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Methods And Compesitions for Engineersd DA Neuronsl Cells

Cross-Reference To Related Applications

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
63/579,861, filed on August 31, 2023 and entitled “Methods And Compositions for
Engineered DA Neuronal Cells,” the entire contents of which are incorporated by reference

herein.

Sequence Listing

[0002] The instant application contains a Sequence Listing XML which has been
submitted electronically in XML format and is hereby incorporated by reference in its
entirety. The attached sequence listing is 108 KB in size and has the file name

“87874 00116.xml” and has a production date of August 13, 2024.

Field of the Invention
[0003] The present disclosure relates generally to gene therapy and/or gene editing for
treatment of disorders associated with central nervous system degeneration, such as

Parkinson’s Disease.

Background

Gene Editing Technologies

[0004] Since their inception, gene editing technologies have proved a useful tool in the
development of in vitro disease models. Replacement of endogenous genomic sequences with
exogenous donor DNA/RNA via homologous recombination (HR) and correct insertion of
exogenous DNA/RNA at defined mammalian chromosomal locations was first developed in
the 1980s (Smithies et al., 1984), and subsequently applied to the genomic modification of
mouse embryonic stem cells (PSCs) (Hasty et al., 1991). The discovery of I-Scel yeast
meganuclease (Jacquier and Dujon, 1985), which promotes HR endogenous cellular
mechanisms to repair DNA/RNA double-strand breaks (DSBs) in the presence of donor
DNA/RNA, lead to the establishment of genome-editing strategies in murine cells (Choulika
et al., 1995) and PSCs (Cohen-Tannoudji et al., 1998) based on proteins derived from
unicellular organisms.

[0005] The advent of zinc-finger nuclease (ZFN) technology improved efficiency in
genome-editing of mammalian cells (Bibikova et al., 2001), leading to the generation of the

first knockout rat (Geurts et al., 2009). Following use in animals and cellular models
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(Petersen and Niemann, 2015), ZFNs-based genome editing was exploited for the correction
of genetic mutations in patient-derived iPSCs (Soldner et al., 2011; Reinhardt et al., 2013;
Kiskinis et al., 2018; Wang et al., 2018; Korecka et al., 2019), or for insertion of known
disease-relevant mutations in iPSCs derived from healthy individuals (Verheyen et al., 2018),
allowing direct investigation of specific genomic alterations and disease phenotypes. In
addition, ZFNs were applied for the generation of engineered lines to study cell fate
determination and improve iPSCs differentiation protocols (Hockemeyer et al., 2009), as well
as to produce cell type-specific reporter systems for the investigation of disease pathogenesis
(Zhang et al., 2016).

[0006] Genome editing technology further advanced with the advent of transcription
activator-like effector nucleases (TALENS), which proved to be an efficient technology for
the generation of animal models (Tesson et al., 2011). TALENs were further employed in the
study of neurological disorders through the introduction of disease-causing mutations in
control iPSCs (Wen et al., 2014; Lenzi et al., 2015; Akiyama et al., 2019) and/or correction of
genetic mutations in patient-derived iPSCs (Maetzel et al., 2014; Wen et al., 2014; Li H. L. et
al., 2015; Tanaka et al., 2018; Akiyama et al., 2019) leading to greater confidence in disease-
underlying mechanisms and development of therapeutic approaches. Moreover, TALENs
technology was used to develop reporter lines for stem cell-based research (Cerbini et al .,
2015; Pei et al., 2015).

[0007] Rapidly following the development of TALENS technology, clustered regularly
interspaced short palindromic repeats (CRISPR) with the CRISPR-associated protein (Cas13)
system (Gasiunas et al., 2012; Jinek et al., 2012) demonstrated revolutionary potential to
engineer the genome of mammalian cells in culture (Cong et al., 2013; Mali et al., 2013) and
animal models (Wang H. et al., 2013). As for ZFNs or TALENs, CRISPR-Cas13 uses distinct
RNA cleavage and binding modules. However, CRISPR-Cas13 system uses its own natural
endonuclease and relies on a CRISPR RNA (crRNA) and a trans-activating RNA (transRNA)
to specifically bind target RNA sequences and activating Cas13. Therefore, the long and
complex process of engineered nuclease production was rapidly overcome by the plasticity
and simplicity of generating different CRISPR-based approaches, which require only the
design of a specific target-matching RNA. The extraordinary efficacy of CRISPR-Cas13,
together with its great versatility for the generation of a broad range of substitutions,
duplications, deletions, inversions, and many other complex alterations up to chromosomal
rearrangements, have transformed the genome-editing field. There were, however, several

limitations that required further improvements. Increased efficiency and reduction of oftf-

2



WO 2025/049807 PCT/US2024/044518

target effects have been achieved through the engineering of Cas13 protein (Kleinstiver et al.,
2015, 2016; Anders et al., 2016; Slaymaker et al., 2016; Chen et al., 2017; Casini et al ., 2018;
Hu et al., 2018; Lee et al., 2018; Nishimasu et al., 2018) and amendments to the design and
structure of the guide RNA (Jinek et al., 2012; Hsu et al., 2013; Cui et al., 2018; Filippova et
al., 2019; Moon et al., 2019), as well as the discovery and application of Cas proteins with
different and specific gene-editing properties (Zetsche et al., 2015; Abudayyeh et al, 2016;
Burstein et al., 2017). CRISPR-based technology has further developed to allow
transcriptional inhibition (CRISPR interference, CRISPRIi) or activation (CRISPR activation,
CRISPRa). This CRISPR-based transcriptional modulation is achieved by repressor or
activator transcription domains fused to a catalytically inactive Cas13 (dCas13) and guide
RNAs directed to the promoter or regulatory regions of specific genes (Gilbert et al., 2013).
[0008] CRISPR-based engineering technologies have enabled researchers to dissect the
function of specific genetic elements or correct disease-causing mutations. In parallel,
CRISPR tools are now being implemented for active control and modulation of desired
messenger RNAs (mRNAs). This allows the interrogation of transcriptome dynamics and the
establishment of causal links between observed transcriptional changes and cellular
phenotypes. Previously, RNA interference (RNAi) technology enabled inhibition of desired
transcripts using micro RNAs (miRNAs), but this carried significant off-target effects due to
cross-reaction with targets of limited sequence similarity and mis-targeting effects linked to
endogenous miRNAs (Flynt and Lai, 2008). Investigation of Cas proteins able to target RNA
led to the development of an engineered RNA-guided and RNA-targeting enzyme (CasRx)
(Konermann et al., 2018), which showed improved efficiency in knocking down endogenous
mRNA levels compared to RNAi technology, allowing ready manipulation of alternative
splicing in human cells. Moreover, Konermann and colleagues successfully applied Cas-Rx
editing in a patient-derived cortical neuronal model of FTD to modulate the balance of tau
isoforms. Some forms of FTD with parkinsonism linked to chromosome 17 (FTDP-17) and
other tauopathies are caused by mutations in the intron following exon 10 of MAPT (Boeve
and Hutton, 2008). These variants disrupt an intronic splicing site and increase expression of
the 4R tau isoform that contains more microtubule-binding domains (Kar et al., 2005),
inducing pathological changes and driving the progression of neurodegeneration (Schoch et
al., 2016). CasRx-mediated exon exclusion reduced 4R tau expression to a level similar to
unaffected control neurons, suggesting that this technology can be exploited for
transcriptional modulation in in vifro models. Interestingly, the small size of CasRx was

amenable to packaging in adeno-associated virus (AAV) for delivery into post-mitotic
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neurons, encouraging future clinical applications in treatment of neurological disorders, and
could be paired with an array encoding multiple guide RNAs for multiplexing. Therefore,
CasRx technology paves the way for transcriptome engineering and RNA-targeting

therapeutic applications.

Differentiation to lineage Specific Cell populations

[0009] There is need for methods of producing DA neuronal cells from pluripotent cells,
since such cells could be used both therapeutically and in disease models, e.g., to identify
new therapeutics for treatments for Parkinson’s disease and other and secondary Parkinsonian
disorders, including but not limited to idiopathic Parkinson’s, vascular parkinsonism, drug-
induced parkinsonism and non-ideopathic Parkinson’s disease disorders including but not
limited to Parkin and other familial and genetic disease.

[0010] Various efforts have been made to generate midbrain DA neurons from
pluripotent cells. For example, methodologies for generating midbrain DA neurons from
pluripotent cells typically require use of both LDN-193189, an inhibitor of BMP signaling
(inhibits ALK 1/2/3/6, blocks SMAD 1/5/8), and SB-431542, an inhibitor of TGF-beta
signaling (inhibits ALK 4/5/7, blocks SMAD 2/3), as described, e.g., U.S. Patent
n0.10,280,398, which is herein incorporated by reference in its entirety. Since these methods
utilize the combination of two inhibitors of Small Mothers Against Decapetaplegic (SMAD)
signaling, these methods are typically referred to as “dual SMAD inhibition”, or “dual
SMADi.”

[0011] One method to make DA neurons using dual SMAD inhibition comprises
differentiating pluripotent stem cells, comprising exposing a plurality of pluripotent stem
cells to at least one inhibitor of TGFB/Activin-Nodal signaling, at least one inhibitor of bone
morphogenetic protein (BMP) signaling, at least two activators of Sonic hedgehog (SHH)
signaling, such as purmorphamine and SHH C25I1, and at least one inhibitor of glycogen
synthase kinase 3 (GSK3p) signaling that activates wingless (Wnt) signaling, wherein the
exposure of the cells to the at least one inhibitor of TGFp/Activin-Nodal signaling and at
least one inhibitor of BMP signaling begins on day 0, wherein the cells are exposed to the at
least one inhibitor of GSK3p signaling on the third (3rd) day through the eleventh (11th) day
from the initial exposure of the cells to the at least one inhibitor of TGFp/Activin-Nodal
signaling and the at least one inhibitor of BMP signaling in amounts effective to produce a
cell population comprising at least about 10% differentiated cells expressing both forkhead

box protein A2 (FOXA2) and LIM homeobox transcription factor 1 alpha (LMX1A). U.S.
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Patent nos. 10,858,625, and 10,273,452 which is herein incorporated by reference in its
entirety, discloses another method to make DA neurons using dual SMAD techniques.
Methods to obtain enrich populations of midbrain dopaminergic (DA) neurons are described
in U.S. Patent n0.10,828,335, which is herein incorporated by reference in its entirety.
Methods to prepare pluripotent stem cells for neural differentiation are described in U.S.
Patent no. 9,487,752, which is herein incorporated by reference in its entirety.

[0012] Others have generating midbrain DA neurons from pluripotent cells using mono-
SMAD inhibition (mono-SMAD:I). See e.g., U.S. Patent no. 10,590,383 which is herein
incorporated by reference in its entirety. Generally, the method comprises culturing human
pluripotent cells in the presence of the following signaling modulators: (a) a single inhibitor
of Small Mothers Against Decapentaplegic (SMAD) signaling, (b) at least one activator of
Sonic hedgehog (SHH) signaling, and (c) at least one activator of wingless (Wnt) signaling;
and culturing the cells in the presence of the modulators for a period of time sufficient to
provide a cell composition comprising FOXA2+/LMX1+ cells; wherein the culturing does
not comprise culturing the human pluripotent cells in the presence of a second inhibitor of

Small Mothers Against Decapentaplegic (SMAD) signaling.

GBA deficiency promotes SNCA/a-synuclein accumulation

[0013] Loss-of-function mutations in the gene encoding GBA (glucocerebrosidase, B,
acid), the enzyme deficient in the lysosomal storage disorder Gaucher disease, elevate the
risk of Parkinson disease (PD), which is characierized by the misprocessing of SNCA/a-
svauclein. It has been discovered that loss of GBA function resulted in increased levels of
SNCA via inhibition of the autophagic pathway in SK-N-SH neuroblastoma cells, primary rat
cortical neurons, or the rat striatum. Du 1T, Wang L, Duan CL, Lu LL, Zhang JL, Gao G,
(iu XB, Wang XM, Yang H. GBA deficiency promotes SNCA/a-synuciein accumulation
through autophagic inhibition by inexpressed PPPZA. Autophagy. 2015;11(10}:1803-20. dot:
10.1080/15548627 2015, 1086055 PMILY: 26378614, PMCID: PMC4824589. These findings
demonstrate that foss of GBA function may coniribute to SNCA accumulation through
inhibition of autophagy via PPP2A inactivation, thereby providing a mechanistic basis for the
increased PD risk associated with GBA deficiency.

[0014] There is a great need in the art for new compositions and methods of treating and

preventing central nervous system degeneration.
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Summary

DA Neuronal Cells with Delayed Expression of Exogencus GDNF

[0015] In cell transplantation theraptes, one major challenge is to aveid cells that have
iow viability, engraftment, proliferation, migration, innervation, differentiation, or function.
This is more likely to happen when the engineered genes are partially or not fully expressed,
expressed at the wrong time, or are misregulated during expression.

[0016] To avoid these pitfalls, it is desivable to include transeriptional regulation such
that the genes are not expressed until after the gratt has been established, i.e., the graft has
incorporated inio the host fiesue. In some embodiments, the exogenous gene under control
of an endogenous promotor are not expressed until the transplanted celis (DA neuronal cells)
have differentiated into a more a mature celi tvpe in vive such as immature neurons, mature
neurons o neurons. Delaying expression of knock-in genes, such as GIINE i3 expecied (o
increase the transplanted engineered DA neuronal cells’ therapeutic potential by tmproving
the function of the Meuronal Mature Cell Type that the transplavted engiveered DA neuronal
cells differentiate into i vivo. Delaying expression of knock-in genes, such as GRNF ) is
expected to increase the transplanted engineered DA neuronal cells” therapeutic potential by
improving the function of Neurcnal Manwre Cell Types that are in the intracranial, intra-
putamen environment tound near the transplanted engineered DA neuronal cellg, fe,
endogencus Neuronal Mature Cell Types. The exogenous genetic sequence(s} to be expreased
or co-expressed once the transplanted cell has differentiated to a Neuronal Mature Cell Type
in vive are iniroduced by gene targeted insertion using sequence-specific endonuclease
reagents, so that their coding sequences are franscribed under the control of endogenous
promoters present at a selected loct expressed in Neuronal Mature Cell Types.

Alternatively, loci that are not expressed during neural cell differentiation can be used as
“safe-harbor loc” for the integration of expreasion cassettes without any adverse
consequences on the differentiation of engineered pluripotent cells to engineersd DA
neurcnal cells i vitro or differentiation of the transplanted DA neurounal cells to g Neuronal
Mature Cell Type iz vive. In some embodiments, the selected site for exogenous gene
insertion is a safe harbor locus, highly expressive locus, temporally expressed focus, or

a gene locus for internuption. In some embodiments, the safe harbor [ocus is AAVET, CCRS,
hROSAZS, collagen, HTRE, H1t beta-2 microglobulin, GAPDH, TCR or RIUNXT, or oot
meeting the oriteria of a geovorse safe harbor as defined berein. In some embodiments,

a gene locus for interrupiion comprising GDNE, GBA PARK?2, PINK1, DI-1, LRRK2, c-Rel,
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ATGT, VMATZ or SNCAL In some embodiments, the safe harbor locus is selected from the
fistintable 1

[0017] These celf enginesring strategies, tend to reinforce the therapeutic potential of
transplanted engineered DA neuronal cells in general, in particular by increasing their
viability, engraftment, proliferation, migration, innervation and/or differentiation or by
increasing the function of the Neuronal Mature Cell Type that the transplanted engineerad
DA neuronal cells differentiate 1uto #o vivo and/or survival of endogenous neurons. The
strategies may be carried out on cells originating from patients as part of autologous

reatment strategies, as well as from donors, as part of allogeneic freatment strategies,

DA Neuronal Cells Which Immediately Express Exogenous GBA And Are Hemizygous
Null For SNCA

[0018] Expressing knock-in genes such as GBA as soon as such modified DA neuronal
cells are transplanted is expecied to increase the transplanted engineered 3A neuronal cells’
therapeutic potential by improving long-term graft integrity. The exogenous genetic
sequence{s) is expressed or co-expressed upon transplaniation. In somwe embodiruents, the
exogencus genstic sequencels) are transcribed under the control of endogenous ubiguitous
promoter(s). Alternatively, lool pre-identified a3 absent of endogenousiy-expressing genes
during DA neurcoal cell ransplantation can be used as “safe-barbor loci” for the integration

of expression casseties under control of ublguitous promaoters.

Enginecred Pluripstent Cell Populations

[0019] Drisclosed 19 a population of engineered pluripotent cells, wherein the engineerad
sluripotent cells comprise an exogenous knock-in polynucieotide sequence encoding a wild-
type Parkinson protein 2, E3 ubiquitin protein ligase (PARK2), a PTEN-induced putative
kinase 1 (PINK 1}, a protein deglycase Di-1 {DJ-1}, a Leucine Rich Repeat Kinase 2
{(LRREZ), an alpha-synuclein {(SCNA), a Proto-oncogene o-Rel {¢-Rel}, a Ubiguitin-like
modifier-activating enzyme {ATG7), Synaptic vesicular amine transporter {YMAT2),
glucocerebrosidase {GBA)Y, and/or Glial cell line-derived neurctrophic factor (GDNF) gene.
in some embodiments, the knock-in polynucleotide sequence is under the control of & GDNF
promotor (SEG [ NOS: 21-30). In some embodiments, the koock-in polynuclectide

sequience 18 under the control of a GBA promotor (SEQ D NOS: 31-40 or 433

Engineered DA Newronal Cell Populations

[0020] Disclosed is a population of engineered DA neuronal cells, wherein the
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engineered A neuronal cells comprise an exogencus knock-in PARK2, PINKI, D1,
LBRRKZ c¢-Rel, ATGT, VMATZ, GBA, SCMA+/- and/or GDNF gene. In some embodiments,
the knock-in pelynuclectide sequence s under the control of a GBNF promotor (SEQ 1D
NOS: 21-38). In some embodiments, the knock-in polynucleotide sequence 1s under the

conirol of a GBA promotor (SEQ 1D MOS: 31-40 or 43}

Gene Editing Systems

[0021] The engineered pluripotent cells and/or engineersd DA neuronal cells discuses
above can be mwade by any known gene editiog systers koown to those of skill in the art. As
such, the population of engineered pluripotent celis and/or engineered DA neuronal cells
discuses above can comprise g nuclease (Cas protein, TALE nucleases, or zine-finger
nuclease}, a repair template comprising a PARKZ, PINE 1, -1, LRRK?Z, c-Rel, ATGY,
YMATZ, GBA, hemizygous null SNCA, and/or GIINF gene or functional fragment or
variant thereof.

[0022] The enginesred pluripotent cells and/or engineered DA neurcnal cells discuses
above can be made by any known geoe editing system known to those of slall in the art. s
such, the population of engineerad pluripotent cells and/or engineered DA neuronal cells
discuses above can comprise a Cas protein, gutde RMNA, a repair template comprising a
PARKZ, PINKI, 351, LRRKZ, c-Rel, ATG7, VMAT2, GBA, hemizygous null SNCA,
and/or GDINF gene or functional fragment or variant thereof. As such, the population of
engineered pluripotent cells and/or enginsered DA neuronal cells discuses above can
comprise a nuclease (Cas protein, TALE nucleases, or zinc-tinger nuclease), a repair template
comprising a PARKZ, PINKT, B-1, LRRKZ, ¢-Rel, ATGY7, VMATZ, GBA, SCNA+/- and/or
GINF gene or functional fragment or variant thereof in combination with an edit to {or
disruption of) the SNCA and/or MAPT gene io render the cell population hemizygous null
for SNCA and/or MAPT. i some envhodiments, the repair template does not comyprise
SCNA.

