WHAT IS CLAIMED IS:

1. A method of modeling a discase associated with a genomic locus in a cfkaryotic

organism or a non-human organism comprising manipulation of a target seque within a

coding, non-coding or regulatory element of said genomic locus comprising deffvering a non-
naturally occurring or engincered corposition comprising

{A} - L a CRISPR-Cas system RNA polynucleotide segfience, wherein the

polynucleotide sequence comprises:

{a) a guide sequence capable of hybridizing to the€ target sequence,

(b} a tracr mate sequence, and
(¢} a tracr sequence, and
L. a polynucleotide sequence encgfling Cas9, optionally comprising at
least one or more nuclear localization sequences,
wherein {(a), (b) and {¢) are arranged in a 57 to 3” origfftation,
wherein when transcribed, the tracr mate sequencg/nybridizes to the tracr sequence and the guide
sequence directs sequence-specific binding of A RISPR complex to the target sequence, and
wherein the CRISPR complex comprises {£As9 complexed with (1} the guide sequence that is
hybridized to the target sequence, and (2fthe tracr mate sequence that is hybridized to the tracr
sequence and the polynucleotide sequgfice encoding Cas9 is DNA or RNA,
or

(By L polynucfotides coraprising:
guide sequence capable of hybridizing to the target sequence, and
at least one or more tracr mate Sequences,
a polynucleotide sequence encoding Cas9, and

a polynucleotide sequence comprising a tracr sequence,

2. The method of claim 1, wherein the Cas9 is SaCas9.
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3. The method of claim 1 or 2, wherein the polynucleotides encoding the sequfince

delivered via liposomes, nanoparticles, cell penctrating peptides, cxosomes, microveglcles, or a
gene-gun,

4. The method of any of claims 1 to 3, wherein the polynucleotidef are comprised
within a vector systent coraprising onc of more vectors.

5. A method of modeling a discase associated with a genomig/locus in a eukaryotic
organism or a non-human organism comprising manipulation of a t#rget scquence within a
coding, non-coding or regulatory element of said genomic locus cofmprising delivering a non-
naturally occurring or enginecred composition comprising a viralAector system comprising one
or more viral vectors operably encoding a composition for £xpression thereof, wherein the
composition comprises:

(A}  a non-naturally occurring or enginfered composition comprising a vector
Systemi comprising one or more vectors comprising
L a first regulatory clement opgfrably linked to a CRISPR-Cas system RNA
polynucleotide sequence, wherein the polynuclegfide sequence comprises
{(a) a guide sequengf capable of hybridizing to the target sequence,

{b) a tracr mate gfquence, and

{(c) a tracr segfience, and
HE a second regflatory element operably linked to an enzyme-coding

sequence encoding Cas9, optioghlly comprising at least one or more nuclear localization
sequences,

wherein (a}, (b) and (¢) are gfranged in a 5° t0 3’ orientation,

wherein components Tangd Il are located on the same or different vectors of the system,

wherein when transcrifed, the tracr mate sequence hybridizes to the tracr sequence and the guide
sequence directs seghicnce-specific binding of a CRISPR complex to the target sequence, and
wherein the CRIAPR complex coraprises the Cas9 complexed with (1) the guide sequence that is

hybridized tofne target sequence, and (2) the tracr mate sequence that is hybridized to the tracr

sequence,




(B)  a non-naturally occurring or engincered composition comprising a vy

SYSISM COMPISIng ONe OF YOore vectors cotmprising

i a first regulatory clement operably linked to
{a) a guide sequence capable of hybridizing to the target fguence, and

(b}  at least one or more tracr mate sequences,
iL a scoond regulatory element operably hinked to enzyme-coding
sequence encoding Cas?®, and

. athird regulatory clemaent operably linked to a tragh sequence,

wherein coraponents I, IT and HI are located on the same or different yoctors of the system,
wherein when transcribed, the tracr mate sequence hybridizes to thC tracr sequence and the guide
sequence directs sequence-specific binding of a CRISPR complfx to the target sequence, and
wherein the CRISPR complex comprises the Cas® complexe with (1) the guide sequence that is
hybridized to the target sequence; (2) the fracr mate sgfjuence that is hybridized to the tracr
sequence; and wherein the Cas9 is preferably SaCCas9.

