherein
each guide RNA can comprise one or more adaptor-binding elements to which the chimeric
adaptor protein can specifically bind. In one example, each guide RNA comprises two adaptor-
binding elements to which the chimeric adaptor protein can specifically bind, optionally wherein
a first adaptor-binding element is within a first loop of each of the one or more guide RNAs, and
a second adaptor-binding element is within a second loop of each of the one or more guide
RNAs. For example, the adaptor-binding element can comprise the sequence set forth in SEQ
ID NO: 33. In a specific example, each of one or more guide RNAs is a single guide RNA
comprising a CRISPR RNA (crRNA) portion fused to a transactivating CRISPR RNA
(tracrRNA) portion, and the first loop is the tetraloop corresponding to residues 13-16 of SEQ ID
NO: 17, 19, 30, or 31, and the second loop is the stem loop 2 corresponding to residues 53-56 of
SEQ ID NO: 17, 19, 30, or 31.

[00355] The step of culturing the population of cells to allow genome editing and expansion
can be any suitable period of time. For example, the culturing can be for between about 2 days
and about 15 days, between about 3 days and about 13 days, between about 5 days and about 12
days, between about 7 days and about 11 days, or about 7 days or about 11 days. As another
example, the culturing can be for between about 2 days and about 14 days, between about 3 days
and about 12 days, between about 5 days and about 11 days, between about 7 days and about 10
days, or about 7 days or about 10 days. Likewise, the step of culturing the population of cells to
allow transcriptional activation and expansion can be any suitable period of time. For example,
the culturing can be for between about 2 days and about 15 days, between about 3 days and
about 13 days, between about 5 days and about 12 days, between about 7 days and about 11
days, or about 7 days or about 11 days. Likewise, the step of culturing the population of cells to
allow transcriptional activation and expansion can be any suitable period of time. For example,

the culturing can be for between about 2 days and about 14 days, between about 3 days and
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about 12 days, between about 5 days and about 11 days, between about 7 days and about 10
days, or about 7 days or about 10 days.

[00356] Any suitable tau seeding agent can be used to produce a seeded population of cells.
Suitable tau seeding agents are disclosed elsewhere herein. Some suitable seeding agents
comprise a tau repeat domain that can be, for example, different from or similar to or the same as
the first tau repeat domain and/or the second tau repeat domain. In one example, the seeding
step comprises culturing the genetically modified population of cells in the presence of
comprising a cell lysate from cultured tau-aggregation-positive cells in which a tau repeat
domain stably presents in an aggregated state. Optionally, the genetically modified population of
cells is not co-cultured with the tau-aggregation-positive cells in which a tau repeat domain
stably presents in an aggregated state.

[00357] The amount or concentration of the cell lysate in the medium can be any suitable
amount or concentration. For example, the concentration of cell lysate in the medium can be
between about 0.1 ug/mL and about 50 pg/mL, between about 0.1 pg/mL and about 25 ug/mL,
between about 0.1 ug/mL and about 10 pg/mL, between about 0.1 pg/mL and about 5 pg/mL,
between about 0.1 pg/mL and about 4.5 ug/mL, between about 0.1 pg/mL and about 4 ug/mL,
between about 0.1 ug/mL and about 3.5 pg/mL, between about 0.1 pg/mL and about 3 ug/mL,
between about 0.1 ug/mL and about 2.5 pg/mL, between about 0.1 pg/mL and about 2 ug/mL,
between about 0.1 ug/mL and about 1.5 pg/mL, between about 0.1 pg/mL and about 1 ug/mL,
between about 0.5 ug/mL and about 50 pg/mL, between about 0.5 pg/mL and about 25 ug/mL,
between about 0.5 ug/mL and about 10 pg/mL, between about 0.5 pg/mL and about 5 pg/mL,
between about 0.5 pg/mL and about 4.5 ug/mL, between about 0.5 pg/mL and about 4 ug/mL,
between about 0.5 pg/mL and about 3.5 pg/mL, between about 0.5 pg/mL and about 3 ug/mL,
between about 0.5 pg/mL and about 2.5 pg/mL, between about 0.5 pg/mL and about 2 ug/mL,
between about 0.5 pg/mL and about 1.5 pg/mL, between about 0.5 pg/mL and about 1 ug/mL,
between about 1 ug/mL and about 50 ug/mL, between about 1 ug/mL and about 25 pg/mL,
between about 1 ug/mL and about 10 ug/mL, between about 1 ug/mL and about 5 pg/mL,
between about 1 ug/mL and about 4.5 pg/mL, between about 1 ug/mL and about 4 pg/mL,
between about 1 ug/mL and about 3.5 pg/mL, between about 1 ug/mL and about 3 pg/mL,
between about 1 ug/mL and about 2.5 pg/mL, between about 1 ug/mL and about 2 pg/mL,
between about 1 ug/mL and about 1.5 pg/mL, between about 1.5 ug/mL and about 50 pg/mL,
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between about 1.5 pg/mL and about 25 pg/mL, between about 1.5 ug/mL and about 10 ug/mlL,
between about 1.5 pg/mL and about 5 ug/mL, between about 1.5 ug/mL and about 4.5 ug/mL,
between about 1.5 pg/mL and about 4 ug/mL, between about 1.5 ug/mL and about 3.5 ug/mL,
between about 1.5 pg/mL and about 3 pg/mL, between about 1.5 ug/mL and about 2.5 ug/mL,
between about 1.5 pg/mL and about 2 pg/mL, between about 2 ug/mL and about 50 ug/mL,
between about 2 ug/mL and about 25 pg/mL, between about 2 ug/mL and about 10 pg/mL,
between about 2 ug/mL and about 5 pg/mL, between about 2 pg/mL and about 4.5 pg/mL,
between about 2 ug/mL and about 4 pg/mL, between about 2 pg/mL and about 3.5 pg/mL,
between about 2 ug/mL and about 3 pg/mL, between about 2 pg/mL and about 2.5 pg/mL,
between about 2.5 pg/mL and about 50 pg/mL, between about 2.5 ug/mL and about 25 ug/mlL,
between about 2.5 pg/mL and about 10 pg/mL, between about 2.5 ug/mL and about 5 pg/mL,
between about 2.5 pg/mL and about 4.5 ug/mL, between about 2.5 pg/mL and about 4 ug/mL,
between about 2.5 pg/mL and about 3.5 ug/mL, or between about 2.5 pg/mL and about 3 pg/mL
of medium (e.g., fresh culture medium). For example, the cell lysate in the culture medium can
be at a concentration of between about 1 ug/mL and about 5 pg/mL or can be at a concentration
of about 1.5 pg/mL, about 2 pg/mL, about 2.5 pg/mL, about 3 pug/mL, about 3.5 pg/mL, about 4
ug/mL, about 4.5 pg/mL, or about 5 ug/mL. Optionally, the cell lysate can be in a buffer, such
as phosphate-buffered saline. Optionally, the buffer can comprise protease inhibitors. Examples
of protease inhibitors include, but are not limited to, AEBSF, aprotinin, bestatin, E-64, leupeptin,
pepstatin A, and ethylenediaminetetracetic acid (EDTA). The buffer can comprise any of these
inhibitors or any combination thereof (e.g., the buffer can comprise all of these protease
inhibitors).

[00358] The cells for producing the lysate can be collected in a buffer, such as phosphate-
buffered saline. Optionally, the buffer can comprise protease inhibitors. Examples of protease
inhibitors include, but are not limited to, AEBSF, aprotinin, bestatin, E-64, leupeptin, pepstatin
A, and ethylenediaminetetracetic acid (EDTA). The buffer can comprise any of these inhibitors
or any combination thereof (e.g., the buffer can comprise all of these protease inhibitors).
[00359] The cell lysate can, for example, be collected by sonicating the tau-aggregation-
positive cells (e.g., cells collected in a buffer and protease inhibitors as described above) for any
suitable amount of time. For example, the cells can be sonicated for between about 1 minute and

about 6 minutes, between about 1 minute and about 5 minutes, between about 1 minute and
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about 4 minutes, between about 1 minute and about 3 minutes, between about 2 minutes and
about 6 minutes, between about 2 minutes and about 5 minutes, between about 2 minutes and
about 4 minutes, between about 2 minutes and about 3 minutes, between about 2 minutes and
about 6 minutes, between about 3 minutes and about 5 minutes, or between about 3 minutes and
about 4 minutes. For example, the cells can be sonicated for between about 2 minutes and about
4 minutes or for about 3 minutes.

[00360] Optionally, the medium comprises lipofectamine or liposomes (e.g., cationic
liposomes) or phospholipids or another transfection agent. Optionally, the medium comprises
lipofectamine. Optionally, the medium does not comprise lipofectamine or liposomes (e.g.,
cationic liposomes) or phospholipids or another transfection agent. Optionally, the medium does
not comprise lipofectamine. The amount or concentration of the lipofectamine or liposomes
(e.g., cationic liposomes) or phospholipids or other transfection agent in the medium can be any
suitable amount or concentration. For example, the concentration of lipofectamine or liposomes
(e.g., cationic liposomes) or phospholipids or other transfection agent in the medium can be
between about 0.5 uL./mL to about 10 uL/mL, between about 0.5 uL/mL to about 5 pL./mL,
between about 0.5 uL./mL to about 4.5 uL/mL, between about 0.5 uL/mL to about 4 uL./mL,
between about 0.5 pL./mL to about 3.5 uL/mL, between about 0.5 uL/mL to about 3 uL./mL,
between about 0.5 pL./mL to about 2.5 uL./mL, between about 0.5 uL/mL to about 2 uL./mL,
between about 0.5 pL./mL to about 1.5 uL/mL, between about 0.5 uL/mL to about 1 uL./mL,
between about 1 uL./mL to about 10 uL/mL, between about 1 pL./mL to about 5 uL/mL, between
about 1 uL./mL to about 4.5 uL/mL, between about 1 uL/mL to about 4 uL./mL, between about 1
ulL/mL to about 3.5 uL/mL, between about 1 uL./mL to about 3 uL/mL, between about 1 puL./mL
to about 2.5 uL./mL, between about 1 uL./mL to about 2 ul/mL, between about 1 uL./mL to about
1.5 uL/mL, between about 1.5 ul./mL to about 10 uL/mL, between about 1.5 uL./mL to about 5
uL/mL, between about 1.5 pul./mL to about 4.5 uL./mL, between about 1.5 uL./mL to about 4
ulL/mL, between about 1.5 pul./mL to about 3.5 uL./mL, between about 1.5 uL./mL to about 3
ulL/mL, between about 1.5 pul./mL to about 2.5 uL./mL, between about 1.5 uL./mL to about 2
uL/mL, between about 2 uL./mL to about 10 uL./mL, between about 2 pul./mL to about 5 uL/mL,
between about 2 uL./mL to about 4.5 uL/mL, between about 2 uL./mL to about 4 uL./mL, between
about 2 uL./mL to about 3.5 uL/mL, between about 2 uL./mL to about 3 uL./mL, or between about

2 uL/mL to about 2.5 uL/mL of medium (e.g., fresh medium). For example, the concentration of
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lipofectamine or liposomes (e.g., cationic liposomes) or phospholipids or other transfection agent
in the medium can be between about 1.5 ul./mL and about 4 uL/mL or it can be about 1.5
ulL/mL, about 2 uL/mL, about 2.5 uL/mL, about 3 uL./mL, about 3.5 uL/mL, or about 4 puL/mL.
[00361] The step of culturing the seeded population of cells to allow tau aggregates to form,
wherein aggregates of the first tau repeat domain and the second tau repeat domain form in a
subset of the seeded population of cells to produce an aggregation-positive population of cells,
can be any suitable length of time. For example, the culturing can be for between about 1 day
and about 7 days, between about 2 days and about 6 days, between about 3 days and about 5
days, between about 1 day and about 3 days, or about 2 days. Aggregation can be determined by
any suitable means, depending on the reporters used. For example, in methods in which the first
reporter and the second reporter are a fluorescence resonance energy transfer (FRET) pair, the
aggregation-positive population of cells can be identified by flow cytometry.

[00362] Abundance of guide RNAs can be determined by any suitable means. In a specific
example, abundance is determined by next-generation sequencing. Next-generation sequencing
refers to non-Sanger-based high-throughput DNA sequencing technologies. For example,
determining abundance of a guide RNA can comprise measuring read counts of the guide RNA.
[00363] In some methods, a guide RNA is considered enriched in aggregation-negative cells if
the abundance of the guide RNA relative to the total population of the plurality of unique guide
RNAs is at least 1.5-fold higher in the aggregation-negative population of cells relative to the
aggregation-positive population of cells and/or the seeded population of cells. In some methods,
a guide RNA is considered depleted in aggregation-positive cells if the abundance of the guide
RNA relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold
lower in the aggregation-positive population of cells relative to the aggregation-negative
population of cells and/or the seeded population of cells. Different enrichment/depletion
thresholds can also be used. For example, an enrichment/depletion threshold can be set higher to
be more stringent (e.g., at least about 1.6-fold, at least about 1.7-fold, at least about 1.8-fold, at
least about 1.9-fold, at least about 2-fold, at least about 2.5-fold, or at least about 2.5-fold).
Alternatively, an enrichment/depletion threshold can be set lower to be less stringent (e.g., at
least about 1.4-fold, at least about 1.3-fold, or at least about 1.2-fold).

[00364] Alternatively, in some methods, a guide RNA is considered enriched in aggregation-
positive cells if the abundance of the guide RNA relative to the total population of the plurality
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of unique guide RNAs is at least 1.5-fold higher in the aggregation-positive population of cells
relative to the aggregation-negative population of cells and/or the seeded population of cells. In
some methods, a guide RNA is considered depleted in aggregation-negative cells if the
abundance of the guide RNA relative to the total population of the plurality of unique guide
RNAs is at least 1.5-fold lower in the aggregation-negative population of cells relative to the
aggregation-positive population of cells and/or the seeded population of cells. Different
enrichment/depletion thresholds can also be used. For example, an enrichment/depletion
threshold can be set higher to be more stringent (e.g., at least about 1.6-fold, at least about 1.7-
fold, at least about 1.8-fold, at least about 1.9-fold, at least about 2-fold, at least about 2.5-fold,
or at least about 2.5-fold). Alternatively, an enrichment/depletion threshold can be set lower to
be less stringent (e.g., at least about 1.4-fold, at least about 1.3-fold, or at least about 1.2-fold).
[00365] In one example, the step of determining abundance can comprise determining
abundance of the plurality of unique guide RNAs in the aggregation-positive population relative
to the aggregation-negative population and/or relative to the population of cells cultured after
introduction of the guide RNA library at a first time point and/or relative to the seeded
population of cells at a second time point. Likewise, the step of determining abundance can
comprise determining abundance of the plurality of unique guide RNAs in the aggregation-
negative population relative to the aggregation-positive population and/or relative to the
population of cells cultured after introduction of the guide RNA library at a first time point
and/or relative to the seeded population of cells at a second time point. For example, the first
time point can be at a first passage of culturing the population of cells or in the middle of
culturing the population of cells to allow genome editing and expansion. For example, the first
time point can be after a sufficient amount of time for the guide RNAs to form complexes with
the Cas protein, and for the Cas protein to cleave the plurality of genes resulting in knockout of
gene function (CRISPRn) or to transcriptionally activate the plurality of genes (CRISPRa).
However, in some cases, the first time point should ideally be at the first cell passage to
determine the gRNA library representation soon after infection (i.e., before further expansion
and genome editing) and to determine if each gRNA representation evolves from the first time
point to the second time points and to any additional time points to a final time point. This
allows ruling out enriched gRNAs/targets due to cell growth advantages during the course of the

screen by verifying gRNA abundance is unchanged between the first and second time points. As
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a specific example, the first time point can be after about 1 day, about 2 days, about 3 days, or
about 4 days of culturing and expansion (e.g., at about 3 days of culture and expansion), and the
second time point can be after about 5 days, about 6 days, about 7 days, about 8 days, about 9
days, about 10 days, or about 11 days of culturing and expansion. For example, the first time
point can be after about 3 days of culturing and expansion, and the second time point can be after
about 7 days or about 10 days of culturing and expansion.

[00366] In some methods, a gene can then be considered a genetic modifier of tau
aggregation, wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene
prevents (or is expected to prevent) tau aggregation, if the abundance of a guide RNA targeting
the gene relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold
higher in the aggregation-negative population of cells relative to the aggregation-positive
population of cells, the cultured population of cells at the first time point, and the seeded
population of cells at the second time point. Alternatively or additionally, a gene can then be
considered a genetic modifier of tau aggregation, wherein disruption (CRISPRn) or
transcriptional activation (CRISPRa) of the gene prevents (or is expected to prevent) tau
aggregation, if the abundance of a guide RNA targeting the gene relative to the total population
of the plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-negative
population of cells relative to the aggregation-positive population of cells and the seeded
population of cells at the second time point. Alternatively or additionally, a gene can then be
considered a genetic modifier of tau aggregation, wherein disruption (CRISPRn) or
transcriptional activation (CRISPRa) of the gene prevents (or is expected to prevent) tau
aggregation, if the abundance of a guide RNA targeting the gene relative to the total population
of the plurality of unique guide RNAs is at least 1.5-fold lower in the aggregation-positive
population of cells relative to the aggregation-negative population of cells, the cultured
population of cells at the first time point, and the seeded population of cells at the second time
point. Alternatively or additionally, a gene can then be considered a genetic modifier of tau
aggregation, wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene
prevents (or is expected to prevent) tau aggregation, if the abundance of a guide RNA targeting
the gene relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold
lower in the aggregation-positive population of cells relative to the aggregation-negative

population of cells and the seeded population of cells at the second time point.
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[00367] Alternatively, in one example, the step of determining abundance can comprise
determining abundance of the plurality of unique guide RNAs in the aggregation-negative
population relative to the aggregation-positive population and/or relative to the population of
cells cultured after introduction of the guide RNA library at a first time point and/or relative to
the seeded population of cells at a second time point. Likewise, the step of determining
abundance can comprise determining abundance of the plurality of unique guide RNAs in the
aggregation-positive population relative to the aggregation-negative population and/or relative to
the population of cells cultured after introduction of the guide RNA library at a first time point
and/or relative to the seeded population of cells at a second time point. For example, the first
time point can be at a first passage of culturing the population of cells or in the middle of
culturing the population of cells to allow genome editing and expansion. For example, the first
time point can be after a sufficient amount of time for the guide RNAs to form complexes with
the Cas protein, and for the Cas protein to cleave the plurality of genes resulting in knockout of
gene function (CRISPRn) or to transcriptionally activate the plurality of genes (CRISPRa).
However, in some cases, the first time point should ideally be at the first cell passage to
determine the gRNA library representation soon after infection (i.e., before further expansion
and genome editing) and to determine if each gRNA representation evolves from the first time
point to the second time points and to any additional time points to a final time point. This
allows ruling out enriched gRNAs/targets due to cell growth advantages during the course of the
screen by verifying gRNA abundance is unchanged between the first and second time points. As
a specific example, the first time point can be after about 1 day, about 2 days, about 3 days, or
about 4 days of culturing and expansion (e.g., at about 3 days of culture and expansion), and the
second time point can be after about 5 days, about 6 days, about 7 days, about 8 days, about 9
days, about 10 days, or about 11 days of culturing and expansion. For example, the first time
point can be after about 3 days of culturing and expansion, and the second time point can be after
about 7 days or about 10 days of culturing and expansion.

[00368] In some methods, a gene can then be considered a genetic modifier of tau
aggregation, wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene
promotes or enhances tau aggregation (or is expected to promote or enhance tau aggregation), if
the abundance of a guide RNA targeting the gene relative to the total population of the plurality
of unique guide RNAs is at least 1.5-fold higher in the aggregation-positive population of cells
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relative to the aggregation-negative population of cells, the cultured population of cells at the
first time point, and the seeded population of cells at the second time point. Alternatively or
additionally, a gene can then be considered a genetic modifier of tau aggregation, wherein
disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene promotes or enhances
tau aggregation (or is expected to promote or enhance tau aggregation), if the abundance of a
guide RNA targeting the gene relative to the total population of the plurality of unique guide
RNAs is at least 1.5-fold higher in the aggregation-positive population of cells relative to the
aggregation-negative population of cells and the seeded population of cells at the second time
point. Alternatively or additionally, a gene can then be considered a genetic modifier of tau
aggregation, wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene
promotes or enhances tau aggregation (or is expected to promote or enhance tau aggregation), if
the abundance of a guide RNA targeting the gene relative to the total population of the plurality
of unique guide RNAs is at least 1.5-fold lower in the aggregation-negative population of cells
relative to the aggregation-positive population of cells, the cultured population of cells at the first
time point, and the seeded population of cells at the second time point. Alternatively or
additionally, a gene can then be considered a genetic modifier of tau aggregation, wherein
disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene promotes or enhances
tau aggregation (or is expected to promote or enhance tau aggregation), if the abundance of a
guide RNA targeting the gene relative to the total population of the plurality of unique guide
RNAs is at least 1.5-fold lower in the aggregation-negative population of cells relative to the
aggregation-positive population of cells and the seeded population of cells at the second time
point.

[00369] In some CRISPRn methods, the following steps are taken to identify a gene as a
genetic modifier of tau aggregation, wherein disruption of the gene prevents (or is expected to
prevent) tau aggregation. Likewise, in some CRISPRa methods, the following steps are taken to
identify a gene as a genetic modifier of tau aggregation, wherein transcriptional activation of the
gene prevents (or is expected to prevent) tau aggregation. The first step comprises identifying
which of the plurality of unique guide RNAs are present in the aggregation-negative population
of cells. The second step comprises calculating the random chance of the guide RNAs identified
being present using the formula nCn’ * (x-n”)C(m-n) / xCm, where x is the variety of unique

guide RNAs introduced into the population of cells, m is the variety of unique guide RNAs
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identified in step (1), n is the variety of unique guide RNAs introduced into the population of
cells that target the gene, and n’ is the variety of unique guide RNAs identified in step (1) that
target the gene. The third step comprises calculating average enrichment scores for the guide
RNAs identified in step (1). The enrichment score for a guide RNA is the relative abundance of
the guide RNA in the aggregation-negative population of cells divided by the relative abundance
of the guide RNA in the aggregation-positive cells or the population of cells cultured after
introduction of the guide RNA library or the seeded population of cells. The relative abundance
is the read count of the guide RNA divided by the read count of the total population of the
plurality of unique guide RNAs. The fourth step comprises selecting the gene if a guide RNA
targeting the gene is significantly below the random chance of being present and above a
threshold enrichment score. Possible threshold enrichment scores are discussed above. As a
specific example, the threshold enrichment score can be set at about 1.5-fold.

[00370] Alternatively, in some CRISPRn methods, the following steps are taken to identify a
gene as a genetic modifier of tau aggregation, wherein disruption of the gene promotes or
enhances (or is expected to promote or enhance) tau aggregation. Likewise, in some CRISPRa
methods, the following steps are taken to identify a gene as a genetic modifier of tau aggregation,
wherein transcriptional activation of the gene promotes or enhances (or is expected to promote or
enhance) tau aggregation. The first step comprises identifying which of the plurality of unique
guide RNAs are present in the aggregation-positive population of cells. The second step
comprises calculating the random chance of the guide RNAs identified being present using the
formula nCn’ * (x-n”)C(m-n) / xCm, where x is the variety of unique guide RNAs introduced
into the population of cells, m is the variety of unique guide RNAs identified in step (1), n is the
variety of unique guide RNAs introduced into the population of cells that target the gene, and n’
is the variety of unique guide RNAs identified in step (1) that target the gene. The third step
comprises calculating average enrichment scores for the guide RNAs identified in step (1). The
enrichment score for a guide RNA is the relative abundance of the guide RNA in the
aggregation-positive population of cells divided by the relative abundance of the guide RNA in
the aggregation-negative cells or the population of cells cultured after introduction of the guide
RNA library or the seeded population of cells. The relative abundance is the read count of the
guide RNA divided by the read count of the total population of the plurality of unique guide
RNAs. The fourth step comprises selecting the gene if a guide RNA targeting the gene is
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significantly below the random chance of being present and above a threshold enrichment score.
Possible threshold enrichment scores are discussed above. As a specific example, the threshold
enrichment score can be set at about 1.5-fold.