Recombinant Gene Vector

[0023] Disclosed are various embodiments of, and methods related to, a recombinant
gene vector comprising 2 PARK?2, PINKI, -1, LRRK?2, ¢-Rel, ATG7, VMATZ, GBA,
SNCA or GDNF gene or functional fragment or variant thereof. Disclosed ars various
embodiments of, and methods related to, a recombinant gene vector comprising SEQ D NG

1, SEQ D NG 2, SEQ 1D NO: 3, SEQ 1D NO. 4, SEQ ID NO: 5, SEQ ID NO: 6, SEO ID
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WNO: 7, SEGID NG 8, SEQ D NG 9, SEQ HY NO: 16 or a complement or RINA equivalent

thereof.

Methods

Contacting pluripotent cells in vifro with a gene editing system

[0024] In some embodiments, disclosed is a method of making engineered DA neuronal
cefls, comprising contacting a pluripotent cell with a gene editing sysiern comprising a
suclease {Cas protein, TALE nucleases, or zinc-finger nuclease), and a repair template
comprising & functional PARK?Z, PINE1, IvE-1, LRRK?Z, ¢-Rel, ATG7, VMATZ, GBA,
hemizygous SNCA, hemizygous MAPT and/or GENF gene or a functional variant or
fragment thereof. In some embodiments, the repair teroplate 1« SEQ 1D NGO 1, SEQ 1D NO:
2, SEGHD NG 3, 3EQID NGO 4 SEGID NG 5, REQG I NG 6, SEQID NG 7, SEQ D
NO: 8, SEQ D NG: 9, SEQ ID NG 10 or a complement or RNA equivalent thereof

[0025] In some embodiments, disclosed i3 a method of making engineered DA neuronal
cells, comprising contaciing a pluripotent cell with a gene editing system comprising (as
protein or a polynuclootide encoding a Cas proteing a guide-BRNA {(gRNA)Y, and a repair
template comprising a functional PARK?2 PINKI DI-1 LRRK2 c-Rel, ATGY, VMATZ,
GBA, hemmizygous SNCA | bemizygous MAPT and/or GDNF gene or a functional varant or
fragment thergof, In some embodinenis, the repair template is a knock-in repair template
selected from the group comprising or consisting of Seq ID Nos: 1-10. In some embodiments,
the gene editing system is capable of enhancing the viability, engraftment, proliferation,
migration, innervation, differentiation, long-term graft integrity, survival of endogenous
neurons, or function of the administered engineered DA neuronal cells compared 1o wildivpe
neuronal cefls. In some embodimenis, the administered engingered DA peurcnal cells
differentiate /i vivo to a Neuronal Mature Cell Type with enhanced function because they are
derived from the administered engineered DA neurenal cells. In some embodiments, the
administered engineered 1A neuwronal cells administered /i vive and bave an effect on

endogenous Neuronal Mature Cell Types.

Coniacting neural celis ex vive or in vive with a gewne editing sysieom

[0026] In some embodiments, disclosed is a method of contacting a neuron with g gene
editing system comprising a nuclease {Cas protein, TALE nucleases, or zine-tinger nuclease},
and a repair template comprising a functional PARK?2 PINKT, D1, LRRE? c-Rel, ATGY,

YMATZ, GBA, SUNA+ - and/or GDNF gene or a functional vanant or fragment thereof In



WO 2025/049807 PCT/US2024/044518

some embodiments, the repair template is a knock-in repair template selected from the group
comprising or conststing of Seg [ Mos: 1-10.
[0027] In some embodiments, disciosed i3 a method of contacting a neuron with & gene
editing system comprising Cas protein or a polvauclectide encoding a Cas protein; a guide-
RINA (gRNAY, and a repair template comprising a functional PARKZ, PINK ], DF-1, LRRKZ,
c-Rel, ATGT, VMATZ, GBA, SCNA+/- and/or GDNF gene or a functional variant or
fragroent thereof. In some embodiments, the repair template 15 a knock-in repair template
selected from the group comprising o consisting of Seq 1D Nos: 1-10. In some embodiments,
the gene editing systom s capable of evhancing the viability, engraftment, proliferation,
migration, innervation, differentiation, long-term graft integrity, survival of endogenous
neurons, or function of the administered engineered DA neuronal cells compared to wildtyvpe
aeuronal cefls. In some embodiments, the neuron ts in the patient’s body when it is contacted
vith the engineered DA neuronal cells. In some embodiments, the nouron 15 contacted with
the gene editing systom ex vivo, and then transplanted back tuto the patient’s body i vive

following the comacting step.

o

Coniacting endogenous wildtype neurs! cells in vve with engineersd DA neurons! cells
[0028] In some embodiments, disclosed i3 a method of contacting a neuron with
engingered DA peurcnal cells, comprising contacting a pluripotent cell with 3 gene editing
systerg comprising a nuclease (Cas protein, TALE nucleases, or zinc-finger nuclease}, and a
repair tersplate comprising a functional PARK2, PINK 1, PJ-1, LRREKZ, o-Rel, AT,
YMATZ, GBA, hemizvgous SNCA, hemizygous MAPT and/or GDNF gene or a functional
variant or fragment thereof.  In some erbodiments, the repair template is a knock-in repair
template selected from the group comprising or consisting of Seqg 1D Nos: 1-10,

[0029] fn some ernbodinments, disclosed is a method of contacting a neuyron with
engineerad A neuronal cells, comprising contacting a pluripotent cell with a gene editing
system comprising Cas protein or a polynucieotide encoding a Cas protein; a guide-BNA
{gRNAY; and a repair temaplate comprising a functional PARKZ, PINK1, 13-1, LRRKZ, ¢-
Rel, ATG7, VMATZ, GBA, hemizygous SNCA, hemizygous MAPT and/or GDNF genc or a
functional variant or fragment thereof.  In some embodiments, the repair template is 3 knock-
in repair temaplate selected from the group comprising or consisting of Seg ID Nos: 1-10. In
some embodiments, the engineered DA neuronal cell is capable of enhancing the viability,
engraftment, proliferation, migration, innervation, differentiation, long-term graft integrity,

survival of endogenous wildtype neurons, or function of the endogenous wildtype neuronal
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cells compared to non-contacted, wildiype neuronal cells. In some embodiments, the
endogenous wildivpe neuron is in the patient’s body when 1t is contacted with the engineered
DA neuronal cells. In some embodiments, the endogenous wildivpe neuren contacted with
the engineered DA neuronal cells ex vivo, and then transplarded back into the patient’s body

in vive following the contaching step.

Tramsplaniation

[0030] The engineered DA neurcnal cells, recombinant gene vector or gene editing
system can be administered in various ways. o some erobodiments, the adminstering step
comprises systemic, parenteral, intravencus, cerebral, cerebrospinal, intrathecal,
intracisternal, intraputanunal, intrahippocampal, intra-striatal, or intra-cerebroventricular
administration. In some embodiments, the administering step comprises iniravenous,
cerchral, cerebrospingl, intrathecal, intracisternal, intraputaminal, intrahippocaropal, intra-
striatal, or tntra-cerelroventricular injection. In some ermbodiments, the administering step
comprises intrathecal injection with Threndelenburg tilting. In some embodiments, the
adiministening step coroprises divect injection ingo the pars compacta of the substantia nigra of
the brain. In some embodimenis, the administering step comprises introducing the enginesrad
DA neuronal cells, recombinant gene vector or gene editing system into the subject’s brain ot
cerebrospinal fhaid (CSF)

[0031] In some embodiments, 1x10°-1x10" recombinant gene vector genomes per
filogram body mass of the subject (va/ke) of the geoe therapy vector are administered to the
subject. In some embodiments, 1x10°-1310" recombinant gene vector genomes per kilogram
body mass of the subject {vg/kg) of the gene therapy vector are administered to the subject’s
brain. In some embodiments, 1210% 110" recombinant gene vector genomes per kilogram
body mass of the subject (vgikg) of the gene therapy vector are administered fo the subject’s
{'SF In some embodiments, 1#107-1x10° recombinant gene vector genomes per kilogram

body wass of the subject {va/kg) of the gene therapy vector are administered 1o the subject

Treatment cuicomes

[0032] The methods of the disclosurs (administering engineered DA neuronal cells,
recombinant gene vector or gene editing svstem) may have various offects. In some
embodiments, the administered engineered [2A neuronal cells have increased viability,
engraftment, proliferation, migration, innervation, differentiation, long-term graft integrity,

survival of endogenous neurons, or function of the administered engineered DA neuronal
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cells. fn some embodiments, the administered enginsered DA peuronal cells do not have a
changed effect. In some embodiments, the administered engineered DA neuronal cells do not
have increased viability, engraftment, proliferation, migration, innervation, differentiation,
long-term graft integrity, survival of endogenous neurons, or function of the administered
engineered DA neuronal cells. fn some embodiments, i is only the cells the administered
engineersd A neurcnal cells differentiate into {e.g, Neuronal Mature Cell Types) that have
a changed effect. In some embodiments, the adminisiered engineered DA neurons! cells
cause endogenous MNeuronal Mature Cell Types 1o have increased viability, engraftment,
proliferation, migration, innervation, differentiation, long-term graft integrity, survival of
endogenous neurons, or function of the administered engineered DA neuronal cells.

[0033] In some embodiments, the adminisiered engineered DA neurcnal cells having an
eogineered GBA gene have increased celf viability, engraftment, proliferation, migration,
innervation, differentiation, long-term graft integrity, survival of endogenous neurons, or
function of the administered engineered DA neuronal cells. n sorue embodiments, the
administered enginesred DA neuronal celis having an engineerad (GBA gene and disrupted
SNCA gene have increased cell viability, engraftment, proliferation, migration, innervation,
differentiation, long-term graft integrity, survival of endogenous neurons, or function of the
administered engineered DA neuronal cells. It soume embodirnents, the administered
engineerad A neuronal cells having an engineered GINT gene have increased cell viability,
engraftment, proliferation, migration, innervation, differentiation, long-term graft integrity,
survival of endogenous neurons, or function of the administered engineered DA neuronal
cells. I some embodiments, the administration of the engineered DA neuronast cells freats or
inhibits onset of the Parkinson’s Dhsease and secondary Parkinsonian disorders i the subject.
in some embodiments, the administration of the engineered DA neuronal cells treats or
inhibits onset of bradvkinesia. In some embodinents, the administration of the engineered
DA neuronal cells treats or inhibits onset of bradyphrenia. In some embodiments, the
administration of the engineered DA neuronal cells trears or wnhibits onget of neurochemical
related disorders or dechine relating (o tmpairment of dopamine, acetyicholine, serctonin,

and/or norepinephrine signaling.

Sequences
[0034] In some embodiumnents, the PARKZ, PINK T, LRRKZ, ¢-Rel, ATGT7, VMATZ,
GBA, SNCA, MAPT or GDNF gene {or vector} comprises the nucleic acid sequence set forth

in SEQ 1D NOs 1-10, respectively.
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[0035] in some embodiments, the PARKZ, PINK, LRRKZ, c-Rel, ATGY, VMATZ,
GBA, SNCA, MAPT or GDNF protein comprises the amino acid sequence set forth in SEQ
1D N{s: 11-20, respectively,

[0036] In some embodiments, the gene is the GDNF gene, and the wild-type GDNF
protein comprises the amino acid sequence set forth in any of SEQ 1D MNOs: 10,

[0037] in some embodiments, the gene is the GBA gene, and the wild-type GBA protein
comptrises the amino actd sequence set forth o any of SEQ ID MNOs: 7.

[0038] In some embodiments, the polynuclectide comprises a sequence having at least
T0%, T5%, §0%, 85%. 05%, or 99% identity to a PARK?2, PINK 1, LRRK2, o-Rel, ATG7,
YMATZ, GBA, or GDBNF polynucleotide sequence set forth in SEQ 1D MNOs: 1.7 and 16,
respectively. In some embodiments, the polyrucleotide is codon-optimized. In some
embodiments, the polynucisotide comprises ess than 40, less than 30, less than 20, or 10 or
fower CpG islands. In some embodiments, the polynucleotide comprises at least 1, at least 2,
at ieast 3, atleast 4, atleast 5, at least 6, or at least 10 CpG islands. In some embodiments, it

comprises between 3 and 20 CpG islands.
Sequence IDs

SEQ ID No 1: >human PARK2 ENSG00000185345.24

ATGATAGTGTTTGTCAGGTTCAACTCCAGCCATGGTTTCCCAGTGGAGGTCGATT
CTGACACCAGCATCTTCCAGCTCAAGGAGGTGGTTGCTAAGCGACAGGGGGTTC
CGGCTGACCAGTTGCGTGTGATTTTCGCAGGGAAGGAGCTGAGGAATGACTGGA
CTGTGCAGAATTGTGACCTGGATCAGCAGAGCATTGTTCACATTGTGCAGAGACC
GTGGAGAAAAGGTCAAGAAATGAATGCAACTGGAGGCGACGACCCCAGAAACG
CGGCGGGAGGCTGTGAGCGGGAGCCCCAGAGCTTGACTCGGGTGGACCTCAGCA
GCTCAGTCCTCCCAGGAGACTCTGTGGGGCTGGCTGTCATTCTGCACACTGACAG
CAGGAAGGACTCACCACCAGCTGGAAGTCCAGCAGGTAGATCAATCTACAACAG
CTTTTATGTGTATTGCAAAGGCCCCTGTCAAAGAGTGCAGCCGGGAAAACTCAG
GGTACAGTGCAGCACCTGCAGGCAGGCAACGCTCACCTTGACCCAGGGTCCATC
TTGCTGGGATGATGTTTTAATTCCAAACCGGATGAGTGGTGAATGCCAATCCCCA
CACTGCCCTGGGACTAGTGCAGAATTTTTCTTTAAATGTGGAGCACACCCCACCT
CTGACAAGGAAACATCAGTAGCTTTGCACCTGATCGCAACAAATAGTCGGAACA
TCACTTGCATTACGTGCACAGACGTCAGGAGCCCCGTCCTGGTTTTCCAGTGCAA

13
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CTCCCGCCACGTGATTTGCTTAGACTGTTTCCACTTATACTGTGTGACAAGACTCA
ATGATCGGCAGTTTGTTCACGACCCTCAACTTGGCTACTCCCTGCCTTGTGTGGCT
GGCTGTCCCAACTCCTTGATTAAAGAGCTCCATCACTTCAGGATTCTGGGAGAAG
AGCAGTACAACCGGTACCAGCAGTATGGTGCAGAGGAGTGTGTCCTGCAGATGG
GGGGCGTGTTATGCCCCCGCCCTGGCTGTGGAGCGGGGCTGCTGCCGGAGCCTG
ACCAGAGGAAAGTCACCTGCGAAGGGGGCAATGGCCTGGGCTGTGGGTTTGCCT
TCTGCCGGGAATGTAAAGAAGCGTACCATGAAGGGGAGTGCAGTGCCGTATTTG
AAGCCTCAGGAACAACTACTCAGGCCTACAGAGTCGATGAAAGAGCCGCCGAGC
AGGCTCGTTGGGAAGCAGCCTCCAAAGAAACCATCAAGAAAACCACCAAGCCCT
GTCCCCGCTGCCATGTACCAGTGGAAAAAAATGGAGGCTGCATGCACATGAAGT
GTCCGCAGCCCCAGTGCAGGCTCGAGTGGTGCTGGAACTGTGGCTGCGAGTGGA
ACCGCGTCTGCATGGGGGACCACTGGTTCGACGTGTAG

SEQ ID No 2: >human PINK1 ENSG00000158828.8

ATGGCGGTGCGACAGGCGCTGGGCCGCGGCCTGCAGCTGGGTCGAGCGCTGCTG
CTGCGCTTCACGGGCAAGCCCGGCCGGGCCTACGGCTTGGGGCGGCCGGGCCCG
GCGGCGGGCTGTGTCCGCGGGGAGCGTCCAGGCTGGGCCGCAGGACCGGGCGCG
GAGCCTCGCAGGGTCGGGCTCGGGCTCCCTAACCGTCTCCGCTTCTTCCGCCAGT
CGGTGGCCGGGCTGGCGGCGCGGTTGCAGCGGCAGTTCGTGGTGCGGGCCTGGG
GCTGCGCGGGCCCTTGCGGCCGGGCAGTCTTTCTGGCCTTCGGGCTAGGGCTGGG
CCTCATCGAGGAAAAACAGGCGGAGAGCCGGCGGGCGGTCTCGGCCTGTCAGGA
GATCCAGGCAATTTTTACCCAGAAAAGCAAGCCGGGGCCTGACCCGTTGGACAC
GAGACGCTTGCAGGGCTTTCGGCTGGAGGAGTATCTGATAGGGCAGTCCATTGG
TAAGGGCTGCAGTGCTGCTGTGTATGAAGCCACCATGCCTACATTGCCCCAGAAC
CTGGAGGTGACAAAGAGCACCGGGTTGCTTCCAGGGAGAGGCCCAGGTACCAGT
GCACCAGGAGAAGGGCAGGAGCGAGCTCCGGGGGCCCCTGCCTTCCCCTTGGCC
ATCAAGATGATGTGGAACATCTCGGCAGGTTCCTCCAGCGAAGCCATCTTGAAC
ACAATGAGCCAGGAGCTGGTCCCAGCGAGCCGAGTGGCCTTGGCTGGGGAGTAT
GGAGCAGTCACTTACAGAAAATCCAAGAGAGGTCCCAAGCAACTAGCCCCTCAC
CCCAACATCATCCGGGTTCTCCGCGCCTTCACCTCTTCCGTGCCGCTGCTGCCAG
GGGCCCTGGTCGACTACCCTGATGTGCTGCCCTCACGCCTCCACCCTGAAGGCCT
GGGCCATGGCCGGACGCTGTTCCTCGTTATGAAGAACTATCCCTGTACCCTGCGC
CAGTACCTTTGTGTGAACACACCCAGCCCCCGCCTCGCCGCCATGATGCTGCTGC

14
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AGCTGCTGGAAGGCGTGGACCATCTGGTTCAACAGGGCATCGCGCACAGAGACC
TGAAATCCGACAACATCCTTGTGGAGCTGGACCCAGACGGCTGCCCCTGGCTGAGT
GATCGCAGATTTTGGCTGCTGCCTGGCTGATGAGAGCATCGGCCTGCAGTTGCCC
TTCAGCAGCTGGTACGTGGATCGGGGCGGAAACGGCTGTCTGATGGCCCCAGAG
GTGTCCACGGCCCGTCCTGGCCCCAGGGCAGTGATTGACTACAGCAAGGCTGAT
GCCTGGGCAGTGGGAGCCATCGCCTATGAAATCTTCGGGCTTGTCAATCCCTTCT
ACGGCCAGGGCAAGGCCCACCTTGAAAGCCGCAGCTACCAAGAGGCTCAGCTAC
CTGCACTGCCCGAGTCAGTGCCTCCAGACGTGAGACAGTTGGTGAGGGCACTGC
TCCAGCGAGAGGCCAGCAAGAGACCATCTGCCCGAGTAGCCGCAAATGTGCTTC
ATCTAAGCCTCTGGGGTGAACATATTCTAGCCCTGAAGAATCTGAAGTTAGACAA
GATGGTTGGCTGGCTCCTCCAACAATCGGCCGCCACTTTGTTGGCCAACAGGCTC
ACAGAGAAGTGTTGTGTGGAAACAAAAATGAAGATGCTCTTTCTGGCTAACCTG
GAGTGTGAAACGCTCTGCCAGGCAGCCCTCCTCCTCTGCTCATGGAGGGCAGCCC
TGTGA