6. The method of claim 5, wherein onebr more of the viral vectors are delivered via
liposomes, nanoparticles, exosomes, microvesiclfs, or a gene-gun,
7. A method of treating or inhibiyfhg a condition or a discase caused by one or more
mutations in a genomic locus in a cukarybtic organism or a non-human organism coroprising
manipulation of a target sequence withfin a coding, non-coding or regulatory element of said
genomic locus in a target sequengf in a subject or 8 von-human subject i need thereof
comprising modifying the subject fr a non-human subject by manipulation of the target sequence
and wherein the condition or djbeasc is susceptible to treatment or inhibition by manipulation of
the target sequence comprisifig providing treatment comprising:
delivering a non-paturally occurring or enginecred composition coraprising an AAV or
lentivirus vector systeyh, comprising one or more AAVY or lentivirus vectors operably encoding a
composition for ¢fpression thereof, wherein the target sequence is manipulated by the

compaosition whoft expressed, wherein the composition coraprises:

(A)  a non-naturally occurring or engineered composition comprising a vector

system COTAPTISIng ONC OF 1ore Vectors commprising
i a first regulatory element operably linked to a CRISPR-Cas system RNA

otide sequence, wherein the polynucleotide sequence comprises

]
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{a) a guide sequence capable of hybridizing to the target sequencg/in a
eukaryotic cell,

(b a tracr mate sequence, and

(<) a tracr sequence, and

i a scoond regulatory element operably linked to an fnzyme-coding

sequence encoding Cas9 coraprising at least one or more nuclear localization y
wherein {(a), {b) and (¢} are arranged in a 57 to 37 orientation,
wherein cornponents T and 1 are located on the sarac or different vectorybt the systern,
wherein when transcribed, the tracr mate sequence hybridizes to the yfacr sequence and the gade
sequence directs sequence-specific binding of a CRISPR complex 0 the target sequence, and
wherein the CRISPR complex comprises the Cas9 coraplexed ghith (1) the goide sequence that is

hybridized to the arget sequence, and (2) the tracr mate segience that is hybridized to the tracr

(B) & non-naturally occurring or £nginecred composition comprising a vector

i a first regulatory clemeyft operably linked to
{(a) a guide sequghce capable of hybridizing to an target sequence i a
cukaryotic cell, and
(b) at leastfne or more tracr mate sequences,
HE a second pgulatory element operably linked to an enzyme-coding
sequence encoding Cas9, and
HE a thirg/regulatory element operably linked to a tracr sequence,

wherein components 1, I And T are located on the same or different vectors of the syster,
wherein when transcrifed, the tracr mate sequence hybridizes to the tracr sequence and the guide
sequence directs sfquence-specific binding of a CRISPR complex to the target sequence,
wherein the CRYSPR complex comprises Cas® complexed with (1} the guide sequence that is
hybridized tofne target sequence, and (2) the tracr mate sequence that is hybridized to the tracr
sequence; g#hd wherein the Cas9 is preferably SaCas9,

The method of any preceding claim, wherein the method s carried out in vitro, ex

vivo #r in vivo.



. The method of any preceding claim including inducing expression.

10, The method of claim 1 wherein the coundition or disease is an ocular discasy.

11, The method of claim 10 where the ocular disease is retinitis pigrgfntosa or
achromatopsia.

12, The method of any of claims 4 to 8 wherein the viral vectoy/is an AAV or
lentiviral vector.

13, A method of delivering the Cas9 of any preceding claim, cofiprising delivering to
a cell mRNA cncoding the Cas9.

14, The method of any one of claims 1 to 13, wherein thefolynucleotide or sequence
encoding the Cas9 is delivered to the cell by delivering mRNA enghding the Cas? to the cell,

15, A method of preparing the AAV or lentivirgd vector of claim 7 comprising
transfocting plasmid{s) containing or consisting essentialiy/of nucleic acid molecule(s) coding
for the AAV or lentivirus into AAV-infected or lentivigis-infected cells, and supplying AAV
AAY or lentivirus rep and/or cap and/or helper nucleif acid molecules obligatory for replication
and packaging of the AAV or lentivirus.