[00371] Variety when used in the phrase variety of unique guide RNAs means the number of
unique guide RNA sequences. It is not the abundance, but rather the qualitative “present” or
“not present.” Variety of unique guide RNAs means the number of unique guide RNA sequence.
The variety of unique guide RNA is determined by next generation sequencing (NGS) to identify
all the unique guide RNAs present in a cell population. It is done by using two primers that
recognize the constant regions of the viral vector to amplify the gRNA that is between the
constant regions and a primer that recognizes one constant region for sequencing. Each unique
guide RNA present in the sample will generate read counts using the sequencing primer. The
NGS results will include the sequence and also the number of reads corresponding to the
sequence. The number of reads will be used for the enrichment score calculation for each guide
RNA, and the presence of each unique sequence will tell us which guide RNAs are present. For
instance, if there are three unique guide RNAs for a gene before selection, and all three are
retained post-selection, then both n and n” are 3. These numbers are used for calculating the
statistics but not the actual read counts. However, the read counts for each guide RNA (in one
example, 100, 200, 50, which correspond to each of the 3 unique guide RNAs) will be used for

the calculation of enrichment score.

VI. Methods of Screening for Genetic Modifiers of Tau Disaggregation

[00372] The Cas/tau biosensor cell lines disclosed herein can be used in methods of screening
for genetic modifiers of tau disaggregation (e.g., that promote tau disaggregation). Such
methods can comprise providing a population of tau-aggregation-positive Cas/tau biosensor cells
as disclosed elsewhere herein, introducing a library comprising a plurality of unique guide
RNAs, and assessing tau disaggregation in the targeted cells.

[00373] As one example, a method can comprise providing a population of Cas/tau biosensor
cells (e.g., a population of cells comprising a Cas protein, a first tau repeat domain linked to a
first reporter, and a second tau repeat domain linked to a second reporter), wherein the cells are
tau-aggregation-positive cells in which a tau repeat domain stably presents in an aggregated

state, introducing into the population of cells a library comprising a plurality of unique guide
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RNA s that target a plurality of genes, and culturing the population of cells to allow genome
editing and expansion. The plurality of unique guide RNAs form complexes with the Cas
protein, and the Cas protein cleaves the plurality of genes resulting in knockout of gene function
to produce a genetically modified population of cells. The culturing results in an aggregation-
positive population of cells and an aggregation-negative population of cells, which can then be
identified. Finally, abundance of each of the plurality of unique guide RNAs can be determined
in the aggregation-positive population of cells relative to the aggregation-negative population of
cells and/or relative to the population of cells being cultured after introduction of the guide RNA
library at one or more time points. Enrichment of a guide RNA in the aggregation-negative
population of cells relative to the aggregation-positive population of cells and/or relative to the
population of cells being cultured after introduction of the guide RNA library at one or more
time points indicates that the gene targeted by the guide RNA is a genetic modifier of tau
disaggregation, wherein disruption of the gene targeted by the guide RNA promotes tau
disaggregation, or is a candidate genetic modifier of tau disaggregation (e.g., for further testing
via secondary screens), wherein disruption of the gene targeted by the guide RNA is expected to
promote tau disaggregation. Likewise, depletion of a guide RNA in the aggregation-positive
population of cells relative to the aggregation-negative population of cells and/or relative to the
population of cells being cultured after introduction of the guide RNA library at one or more
time points indicates that the gene targeted by the guide RNA is a genetic modifier of tau
disaggregation, wherein disruption of the gene targeted by the guide RNA promotes tau
disaggregation, or is a candidate genetic modifier of tau disaggregation (e.g., for further testing
via secondary screens), wherein disruption of the gene targeted by the guide RNA is expected to
promote tau disaggregation. Enrichment of a guide RNA in the aggregation-positive population
of cells relative to the aggregation-negative population of cells and/or relative to the population
of cells being cultured after introduction of the guide RNA library at one or more time points
indicates that the gene targeted by the guide RNA is a genetic modifier of tau aggregation,
wherein disruption of the gene targeted by the guide RNA promotes or enhances tau aggregation,
or is a candidate genetic modifier of tau aggregation (e.g., for further testing via secondary
screens), wherein disruption of the gene targeted by the guide RNA is expected to promote or
enhance tau aggregation. Likewise, depletion of a guide RNA in the aggregation-negative

population of cells relative to the aggregation-positive population of cells and/or relative to the
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population of cells being cultured after introduction of the guide RNA library at one or more
time points indicates that the gene targeted by the guide RNA is a genetic modifier of tau
aggregation, wherein disruption of the gene targeted by the guide RNA promotes or enhances tau
aggregation, or is a candidate genetic modifier of tau aggregation (e.g., for further testing via
secondary screens), wherein disruption of the gene targeted by the guide RNA is expected to
promote or enhance tau aggregation.

[00374] Similarly, the SAM/tau biosensor cell lines disclosed herein can be used in methods
of screening for genetic modifiers of tau disaggregation (e.g., that promote tau disaggregation).
Such methods can comprise providing a population of tau-aggregation-positive SAM/tau
biosensor cells as disclosed elsewhere herein, introducing a library comprising a plurality of
unique guide RNAs, and assessing tau disaggregation in the targeted cells.

[00375] As one example, a method can comprise providing a population of SAM/tau
biosensor cells (e.g., a population of cells comprising a chimeric Cas protein comprising a
nuclease-inactive Cas protein fused to one or more transcriptional activation domains, a chimeric
adaptor protein comprising an adaptor protein fused to one or more transcriptional activation
domains, a first tau repeat domain linked to a first reporter, and a second tau repeat domain
linked to a second reporter), wherein the cells are tau-aggregation-positive cells in which a tau
repeat domain stably presents in an aggregated state, introducing into the population of cells a
library comprising a plurality of unique guide RNAs that target a plurality of genes, and
culturing the population of cells to allow transcriptional activation and expansion. The plurality
of unique guide RNAs form complexes with the chimeric Cas protein and the chimeric adaptor
protein, and the complexes activate transcription of the plurality of genes resulting in increased
gene expression and a modified population of cells. The culturing results in an aggregation-
positive population of cells and an aggregation-negative population of cells, which can then be
identified. Finally, abundance of each of the plurality of unique guide RNAs can be determined
in the aggregation-positive population of cells relative to the aggregation-negative population of
cells and/or relative to the population of cells being cultured after introduction of the guide RNA
library at one or more time points. Enrichment of a guide RNA in the aggregation-negative
population of cells relative to the aggregation-positive population of cells and/or relative to the
population of cells being cultured after introduction of the guide RNA library at one or more

time points indicates that the gene targeted by the guide RNA is a genetic modifier of tau
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disaggregation, wherein transcriptional activation of the gene targeted by the guide RNA
promotes tau disaggregation, or is a candidate genetic modifier of tau disaggregation (e.g., for
further testing via secondary screens), wherein transcriptional activation of the gene targeted by
the guide RNA is expected to promote tau disaggregation. Likewise, depletion of a guide RNA
in the aggregation-positive population of cells relative to the aggregation-negative population of
cells and/or relative to the population of cells being cultured after introduction of the guide RNA
library at one or more time points indicates that the gene targeted by the guide RNA is a genetic
modifier of tau disaggregation, wherein transcriptional activation of the gene targeted by the
guide RNA promotes tau disaggregation, or is a candidate genetic modifier of tau disaggregation
(e.g., for further testing via secondary screens), wherein transcriptional activation of the gene
targeted by the guide RNA is expected to promote tau disaggregation. Enrichment of a guide
RNA in the aggregation-positive population of cells relative to the aggregation-negative
population of cells and/or relative to the population of cells being cultured after introduction of
the guide RNA library at one or more time points indicates that the gene targeted by the guide
RNA is a genetic modifier of tau aggregation, wherein transcriptional activation of the gene
targeted by the guide RNA promotes or enhances tau aggregation, or is a candidate genetic
modifier of tau aggregation (e.g., for further testing via secondary screens), wherein
transcriptional activation of the gene targeted by the guide RNA is expected to promote or
enhance tau aggregation. Likewise, depletion of a guide RNA in the aggregation-negative
population of cells relative to the aggregation-positive population of cells and/or relative to the
population of cells being cultured after introduction of the guide RNA library at one or more
time points indicates that the gene targeted by the guide RNA is a genetic modifier of tau
aggregation, wherein transcriptional activation of the gene targeted by the guide RNA promotes
or enhances tau aggregation, or is a candidate genetic modifier of tau aggregation (e.g., for
further testing via secondary screens), wherein transcriptional activation of the gene targeted by
the guide RNA is expected to promote or enhance tau aggregation.

[00376] The Cas/tau biosensor cells used in the method can be any of the Cas/tau biosensor
cells disclosed elsewhere herein. Likewise, the SAM/tau biosensor cells used in the method can
be any of the SAM/tau biosensor cells disclosed elsewhere herein. The first tau repeat domain
and the second tau repeat domain can be different or can be similar or the same. The tau repeat

domain can be any of the tau repeat domains disclosed elsewhere herein. For example, the first
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tau repeat domain and/or the second tau repeat domain can be a wild type tau repeat domain or
can comprise a pro-aggregation mutation (e.g., a pathogenic, pro-aggregation mutation), such as
a tau P301S mutation. The first tau repeat domain and/or the second tau repeat domain can
comprise a tau four-repeat domain. As one specific example, the first tau repeat domain and/or
the second tau repeat domain can comprise, consist essentially of, or consist of SEQ ID NO: 11
or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical
to SEQ ID NO: 11. In one specific example, the nucleic acid encoding the tau repeat domain can
comprise, consist essentially of, or consist of SEQ ID NO: 12 or a sequence at least about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 12, optionally
wherein the nucleic acid encodes a protein comprising, consisting essentially of, or consisting of
SEQID NO: 11.

[00377] The first tau repeat domain can be linked to the first reporter and the second tau
repeat domain can be linked to the second reporter by any means. For example, the reporter can
be fused to the tau repeat domain (e.g., as part of a fusion protein). The reporter proteins can be
any pair of reporter proteins that produce a detectable signal when the first tau repeat domain
linked to the first reporter is aggregated with the second tau repeat domain linked to the second
reporter. As one example, the first and second reporters can be a split luciferase protein. As
another example, the first and second reporter proteins can be a fluorescence resonance energy
transfer (FRET) pair. FRET is a physical phenomenon in which a donor fluorophore in its
excited state non-radiatively transfers its excitation energy to a neighboring acceptor
fluorophore, thereby causing the acceptor to emit its characteristic fluorescence. Examples of
FRET pairs (donor and acceptor fluorophores) are well known. See, e.g., Bajar et al. (2016)
Sensors (Basel) 16(9):1488, herein incorporated by reference in its entirety for all purposes. As
one specific example of a FRET pair, the first reporter can be cyan fluorescent protein (CFP) and
the second reporter can be yellow fluorescent protein (YFP). As a specific example, the CFP can
comprise, consist essentially of, or consist of SEQ ID NO: 13 or a sequence at least about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 13. As another
specific example, the YFP can comprise, consist essentially of, or consist of SEQ ID NO: 15 or a
sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to
SEQ ID NO: 15.
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[00378] For the Cas/tau biosensor cells, the Cas protein can be any Cas protein disclosed
elsewhere herein. As one example, the Cas protein can be a Cas9 protein. For example, the
Cas9 protein can be a Streptococcus pyogenes Cas9 protein. As one specific example, the Cas
protein can comprise, consist essentially of, or consist of SEQ ID NO: 21 or a sequence at least
about 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%., or 99% identical to SEQ ID NO: 21.
[00379] One or more or all of the Cas protein, the first tau repeat domain linked to the first
reporter, and the second tau repeat domain linked to the second reporter can be stably expressed
in the population of cells. For example, nucleic acids encoding one or more or all of the Cas
protein, the first tau repeat domain linked to the first reporter, and the second tau repeat domain
linked to the second reporter can be genomically integrated in the population of cells. In one
specific example, the nucleic acid encoding the Cas protein can comprise, consist essentially of,
or consist of SEQ ID NO: 22 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO: 22, optionally wherein the nucleic acid
encodes a protein comprising, consisting essentially of, or consisting of SEQ ID NO: 21.

[00380] Forthe SAM/tau biosensor cells, the Cas protein can be any Cas protein disclosed
elsewhere herein. As one example, the Cas protein can be a Cas9 protein. For example, the
Cas9 protein can be a Streptococcus pyogenes Cas9 protein. As one specific example, the
chimeric Cas protein can comprise the nuclease-inactive Cas protein fused to a VP64
transcriptional activation domain. For example, the chimeric Cas protein can comprise from N-
terminus to C-terminus: the nuclease-inactive Cas protein; a nuclear localization signal; and the
VP64 transcriptional activator domain. As one specific example, the adaptor protein can be an
MS2 coat protein, and the one or more transcriptional activation domains in the chimeric adaptor
protein can comprise a p65 transcriptional activation domain and an HSF1 transcriptional
activation domain. For example, the chimeric adaptor protein can comprise from N-terminus to
C-terminus: the MS2 coat protein; a nuclear localization signal; the p65 transcriptional activation
domain; and the HSF1 transcriptional activation domain. In one specific example, the nucleic
acid encoding the chimeric Cas protein can comprise, consist essentially of, or consist of SEQ ID
NO: 38 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 38, optionally wherein the nucleic acid encodes a protein comprising,
consisting essentially of, or consisting of SEQ ID NO: 36. In one specific example, the nucleic

acid encoding the chimeric adaptor protein can comprise, consist essentially of, or consist of
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SEQ ID NO: 39 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to SEQ ID NO: 39, optionally wherein the nucleic acid encodes a protein
comprising, consisting essentially of, or consisting of SEQ ID NO: 37.

[00381] One or more or all of the chimeric Cas protein, the chimeric adaptor protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter can be stably expressed in the population of cells. For example, nucleic acids
encoding one or more or all of the chimeric Cas protein, the chimeric adaptor protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the
second reporter can be genomically integrated in the population of cells.

[00382] As disclosed elsewhere herein, the cells can be any type of cells. For example, the
cells can be eukaryotic cells, mammalian cells, or human cells (e.g., HEK293T cells or neuronal
cells).

[00383] The plurality of unique guide RNAs can be introduced into the population of cells by
any known means. In some methods, the guide RNAs are introduced into the population of cells
by viral transduction, such as retroviral, adenoviral, or lentiviral transduction. In a specific
example, the guide RNAs can be introduced by lentiviral transduction. Each of the plurality of
unique guide RNAs can be in a separate viral vector. The population of cells can be infected at
any multiplicity of infection. For example, the multiplicity of infection can be between about 0.1
and about 1.0, between about 0.1 and about 0.9, between about 0.1 and about 0.8, between about
0.1 and about 0.7, between about 0.1 and about 0.6, between about 0.1 and about 0.5, between
about 0.1 and about 0.4, or between about 0.1 and about 0.3. Alternatively, the multiplicity of
infection can be less than about 1.0, less than about 0.9, less than about 0.8, less than about 0.7,
less than about 0.6, less than about 0.5, less than about 0.4, less than about 0.3, or less than about
0.2. In a specific example, the multiplicity of infection can be less than about 0.3.

[00384] The guide RNAs can be introduced into the population of cells together with a
selection marker or reporter gene to select for cells that have the guide RNAs, and the method
can further comprise selecting cells that comprise the selection marker or reporter gene.
Examples of selection markers and reporter genes are provided elsewhere herein. As one
example, the selection marker can be one that imparts resistance to a drug, such as neomycin
phosphotransferase, hygromycin B phosphotransferase, puromycin-N-acetyltransferase, and

blasticidin S deaminase. Another exemplary selection marker is bleomycin resistance protein,
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encoded by the S% ble gene (Streptoalloteichus hindustanus bleomycin gene), which confers
zeocin (phleomycin D1) resistance. For example, cells can be selected with a drug (e.g.,
puromycin) so that only cells transduced with a guide RNA construct are preserved for being
used to carry out screening. For example, the drug can be puromycin or zeocin (phleomycin
D1).

[00385] In some methods, the plurality of unique guide RNAs are introduced at a
concentration selected such that a majority of the cells receive only one of the unique guide
RNAs. For example, if the guide RNAs are being introduced by viral transduction, the cells can
be infected at a low multiplicity of infection to ensure that most cells receive only one viral
construct with high probability. As one specific example, the multiplicity of infection can be
less than about 0.3.

[00386] The population of cells into which the plurality of unique guide RNAs is introduced
can be any suitable number of cells. For example, the population of cells can comprise greater
than about 50, greater than about 100, greater than about 200, greater than about 300, greater
than about 400, greater than about 500, greater than about 600, greater than about 700, greater
than about 800, greater than about 900, or greater than about 1000 cells per unique guide RNA.
In a specific example, the population of cells comprises greater than about 300 cells or greater
than about 500 cells per unique guide RNA.

[00387] The plurality of unique guide RNAs can target any number of genes. For example,
the plurality of unique guide RNAs can target about S0 or more genes, about 100 or more genes,
about 200 or more genes, about 300 or more genes, about 400 or more genes, about 500 or more
genes, about 1000 or more genes, about 2000 or more genes, about 3000 or more genes, about
4000 or more genes, about 5000 or more genes, about 10000 or more genes, or about 20000 or
more genes. In some methods, the guide RNAs can be selected to target genes in a particular
signaling pathway. In some methods, the library of unique guide RNAs is a genome-wide
library.

[00388] The plurality of unique guide RNAs can target any number of sequences within each
individual targeted gene. In some methods, a plurality of target sequences are targeted on
average in each of the targeted plurality of genes. For example, about 2 to about 10, about 2 to
about 9, about 2 to about 8, about 2 to about 7, about 2 to about 6, about 2 to about 5, about 2 to

about 4, or about 2 to about 3 unique target sequences can be targeted on average in each of the
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targeted plurality of genes. For example, at least about 2, at least about 3, at least about 4, at
least about 5, or at least about 6 unique target sequences can be targeted on average in each of
the targeted plurality of genes. As a specific example, about 6 target sequences can be targeted
on average in each of the targeted plurality of genes. As another specific example, about 3 to
about 6 or about 4 to about 6 target sequences are targeted on average in each of the targeted
plurality of genes.

[00389] The guide RNASs can target any desired location in the target genes. In some
CRISPRn methods using the Cas/tau biosensor cells, each guide RNA targets a constitutive exon
if possible. In some methods, each guide RNA targets a 5’ constitutive exon if possible. In
some methods, each guide RNA targets a first exon, a second exon, or a third exon (from the 5’
end of the gene) if possible. In some CRISPRa methods using the SAM/tau biosensor cells, each
guide RNA can target a guide RNA target sequence within 200 bp upstream of a transcription
start site, if possible. In some CRISPRa methods using the SAM/tau biosensor cells, wherein
each guide RNA can comprise one or more adaptor-binding elements to which the chimeric
adaptor protein can specifically bind. In one example, each guide RNA comprises two adaptor-
binding elements to which the chimeric adaptor protein can specifically bind, optionally wherein
a first adaptor-binding element is within a first loop of each of the one or more guide RNAs, and
a second adaptor-binding element is within a second loop of each of the one or more guide
RNAs. For example, the adaptor-binding element can comprise the sequence set forth in SEQ
ID NO: 33. In a specific example, each of one or more guide RNAs is a single guide RNA
comprising a CRISPR RNA (crRNA) portion fused to a transactivating CRISPR RNA
(tracrRNA) portion, and the first loop is the tetraloop corresponding to residues 13-16 of SEQ ID
NO: 17, 19, 30, or 31, and the second loop is the stem loop 2 corresponding to residues 53-56 of
SEQ ID NO: 17, 19, 30, or 31.

[00390] The step of culturing the population of cells to allow genome editing and expansion
can be any suitable period of time. For example, the culturing can be for between about 2 days
and about 15 days, between about 3 days and about 14 days, between about 5 days and about 14
days, between about 7 days and about 14 days, between about 9 days and about 14 days, between
about 10 days and about 14 days, between about 11 days and about 14 days, or between about 12
days and about 14 days. Likewise, the step of culturing the population of cells to allow

transcriptional activation and expansion can be any suitable period of time. For example, the
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culturing can be for between about 2 days and about 15 days, between about 3 days and about 14
days, between about 5 days and about 14 days, between about 7 days and about 14 days, between
about 9 days and about 14 days, between about 10 days and about 14 days, between about 11
days and about 14 days, or between about 12 days and about 14 days.

[00391] The step of identifying the aggregation-positive cell population and the aggregation-
negative cell population can comprise synchronizing cell cycle progression. For example, this
can be used to obtain a cell population predominantly enriched in the S phase or predominantly
enriched in the G2 phase. As a specific example, the synchronization can be achieved by double
thymidine block.

[00392] Aggregation can be determined by any suitable means, depending on the reporters
used. For example, in methods in which the first reporter and the second reporter are a
fluorescence resonance energy transfer (FRET) pair, the aggregation-positive population of cells
can be identified by flow cytometry.

[00393] Abundance of guide RNAs can be determined by any suitable means. In a specific
example, abundance is determined by next-generation sequencing. Next-generation sequencing
refers to non-Sanger-based high-throughput DNA sequencing technologies. For example,
determining abundance of a guide RNA can comprise measuring read counts of the guide RNA.
[00394] In some methods, a guide RNA is considered enriched in aggregation-negative cells if
the abundance of the guide RNA relative to the total population of the plurality of unique guide
RNAs is at least 1.5-fold higher in the aggregation-negative population of cells relative to the
aggregation-positive population of cells and/or the cultured population of cells at one or more
time points. In some methods, a guide RNA is considered depleted in aggregation-positive cells
if the abundance of the guide RNA relative to the total population of the plurality of unique
guide RNAs is at least 1.5-fold lower in the aggregation-positive population of cells relative to
the aggregation-negative population of cells and/or the cultured population of cells at one or
more time points. Different enrichment/depletion thresholds can also be used. For example, an
enrichment/depletion threshold can be set higher to be more stringent (e.g., at least about 1.6-
fold, at least about 1.7-fold, at least about 1.8-fold, at least about 1.9-fold, at least about 2-fold, at
least about 2.5-fold, or at least about 2.5-fold). Alternatively, an enrichment/depletion threshold
can be set lower to be less stringent (e.g., at least about 1.4-fold, at least about 1.3-fold, or at

least about 1.2-fold).
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[00395] In some methods, a guide RNA is considered enriched in aggregation-positive cells if
the abundance of the guide RNA relative to the total population of the plurality of unique guide
RNAs is at least 1.5-fold higher in the aggregation-positive population of cells relative to the
aggregation-negative population of cells and/or the cultured population of cells at one or more
time points. In some methods, a guide RNA is considered depleted in aggregation-negative cells
if the abundance of the guide RNA relative to the total population of the plurality of unique
guide RNAs is at least 1.5-fold lower in the aggregation-negative population of cells relative to
the aggregation-positive population of cells and/or the cultured population of cells at one or more
time points. Different enrichment/depletion thresholds can also be used. For example, an
enrichment/depletion threshold can be set higher to be more stringent (e.g., at least about 1.6-
fold, at least about 1.7-fold, at least about 1.8-fold, at least about 1.9-fold, at least about 2-fold, at
least about 2.5-fold, or at least about 2.5-fold). Alternatively, an enrichment/depletion threshold
can be set lower to be less stringent (e.g., at least about 1.4-fold, at least about 1.3-fold, or at
least about 1.2-fold).