SEQ ID No 3: >human LRRK2 ENSG00000188906.17

ATGGCTAGTGGCAGCTGTCAGGGGTGCGAAGAGGACGAGGAAACTCTGAAGAA
GTTGATAGTCAGGCTGAACAATGTCCAGGAAGGAAAACAGATAGAAACGCTGGT
CCAAATCCTGGAGGATCTGCTGGTGTTCACGTACTCCGAGCGCGCCTCCAAGTTA
TTTCAAGGCAAAAATATCCATGTGCCTCTGTTGATCGTCTTGGACTCCTATATGA
GAGTCGCGAGTGTGCAGCAGGTGGGTTGGTCACTTCTGTGCAAATTAATAGAAGT
CTGTCCAGGTACAATGCAAAGCTTAATGGGACCCCAGGATGTTGGAAATGATTG
GGAAGTCCTTGGTGTTCACCAATTGATTCTTAAAATGCTAACAGTTCATAATGCC
AGTGTAAACTTGTCAGTGATTGGACTGAAGACCTTAGATCTCCTCCTAACTTCAG
GTAAAATCACCTTGCTGATATTGGATGAAGAAAGTGATATTTTCATGTTAATTTTT
GATGCCATGCACTCATTTCCAGCCAATGATGAAGTCCAGAAACTTGGATGCAAA
GCTTTACATGTGCTGTTTGAGAGAGTCTCAGAGGAGCAACTGACTGAATTTGTTG
AGAACAAAGATTATATGATATTGTTAAGTGCGTTAACAAATTTTAAAGATGAAG
AGGAAATTGTGCTTCATGTGCTGCATTGTTTACATTCCCTAGCGATTCCTTGCAAT
AATGTGGAAGTCCTCATGAGTGGCAATGTCAGGTGTTATAATATTGTGGTGGAAG
CTATGAAAGCATTCCCTATGAGTGAAAGAATTCAAGAAGTGAGTTGCTGTTTGCT
CCATAGGCTTACATTAGGTAATTTTTTCAATATCCTGGTATTAAACGAAGTCCAT
GAGTTTGTGGTGAAAGCTGTGCAGCAGTACCCAGAGAATGCAGCATTGCAGATC

15
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TCAGCGCTCAGCTGTTTGGCCCTCCTCACTGAGACTATTTTCTTAAATCAAGATTT
AGAGGAAAAGAATGAGAATCAAGAGAATGATGATGAGGGGGAAGAAGATAAAT
TGTTTTGGCTGGAAGCCTGTTACAAAGCATTAACGTGGCATAGAAAGAACAAGC
ACGTGCAGGAGGCCGCATGCTGGGCACTAAATAATCTCCTTATGTACCAAAACA
GTTTACATGAGAAGATTGGAGATGAAGATGGCCATTTCCCAGCTCATAGGGAAG
TGATGCTCTCCATGCTGATGCATTCTTCATCAAAGGAAGTTTTCCAGGCATCTGC
GAATGCATTGTCAACTCTCTTAGAACAAAATGTTAATTTCAGAAAAATACTGTTA
TCAAAAGGAATACACCTGAATGTTTTGGAGTTAATGCAGAAGCATATACATTCTC
CTGAAGTGGCTGAAAGTGGCTGTAAAATGCTAAATCATCTTTTTGAAGGAAGCA
ACACTTCCCTGGATATAATGGCAGCAGTGGTCCCCAAAATACTAACAGTTATGAA
ACGTCATGAGACATCATTACCAGTGCAGCTGGAGGCGCTTCGAGCTATTTTACAT
TTTATAGTGCCTGGCATGCCAGAAGAATCCAGGGAGGATACAGAATTTCATCAT
AAGCTAAATATGGTTAAAAAACAGTGTTTCAAGAATGATATTCACAAACTGGTCC
TAGCAGCTTTGAACAGGTTCATTGGAAATCCTGGGATTCAGAAATGTGGATTAAA
AGTAATTTCTTCTATTGTACATTTTCCTGATGCATTAGAGATGTTATCCCTGGAAG
GTGCTATGGATTCAGTGCTTCACACACTGCAGATGTATCCAGATGACCAAGAAAT
TCAGTGTCTGGGTTTAAGTCTTATAGGATACTTGATTACAAAGAAGAATGTGTTC
ATAGGAACTGGACATCTGCTGGCAAAAATTCTGGTTTCCAGCTTATACCGATTTA
AGGATGTTGCTGAAATACAGACTAAAGGATTTCAGACAATCTTAGCAATCCTCA
AATTGTCAGCATCTTTTTCTAAGCTGCTGGTGCATCATTCATTTGACTTAGTAATA
TTCCATCAAATGTCTTCCAATATCATGGAACAAAAGGATCAACAGTTTCTAAACC
TCTGTTGCAAGTGTTTTGCAAAAGTAGCTATGGATGATTACTTAAAAAATGTGAT
GCTAGAGAGAGCGTGTGATCAGAATAACAGCATCATGGTTGAATGCTTGCTTCTA
TTGGGAGCAGATGCCAATCAAGCAAAGGAGGGATCTTCTTTAATTTGTCAGGTAT
GTGAGAAAGAGAGCAGTCCCAAATTGGTGGAACTCTTACTGAATAGTGGATCTC
GTGAACAAGATGTACGAAAAGCGTTGACGATAAGCATTGGGAAAGGTGACAGCC
AGATCATCAGCTTGCTCTTAAGGAGGCTGGCCCTGGATGTGGCCAACAATAGCAT
TTGCCTTGGAGGATTTTGTATAGGAAAAGTTGAACCTTCTTGGCTTGGTCCTTTAT
TTCCAGATAAGACTTCTAATTTAAGGAAACAAACAAATATAGCATCTACACTAGC
AAGAATGGTGATCAGATATCAGATGAAAAGTGCTGTGGAAGAAGGAACAGCCTC
AGGCAGCGATGGAAATTTTTCTGAAGATGTGCTGTCTAAATTTGATGAATGGACC
TTTATTCCTGACTCTTCTATGGACAGTGTGTTTGCTCAAAGTGATGACCTGGATAG
TGAAGGAAGTGAAGGCTCATTTCTTGTGAAAAAGAAATCTAATTCAATTAGTGTA
GGAGAATTTTACCGAGATGCCGTATTACAGCGTTGCTCACCAAATTTGCAAAGAC

16
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ATTCCAATTCCTTGGGGCCCATTTTTGATCATGAAGATTTACTGAAGCGAAAAAG
AAAAATATTATCTTCAGATGATTCACTCAGGTCATCAAAACTTCAATCCCATATG
AGGCATTCAGACAGCATTTCTTCTCTGGCTTCTGAGAGAGAATATATTACATCAC
TAGACCTTTCAGCAAATGAACTAAGAGATATTGATGCCCTAAGCCAGAAATGCT
GTATAAGTGTTCATTTGGAGCATCTTGAAAAGCTGGAGCTTCACCAGAATGCACT
CACGAGCTTTCCACAACAGCTATGTGAAACTCTGAAGAGTTTGACACATTTGGAC
TTGCACAGTAATAAATTTACATCATTTCCTTCTTATTTGTTGAAAATGAGTTGTAT
TGCTAATCTTGATGTCTCTCGAAATGACATTGGACCCTCAGTGGTTTTAGATCCTA
CAGTGAAATGTCCAACTCTGAAACAGTTTAACCTGTCATATAACCAGCTGTCTTT
TGTACCTGAGAACCTCACTGATGTGGTAGAGAAACTGGAGCAGCTCATTTTAGA
AGGAAATAAAATATCAGGGATATGCTCCCCCTTGAGACTGAAGGAACTGAAGAT
TTTAAACCTTAGTAAGAACCACATTTCATCCCTATCAGAGAACTTTCTTGAGGCT
TGTCCTAAAGTGGAGAGTTTCAGTGCCAGAATGAATTTTCTTGCTGCTATGCCTTT
CTTGCCTCCTTCTATGACAATCCTAAAATTATCTCAGAACAAATTTTCCTGTATTC
CAGAAGCAATTTTAAATCTTCCACACTTGCGGTCTTTAGATATGAGCAGCAATGA
TATTCAGTACCTACCAGGTCCCGCACACTGGAAATCTTTGAACTTAAGGGAACTC
TTATTTAGCCATAATCAGATCAGCATCTTGGACTTGAGTGAAAAAGCATATTTAT
GGTCTAGAGTAGAGAAACTGCATCTTTCTCACAATAAACTGAAAGAGATTCCTCC
TGAGATTGGCTGTCTTGAAAATCTGACATCTCTGGATGTCAGTTACAACTTGGAA
CTAAGATCCTTTCCCAATGAAATGGGGAAATTAAGCAAAATATGGGATCTTCCTT
TGGATGAACTGCATCTTAACTTTGATTTTAAACATATAGGATGTAAAGCCAAAGA
CATCATAAGGTTTCTTCAACAGCGATTAAAAAAGGCTGTGCCTTATAACCGAATG
AAACTTATGATTGTGGGAAATACTGGGAGTGGTAAAACCACCTTATTGCAGCAAT
TAATGAAAACCAAGAAATCAGATCTTGGAATGCAAAGTGCCACAGTTGGCATAG
ATGTGAAAGACTGGCCTATCCAAATAAGAGACAAAAGAAAGAGAGATCTCGTCC
TAAATGTGTGGGATTTTGCAGGTCGTGAGGAATTCTATAGTACTCATCCCCATTTT
ATGACGCAGCGAGCATTGTACCTTGCTGTCTATGACCTCAGCAAGGGACAGGCT
GAAGTTGATGCCATGAAGCCTTGGCTCTTCAATATAAAGGCTCGCGCTTCTTCTT
CCCCTGTGATTCTCGTTGGCACACATTTGGATGTTTCTGATGAGAAGCAACGCAA
AGCCTGCATGAGTAAAATCACCAAGGAACTCCTGAATAAGCGAGGGTTCCCTGC
CATACGAGATTACCACTTTGTGAATGCCACCGAGGAATCTGATGCTTTGGCAAAA
CTTCGGAAAACCATCATAAACGAGAGCCTTAATTTCAAGATCCGAGATCAGCTTG
TTGTTGGACAGCTGATTCCAGACTGCTATGTAGAACTTGAAAAAATCATTTTATC
GGAGCGTAAAAATGTGCCAATTGAATTTCCCGTAATTGACCGGAAACGATTATTA
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CAACTAGTGAGAGAAAATCAGCTGCAGTTAGATGAAAATGAGCTTCCTCACGCA
GTTCACTTTCTAAATGAATCAGGAGTCCTTCTTCATTTTCAAGACCCAGCACTGC
AGTTAAGTGACTTGTACTTTGTGGAACCCAAGTGGCTTTGTAAAATCATGGCACA
GATTTTGACAGTGAAAGTGGAAGGTTGTCCAAAACACCCTAAGGGCATTATTTCG
CGTAGAGATGTGGAAAAATTTCTTTCAAAAAAAAGGAAATTTCCAAAGAACTAC
ATGTCACAGTATTTTAAGCTCCTAGAAAAATTCCAGATTGCTTTGCCAATAGGAG
AAGAATATTTGCTGGTTCCAAGCAGTTTGTCTGACCACAGGCCTGTGATAGAGCT
TCCCCATTGTGAGAACTCTGAAATTATCATCCGACTATATGAAATGCCTTATTTTC
CAATGGGATTTTGGTCAAGATTAATCAATCGATTACTTGAGATTTCACCTTACAT
GCTTTCAGGGAGAGAACGAGCACTTCGCCCAAACAGAATGTATTGGCGACAAGG
CATTTACTTAAATTGGTCTCCTGAAGCTTATTGTCTGGTAGGATCTGAAGTCTTAG
ACAATCATCCAGAGAGTTTCTTAAAAATTACAGTTCCTTCTTGTAGAAAAGGCTG
TATTCTTTTGGGCCAAGTTGTGGACCACATTGATTCTCTCATGGAAGAATGGTTTC
CTGGGTTGCTGGAGATTGATATTTGTGGTGAAGGAGAAACTCTGTTGAAGAAATG
GGCATTATATAGTTTTAATGATGGTGAAGAACATCAAAAAATCTTACTTGATGAC
TTGATGAAGAAAGCAGAGGAAGGAGATCTCTTAGTAAATCCAGATCAACCAAGG
CTCACCATTCCAATATCTCAGATTGCCCCTGACTTGATTTTGGCTGACCTGCCTAG
AAATATTATGTTGAATAATGATGAGTTGGAATTTGAACAAGCTCCAGAGTTTCTC
CTAGGTGATGGCAGTTTTGGATCAGTTTACCGAGCAGCCTATGAAGGAGAAGAA
GTGGCTGTGAAGATTTTTAATAAACATACATCACTCAGGCTGTTAAGACAAGAGC
TTGTGGTGCTTTGCCACCTCCACCACCCCAGTTTGATATCTTTGCTGGCAGCTGGG
ATTCGTCCCCGGATGTTGGTGATGGAGTTAGCCTCCAAGGGTTCCTTGGATCGCC
TGCTTCAGCAGGACAAAGCCAGCCTCACTAGAACCCTACAGCACAGGATTGCAC
TCCACGTAGCTGATGGTTTGAGATACCTCCACTCAGCCATGATTATATACCGAGA
CCTGAAACCCCACAATGTGCTGCTTTTCACACTGTATCCCAATGCTGCCATCATT
GCAAAGATTGCTGACTACGGCATTGCTCAGTACTGCTGTAGAATGGGGATAAAA
ACATCAGAGGGCACACCAGGGTTTCGTGCACCTGAAGTTGCCAGAGGAAATGTC
ATTTATAACCAACAGGCTGATGTTTATTCATTTGGTTTACTACTCTATGACATTTT
GACAACTGGAGGTAGAATAGTAGAGGGTTTGAAGTTTCCAAATGAGTTTGATGA
ATTAGAAATACAAGGAAAATTACCTGATCCAGTTAAAGAATATGGTTGTGCCCC
ATGGCCTATGGTTGAGAAATTAATTAAACAGTGTTTGAAAGAAAATCCTCAAGA
AAGGCCTACTTCTGCCCAGGTCTTTGACATTTTGAATTCAGCTGAATTAGTCTGTC
TGACGAGACGCATTTTATTACCTAAAAACGTAATTGTTGAATGCATGGTTGCTAC
ACATCACAACAGCAGGAATGCAAGCATTTGGCTGGGCTGTGGGCACACCGACAG
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AGGACAGCTCTCATTTCTTGACTTAAATACTGAAGGATACACTTCTGAGGAAGTT
GCTGATAGTAGAATATTGTGCTTAGCCTTGGTGCATCTTCCTGTTGAAAAGGAAA
GCTGGATTGTGTCTGGGACACAGTCTGGTACTCTCCTGGTCATCAATACCGAAGA
TGGGAAAAAGAGACATACCCTAGAAAAGATGACTGATTCTGTCACTTGTTTGTAT
TGCAATTCCTTTTCCAAGCAAAGCAAACAAAAAAATTTTCTTTTGGTTGGAACCG
CTGATGGCAAGTTAGCAATTTTTGAAGATAAGACTGTTAAGCTTAAAGGAGCTGC
TCCTTTGAAGATACTAAATATAGGAAATGTCAGTACTCCATTGATGTGTTTGAGT
GAATCCACAAATTCAACGGAAAGAAATGTAATGTGGGGAGGATGTGGCACAAA
GATTTTCTCCTTTTCTAATGATTTCACCATTCAGAAACTCATTGAGACAAGAACA
AGCCAACTGTTTTCTTATGCAGCTTTCAGTGATTCCAACATCATAACAGTGGTGG
TAGACACTGCTCTCTATATTGCTAAGCAAAATAGCCCTGTTGTGGAAGTGTGGGA
TAAGAAAACTGAAAAACTCTGTGGACTAATAGACTGCGTGCACTTTTTAAGGGA
GGTAATGGTAAAAGAAAACAAGGAATCAAAACACAAAATGTCTTATTCTGGGAG
AGTGAAAACCCTCTGCCTTCAGAAGAACACTGCTCTTTGGATAGGAACTGGAGG
AGGCCATATTTTACTCCTGGATCTTTCAACTCGTCGACTTATACGTGTAATTTACA
ACTTTTGTAATTCGGTCAGAGTCATGATGACAGCACAGCTAGGAAGCCTTAAAA
ATGTCATGCTGGTATTGGGCTACAACCGGAAAAATACTGAAGGTACACAAAAGC
AGAAAGAGATACAATCTTGCTTGACCGTTTGGGACATCAATCTTCCACATGAAGT
GCAAAATTTAGAAAAACACATTGAAGTGAGAAAAGAATTAGCTGAAAAAATGA
GACGAACATCTGTTGAGTAA