16. A method of preparing an AAV gflentivirus vector for use in the method of claim
7, comprising transfecting plasmid{s) contfining or consisting cssentially of nucleic acid
molecule(s) coding for the AAV or lentivighs into AAV-nfected or lentivirus-infected cells, and
supplying AAV AAV or lentivirus pp and/or cap and/or helper nucleic acid molecules
obligatory for replication and packagifig of the AAV or lentivirus,

17.  The method of clgfim 15 or 16 wherein the AAV or lentivirus rep and/or cap
obligatory for replication and pfekaging of the AAV or lentivirus are supplied by transfecting the
cells with helper plasmid(s) #r helper virus{es}.

18. The methgd of claim 17 wherein the helper virus is a poxvirus, adenovirus,

lentivirus, herpesvirus fr baculovirus.

19. cthod of claim 1¥ wherein the poxvirus is a vaccinia virus,
20 ¢ method of any of claims 15 to 20 wherein the cells are mammalian cells.
21 The method of any of claims 15 to 20 wherein the cells are insect cells and the

helper virgf {where present) 18 baculovirus,

The method of any preceeding claim wherein the Cas9 is a wild type, truncated or
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23. A composition as defined in any of claims 1-22 for use in medicine or in therghy.

24, A composition as defined in any of claims 1-22 for use in a method of moglling a
discasc associated with a genetic locus in a eukaryotic organism or a non-humary/organism
comprising manipulation of a target sequence within a coding, von-coding or regulflory clement
of said genetic locus.

25.  Use of a composition as defined in any of claims 1-24 in ex vivf or in vive gene or
genome editing.

26.  Usc of a composition as defined in any of claims 1-24/n the manufacture of a
medicament for in vitro, ex vivo or in vive gene or genore editingfor for use in a mwethod of
modifying an organism or a non-human organism by manipulagfon of a target sequence in a
genomic locus associated with a disease or in a method of trgfting or inhibiting a condition or
diesease caused by one or more mutations in a genomic locyf in a eukaryotic organism or a non-
human organism.

27. A composition comprising:

{A)y - L a CRISPR-Cas system A polynucleotide scquence, wherein the
polynucieotide sequence comprises:
{(a) a guide sequengf capable of hybridizing to a target sequence in a

eukaryotic cell,

HE a polynuclgftide sequence encoding Cas9, optionally comprising at least

wherein (a}, (b) and (¢) are gfranged in a 5° t0 3’ orientation,

wherein when transcribegf the tracr mate sequence hybridizes to the tracr sequence and the guide
sequence directs sequegice-specific binding of a CRISPR complex to the target sequence, and
wherein the CRISPY complex comprises the Cas® complexed with (1) the guide scquence that is
hybridized to thyftarget sequence, and (2) the tracr mate sequence that is hybridized to the tracr

sequence and e polynucleotide sequence encoding SaCas9 is DNA or RNA,

or

{8y L polynucleotides comprising:

]
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{a) a guide sequence capable of hybridizing to an target sequencg

cukaryotic ¢ell, and

{(b) at least one or more tracr mate sequences,

iL a polynucleotide sequence encoding Cas9, and
HEL  apolynucleotide sequence comprising a tracr sequence,

wherein when transcribed, the tracr mate sequence hybridizes to the tracr seqyfnee and the guide
sequence directs sequence-specific binding of a CRISPR complex to the tagfet sequence, and

wherein the CRISPR complex comprises Cas9 complexed with (1) thf guide sequence that is
hybridized to the target sequence, (2) the tracr mate sequence thgy

A or RNA; and the Cas? is

is hybridized to the tracr
sequence, and the polynucleotide sequence encoding Cas® is D
preferably SaCas9.
for use in medicine or therapy; or for use in a method of mogifying an organism or a non-human
organism by manipulation of 4 target sequence in a gengfic locus associated with a discase or
disorder; or for use in a method of treating or inhibfiing a condition caused by one or more
routations in 4 genctic locus associated with a disegfe in a cukaryotic organism or 4 non-hurman
organism.; or for use in in vitre, ex vive or in vivg/ gene or genome editing.

28.  The composition of claim 27, yherein the polynucleotides are comprised within a
vector systerm comprising one or more vecybrs.

29, The method, use or copfposition of any of the preceding claims, wherein the
CRISPR-Cas systera RNA 15 a chitngfic RNA (chiRNA).