[00396] In one example, the step of determining abundance can comprise determining
abundance of the plurality of unique guide RNAs in the aggregation-positive population relative
to the aggregation-negative population and/or relative to the population of cells cultured after
introduction of the guide RNA library at a first time point and/or relative to the population of
cells cultured after introduction of the guide RNA library at a second time point. Likewise, the
step of determining abundance can comprise determining abundance of the plurality of unique
guide RNAs in the aggregation-negative population relative to the aggregation-positive
population and/or relative to the population of cells cultured after introduction of the guide RNA
library at a first time point and/or relative to the population of cells cultured after introduction of
the guide RNA library at a second time point. For example, the first time point can be at a first
passage of culturing the population of cells or in the middle of culturing the population of cells to
allow genome editing and expansion, and the second time point can be in the middle of culturing
the population of cells to allow genome editing and expansion. For example, the first time point
can be after a sufficient amount of time for the guide RNAs to form complexes with the Cas
protein, and for the Cas protein to cleave the plurality of genes resulting in knockout of gene
function (CRISPRn) or to transcriptionally activate the plurality of genes (CRISPRa). However,

in some cases, the first time point should ideally be at the first cell passage to determine the
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gRNA library representation soon after infection (i.e., before further expansion and genome
editing) and to determine if each gRNA representation evolves from the first time point to the
second time points and to any additional time points to a final time point. This allows ruling out
enriched gRNAs/targets due to cell growth advantages during the course of the screen by
verifying gRNA abundance is unchanged between the first and second time points. As a specific
example, the first time point can be after about 1 day, about 2 days, about 3 days, about 4 days,
about 5 days, about 6 days, about 7 days, or about 8 days of culturing and expansion (e.g., at
about 7 days of culture and expansion), and the second time point can be after about 5 days,
about 6 days, about 7 days, about 8 days, about 9 days, about 10 days, about 11 days, or about 12
days (e.g., about 10 days) of culturing and expansion. For example, the first time point can be
after about 7 days of culturing and expansion, and the second time point can be after about 10
days of culturing and expansion.

[00397] In some methods, a gene can then be considered a genetic modifier of tau
disaggregation, wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the
gene promotes (or is expected to promote) tau disaggregation, if the abundance of a guide RNA
targeting the gene relative to the total population of the plurality of unique guide RNAs is at least
1.5-fold higher in the aggregation-negative population of cells relative to the aggregation-
positive population of cells, the cultured population of cells at the first time point, and the
cultured population of cells at the second time point. Alternatively or additionally, a gene can
then be considered a genetic modifier of tau disaggregation, wherein disruption (CRISPRn) or
transcriptional activation (CRISPRa) of the gene promotes (or is expected to promote) tau
disaggregation, if the abundance of a guide RNA targeting the gene relative to the total
population of the plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-
negative population of cells relative to the aggregation-positive population of cells and the
cultured population of cells at the second time point. Alternatively or additionally, a gene can
then be considered a genetic modifier of tau disaggregation, wherein disruption (CRISPRn) or
transcriptional activation (CRISPRa) of the gene promotes (or is expected to promote) tau
disaggregation, if the abundance of a guide RNA targeting the gene relative to the total
population of the plurality of unique guide RNAs is at least 1.5-fold lower in the aggregation-
positive population of cells relative to the aggregation-negative population of cells, the cultured

population of cells at the first time point, and the cultured population of cells at the second time
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point. Alternatively or additionally, a gene can then be considered a genetic modifier of tau
disaggregation, wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the
gene promotes (or is expected to promote) tau disaggregation, if the abundance of a guide RNA
targeting the gene relative to the total population of the plurality of unique guide RNAs is at least
1.5-fold lower in the aggregation-positive population of cells relative to the aggregation-negative
population of cells and the cultured population of cells at the second time point.

[00398] In some methods, a gene can then be considered a genetic modifier of tau
aggregation, wherein disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene
promotes or enhances (or is expected to promote or enhance) tau aggregation, if the abundance
of a guide RNA targeting the gene relative to the total population of the plurality of unique guide
RNAs is at least 1.5-fold higher in the aggregation-positive population of cells relative to the
aggregation-negative population of cells, the cultured population of cells at the first time point,
and the cultured population of cells at the second time point. Alternatively or additionally, a
gene can then be considered a genetic modifier of tau aggregation, wherein disruption
(CRISPRn) or transcriptional activation (CRISPRa) of the gene promotes or enhances (or is
expected to promote or enhance) tau aggregation, if the abundance of a guide RNA targeting the
gene relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold
higher in the aggregation-positive population of cells relative to the aggregation-negative
population of cells and the cultured population of cells at the second time point. Alternatively or
additionally, a gene can then be considered a genetic modifier of tau aggregation, wherein
disruption (CRISPRn) or transcriptional activation (CRISPRa) of the gene promotes or enhances
(or is expected to promote or enhance) tau aggregation, if the abundance of a guide RNA
targeting the gene relative to the total population of the plurality of unique guide RNAs is at least
1.5-fold lower in the aggregation-negative population of cells relative to the aggregation-positive
population of cells, the cultured population of cells at the first time point, and the cultured
population of cells at the second time point. Alternatively or additionally, a gene can then be
considered a genetic modifier of tau aggregation, wherein disruption (CRISPRn) or
transcriptional activation (CRISPRa) of the gene promotes or enhances (or is expected to
promote or enhance) tau aggregation, if the abundance of a guide RNA targeting the gene

relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold lower in
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the aggregation-negative population of cells relative to the aggregation-positive population of
cells and the cultured population of cells at the second time point.

[00399] In some CRISPRn methods, the following steps are taken to identify a gene as a
genetic modifier of tau disaggregation, wherein disruption of the gene promotes (or is expected
to promote) tau disaggregation. Likewise, in some CRISPRa methods, the following steps are
taken to identify a gene as a genetic modifier of tau disaggregation, wherein transcriptional
activation of the gene promotes (or is expected to promote) tau disaggregation. The first step
comprises identifying which of the plurality of unique guide RNAs are present in the
aggregation-negative population of cells. The second step comprises calculating the random
chance of the guide RNAs identified being present using the formula nCn’ * (x-n”)C(m-n) /
xCm, where x is the variety of unique guide RNAs introduced into the population of cells, m is
the variety of unique guide RNAs identified in step (1), n is the variety of unique guide RNAs
introduced into the population of cells that target the gene, and n’ is the variety of unique guide
RNAs identified in step (1) that target the gene. The third step comprises calculating average
enrichment scores for the guide RNAs identified in step (1). The enrichment score for a guide
RNA is the relative abundance of the guide RNA in the aggregation-negative population of cells
divided by the relative abundance of the guide RNA in the aggregation-positive cells or the
population of cells cultured after introduction of the guide RNA library at the first or second time
point. The relative abundance is the read count of the guide RNA divided by the read count of
the total population of the plurality of unique guide RNAs. The fourth step comprises selecting
the gene if a guide RNA targeting the gene is significantly below the random chance of being
present and above a threshold enrichment score. Possible threshold enrichment scores are
discussed above. As a specific example, the threshold enrichment score can be set at about 1.5-
fold.

[00400] In some CRISPRn methods, the following steps are taken to identify a gene as a
genetic modifier of tau aggregation, wherein disruption of the gene promotes or enhances (or is
expected to promote or enhance) tau aggregation. Likewise, in some CRISPRa methods, the
following steps are taken to identify a gene as a genetic modifier of tau aggregation, wherein
transcriptional activation of the gene promotes or enhances (or is expected to promote or
enhance) tau aggregation. The first step comprises identifying which of the plurality of unique

guide RNAs are present in the aggregation-positive population of cells. The second step
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comprises calculating the random chance of the guide RNAs identified being present using the
formula nCn’ * (x-n”)C(m-n) / xCm, where x is the variety of unique guide RNAs introduced
into the population of cells, m is the variety of unique guide RNAs identified in step (1), n is the
variety of unique guide RNAs introduced into the population of cells that target the gene, and n’
is the variety of unique guide RNAs identified in step (1) that target the gene. The third step
comprises calculating average enrichment scores for the guide RNAs identified in step (1). The
enrichment score for a guide RNA is the relative abundance of the guide RNA in the
aggregation-positive population of cells divided by the relative abundance of the guide RNA in
the aggregation-negative cells or the population of cells cultured after introduction of the guide
RNA library at the first or second time point. The relative abundance is the read count of the
guide RNA divided by the read count of the total population of the plurality of unique guide
RNAs. The fourth step comprises selecting the gene if a guide RNA targeting the gene is
significantly below the random chance of being present and above a threshold enrichment score.
Possible threshold enrichment scores are discussed above. As a specific example, the threshold
enrichment score can be set at about 1.5-fold.

[00401] Variety when used in the phrase variety of unique guide RNAs means the number of
unique guide RNA sequences. It is not the abundance, but rather the qualitative “present” or
“not present.” Variety of unique guide RNAs means the number of unique guide RNA sequence.
The variety of unique guide RNA is determined by next generation sequencing (NGS) to identify
all the unique guide RNAs present in a cell population. It is done by using two primers that
recognize the constant regions of the viral vector to amplify the gRNA that is between the
constant regions and a primer that recognizes one constant region for sequencing. Each unique
guide RNA present in the sample will generate read counts using the sequencing primer. The
NGS results will include the sequence and also the number of reads corresponding to the
sequence. The number of reads will be used for the enrichment score calculation for each guide
RNA, and the presence of each unique sequence will tell us which guide RNAs are present. For
instance, if there are three unique guide RNAs for a gene before selection, and all three are
retained post-selection, then both n and n” are 3. These numbers are used for calculating the
statistics but not the actual read counts. However, the read counts for each guide RNA (in one
example, 100, 200, 50, which correspond to each of the 3 unique guide RNAs) will be used for

the calculation of enrichment score.
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[00402] All patent filings, websites, other publications, accession numbers and the like cited
above or below are incorporated by reference in their entirety for all purposes to the same extent
as if each individual item were specifically and individually indicated to be so incorporated by
reference. If different versions of a sequence are associated with an accession number at
different times, the version associated with the accession number at the effective filing date of
this application is meant. The effective filing date means the earlier of the actual filing date or
filing date of a priority application referring to the accession number if applicable. Likewise, if
different versions of a publication, website or the like are published at different times, the
version most recently published at the effective filing date of the application is meant unless
otherwise indicated. Any feature, step, element, embodiment, or aspect of the invention can be
used in combination with any other unless specifically indicated otherwise. Although the present
invention has been described in some detail by way of illustration and example for purposes of
clarity and understanding, it will be apparent that certain changes and modifications may be

practiced within the scope of the appended claims.

BRIEF DESCRIPTION OF THE SEQUENCES

[00403] The nucleotide and amino acid sequences listed in the accompanying sequence listing
are shown using standard letter abbreviations for nucleotide bases, and three-letter code for
amino acids. The nucleotide sequences follow the standard convention of beginning at the 5’
end of the sequence and proceeding forward (i.e., from left to right in each line) to the 3” end.
Only one strand of each nucleotide sequence is shown, but the complementary strand is
understood to be included by any reference to the displayed strand. When a nucleotide sequence
encoding an amino acid sequence is provided, it is understood that codon degenerate variants
thereof that encode the same amino acid sequence are also provided. The amino acid sequences
follow the standard convention of beginning at the amino terminus of the sequence and
proceeding forward (i.e., from left to right in each line) to the carboxy terminus.

[00404] Table 2. Description of Sequences.

SEQID NO | Type Description
1 Protein | Tau R1 Repeat Domain
Protein | Tau R2 Repeat Domain
Protein | Tau R3 Repeat Domain
Protein | Tau R4 Repeat Domain
DNA | Tau R1 Repeat Domain Coding Sequence
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SEQID NO | Type Description
6 DNA | Tau R2 Repeat Domain Coding Sequence
7 DNA | Tau R3 Repeat Domain Coding Sequence
8 DNA | Tau R4 Repeat Domain Coding Sequence
9 Protein | Tau Four-Repeat Domain (R1-R4; amino acids 243-375 of full-length (P10636-8) Tau)
10 DNA Coding Sequence for Tau Four-Repeat Domain (R1-R4; coding sequence for amino
acids 243-375 of full-length (P10636-8) Tau)
11 Protein | Tau Four-Repeat Domain (R1-R4) with P301S Mutation
12 DNA | Coding Sequence for Tau Four-Repeat Domain (R1-R4) with P301S Mutation
13 Protein | ¢CFP
14 DNA | eCFP Coding Sequence
15 Protein | ¢YFP
16 DNA | ¢YFP Coding Sequence
17 RNA | Guide RNA Scaffold V1
18 RNA | Guide RNA Scaffold V2
19 RNA | Guide RNA Scaffold V3
20 RNA | Guide RNA Scaffold V4
21 Protein | Cas9-FLAG
22 DNA | Cas9-FLAG Coding Sequence
23 RNA [ crRNA Tail
24 RNA | TracrRNA
25 DNA | Guide RNA Target Sequence Plus PAM V1
26 DNA | Guide RNA Target Sequence Plus PAM V2
27 DNA | Guide RNA Target Sequence Plus PAM V3
28 RNA | TracrRNA v2
29 RNA | TractRNA v3
30 RNA | Guide RNA Scaffold V5
31 RNA | Guide RNA Scaffold V6
32 RNA | Guide RNA Scaffold V7
33 RNA | MS2-binding loop
34 RNA | Guide RNA Scaffold with MS2-Binding Loops
35 RNA | Generic sgRNA with MS2-Binding Loops
36 Protein | dCas9-VP64 chimeric Cas protein
37 Protein | MCP-p65-HSF1 chimeric adaptor protein
38 DNA | DNA Encoding dCas9-VP64 chimeric Cas protein
39 DNA | DNA Encoding MCP-p65-HSF1 chimeric adaptor protein
40 Protein | MCP
41 DNA | DNA Encoding MCP
42 DNA | Lenti dCas9-VP64
43 DNA | Lenti MCP-p65-HSF1 Hygro

EXAMPLES

Example 1. Development of Genome-Wide CRISPR/Cas9 Screening Platform to Identify
Genetic Modifiers of Tau Aggregation

[00405] Abnormal aggregation or fibrillization of proteins is a defining feature of many
diseases, notably including a number of neurodegenerative diseases such as Alzheimer’s disease
(AD), Parkinson’s disease (PD), frontotemporal dementia (FTD), amyotrophic lateral sclerosis

(ALS), chronic traumatic encephalopathy (CTE), Creutzfeldt-Jakob disease (CJD), and others.
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In many of these diseases, the fibrillization of certain proteins into insoluble aggregates is not
only a hallmark of disease, but has also been implicated as a causative factor of neurotoxicity.
Furthermore, these diseases are characterized by propagation of aggregate pathology through the
central nervous system following stereotypical patterns, a process which correlates with disease
progression. The identification of genes and genetic pathways that modify the processes of
abnormal protein aggregation, or cell-to-cell propagation of aggregates, are therefore of great
value in better understanding neurodegenerative disease etiology as well as in devising strategies
for therapeutic intervention.

[00406] To identify genes and pathways that modify the processes of abnormal tau protein
aggregation, a platform was developed for performing genome-wide screens with CRISPR
nuclease (CRISPRn) sgRNA libraries to identify genes that regulate the potential of cells to be
“seeded” by tau disease-associated protein aggregates (i.e. genes which, when disrupted, cause
cells to be more susceptible to tau aggregate formation when exposed to a source of tau
fibrillized protein). The identification of such genes may elucidate the mechanisms of tau cell-
to-cell aggregate propagation and genetic pathways that govern the susceptibility of neurons to
form tau aggregates in the context of neurodegenerative diseases.

[00407] The screen employed a tau biosensor human cell line consisting of HEK293T cells
stably expressing tau four-repeat domain, tau 4RD, comprising the tau microtubule binding
domain (MBD) with the P301S pathogenic mutation, fused to either CFP or YFP. That is, the
HEK?293T cell lines contain two transgenes stably expressing disease-associated protein variants
fused to the fluorescent protein CFP or the fluorescent protein YFP: tau”*”-CFP/tau”*P-YFP
(TCY), wherein the tau repeat domain (4RD) comprises the P301S pathogenic mutation. See
FIG. 1. In these biosensor lines, tau-CFP/tau-YFP protein aggregation produces a FRET signal,
the result of a transfer of fluorescent energy from donor CFP to acceptor YFP. See FIG. 2.
FRET-positive cells, which contain tau aggregates, can be sorted and isolated by flow cytometry.
At baseline, unstimulated cells express the reporters in a stable, soluble state with minimal FRET
signal. Upon stimulation (e.g., liposome transfection of seed particles), the reporter proteins
form aggregates, producing a FRET signal. Aggregate-containing cells can be isolated by
FACS. Stably propagating aggregate-containing cell lines, Agg[+], can be isolated by clonal
serial dilution of Agg][-] cell lines.
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[00408] Several modifications were made to this tau biosensor cell line to make it useful for
genetic screening. First, these tau biosensor cells were modified by introducing a Cas9-
expressing transgene (SpCas9) via a lentiviral vector. Clonal transgenic cell lines expressing
Cas9 were selected with blasticidin and isolated by clonal serial dilution to obtain single-cell-
derived clones. Clones were evaluated for level of Cas9 expression by qRT-PCR (FIG. 3A) and
for DNA cleavage activity by digital PCR (FIG. 3B). Relative Cas9 expression levels are also
shown in Table 3.

[00409] Table 3. Relative Cas9 Expression Levels.

Cas9D Ct Cas9D B2m Cas9D-B2m
Clone Name repl rep2 rep3 rep4 AVG Ct AVG Ct delta Ct
3B5-Bl 26.22 26.31 26.36 2645 26.33 22.01 4.33
3B5-G2 23.68 23.85 24.39 23.61 23.88 21.51 2.38
7B5-B2 23.63 23.60 24.12 23.50 23.71 21.38 2.34
3B3-A2 24.05 23.95 24.02 24 .47 24.12 21.94 2.19
7B10-C3 22.58 22.71 22.67 23.20 22.79 21.19 1.59
3B5-El 24.12 24.32 24.75 24.05 2431 22.81 1.50
3B5-G1 21.16 21.14 21.09 2143 21.20 21.35 -0.15
7B5-C3 19.98 19.99 19.86 19.97 19.95 21.24 -1.29
7B5-A2 18.84 18.74 19.33 18.99 18.97 22.10 -3.12
7B5-G1 19.01 18.88 19.61 19.18 19.17 22.33 -3.16

[00410] Specifically, Cas9 mutation efficiency was assessed by digital PCR 3 and 7 days after
transduction of lentiviruses encoding gRNAs against two selected target genes. Cutting
efficiency was limited by Cas9 levels in lower-expressing clones. A clone with an adequate
level of Cas9 expression was needed to achieve maximum activity. Several derived clones with
lower Cas9 expression were not able to cut target sequences efficiently, whereas clones with
higher expression (including those used for screening) were able to generate mutations at target
sequences in the genes PERK and SNCA with approximately 80% efficiency after three days in
culture. Efficient cutting was observed already at 3 days after gRNA transduction with only
marginal improvement after 7 days. Clone 7B10-C3 was selected as a high-performing clone to
use for subsequent library screens.

[00411] Second, reagents and a method were developed for sensitizing cells to tau seeding
activity. Tau cell-to-cell propagation may result from tau aggregation activity secreted by
aggregate-containing cells. To study cell propagation of tau aggregation, sub-clones were
obtained of a tau-YFP cell line consisting of HEK293T cells stably expressing tau repeat
domain, tau_4RD, comprising the tau microtubule binding domain (MBD) with the P301S
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pathogenic mutation, fused to YFP. See FIG. 5. Cells in which tau-YFP protein stably presents
in an aggregated state (Agg[+]) were obtained by treating these tau-YFP cells with recombinant
fibrillized tau mixed with lipofectamine reagent in order to seed the aggregation of the tau-YFP
protein stably expressed by these cells. The “seeded” cells were then serially diluted to obtain
single-cell-derived clones. These clones were then expanded to identify clonal cell lines in
which tau-YFP aggregates stably persist in all cells with growth and multiple passages over time.
One of these tau-YFP_Agg[+] clones, Clone 18, was used to produce conditioned medium by
collecting medium that has been on confluent tau-YFP_Agg[+] cells for four days. Conditioned
medium (CM) was then applied onto naive biosensor tau-CFP/Tau-YFP cells at a ratio of 3:1
CM:fresh medium so that tau aggregation could be induced in a small percentage of these
recipient cells. No lipofectamine was used. Lipofectamine was not used in order to have an
assay that is as physiologic as possible, without tricking the recipient cells to force/increase tau
aggregation using lipofectamine. As measured by using flow cytometry to assess the percentage
of cells producing a FRET signal as a measure of aggregation, conditioned medium consistently
induced FRET in approximately 0.1% of cells. See FIG. 6. In conclusion, tau-YFP_Agg[+]

cells cannot produce a FRET signal, but they can provide a source of tau seeds.

Example 2. Genome-Wide CRISPR/Cas9 Screening to Identify Genetic Modifiers of Tau
Aggregation

[00412] To reveal modifier genes of tau aggregation as enriched sgRNAs in FRET[+] cells,
the Cas9-expressing tau-CFP/tau-YFP biosensor cells without aggregates (Agg[—]) were
transduced with two human genome-wide CRISPR sgRNA libraries using a lentiviral delivery
approach to introduce knock-out mutations at each target gene. See FIG. 4. Each CRISPR
sgRNA library targets 5’ constitutive exons for functional knock-out with an average coverage of
~3 sgRNAs per gene (total of 6 gRNAs per gene in the two libraries combined). Read count
distribution (i.e., the representation of each gRNA in the library) was normal and similar for each
library. The sgRNAs were designed to avoid off-target effects by avoiding sgRNAs with two or
fewer mismatches to off-target genomic sequences. The libraries cover 19,050 human genes and
1864 miRNA with 1000 non-targeting control sgRNAs. The libraries were transduced at a
multiplicity of infection (MOI) < 0.3 at a coverage of > 300 cells per sgRNA. Tau biosensor

cells were grown under puromycin selection to select cells with integration and expression of a
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unique sgRNA per cell. Puromycin selection began 24h after transduction at 1 pg/mL. Five
independent screening replicates were used in the primary screen.

[00413] Samples of the full, transduced cell population were collected upon cell passaging at
Day 3 and Day 6 post-transduction. After the Day 6 passage, cells were grown in conditioned
medium to sensitize them to the seeding activity. At Day 10, fluorescence-assisted cell sorting
(FACS) was used to isolate specifically the sub-population of FRET[+] cells. See FIG. 7. The
screening consisted of five replicated experiments. DNA isolation and PCR amplification of the
integrated sgRNA constructs allowed a characterization by next generation sequencing (NGS) of
the sgRNA repertoire at each time point.

[00414] Statistical analysis of the NGS data enabled identification of sgRNAs enriched in the
Day 10 FRET[+] sub-population of the five experiments as compared to the sgRNAs repertoire
at earlier time points Day 3 and Day 6. The concepts of relative abundance and enrichment for
NGS analysis are exemplified in FIG. 8. The first strategy to identify potential tau modifiers
was to use DNA sequencing to produce sgRNA read counts in each sample using the DESeq
algorithm to find the sgRINAs that are more abundant in Day 10 vs. Day 3 or Day 10 vs. Day 6
but not in Day 6 vs. Day 3 (fold change (fc) > 1.5 and negative binomial test p <0.01). Fc> 1.5
means the ratio of (average of day 10 counts) / (average of day 3 or day 6 counts) > 1.5. P <0.01
means the chance that there is no statistical difference between Day 10 and Day 3 or Day 6
counts < 0.01. The DESeq algorithm is a widely used algorithm for “differential expression
analysis for sequence count data.” See, e.g., Anders et al. (2010) Genome Biology 11:R106,
herein incorporated by reference in its entirety for all purposes.