SEQ ID No 4: >human c-Rel ENSG00000162924.16

ATGGCCTCCGGTGCGTATAACCCGTATATAGAGATAATTGAACAACCCAGGCAG
AGGGGAATGCGTTTTAGATACAAATGTGAAGGGCGATCAGCAGGCAGCATTCCA
GGGGAGCACAGCACAGACAACAACCGAACATACCCTTCTATCCAGATTATGAAC
TATTATGGAAAAGGAAAAGTGAGAATTACATTAGTAACAAAGAATGACCCATAT
AAACCTCATCCTCATGATTTAGTTGGAAAAGACTGCAGAGACGGCTACTATGAA
GCAGAATTTGGACAAGAACGCAGACCTTTGTTTTTCCAAAATTTGGGTATTCGAT
GTGTGAAGAAAAAAGAAGTAAAAGAAGCTATTATTACAAGAATAAAGGCAGGA
ATCAATCCATTCAATGTCCCTGAAAAACAGCTGAATGATATTGAAGATTGTGACC
TCAATGTGGTGAGACTGTGTTTTCAAGTTTTTCTCCCTGATGAACATGGTAATTTG
ACGACTGCTCTTCCTCCTGTTGTCTCGAACCCAATTTATGACAACCGTGCTCCAA
ATACTGCAGAATTAAGGATTTGTCGTGTAAACAAGAATTGTGGAAGTGTCAGAG
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GAGGAGATGAAATATTTCTACTTTGTGACAAAGTTCAGAAAGATGACATAGAAG
TTCGTTTTGTGTTGAACGATTGGGAAGCAAAAGGCATCTTTTCACAAGCTGATGT
ACACCGTCAAGTAGCCATTGTTTTCAAAACTCCACCATATTGCAAAGCTATCACA
GAACCCGTAACAGTAAAAATGCAGTTGCGGAGACCTTCTGACCAGGAAGTTAGT
GAATCTATGGATTTTAGATATCTGCCAGATGAAAAAGATACTTACGGCAATAAA
GCAAAGAAACAAAAGACAACTCTGCTTTTCCAGAAACTGTGCCAGGATCACGTT
AATTTTCCTGAGAGACCAAGACCTGGTCTCCTCGGTTCAATTGGAGAAGGAAGAT
ACTTCAAAAAAGAACCAAACTTGTTTTCTCATGATGCAGTTGTGAGAGAAATGCC
TACAGGGGTTTCAAGTCAAGCAGAATCCTACTATCCCTCACCTGGGCCCATCTCA
AGTGGATTGTCACATCATGCCTCAATGGCACCTCTGCCTTCTTCAAGCTGGTCAT
CAGTGGCCCACCCCACCCCACGCTCAGGCAATACAAACCCACTGAGTAGTTTTTC
AACAAGGACACTTCCTTCTAATTCGCAAGGTATCCCACCATTCCTGAGAATACCT
GTTGGGAATGATTTAAATGCTTCTAATGCTTGCATTTACAACAATGCCGATGACA
TAGTCGGAATGGAAGCGTCATCCATGCCATCAGCAGATTTATATGGTATTTCTGA
TCCCAACATGCTGTCTAATTGTTCTGTGAATATGATGACAACCAGCAGTGACAGC
ATGGGAGAGACTGATAATCCAAGACTTCTGAGCATGAATCTTGAAAACCCCTCA
TGTAATTCAGTGTTAGACCCAAGAGACTTGAGACAGCTCCATCAGATGTCCTCTT
CCAGTATGTCAGCAGGCGCCAATTCCAATACTACTGTTTTTGTTTCACAATCAGA
TGCATTTGAGGGATCTGACTTCAGTTGTGCAGATAACAGCATGATAAATGAGTCG
GGACCATCAAACAGTACTAATCCAAACAGTCATGGTTTTGTTCAAGATAGTCAGT
ATTCAGGTATTGGCAGTATGCAAAATGAGCAATTGAGTGACTCCTTTCCATATGA
ATTTTTTCAAGTATAA

SEQ ID No 5: >human ATG7 ENSG00000197548.13

ATGGCGGCAGCTACGGGGGATCCTGGACTCTCTAAACTGCAGTTTGCCCCTTTTA
GTAGTGCCTTGGATGTTGGGTTTTGGCATGAGTTGACCCAGAAGAAGCTGAACGA
GTATCGGCTGGATGAAGCTCCCAAGGACATTAAGGGTTATTACTACAATGGTGA
CTCTGCTGGGCTGCCAGCTCGCTTAACATTGGAGTTCAGTGCTTTTGACATGAGT
GCTCCCACCCCAGCCCGTTGCTGCCCAGCTATTGGAACACTGTATAACACCAACA
CACTCGAGTCTTTCAAGACTGCAGATAAGAAGCTCCTTTTGGAACAAGCAGCAA
ATGAGATATGGGAATCCATAAAATCAGGCACTGCTCTTGAAAACCCTGTACTCCT
CAACAAGTTCCTCCTCTTGACATTTGCAGATCTAAAGAAGTACCACTTCTACTAT
TGGTTTTGCTATCCTGCCCTCTGTCTTCCAGAGAGTTTACCTCTCATTCAGGGGCC
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AGTGGGTTTGGATCAAAGGTTTTCACTAAAACAGATTGAAGCACTAGAGTGTGC
ATATGATAATCTTTGTCAAACAGAAGGAGTCACAGCTCTTCCTTACTTCTTAATC
AAGTATGATGAGAACATGGTGCTGGTTTCCTTGCTTAAACACTACAGTGATTTCT
TCCAAGGTCAAAGGACGAAGATAACAATTGGTGTATATGATCCCTGTAACTTAG
CCCAGTACCCTGGATGGCCTTTGAGGAATTTTTTGGTCCTAGCAGCCCACAGATG
GAGTAGCAGTTTCCAGTCTGTTGAAGTTGTTTGCTTCCGTGACCGTACCATGCAG
GGGGCGAGAGACGTTGCCCACAGCATCATCTTCGAAGTGAAGCTTCCAGAAATG
GCATTTAGCCCAGATTGTCCTAAAGCAGTTGGATGGGAAAAGAACCAGAAAGGA
GGCATGGGACCAAGGATGGTGAACCTCAGTGAATGTATGGACCCTAAAAGGTTA
GCTGAGTCATCAGTGGATCTAAATCTCAAACTGATGTGTTGGAGATTGGTTCCTA
CTTTAGACTTGGACAAGGTTGTGTCTGTCAAATGTCTGCTGCTTGGAGCCGGCAC
CTTGGGTTGCAATGTAGCTAGGACGTTGATGGGTTGGGGCGTGAGACACATCAC
ATTTGTGGACAATGCCAAGATCTCCTACTCCAATCCTGTGAGGCAGCCTCTCTAT
GAGTTTGAAGATTGCCTAGGGGGTGGTAAGCCCAAGGCTCTGGCAGCAGCGGAC
CGGCTCCAGAAAATATTCCCCGGTGTGAATGCCAGAGGATTCAACATGAGCATA
CCTATGCCTGGGCATCCAGTGAACTTCTCCAGTGTCACTCTGGAGCAAGCCCGCA
GAGATGTGGAGCAACTGGAGCAGCTCATCGAAAGCCATGATGTCGTCTTCCTATT
GATGGACACCAGGGAGAGCCGGTGGCTTCCTGCCGTCATTGCTGCAAGCAAGAG
AAAGCTGGTCATCAATGCTGCTTTGGGATTTGACACATTTGTTGTCATGAGACAT
GGTCTGAAGAAACCAAAGCAGCAAGGAGCTGGGGACTTGTGTCCAAACCACCCT
GTGGCATCTGCTGACCTCCTGGGCTCATCGCTTTTTGCCAACATCCCTGGTTACAA
GCTTGGCTGCTACTTCTGCAATGATGTGGTGGCCCCAGGAGATTCAACCAGAGAC
CGGACCTTGGACCAGCAGTGCACTGTGAGTCGTCCAGGACTGGCCGTGATTGCA
GGAGCCCTGGCCGTGGAATTGATGGTATCTGTTTTGCAGCATCCAGAAGGGGGCT
ATGCCATTGCCAGCAGCAGTGACGATCGGATGAATGAGCCTCCAACCTCTCTTGG
GCTTGTGCCTCACCAGATCCGGGGATTTCTTTCACGGTTTGATAATGTCCTTCCCG
TCAGCCTGGCATTTGACAAATGTACAGCTTGTTCTTCCAAAGTTCTTGATCAATAT
GAACGAGAAGGATTTAACTTCCTAGCCAAGGTGTTTAATTCTTCACATTCCTTCTT
AGAAGACTTGACTGGTCTTACATTGCTGCATCAAGAAACCCAAGCTGCTGAGATC
TGGGACATGAGCGATGATGAGACCATCTGA

SEQ ID No 6: >human VMAT2 ENSG00000165646.14

ATGGCCCTGAGCGAGCTGGCGCTGGTCCGCTGGCTGCAGGAGAGCCGCCGCTCG
21
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CGGAAGCTCATCCTGTTCATCGTGTTCCTGGCGCTGCTGCTGGACAACATGCTGC
TCACTGTCGTGGTCCCCATCATCCCAAGTTATCTGTACAGCATTAAGCATGAGAA
GAATGCTACAGAAATCCAGACGGCCAGGCCAGTGCACACTGCCTCCATCTCAGA
CAGCTTCCAGAGCATCTTCTCCTATTATGATAACTCGACTATGGTCACCGGGAAT
GCTACCAGAGACCTGACACTTCATCAGACCGCCACACAGCACATGGTGACCAAC
GCGTCCGCTGTTCCTTCCGACTGTCCCAGTGAAGACAAAGACCTCCTGAATGAAA
ACGTGCAAGTTGGTCTGTTGTTTGCCTCGAAAGCCACCGTCCAGCTCATCACCAA
CCCTTTCATAGGACTACTGACCAACAGAATTGGCTATCCAATTCCCATATTTGCG
GGATTCTGCATCATGTTTGTCTCAACAATTATGTTTGCCTTCTCCAGCAGCTATGC
CTTCCTGCTGATTGCCAGGTCGCTGCAGGGCATCGGCTCGTCCTGCTCCTCTGTG
GCTGGGATGGGCATGCTTGCCAGTGTCTACACAGATGATGAAGAGAGAGGCAAC
GTCATGGGAATCGCCTTGGGAGGCCTGGCCATGGGGGTCTTAGTGGGCCCCCCCT
TCGGGAGTGTGCTCTATGAGTTTGTGGGGAAGACGGCTCCGTTCCTGGTGCTGGC
CGCCCTGGTACTCTTGGATGGAGCTATTCAGCTCTTTGTGCTCCAGCCGTCCCGG
GTGCAGCCAGAGAGTCAGAAGGGGACACCCCTAACCACGCTGCTGAAGGACCCG
TACATCCTCATTGCTGCAGGCTCCATCTGCTTTGCAAACATGGGCATCGCCATGC
TGGAGCCAGCCCTGCCCATCTGGATGATGGAGACCATGTGTTCCCGAAAGTGGC
AGCTGGGCGTTGCCTTCTTGCCAGCTAGTATCTCTTATCTCATTGGAACCAATATT
TTTGGGATACTTGCACACAAAATGGGGAGGTGGCTTTGTGCTCTTCTGGGAATGA
TAATTGTTGGAGTCAGCATTTTATGTATTCCATTTGCAAAAAACATTTATGGACTC
ATAGCTCCGAACTTTGGAGTTGGTTTTGCAATTGGAATGGTGGATTCGTCAATGA
TGCCTATCATGGGCTACCTCGTAGACCTGCGGCACGTGTCCGTCTATGGGAGTGT
GTACGCCATTGCGGATGTGGCATTTTGTATGGGGTATGCTATAGGTCCTTCTGCT
GGTGGTGCTATTGCAAAGGCAATTGGATTTCCATGGCTCATGACAATTATTGGGA
TAATTGATATTCTTTTTGCCCCTCTCTGCTTTTTTCTTCGAAGTCCACCTGCCAAA
GAAGAAAAAATGGCTATTCTCATGGATCACAACTGCCCTATTAAAACAAAAATG
TACACTCAGAATAATATCCAGTCATATCCGATAGGTGAAGATGAAGAATCTGAA
AGTGACTGA

SEQ ID No 7: >human GBA ENSG00000177628.16

ATGGAGTTTTCAAGTCCTTCCAGAGAGGAATGTCCCAAGCCTTTGAGTAGGGTAA
GCATCATGGCTGGCAGCCTCACAGGATTGCTTCTACTTCAGGCAGTGTCGTGGGC
ATCAGGTGCCCGCCCCTGCATCCCTAAAAGCTTCGGCTACAGCTCGGTGGTGTGT
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GTCTGCAATGCCACATACTGTGACTCCTTTGACCCCCCGACCTTTCCTGCCCTTGG
TACCTTCAGCCGCTATGAGAGTACACGCAGTGGGCGACGGATGGAGCTGAGTAT
GGGGCCCATCCAGGCTAATCACACGGGCACAGGCCTGCTACTGACCCTGCAGCC
AGAACAGAAGTTCCAGAAAGTGAAGGGATTTGGAGGGGCCATGACAGATGCTGC
TGCTCTCAACATCCTTGCCCTGTCACCCCCTGCCCAAAATTTGCTACTTAAATCGT
ACTTCTCTGAAGAAGGAATCGGATATAACATCATCCGGGTACCCATGGCCAGCT
GTGACTTCTCCATCCGCACCTACACCTATGCAGACACCCCTGATGATTTCCAGTT
GCACAACTTCAGCCTCCCAGAGGAAGATACCAAGCTCAAGATACCCCTGATTCA
CCGAGCCCTGCAGTTGGCCCAGCGTCCCGTTTCACTCCTTGCCAGCCCCTGGACA
TCACCCACTTGGCTCAAGACCAATGGAGCGGTGAATGGGAAGGGGTCACTCAAG
GGACAGCCCGGAGACATCTACCACCAGACCTGGGCCAGATACTTTGTGAAGTTC
CTGGATGCCTATGCTGAGCACAAGTTACAGTTCTGGGCAGTGACAGCTGAAAAT
GAGCCTTCTGCTGGGCTGTTGAGTGGATACCCCTTCCAGTGCCTGGGCTTCACCC
CTGAACATCAGCGAGACTTCATTGCCCGTGACCTAGGTCCTACCCTCGCCAACAG
TACTCACCACAATGTCCGCCTACTCATGCTGGATGACCAACGCTTGCTGCTGCCC
CACTGGGCAAAGGTGGTACTGACAGACCCAGAAGCAGCTAAATATGTTCATGGC
ATTGCTGTACATTGGTACCTGGACTTTCTGGCTCCAGCCAAAGCCACCCTAGGGG
AGACACACCGCCTGTTCCCCAACACCATGCTCTTTGCCTCAGAGGCCTGTGTGGG
CTCCAAGTTCTGGGAGCAGAGTGTGCGGCTAGGCTCCTGGGATCGAGGGATGCA
GTACAGCCACAGCATCATCACGAACCTCCTGTACCATGTGGTCGGCTGGACCGAC
TGGAACCTTGCCCTGAACCCCGAAGGAGGACCCAATTGGGTGCGTAACTTTGTCG
ACAGTCCCATCATTGTAGACATCACCAAGGACACGTTTTACAAACAGCCCATGTT
CTACCACCTTGGCCACTTCAGCAAGTTCATTCCTGAGGGCTCCCAGAGAGTGGGG
CTGGTTGCCAGTCAGAAGAACGACCTGGACGCAGTGGCACTGATGCATCCCGAT
GGCTCTGCTGTTGTGGTCGTGCTAAACCGCTCCTCTAAGGATGTGCCTCTTACCAT
CAAGGATCCTGCTGTGGGCTTCCTGGAGACAATCTCACCTGGCTACTCCATTCAC
ACCTACCTGTGGCGTCGCCAGTGA

SEQ ID No 8: >human SNCA ENSG00000145335.17

ATGGATGTATTCATGAAAGGACTTTCAAAGGCCAAGGAGGGAGTTGTGGCTGCT
GCTGAGAAAACCAAACAGGGTGTGGCAGAAGCAGCAGGAAAGACAAAAGAGGG
TGTTCTCTATGTAGGCTCCAAAACCAAGGAGGGAGTGGTGCATGGTGTGGCAAC
AGTGGCTGAGAAGACCAAAGAGCAAGTGACAAATGTTGGAGGAGCAGTGGTGA
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CGGGTGTGACAGCAGTAGCCCAGAAGACAGTGGAGGGAGCAGGGAGCATTGCA
GCAGCCACTGGCTTTGTCAAAAAGGACCAGTTGGGCAAGAATGAAGAAGGAGCC
CCACAGGAAGGAATTCTGGAAGATATGCCTGTGGATCCTGACAATGAGGCTTAT
GAAATGCCTTCTGAGGAAGGGTATCAAGACTACGAACCTGAAGCCTAA

SEQ ID No 9: >human MAPT ENSG00000186868.18

ATGGCTGAGCCCCGCCAGGAGTTCGAAGTGATGGAAGATCACGCTGGGACGTAC
GGGTTGGGGGACAGGAAAGATCAGGGGGGCTACACCATGCACCAAGACCAAGA
GGGTGACACGGACGCTGGCCTGAAAGAATCTCCCCTGCAGACCCCCACTGAGGA
CGGATCTGAGGAACCGGGCTCTGAAACCTCTGATGCTAAGAGCACTCCAACAGC
GGAAGCTGAAGAAGCAGGCATTGGAGACACCCCCAGCCTGGAAGACGAAGCTG
CTGGTCACGTGACCCAAGAGGAGTTGAGAGTTCCGGGCCGGCAGAGGAAGGCGC
CTGAAAGGCCCCTGGCCAATGAGATTAGCGCCCACGTCCAGCCTGGACCCTGCG
GAGAGGCCTCTGGGGTCTCTGGGCCGTGCCTCGGGGAGAAAGAGCCAGAAGCTC
CCGTCCCGCTGACCGCGAGCCTTCCTCAGCACCGTCCCGTTTGCCCAGCGCCTCC
TCCAACAGGAGGCCCTCAGGAGCCCTCCCTGGAGTGGGGACAAAAAGGCGGGG
ACTGGGCCGAGAAGGGTCCGGCCTTTCCGAAGCCCGCCACCACTGCGTATCTCCA
CACAGAGCCTGAAAGTGGTAAGGTGGTCCAGGAAGGCTTCCTCCGAGAGCCAGG
CCCCCCAGGTCTGAGCCACCAGCTCATGTCCGGCATGCCTGGGGCTCCCCTCCTG
CCTGAGGGCCCCAGAGAGGCCACACGCCAACCTTCGGGGACAGGACCTGAGGAC
ACAGAGGGCGGCCGCCACGCCCCTGAGCTGCTCAAGCACCAGCTTCTAGGAGAC
CTGCACCAGGAGGGGCCGCCGCTGAAGGGGGCAGGGGGCAAAGAGAGGCCGGG
GAGCAAGGAGGAGGTGGATGAAGACCGCGACGTCGATGAGTCCTCCCCCCAAGA
CTCCCCTCCCTCCAAGGCCTCCCCAGCCCAAGATGGGCGGCCTCCCCAGACAGCC
GCCAGAGAAGCCACCAGCATCCCAGGCTTCCCAGCGGAGGGTGCCATCCCCCTC
CCTGTGGATTTCCTCTCCAAAGTTTCCACAGAGATCCCAGCCTCAGAGCCCGACG
GGCCCAGTGTAGGGCGGGCCAAAGGGCAGGATGCCCCCCTGGAGTTCACGTTTC
ACGTGGAAATCACACCCAACGTGCAGAAGGAGCAGGCGCACTCGGAGGAGCATT
TGGGAAGGGCTGCATTTCCAGGGGCCCCTGGAGAGGGGCCAGAGGCCCGGGGCC
CCTCTTTGGGAGAGGACACAAAAGAGGCTGACCTTCCAGAGCCCTCTGAAAAGC
AGCCTGCTGCTGCTCCGCGGGGGAAGCCCGTCAGCCGGGTCCCTCAACTCAAAG
CTCGCATGGTCAGTAAAAGCAAAGACGGGACTGGAAGCGATGACAAAAAAGCC
AAGACATCCACACGTTCCTCTGCTAAAACCTTGAAAAATAGGCCTTGCCTTAGCC
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CCAAACACCCCACTCCTGGTAGCTCAGACCCTCTGATCCAACCCTCCAGCCCTGC
TGTGTGCCCAGAGCCACCTTCCTCTCCTAAATACGTCTCTTCTGTCACTTCCCGAA
CTGGCAGTTCTGGAGCAAAGGAGATGAAACTCAAGGGGGCTGATGGTAAAACGA
AGATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAGGCCAAC
GCCACCAGGATTCCAGCAAAAACCCCGCCCGCTCCAAAGACACCACCCAGCTCT
GGTGAACCTCCAAAATCAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCA
GGCACTCCCGGCAGCCGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGG
AGCCCAAGAAGGTGGCAGTGGTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCA
AGAGCCGCCTGCAGACAGCCCCCGTGCCCATGCCAGACCTGAAGAATGTCAAGT
CCAAGATCGGCTCCACTGAGAACCTGAAGCACCAGCCGGGAGGCGGGAAGGTGC
AGATAATTAATAAGAAGCTGGATCTTAGCAACGTCCAGTCCAAGTGTGGCTCAA
AGGATAATATCAAACACGTCCCGGGAGGCGGCAGTGTGCAAATAGTCTACAAAC
CAGTTGACCTGAGCAAGGTGACCTCCAAGTGTGGCTCATTAGGCAACATCCATCA
TAAACCAGGAGGTGGCCAGGTGGAAGTAAAATCTGAGAAGCTTGACTTCAAGGA
CAGAGTCCAGTCGAAGATTGGGTCCCTGGACAATATCACCCACGTCCCTGGCGG
AGGAAATAAAAAGATTGAAACCCACAAGCTGACCTTCCGCGAGAACGCCAAAGC
CAAGACAGACCACGGGGCGGAGATCGTGTACAAGTCGCCAGTGGTGTCTGGGGA
CACGTCTCCACGGCATCTCAGCAATGTCTCCTCCACCGGCAGCATCGACATGGTA
GACTCGCCCCAGCTCGCCACGCTAGCTGACGAGGTGTCTGCCTCCCTGGCCAAGC
AGGGTTTGTGA

