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Weclaim:

1. A method of screening for genetic vulnerab#iteessociated with tau
aggregation, comprising:

@) providing an aggregation-positive populatiorcelis and an
aggregation-negative population of cells, wheraichepopulation of cells comprises a Cas
protein, a first tau repeat domain linked to atfiegporter, and a second tau repeat domain
linked to a second reporter,

wherein the cells are mammalian cells,

wherein the first reporter and the second repamerfluorescent proteins, and
wherein the first reporter and the second reparteia fluorescence resonance energy transfer
(FRET) pair,

wherein the aggregation-positive population ofebmprises aggregates of
the first tau repeat domain linked to the firstodpr and the second tau repeat domain linked
to the second reporter, and

wherein the aggregation-negative population ofscgtles not comprise
aggregates of the first tau repeat domain linketthédirst reporter and the second tau repeat
domain linked to the second reporter;

(b) introducing into each population of cells adity comprising a
plurality of unique guide RNAs that target a plitsabf genes, wherein the plurality of
unique guide RNAs form complexes with the Cas pnotnd the Cas protein cleaves the
plurality of genes resulting in knockout of genadtion; and

(c) determining abundance of each of the pluraltynique guide RNAs
at a plurality of time points over a time coursesach population of cells,

wherein the plurality of time points comprisesesdt three time points,

wherein depletion of a guide RNA in the aggregapositive population of
cells but not in the aggregation-negative popufatibcells or a faster rate of depletion of a
guide RNA over the time course in the aggregatiositpve population of cells relative to the
aggregation-negative population of cells indicaked the gene targeted by the guide RNA
exhibits synthetic lethality with tau protein aggates and is a genetic vulnerability

associated with tau aggregation.

2. The method of claim 1, wherein the Cas proteia Cas9 protein,

optionally wherein the Cas protein iSaeptococcus pyogenes Cas9 protein, optionally
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wherein the Cas protein comprises SEQ ID NO: 2d,aptionally wherein the Cas protein is

encoded by a coding sequence comprising the segendorth in SEQ ID NO: 22.

3. The method of any preceding claim, wherein the @rotein, the first
tau repeat domain linked to the first reporter, tedsecond tau repeat domain linked to the
second reporter are stably expressed in the pamugadf cells, or

wherein nucleic acids encoding the Cas proteinfitbetau repeat domain
linked to the first reporter, and the second tgneat domain linked to the second reporter are
genomically integrated in the populations of cells.

4, The method of any preceding claim, wherein eactie RNA targets a
constitutive exon, optionally wherein each guideARisrgets a 5’ constitutive exon, or

wherein each guide RNA targets a first exon, asg@xon, or a third exon.

5. A method of screening for genetic vulnerab#itessociated with tau
aggregation, comprising:

€)) providing an aggregation-positive populatiorcelis and an
aggregation-negative population of cells, whereichepopulation of cells comprises a
chimeric Cas protein comprising a nuclease-inadfias protein fused to one or more
transcriptional activation domains, a chimeric d@daprotein comprising an adaptor protein
fused to one or more transcriptional activation dors, a first tau repeat domain linked to a
first reporter, and a second tau repeat domairedirtk a second reporter,

wherein the cells are mammalian cells,

wherein the first reporter and the second repamerfluorescent proteins, and
wherein the first reporter and the second repamera fluorescence resonance energy transfer
(FRET) pair,

wherein the aggregation-positive population ofebmprises aggregates of
the first tau repeat domain linked to the firstodpr and the second tau repeat domain linked
to the second reporter, and

wherein the aggregation-negative population ofscgtles not comprise
aggregates of the first tau repeat domain linketthédirst reporter and the second tau repeat
domain linked to the second reporter;

(b) introducing into each population of cells adity comprising a
plurality of unique guide RNAs that target a plitsabf genes, wherein the plurality of
unique guide RNAs form complexes with the chimé&as protein and the chimeric adaptor

93



W0O/2020/190927 PCT/US2020/023121

protein, and the complexes activate transcriptiothe plurality of genes resulting in
increased gene expression; and

(c) determining abundance of each of the pluraltynique guide RNAs
at a plurality of time points over a time coursesach population of cells,

wherein the plurality of time points comprisesesdt three time points,

wherein depletion of a guide RNA in the aggregapositive population of
cells but not in the aggregation-negative poputatibcells or a faster rate of depletion of a
guide RNA over the time course in the aggregatiositpve population of cells relative to the
aggregation-negative population of cells indicaked activation of the gene targeted by the
guide RNA exhibits synthetic lethality with tau pgm aggregates and is a genetic
vulnerability associated with tau aggregation.