[00415] Specifically, two comparisons were used in each library to identify the significant
sgRNAs: Day 10 vs. Day 3, and Day 10 vs. Day 6. For each of these four comparisons, the
DESeq algorithm was used, and the cutoff threshold to be considered as significant was fold
change > 1.5 as well as negative binomial test p <0.01. Once the significant guides were
identified in each of these comparisons for each library, a gene was considered to be significant
if it meets one of the two following criteria: (1) at least two sgRNAs corresponding to the that
gene were considered to be significant in one comparison (either Day 10 vs. Day 3 or Day 10 vs.
Day 6); and (2) at least one sgRNA was significant in both comparisons (Day 10 vs. Day 3 and
Day 10 vs. Day 6). Using this algorithm, we identified five genes to be significant from the first
library and four genes from the second library. See Table 4.
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[00416] Table 4. Genes Identified Using Strategy #1.
Library #1
Day10 vs Day3 Day10 vs Day6 Day6 vs Day3
Significant Significant Significant
Gene gRNAs Gene gRNAs Gene oRNAs
Target Gene 1 1 Target Gene 1 1 Target Gene 1 0
Target Gene 2 3 Target Gene 2 1 Target Gene 2 0
Target Gene 15 1 Target Gene 15 1 Target Gene 15 0
Target Gene 16 1 Target Gene 16 1 Target Gene 16 0
Target Gene 17 2 Target Gene 17 0 Target Gene 17 0
Library #2
Day10 vs Day3 Day10 vs Day6 Day6 vs Day3
Significant Significant Significant
Gene gRNAs Gene gRNAs Gene gRNAS
Target Gene 2 1 Target Gene 2 1 Target Gene 2 0
Target Gene 18 1 Target Gene 18 1 Target Gene 18 0
Target Gene 19 1 Target Gene 19 1 Target Gene 19 0
Target Gene 20 1 Target Gene 20 1 Target Gene 20 0
[00417] However, the first strategy requires certain levels of read count homogeneity within

each experiment group might be too stringent. For the same sgRNA, many factors could
produce read count variability among the samples within each experiment group (Day 3, Day 6
or Day 10 samples), such as initial viral counts in the screening library, infection or gene editing
efficiency, and relative growth rate post-gene editing. Thus, a second strategy was also used
based on the positive occurrence (read count > 30) of guides per gene in each sample at Day 10
(post-selection) instead of exact read count. Formal statistical p-value was calculated for
positively observing a number of guides in the post-selection sample (n’) given the library size
(x), number of guides per gene (n), and the total number of positive guides in the post-selection
sample (m) (the “number” refers to sgRNA type (i.e., unique guide RNA sequences), not read
count) (pn = nCn’ * (x-n”)C(m-n) / xCm). The probability of n” guides being present by chance
is: pn =nCn’ * (x-n’)C(m-n) / xCm. The probability of n” guides or more for gene g to be

present by chance was calculated as:

pg = Z?:nr pi
The overall enrichment of read counts of a gene post-selection compared to pre-selection was
used as additional parameter to identify positive genes: (Relative abundance = [read count of a
gene] / [read count of all genes] and post-selection enrichment = [relative abundance post-

selection] / [relative abundance pre-selection]).
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[00418] More specifically, the second strategy is a new and more sensitive analysis method
for CRISPR positive selection. The goal of CRISPR positive selection is to use DNA
sequencing to identify genes for which perturbation by sgRNAs is correlated to the phenotype.
To reduce the noise background, multiple sgRNAs for the same gene together with experiment
replicates are usually used in these experiments. However, currently the commonly used
statistical analysis methods, which require a certain degree of homogeneity/agreement among the
sgRNAs for the same gene as well as among technical repeats, do not work well. This is because
these methods cannot handle huge variation among sgRNAs and repeats for the same gene, due
to many possible reasons (e.g., different infection or gene editing efficiency, initial viral counts
in the screening library, and the presence of other sgRNAs with the same phenotype). In
contrast, we developed a method that is robust to large variations. It is based on the positive
occurrences of guides per gene in an individual experiment instead of the exact read count of
each sgRNA. Formal statistical p-values are calculated for positively observing a number of
sgRNAs over experiment repeats given the library size, number of sgRNAs per gene, and the
totally number of positive sgRNAs in each experiment. Relative sgRNA sequence read
enrichment before and after phenotype selection is also used as a parameter. Our method
performs better than widely used methods up-to-date, including DESeq, MAGECK, and others.
Specifically, this method includes the following steps:

[00419] (1) For each experiment, identifying any present guides in cells with positive
phenotype.

[00420] (2) At the gene level, calculating the random chance of guides being present in each
experiment: nCn’ * (x-n”)C(m-n) / xCm, where x is the variety of guides before phenotype
selection, m is the variety of guides after phenotype selection, n is the variety of guides for a
gene before phenotype selection, and n’ is the variety of guides for the gene after phenotype
selection. The overall chance of being present across multiple experiments (generating a single p
value over p values generated from several experiments) is calculated by the Fisher’s combined
probability test (reference: Fisher, R.A ; Fisher, R. A (1948) “Questions and answers #14” The
American Statistician). That is, a test statistic ¢ is first computed using the p-values from the
multiple experiments: ¢ = —2 XX _. p,., where p, is the p-value calculated for the kth
experiment, and K is the total number of the experiments. Then, the combined p-value over the

K experiments is equal to the probability of observing the value of ¢ under the chi-square
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distribution with the degree of freedom of 2*K. Alternatively, the overall chance of being
present across multiple experiments is calculated by multiplying the above calculated possibility
obtained from each experiment.

[00421] (3) Calculating the average enrichment of guides at gene level: Enrichment score =
relative abundance post-selection/ relative abundance pre-selection. Relative abundance = read
count of guides for a gene/read count of all guides.

[00422] (4) Selecting genes significantly below the random chance of being present as well as
above certain enrichment score.

[00423] Fourteen of the target genes identified by the two different approaches (either
approach or both) as being enriched in the FRET[+] cells were selected as top candidates for
further validation after visual inspection based on read counts data. See Table 5. Thirty
individual sgRNAs were tested in secondary screens for validation. A schematic of the
secondary screens is shown in FIG. 9, and the results are shown in FIG. 10. Disruption of either
Target Gene 2 or Target Gene 8, by multiple tested sgRNAs, increased the susceptibility of a cell
to form tau aggregates in response to a source of tau seeding activity (conditioned medium). The
induction of FRET signal increased by 15-20-fold in cells with disruption of either of these two
targets. The disruption of these two target genes increased the formation of tau aggregates in

response to conditioned medium but not fresh medium. See FIG. 11,
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[00424] Table S. Targets Identified.

Target Gene sgRNA

Target Gene 1 gl —Lib-A
Target Gene 1 g5 —Lib-B
Target Gene 2 gl —Lib-A
Target Gene 2 g2 — Lib-A
Target Gene 2 g3 —Lib-A
Target Gene 2 g6 — Lib-B
Target Gene 3 g2 — Lib-A
Target Gene 3 g5 —Lib-B
Target Gene 4 g3 —Lib-A
Target Gene 4 g5 —Lib-B
Target Gene 5 gl —Lib-A
Target Gene 5 g4 —Lib-B
Target Gene 6 g2 — Lib-A
Target Gene 6 g5 —Lib-B
Target Gene 7 gl —Lib-A
Target Gene 7 g5 —Lib-B
Target Gene 8 g5 —Lib-B
Target Gene 8 g6 — Lib-B
Target Gene 9 g2 — Lib-A
Target Gene 9 g6 — Lib-B
Target Gene 10 gl —Lib-A
Target Gene 10 g6 — Lib-B
Target Gene 11 g3 —Lib-A
Target Gene 11 g4 —Lib-B
Target Gene 12 gl —Lib-A
Target Gene 12 g6 — Lib-B
Target Gene 13 g5 —Lib-B
Target Gene 13 g6 — Lib-B
Target Gene 14 gl —Lib-A
Target Gene 14 g4 —Lib-B

[00425] Further experiments with Target Genes 2 and 8 were then performed to further
validate that targeting of each gene promotes tau aggregation. See FIG. 12. Two different
sgRNAs against Target Gene 2 were tested and one sgRNA against Target Gene 8 were used. A
non-targeting sgRNA was used as a negative control. Four independent lentiviral transductions
were done for each guide RNA on Day 0. On Day 6, tau seeding with conditioned medium was
performed with or without lipofectamine and samples were collected for qRT-PCR. The qRT-
PCR data are shown in FIG. 13. Each of the two sgRNAs targeting Target Gene 2 reduced
Target Gene 2 mRNA expression, and the gRNA targeting Target Gene 8 reduced Target Gene 8
expression. On Day 10, FACS analysis was done to assess induction of FRET signal. Tau
aggregation was increased by each of the two sgRNAs targeting Target Gene 2 and the gRNA
targeting Target Gene 8. See FIG. 15. On Day 13, samples were collected for western blot
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analysis. The western blot results are shown in FIG. 14. Similar to the qRT-PCR experiments
assessing mRNA expression, expression of Protein 2 was reduced by the two sgRNAs targeting
Target Gene 2, and expression of Protein 8 was reduced by the sgRNA targeting Target Gene 8.
[00426] Further validation of Target Genes 2 and 8 as modifiers of tau aggregation was done
by isolating individual Target Gene 2 knockdown clones and individual Target Gene 8
knockdown clones for validation. Cas9-expressing tau-CFP/tau-YFP biosensor cells without
aggregates (Agg[—]) were transduced with lentivirus expressing Target Gene 2 sgRNA 1, Target
Gene 8 sgRNA 5, or a non-targeting sgRNA. Serial clonal dilution was then undertaken to select
individual clones. Levels of Target Gene 2 mRNA and Target Gene 8 mRNA were assessed by
gRT-PCR, and levels of Protein 2 and Protein 8 were assessed by western blot. Each Target
Gene 2 sgRNA clone had reduced Target Gene 2 mRNA expression (data not shown) and
Protein 2 expression (FIG. 16), and each target Gene 8 sgRNA clone had reduced Target Gene 8
mRNA expression (data not shown) and Protein 8 expression (FIG. 16).

[00427] Next, each clone was seeded with conditioned medium for 4 days and FRET analysis
was done to assess tau aggregation. The knockdown clones validate Target Genes 2 and 8 as
modifiers of tau aggregation. See FIG. 17.

[00428] The individual clones were then further characterized by next-generation sequencing
to determine what modifications were made that the Target Gene 2 and Target Gene 8 loci. The
modifications are summarized in Table 6 below. Almost all of the mutant clones contain some
percentage of wild type alleles. The percentage of FRET[+] cells (tau aggregation activity)
correlated with the percentage of insertions/deletions caused by non-homologous end joining at
the cleavage sites (i.e., tau aggregation was inversely correlated with the percentage of wild type
alleles—the lower the percentage of wild type alleles, the higher the percentage of Fret[+] cells).
See FIG. 16 and Table 6.
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[00429] Table 6. Characterization of Target Gene 2 and Target Gene 8 Clones.

Amplicon Allele Frequency (Reads > 5%)
Gene (Target)  |Clone — Iq, enced  [wT INDEL 1 INDEL 2
ps  [TG8 85 98.80%
TG2 gl 11.30% 49.9% (+1bp) 33.9% (A16bp)
P10 [TG8 &5 98.60%
TG2 gl 16.50% 79.1% (+1bp)
Target Gene 2
N s 98.80%
TG2 gl 14.90% 35.9% (A6bp) 44 3% (+1bp)
Py [TG8 85 98.70%
TG2 ¢l 20.20% 71.4% (+1bp)
ps, LG8 8 0.00% 54.8% (A3bp+6bp) 29.7% (C—T)
arect Gene 8 TG2 gl 99.5%%
T
arget Lene pso LG8 34.80% 55.0% (A20bp) 6.8% (+1bp)
TG2 gl 99.30%

[00430] Tau phosphorylation was also assessed in each clone by western blot. Tau was found
to be hyper-phosphorylated at S262 and S356 in Target Gene 8 sgRNA clone 5.7. See FIG. 18.
Although clones in which tau was not hyperphosphorylated still appeared to enhance FRET
induction in this experiment, clone 5.7 was quite unstable, and Target Gene 8 is involved in
many biological processes, so no general conclusions could be drawn. Further experiments in
mouse primary cortical neurons showed that phosho-tau (S356) staining is increased in the
somatodendritic compartment in mouse primary cortical neurons treated with Cas9 and Target
Gene2 sgRNA via lentiviral delivery and maintained for 14 days in culture (data not shown).
[00431] This validation confirmed the value of the primary screening approach in the
identification of genes that can regulate the susceptibility of cells to tau seeding when exposed to
an external source of tau seeding activity. Targets identified through the screening could be
therefore relevant targets in the cell-to-cell propagation of tau pathology in the context of

neurodegenerative disease and will be further explored.

Example 3. Development of Genome-Wide CRISPR/Cas9 Screening Platform to Identify
Genetic Modifiers of Tau Aggregation Using a Transcriptional Activation CRISPR/Cas9
Library

[00432] To further identify genes and pathways that modify the processes of abnormal tau
protein aggregation, a platform was developed for performing genome-wide screens with

transcriptional activation (hRSAM) CRISPRa sgRNA libraries to identify genes that regulate the
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potential of cells to be “seeded” by tau disease-associated protein aggregates (i.e. genes which,
when transcriptionally activated, cause cells to be more susceptible to tau aggregate formation
when exposed to a source of tau fibrillized protein). The identification of such genes may
elucidate the mechanisms of tau cell-to-cell aggregate propagation and genetic pathways that
govern the susceptibility of neurons to form tau aggregates in the context of neurodegenerative
diseases.

[00433] The screen employed a tau biosensor human cell line consisting of HEK293T cells
stably expressing tau four-repeat domain, tau 4RD, comprising the tau microtubule binding
domain (MBD) with the P301S pathogenic mutation, fused to either CFP or YFP. That is, the
HEK?293T cell lines contain two transgenes stably expressing disease-associated protein variants
fused to the fluorescent protein CFP or the fluorescent protein YFP: tau”*”-CFP/tau”*P-YFP
(TCY), wherein the tau repeat domain (4RD) comprises the P301S pathogenic mutation. See
FIG. 1. In these biosensor lines, tau-CFP/tau-YFP protein aggregation produces a FRET signal,
the result of a transfer of fluorescent energy from donor CFP to acceptor YFP. See FIG. 2.
FRET-positive cells, which contain tau aggregates, can be sorted and isolated by flow cytometry.
At baseline, unstimulated cells express the reporters in a stable, soluble state with minimal FRET
signal. Upon stimulation (e.g., liposome transfection of seed particles), the reporter proteins
form aggregates, producing a FRET signal. Aggregate-containing cells can be isolated by
FACS. Stably propagating aggregate-containing cell lines, Agg[+], can be isolated by clonal
serial dilution of Agg][-] cell lines.

[00434] Several modifications were made to this tau biosensor cell line to make it useful for
genetic screening. First, this biosensor cell line was further transgenically modified to express
the components of the CRISPR/Cas SAM transcriptional activation system: dCas9-VP64 and
MS2-P65-HSF1. Lentiviral dCas9-VP64 and MS2-P65-HSF1 constructs are provided in SEQ
ID NOS: 42 and 43, respectively. A clone was selected as a high-performing clone to use for
subsequent library screens. This clone was validated for its efficacy in activating selected target
genes.

[00435] Second, reagents and a method were developed for sensitizing cells to tau seeding
activity as in Example 1. Alternatively, if more aggregation is needed, use of cell lysate from an

Agg[+] clone can be used as in Example 5.
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Example 4. Genome-Wide CRISPR/Cas9 Screening to Identify Genetic Modifiers of Tau
Aggregation Using a Transcriptional Activation CRISPR/Cas9 Library

[00436] To reveal further modifier genes of tau aggregation as enriched sgRNAs in FRET[+]
cells, the SAM-expressing tau-CFP/tau-YFP biosensor cells without aggregates (Agg[—]) were
transduced with a human genome-wide CRISPR hSAM sgRNA library using a lentiviral delivery
approach to transcriptionally activate each target gene. The sgRNAs in the library target sites
within 200 bp upstream of the transcription start site with an average coverage of ~3 sgRNAs per
gene. The sgRNAs were designed to avoid off-target effects by avoiding sgRNAs with two or
fewer mismatches to off-target genomic sequences. The library covers 18,946 human genes.

The library was transduced at a multiplicity of infection (MOI) < 0.3 at a coverage of > 300 cells
per sgRNA. Tau biosensor cells were grown under zeocin selection to select cells with
integration and expression of a unique sgRNA per cell. Five independent screening replicates
were used in the primary screen.

[00437] Samples of the full, transduced cell population were collected upon cell passaging at
Day 3 and Day 6 post-transduction. After the Day 6 passage, cells were grown in conditioned
medium to sensitize them to the seeding activity. At Day 10, fluorescence-assisted cell sorting
(FACS) was used to isolate specifically the sub-population of FRET[+] cells. DNA isolation and
PCR amplification of the integrated sgRNA constructs allowed a characterization by next
generation sequencing (NGS) of the sgRNA repertoire at each time point.

[00438] Because data analysis and statistical analysis mirrored the approach used in Example
2, not all the details from Example 2 are repeated here. Statistical analysis of the NGS data
enabled identification of sgRNAs enriched in the Day 10 FRET[+] sub-population of the
multiple experiments as compared to the sgRNAs repertoire at earlier time points Day 3 and Day
6. The first strategy to identify potential tau modifiers was to use DNA sequencing to produce
sgRNA read counts in each sample using the DESeq algorithm to find the sgRNAs that are more
abundant in Day 10 vs. Day 3 or Day 10 vs. Day 6 but not in Day 6 vs. Day 3 (fold change (fc) >
1.5 and negative binomial test p <0.01). Fc¢ > 1.5 means the ratio of (average of day 10 counts) /
(average of day 3 or day 6 counts) > 1.5. P <0.01 means the chance that there is no statistical
difference between Day 10 and Day 3 or Day 6 counts < 0.01. The DESeq algorithm is a widely

used algorithm for “differential expression analysis for sequence count data.” See, e.g., Anders

154



WO 2020/190932 PCT/US2020/023131

et al. (2010) Genome Biology 11:R106, herein incorporated by reference in its entirety for all
purposes.

[00439] Specifically, two comparisons were used in each library to identify the significant
sgRNAs: Day 10 vs. Day 3, and Day 10 vs. Day 6. For each of these four comparisons, the
DESeq algorithm was used, and the cutoff threshold to be considered as significant was fold
change > 1.5 as well as negative binomial test p <0.01. Once the significant guides were
identified in each of these comparisons for each library, a gene was considered to be significant
if it meets one of the two following criteria: (1) at least two sgRNAs corresponding to the that
gene were considered to be significant in one comparison (either Day 10 vs. Day 3 or Day 10 vs.
Day 6); and (2) at least one sgRNA was significant in both comparisons (Day 10 vs. Day 3 and
Day 10 vs. Day 6).

[00440] However, the first strategy requires certain levels of read count homogeneity within
each experiment group might be too stringent. For the same sgRNA, many factors could
produce read count variability among the samples within each experiment group (Day 3, Day 6
or Day 10 samples), such as initial viral counts in the screening library, infection or gene editing
efficiency, and relative growth rate post-gene editing. Thus, a second strategy was also used
based on the positive occurrence (read count > 30) of guides per gene in each sample at Day 10
(post-selection) instead of exact read count. Formal statistical p-value was calculated for
positively observing a number of guides in the post-selection sample (n’) given the library size
(x), number of guides per gene (n), and the total number of positive guides in the post-selection
sample (m) (the “number” refers to sgRNA type (i.e., unique guide RNA sequences), not read
count) (pn = nCn’ * (x-n”)C(m-n) / xCm). The probability of n” guides being present by chance
is: pn =nCn’ * (x-n’)C(m-n) / xCm. The probability of n” guides or more for gene g to be

present by chance was calculated as:

P g = :’,lznl pi
The overall enrichment of read counts of a gene post-selection compared to pre-selection was
used as additional parameter to identify positive genes: (Relative abundance = [read count of a
gene] / [read count of all genes] and post-selection enrichment = [relative abundance post-

selection] / [relative abundance pre-selection]).
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[00441] More specifically, the second strategy is a new and more sensitive analysis method
for CRISPR positive selection. The goal of CRISPR positive selection is to use DNA
sequencing to identify genes for which transcriptional activation by sgRNAs is correlated to the
phenotype. To reduce the noise background, multiple sgRNAs for the same gene together with
experiment replicates are usually used in these experiments. However, currently the commonly
used statistical analysis methods, which require a certain degree of homogeneity/agreement
among the sgRNAs for the same gene as well as among technical repeats, do not work well.
This is because these methods cannot handle huge variation among sgRNAs and repeats for the
same gene, due to many possible reasons (e.g., different infection or gene editing efficiency,
initial viral counts in the screening library, and the presence of other sgRNAs with the same
phenotype). In contrast, we developed a method that is robust to large variations. It is based on
the positive occurrences of guides per gene in an individual experiment instead of the exact read
count of each sgRNA. Formal statistical p-values are calculated for positively observing a
number of sgRNAs over experiment repeats given the library size, number of sgRNAs per gene,
and the totally number of positive sgRNAs in each experiment. Relative sgRNA sequence read
enrichment before and after phenotype selection is also used as a parameter. Our method
performs better than widely used methods up-to-date, including DESeq, MAGECK, and others.
Specifically, this method includes the following steps:

[00442] (1) For each experiment, identifying any present guides in cells with positive
phenotype.

[00443] (2) At the gene level, calculating the random chance of guides being present in each
experiment: nCn’ * (x-n”)C(m-n) / xCm, where x is the variety of guides before phenotype
selection, m is the variety of guides after phenotype selection, n is the variety of guides for a
gene before phenotype selection, and n’ is the variety of guides for the gene after phenotype
selection. The overall chance of being present across multiple experiments (generating a single p
value over p values generated from several experiments) is calculated by the Fisher’s combined
probability test (reference: Fisher, R.A ; Fisher, R. A (1948) “Questions and answers #14” The
American Statistician). That is, a test statistic ¢ is first computed using the p-values from the
multiple experiments: ¢ = —2 XX _. p,., where p, is the p-value calculated for the kth
experiment, and K is the total number of the experiments. Then, the combined p-value over the

K experiments is equal to the probability of observing the value of ¢ under the chi-square
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distribution with the degree of freedom of 2*K. Alternatively, the overall chance of being
present across multiple experiments is calculated by multiplying the above calculated possibility
obtained from each experiment.

[00444] (3) Calculating the average enrichment of guides at gene level: Enrichment score =
relative abundance post-selection/ relative abundance pre-selection. Relative abundance = read
count of guides for a gene/read count of all guides.

[00445] (4) Selecting genes significantly below the random chance of being present as well as
above certain enrichment score.

[00446] A total of 34 target genes (targeted by 42 different sgRNAs) were identified by the
two different approaches (either approach or both) as being enriched in the FRET[+] cells.

Example 5. Preparation and Validation of Tau-YFP Clonel8 Agg[+] Cell Lysates for Tau
Seeding

[00447] We next wanted to identify target genes that, when disrupted, reduce tau aggregation
(whether by blocking uptake of seeds, inhibiting the formation of oligomers or fibrils, promoting
their disassembly, or by some other mechanism). To develop such a screen for sgRNAs that
prevent tau aggregation, we needed a source of seeding activity that is potent and that we can
easily generate in large quantities. As described in this example, we discovered that whole cell
lysate from tau-YFP Agg[+] clonel8 can induce tau aggregation and FRET signal, while lysate
from tau-YFP Agg[-] does not. Whole cell lysate is much more potent at seeding tau activity
(with no lipofectamine) than conditioned media or recombinant tau fibrils. To induce
aggregation (FRET) in larger percentage of cells (e.g., > 50%), we tried using whole cell lysate
in combination with lipofectamine. We also needed to develop a method of collecting cell lysate
in buffer that is not itself toxic to cells. In the experiments described herein, we used phosphate-
buffered saline (PBS) + protease inhibitors to collect cells and sonication to lyse cells. Cell
lysate sonicated for 3 minutes worked best.

[00448] Cells were prepared for sonication as follows: (1) take 6x T175 plates of tau-YFP
Agg[—] cells and 6xT175 plates of tau-YFP Clonel8 Agg[+] cells (~50 million cells/T175); (2)
rinse flask with 10 mL PBS, then scrape cells into 5 mL of PBS; (3) collect 2xT175 into a 15 mL
tube, then rinse these 2xT175 with a total of 5 mL PBS and add it to the 15 mL tube for a final
volume of 15 mL (should have 3 tubes of tau-YFP Agg[—] cells and 3 tubes of tau-YFP Clonel8
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Agg[+] cells); (4) spin the tubes @ 1000 rpm for 5 minutes, aspirate, add 4 mL PBS/tube + 40
ulL HALT™ (six broad-spectrum protease inhibitors AEBSF, aprotinin, bestatin, E-64, leupeptin
and pepstatin A stabilized in high-quality dimethylsulfoxide (DMSO)) + 40 puL
ethylenediaminetetracetic acid (EDTA)/tube (protease inhibitors); and (5) transfer cell
suspensions to 50 mL tubes (sonication tube holder can only hold 50 mL tube) and freeze at -
80°C until sonication.