SEQ ID No 10: >human GDNF ENSG00000168621.15

ATGAAGTTATGGGATGTCGTGGCTGTCTGCCTGGTGCTGCTCCACACCGCGTCCG
CCTTCCCGCTGCCCGCCGGTAAGAGGCCTCCCGAGGCGCCCGCCGAAGACCGCT
CCCTCGGCCGCCGCCGCGCGCCCTTCGCGCTGAGCAGTGACTCAAATATGCCAGA
GGATTATCCTGATCAGTTCGATGATGTCATGGATTTTATTCAAGCCACCATTAAA
AGACTGAAAAGGTCACCAGATAAACAAATGGCAGTGCTTCCTAGAAGAGAGCGG
AATCGGCAGGCTGCAGCTGCCAACCCAGAGAATTCCAGAGGAAAAGGTCGGAG
AGGCCAGAGGGGCAAAAACCGGGGTTGTGTCTTAACTGCAATACATTTAAATGT
CACTGACTTGGGTCTGGGCTATGAAACCAAGGAGGAACTGATTTTTAGGTACTGC
AGCGGCTCTTGCGATGCAGCTGAGACAACGTACGACAAAATATTGAAAAACTTA
TCCAGAAATAGAAGGCTGGTGAGTGACAAAGTAGGGCAGGCATGTTGCAGACCC
ATCGCCTTTGATGATGACCTGTCGTTTTTAGATGATAACCTGGTTTACCATATTCT
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AAGAAAGCATTCCGCTAAAAGGTGTGGATGTATCTGA

SEQ ID No 11: >human PARK2 ENSG00000185345.24

MIVFVRFNSSHGFPVEVDSDTSIFQLKEVVAKRQGVPADQLRVIFAGKELRNDWTVQ
NCDLDQQSIVHIVQRPWRKGQEMNATGGDDPRNAAGGCEREPQSLTRVDLSSSVLP
GDSVGLAVILHTDSRKDSPPAGSPAGRSIYNSFYVYCKGPCQRVQPGKLRVQCSTCR
QATLTLTQGPSCWDDVLIPNRMSGECQSPHCPGTSAEFFFKCGAHPTSDKETSVALH
LIATNSRNITCITCTDVRSPVLVFQCNSRHVICLDCFHLYCVTRLNDRQFVHDPQLGY
SLPCVAGCPNSLIKELHHFRILGEEQYNRYQQYGAEECVLOMGGVLCPRPGCGAGLL
PEPDQRKVTCEGGNGLGCGFAFCRECKEAYHEGECSAVFEASGTTTQAYRVDERAA
EQARWEAASKETIKKTTKPCPRCHVPVEKNGGCMHMKCPQPQCRLEWCWNCGCE
WNRVCMGDHWFDV

SEQ ID No 12: >human PINK1 ENSG00000158828.8

MAVRQALGRGLQLGRALLLRFTGKPGRAYGLGRPGPAAGCVRGERPGWAAGPGAE
PRRVGLGLPNRLRFFRQSVAGLAARLQRQFVVRAWGCAGPCGRAVFLAFGLGLGLI
EEKQAESRRAVSACQEIQAIFTQKSKPGPDPLDTRRLQGFRLEEYLIGQSIGKGCSAA
VYEATMPTLPQNLEVTKSTGLLPGRGPGTSAPGEGQERAPGAPAFPLAIKMMWNISA
GSSSEAILNTMSQELVPASRVALAGEYGAVTYRKSKRGPKQLAPHPNIIRVLRAFTSS
VPLLPGALVDYPDVLPSRLHPEGLGHGRTLFLVMKNYPCTLRQYLCVNTPSPRLAA
MMLLQLLEGVDHLVQQGIAHRDLK SDNILVELDPDGCPWLVIADFGCCLADESIGLQ
LPFSSWYVDRGGNGCLMAPEVSTARPGPRAVIDYSKADAWAVGAIAYEIFGLVNPF
YGQGKAHLESRSYQEAQLPALPESVPPDVRQLVRALLQREASKRPSARVAANVLHL
SLWGEHILALKNLKLDKMVGWLLQQSAATLLANRLTEKCCVETKMKMLFLANLEC
ETLCQAALLLCSWRAAL

SEQ ID No 13: >human LRRK2 ENSG00000188906.17

MASGSCQGCEEDEETLKKLIVRLNNVQEGKQIETLVQILEDLLVFTYSERASKLFQGK
NIHVPLLIVLDSYMRVASVQQVGWSLLCKLIEVCPGTMQSLMGPQDVGNDWEVLG
VHQLILKMLTVHNASVNLSVIGLKTLDLLLTSGKITLLILDEESDIFMLIFDAMHSFPA
NDEVQKLGCKALHVLFERVSEEQLTEFVENKDYMILLSALTNFKDEEEIVLHVLHCL
HSLAIPCNNVEVLMSGNVRCYNIVVEAMKAFPMSERIQEVSCCLLHRLTLGNFFNIL
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VLNEVHEFVVKAVQQYPENAALQISALSCLALLTETIFLNQDLEEKNENQENDDEGE
EDKLFWLEACYKALTWHRKNKHVQEAACWALNNLLMYQNSLHEKIGDEDGHFPA
HREVMLSMLMHSSSKEVFQASANALSTLLEQNVNFRKILLSKGIHLNVLELMQKHIH
SPEVAESGCKMLNHLFEGSNTSLDIMAAVVPKILTVMKRHETSLPVQLEALRAILHFI
VPGMPEESREDTEFHHKLNMVKKQCFKNDIHKL VLA ALNRFIGNPGIQK CGLK VISSI
VHFPDALEMLSLEGAMDSVLHTLQMYPDDQEIQCLGLSLIGYLITKKNVFIGTGHLL
AKILVSSLYRFKDVAEIQTKGFQTILAILKLSASFSKLLVHHSFDLVIFHQMSSNIMEQ
KDQQFLNLCCKCFAKVAMDDYLKNVMLERACDQNNSIMVECLLLLGADANQAKE
GSSLICQVCEKESSPKLVELLLNSGSREQDVRKALTISIGKGDSQIISLLLRRLALDVA
NNSICLGGFCIGK VEPSWLGPLFPDKTSNLRKQTNIASTLARMVIRY QMK SAVEEGT
ASGSDGNFSEDVLSKFDEWTFIPDSSMDSVFAQSDDLDSEGSEGSFLVKKKSNSISVG
EFYRDAVLQRCSPNLQRHSNSLGPIFDHEDLLKRKRKILSSDDSLRSSKLQSHMRHSD
SISSLASEREYITSLDLSANELRDIDALSQKCCISVHLEHLEKLELHQNALTSFPQQLCE
TLKSLTHLDLHSNKFTSFPSYLLKMSCIANLDVSRNDIGPSVVLDPTVKCPTLKQFNL
SYNQLSFVPENLTDVVEKLEQLILEGNKISGICSPLRLKELKILNLSKNHISSLSENFLE
ACPKVESFSARMNFLAAMPFLPPSMTILKLSQNKFSCIPEAILNLPHLR SLDMSSNDIQ
YLPGPAHWKSLNLRELLFSHNQISILDLSEKAYLWSRVEKLHLSHNKLKEIPPEIGCLE
NLTSLDVSYNLELRSFPNEMGKLSKIWDLPLDELHLNFDFKHIGCKAKDIIRFLQQRL
KKAVPYNRMKLMIVGNTGSGKTTLLQQLMKTKK SDLGMQSATVGIDVKDWPIQIR
DKRKRDLVLNVWDFAGREEFYSTHPHFMTQRALYLAVYDLSKGQAEVDAMKPWL
FNIKARASSSPVILVGTHLDVSDEKQRKACMSKITKELLNKRGFPAIRDYHFVNATEE
SDALAKLRKTIINESLNFKIRDQLVVGQLIPDCY VELEKIILSERKNVPIEFPVIDRKRL
LQLVRENQLQLDENELPHAVHFLNESGVLLHFQDPALQLSDLYFVEPKWLCKIMAQI
LTVKVEGCPKHPKGIISRRDVEKFLSKKRKFPKNYMSQYFKLLEKFQIALPIGEEYLL
VPSSLSDHRPVIELPHCENSEIIRLYEMPYFPMGFW SRLINRLLEISPYMLSGRERALR
PNRMYWRQGIYLNWSPEAYCLVGSEVLDNHPESFLKITVPSCRKGCILLGQVVDHID
SLMEEWFPGLLEIDICGEGETLLKKWALY SFNDGEEHQKILLDDLMKKAEEGDLLVN
PDQPRLTIPISQIAPDLILADLPRNIMLNNDELEFEQAPEFLLGDGSFGSVYRAAYEGE
EVAVKIFNKHTSLRLLRQELVVLCHLHHPSLISLLAAGIRPRMLVMELASKGSLDRLL
QQDKASLTRTLQHRIALHVADGLRYLHSAMITYRDLKPHNVLLFTLYPNAAIIAKIAD
YGIAQYCCRMGIKTSEGTPGFRAPEVARGNVIYNQQADVYSFGLLLYDILTTGGRIVE
GLKFPNEFDELEIQGKLPDPVKEYGCAPWPMVEKLIKQCLKENPQERPTSAQVFDILN
SAELVCLTRRILLPKNVIVECMVATHHNSRNASIWLGCGHTDRGQLSFLDLNTEGYT
SEEVADSRILCLALVHLPVEKESWIVSGTQSGTLLVINTEDGKKRHTLEKMTDSVTCL
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YCNSFSKQSKQKNFLLVGTADGKLAIFEDKTVKLKGAAPLKILNIGNVSTPLMCLSES
TNSTERNVMWGGCGTKIFSFSNDFTIQKLIETRTSQLFSYAAFSDSNIITVVVDTALYI
AKQNSPVVEVWDKKTEKLCGLIDCVHFLREVMVKENKESKHKMSYSGRVKTLCLQ
KNTALWIGTGGGHILLLDLSTRRLIRVIYNFCNSVRVMMTAQLGSLKNVMLVLGYN
RKNTEGTQKQKEIQSCLTVWDINLPHEVQNLEKHIEVRKELAEKMRRTSVE

SEQ ID No 14: >human c-Rel ENSG00000162924.16

MASGAYNPYIEIIEQPRQRGMRFRYKCEGRSAGSIPGEHSTDNNRTYPSIQIMNYYGK
GKVRITLVTKNDPYKPHPHDLVGKDCRDGY YEAEFGQERRPLFFQNLGIRCVKKKE
VKEANTRIKAGINPFNVPEKQLNDIEDCDLNVVRLCFQVFLPDEHGNLTTALPPVVSN
PIYDNRAPNTAELRICRVNKNCGSVRGGDEIFLLCDKVQKDDIEVRFVLNDWEAKGI
FSQADVHRQVAIVFKTPPYCKAITEPVTVKMQLRRPSDQEVSESMDFRYLPDEKDTY
GNKAKKQKTTLLFQKLCQDHVNFPERPRPGLLGSIGEGRYFKKEPNLFSHDAVVRE
MPTGVSSQAESYYPSPGPISSGLSHHASMAPLPSSSWSSVAHPTPRSGNTNPLSSFSTR
TLPSNSQGIPPFLRIPVGNDLNASNACIYNNADDIVGMEASSMPSADLY GISDPNMLS
NCSVNMMTTSSDSMGETDNPRLLSMNLENPSCNSVLDPRDLRQLHQMSSSSMSAGA
NSNTTVFVSQSDAFEGSDFSCADNSMINESGPSNSTNPNSHGFVQDSQYSGIGSMQNE
QLSDSFPYEFFQV

SEQ ID No 15: >human ATG7 ENSG00000197548.13

MAAATGDPGLSKLQFAPFSSALDVGFWHELTQKKLNEYRLDEAPKDIKGYYYNGDS
AGLPARLTLEFSAFDMSAPTPARCCPAIGTLYNTNTLESFKTADKKLLLEQAANEIWE
SIKSGTALENPVLLNKFLLLTFADLKKYHFYYWFCYPALCLPESLPLIQGPVGLDQRF
SLKQIEALECAYDNLCQTEGVTALPYFLIKYDENMVLVSLLKHYSDFFQGQRTKITIG
VYDPCNLAQYPGWPLRNFLVLAAHRWSSSFQSVEVVCFRDRTMQGARDVAHSIIFE
VKLPEMAFSPDCPKAVGWEKNQKGGMGPRMVNLSECMDPKRLAESSVDLNLKLM
CWRLVPTLDLDKVVSVKCLLLGAGTLGCNVARTLMGWGVRHITFVDNAKISYSNP
VRQPLYEFEDCLGGGKPKALAAADRLQKIFPGVNARGFNMSIPMPGHPVNFSSVTLE
QARRDVEQLEQLIESHDVVFLLMDTRESRWLPAVIAASKRKLVINAALGFDTFVVM
RHGLKKPKQQGAGDLCPNHPVASADLLGSSLFANIPGYKLGCYFCNDVVAPGDSTR
DRTLDQQCTVSRPGLAVIAGALAVELMVSVLQHPEGGYAIASSSDDRMNEPPTSLGL
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VPHQIRGFLSRFDNVLPVSLAFDKCTACSSKVLDQYEREGFNFLAKVFNSSHSFLEDL
TGLTLLHQETQAAEIWDMSDDETI

SEQ ID No 16: >human VMAT2 ENSG00000165646.14

MALSELALVRWLQESRRSRKLILFIVFLALLLDNMLLTVVVPIIPSYLYSIKHEKNATE
IQTARPVHTASISDSFQSIFSYYDNSTMVTGNATRDLTLHQTATQHMVTNASAVPSD
CPSEDKDLLNENVQVGLLFASKATVQLITNPFIGLLTNRIGYPIPIFAGFCIMFVSTIMF
AFSSSYAFLLIARSLQGIGSSCSSVAGMGMLASVYTDDEERGNVMGIALGGLAMGVL
VGPPFGSVLYEFVGKTAPFLVLAALVLLDGAIQLFVLQPSRVQPESQKGTPLTTLLKD
PYILIAAGSICFANMGIAMLEPALPIWMMETMCSRKWQLGVAFLPASISYLIGTNIFGI
LAHKMGRWLCALLGMITVGVSILCIPFAKNIYGLIAPNFGVGFAIGMVDSSMMPIMG
YLVDLRHVSVYGSVYAIADVAFCMGYAIGPSAGGAIAKAIGFPWLMTIIGIIDILFAPL
CFFLRSPPAKEEKMAILMDHNCPIKTKMYTQNNIQSYPIGEDEESESD

SEQ ID No 17: >human GBA ENSG00000177628.16

MEFSSPSREECPKPLSRVSIMAGSLTGLLLLQAVSWASGARPCIPKSFGYSSVVCVCN
ATYCDSFDPPTFPALGTFSRYESTRSGRRMELSMGPIQANHTGTGLLLTLQPEQKFQK
VKGFGGAMTDAAALNILALSPPAQNLLLKSYFSEEGIGYNIIRVPMASCDESIRTYTY
ADTPDDFQLHNFSLPEEDTKLKIPLIHRALQLAQRPVSLLASPWTSPTWLKTNGAVN
GKGSLKGQPGDIYHQTWARYFVKFLDAYAEHKLQFWAVTAENEPSAGLLSGYPFQ
CLGFTPEHQRDFIARDLGPTLANSTHHNVRLLMLDDQRLLLPHWAKVVLTDPEAAK
YVHGIAVHWYLDFLAPAKATLGETHRLFPNTMLFASEACVGSKFWEQSVRLGSWD
RGMQYSHSITNLLYHVVGWTDWNLALNPEGGPNW VRNFVDSPIIVDITKDTFYKQP
MFYHLGHFSKFIPEGSQRVGLVASQKNDLDAVALMHPDGSAVVVVLNRSSKDVPLT
IKDPAVGFLETISPGYSIHTYLWRRQ

SEQ ID No 18: >human SNCA ENSG00000145335.17

MDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKTKEGVVHGVA
TVAEKTKEQVTINVGGAVVTGVTAVAQKTVEGAGSIAAATGFVKKDQLGKNEEGAP
QEGILEDMPVDPDNEAYEMPSEEGYQDYEPEA

SEQ ID No 19: >human MAPT ENSG00000186868.18
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MAEPRQEFEVMEDHAGTYGLGDRKDQGGYTMHQDQEGDTDAGLKESPLQTPTED
GSEEPGSETSDAKSTPTAEAEEAGIGDTPSLEDEAAGHVTQEELRVPGRQRKAPERPL
ANEISAHVQPGPCGEASGVSGPCLGEKEPEAPVPLTASLPQHRPVCPAPPPTGGPQEP
SLEWGQKGGDWAEK GPAFPKPATTAYLHTEPESGKVVQEGFLREPGPPGLSHQLMS
GMPGAPLLPEGPREATRQPSGTGPEDTEGGRHAPELLKHQLLGDLHQEGPPLKGAG
GKERPGSKEEVDEDRDVDESSPQDSPPSKASPAQDGRPPQTAAREATSIPGFPAEGAL
PLPVDFLSK VSTEIPASEPDGPSVGRAKGQDAPLEFTFHVEITPNVQKEQAHSEEHLG
RAAFPGAPGEGPEARGPSLGEDTKEADLPEPSEKQPAAAPRGKPVSRVPQLKARMVS
KSKDGTGSDDKKAKTSTRSSAK TLKNRPCLSPKHPTPGSSDPLIQPSSPA VCPEPPSSP
KYVSSVTSRTGSSGAKEMKLK GADGKTKIATPRGAAPPGQKGQANATRIPAKTPPAP
KTPPSSGEPPK SGDRSGY SSPGSPGTPGSRSRTPSLPTPPTREPKKVAVVRTPPKSPSSA
KSRLQTAPVPMPDLKNVKSKIGSTENLKHQPGGGK VQIINKKLDLSNVQSKCGSKDN
IKHVPGGGSVQIVYKPVDLSK VTSKCGSLGNIHHKPGGGQVEVKSEKLDFKDR VQSK
IGSLDNITHVPGGGNKKIETHKLTFRENAKAK TDHGAEIVYKSPVVSGDTSPRHLSNV
SSTGSIDMVDSPQLATLADEVSASLAKQGL

SEQ ID No 20: >human GDNF ENSG00000168621.15

MKLWDVVAVCLVLLHTASAFPLPAGKRPPEAPAEDRSLGRRRAPFALSSDSNMPED
YPDQFDDVMDFIQATIKRLKRSPDKQMAVLPRRERNRQAAAANPENSRGKGRRGQR
GKNRGCVLTAIHLNVTDLGLGYETKEELIFRYCSGSCDAAETTYDKILKNLSRNRRL
VSDKVGQACCRPIAFDDDLSFLDDNLVYHILRKHSAKRCGCI

Brief description of the figures:

[0039] Fig. 1 depicts the different neural lineage cells and their markers.