6. The method of claim 5, wherein the Cas proteia Cas9 protein,
optionally wherein the Cas protein iSaeptococcus pyogenes Cas9 protein, and

wherein the chimeric Cas protein comprises theaasd-inactive Cas protein
fused to a VP64 transcriptional activation domajstjonally wherein the chimeric Cas
protein comprises from N-terminus to C-terminug tluclease-inactive Cas protein; a
nuclear localization signal; and the VP64 trangmipal activator domain, optionally wherein
the chimeric Cas protein comprises SEQ ID NO: 8@, @ptionally wherein the chimeric Cas
protein is encoded by a coding sequence comprismgequence set forth in SEQ ID NO:
38, and

wherein the adaptor protein is an MS2 coat protaial, wherein the one or
more transcriptional activation domains in the adriimadaptor protein comprise a p65
transcriptional activation domain and an HSF1 tcapsonal activation domain, optionally
wherein the chimeric adaptor protein comprises fibiterminus to C-terminus: the MS2
coat protein; a nuclear localization signal; th& p@nscriptional activation domain; and the
HSF1 transcriptional activation domain, optionailigerein the chimeric adaptor protein
comprises SEQ ID NO: 37, and optionally whereindhigneric adaptor protein is encoded
by a coding sequence comprising the sequencersletificSEQ ID NO: 39.

7. The method of claim 5 or 6, wherein the chim&@as protein, the
chimeric adaptor protein, the first tau repeat diortiaked to the first reporter, and the
second tau repeat domain linked to the second tespane stably expressed in the population
of cells, or
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wherein nucleic acids encoding the chimeric Casegmothe chimeric adaptor
protein, the first tau repeat domain linked tofil& reporter, and the second tau repeat

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

8. The method of any one of claims 5-7, whereirheagde RNA targets
a guide RNA target sequence within 200 bp upstreatranscription start site, and

wherein each guide RNA comprises one or more ad#rding elements to
which the chimeric adaptor protein can specifichilyd, optionally wherein each guide RNA
comprises two adaptor-binding elements to whichctiimeric adaptor protein can
specifically bind, optionally wherein a first adapbinding element is within a first loop of
each of the one or more guide RNAs, and a secoaptadbinding element is within a
second loop of each of the one or more guide RNABonally wherein the adaptor-binding
element comprises the sequence set forth in SEQROD33, and

optionally wherein each of one or more guide RN#\a single guide RNA
comprising a CRISPR RNA (crRNA) portion fused toansactivating CRISPR RNA
(tracrRNA) portion, and the first loop is the téd@p corresponding to residues 13-16 of SEQ
ID NO: 17, and the second loop is the stem loopreesponding to residues 53-56 of SEQ
ID NO: 17.

9. The method of any preceding claim, wherein its fau repeat
domain and/or the second tau repeat domain is ahtau repeat domain, and/or

wherein the first tau repeat domain and/or the sg@¢au repeat domain
comprises a pro-aggregation mutation, optionallgrem the first tau repeat domain and/or
the second tau repeat domain comprises a tau R8Qf&ion, and/or

wherein the first tau repeat domain and/or the sg@¢au repeat domain
comprises a tau four-repeat domain, and/or

wherein the first tau repeat domain and/or the sg¢¢au repeat domain
comprises SEQ ID NO: 11, and/or

wherein the first tau repeat domain and the setamdepeat domain are the

same.

10.  The method of any preceding claim, whereirfitisetau repeat
domain and the second tau repeat domain are the aatheach comprises tau four-repeat

domain comprising a tau P301S mutation.
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11.  The method of any preceding claim, whereirfitlsé reporter is cyan

fluorescent protein (CFP) and the second repastgeliow fluorescent protein (YFP).

12. The method of any preceding claim, whereincéles are human cells,
optionally wherein the cells are HEK293T cells.

13.  The method of any preceding claim, whereinpliaeality of unique
guide RNAs are introduced at a concentration setestich that a majority of the cells

receive only one of the unique guide RNAs.

14. The method of any preceding claim, whereinpineality of unique
guide RNAs target 100 or more genes, 1000 or meneg or 10000 or more genes, or

wherein the library is a genome-wide library.

15. The method of any preceding claim, whereinuaghiy of target
sequences are targeted on average in each ofr¢feeetd plurality of genes,

optionally wherein at least three target sequeaoesargeted on average in
each of the targeted plurality of genes, and

optionally wherein about three to about six tagpgiuences are targeted on
average in each of the targeted plurality of genes.

16.  The method of any preceding claim, whereinpliaeality of unique
guide RNAs are introduced into the populationsediscby viral transduction,

optionally wherein each of the plurality of unigg@ide RNAs is in a separate
viral vector,

optionally wherein the plurality of unique guide Rdlare introduced into the
populations of cells by lentiviral transductiongdan

optionally wherein the populations of cells aresctéd at a multiplicity of
infection of less than about 0.3.