[00449] Sonication to create cell lysates was performed as follows: (1) thaw cell suspensions
in warm water bath; (2) sonicate for 1 minute, 3 minutes, or 6 minutes; (3) spin down sonicated
samples @ 1000 rpm for 5 minutes, make 300 pL aliquots, and freeze at -80°C.

[00450] Tau biosensor cells tau-CFP/tau-YFP/Cas9 Clone 7B10C3 Agg[—] (C3) and
FRET/FACS control cells tau-CFP, tau-YFP, HEK-HZ, tau-CFP/tau-YFP/Cas9 Clone 7B10C3-
B2 Agg[+] (B2) were thawed and were plated in 12-well plates and were treated with 10 pg, 30
ug, or 100 ug of the cell lysate produced above. The results are shown in FIG. 19. A dose-
dependent response was observed, and 3 minutes sonication worked best.

[00451] In a subsequent experiment, 150,000 of 7B10C3 Agg[—] cells were plated per well in
24-well plates in duplicate. We used 1 mL of fresh medium per well. We added O (control), 10,
25, or 50 pg of 3-min tau-YFP Agg[+] Clonel8 cell lysate +/- lipofectamine (10 puL per 1 mL of
medium). With the lipofectamine, all cells were Agg[+], but all cells were dead after 24 hours in
the 25 and 50 pg lysate samples and after 48 hours in the 10 ug lysate samples.

[00452] We next tried decreasing the amount of lysate used. 150,000 of 7B10C3 Agg[—] cells
were plated per well in 24-well plates in duplicate. We used 1 mL of fresh medium per well.

We added O (control), 1, 5, or 10 pg of 3-min tau-YFP Agg[+] Clonel8 cell lysate +/-
lipofectamine (10 uL per 1 mL of medium). With the lipofectamine, all cells were Agg[+], but
the cells looked unhealthy after 24 hours and were dead after 48 hours in the 5 and 10 pg lysate
samples. In the 1 pg lysate samples, the cells were all Agg[+], but looked somewhat unhealthy
at 24 hours. After 3 days, the cells were still alive and Agg[+].

[00453] We next tried decreasing the amount of lysate used and testing different lipofectamine
concentrations. 150,000 of 7B10C3 Agg[—] cells were plated per well in 24-well plates in
duplicate. We used 1 mL of fresh medium per well. We added O (control), 0.1, 0.5, or 1 pg of 3-
min tau-YFP Agg[+] Clonel8 cell lysate +/- lipofectamine (1, 5, or 10 uL per 1 mL of medium).
With 10 pL lipofectamine, all cells were dead after 24 hours in all samples. With 5 pL
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lipofectamine and 0.5 pg lysate, the cells looked ok after 48 hours and most were Agg[+].
Similarly, with 5 uL lipofectamine and 1 pg lysate, the cells looked ok after 48 hours and all
were Agg[+]. However, the 5 uL lipofectamine was toxic in the 0 ug and 0.1 pug samples, as the
cells looked unhealthy after 48 hours. With 1 uL lipofectamine, the cells looked ok after 48
hours and were ~30% Agg[+] in the 0.1 ug lysate samples, were ~40% Agg[+] in the 0.5 ug
lysate samples, and were ~50% Agg[+] in the 1 pg lysate samples. See FIG. 20. A similar
experiment was done testing 3 ug, 5 ug, or 10 ug of cell lysate and 1 uL, 2 uL, or 3 pL of
lipofectamine. The results are shown in FIG. 21. Yet another experiment was done testing 0.5
ug, 0.7 ug, or 1 ug of cell lysate and 3.5 pL. or 4 uL. of lipofectamine. The percentage of
aggregation-positive cells for each condition was as follows: 0.5 pg lysate/3.5 uL lipofectamine:
73.5%; 0.7 pg lysate/3.5 uL lipofectamine: 71.7%; 1 pg lysate/3.5 pL lipofectamine: 75.7%; 0.5
ug lysate/4 uL lipofectamine: 76.4%; 0.7 ug lysate/4 uL lipofectamine: 76.7%; and 1 ug lysate/4
uL lipofectamine: 78.0%. In further experiments, 2 uL. and 2.5 pL lipofectamine were not toxic
to the cells, but 3 puL, 3.5 uL, 4 uL,, 4.5 uL, and 5 pLL were toxic to cells.

[00454] Next, we scaled up to T25 flasks, plating 2.8 million 7B10C3 cells + lysate +
lipofectamine. FACS/FRET sorting was done after 2 days in culture. Two conditions were
tested: (1) 1.5 pg lysate + 2 uL lipofectamine per mL of fresh medium; and (2) 2 pg lysate + 2
uL lipofectamine per mL of fresh medium. In the first experiment, 965,880 cells were FRET][-]
(i.e., Agg[-]) and 984,760 cells were FRET[+] (i.e., Agg[+]). In the second experiment, 547,960
cells were FRET[-] (i.e., Agg[-]) and 855,900 cells were FRET[+] (i.e., Agg[+]). We concluded
that for genome-wide screens we would use 2.5 pL lipofectamine per mL of fresh medium and
compare two different doses of tau-YFP Agg[+] clonel8 cell lysates (1.5 pug and 2 ug), which
could potentially increase the percent of Agg[+] cells while keeping them healthy.

Example 6. Genome-Wide CRISPR/Cas9 Screening to Identify Genetic Modifiers that
Prevent Tau Aggregation

[00455] The goal of the screen in Example 2 was to identify modifier genes which, when
disrupted, promote the formation of tau aggregates when stimulated with a weak tau seeding
material. In contrast, in the screen described in this example, we treated our biosensor cells with
a potent tau seeding material that normally causes tau aggregation and FRET induction in a

majority of cells. This “maximal seeding” material consists of sonicated whole cell lysate from
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tau-YFP Agg[+] Clonel8 cells, applied with lipofectamine transfection reagent. We took this
approach to identify target genes that, when disrupted, reduce tau aggregation (whether by
blocking uptake of seeds, inhibiting the formation of oligomers or fibrils, promoting their
disassembly, or by some other mechanism). See FIG. 22.

[00456] The Cas9-expressing tau-CFP/tau-YFP biosensor cells without aggregates (Agg[—])
were transduced with two human genome-wide CRISPR sgRNA libraries using a lentiviral
delivery approach to introduce knock-out mutations at each target gene. Each CRISPR sgRNA
library targets 5’ constitutive exons for functional knock-out with an average coverage of ~3
sgRNAs per gene (total of 6 gRNAs per gene in the two libraries combined). Read count
distribution (i.e., the representation of each gRNA in the library) was normal and similar for each
library. The sgRNAs were designed to avoid off-target effects by avoiding sgRNAs with two or
fewer mismatches to off-target genomic sequences. The libraries cover 19,050 human genes and
1864 miRNA with 1000 non-targeting control sgRNAs. The libraries were transduced at a
multiplicity of infection (MOI) < 0.3 at a coverage of > 300 cells per sgRNA. Tau biosensor
cells were grown under puromycin selection to select cells with integration and expression of a
unique sgRNA per cell. Puromycin selection began 24h after transduction at 1 pg/mL. Five
independent screening replicates were used in the primary screen.

[00457] In each replicate, samples of 7B10C3 biosensor cells were collected at Day 3 and Day
7 post-transduction of the lentivirally-packaged CRISPR libraries. At the Day 7 passage, the
“maximal seeding” material was added to the cells, and after 48 hours (at Day 9), FACS was
performed to separate and collect FRET[-] and FRET[+] populations. The screening consisted of
five replicated experiments. DNA isolation and PCR amplification of the integrated sgRNA
constructs allowed a characterization by next generation sequencing (NGS) of the sgRNA
repertoire at each time point. There were 40 samples in total: 5 replicate screens * 2 libraries * 4
samples for each (Day 3, Day 7, Day 9 FRET[-], and Day 9 FRET[+]). For the “maximal
seeding,” 2.5 uL of lipofectamine was used per mL of fresh medium, and different amounts of
cell lysate were tested per mL of fresh medium (2 ug, 4 ug, and 5 pg).

[00458] Data analysis and statistical analysis mirrored the approach used in Example 2, so the
details from Example 2 are not repeated here. We compared (paired analysis) FRET(-) vs
FRET(+) vs Day 7. We also performed a paired analysis by comparison to Day 3 (more
stringent). Day 9 FRET[-] and FRET[+] samples were analyzed for sgRNAs whose enrichment
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or depletion may indicate an effect on the tau aggregation phenotype. sgRNAs that are enriched
in Day 9 FRET]-] cells relative to Day 9 FRET[+], Day 3, and Day 7, and/or are depleted in Day
9 FRET][+] cells relative to Day 9 FRET[-], Day 3, and Day 7, indicate target genes that, when
disrupted, may reduce or protect against tau aggregation. These sgRNA hits are of special
interest as potential targets for therapeutic intervention. sgRNAs that are enriched in Day 9
FRET[+] cells relative to Day 9 FRET[-], Day 3, and Day 7, and/or are depleted in Day 9
FRET][-] cells relative to Day 9 FRET[+], Day 3, and Day 7, indicate target genes that, when
disrupted, may promote or enhance tau aggregation. sgRNAs that are depleted in both Day 9
FRET[+] and FRET](-] relative to earlier timepoints are likely to represent essential genes that
reduce cell viability over time when they are disrupted.

[00459] Weidentified 142 significant gRNAs that were enriched or depleted in FRET[-] cells
(as compared to FRET[+] cells and Day 7 cells). Of these, 46 gRNAs were depleted in FRET[-]
cells, 77 gRNAs were enriched in FRET[-] cells, and 20 gRNAs were enriched in FRET[-] cells
compared to Day 7 (not significant as compared to Day 3). See FIGS. 23 and 24.

[00460] Next, 405 individual sgRNAs were tested in secondary screens for validation. A
schematic of the secondary screens is shown in FIG. 25. Four experiments were done. The
amount of cell lysate used in each was 5 pg/mL of fresh medium. Four different amounts of
lipofectamine (per mL fresh medium) were tested: 1.5 uLL, 2 uL., 2.5 uL, and 3.5 pL.. This
validation confirms the value of the primary screening approach in the identification of genes

that can act as positive and negative modifiers of tau aggregation.

Example 7. Genome-Wide CRISPR/Cas9 Screening to Identify Genetic Modifiers that
Prevent Tau Aggregation Using a Transcriptional Activation CRISPR/Cas9 Library

[00461] Similar to Example 6, in the screen described in this example, we treated our
biosensor cells with a potent tau seeding material that normally causes tau aggregation and FRET
induction in a majority of cells. This “maximal seeding” material consists of sonicated whole
cell lysate from tau-YFP Agg[+] Clonel8 cells, applied with lipofectamine transfection reagent.
We took this approach to identify target genes that, when transcriptionally activated, reduce tau
aggregation (whether by blocking uptake of seeds, inhibiting the formation of oligomers or

fibrils, promoting their disassembly, or by some other mechanism). See FIG. 26.
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[00462] The SAM-expressing tau-CFP/tau-YFP biosensor cells without aggregates (Agg[—])
were transduced with a human genome-wide CRISPR hSAM sgRNA library using a lentiviral
delivery approach to transcriptionally activate each target gene. The sgRNAs in the library
target sites within 200 bp upstream of the transcription start site with an average coverage of ~3
sgRNAs per gene. The sgRNAs were designed to avoid off-target effects by avoiding sgRNAs
with two or fewer mismatches to off-target genomic sequences. The library covers 18,946
human genes. The library was transduced at a multiplicity of infection (MOI) <0.3 ata
coverage of > 300 cells per sgRNA. Tau biosensor cells were grown under zeocin selection to
select cells with integration and expression of a unique sgRNA per cell. Five independent
screening replicates were used in the primary screen.

[00463] At Day 10 (PM) post-transduction of the lentivirally-packaged CRISPR libraries, the
“maximal seeding” material was added to the cells, and at Day 13 (AM) FACS was performed to
separate and collect FRET[-] and FRET[+] populations. See FIG. 26. The screening consisted
of five replicated experiments. DNA isolation and PCR amplification of the integrated sgRNA
constructs allowed a characterization by next generation sequencing (NGS) of the sgRNA
repertoire at each time point. For the “maximal seeding,” three amounts of lipofectamine were
used per mL of fresh medium (2.5 uL, 3.5 uL, and 4 pL), and different amounts of cell lysate
were tested per mL of fresh medium (3 ug, 4 ug, and 5 pg).

[00464] Day 13 FRET][-] and FRET[+] samples were analyzed for sgRNAs whose enrichment
or depletion may indicate an effect on the tau aggregation phenotype. sgRNAs that are enriched
in Day 13 FRET][-] cells relative to Day 13 FRET[+] and Day 10, and/or are depleted in Day 13
FRET[+] cells relative to Day 13 FRET[-] and Day 10 indicate target genes that, when
transcriptionally activated, may reduce or protect against tau aggregation. These sgRNA hits are
of special interest as potential targets for therapeutic intervention. sgRNAs that are enriched in
Day 13 FRET[+] cells relative to Day 13 FRET][-] and Day 10, and/or are depleted in Day 13
FRETI[-] cells relative to Day 13 FRET[+] and Day 10, indicate target genes that, when
transcriptionally activated, may promote or enhance tau aggregation. Data are analyzed and
tested in secondary screens for validation as in Example 6. Statistical analysis mirrors the

approach used in Example 2. We compare (paired analysis) FRET(-) vs FRET(+) vs Day 10.
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Example 8. Genome-Wide CRISPR/Cas9 Screening to Identify Genetic Modifiers of Tau
Disaggregation

[00465] In the above examples, we conducted two series of genome wide screens aiming at
the identification of positive and negative regulators of tau aggregation. In our first screen, we
have identified modifier genes which, when disrupted, promote the formation of tau aggregates
when stimulated with a weak tau seeding material. This “minimal-seeding” material consists of a
conditioned medium collected from tau-YFP aggregate[+] cells, applied directly to 7B10C3 cells
to trigger ~0.1% FRET[+] cells after 3 Days In Vitro (DIV). In contrast, in the second screen we
have treated our biosensor cells with a potent or maximal tau seeding material, that normally
causes tau aggregation and FRET induction in a majority of cells. This “maximal-seeding”
material consists of sonicated whole cell lysate from tau-YFP aggregate[+] cells, applied with
lipofectamine transfection reagent.

[00466] Here, we transduced aggregate[+] 7B10C3-B2 or DC11-B6 cells with lentivirally-
packaged CRISPR libraries. 7B10C3-B2 and DC11-B6 are clones that contains stably
propagating Tau aggregates. This screen was done in HEK293 tau biosensor cells expressing
Cas9 (clone 7B10C3) or dCas9-SAM (clone DC11), in which tau aggregation produces a FRET
signal that can be detected and used as a means of cell sorting by FACS. The 7B10C3 and DC11
clones were further treated with tau fibrils in order to derive sub-clones that contains stably
propagating Tau aggregates. Two of these aggregate-positive aggregate[+] stable sub-clones,
called 7B10C3-B2 and DC11-B6, were selected for expansion and used for screening.

[00467] After two weeks in culture, we isolated and sequenced by next generation sequencing
(NGS) to reveal depleted/enriched single guide RNAs (sgRNAs) in FRET[-] cells on the
hypothesis that sgRNAs that cause a loss of tau aggregation through disruption of their specific
targets will be enriched in the FRET[-] population. The FRET]-] cell population was
predominantly composed by cells with no aggregates. However, we observed some FRET][-]
cells showing speckles, composed by tiny aggregates that were not sufficient to emit FRET and
thus not recognized as FRET[+] by FACS.

[00468] In order to reduce false positives in the FRET[-] population and to minimize the
number of speckles[+] cells observed predominately on G1 phase after mitosis (see FIG. 28), we
synchronized the cell cycle progression by double thymidine block, a DNA synthesis inhibitor

(see FIG. 29). This novel application of this synchronization method allowed us to obtain a cell

163



WO 2020/190932 PCT/US2020/023131

population predominantly enriched in S phase and thus to synchronize aggregate accumulation
after mitosis.

[00469] Five replicate screens are performed for each library (two CRISPRn libraries and one
CRISPRa library). In each replicate, samples of 7B10C3-B2 and DC11-B6 biosensor cells are
collected at Day 7 and Day 10 post-transduction of the lentivirally-packaged CRISPR libraries.
At Day 12, cells are grown in the presence thymidine for 21 hours. After the first block
thymidine is removed (Day 13), cells are washed and grown in fresh medium for 8 hours to
release cells from the block and incubated with thymidine again for the second block. As a result
of this synchronization, cells progress synchronously through G2 and mitotic phase and are
arrested at the beginning of S phase. At Day 14, cells are released by the second thymidine
block and grown in fresh medium for 3 hours to let them progress synchronously through G2
phase. FACS is performed to separate and collect FRET[-] and FRET[+] populations. See FIG.
27.

[00470] Genomic DNA is collected from each sample, and the sgRNA repertoire amplified
from each by PCR. There are 60 samples in total: 5 replicate screens * 3 libraries * 4 samples
for each (Day 7, Day 10, Day 14 FRET][-], and Day 14 FRET[+].

[00471] Data analysis and statistical analysis mirror the approach used in Example 2, so the
details from Example 2 are not repeated here. sgRNAs that are enriched in Day 14 FRET[-] cells
relative to Day 14 FRET[+], Day 7, and Day 10, and/or are depleted in Day 14 FRET[+] cells
relative to Day 14 FRET(-], Day 7, and Day 10, may indicate target genes that, when disrupted
(or transcriptionally activated in the case of the CRISPRa screen), induce tau disaggregation.
These sgRNA hits are of special interest as potential targets for therapeutic intervention.
sgRNAs that are enriched in Day 14 FRET[+] cells relative to Day 14 FRET][-], Day 7, and Day
10, and/or are depleted in Day 14 FRET][-] cells relative to Day 14 FRET[+], Day 7, and Day 10,
may indicate target genes that, when disrupted (or transcriptionally activated in the case of the

CRISPRa screen), promote or enhance tau aggregation.
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We claim:

1. A method of screening for genetic modifiers of tau aggregation,
comprising:

(a) providing a population of cells comprising a Cas protein, a first tau repeat
domain linked to a first reporter, and a second tau repeat domain linked to a second reporter;

(b)  introducing into the population of cells a library comprising a plurality of
unique guide RNAs that target a plurality of genes;

(c) culturing the population of cells to allow genome editing and expansion,
wherein the plurality of unique guide RNAs form complexes with the Cas protein, and the Cas
protein cleaves the plurality of genes resulting in knockout of gene function to produce a
genetically modified population of cells;

(d) contacting the genetically modified population of cells with a tau seeding
agent to produce a seeded population of cells;

(e) culturing the seeded population of cells to allow tau aggregates to form,
wherein aggregates of the first tau repeat domain and the second tau repeat domain form in a
subset of the seeded population of cells to produce an aggregation-positive population of cells;
and

() determining abundance of each of the plurality of unique guide RNAs in
the aggregation-positive population of cells identified in step (e) relative to the genetically
modified population of cells in step (c),

wherein enrichment of a guide RNA in the aggregation-positive population of
cells identified in step (e) relative to the cultured population of cells in step (c) indicates that the
gene targeted by the guide RNA is a genetic modifier of tau aggregation, wherein disruption of

the gene targeted by the guide RNA enhances tau aggregation.
2. The method of claim 1, wherein the Cas protein is a Cas9 protein.

3. The method of claim 2, wherein the Cas protein is Streptococcus pyogenes
Cas9.
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4. The method of claim 3, wherein the Cas protein comprises SEQ ID NO:
21, optionally wherein the Cas protein is encoded by a coding sequence comprising the sequence

set forth in SEQ ID NO: 22.

5. The method of any preceding claim, wherein the Cas protein, the first tau
repeat domain linked to the first reporter, and the second tau repeat domain linked to the second

reporter are stably expressed in the population of cells.

6. The method of any preceding claim, wherein nucleic acids encoding the
Cas protein, the first tau repeat domain linked to the first reporter, and the second tau repeat

domain linked to the second reporter are genomically integrated in the population of cells.

7. The method of any preceding claim, wherein each guide RNA targets a

constitutive exon.

8. The method of claim 7, wherein each guide RNA targets a 5’ constitutive

€xon.

9. The method of any preceding claim, wherein each guide RNA targets a

first exon, a second exon, or a third exon.

10. A method of screening for genetic modifiers of tau aggregation,
comprising:

(a) providing a population of cells comprising a chimeric Cas protein
comprising a nuclease-inactive Cas protein fused to one or more transcriptional activation
domains, a chimeric adaptor protein comprising an adaptor protein fused to one or more
transcriptional activation domains, a first tau repeat domain linked to a first reporter, and a
second tau repeat domain linked to a second reporter;

(b)  introducing into the population of cells a library comprising a plurality of
unique guide RNAs that target a plurality of genes;

(c) culturing the population of cells to allow transcriptional activation and
expansion, wherein the plurality of unique guide RNAs form complexes with the chimeric Cas

protein and the chimeric adaptor protein, and the complexes activate transcription of the plurality
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of genes resulting in increased gene expression to produce a genetically modified population of
cells;

(d) contacting the genetically modified population of cells with a tau seeding
agent to produce a seeded population of cells;

(e) culturing the seeded population of cells to allow tau aggregates to form,
wherein aggregates of the first tau repeat domain and the second tau repeat domain form in a
subset of the seeded population of cells to produce an aggregation-positive population of cells;
and

® determining abundance of each of the plurality of unique guide RNAs in
the aggregation-positive population of cells identified in step (e) relative to the genetically
modified population of cells in step (c),

wherein enrichment of a guide RNA in the aggregation-positive population of
cells identified in step (e) relative to the cultured population of cells in step (c) indicates that the
gene targeted by the guide RNA is a genetic modifier of tau aggregation, wherein transcriptional

activation of the gene targeted by the guide RNA enhances tau aggregation.

11. The method of claim 10, wherein the Cas protein is a Cas9 protein.

12. The method of claim 11, wherein the Cas protein is Strepfococcus
pyogenes Cas9.

13.  The method of any one of claims 10-12, wherein the chimeric Cas protein

comprises the nuclease-inactive Cas protein fused to a VP64 transcriptional activation domain,
optionally wherein the chimeric Cas protein comprises from N-terminus to C-terminus: the
nuclease-inactive Cas protein; a nuclear localization signal; and the VP64 transcriptional

activator domain.

14.  The method of any one of claims 10-13, wherein the adaptor protein is an
MS2 coat protein, and wherein the one or more transcriptional activation domains in the
chimeric adaptor protein comprise a p65 transcriptional activation domain and an HSF1
transcriptional activation domain, optionally wherein the chimeric adaptor protein comprises
from N-terminus to C-terminus: the MS2 coat protein; a nuclear localization signal; the p65

transcriptional activation domain; and the HSF1 transcriptional activation domain.
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15.  The method of any one of claims 10-14, wherein the chimeric Cas protein
comprises SEQ ID NO: 36, optionally wherein the chimeric Cas protein is encoded by a coding
sequence comprising the sequence set forth in SEQ ID NO: 38.

16.  The method of any one of claims 10-15, wherein the chimeric adaptor
protein comprises SEQ ID NO: 37, optionally wherein the chimeric adaptor protein is encoded

by a coding sequence comprising the sequence set forth in SEQ ID NO: 39.

17. The method of any one of claims 10-16, wherein the chimeric Cas protein,
the chimeric adaptor protein, the first tau repeat domain linked to the first reporter, and the
second tau repeat domain linked to the second reporter are stably expressed in the population of

cells.

18.  The method of any one of claims 10-17, wherein nucleic acids encoding
the chimeric Cas protein, the chimeric adaptor protein, the first tau repeat domain linked to the
first reporter, and the second tau repeat domain linked to the second reporter are genomically

integrated in the population of cells.