[0040] Fig. 2 depicts the research strategy to identify Genomic Safe Harbor (GSH) sites
suitable for iPSC gene editing and expression in dopaminergic neurons.

[0041] Fig. 3 is an illustration of the stepwise approach to prioritize GSH sites for

therapeutic gene insertion.

Detailed description

[0042] Unless specifically defined berein, all technical and scientific terms used herein
have the same meaning as commonly understood by a skilled artis an in the fields of gene
therapy, btochemistry, genetics, and molecudar biclogy.

[0043] All publications, patent applications, patents, and other references mentioned
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herein are incorporated by reference in their entirety. In case of contlict, the present
specitication, including defimitions, will prevail. Further, the matenials, methods, and
examplies are iHlustrative only and are not intended to be limiting, unless otherwise specified.
[0044] The practice of the gene editing disclosed herein will employ, unless otherwise
indicated, conventional techniques of cell biology, cell culiure, molecular biology, transgenic
biclogy, microbiology, recombinant DMA, and immunology, which are within the skill of the
art. Such technigues are explained fully in the luerature. See, for example, Current Protocols
in Molecular Biclogy (Frederick M. AUSUBEL, 2600, Wiley and son Inc, Library of
Congress, USAY, Molecular Cloning: A Laboratory Manual, Third Edition, (Sambrook et al,
2001, Cold Spring Harbor, New Yok Cold Spring Harbor Laboratory Press),
Oligonucleotide Synthesis (M. I Gaited., 1984); Mullis et al. 118 Pat. No. 4,683 195;
Nucleic Acid Hybridization (B. I, Harries & S, J. Higgios eds. 1984y, Transcription And
Translation (B. . Hames & 5. J. Higgins eds. 1984y, Culture OF Animal Cells (R L
Freshney, Alan R, Lisg, Ine., 1987}, Immobilized Cells And Enzymes (IRL Press, 19863, B
Perbal, A Practical Guide To Mbolecular Cloning {1984); the series, Methods in
ENZYMOLOGY (J. Abelson and M. Bimon, eds. -iu-chief, Academic Press, Ing, New
Yorky, specificaliy, Vols. 154 and 155 (Wu et al eds ) and Vol 185,

“Gene Expression Technology” (D, Goeddel, ed ); Gene Transfer Vectors For Mammalian
Celis (3. H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory};
Immunochemical Methods In Cell And Molecular Biclogy (Maver and Walker, eds.,
Academic Press, London, 1987); Handbook Of Experimental lmmunology, Volumes WV (B
M. Weir and €. C. Blackwell, eds., 1986); and Manipulating the Mouse Embryo, (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY ., 1986},

[0045] Generally, disclosed herein is a composition comprising an engineered cell. An
engineered cell can be administered 1o a subject in a therapeutically effective amount,
Administration of an engineered cell can produce a therapeutic sutcome in a subject, whersin

a therapeutic cutcome 15 modulated by the exogenous gene that was added to the cell.

Definitions

Amino acid residues

[0046] Amino acid residues in a polypeptide sequence are designated herein according to
the one-letter code, in which, for example, 3 means Gln or Glutamine residue, R means Arg

or Arginine residue and £ means Asp or Aspartic acid residue.
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Amine acid substitution
[0047] Amino acid substitution means the replacement of one amino acid residue with
another, for nstance the replacement of an Arginive residue with a Glutamine restdus in a

pepiide sequence is an amino acid substitution.

Cleavage

[0048] The term “cleavage” refers to the breakage of the covalent backbone of g
polymucieotide. Cleavage can be initiated by a variety of methods including, but not limited
to, cuzymatic or chemical hydrolysis of a phosphodiester bond. Both stugle-stranded
cleavage and double-stranded cleavage are possible, and double-stranded cleavage can ocour
as g result of two distingt single-stranded cleavage events. Double stranded DNA, RNA, or
DA BRINA hyvbrid cleavage can result in the production of either blunt ends or staggered

ends.

DA neurcnal cells
[0049] DA neuronal cells can be differentiated i vitro from ploripotent cells through a
vartety of methods known in the art, as for instance by mono-SMAD or dual-SMAD

techniques as discussed herein

DNA tavget

[0050] By “DNA target”, “DNA target sequence”, “target IINA sequence”, “nucleic acid
target sequence”, “target sequence”, or “processing site” 18 intended a polynucieotide
sequence that can be targeted and processed by a rare-catiing endonuciease. These terms refer
0 a specific DNA location, preferably a genomic location in a cell, but also a portion of
genetic material that can exist independenily fo the main body of genetic material such as
plasmids, episomes, virus, transposons or in organelles such as mitochondria as non-limiting
example. As von-limiting examples of RNA goided target sequences, are those genome
sequences that can hybridize the guide RNA which directs the RMNA guided endonuclease to a

destred locus.

Depaminergic neurons
[0051] Dopaminergic neurons are cells that express TH, DAT, FOXNA2, GIRKZ, Nurrd
and LMXIB.

Engineersd DA Neuronsl Cells

[0052] “Engineered [3A neuroval cells” means a population of DA neuronal cells
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comprising an exogenous knock-in PARK2 PINK DJ-1, LRRKZ, c-Rel, ATGT, YVMATL,
GBA, SNCA, and/or GDNF gene

Enhancing The Therapeutic Activity

[0053] By “enhancing the therapeutic activity” is meant that the DA newronal cells, or
population of cells, engineered as deseribed herein, become more viable, or have improved
engraftment, proliferation, migration, innervation and/or differentiation than non-engineered

cetls or population of cells.

Endenuclease

[0054] The termo “endonuclease” refers to any wild-type or variaot enzyroe capable of
catalyzing the hydrolysis {cleavage} of bonds between nucleic acids within 2 BNA or RNA
molecule, preferably a DNA molecule. Endonucleases do not cleave the DNA or RNA
molecule irrespective of its sequence but recognize and clsave the DNA or RMNA moleculs at
specitic polynucleotide sequences, further referred to as “target sequences” or “target sites”.
Endonucleases can be classified as rare-cutting endonucleases when baving typically a
polynucigotide recognition site greater than 10 base pairs {bp} in length, more preferably of
14-55 bp. Rare-cutting endonucieases significantly increase homologous recombination by
inducing DNA double-strand breaks (35Bs) at a defined locus thereby allowing gene repair
or gene insertion therapies (Pingoud, AL and G H. Silva (2007}, PreSMNCAlon genome

surgery. Nat Biotechnol 257y 743-4.3

Exogenons sgguence

[0055] “Exogenous sequence” refers to any nucleotide or nucleic acid sequence that was
not inttially present ai the selecied locus. This sequence may be homologous to, or a copy of,
a penomic sequence, or be a foreign sequence introduced into the cell. By opposition
“endogenous seguence” means a cell genowmic sequence initially present at a locus. The
exogennus sequence praferably codes for 3 polypeptide which expression confers a
therapeutic advantage over sister cells that have not ntegrated this exogenous sequence at the
focus. An endogenons sequence that is gene edited by the insertion of a nucleotide or
polymucieotide as per the disclosed methods, in order to express a different polypeptide is
broadly referred to as an exogenous coding sequence

[0056] The method disclosed herein can be associated with other methods invoiving
physical of genetic transformations, such as g viral transduction or transfection using

nanopariicles, and also may be combined with other gene inactivation and/or gene insertions.
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GBA gene
[0057] The term “GBA gene” encompasses a GBA gene and functional fragments and

varianis thereot,

GDBNE gene
[0058] The term “GDNF gene” encompasses a GDNF gene and functional fragments and

variants thereofl

GABAergic neurons
[0059] GAB Aergic neurons are cells that express GATY, GABAB receptor 1, GABAB
recepior 2, GADSS and GADST.

sRMA molecule

[0060] A gRNA molecule is able to localize {0 a sile comprising, consisiing of, or
consisting essentially of a nucleic acid sequence fully or partially complementary 10 a target
domain such as a gene or part of a gene.  In certain embodiments, a unimolecular, or
chimeric, gRNA comprises, preferably from 5" to 3" a targeting domain complementary 1o a
target doroain 1o g nucleotide in a cell such as a chrowosome; a fivst complementarity
domain; a linking domain; a second complementarity domain (which is complementary to the

first complementarity domain}, a provimal domain; and optionally, a tail domain,

Gene editing system
[0061] {ene editing system or Genome editing system 15 a group of technologies that
give sciendists the ability to change an orgamsn’s DNA. These technologies alfow genstic

material to be added, removed, or altered at particular tocations 1o the genome.

Genomic safe barbors

[0062] Genomic safe harbors {GSHs) are sites in the genome able to accommodate the
integration of new genetic material in a manner that ensures that the newly inserted genetic
elements: (i} funciion predictably and (3t} do not cause alierations of the host genome posing
a risk to the host cell or organism. Table 1 below is a list of genomic safe harbor loci that can
be used as described herein. Table 1 shows genomic coordinates in GRCh38/hg38 human

genome assembly.

Table 1
Chromosome Start End
chrl 214186905 214187961
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chrl 91164906 91165855
chrl 88180241 88181223
chrl 72546731 72548018
chrl 199684394 199685410
chrl 104647871 104648861
chrl0 109456554 109457498
chr10 84613037 84614143
chrl0 128540929 128541943
chr10 128693340 128695044
chr10 36778899 36780002
chrl0 36725218 36726233
chrll 121721801 121724194
chrll 42524286 42525334
chrll 81647375 81648903
chrll 116192498 116194401
chrll 114774331 114775325
chrll 128021283 128022329
chrll 116224105 116225916
chrll 20309899 20311995
chr12 92649604 92650584
chrl2 94763797 94764936
chrl3 103882813 103883879
chrl3 52967785 52968920
chrl3 52904228 52906942
chrl3 59317916 59319213
chrl3 70309932 70311460
chrl3 76473185 76474229
chr15 96947520 96948565
chrl6 66127013 66128412
chrl? 56715590 56716621
chrl8 61088416 61089493
chrl8 40576326 40578671
chrl8 27749740 27750778
chrl8 67199846 67201011
chr2 133886374 133887591
chr2 163347709 163348850
chr2 147082542 147083491
chr2 180125287 180126295
chr2 121974721 121975718
chr2 122660609 122661835
chr2 75920596 75921844
chr2 103401408 103402401
chr2 133843863 133844997
chr2 180123973 180124967
chr2 160582472 160583418
chr20 55667282 55669174
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chr22 49103355 49104388
chr3 67113422 67114525
chr3 74614218 74615242
chr3 5426026 5426982
chr3 117399281 117400399
chr3 28915343 28917419
chr3 117439560 117440548
chr3 117237013 117239704
chr3 137162914 137164165
chr3 106609403 106610465
chr3 67109328 67110455
chr3 16048355 16049420
chr3 117397641 117399034
chr3 104908816 104909868
chr3 104596179 104597355
chr4 180058397 180059507
chrd 180057145 180058232
chr4 27684257 27685441
chr4 116925637 116926672
chrd 166165437 166166501
chr4 156168620 156169693
chrd 18689105 18690087
chr4 85370123 85371213
chrd 64537927 64540013
chrd 154982074 154983202
chr4 130563237 130564339
chrb 71937993 71940439
chrs 113806007 113808129
chrb 18393819 18394795
chrs 18465687 18466781
chrb 123874455 123875520
chrb 123875580 123876580
chrs 71932489 71933717
chrb 34474174 34475918
chrb 18113286 18115121
chr5 103808080 103809225
chrb 144598204 144599350
chrs 108521605 108522526
chrb 113692453 113694380
chrb 101678253 101679223
chr5 87944237 87945265
chrb 101389859 101390987
chrs 113678518 113679693
chrb 88089287 88091255
chrb 121797421 121798482
chrs 87949701 87952291
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chrb 103894512 103895553
chrs 63401153 63402160
chré 85922657 85923735
chré 104472033 104473578
chr6 104525429 104526360
chré 47097062 47097998
chré 87968250 87969278
chré 16964556 16965560
chré 137415153 137416177
chré 91081186 91082896
chré 99746005 99747236
chré 99822427 99823526
chré 140439792 140441984
chré 137313918 137314874
chré 48765024 48766063
chré 90890535 90891762
chr7 152925055 152926297
chr7 12111174 12112347
chr7 42493270 42494306
chr7 31192574 31193687
chr7 22000950 22002150
chr7 96785947 96787328
chr8 141715497 141716580
chr8 26189940 26191013
chr8 131803831 131805003
chr8 106856111 106857217
chr8 75975412 75977242
chr8 115076228 115077322
chr8 131815871 131817817
chr8 137492454 137493716
chr9 85258346 85259505
chr9 17904998 17907161
chr9 78439098 78440151
chr9 16132791 16134459
chr9 29513212 29515120
chr9 75265233 75266237
chr9 7542343 7543943
chr9 118169738 118170714
chr9 71517517 71519983
chr9 7401713 7402906
chr9 26325995 26327156
chr9 1453442 1454897
chr9 105156511 105157922
chr9 12425914 12426947
chrX 68894085 68895495
chrX 20530099 20531285
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chrX 40996550 40997770
chrX 20527023 20528155
chrX 94058277 94059471
chrX 138127607 138128791

Gene targeting integration

[0063] By “gene targeting integration” 1s meant any known site-specitic methods
allowing to insert, replace or correct a genonmie sequence uto a living cell. In some
embodiments, the gene targeted tntegration thvolves homologous gene recombination at the
iocus of the targeted gene to result the insertion or replacement of at feast one exogenous
nucientide, preferably a sequence of several nucleotides (e, polynucleotide), and more

preferably & coding seguence.

Glutamatergic neurons
[0064] Glutamatergic nenrons are cells that express VGLUTI, VGLUTZ NMDART,

NMDAR2B, Gltaminase, and Glutamine synthetase,

Identity

[0065] “identity” refers to sequence identity between two nucleic acid molecules or
polypeptides. Identity can be determined by comparing a position in each sequence which
may be aligned for purposes of comparison. When a position in the compared sequence 18
accupied by the same base, then the molecules are identical at that position. A degree of
similarity or identity betwesn nucleic acid or amino acid sequences is a function of the
number of dentical or matching nucleotides at positions shared by the nucleic acid
sequences, Yarious alignment algorithms and/or programs may be used fo calculate the
wdentity between two sequences, including FASTA, or BLAST which are avaiiable as a part
of the GU{ sequence analysia package (University of Wisconsin, Madison, Wis.}j, and can be
used with, e.g., detanlt setting. For example, polypeptides having at least 70%, 85%, 90%,
95%, 98% or 99% 1dentity o specific polypeptides described herein and preferably exhibiting
substantially the same functions, as well as polvnuciectide encoding such polypeptides, are

contemplated.

Immature neurons
[0066] Immature neurons are ceils that express Doublecortin, Meuroid 1, TBR1, Beta i}

wbulin, and Mathmin 1 Immatre seurons can differentiate into mature neurons.
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Improving therapeutic potential

[0067] By "improving therapeutic potential” is meant that the engineered DA neuronal
cells gatn at least one advantageous property for thetr use in cell therapy by comparison to
their sister non-engineered DA neuronal cells. The therapeutic properties sought may be any
measurable one as referred to in the relevant scientific Hterature and include but are vot
Himited to viability, engraftment, proliferation, migration, innervation and/or differentiation of
administered engineered DA neuronal celis,

[0068] Improved therapeutic potential can be more particularly reflected by a resistance
of the DA neuronal cells to a drug, ap increase in thelr persistence in-vitto o1 in vive, or a
safer/more convenient bandling during mamutaciuring of therapeuiic compositions and
treatrnents.

[0069] In general, the molecule improving the therapeutic potential is a polypeptide, but
it can also be a nucleic acid able to direct or repress expression of other genes, such as
interference RMAs or guide-RNAs. The polypeptides may act directly or tudirectly, such as

stgnal transducers or ranscriptional regulators.

Locus

[0070] As used herein, the terms “locus” 18 the spectfic physical location of 2 DNA
sequence {e.g., of a gene) into 3 genome. The term “locus” can refer to the apecific physical
ipcation of a rare-cutting endonuclease target sequence on g chromosome or on an infection
agent’s genome sequence. Such a focus can comprise a {arget sequence that is recognized
and/or cleaved by a sequence-specific endonuclease. | is understood that the locus of interest
can not only quality a nucleic acid sequence that exists tn the main body of genetic material
{(i.e., in a chromosome} of a celf but also a portion of genetic material that can exist
independently to the wain body of gevetic material such as plasmids, episomes, virus,

transposens of in organslies such as mitochondria as non-limiting examples.

Mature neurons
[0071] Mature neurons are cells that express NeulN, MAPZ, 160 kDa Meurofilament
Medium, Neurofilament Heavy, Synaptophysin and PSD95. Mature neurons can

differentiate into Neyrons.

Modified DA neuronal celi
[0072] By “Modified DA newronal cell” or “engiveered DA neuroval cell” i3 tntended a

2A neuronal cell that sither itself has been genetically modified or is derived from a
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genetically modified pluripotent cell.

Modified pluripotent cell
[0073] By “Modified pluripotent cell” or “engineered pluripotent cell” iv imended a

phluripotent cell that has been geoetically modified.

Mutation

[0074] By “mutation” is intended the substitution, deletion, insertion of up to one, two,
three, four, five, wx, seven, eight, nineg, ten, eleven, twelve, thirteen, fourteen, fifteen, twenty,
twenty-five, thirty, forty, fifty, or more nucleotides/amino acids in 3 polynucisctide (cDNA|
gene} of g polypeptide sequence. The mutation can affect the coding sequence of a gene or its
regulatory sequence. it may also affect the structure of the genomic sequence or the

structure/siability of the encoded mRNA.

Meurens
[0075] Glutamatergic neuwrons, GABAergic newrons, Dopaminergic seurons,

Serotonergic neurons, Cholinergic neurons are collectively referred 1o as “Neurons.”

Nuclenatides

[0076] Mucleotides are designated as follows: one-letter code is used for designating the
base of a nucleoside: a is adenine, tis thymine, ¢ i3 cytosine, and g is guanine. For the
degenerated nucleotides, r represents g or a {purine nucleondes), k represents g or i, s
represenis g Of ¢, W TEDTSISnts 3 Of {, 1 Tepresents a of ¢, v represents { or ¢ (pyrimidine
nucieotides), d represents g, a or t, v represents g, g or ¢, b represents g, t or ¢, h represents a,

tor ¢, and n represenis g, 8, L o7 €.