30.  The method, use ¢f composition of any of the preceding claims, wherein the
CRISPR-Cas system 18 a myftiplexed SaCas® enzyme systern further comprising multiple
chimeras and/or multiple myftiguide sequences and a single tracr sequence.
31, The methgll, use or composition according any of the preceding claims, wherein
theCas9 is a nuclease

32 The

recting cleavage of both strands at the location of the target sequence.
method, use or composition according to any of the preceding claims,

wherein the CasYcomprises one or more mutations.

(oo
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The method, use or composition according to claim 32, wherein the Cas9
comprises ghe or more mutations DIOA, E7T62A, HB40A, NES4A, NBG3A or DUBGA.
The method, use or composition according to claim 32 wherein the one or more

fons 1s in a RuvCl domain of the Cas9.



35.  The method, use or composition according to claim 30, wherein the Cas9
nickase directing cleavage at the location of the target sequence.

36.  The method, usc or composition according to claim 35, wherein the nyfkase is a
doubie nickase,

37. The method, use or composition according to any preceding claim further
comprising at least two or more NLS,

38.  The method, use or composition according to any precedigfy claim, wherein the
SaCas9 has one or more mutations in a catalytic domain, wherein whfn transcribed, the tracr
mate sequence hybridizes to the tracr sequence and the guide sequenge directs sequence-specific
binding of a CRISPR complex to the target sequence, and whereipfthe enzyme further comprises
a functional domaiu.

39, The method, use or composition according # claim 38, wherein the functional
domain 1s a transcriptional activation domain.

40.  The wmethod, use or composition According to claim 39, wherein the
transcriptional activation domain is VP64,

41. A therapeutic genome editing mgfhod for treating or inhibiting a condition or a
discase caused by one or more mutations in gfgenomic locus in a eukaryotic organism or a non-
human organisro coraprising manipulation/of a target sequence within a coding, non-coding or
regulatory element of said genomic lgfus in a target sequence in a subject or a non-human
subject in need thercof comprisipf modifying the subject or a non-human subject by

o

manipulation of the target sequgfice and wherein the condition or disease is susceptible to

treatment or inhibition by magfpulation of the target scquence comprising providing treatment
comprising:

delivering a non-paturally occurring or enginecred composition coraprising an AAV or
lentivirus vector systeyh, comprising one or more AAV or lentivirus vectors operably encoding a
composition for ¢fpression thercof, wherein the target sequence is manipulated by the
composition whoft expressed, wherein the composition coraprises:

{(A)

comprising/one or more vectors comprising

a non-naturally occurring or engincered composition comprising a vector system

a first regulatory element operably linked to a CRISPR-Cas system RNA

otide sequence, wherein the polynucleotide sequence comprises
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{(a) a guide sequence capable of hybridizing to the target sequence in a eukaryftic

(b} a tracr mate sequence, and

() a tract sequence, and

H. a second regulatory element operably linked to an enzyme-chding sequence
encoding Cas® comprising at lcast one or more nuclear localization sequences

wherein {a), {b) and (c) arc arranged in a 57 to 37 orientation,

whercin components T and I are located on the same or differentfectors of the system,

wherein when trauscribed, the tracr mate sequence hybridizgf to the tracr sequence and
the guide sequence directs sequence-specific binding of a CRASPR complex to the target
sequence, and

wherein the CRISPR complex comprises the C complexed with (1) the guide
sequence that is hybridized to the arget sequence, angl (2) the tracr mate scquence that is
hybridized to the tracr sequence,

or

(By  anon-naturally occurring or engifecred composition comprising a vector system
COMPrising one or More vectors comprising

L a first regulatory clement opfrably linked to

{(a) a guide sequence capablg/of hybridizing to an target sequence in a cukaryotic cell,
and

(b}  at lcast one or morgftracr mate sequences,

IL a sceond regulfory clement operably linked to an enzyme-coding scquence
encoding Cas9, and

I a third regffiatory element operably linked to a tracr sequence,

wherein compgfients 1, 1T and I are located on the same or different vectors of the
systern,

wherein ghen travscribed, the tracr mate sequence hybridizes to the tracr sequence and
the guide scgfucnce directs sequence-specific binding of a CRISPR complex to the target

sequence, god




tract; and the Cas9 is preferably SaCas9.