19. The method of any one of claims 10-18, wherein each guide RNA targets

a guide RNA target sequence within 200 bp upstream of a transcription start site.

20.  The method of any one of claims 10-19, wherein each guide RNA
comprises one or more adaptor-binding elements to which the chimeric adaptor protein can
specifically bind, optionally wherein each guide RNA comprises two adaptor-binding elements
to which the chimeric adaptor protein can specifically bind, optionally wherein a first adaptor-
binding element is within a first loop of each of the one or more guide RNAs, and a second
adaptor-binding element is within a second loop of each of the one or more guide RNAs,
optionally wherein the adaptor-binding element comprises the sequence set forth in SEQ ID NO:
33, and

optionally wherein each of one or more guide RNAs is a single guide RNA
comprising a CRISPR RNA (crRNA) portion fused to a transactivating CRISPR RNA
(tracrRNA) portion, and the first loop is the tetraloop corresponding to residues 13-16 of SEQ ID
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NO: 17, and the second loop is the stem loop 2 corresponding to residues 53-56 of SEQ ID NO:
17.

21. The method of any preceding claim, wherein step (c) is about 3 days to

about 9 days.
22. The method of claim 21, wherein step (¢) is about 6 days.

23. The method of any preceding claim, wherein step (d) comprises culturing
the genetically modified population of cells in the presence of conditioned medium harvested
from cultured tau-aggregation-positive cells in which a tau repeat domain stably presents in an

aggregated state.

24. The method of claim 23, wherein the conditioned medium was harvested

after being on confluent tau-aggregation-positive cells for about 1 to about 7 days.

25. The method of claim 24, wherein the conditioned medium was harvested

after being on confluent tau-aggregation-positive cells for about 4 days.

26.  The method of any one of claims 23-25, wherein step (d) comprises
culturing the genetically modified population of cells in about 75% conditioned medium and

about 25% fresh medium.

27. The method of any one of claims 23-26, wherein the genetically modified
population of cells is not co-cultured with the tau-aggregation-positive cells in which a tau repeat

domain stably presents in an aggregated state.

28. The method of any preceding claim, wherein step (e) is about 2 days to
about 6 days.

29. The method of claim 28, wherein step (e) is about 4 days.

30. The method of any preceding claim, wherein the first reporter and the
second reporter are a fluorescence resonance energy transfer (FRET) pair, and the aggregation-

positive population of cells in step (e) is identified by flow cytometry.
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31.  The method of any preceding claim, wherein abundance is determined by

next-generation sequencing.

32.  The method of any preceding claim, wherein a guide RNA is considered
enriched if the abundance of the guide RNA relative to the total population of the plurality of
unique guide RNAs is at least 1.5-fold higher in the aggregation-positive population of cells in

step (e) relative to the cultured population of cells in step (c).

33. The method of any preceding claim, wherein step (f) comprises
determining abundance of each of the plurality of unique guide RNAs in the aggregation-positive
population of cells in step (e) relative to the cultured population of cells in step (¢) at a first time

point in step (c) and/or a second time point in step (c).

34. The method of claim 33, wherein the first time point in step (c) is at a first
passage of culturing the population of cells, and the second time point is in the middle of
culturing the population of cells to allow genome editing and expansion or transcriptional

activation and expansion.

35. The method of claim 34, wherein the first time point in step (c) is after
about three days of culturing, and the second time point in step (¢) is after about six days of

culturing.

36. The method of any one of claims 33-35, wherein a gene is considered a
genetic modifier of tau aggregation, wherein disruption or transcriptional activation of the gene
enhances tau aggregation, if’

(D) the abundance of a guide RNA targeting the gene relative to the total
population of the plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-
positive population of cells in step (e) relative to the cultured population of cells in step (c) at
both the first time point in step (c¢) and the second time point in step (c¢); and/or

(2) the abundance of at least two unique guide RNAs targeting the gene
relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold higher in
the aggregation-positive population of cells in step (e) relative to the cultured population of cells

in step (c) at either the first time point in step (c¢) or the second time point in step (c).
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37.  The method of any preceding claim, wherein the following steps are taken
in step (f) to identify a gene as a genetic modifier of tau aggregation, wherein disruption or
transcriptional activation of the gene enhances tau aggregation:

(1)  1identifying which of the plurality of unique guide RNAs are present in the
aggregation-positive population of cells produced in step (e);

(2) calculating the random chance of the guide RNAs identified in step (£)(1)
being present using the formula nCn’ * (x-n”)C(m-n) / xCm,

wherein x is the variety of unique guide RNAs introduced into the population of
cells in step (b),

wherein m is the variety of unique guide RNAs identified in step (£)(1),

wherein n is the variety of unique guide RNAs introduced into the population of
cells in step (b) that target the gene, and

wherein n’ is the variety of unique guide RNAs identified in step (f)(1) that target
the gene;

(3) calculating average enrichment scores for the guide RNAs identified in
step (F)(1),

wherein the enrichment score for a guide RNA is the relative abundance of the
guide RNA in the aggregation-positive population of cells produced in step (e) divided by the
relative abundance of the guide RNA in the cultured population of cells in step (c), and

wherein relative abundance is the read count of the guide RNA divided by the
read count of the total population of the plurality of unique guide RNAs; and

4) selecting the gene if a guide RNA targeting the gene is significantly below

the random chance of being present and above a threshold enrichment score.

38. A method of screening for genetic modifiers of tau aggregation,
comprising:

(a) providing a population of cells comprising a Cas protein, a first tau repeat
domain linked to a first reporter, and a second tau repeat domain linked to a second reporter;

(b)  introducing into the population of cells a library comprising a plurality of
unique guide RNAs that target a plurality of genes;

(c) culturing the population of cells to allow genome editing and expansion,

wherein the plurality of unique guide RNAs form complexes with the Cas protein, and the Cas
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protein cleaves the plurality of genes resulting in knockout of gene function to produce a
genetically modified population of cells;

(d) contacting the genetically modified population of cells with a tau seeding
agent to produce a seeded population of cells;

(e) culturing the seeded population of cells to allow tau aggregates to form,
wherein aggregates of the first tau repeat domain and the second tau repeat domain form in a first
subset of the seeded population of cells to produce an aggregation-positive population of cells
and do not form in a second subset of the seeded population of cells to produce an aggregation-
negative population of cells; and

® determining abundance of each of the plurality of unique guide RNAs in
the aggregation-positive population of cells identified in step (e) relative to the aggregation-
negative population of cells identified in step (e) and/or the seeded population of cells in step (d),
and/or determining abundance of each of the plurality of unique guide RNAs in the aggregation-
negative population of cells identified in step (e) relative to the aggregation-positive population
of cells identified in step (e) and/or the seeded population of cells in step (d),

wherein enrichment of a guide RNA in the aggregation-negative population of
cells identified in step (e) relative to the aggregation-positive population of cells identified in
step (e) and/or the seeded population of cells in step (d) or wherein depletion of a guide RNA in
the aggregation-positive population of cells identified in step (e) relative to the aggregation-
negative population of cells identified in step (e) and/or the seeded population of cells in step (d)
indicates that the gene targeted by the guide RNA is a genetic modifier of tau aggregation,
wherein disruption of the gene targeted by the guide RNA prevents tau aggregation, and/or

wherein enrichment of a guide RNA in the aggregation-positive population of
cells identified in step (e) relative to the aggregation-negative population of cells identified in
step (e) and/or the seeded population of cells in step (d) or wherein depletion of a guide RNA in
the aggregation-negative population of cells identified in step (e) relative to the aggregation-
positive population of cells identified in step (e) and/or the seeded population of cells in step (d)
indicates that the gene targeted by the guide RNA is a genetic modifier of tau aggregation,

wherein disruption of the gene targeted by the guide RNA promotes or enhances tau aggregation.

39. The method of claim 38, wherein the Cas protein is a Cas9 protein.
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40. The method of claim 39, wherein the Cas protein is Strepfococcus

pyogenes Cas9.

41. The method of claim 40, wherein the Cas protein comprises SEQ ID NO:
21, optionally wherein the Cas protein is encoded by a coding sequence comprising the sequence

set forth in SEQ ID NO: 22.

42.  The method of any one of claims 38-41, wherein the Cas protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the

second reporter are stably expressed in the population of cells.

43.  The method of any one of claims 38-42, wherein nucleic acids encoding
the Cas protein, the first tau repeat domain linked to the first reporter, and the second tau repeat

domain linked to the second reporter are genomically integrated in the population of cells.

44, The method of any one of claims 38-43, wherein each guide RNA targets

a constitutive exon.

45. The method of claim 44, wherein each guide RNA targets a 5’ constitutive

€xon.

46. The method of any one of claims 38-45, wherein each guide RNA targets

a first exon, a second exon, or a third exon.

47. A method of screening for genetic modifiers of tau aggregation,
comprising:

(a) providing a population of cells comprising a chimeric Cas protein
comprising a nuclease-inactive Cas protein fused to one or more transcriptional activation
domains, a chimeric adaptor protein comprising an adaptor protein fused to one or more
transcriptional activation domains, a first tau repeat domain linked to a first reporter, and a
second tau repeat domain linked to a second reporter;

(b)  introducing into the population of cells a library comprising a plurality of

unique guide RNAs that target a plurality of genes;
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(c) culturing the population of cells to allow transcriptional activation and
expansion, wherein the plurality of unique guide RNAs form complexes with the chimeric Cas
protein and the chimeric adaptor protein, and the complexes activate transcription of the plurality
of genes resulting in increased gene expression to produce a genetically modified population of
cells;

(d) contacting the genetically modified population of cells with a tau seeding
agent to produce a seeded population of cells;

(e) culturing the seeded population of cells to allow tau aggregates to form,
wherein aggregates of the first tau repeat domain and the second tau repeat domain form in a first
subset of the seeded population of cells to produce an aggregation-positive population of cells
and do not form in a second subset of the seeded population of cells to produce an aggregation-
negative population of cells; and

® determining abundance of each of the plurality of unique guide RNAs in
the aggregation-positive population of cells identified in step (e) relative to the aggregation-
negative population of cells identified in step (e) and/or the seeded population of cells in step (d),
and/or determining abundance of each of the plurality of unique guide RNAs in the aggregation-
negative population of cells identified in step (e) relative to the aggregation-positive population
of cells identified in step (e) and/or the seeded population of cells in step (d),

wherein enrichment of a guide RNA in the aggregation-negative population of
cells identified in step (e) relative to the aggregation-positive population of cells identified in
step (e) and/or the seeded population of cells in step (d) or wherein depletion of a guide RNA in
the aggregation-positive population of cells identified in step (e) relative to the aggregation-
negative population of cells identified in step (e) and/or the seeded population of cells in step (d)
indicates that the gene targeted by the guide RNA is a genetic modifier of tau aggregation,
wherein transcriptional activation of the gene targeted by the guide RNA prevents tau
aggregation, and/or

wherein enrichment of a guide RNA in the aggregation-positive population of
cells identified in step (e) relative to the aggregation-negative population of cells identified in
step (e) and/or the seeded population of cells in step (d) or wherein depletion of a guide RNA in
the aggregation-negative population of cells identified in step (e) relative to the aggregation-

positive population of cells identified in step (e) and/or the seeded population of cells in step (d)
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indicates that the gene targeted by the guide RNA is a genetic modifier of tau aggregation,
wherein transcriptional activation of the gene targeted by the guide RNA promotes or enhances

tau aggregation.

48.  The method of claim 47, wherein the Cas protein is a Cas9 protein.

49. The method of claim 48, wherein the Cas protein is Strepfococcus
pyogenes Cas9.

50.  The method of any one of claims 47-49, wherein the chimeric Cas protein

comprises the nuclease-inactive Cas protein fused to a VP64 transcriptional activation domain,
optionally wherein the chimeric Cas protein comprises from N-terminus to C-terminus: the
nuclease-inactive Cas protein; a nuclear localization signal; and the VP64 transcriptional

activator domain.

51.  The method of any one of claims 47-50, wherein the adaptor protein is an
MS2 coat protein, and wherein the one or more transcriptional activation domains in the
chimeric adaptor protein comprise a p65 transcriptional activation domain and an HSF1
transcriptional activation domain, optionally wherein the chimeric adaptor protein comprises
from N-terminus to C-terminus: the MS2 coat protein; a nuclear localization signal; the p65

transcriptional activation domain; and the HSF1 transcriptional activation domain.

52.  The method of any one of claims 47-51, wherein the chimeric Cas protein
comprises SEQ ID NO: 36, optionally wherein the chimeric Cas protein is encoded by a coding
sequence comprising the sequence set forth in SEQ ID NO: 38.

53.  The method of any one of claims 47-52, wherein the chimeric adaptor
protein comprises SEQ ID NO: 37, optionally wherein the chimeric adaptor protein is encoded

by a coding sequence comprising the sequence set forth in SEQ ID NO: 39.

54. The method of any one of claims 47-53, wherein the chimeric Cas protein,
the chimeric adaptor protein, the first tau repeat domain linked to the first reporter, and the
second tau repeat domain linked to the second reporter are stably expressed in the population of

cells.
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55.  The method of any one of claims 47-54, wherein nucleic acids encoding
the chimeric Cas protein, the chimeric adaptor protein, the first tau repeat domain linked to the
first reporter, and the second tau repeat domain linked to the second reporter are genomically

integrated in the population of cells.

56. The method of any one of claims 47-55, wherein each guide RNA targets

a guide RNA target sequence within 200 bp upstream of a transcription start site.

57.  The method of any one of claims 47-56, wherein each guide RNA
comprises one or more adaptor-binding elements to which the chimeric adaptor protein can
specifically bind, optionally wherein each guide RNA comprises two adaptor-binding elements
to which the chimeric adaptor protein can specifically bind, optionally wherein a first adaptor-
binding element is within a first loop of each of the one or more guide RNAs, and a second
adaptor-binding element is within a second loop of each of the one or more guide RNAs,
optionally wherein the adaptor-binding element comprises the sequence set forth in SEQ ID NO:
33, and

optionally wherein each of one or more guide RNAs is a single guide RNA
comprising a CRISPR RNA (crRNA) portion fused to a transactivating CRISPR RNA
(tracrRNA) portion, and the first loop is the tetraloop corresponding to residues 13-16 of SEQ ID
NO: 17, and the second loop is the stem loop 2 corresponding to residues 53-56 of SEQ ID NO:
17.

58. The method of any one of claims 38-57, wherein step (c) is about 3 days to
about 13 days.

59. The method of claim 58, wherein step (¢) is about 7 days to about 10 days,
is about 7 days, or is about 10 days.

60.  The method of any one of claims 38-59, wherein step (d) comprises
culturing the genetically modified population of cells in the presence of a medium comprising a
cell lysate from cultured tau-aggregation-positive cells in which a tau repeat domain stably

presents in an aggregated state.
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61. The method of claim 60, wherein the cell lysate in the medium is at a

concentration of about 1 to about 5 pg/mL.

62. The method of claim 60 or 61, wherein the medium comprising the cell

lysate further comprises lipofectamine or another transfection reagent.

63. The method of claim 62, wherein the medium comprising the cell lysate

comprises lipofectamine at a concentration of about 1.5 to about 4 pL/mL.

64. The method of any one of claims 60-63, wherein the genetically modified
population of cells is not co-cultured with the tau-aggregation-positive cells in which a tau repeat

domain stably presents in an aggregated state.

65. The method of any one of claims 38-64, wherein step (e) is about 1 day to
about 3 days.

60. The method of claim 65, wherein step (e) is about 2 days.

67.  The method of any one of claims 38-66, wherein the first reporter and the
second reporter are a fluorescence resonance energy transfer (FRET) pair, and the aggregation-
positive population of cells and the aggregation-negative population of cells in step (e) is

identified by flow cytometry.

68.  The method of any one of claims 38-67, wherein abundance is determined

by next-generation sequencing.

69.  The method of any one of claims 38-68, wherein a guide RNA 1is
considered enriched in the aggregation-negative population of cells in step (e) if the abundance
of the guide RNA relative to the total population of the plurality of unique guide RNAs is at least
1.5-fold higher in the aggregation-negative population of cells in step (e) relative to the
aggregation-positive population of cells in step (e) and/or the seeded population of cells in step
(d), and wherein a guide RNA is considered depleted in the aggregation-positive population of
cells in step (e) if the abundance of the guide RNA relative to the total population of the plurality

of unique guide RNAs is at least 1.5-fold lower in the aggregation-positive population of cells in
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step (e) relative to the aggregation-negative population of cells in step (e) and/or the seeded
population of cells in step (d), or

wherein a guide RNA is considered enriched in the aggregation-positive
population of cells in step (e) if the abundance of the guide RNA relative to the total population
of the plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-positive
population of cells in step (e) relative to the aggregation-negative population of cells in step (e)
and/or the seeded population of cells in step (d), and wherein a guide RNA is considered
depleted in the aggregation-negative population of cells in step (e) if the abundance of the guide
RNA relative to the total population of the plurality of unique guide RNAs is at least 1.5-fold
lower in the aggregation-negative population of cells in step (e) relative to the aggregation-

positive population of cells in step (e) and/or the seeded population of cells in step (d).

70. The method of any one of claims 38-69, wherein step (f) comprises
determining abundance of each of the plurality of unique guide RNAs in the aggregation-
negative population of cells in step (e) relative to the aggregation-positive population of cells in
step (e), the cultured population of cells in step (c) at a first time point, and the seeded population
of cells in step (d) at a second time point, and/or wherein step (f) comprises determining
abundance of each of the plurality of unique guide RNAs in the aggregation-positive population
of cells in step (e) relative to the aggregation-negative population of cells in step (e), the cultured
population of cells in step (¢) at a first time point, and the seeded population of cells in step (d) at

a second time point.

71. The method of claim 70, wherein the first time point in step (c) is at a first

passage of culturing the population of cells.

72. The method of claim 71, wherein the first time point in step (c) is after
about 3 days of culturing, and the second time point in step (¢) is after about 7 days of culturing

or about 10 days of culturing.

73. The method of any one of claims 70-72, wherein:
D a gene is considered a genetic modifier of tau aggregation, wherein

disruption or transcriptional activation of the gene prevents tau aggregation, if:
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(D) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-negative population of cells in step (e) relative to the aggregation-positive
population of cells in step (e), the cultured population of cells in step (¢) at the first time point,
and the seeded population of cells in step (d) at the second time point; and/or

(2) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-negative population of cells in step (e) relative to the aggregation-positive
population of cells in step (e) and the seeded population of cells in step (d) at the second time
point; and/or

(3) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-positive population of cells in step (e) relative to the aggregation-negative
population of cells in step (e), the cultured population of cells in step (¢) at the first time point,
and the seeded population of cells in step (d) at the second time point; and/or

4) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-positive population of cells in step (e) relative to the aggregation-negative
population of cells in step (e) and the seeded population of cells in step (d) at the second time
point; or

(I)  ageneis considered a genetic modifier of tau aggregation, wherein
disruption or transcriptional activation of the gene promotes or enhances tau aggregation, if:

(D) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-positive population of cells in step (e) relative to the aggregation-negative
population of cells in step (e), the cultured population of cells in step (¢) at the first time point,
and the seeded population of cells in step (d) at the second time point; and/or

(2) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the

aggregation-positive population of cells in step (e) relative to the aggregation-negative
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population of cells in step (e) and the seeded population of cells in step (d) at the second time
point; and/or

(3) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-negative population of cells in step (e) relative to the aggregation-positive
population of cells in step (e), the cultured population of cells in step (¢) at the first time point,
and the seeded population of cells in step (d) at the second time point; and/or

4) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-negative population of cells in step (e) relative to the aggregation-positive

population of cells in step (e) and the seeded population of cells in step (d) at the second time

point.

74. The method of any one of claims 38-73, wherein:

D the following steps are taken in step (f) to identify a gene as a genetic
modifier of tau aggregation, wherein disruption or transcriptional activation of the gene prevents
tau aggregation:

(1)  1identifying which of the plurality of unique guide RNAs are
present in the aggregation-negative population of cells produced in step (e);

(2) calculating the random chance of the guide RNAs identified in step
(H)(1) being present using the formula nCn’ * (x-n”)C(m-n) / xCm,

wherein x is the variety of unique guide RNAs introduced into the
population of cells in step (b),

wherein m is the variety of unique guide RNAs identified in step (£)(1),

wherein n is the variety of unique guide RNAs introduced into the
population of cells in step (b) that target the gene, and

wherein n’ is the variety of unique guide RNAs identified in step (f)(1)
that target the gene;

(3) calculating average enrichment scores for the guide RNAs
identified in step (£)(1),

wherein the enrichment score for a guide RNA is the relative abundance of

the guide RNA in the aggregation-negative population of cells produced in step (e) divided by
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the relative abundance of the guide RNA in the aggregation-positive population of cells
produced in step (e) or the seeded population of cells in step (d), and

wherein relative abundance is the read count of the guide RNA divided by
the read count of the total population of the plurality of unique guide RNAs; and

4) selecting the gene if a guide RNA targeting the gene is
significantly below the random chance of being present and above a threshold enrichment score;
or

(I)  the following steps are taken in step (f) to identify a gene as a genetic

modifier of tau aggregation, wherein disruption or transcriptional activation of the gene promotes
or enhances tau aggregation:

(1)  1identifying which of the plurality of unique guide RNAs are
present in the aggregation-positive population of cells produced in step (e);

(2) calculating the random chance of the guide RNAs identified in step
(H)(1) being present using the formula nCn’ * (x-n”)C(m-n) / xCm,

wherein x is the variety of unique guide RNAs introduced into the
population of cells in step (b),

wherein m is the variety of unique guide RNAs identified in step (£)(1),

wherein n is the variety of unique guide RNAs introduced into the
population of cells in step (b) that target the gene, and

wherein n’ is the variety of unique guide RNAs identified in step (f)(1)
that target the gene;

(3) calculating average enrichment scores for the guide RNAs
identified in step (f)(1),

wherein the enrichment score for a guide RNA is the relative abundance of
the guide RNA in the aggregation-positive population of cells produced in step (e) divided by the
relative abundance of the guide RNA in the aggregation-negative population of cells produced in
step (e) or the seeded population of cells in step (d), and

wherein relative abundance is the read count of the guide RNA divided by
the read count of the total population of the plurality of unique guide RNAs; and

4) selecting the gene if a guide RNA targeting the gene is

significantly below the random chance of being present and above a threshold enrichment score.
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75. A method of screening for genetic modifiers of tau aggregation and/or
disaggregation, comprising:

(a) providing a population of cells comprising a Cas protein, a first tau repeat
domain linked to a first reporter, and a second tau repeat domain linked to a second reporter,
wherein the cells are tau-aggregation-positive cells in which a tau repeat domain stably presents
in an aggregated state;

(b)  introducing into the population of cells a library comprising a plurality of
unique guide RNAs that target a plurality of genes;

(c) culturing the population of cells to allow genome editing and expansion,
wherein the plurality of unique guide RNAs form complexes with the Cas protein, and the Cas
protein cleaves the plurality of genes resulting in knockout of gene function to produce a
genetically modified population of cells, and wherein the culturing results in an aggregation-
positive population of cells and an aggregation-negative population of cells;

(d) identifying the aggregation-positive population of cells and the
aggregation-negative population of cells; and

(e) determining abundance of each of the plurality of unique guide RNAs in
the aggregation-positive population of cells identified in step (d) relative to the aggregation-
negative population of cells identified in step (d) and/or the cultured population of cells at one or
more time points in step (c¢), and/or determining abundance of each of the plurality of unique
guide RNAs in the aggregation-negative population of cells identified in step (d) relative to the
aggregation-positive population of cells identified in step (d) and/or the cultured population of
cells at one or more time points in step (c),

wherein enrichment of a guide RNA in the aggregation-negative population of
cells identified in step (d) relative to the aggregation-positive population of cells identified in
step (d) and/or the cultured population of cells at one or more time points in step (c) or wherein
depletion of a guide RNA in the aggregation-positive population of cells identified in step (d)
relative to the aggregation-negative population of cells identified in step (d) and/or cultured
population of cells at one or more time points in step (¢) indicates that the gene targeted by the
guide RNA is a genetic modifier of tau disaggregation, wherein disruption of the gene targeted

by the guide RNA promotes tau disaggregation, and/or
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wherein enrichment of a guide RNA in the aggregation-positive population of
cells identified in step (d) relative to the aggregation-negative population of cells identified in
step (d) and/or the cultured population of cells at one or more time points in step (c) or wherein
depletion of a guide RNA in the aggregation-negative population of cells identified in step (d)
relative to the aggregation-positive population of cells identified in step (d) and/or cultured
population of cells at one or more time points in step (¢) indicates that the gene targeted by the
guide RNA is a genetic modifier of tau aggregation, wherein disruption of the gene targeted by

the guide RNA promotes or enhances tau aggregation.
76. The method of claim 75, wherein the Cas protein is a Cas9 protein.