Nucleic acid

[0077] As used herein, “nucleic acid” or “polynuclectdes” refers to nuclestides and/or
polynucleotides, such as deoxyribonucleie acid (DNAY or ribonucleic acid (RNA),
cligonucleotides, fragments generated by the polvimerase chain reaction (PCR), and
fragments generated by any of ligation, scission, endonuclease action, and exonuciease
action. Nucleic acid molecules can be composed of monomers that are naturally occurring
nuclectides (such as DNA and RNA}, or analogs of naturally occurring nucleotides {e.g.,
enantiomeric forms of naturally occurring nucleotides}), or a combination of both, Moditfied
nucieotides can have alterations in sugar moteties and/or tn pyrimidine or puring base

moeties. Sugar modifications include, for example, replacement of one or meore hydroxyl
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groups with halogens, alkyl groups, amines, and azido groups, or sugars can be
functionalized as ethers or esters. Moreover, the entire sugar moiety can be replaced with
sterically and electronically aimilar structures, such as aza-sugars and carbocyclic sugar
analogs. Examples of modifications in a base moiety include alkylated purines and
pyrimidines, acyiated purines or pyrimidines, or other well-known hetercoyelic substitutes,
Nucleic acid monomers can be linked by phosphediester bonds or analogs of such linkages.

Nuclete acids can be either single stranded or double stranded.

Nuclease reagent

[0078] By “nuclease reagent” is meant a nucleic acid molecule that contributes to a
auclease catalyic reaction in the target cell, preforably an endonuclease reaction, by iself or
as a subunit of a complex such as a guide RNA/Cas protetn, preferably leading 1o ihe
cleavage of a nucleic acid sequence target.

[0079] The nuclease reagents used herein are generally “sequence-spectfic reagenis”,
meaning that they can induce 3NA cleavage in the cells at predetermined loci, referred to as
“targeted gene”. The nucleic acid sequence which s recognized by the sequence specific
reagents 15 referred to as the “target sequence”. The target sequence is usually selectad to be
rare or unique in the cell’s genome, and more extensively in the huroan genome, a5 can be
determined uaing software and data available from human genome databases, such as

At dwww.ensembl.orgindex himd.

Meurconal mature cell type

[0080]  Weuronal mature celf type refers to immature neurons, Biaiure GSUTONS OF NEUTONS

collectively.
Patient
[0081] The terro “subject” or “patient” as used herein includes all members of the animal

kingdom including non-human prinsates and bumans.
[0082] Promoters for GDNF knock-in include SEC} H3 NOS 21-30 (these sequence

Histings are a “synthetic construct”)

Monoamine Oxidase B(MAOB) SEG H2 NG 21
ACAGAAGCACTTCACCTGTTTATTTCTTGAAAAGCCATTCTATGTTGCTGC

TTCCCACTTTTAGTTCTCAGAGGTGGCTTTCCTACTGTCCAGAAGACATAA
ACTTCTGTTTTCCCTGGAGTCACCTTAGCTTAAACTCCTATAATCTTGTTGA
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ATCATCCCTGTGTTTGGCTAAACCAGGCTCCTCATACCCACGTTCCAGGGT
CACACAGGTAACTTGGCTTGCTGCTTCTGGGGGCTCTGAATCCCACAATGC
CGATCCACCACCTCTTCCCTGCTGCCACTAGTCTCCTGGGGTCTAGCCTCA
ACAGCTTCCACCAAGGACACACTGCATTGCTTAAGAGTGTATTTAAGGTG
CGGCATTTGTGATGCTAGGGAGGAGCCTTCCTGACTTAATCACGTAGGGG
GAGTGGGGAAAGAAGTGGGTATTTGGAAGGAGGGTGAGGTGGGCTGGGA
ATGCCAAGAAATGGTAGTACTGTGTGGTGAATCAAAGTGGGTCTTGGAAT
CTTCCTAGCTTTTCTTTTCTTTTCTTTTCTTTTTTTTTCTTITCTGACTTTTTAT
CTTATGTTGTCACTCACCATGTTTTGTTTTCCTCATCTGCAAAATGGATTGT
TGTAAGCTTGAACAGGAATCATGCATAAAGTACTGAGCACAGTGCCTGGT
ACCTTGAAATCACTCAATGGAAGTTTCTTATTATTTGCCCTACACCCAAGG
AGTAATTGGGGCCCTGAAGGAAGACACCCCAATTTGCCGTCCTCCCAGCC
GCCAAGCCTGATAGTGCACTAGGGAGGCTGATGGGAAAATACCGTGCAG
AAGGCTGAGGAGTGGGGATTCTGGGGCGGGACTCTTTGAAGTCCTAGGTG
ACCTCTCCGCCCAGGCACCCGCCCTCCCCGGGCCTGGGCTGCAGAGCTGC
GGGCGGGGGCGGTGGCCCTGCGCTGCACCCGGCCTGCCTGCGCGTAGGCG
GGCGGGCGGGGCTGCGCGTCCGGGCTCCCGGGGCTGGTAATATAGCGGCT
CGCCGAGGCGCTGGTGCACGGGGGCAGCGCGCAGCAGGCCGGCGGGCAG
GCGGGCGGGCTGGCTGGCAGGCAGGACTGGGATCGAGGCCCAGAAAACG
GAGCAGCGGGCACCAGGGAGGCCTGGAACGGGGCGAGCGCC

GTP cyclohydrolase 1 (GCH1) SE {3 N 22

CATTATGAGATAATCCCTCAAGTGAGGAAAAAGGTCCATTTATTAATCTC
AAAGAAAACAGTTACAGCAGATGTCACTGGTTAAGAGTTCAGTTGGTGAA
TAGCATTTCACAATTTGTACCAACATCTGGGGAAAGACGCTTTGCATGGA
ACTGTAAAACAATTGAGCACCAAATCTGCACAACTGCGTTTCTAGAAAAT
GCGATGGGTTTTATAGAGATGAGGTCTTGCTATGTTTTCCAGGCTGGTCTC
GAACTCTTGGCCTCAAGCGATCCTCCCGCCTCGGTCTCCCCAAGCGCCGG
GAGTACAGGCGTGAGCCACCGACGGAAATGGATTTTAAGTGAAAGTCCTA
TCTTCGTTTGCAAATCAATTTTTCCAGGATCAAAGTTCTAGCAACCATAAA
TCCTATCCTTCTAGACATAGGGACCCACATAAGGGCCACTTGATGTGACA
CTTGCCCCGACAGCGGTGCCACCTGGCCCCTAGGTGGCAGGTGCGTTTTTA
ACTAAACCCAAGAGTCTGAAGTCACATTATTCTCTTGCCTTGAAAGCTTAA
GAGTTGGTTCCTAATCGGTGGCTTAACTCGGTCTCTCTCCAGGCAAGGCCA
CCTGTTTGCTGATCTTTCACAGGGCGAGGGGACCGGAGCCCTTCAATGCA
GCGCCCTCTTGGCCTGAAGAGGGGGCGACTGGGCGCCCAGACCGCGTCTT
TCTCACTGAGATCCCAGCTCCTGGACGACTGCCTCTTTTCGGGTTCGGCTC
ATTCCGCAATAAGTGGAGGGGTCCCGCCTGATCCTAGGGGCCGGCGCCCT
TTTCCTTCCCTCCCTGCGCTTGCGAACCCCTCCGGGCGTCTCCGGAGCCGC
GACCCCTGCTGGGGACCCCGGGGGCGGGAGGCCGAGGGGCGCGGCGAGG
GCCGTGACGCGAGGCGGGGCCGGCCAATGGGAGCGCTCCGCGGCGCAGG
CTGAGCCGCCGGGCCATAAAAAGGAGGCGCGGCCGGGCTTTCCAGCCTGT
GGCCGCTCCCGGCTCGGAGTGTGATCTAAGCAGGTTGCGTACCTTCCTCA
GGTGACTCCGGCCACAGCCCATTGTCCGCGGCCACCGGCGGAGTTTAGCC
GCAGACCTCGAAGCGCCCCGGGGTCCTTCCCGAACGGCAGCGGCTGCGGC
GGGTCC

Nuclear Receptor Subfamily 4 Group A Member 2 (NR4A2) SEQ 113 N 23
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CCACTTCCTGGTTTTATTTTTTTTCTCGCGCCCGCTAGGGCATCGCCGAGC
AGCGGCGGCGGCGGCAGCAGCAGCGGCAGCCGCAACATCTGGGGGAAAC
TTAAGGTGGTCACGTAGGTTTCCCCGAGGCTGCGGCGCAAAAGAGCCCGC
GGCTTCCTGGGGCAGCCGCAGGGCATCTGATGGCAACGCCTCCCCAGCCG
CCGGCGAGCTGGGGGCAGCAGGGAGTAGGCAAAGGCGGGGCTGCAGATT
AGGGTTGAGCAGCCCGGGATCCCGAATAGTTCCACGGAGCCATCGGCCGG
TACTGAGAACACGAGTAGGGGGGCAAGTTGCAAAAGGGTCCCGGCTGCC
TGGAAACGAGCCACACCGAGAAAGGAGGGGCGGCTGGGACGCTCTGCGC
GAGTAGAAAAGCGGGGGCGGCTCCGAACTCTCCCTCCCAAGGCCCAGCCG
CTGGAAGCCCCGCGGGAGAAGCCCTAGGAAGCCCTCCCAGCTCCGGCCGG
GAGACGGGGAGGGGGCTTGCCCTCCGGAGCTGCGGCGTTTCCTTTGCTAG
AAAGCTCCCTGCGCTCTCGGCGTGGCTAGGGGAAATGACTTGCAAAGCAG
AAGCGGCGGCGACTTGGACGGCCGCGGGGGTGGGACACGCTCCCAGAGC
CAGCTCGGGCCCCTCTCCTGGCTGGGCTGTAGGCTCACACCTTACGCTTTG
CGGAGACGCTGCCCCCAATCCCCACCCGCTTCGCTTTTCTTGTCCAGTCTT
TCTGGGCTCTAAGATTGAGGCTGTGATAGACCTTGTGTTTCAAACGAAGAT
CGATTTATTCCCTTAAAACTCGTGGAAGGGGTACGAGTTGGTGGGCACAG
AGGAGTATCGAAAGTATTAGAGTTTGCAGAAGGTGGGAATCAGAGTACCT
TTCTGCAGAAGGCGCACCTGTTGCCTGCTGCTCGGCTGCATTGTCTGCGAA
AGGAAAAGGGGCGACGCTTCACTCTGACTTTTGGGGTTTCTAAAGAGCTG
GGTCACGGTCACTGTCTACCCTCTCCCCTTCCTCTCCCCCCCCCCCGCAAG
CACCACGTCCTCCATCGAACGTGGGCACTGCATGGAAATAAGGAAACATA
GAAAAATAAGCCCTACCCCCACTCCCATTCCCTTTCAGATGGGAGTGTGG
GGGGTGGGGGTGGGGTAGAGAGAGTGAGAGAGAGAGATAATTAGAATGA
ATATATGCCAGAAGAGGAGGAGGCCTGGGACAGGAAAAGGGAGTAAAAG
GGGATGAACCGGGTAGGGAAATCCCACCCGAACTGCGTGAGCCCTCTGAG
CGTCTCGTGTCATGGGACATCTGTACGCTCTTCCGCTAAGGGGGTGACGA
AGGTGGGTGGGAGAGGTTAGGGCGCTGCAAGGCACATCCCATTCCGTGCG
GCTCCAGGTGCGTACTACCTGGCCACGCCGGCCTTGCCTTCCGCCGGTGCT
TTTGTTGCACCCTCCCCACATGTGAGCGGCCGAGCCGCTGCGCGGGCGCA
GGGGCTTCGGGGAAAGTGAAGTGTCGCGACGCTGCGGGCTGCGCAGACCT
GGGAGAGGTCACACCTCTTTCGGAAAAAAAAAAAGAAAAGAAAAAAAAC
ACCAAAAACCACCCAAGCTGGCTACCAAGGTGAACGCAGAGCGGTTCCC
ACCTTAAAATCGGCCCTGCTCGTGACGTCAGGTCGGAAATATACCAAAGC
GAGCGCGGGCCAGGAGTCCAGGGAGCGCGGCAGCGCGGCGATTGGGCGG
CGGGCCGCTGACGCGCGCTGACGCGCGGAGACTTTAGGTGCATGTTGGCA
GCGGCAGCGCAAGCCACATAAACAAAGGCACATTGGCGGCCAGGGCCAG
TCCGCCCGGCGGCTCGCGCACGGCTCCGCGGTCCCTTTTGCCTGTCCAGCC
GGCCGCCTGTCCCTGCTCCCTCCCTCCGTGAGGTGTCCGGGTTCCCTTCGC
CCAGCTCTCCCACCCCTACCCGACCCCGGCGCCCGGGCTCCCAGAGGGAA
CTGCACTT

Mouse Tyrosine Hydroxylase (TH) SEQ I3 NG: 24

CTGCTAGGGGCTGCTTCCCAGCTACTCCTCTTGGCTCCGTGGCTTGCCTTC
CAGCCTGTGTGCTGTCTGGAGAGCCTTTAAAGCCTCACTTCCACCAACTAG
AAGTCTCTCCCCAACCCTGCCCTGACCTCAAGTGCACCTCTTCAAAGTCAG
GTTTAGCAGCTGCAGCTGGGGGCCCTGAATCCCACCCCTGCTGTCTTCCTT
GAAGACAGAAGTGTTGGGAGCTGAGGATCTGGGCTAGAGACTGGCTGTAT
GATCCAGAGAAGTAGTGTGCTTCTGGGCCTCAGATTTCCCTTCTGTAGAAC
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AGGTTTGTCTGAAATGGAGAGGTTGGTGCTCCTCTGCAGGGCCTAGTGGG
AGTCACCATGAGTGGTTAAAAGATCCAGCTTGTCTTTTGGTGAGCTTTGAG
AGGAGGTAACAGGGCTGAGTTCTGGAAGCCTGACCAAGGGCAGACTTAA
GGGGCCTCTTGGAGTTGTTCTCATCAAATGGGGATGGGACACAGCTAAAG
TGCCCAGGGCTTCTCTGTGCCCACAGATGCTTTAGATCTTGGCACAGTGTG
GTCTACCAGCTGTCTCTCTCTGTGTATATATATGTATTTCATAGACAGTGT
ACAGTGGCCTGGTTTGTGCTATCAGGCTGGATATGGACAGAGGCAAGAGT
TTGTGGCAGCAGTTATCTCCCAAGAGAGTCCAAAGACATCATGTTTTCAA
GTTTAGGCCAGGTGCTACTTGAGAGAGCTCAGACACAGACAAAGGTCTGG
AGAGCACATGTCCTCCACCCCCACCTAGCTTCTGTTGCAAGCACCTCCAGC
CGAGACAAGAGAACGAATTAAAAAGCAATATTTGTGTCAGTGTAAGACAT
TTGCCGAAAGGTTAAATCCACATTCGTGTTGCTGCAGAGCAGCCCCCTAT
GCAGGATTTGTTAGATACAGCTCCGTCCTACCCTGTGCCAGCTGAGCAAA
CGCCAGGCTGGGTGGGGTGGAACCCAGCCTGGGTTTGCCTCACCCTGCAA
TCCCCCCAGCACCCTCTAAAGGAGGACCCTGTGGTGGGCATGCAGACCTA
GGGACTGGGCATAGATAACCTTTGGGTTTGGGCAACAGCCCCCACTCCTC
AGGATTGAAGGCTAAGGTGCAGCCAGCTCTGCCTTCATGGTGGGAATGTC
TCCACGTGACCCCTTTCTGGGCTGTGGAGAACACTCAGAGAAGAGTCCTG
GGATGCCAGGCAGGCCAGGGATGTGCTGGGCATGTTGAGACAGGAGTGG
GCTAAGCCAGCAGAGTTGCTGACCCAGGAAGAGTTCAGAAAGGGGCATG
GAACATGGGGAGGGGTCCATAGTGAGAGAGAGCAGGCAGTGCAGAGTAA
ATAGTCCCTGAGCTGGGGGTTATGGGATTTGCAGGAGCTTGCTCAGAGAA
GGCAGAGGAGAGATGCTGCGCCAAGCTGGGTATCACAGAGCCTCAGACT
CCTGGAACAGGAACTGTGGGGGTCAGGTCAGCAGGGGAGGTTAGGGAGT
GTTCCCTTTGTACTGACTTAGCATTTATCCTGCTTCTAGGGGGGAAGGGGG
GCCAGTGGGGGATGCACAGCAAGGCAGTGATGTGGCAGGCAGCCTGCGG
GAGCTCCTGGTTCCTGGTGTGAAAAAGCTGGGAAGGAAGAGGGCTGGGTC
TGGTAAGTACAGCAGGCAGTTGGCTCCTGAGAGTCCAAGCCCTGTCTAGA
GGGTGGAGTGAGATTTCAGAGGGAGAGCTAAACGGGGTGGGGGCTGGGG
AGTCCAGGCTTCTGGCTCCTGCTAATACTCAGTGTGCTGGGTCCTCAGAAC
CTCAGGGTGGCCATTTTCAGGGTGAGAGCTCTGTCCTTTGGCACTTCTGCA
GACTCCAGTATCCAGAGGAATAAAGATGGTACTCTTCCTCAGTTCCCTTAG
TGAGAGGACACCTTTCTCTGAAGGGCTTGGGCAGTTGTCCTGAACCATTG
CCTGAAGGAAGGACTTGACTCCAGGGACATAGAATGGGCTCAGCATAAGT
CCCCTGTAGTAGAGAAAGGTCCCCTCTCTGGTCTCCTTAGAGATCCTGTTT
CCTTGGCTGAGGAAGCTAGGGTGGATCTTTGTGTAAGTGGGTGTGGATGC
TCACTGGAAATCAAAAGGCCCCTTGGTGTTAGACCTTGGGGTGCCATGGG
AGAGTTGATCACTGAGTGCGCCCTTACATGGGGGCCAGCTGAGAATGGGG
CTGCCTCTAGCTCGAGACCATGATGCAGGGAGTGAGTGGGGGAGTTCAGG
ATACTCTTAACTAAAGCAGAGGTCTGTCCCCCCAGGGAGGGGAGGTCAGA
AGACCCTAGGGAGATGCCAAAGGCTAGGGTTGGCACCATGTTGCAGGCTG
TGTCTTCAAGGAGATGATAATCAGAGGAATCGAACCTGCAAAAGTGGGCC
AGTCTTAGATACACTATAGAGGAATAATCTTCTGAAACATTCTGTGTCTCA
TAGGACCTGCCTGAGGACCCAGCCCCAGTGCCAGCACATACACTGGGGCA
GTGAGTAGATAGTATACTTTGTTACATGGGCTGGGGGGACATGGCCTGTG
CCCTGGAGGGGACTTGAAGACATCCAAAAAGCTAGTGAGAGGGCTCCTA
GATTTATTTGTCTCCAAGGGCTATATATAGCCTTCCTAACATGAACCCTTG
GGTAATCCAGCATGGGCGCTCCCATATGCCCTGGTTTGATTAGAGAGCTCT
AGATGTCTCCTGTCCCAGAACACCAGCCAGCCCCTGTCTTCATGTCGTGTC
TAGGGCGGAGGGTGATTCAGAGGCAGGTGCCTGCGACAGTGGATGCAATT
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AGATCTAATGGGACGGAGGCCTCTCTCGTCCGTCGCCCTCGCTCTGTGCCC
ACCCCCGCCTCCCTCAGGCACAGCAGGCGTGGAGAGGATGCGCAGGAGG
TAGGAGGTGGGGGACCCAGAGGGGCTTTGACGTCAGCCTGGCCTTTAAGA
GGCCGCCTGCCTGGCAAGGGCCGTGGAGACAGAACTCGGGACCACCAGC
TTGCACT