17.  The method of any preceding claim, whereinpliaeality of unique
guide RNAs are introduced into the populationseadfsctogether with a selection marker, and
step (b) further comprises selecting cells thatmase the selection marker,

optionally wherein the selection marker impartsstasce to a drug,

optionally wherein the selection marker impartsstasce to puromycin or zeocin, and
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optionally wherein the selection marker is sele¢teth neomycin
phosphotransferase, hygromycin B phosphotransfgpasemycin-N-acetyltransferase, and

blasticidin S deaminase.

18.  The method of any preceding claim, whereinpthygulations of cells
into which the plurality of unique guide RNAs argroduced in step (b) each comprise

greater than about 500 cells per unique guide RNA.

19. The method of any preceding claim, whereirtithe course in step (c)
is more than about 1 week, optionally wherein tiretcourse in step (c) is more than about 2

weeks.

20.  The method of any preceding claim, whereirtithe course in step (c)

comprises about 10 to about 15 cell doublings.

21. The method of any preceding claim, whereinpiieality of time

points in step (c) comprises about four time poantabout six time points.

22.  The method of any preceding claim, whereinghg&more than about
1 day between each time point in step (c),

optionally wherein there is more than about 2 dastsveen each time point in
step (c), and

optionally wherein there is between about 3 to adadays between each time

point in step (c).

23.  The method of any preceding claim, whereinreege considered to
exhibit synthetic lethality with tau protein aggates in step (c) if a guide RNA targeting the
gene is depleted in the aggregation-positive pajumaf cells but not in the aggregation-
negative population of cells,

optionally wherein a gene is considered to extsbitthetic lethality with tau
protein aggregates in step (c) if a guide RNA tangethe gene has a faster rate of depletion
over the time course in the aggregation-positiveutettion of cells relative to the

aggregation-negative population of cells.
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24.  The method of any preceding claim, whereinidgg®NA is
considered depleted in step (c) if the abundantkeofjuide RNA at each time point is less
than or equal to the abundance of the guide RNAeapreceding time point, or

wherein a guide RNA is considered depleted in &gg the abundance of the
guide RNA at each time point after the second fimiat is less than or equal to the

abundance of the time point two time points prior.

25.  The method of any preceding claim, whereinreege considered to
exhibit synthetic lethality with tau protein aggaggs in step (c) if more than about 30% of
the guide RNAs in the library that target the garedepleted in the aggregation-positive
population of cells but not in the aggregation-riegapopulation of cells,

optionally wherein a gene is considered to extsbitthetic lethality with tau
protein aggregates in step (c) in any one of theviing situations:

Q) there is one guide RNA in the library that &tggthe gene, and the one
guide RNA is depleted in the aggregation-positigpulation of cells but not in the
aggregation-negative population of cells;

(2) there are two guide RNAs in the library thag&t the gene, and at
least one of the two guide RNAs is depleted indtpgregation-positive population of cells
but not in the aggregation-negative populationesis¢

3) there are three guide RNAs in the library taaget the gene, and at
least one of the three guide RNAs is depletederathigregation-positive population of cells
but not in the aggregation-negative populationesis¢

4) there are four guide RNAs in the library thexget the gene, and at
least two of the four guide RNAs is depleted indlggregation-positive population of cells
but not in the aggregation-negative populationesis¢

(5) there are five guide RNAs in the library thertget the gene, and at
least two of the five guide RNAs is depleted in dlggregation-positive population of cells
but not in the aggregation-negative populationedis¢ and

(6) there are six guide RNAs in the library thag&d the gene, and at least
three of the six guide RNAs is depleted in the aggtion-positive population of cells but not

in the aggregation-negative population of cells.

26.  The method of any preceding claim, whereimtie¢hod is repeated at
least three times in at least three different expants, and a gene is considered to exhibit

98



W0O/2020/190927 PCT/US2020/023121

synthetic lethality with tau protein aggregates i$ considered to exhibit synthetic lethality
with tau protein aggregates in more than about 60fe at least three different

experiments.

27.  The method of any preceding claim, whereirtithe course in step (c)
is more than about 2 weeks,

wherein the plurality of time points in step (chgarises about six time points,

wherein there is between about 3 to about 4 datygde® each time point in
step (c),

wherein a guide RNA is considered depleted in &t the abundance of the
guide RNA at each time point after the second fimiet is less than or equal to the
abundance of the time point two time points praord

wherein a gene is considered to exhibit synthetizality with tau protein
aggregates in step (c) if more than about 30%@fthide RNAs in the library that target the
gene are depleted in the aggregation-positive jonl of cells but not in the aggregation-

negative population of cells.
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