77. The method of claim 76, wherein the Cas protein is Strepfococcus

pyogenes Cas9.

78. The method of claim 77, wherein the Cas protein comprises SEQ ID NO:
21, optionally wherein the Cas protein is encoded by a coding sequence comprising the sequence

set forth in SEQ ID NO: 22.

79. The method of any one of claims 75-78, wherein the Cas protein, the first
tau repeat domain linked to the first reporter, and the second tau repeat domain linked to the

second reporter are stably expressed in the population of cells.

80.  The method of any one of claims 75-79, wherein nucleic acids encoding
the Cas protein, the first tau repeat domain linked to the first reporter, and the second tau repeat

domain linked to the second reporter are genomically integrated in the population of cells.

81. The method of any one of claims 75-80, wherein each guide RNA targets

a constitutive exon.

82. The method of claim 81, wherein each guide RNA targets a 5’ constitutive

€xon.

83. The method of any one of claims 75-82, wherein each guide RNA targets

a first exon, a second exon, or a third exon.
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84. A method of screening for genetic modifiers of tau aggregation and/or
disaggregation, comprising:

(a) providing a population of cells comprising a chimeric Cas protein
comprising a nuclease-inactive Cas protein fused to one or more transcriptional activation
domains, a chimeric adaptor protein comprising an adaptor protein fused to one or more
transcriptional activation domains, a first tau repeat domain linked to a first reporter, and a
second tau repeat domain linked to a second reporter, wherein the cells are tau-aggregation-
positive cells in which a tau repeat domain stably presents in an aggregated state;

(b)  introducing into the population of cells a library comprising a plurality of
unique guide RNAs that target a plurality of genes;

(c) culturing the population of cells to allow transcriptional activation and
expansion, wherein the plurality of unique guide RNAs form complexes with the chimeric Cas
protein and the chimeric adaptor protein, and the complexes activate transcription of the plurality
of genes resulting in increased gene expression to produce a genetically modified population of
cells, and wherein the culturing results in an aggregation-positive population of cells and an
aggregation-negative population of cells;

(d) identifying the aggregation-positive population of cells and the
aggregation-negative population of cells; and

(e) determining abundance of each of the plurality of unique guide RNAs in
the aggregation-positive population of cells identified in step (d) relative to the aggregation-
negative population of cells identified in step (d) and/or the cultured population of cells at one or
more time points in step (c¢), and/or determining abundance of each of the plurality of unique
guide RNAs in the aggregation-negative population of cells identified in step (d) relative to the
aggregation-positive population of cells identified in step (d) and/or the cultured population of
cells at one or more time points in step (c),

wherein enrichment of a guide RNA in the aggregation-negative population of
cells identified in step (d) relative to the aggregation-positive population of cells identified in
step (d) and/or the cultured population of cells at one or more time points in step (c) or wherein
depletion of a guide RNA in the aggregation-positive population of cells identified in step (d)
relative to the aggregation-negative population of cells identified in step (d) and/or cultured

population of cells at one or more time points in step (¢) indicates that the gene targeted by the
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guide RNA is a genetic modifier of tau disaggregation, wherein transcriptional activation of the
gene targeted by the guide RNA promotes tau disaggregation, and/or

wherein enrichment of a guide RNA in the aggregation-positive population of
cells identified in step (d) relative to the aggregation-negative population of cells identified in
step (d) and/or the cultured population of cells at one or more time points in step (c) or wherein
depletion of a guide RNA in the aggregation-negative population of cells identified in step (d)
relative to the aggregation-positive population of cells identified in step (d) and/or cultured
population of cells at one or more time points in step (¢) indicates that the gene targeted by the
guide RNA is a genetic modifier of tau aggregation, wherein transcriptional activation of the

gene targeted by the guide RNA promotes or enhances tau aggregation.

85. The method of claim 84, wherein the Cas protein is a Cas9 protein.

86. The method of claim 85, wherein the Cas protein is Strepfococcus
pyogenes Cas9.

87.  The method of any one of claims 84-86, wherein the chimeric Cas protein

comprises the nuclease-inactive Cas protein fused to a VP64 transcriptional activation domain,
optionally wherein the chimeric Cas protein comprises from N-terminus to C-terminus: the
nuclease-inactive Cas protein; a nuclear localization signal; and the VP64 transcriptional

activator domain.

88.  The method of any one of claims 84-87, wherein the adaptor protein is an
MS2 coat protein, and wherein the one or more transcriptional activation domains in the
chimeric adaptor protein comprise a p65 transcriptional activation domain and an HSF1
transcriptional activation domain, optionally wherein the chimeric adaptor protein comprises
from N-terminus to C-terminus: the MS2 coat protein; a nuclear localization signal; the p65

transcriptional activation domain; and the HSF1 transcriptional activation domain.

89.  The method of any one of claims 84-88, wherein the chimeric Cas protein
comprises SEQ ID NO: 36, optionally wherein the chimeric Cas protein is encoded by a coding
sequence comprising the sequence set forth in SEQ ID NO: 38.
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90.  The method of any one of claims 84-89, wherein the chimeric adaptor
protein comprises SEQ ID NO: 37, optionally wherein the chimeric adaptor protein is encoded

by a coding sequence comprising the sequence set forth in SEQ ID NO: 39.

91. The method of any one of claims 84-90, wherein the chimeric Cas protein,
the chimeric adaptor protein, the first tau repeat domain linked to the first reporter, and the
second tau repeat domain linked to the second reporter are stably expressed in the population of

cells.

92.  The method of any one of claims 84-91, wherein nucleic acids encoding
the chimeric Cas protein, the chimeric adaptor protein, the first tau repeat domain linked to the
first reporter, and the second tau repeat domain linked to the second reporter are genomically

integrated in the population of cells.

93. The method of any one of claims 84-92, wherein each guide RNA targets

a guide RNA target sequence within 200 bp upstream of a transcription start site.

94.  The method of any one of claims 84-93, wherein each guide RNA
comprises one or more adaptor-binding elements to which the chimeric adaptor protein can
specifically bind, optionally wherein each guide RNA comprises two adaptor-binding elements
to which the chimeric adaptor protein can specifically bind, optionally wherein a first adaptor-
binding element is within a first loop of each of the one or more guide RNAs, and a second
adaptor-binding element is within a second loop of each of the one or more guide RNAs,
optionally wherein the adaptor-binding element comprises the sequence set forth in SEQ ID NO:
33, and

optionally wherein each of one or more guide RNAs is a single guide RNA
comprising a CRISPR RNA (crRNA) portion fused to a transactivating CRISPR RNA
(tracrRNA) portion, and the first loop is the tetraloop corresponding to residues 13-16 of SEQ ID
NO: 17, and the second loop is the stem loop 2 corresponding to residues 53-56 of SEQ ID NO:
17.

95. The method of any one of claims 75-94, wherein step (c) is about 3 days to
about 14 days.
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96. The method of claim 95, wherein step (¢) is about 10 days to about 14
days.

97. The method of any one of claims 75-96, wherein step (d) comprises
synchronizing cell cycle progression to obtain a cell population predominantly enriched in S

phase.

98. The method of claim 97, wherein the synchronization is achieved by

double thymidine block.

99.  The method of any one of claims 75-98, wherein the first reporter and the
second reporter are a fluorescence resonance energy transfer (FRET) pair, and the aggregation-
positive population of cells and the aggregation-negative population of cells in step (d) is

identified by flow cytometry.

100.  The method of any one of claims 75-99, wherein abundance is determined

by next-generation sequencing.

101.  The method of any one of claims 75-100, wherein a guide RNA is
considered enriched in the aggregation-negative population of cells in step (d) if the abundance
of the guide RNA relative to the total population of the plurality of unique guide RNAs is at least
1.5-fold higher in the aggregation-negative population of cells in step (d) relative to the
aggregation-positive population of cells in step (d) and/or the cultured population of cells at one
or more time points in step (¢), and wherein a guide RNA is considered depleted in the
aggregation-positive population of cells in step (d) if the abundance of the guide RNA relative to
the total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-positive population of cells in step (d) relative to the aggregation-negative
population of cells in step (d) and/or the cultured population of cells at one or more time points
in step (c), or

wherein a guide RNA is considered enriched in the aggregation-positive
population of cells in step (d) if the abundance of the guide RNA relative to the total population
of the plurality of unique guide RNAs is at least 1.5-fold higher in the aggregation-positive

population of cells in step (d) relative to the aggregation-negative population of cells in step (d)
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and/or the cultured population of cells at one or more time points in step (c), and wherein a guide
RNA is considered depleted in the aggregation-negative population of cells in step (d) if the
abundance of the guide RNA relative to the total population of the plurality of unique guide
RNAGs is at least 1.5-fold lower in the aggregation-negative population of cells in step (d) relative
to the aggregation-positive population of cells in step (d) and/or the cultured population of cells

at one or more time points in step (c).

102.  The method of any one of claims 75-101, wherein step (e) comprises
determining abundance of each of the plurality of unique guide RNAs in the aggregation-
negative population of cells in step (d) relative to the aggregation-positive population of cells in
step (d), the cultured population of cells in step (c) at a first time point, and the cultured
population of cells in step (¢) at a second time point, and/or wherein step (e) comprises
determining abundance of each of the plurality of unique guide RNAs in the aggregation-positive
population of cells in step (d) relative to the aggregation-negative population of cells in step (e),
the cultured population of cells in step (¢) at a first time point, and the cultured population of

cells in step (c) at a second time point.

103.  The method of claim 102, wherein the first time point in step (c) is at a
first passage of culturing the population of cells, and the second time point is in the middle of
culturing the population of cells to allow genome editing and expansion or transcriptional

activation and expansion.

104.  The method of claim 103, wherein the first time point in step (c) is after
about 7 days of culturing, and the second time point in step (c) is after about 10 days of

culturing.

105.  The method of any one of claims 102-104, wherein:
D a gene is considered a genetic modifier of tau disaggregation, wherein
disruption or transcriptional activation of the gene promotes tau disaggregation, if’
(D) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the

aggregation-negative population of cells in step (d) relative to the aggregation-positive
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population of cells in step (d), the cultured population of cells in step (c) at the first time point,
and the cultured population of cells in step (c) at the second time point; and/or

(2) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-negative population of cells in step (d) relative to the aggregation-positive
population of cells in step (d) and the cultured population of cells in step (¢) at the second time
point; and/or

(3) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-positive population of cells in step (d) relative to the aggregation-negative
population of cells in step (d), the cultured population of cells in step (c) at the first time point,
and the cultured population of cells in step (c) at the second time point; and/or

4) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-positive population of cells in step (d) relative to the aggregation-negative
population of cells in step (d) and the cultured population of cells in step (¢) at the second time
point; or

(I)  ageneis considered a genetic modifier of tau aggregation, wherein

disruption or transcriptional activation of the gene promotes or enhances tau aggregation, if:

(D) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-positive population of cells in step (d) relative to the aggregation-negative
population of cells in step (d), the cultured population of cells in step (c) at the first time point,
and the cultured population of cells in step (c) at the second time point; and/or

(2) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold higher in the
aggregation-positive population of cells in step (d) relative to the aggregation-negative
population of cells in step (d) and the cultured population of cells in step (¢) at the second time
point; and/or

(3) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
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aggregation-negative population of cells in step (d) relative to the aggregation-positive
population of cells in step (d), the cultured population of cells in step (c) at the first time point,
and the cultured population of cells in step (c) at the second time point; and/or

4) the abundance of a guide RNA targeting the gene relative to the
total population of the plurality of unique guide RNAs is at least 1.5-fold lower in the
aggregation-negative population of cells in step (d) relative to the aggregation-positive
population of cells in step (d) and the cultured population of cells in step (¢) at the second time

point.

106.  The method of any one of claims 75-105, wherein:

D the following steps are taken in step (e) to identify a gene as a genetic
modifier of tau disaggregation, wherein disruption or transcriptional activation of the gene
promotes tau disaggregation:

(1)  1identifying which of the plurality of unique guide RNAs are
present in the aggregation-negative population of cells identified in step (d);

(2) calculating the random chance of the guide RNAs identified in step
(e)(1) being present using the formula nCn’ * (x-n”)C(m-n) / xCm,

wherein x is the variety of unique guide RNAs introduced into the
population of cells in step (b),

wherein m is the variety of unique guide RNAs identified in step (e)(1),

wherein n is the variety of unique guide RNAs introduced into the
population of cells in step (b) that target the gene, and

wherein n’ is the variety of unique guide RNAs identified in step (e)(1)
that target the gene;

(3) calculating average enrichment scores for the guide RNAs
identified in step (e)(1),

wherein the enrichment score for a guide RNA is the relative abundance of
the guide RNA in the aggregation-negative population of cells identified in step (d) divided by
the relative abundance of the guide RNA in the aggregation-positive population of cells
identified in step (d) or the cultured population of cells in step (c) at the first time point or the

second time point, and
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wherein relative abundance is the read count of the guide RNA divided by
the read count of the total population of the plurality of unique guide RNAs; and

4) selecting the gene if a guide RNA targeting the gene is
significantly below the random chance of being present and above a threshold enrichment score,
or

(I)  the following steps are taken in step (e) to identify a gene as a genetic

modifier of tau aggregation, wherein disruption or transcriptional activation of the gene promotes
or enhances tau aggregation:

(1)  1identifying which of the plurality of unique guide RNAs are
present in the aggregation-positive population of cells identified in step (d);

(2) calculating the random chance of the guide RNAs identified in step
(e)(1) being present using the formula nCn’ * (x-n”)C(m-n) / xCm,

wherein x is the variety of unique guide RNAs introduced into the
population of cells in step (b),

wherein m is the variety of unique guide RNAs identified in step (e)(1),

wherein n is the variety of unique guide RNAs introduced into the
population of cells in step (b) that target the gene, and

wherein n’ is the variety of unique guide RNAs identified in step (e)(1)
that target the gene;

(3) calculating average enrichment scores for the guide RNAs
identified in step (e)(1),

wherein the enrichment score for a guide RNA is the relative abundance of
the guide RNA in the aggregation-positive population of cells identified in step (d) divided by
the relative abundance of the guide RNA in the aggregation-negative population of cells
identified in step (d) or the cultured population of cells in step (c) at the first time point or the
second time point, and

wherein relative abundance is the read count of the guide RNA divided by
the read count of the total population of the plurality of unique guide RNAs; and

4) selecting the gene if a guide RNA targeting the gene is

significantly below the random chance of being present and above a threshold enrichment score.
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107. The method of any preceding claim, wherein the first tau repeat domain

and/or the second tau repeat domain is a human tau repeat domain.

108.  The method of any preceding claim, wherein the first tau repeat domain

and/or the second tau repeat domain comprises a pro-aggregation mutation.

109.  The method of claim 108, wherein the first tau repeat domain and/or the

second tau repeat domain comprises a tau P301S mutation.

110. The method of any preceding claim, wherein the first tau repeat domain

and/or the second tau repeat domain comprises a tau four-repeat domain.

111.  The method of any preceding claim, wherein the first tau repeat domain

and/or the second tau repeat domain comprises SEQ ID NO: 11.

112.  The method of any preceding claim, wherein the first tau repeat domain

and the second tau repeat domain are the same.

113.  The method of any preceding claim, wherein the first tau repeat domain
and the second tau repeat domain are the same and each comprises tau four-repeat domain

comprising a tau P301S mutation.

114.  The method of any preceding claim, wherein the first reporter and the

second reporter are fluorescent proteins.

115. The method of claim 114, wherein the first reporter and the second

reporter are a fluorescence resonance energy transfer (FRET) pair.

116. The method of claim 115, wherein the first reporter is cyan fluorescent

protein (CFP) and the second reporter is yellow fluorescent protein (YFP).
117.  The method of any preceding claim, wherein the cells are eukaryotic cells.
118.  The method of claim 117, wherein the cells are mammalian cells.

119.  The method of claim 118, wherein the cells are human cells.
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120.  The method of claim 119, wherein the cells are HEK293T cells.

121.  The method of any preceding claim, wherein the plurality of unique guide
RNAs are introduced at a concentration selected such that a majority of the cells receive only one

of the unique guide RNAs.

122, The method of any preceding claim, wherein the plurality of unique guide

RNAs target 100 or more genes, 1000 or more genes, or 10000 or more genes.

123.  The method of any preceding claim, wherein the library is a genome-wide

library.

124,  The method of any preceding claim, wherein a plurality of target

sequences are targeted on average in each of the targeted plurality of genes.

125. The method of claim 124, wherein at least three target sequences are

targeted on average in each of the targeted plurality of genes.

126. The method of claim 125, wherein about three to about six target

sequences are targeted on average in each of the targeted plurality of genes.

127.  The method of any preceding claim, wherein the plurality of unique guide

RNAs are introduced into the population of cells by viral transduction.

128.  The method of claim 127, wherein each of the plurality of unique guide

RNAs is in a separate viral vector.

129.  The method of claim 127 or 128, wherein the plurality of unique guide

RNAs are introduced into the population of cells by lentiviral transduction.

130. The method of any one of claims 127-129, wherein the population of cells

is infected at a multiplicity of infection of less than about 0.3.

131.  The method of any preceding claim, wherein the plurality of unique guide
RNAs are introduced into the population of cells together with a selection marker, and step (b)

further comprises selecting cells that comprise the selection marker.
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132.  The method of claim 131, wherein the selection marker imparts resistance

to a drug, optionally wherein the selection marker imparts resistance to puromycin or zeocin.

133.  The method of claim 132, wherein the selection marker is selected from
neomycin phosphotransferase, hygromycin B phosphotransferase, puromycin-N-

acetyltransferase, and blasticidin S deaminase.

134.  The method of any preceding claim, wherein the population of cells into
which the plurality of unique guide RNAs are introduced in step (b) comprises greater than about

300 cells per unique guide RNA.

135. A population of one or more cells comprising a Cas protein, a first tau
repeat domain linked to a first reporter, and a second tau repeat domain linked to a second

reporter.

136.  The population of cells of claim 135, wherein the Cas protein is a Cas9

protein.

137.  The population of cells of claim 136, wherein the Cas protein is

Streptococcus pyogenes Cas9.

138.  The population of cells of claim 137, wherein the Cas protein comprises
SEQ ID NO: 21, optionally wherein the Cas protein is encoded by a coding sequence comprising
the sequence set forth in SEQ ID NO: 22.

139.  The population of cells of any one of claims 135-138, wherein the Cas
protein, the first tau repeat domain linked to the first reporter, and the second tau repeat domain

linked to the second reporter are stably expressed in the cell.

140.  The population of cells of any one of claims 135-139, wherein nucleic
acids encoding the Cas protein, the first tau repeat domain linked to the first reporter, and the

second tau repeat domain linked to the second reporter are genomically integrated in the cell.

141. A population of one or more cells comprising a chimeric Cas protein

comprising a nuclease-inactive Cas protein fused to one or more transcriptional activation

194



WO 2020/190932 PCT/US2020/023131

domains, a chimeric adaptor protein comprising an adaptor protein fused to one or more
transcriptional activation domains, a first tau repeat domain linked to a first reporter, and a

second tau repeat domain linked to a second reporter.

142.  The population of cells of claim 141, wherein the Cas protein is a Cas9

protein.

143.  The population of cells of claim 142, wherein the Cas protein is

Streptococcus pyogenes Cas9.

144, The population of cells of any one of claims 141-143, wherein the
chimeric Cas protein comprises the nuclease-inactive Cas protein fused to a VP64 transcriptional
activation domain, optionally wherein the chimeric Cas protein comprises from N-terminus to C-
terminus: the nuclease-inactive Cas protein; a nuclear localization signal; and the VP64

transcriptional activator domain.

145.  The population of cells of any one of claims 141-144, wherein the adaptor
protein is an MS2 coat protein, and wherein the one or more transcriptional activation domains in
the chimeric adaptor protein comprise a p65 transcriptional activation domain and an HSF1
transcriptional activation domain, optionally wherein the chimeric adaptor protein comprises
from N-terminus to C-terminus: the MS2 coat protein; a nuclear localization signal; the p65

transcriptional activation domain; and the HSF1 transcriptional activation domain.

146.  The population of cells of any one of claims 141-145, wherein the
chimeric Cas protein comprises SEQ ID NO: 36, optionally wherein the chimeric Cas protein is

encoded by a coding sequence comprising the sequence set forth in SEQ ID NO: 38.

147.  The population of cells of any one of claims 141-146, wherein the
chimeric adaptor protein comprises SEQ ID NO: 37, optionally wherein the chimeric adaptor

protein is encoded by a coding sequence comprising the sequence set forth in SEQ ID NO: 39.

148.  The population of cells of any one of claims 141-147, wherein the

chimeric Cas protein, the chimeric adaptor protein, the first tau repeat domain linked to the first
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reporter, and the second tau repeat domain linked to the second reporter are stably expressed in

the cell.

149.  The population of cells of any one of claims 141-148, wherein nucleic
acids encoding the chimeric Cas protein, the chimeric adaptor protein, the first tau repeat domain
linked to the first reporter, and the second tau repeat domain linked to the second reporter are

genomically integrated in the cell.

150.  The population of cells of any one of claims 135-149, wherein the first tau

repeat domain and/or the second tau repeat domain is a human tau repeat domain.

151.  The population of cells of any one of claims 135-150, wherein the first tau

repeat domain and/or the second tau repeat domain comprises a pro-aggregation mutation.

152.  The population of cells of claim 151, wherein the first tau repeat domain

and/or the second tau repeat domain comprises a tau P301S mutation.

153.  The population of cells of any one of claims 135-152, wherein the first tau

repeat domain and/or the second tau repeat domain comprises a tau four-repeat domain.

154.  The population of cells of any one of claims 135-153, wherein the first tau

repeat domain and/or the second tau repeat domain comprises SEQ ID NO: 11.

155.  The population of cells of any one of claims 135-154, wherein the first tau

repeat domain and the second tau repeat domain are the same.

156.  The population of cells of any one of claims 135-155, wherein the first tau
repeat domain and the second tau repeat domain are the same and each comprises tau four-repeat

domain comprising a tau P301S mutation.

157.  The population of cells of any one of claims 135-156, wherein the first

reporter and the second reporter are fluorescent proteins.

158.  The population of cells of claim 157, wherein the first reporter and the

second reporter are a fluorescence resonance energy transfer (FRET) pair.
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159.  The population of cells of claim 158, wherein the first reporter is cyan

fluorescent protein (CFP) and the second reporter is yellow fluorescent protein (YFP).

160.  The population of cells of any one of claims 135-159, wherein the cells are

eukaryotic cells.

161.  The population of cells of claim 160, wherein the cells are mammalian

cells.
162.  The population of cells of claim 161, wherein the cells are human cells.
163.  The population of cells of claim 162, wherein the cells are HEK293T
cells.
164.  The population of cells of any one of claims 135-163, wherein the cells are
invitro.

165.  The population of cells of any one of claims 135-164, wherein the first tau
repeat domain linked to the first reporter and the second tau repeat domain linked to the second

reporter are not stably present in an aggregated state.

166.  The population of cells of any one of claims 135-165, wherein the first tau
repeat domain linked to the first reporter and the second tau repeat domain linked to the second

reporter stably present in an aggregated state.

167.  Anin vitro culture comprising the population of cells of any one of claims
135-166 and a culture medium comprising a conditioned medium harvested from cultured tau-

aggregation-positive cells in which a tau repeat domain stably presents in an aggregated state.