42. The method of claim 41, wherein the condition or disease is retinitis pigentosa or
achromatopsia.

43, The method of claim 41, wherein the AAV is AAV, AAVZ, AAYS, AAVT, AAVE,
AAV DJ or any combination thereof,

44. A rocthod of individualized or personalized treatmuent ¢f & genctic discase in a
subject in need of such treatment comprising:

{(a} introducing multiple mutations ex vive in a tissue, opfan or a cell line comprising
SaCas9-expressing eukaryotic cell(s), or in vivo in a transgenicfon-human mammal baving cells
that express SaCas9, comprising delivering to cell(s) of the tissue, organ, cell or mammal the
vector as herein-discussed, wherein the specific mutatiopgh or precise sequence substitutions are
or have been correlated to the genetic disease;

{(b) testing treatment(s) for the genctic diseghe on the cells to which the vector has been
delivered that have the specific mutations or pfecise sequence substitutions correlated to the
genetic disease; and

(¢} treating the subject based on respflits from the testing of treatment{s) of step (b).

45. The method of claim 44, whefein the genetic discase is an ocular discase.

46. The method of claim 46, wherein the ocular disease is retinifis pigmentosa or

achromatopsia.
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CLAIMS

1. Use of a composition for the manufacture of a medicament for treating an ocular genetic
disease by localized administration to a subject’s eye, in which the composition comprises a

CRISPR-Cas system comprising:

A. apolynucleotide encoding a CRISPR-Cas system guide comprising: (a) a guide
sequence capable of hybridizing to an ocular genetic disease target sequence, (b) a tracr
mate sequence, and (c) a tracr sequence, in which (a), (b), and (c) are arranged ina 5’ to

3’ orientation; and
B. apolynucleotide encoding a Cas9;

in which each of A and B are formulated for delivery together in a delivery vehicle, the
vehicle being an adeno-associated viral (AAV) vector, in which the AAV is AAV1,
AAV2, or AAVS5; and capable, when administered together to the subject’s eye, of
forming a CRISPR-Cas complex comprising the Cas9 and the CRISPR-Cas system
guide.

2. Use according to Claim 1, in which the CRISPR-Cas system guide is a chimeric RNA
(chiRNA).
3. Use according to Claim 1 or 2, in which the ocular genetic disease is a retinal disease.

4.  Use according to Claim 3, in which the retinal disease is a hereditary disease.

5. Use according to any preceding claim, in which the Cas9 is a nuclease directing
cleavage of both DNA strands at the location of the target sequence, or in which the Cas9 is a

nickase directing cleavage of one DNA strand at the location of the target sequence.

6.  Use according to any preceding claim, in which the Cas9 is complexed with the

CRISPRCas system guide.

7. Use according to Claim 6, in which the tracr mate sequence hybridizes to the tracr
sequence, and the guide sequence directs sequence-specific binding of a CRISPR complex to

the target sequence.

8. Use according to any preceding claim, in which the ocular genetic disease is selected

from Stargardt disease, Bardet-Biedl Syndrome, Best disease, blue cone monochromacy,
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choroidermia, cone-rod dystrophy, congenital stationary night blindness, enhanced S-cone
syndrome, juvenile X-linked retinoschisis, Leber congenital amaurosis (LCA), Malattia
leventinesse, Norrie disease or X-linked familial exudative vitreoretinopathy, Pattern
dystrophy, Sorsby dystrophy, Usher syndrome, retinitis pigmentosa, achromatopsia or macular

dystrophies or macular degeneration, and age-related macular degeneration.

9.  Use according to Claim 8, in which the ocular genetic disease is Leber congenital

amaurosis (LCA), Usher syndrome, or retinitis pigmentosa.

10. Use according to any preceding claim, in which the Cas9 is a Streptococcus pyogenes
Cas9 (SpCas9), a Staphylococcus aureus Cas9 (SaCas9), or a Streptococcus thermophilus
Cas9 (StCas9).

11.  Use according to any preceding claim, in which the CRISPR-Cas system is a
multiplexed system comprising two or more CRISPR-Cas system guides with different guide

sequences.

12.  Use according to any preceding claim, in which the Cas9 comprises one or more nuclear

localization sequences.

13.  Use according to any preceding claim, in which the Cas9 comprises one or more

mutations, and in which the Cas9 is fused to a heterologous protein domain.

14. Use according to any preceding claim, in which the composition further comprises a

recombination template.

15. Use according to any preceding claim, in which the composition is formulated for

subretinal injection.