168.  The in vitro culture of claim 167, wherein the conditioned medium was

harvested after being on confluent tau-aggregation-positive cells for about 1 to about 7 days.

169.  The in vitro culture of claim 168, wherein the conditioned medium was

harvested after being on confluent tau-aggregation-positive cells for about 4 days.
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170.  The in vitro culture of any one of claims 167-169, wherein in the culture

medium comprises about 75% conditioned medium and about 25% fresh medium.

171.  The in vitro culture of any one of claims 167-170, wherein the population
of cells is not co-cultured with the cultured tau-aggregation-positive cells in which a tau repeat

domain stably presents in an aggregated state.

172.  Anin vitro culture comprising the population of cells of any one of claims
135-166 and a culture medium comprising a cell lysate from cultured tau-aggregation-positive

cells in which a tau repeat domain stably presents in an aggregated state.

173.  The in vitro culture of claim 172, wherein the cell lysate in the medium is

at a concentration of about 1 to about 5 pg/mL.

174.  The in vitro culture of claim 173, wherein the medium comprising the cell

lysate further comprises lipofectamine or another transfection reagent.

175.  The in vitro culture of claim 174, wherein the medium comprising the cell

lysate comprises lipofectamine at a concentration of about 1.5 to about 4 pL/mL.

176.  The in vitro culture of any one of claims 172-175, wherein the cell lysate
was produced by sonication of the tau-aggregation-positive cells for about 2 minutes to about 4

minutes after collecting the cells in a buffer comprising protease inhibitors.

177. A method of producing a conditioned medium for inducing tau
aggregation, comprising:

(a) providing a population of tau-aggregation-positive cells in which a tau
repeat domain stably presents in an aggregated state;

(b) culturing the population of tau-aggregation-positive cells in a medium to
produce a conditioned medium; and

(c) harvesting the conditioned medium.

178.  The method of claim 177, wherein the tau-aggregation-positive cells are

cultured in step (b) to confluence.
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179. The method of claim 178, wherein the conditioned medium is harvested

after being on the confluent tau-aggregation-positive cells in step (c¢) for about 1 to about 7 days.

180. The method of claim 179, wherein the conditioned medium is harvested

after being on the confluent tau-aggregation-positive cells in step (c) for about 4 days.

181. A method of generating a population of tau-aggregation-positive cells,
comprising:

(a) producing a conditioned medium for inducing tau aggregation according
to the method of any one of claims 177-180; and

(b) culturing a population of cells comprising a protein comprising a tau
repeat domain in a culture medium comprising the conditioned medium to produce the

population of tau-aggregation-positive cells.

182.  The method of claim 181, wherein in the culture medium comprises about

75% conditioned medium and about 25% fresh medium.

183. The method of claim 181 or 182, wherein the population of cells is not co-
cultured with the tau-aggregation-positive cells used in the method to produce the conditioned

medium.

184. The method of any one of claims 181-183, wherein the tau repeat domain

comprises a pro-aggregation mutation.

185. The method of any one of claims 181-184, wherein the tau repeat domain

comprises a tau P301S mutation.

186. The method of any one of claims 181-185, wherein the tau repeat domain

comprises a tau four-repeat domain.

187.  The method of any one of claims 181-186, wherein the tau repeat domain

comprises SEQ ID NO: 11.

188. A method of producing a medium comprising a cell lysate from cultured

tau-aggregation-positive cells for inducing tau aggregation, comprising:
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(a) providing a population of tau-aggregation-positive cells in which a tau
repeat domain stably presents in an aggregated state;

(b) collecting the tau-aggregation-positive cells in a buffer comprising
protease inhibitors;

(c) sonicating the tau-aggregation-positive cells for about 2 minutes to about 4
minutes to produce the cell lysate; and

(d) adding the cell lysate to a growth medium.

189.  The method of claim 188, wherein the cell lysate in the growth medium is

at a concentration of about 1 to about 5 pg/mL.

190. The method of claim 189, further comprising adding lipofectamine or

another transfection reagent to the growth medium in step (d).

191.  The method culture of claim 190, wherein step (d) comprising adding

lipofectamine at a concentration of about 1.5 to about 4 plL/mL.

192. A method of generating a population of tau-aggregation-positive cells,
comprising:

(a) producing a medium comprising a cell lysate from cultured tau-
aggregation-positive cells according to the method of any one of claims 188-191; and

(b) culturing a population of cells comprising a protein comprising a tau
repeat domain in the medium comprising a cell lysate from cultured tau-aggregation-positive

cells.

193.  The method of claim 192, wherein the population of cells is not co-
cultured with the tau-aggregation-positive cells used in the method to produce the conditioned

medium.

194,  The method of claim 192 or 193, wherein the tau repeat domain comprises

a pro-aggregation mutation.

195. The method of any one of claims 192-194, wherein the tau repeat domain

comprises a tau P301S mutation.
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196.  The method of any one of claims 192-195, wherein the tau repeat domain

comprises a tau four-repeat domain.

197.  The method of any one of claims 192-196, wherein the tau repeat domain

comprises SEQ ID NO: 11.

201



PCT/US2020/023131

WO 2020/190932

1725

TR 1no 100 W
“ Whrimoer o Wheng B Ison
1344 = voieBaibby ne| voyeziswobyq ney 1344 ON = tonebaibify oy
{{atiouopy) auL \ - (awouoyy) "L
UOISSIT ) Holeyag i3 .. uoneoxd
1407 woj fﬁ onang o ang s at:dl
(d4A) Usjoid (d40) tgtoid
JUISBION: MOYEA JuB0saion;4 Uk
| 9l
ollelnyy dnsbodled 510¢d
3)S uonerkioudsotd 966 095
28 |4 e éwmwﬁ
¥ Mmog

iBuog URUoQ e
Buipuig anamotijy YOI BUoi togoalold



WO 2020/190932 PCT/US2020/023131

Casd Relative Expression (Cas9D)

2125

4409

NN\
Y N7
A NN 2
NN\

>

4308

1
TCY Cas8 Clones
FIG. 3A




WO 2020/190932 PCT/US2020/023131

e
&3
o
&
=
e o
= R=
= =
= @
0 3
= P
m:s:!
&3 e
ool
[Jp2
f
L i ]
= 0
oD
‘O
Bl
o,
=
o8y (72 d
a3 =
e L2
538 )
= B
o3 L3
= &
S =
“Eh e
gt
3
L8R
L
f i j I T &3
R LT L o> Lo KT
«T> L& e > b g
=
8
Aoy o,




PCT/US2020/023131

WO 2020/190932

25

/
1

4

mm‘mmg_ {0 St

10}

08180

mmmo&
80 g e X

8085

i3y NN $80nD0Ig
mgm_ Buiper 1844
Ui feday [HN 8uoig
-I0i17 g seueq) ol

0} RSB 10aMC] SyNuD

¥ Ol

saliacy efiey o)

%gm sy ub
M 20npsuel|

funjoy aberesn

 U0ISSBI0XT g5en
By yymavoy

puedx pue 108199

saLop
%2 \01
oy

...k
680N+

a7 osuasolg |3
(ADL) ddA-qapnel
fd40-gyp"eL
E6043H



WO 2020/190932

i
{

Seeding w

Jrostrod] s

]

o

mgg N2

O
[ s ]
<

-

<2

Loage]

B

T

T

<

L

<

oD

LL B
<o

oy

[ o]

[

T

|

o)

et

e

T
:——\
?‘“",_.‘-s;-..
o S
Le £33
e X3P
& K
[ae]

i......

M

L
2

P30IL

5

/
i

25

PCT/US2020/023131

FIG. 5



PCT/US2020/023131

WO 2020/190932

J0 o0}
6
0
i odoN,
(- 0By (A0L)
d4AMel/d40-ney (+) By
L R m— it
stegy uaidioay 000(
! 0dr of
b, o [} B0y (101) i
0 ¢ AT - BBy
0 e T G
‘sheq pou m
0 Jusidioay o Jouoq]
0l i
(il
ol
- 10




WO 2020/190932 PCT/US2020/023131

FIG. 7

s A
e B N
b g CC \+_i—L-!
3 S EF D TRy
H G o
£ Loy Todeyend L=
S s 4 =
4 — N
N A
f o
o3
b
><
(]
f cninad
e
3
2 o
e =
e
Lid
as
&2
H ™
L] &5
3 g
D B ==
- P
O




PCT/US2020/023131

WO 2020/190932

8/25

8 Dl

7 A 0 D
i 0 0 Z
£ %00 %7 ® ]
! %0 %0l O |
E@g%mﬁ muc@%m_{ m%m_mm mocmnggq w}_wm mm 6
U0ijo3185-1804 107109188-1804 10j09188-814 il
JUBWYILUT LOR98S-1804
00 0 G D 0 0 &
%0 0 0 O ¢ i i 0]
%00 07 ] ® | W0 @ 0l
%0 07 ¢ O | %0l 0 ¢ O |
%Emm%ﬂ_< mmmmm %mmm R mm%w%ﬁ mmmmm mwmmm .
apey | Pl | web | W ey | oL | b | N
S0UBpUNGY SALEISY
0} feg
(+ By
AL 1y Buisn
uonebesfiy ey

H0l}98j8g1804

IIRETCTE




PCT/US2020/023131

WO 2020/190932

9/25

6 9l

Uoisuedx3
pue Bupyp3 suiouas)
e
9}-} sausc) jobie
IsupBe DA
0 feg




WO 2020/190932

FRET Induction by Tau Aggregate Conditioned Media

10/25

PCT/US2020/023131

B>

%8%20%48%4v7
g1

2

$i180 + 4 jo uadisd

Nis g2 g1
?/

Non-targeting

FIG. 10

NA Transduced

A



WO 2020/190932 PCT/US2020/023131

11725

-
e
-
= £58
L s
g e
A [
= - (=7
= <D
=3 o
. =
% s W [75)
2 - b BB
B - &
e  Rebea
s
b -
s =
C CH e
L L ia.
[ e T ) e
o S <o
< = - ~=
R,
g
e
i B~ [T g ey
. P S S et e [ <
peell = = = = =
| — 5
o
L)
e
3
e <
=

FIG. 11



PCT/US2020/023131

WO 2020/190932

12125

¢h Ol

HOd- 4P
10} 1008100
0jF Liilse
wm ey mm G suononpsue;|
u.. \it
wapUadapy
gylues i

N J
A4
voisuedyg pue Bunps swousg




PCT/US2020/023131

13/25

WO 2020/190932

(uongindod pjoog) (ueijendog pajpog)
a|dueg ajduweg
WHOIN oL ebal  IBEaL WbIN ool hzor  ibzaL A
CEp VROV L P CHEIBEONE I YECACIBEONEIYECH) 181 YY) CHYVEVCYY LY P CHELBECYE L YECREIEECYEIVCIEL IELEYLIYS
mmwmmwmmmmmmm\me.o mm\mmmmmmmmmmmmmo_o
| | /) )

\\\ \\ ssssssssssss \\\\ \\\ \\Emo WWW \\x\\ \
s . i 12
a7 A V707l 1 S 4 2 Z 02
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 77 Sainnnt o4 T
sssssssssssssssssssssssssssssssss Za wm—— | o o o o o

uoissaidug g suee jebiey uoissaldx 7 suse by



No Lipo

4

PCT/US2020/023131

14725

+ (M TY-Agg

NN

FIG. 14

INNN\

Sample List {10 ug) (2 Reps)

e O e O e O
R R ar e R R B

N O O O o2 o Qu'flo
(DD DD D =
S Sl Sl Sl Sl Sl e az

o OO S WD D T OO O

Tau aggregation after 4 days with CM TY-Agg(+)

//////4

WO 2020/190932

<2

B 65 N"Lg

I
\J

g2 T62g3 T

162

FIG. 15



WO 2020/190932 PCT/US2020/023131
15/25
16241 G865 NT-g3
HEK  TCY A N ey Ay
HZ Casd 13 140 113 128 57 5% 41 4%

Protein 2

| Protein$

Histone H3

FIG. 16

Tau aggregation after 4 days with CM TY-Aggl+)

6"'" ~ /n,\
B5 N T C+CMTHAQ
N g N
ED \ N \ S \ § _____________________
$ AN NE e N - - R - ..ww% wwwwwwwwwwwwwww
O ﬁ; H ¥ mi mi
340 13 1B 57 59 4 49
62 g1 3 ¢ \T



PCT/US2020/023131

16/25

WO 2020/190932

in2
né

Protel
0]
Phospho-Tau $262

¥l

asd

HEK TC0Y ~

FIG. 18




PCT/US2020/023131

WO 2020/190932

17125

UOIBING UONRIOS




WO 2020/190932 PCT/US2020/023131

18/25

Seading with Tau Cell Lysate

10 0
R ey B St
B B Bt S N ¥ B
" ,_,1@%... ..........................................................
e st HN & B & S e BN o B & B St
0% ﬂ::; i B R %1 I R 'Q; N :g" N R
TR LT SRR ST SPRRETRRTY
ysateadded: OV NTT QRETRY QG Q¥
e 1 ]
Lipo added: 0ug dm 5 ug 101g
Seeding Condition



PCT/US2020/023131

WO 2020/190932

19/25

¢ 9l

voppuoy Buipeag
e M7 il ‘peppe ody]

pappe ajesh]
O 98 g Q0 Qe g @b g g o

%0

) ...... ...... ....... ...... ...... ...... ...... ...... ............ B @\umm

st B0 B0 AL £
ST [20 LM AL €22

apeshy 29 e gy Buipaag



PCT/US2020/023131

WO 2020/190932

20125

uoneBestiby
pue Buipasg fe} uetald
si001e] pajeidaq) (+)0By

\

pue sjabie] pavouus (-)6y

w0l I (Bshl) (95)
uwog an an
N ) 134
Sh \ Sh Sh
CIENE I NORENT SIENE
A " v,
Bulusaias Aepuosss Jo]
(S8)EpIPUES U YNYDS 60p) ARig-upy

b6

i mm /189 00¢

£0>100
ojonpsuel} Aieigi
\ v J o feg
uoisuedx pue Bunp euioss
¢ feg 0 feg

safieg




PCT/US2020/023131

WO 2020/190932

21125

ve 9l

1451)

!
!
|

. feg sh (-

iMo()

M-

)

m




PCT/US2020/023131

WO 2020/190932

2212

voebaibfy
Buipess ne| wanaly

paRidaq | (+) 3
sjolile] Eﬁ_am

e

DB
 sjofi]

W_“w
[ 1344

SON

G¢ Ol

peiabie]-uop joauor) syNyBs 0os
S Aleltitg SyivyBs oy
Rieigru

«zm@ [ 51182 0008

£0> 100
uoonpsues] Areig

0 Aeg

S

ISUBdY pue

'
B b

P auiouas



PCT/US2020/023131

WO 2020/190932

23125

_m@& %g%m m

Buipass fie) M%}&

9¢ Ol

&
T ORSR%)  amsie B 520
o o) @... 3} auop) (+)6By”d44-ne £0> 100
mgﬁ%m_maﬁg yoijonpsuel] Aeign
04 feg 0 e
Loisuedx

DUE LONBADY [Ruondinsuel




PCT/US2020/023131

WO 2020/190932

s | a
st =5
0
Ll
50}
Ak ad
ol
L¢ Ol
g0l
uoefiaibfiesp (+J0dy
neyuensld o G20 10Suasg e)
sjafle) payoLy] @ P~
yole6albBesip ) 400/
nej aowoll @ aupify |
sjoble} peyoiu3 aignog Selelq) yNubs-A

Goisuedx pue Bunp3 stouss



PCT/US2020/023131

WO 2020/190932

25125

6¢ Ol

el
M0
510y g Sy sinoy |7
7 A N A N A ™ \om)
| | | | |
Rrepun Uy
3pIpo| wnipidosd wﬁmme% w wm_& %01 AN $00/g s} (+)00y
Bussn Bupig NG uphufy puz suplulfis, 7860018 Bieid



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/023131

A. CLASSIFICATION OF SUBJECT MATTER

INV. CI12N5/071 C12N9/22
ADD. GOINZ21/64

C12N15/11

GOIN33/68

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

B. FIELDS SEARCHED

CI2N GOIN

Minimum documentation searched (classification system followed by classification symbols)

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

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

EPO-Internal, BIOSIS, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y D.L. NATHANIEL ET AL:

the whole document

"Elucidating
Cellular Trafficking Pathways Controlling
Prion-Tike Spread of Tau Aggregation
UsingCRISPR interference Screens.",
ABSTRACTS: PORTER PRESENTATIONS / CELL
BIOLOGY 2016 / ASCB ANNUAL MEETING,

3 December 2016 (2016-12-03), - 7 December
2016 (2016-12-07), page P887, XP055695205,

1-176

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

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

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

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

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

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

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

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

"&" document member of the same patent family

Date of the actual completion of the international search

10 July 2020

Date of mailing of the international search report

21/07/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Offermann, Stefanie

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/023131

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y Anonymous: "Identification of genetic 1-176
regulators for intracellular aggregation
by genome-wide CRISPR screening",

16 January 2018 (2018-01-16), XP055694949,
Retrieved from the Internet:
URL:https://kaken.nii.ac.jp/en/report/KAKE
NHI-PROJECT-16K15229/16K152292016]1isseki/
[retrieved on 2020-05-13]

the whole document

Y Anonymous: "ascb annual meeting. 1-176
abstracts: oral proceedings",

Mol Biol Cell. 2016 Dec 15; 27(25),

15 December 2016 (2016-12-15),
XP055695180,

Retrieved from the Internet:
URL:file:///C:/Users/S051107/Downloads/sup
p_27.25.3947 2016ASCBMeeting-OralAbstracts
%20(2) .pdf

[retrieved on 2020-05-14]

the whole document

Y B. B. HOLMES ET AL: "Proteopathic tau 1-176
seeding predicts tauopathy in vivo",
PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES,

vol. 111, no. 41,

14 October 2014 (2014-10-14), pages
E4376-E4385, XP055456307,

ISSN: 0027-8424, DOI:
10.1073/pnas.1411649111

the whole document

Y MARTIN KAMPMANN: "CRISPRi and CRISPRa 1-176
Screens in Mammalian Cells for Precision
Biology and Medicine",

ACS CHEMICAL BIOLOGY,

vol. 13, no. 2,

24 October 2017 (2017-10-24), pages
406-416, XP055694953,

ISSN: 1554-8929, DOI:
10.1021/acschembio.7b00657

the whole document

figure 2

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 4



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/023131

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

SILVANA KONERMANN ET AL: "Genome-scale
transcriptional activation by an
engineered CRISPR-Cas9 complex",

NATURE,

vol. 517, no. 7536,

1 January 2015 (2015-01-01), pages
583-588, XP055585957,

London

ISSN: 0028-0836, DOI: 10.1038/natureld4136
the whole document

figure 1b

WO 2014/008404 Al (UNIV WASHINGTON [US];
HOLTZMAN DAVID [US] ET AL.)

9 January 2014 (2014-01-09)

paragraph [0137]; figure 19; examples 6,
10

WU JESSICA W ET AL: "Neuronal activity
enhances tau propagation and tau
pathology",

NATURE NEUROSCIENCE, NATURE AMERICA, INC,
us,

vol. 19, no. 8, 1 August 2016 (2016-08-01)
, pages 1085-1092, XP037053567,

ISSN: 1097-6256, DOI: 10.1038/NN.4328
[retrieved on 2016-08-01]

the whole document

WO 20157122922 Al (IPIERIAN INC [US])

20 August 2015 (2015-08-20)

example 1

WO 2014/089104 Al (UNIV WASHINGTON [US];
DIAMOND MARC [US] ET AL.)

12 June 2014 (2014-06-12)

paragraph [0085]; examples 1, 3

WO 2017/172764 A1 (UNIV CALIFORNIA [US];
DATICHI SANKYO CO LTD [JP])

5 October 2017 (2017-10-05)

paragraphs [0026], [0095]; figure 5
SANDERS DAVID W ET AL: "Distinct Tau
Prion Strains Propagate in Cells and Mice
and Define Different Tauopathies",
NEURON,

vol. 82, no. 6, 18 June 2014 (2014-06-18),
pages 1271-1288, XP028873989,

ISSN: 0896-6273, DOI:
10.1016/J.NEURON.2014.04.047

the whole document

figure S3A

1-176

177,181,
183-186

177-197

177,181,
183-186

177-197
177-187

188-197

188-197

188-197

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 3 of 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/023131

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

WO 2018/127519 Al (H LUNDBECK AS [DK])

12 July 2018 (2018-07-12)

paragraph [0234]

JOHN J. CHEN ET AL: "Compromised function
of the ESCRT pathway promotes
endolysosomal escape of tau seeds and
propagation of tau aggregation",

JOURNAL OF BIOLOGICAL CHEMISTRY,

vol. 294, no. 50,

2 October 2019 (2019-10-02), pages
18952-18966, XP055694877,

I

ISSN: 0021-9258, DOI:
10.1074/jbc.RA119.009432

"The 96th Annual Meeting of The
Physiological Society of Japan",

JOURNAL OF PHYSIOLOGICAL SCIENCES,
SPRINGER JAPAN KK, JP,

vol. 69, no. 1, 20 June 2019 (2019-06-20),
pages 1-314, XP036820069,

ISSN: 1880-6546, DOI:
10.1007/S12576-019-00673-W

[retrieved on 2019-06-20]

YUNG WEN CHIU ET AL: "Identification of
calcium and integrin-binding protein 1 as
a novel regulator of production of amyloid
[beta] peptide using CRISPR/Cas9-based
screening system",

THE FASEB JOURNAL,

19 April 2020 (2020-04-19), XP055694940,
I

ISSN: 0892-6638, DOI:
10.1096/fj.201902966RR

188-197

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 4 of 4




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2020/023131
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2014008404 Al 09-01-2014 AU 2013286680 Al 22-01-2015
AU 2018229564 Al 04-10-2018
BR 112014033116 A2 06-03-2018
CA 2877397 Al 09-01-2014
CN 104781278 A 15-07-2015
CN 108623682 A 09-10-2018
EP 2870176 Al 13-05-2015
HK 1209768 Al 08-04-2016
JP 6345655 B2 20-06-2018
JP 2015530971 A 29-10-2015
JP 2018184398 A 22-11-2018
KR 20150036346 A 07-04-2015
KR 20200013072 A 05-02-2020
MX 359555 B 02-10-2018
NZ 703423 A 23-02-2018
NZ 739622 A 31-01-2020
RU 2015103228 A 20-08-2016
RU 2018132044 A 19-10-2018
SG 10201708959W A 29-11-2017
SG 10201913370P A 30-03-2020
SG 11201408626Y A 30-03-2015
US 2015183855 Al 02-07-2015
US 2018037641 Al 08-02-2018
WO 2014008404 Al 09-01-2014

WO 2015122922 Al 20-08-2015 CN 105939722 A 14-09-2016
EP 3104870 Al 21-12-2016
JP 2017512751 A 25-05-2017
NZ 630610 A 31-05-2019
US 2016347804 Al 01-12-2016
WO 2015122922 Al 20-08-2015

WO 2014089104 Al 12-06-2014 US 2015309054 Al 29-10-2015
WO 2014089104 Al 12-06-2014

WO 2017172764 Al 05-10-2017  NONE

WO 2018127519 Al 12-07-2018 BR 112018067721 A2 08-01-2019
CN 110267985 A 20-09-2019
EP 3565836 Al 13-11-2019
JP 2020506954 A 05-03-2020
US 2019330320 Al 31-10-2019
WO 2018127519 Al 12-07-2018

Form PCT/ISA/210 (patent family annex) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2020/023131
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-176

means and methods to identify genetic modifiers, the
disruption or transcriptional activation of which enhance or

prevent tau aggregation, based on the use of the
CRISPR/Cas-system.

2. claims: 177-187

method of producing a conditioned medium for inducing tau
aggregation and using such medium for generating a
population of tau aggregation positive cells.

3. claims: 188-197

method of producing a medium comprising a cell lysate from
cultured tau aggregation positive cells for inducing tau
aggregation and using such medium for generating a
population of tau aggregation positive cells.
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