Solute carrier family 6 member 3 (SLC6A3) 51} H WG 25

TTGAGGAATTCTGTGCTTCTTCCCTCTTGGTCTTCAGCCAATATGAAAAAT
AAACACACAACAGGAACGCAACAATTCAGCAGCCAGGGCTAGGGACATA
CCTGGTGCGGAGGGCAGAGCCCCGAGGCATTCACGGGCATTCCTCTGGGA
AGGGATGGGTGCGTTCTCAGCGCCTGAGATGGTACAGCTGGGGCACGGGA
GCTGGGAAGTGCCAGCCCTCACCACAGGGCTGGGGCACTGGCCCATGGAG
GCCTCAAGACAGACACTCTGGTTTGCTCCTCCTTCCCCTGCACCCCTCCCC
ACTCCTATCAAAGTGCAAGGCTGTGTGAGCTCTAGCGTGGCTTTCTACTAA
CAATGCATGGATATCACTTCCACCTTCCCCCACACTTCCAGAGAGCAATTT
TACAATCTTCTAAGAGCATTCAATAATGTCTTCATGACTGTTCATCTGTAT
TCTTTTTTCTTTTTTTTTTCTTTTTTAACATGAGGTCTCGCTCTGTCACCCAG
GATGGAATACAGTTGTGATTACAACTCACTGCCTCAACCTCCTAGGTTCAA
GTGATCCTTGCACCTCAGCCTCCTGAGCAGCTGAGACTACAGGTGTGCAC
CACAGCACCGGCTAAGTTATTTTTGTGTGTGTTTTTTTGTTGTTGTTGTTGT
TTTTTTGTAGAGACAGGGTCTGACTATTGTTGCCAAGGCTGGTTTTGAACT
CCTGGTCTCAAGCGATCCTCCTGCCTCAGCCTCCCAAAGTGCTGAGATGAC
AGGCATGAGCCACCAAGCCTGGGCTTGTATTGTTTATACTCAGTAATAAA
GAGCAAAATTTATATAAGCAAAATCAGCCACTGTAAAGAGAGTTTAGACA
TAACCATCACAACTGCTTCCTCAAAAAGTGTCTGTACAAGCCACATCCAC
CTAGGGCAGGTGGCACCACCCCGCGTGAGAGAGCTGGGCGGAGGATGGA
CAGGGCTTCATCGCGGGAACTAGCTCCTGGGCCAGCAGGGTAACCCGGGA
AATCCTGTCCAAACGGCTACATAAACCCCCCTGCAACGCTGAGCAGGAGA
GCAGGAGCGTCTACACCGCCCCAGCCAGGGCGACTTCTGTCATTTGGATC
CAGCAGCAGCGTGTTTCAGTCGAGCGCACGCACACACAGACACACAGAC
ACACACAGACTCACAAACACACATACACACTCACACACACACAGGCGAG
CACATACACTTACACACATACACACTCACACTCACACAGGTGCGCACACA
CACACAACGACTGAAGCAGGTCGCAGGTGGAGGCTCTAACAGGCAACTTT
CCCTGCATCCAAGTTTGCACAAAACCTCACCCATGAGCTATCACGAGCTA
TGCCACGCACCCGGTGACAACCTCAACCGGCACGACCCCTCCGGTGGGTA
AAACACCCGACGAAGGGGTTCCGCGGCGCGAGCAGGAGGCCGCGTTGGG
AGAGGGCGTCGGGTGCGGAGCTCGCGAGTCTCCGGCAAGCCGCCGCCGCC
CTGGGGCCACCTGACCCCGCTCCTGAACGCGGGGCCTCAGAGGCGAGTTT
TGGGTCTACACAGCAAAATGTGGCCCGTTAGAAAGCGTCCTTCCTCACCG
CGCCCAGAACAAGAAGCGGCGCTGCCTGGCGAGTCCTCGCCCGGCCTCCC
CGCCCTGCCCAGAGCACCAGCGCGCAGCCCGCGCCCGCCACCACCCCCAA
CACAGACAAAGCCCCCGCGAGATGGAGCGGCGGTGTACAAAACCCACTC
CGATCGGATCTGGGATGCGCCGCACCCCTAGTAGGGTTAAGTTCCACGAG
AAGAAACCAGGACCCCCGAGTCACAGCCATAGACACCCACGCGTCCCCTA
AGCCGGTGACTGCACCAGGTGCCCACCCGGTTCTGAGCCTGGAGCGGGGC
CAGGGGCAGCCCTGCACCCTCCTCGCGCCTCGGACGGCCTCAGGGTCCCA
TGTGGCGCTATCGGGGGGCGCTCGGCACCCGCGACTGTTGGCGACTTTGG
AGACGGCGCGGTCTGCGGGACGCGGGGACCCCAGACTGTGCCCGGTCCCC
GGCCCCCGCCCCTGCGCCCCACTTCGGGGTCTGCGGAAGGAGCGGGGCGC
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CCCGATGCCGCGAGCGACGCTGGCCTCACCTGGCCGCCCGGGCCTGGGCT
TTGCACGCGAGTCCTGGCGCCGAGAGCGTTCCGCGAAGCCTCCCCTCCCG
CTCCGCAGCGCTGGGCGGTCTCAGCCTCGGCCTCGGGCTCTTATCCAGTAG
ACAGGGTCCGCCCCGCCCCGCCCTCCCGCCGACGGGGTCGCCCTCGCGTC
CTGGCTCCTCCTCCTCACCTCCCCGGGCCGCGCCCCCGCCCCCGCCTCCCG
GACGCAGATGGCTGGGAGCAAGCGGCGGCCACGGCTCCACTGTCCTGCGC
GTCCCGGAGCCTCGGACACGGGGTGCGGGGGCCTGGGGGTCCGAGACGT
CGCGGATCTAGACGGGCGCCTTCCACGCGGGAACTGTCTGGGCCGCCCTG
CGCCCTCGCCCGCACCCCTGGGGGCTGCCCCGGGCACCCGCTATCTTCGG
ACGCCCAGGGCTGGCGGCTCCCAGCTGGACGGGGAGGGAGCCGAGCGGC
TGCGCGCGGGGAACTGCTGGGACCCCGTCGGGCCGACCCTTCCCTCCCTC
CCCATCAGGGGCCCCTACGGTGGCCCCGCGCTCTGGGGACCACGTCCCTC
CCACCCCGCCGCTCCACGCTCTGACCAGCGGGCTCGGGACCCCGCCGAGG
ACTCTGCACGCTTCCCGGCGTGCGGGCTGCGGAGACGCGGGTCCTTCCGT
GGCCTTGGGGTCTCCGCGACCTCGAGGCGACCGAGGTCCCCTAGGCCTAG
TCCCCGCCTTGCCGGCATCTAGTGCGCCTGCATCGGAACCGAGGGGCCCG
CCTCGCACTCGCCTAAGAAAACCATTTCCCGGGACGGGCCTGGAAAGCCC
TGGCGGTTGGTATCCGGCTCCAGGGCCGAATGGACTCCGAGGCTTTCCTTC
CGAGATGCCCGGGCGGGATTTCTTCCATTCAGCGCGCGGAGGAATGGAGC
CCCCAGGCCGCCAAGGCCCAGGATGTCCAGGTCCTTAGAAGGCACCGAGG
TGAGTGGCCGCGCCCAGCTCTGTGCGTCGCCCCTAGGGTCGCCCGAACCC
CGGCGTTCCTCCCCGTGTACCCTCGATGCTCCCGTGAGCACCCTGCCCTGG
GCGTCCAGGCGAGCCCTGGGGCTCTCCAGCCATTCCAGCCTGCAGCCCGC
GCTCAGCAGTGAGGGAGGCAGGGACCCTTGGTGCCTGACTCCGCAGTACC
CGCCCGCAGCGCGGTGCCCCACCCCCTGCGCCCGCCCCGCACTCCCCGCA
CACCACCACTCCCCTCCCCGCCCCCCGCTCCCCCGCTCCCCGGCTCCGGGG
CTGGCACCCAGGCAGAAGGCACTCAGGGCTGTGACTTCACGCTGAGTTGG
AATCAAGTGGGAGCCTAGTGACCCCCTGGGGCTGCCATGACAAAAAACTC
CACAGCCTGGGGGCTCACACAGAAGCCTTCAGTTCTAACGGTTCCGGTGT
CCCGAGGCCAAGGCCTGGCCGACTCTGTGTCTGGTGAGGGCCGCTTCGGG
GTTGCAGACAGTTCTCTCCCTGTATCTCCCCACGCTAGGGGCTGGGGAGA
GCTCTCCGGGGTCTGTTTTATGAGGGCACTGGTCCCATTCCTCAGGGTGGA
GCCCTCCTGGCCTGACCACCTGAAGGCCTCCTGACACCACCTCCCATCAG
GGGTGGGACTTCATCGCCAGGGAGGTGAGGGGACTTCAGGAGAGGGGGA
TGTGCCACCTCGAAGCTGTAGTGTGTCAGTGGCTGCCACAGAAGGGATCT
CTCTACCCCTATTATCTCCATGGCACAGGTTTCAATAAAAAGGAGTGAGC
CAGGGCTTGGCCCCAGAGCAGCAGGGTTGAGGAAACAGTCTCCCAAGGA
AAAGACTTTGCAGGTGACTAAGGGAGGCTGTTAAATAAAACACACAGAG
AGAATGGATGTTCAGGTATATTAAAAATACACAGGCCAGGAGTGAGGGCT
CACGCTTGTAATCCCAGCACTCTGGGAGGCCGAGGAAGGAGGATCTCTTG
AGGCCAGGAGTTTGAGACCAGCCTGGGCCACATGGCAAAACCCTGACTTT
GAAAAAAAAAATTAGCCAGGCATGGTGGCCCACACCTGTAGTCCCAGCTA
CTGGGGAGGCAGAGGTGGGAGAATAGCTTGAAGCTGGGAGGTGGAGGTT
GTAGTGAGCTGAGATTGCGCCATGGGCCACAGGATGAGACCCTGTCTCGA
AACAAAACAACACACAGGCAAACAGCGTTTGGGAAGGGATTGCAAGCGC
TGCAGGAGCGCAGAATTGTGACCCAAAGCTAACAGGGTACAGGCAGGAA
GGTGCAGGGACTAGAGGTCACACAGATCCAGGCAGCCACATCCTTACTGA
CCAGTAGCACACAGAGAATGCACCTGCCACACTCAGGAGGGGCCACTGA
GTGATCACACGCATGTAACCTGCACTCTGCCAAGACAAAGAGCATTCCTC
CACCCCTGCCTCAACCCCGACTTCCAACCACATGAATTAGGATAAAGGAG
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CTTTGGGTGCTCTAAGAACAAACTAACTGCGGGAGTTGGGCTCATGGATG
ACACAGAGAAAGCGCAGCTGCCAGACCCATGGGTCTCCATCCTCCCACAA
CAGGAATGCTCCGTGAACTGTGCAGGTAGAAGCAGTGTGGTTATGAGCTG
ATCAGACCTGATCAAACGGCCGACCTTTGCATGCTTGGAACTTTGCCCTAA
ATGCCAAGTCGGCTTTATTATCATTGTGGTTGCTGCTATGGCTGCTGTGGG
CTCAGGGCGTTGGGTGCAGGCAGGTGGAGCCCCCCTGCCTCTGCACTTCC
TGCCCATGCTCGGCACCTCTCCCCACTGGCTGGGACCGCAGCTGCAGAGC
CCACAAGGAGCCCCTGGCCACTGACTGCTGTCTCCAAAGCAACCTTGCCC
CACGGGTCCCCCCCTCCTTGGGTGCTGCCTCCTGGGAGGCCCTCAGTGCTG
GATGTTGCGCCGTGTCTCGCCTGATTTGGAAGACAGCGTGGATGCTCCCCC
CATGAGTGCTGTATCTGAGAGGGGACAAGGACAGTGGCAGTGAGATGAC
AGTCATTTACCTGCCTGCGTATTTACTATATTGAGGGTGTCCTGTGTGCTTT
CAGAGGAAGTCCCAGGGAGCCCAGCTCAGACTTTAAAGACCCTGACCTCT
CACTGGTGCTGGGAAGGCCCTGGGGGTAGGGGGCTTGGGGAGGGCAAGG
GTGAGGGGACCAGTAGGCAGGAGTGGCTTTTGTCCAGGGGTGTGGGAGGT
CAGATCCCAGACCTTGTCTGTCCAGGTTCTGAGAATGATGGAAGGCGCTG
GCTCCAGGCAGGAGGCCCTGCTCACTGCTGCACCCCTGTGCCCTCCCCGG
GGGCCACCTCAGGAGGAAGATAGTTTCCTCTCGCATGGCAGGGACAGCAG
TACACTTCCAATGTCTTCTCTCAGAGCTGTATCATTTTCCGGCTCACTGCTG
GTTTTAGTCACAGACATCTTGATGGTCTTGCCACTGCACAGCATGTCACAG
TGGTCTGCCACACTGATGACATCAGGCTGAATCAACCTGGGGAGCAAAAA
ATGAAAAATGCCAAGATGCCTTGGTAAGACACGTGCTTGCTAAAAATTGA
AAGAGAAAATAACACATTTTCAAAACCTGCCACCTTGGTGAACTTTCTGT
GGGTCCATTGGTCTGATTGGTCAAAATATATATCCAAAATGAAAGAAAAC
ACGCTGTCTCTGGCAAGCAAGACTACCACTAAGAAAGAAGTATCA

Synapsin 1 (SYN1) SE€} I NG: 26

CTGCAGAGGGCCCTGCGTATGAGTGCAAGTGGGTTTTAGGACCAGGATGA
GGCGGGGTGGGGGTGCCTACCTGACGACCGACCCCGACCCACTGGACAA
GCACCCAACCCCCATTCCCCAAATTGCGCATCCCCTATCAGAGAGGGGGA
GGGGAAACAGGATGCGGCGAGGCGCGTGCGCACTGCCAGCTTCAGCACC
GCGGACAGTGCCTTCGCCCCCGCCTGGCGGCGCGCGCCACCGCCGCCTCA
GCACTGAAGGCGCGCTGACGTCACTCGCCGGTCCCCCGCAAACTCCCCTT
CCCGGCCACCTTGGTCGCGTCCGCGCCGCCGCCGGCCCAGCCGGACCGCA
CCACGCGAGGCGCGAGATAGGGGGGCACGGGCGCGACCATCTGCGCTGC
GGCGCCGGCGACTCAGCGCTGCCTCAGTCTGCGGTGGGCAGCGGAGGAGT
CGTGTCGTGCCTGAGAGCGCAG

Mouse alpha-calcium-calmodulin dependent kinase Il (Camk2a) SE{} {3 NG: 27

CCCTTAATTAACATTATGGCCTTAGGTCACTTCATCTCCATGGGGTTCTTCT
TCTGATTTTCTAGAAAATGAGATGGGGGTGCAGAGAGCTTCCTCAGTGAC
CTGCCCAGGGTCACATCAGAAATGTCAGAGCTAGAACTTGAACTCAGATT
ACTAATCTTAAATTCCATGCCTTGGGGGCATGCAAGTACGATATACAGAA
GGAGTGAACTCATTAGGGCAGATGACCAATGAGTTTAGGAAAGAAGAGT
CCAGGGCAGGGTACATCTACACCACCCGCCCAGCCCTGGGTGAGTCCAGC
CACGTTCACCTCATTATAGTTGCCTCTCTCCAGTCCTACCTTGACGGGAAG
CACAAGCAGAAACTGGGACAGGAGCCCCAGGAGACCAAATCTTCATGGT
CCCTCTGGGAGGATGGGTGGGGAGAGCTGTGGCAGAGGCCTCAGGAGGG
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GCCCTGCTGCTCAGTGGTGACAGATAGGGGTGAGAAAGCAGACAGAGTC
ATTCCGTCAGCATTCTGGGTCTGTTTGGTACTTCTTCTCACGCTAAGGTGG
CGGTGTGATATGCACAATGGCTAAAAAGCAGGGAGAGCTGGAAAGAAAC
AAGGACAGAGACAGAGGCCAAGTCAACCAGACCAATTCCCAGAGGAAGC
AAAGAAACCATTACAGAGACTACAAGGGGGAAGGGAAGGAGAGATGAAT
TAGCTTCCCCTGTAAACCTTAGAACCCAGCTGTTGCCAGGGCAACGGGGC
AATACCTGTCTCTTCAGAGGAGATGAAGTTGCCAGGGTAACTACATCCTG
TCTTTCTCAAGGACCATCCCAGAATGTGGCACCCACTAGCCGTTACCATAG
CAACTGCCTCTTTGCCCCACTTAATCCCATCCCGTCTGTTAAAAGGGCCCT
ATAGTTGGAGGTGGGGGAGGTAGGAAGAGCGATGATCACTTGTGGACTA
AGTTTGTTCGCATCCCCTTCTCCAACCCCCTCAGTACATCACCCTGGGGGA
ACAGGGTCCACTTGCTCCTGGGCCCACACAGTCCTGCAGTATTGTGTATAT
AAGGCCAGGGCAAAGAGGAGCAGGTTTTAAAGTGAAAGGCAGGCAGGTG
TTGGGGAGGCAGTTACCGGGGCAACGGGAACAGGGCGTTTCGGAGGTGG
TTGCCATGGGGACCTGGATGCTGACGAAGGCTCGCGAGGCTGTGAGCAGC
CACAGTGCCCTGCTCAGAAGCCCCAAGCTCGTCAGTCAAGCCGGTTCTCC
GTTTGCACTCAGGAGCACGGGCAGGCGAGTGGCCCCTAGTTCTGGGGGCA
GCTCTAGAGCGGGGGATCCACTAGTTCTAGAGCGGCCGC

Neurofilament medium chain (NEFM) minipromoter 5E{; I NG: 23

CTTGGTATGTTCTTTTGGACTGAAAACTGATGGAGTTGGAAGTGACTTTTG
TAGTGAAAATGAGGCTGGAGTAATTAATATTGTTCCAGTGTTCTGGTTATG
CGCAGGAGTGAATCATGATACCCAAATTACAATGACTCATCTCTTCTGAG
AGAATAAATTGTGATTCTATGAAAGTTTTGCTTCACTAGGAATTTTTTGAA
GGGTTCTGTTTGTTCTAGTTTAGAAACCTACACAGGCAATATGGGCTTTGC
AAAGGTATAAAATTTTCTTAAATAAAACTAAACAAAGATCTATTTTGATTT
TCAGCGTTGGATTTTTTTTTTTTCTTGCCTTTCCTTTGCTTCTGGGAGAAAG
TATCTTCAGACAGGAAGCTTTGAGCTACTCATAAATTCTCCCTAACACTGC
AGAAACATATTTCACTATGAAATGGTGGAGATGACAGTAAGAGCCTCTTG
TTTGAGGGGCAAAGCTGAGACATCCTGAATGCTATGGAAGTTTAATCTTC
CATGCTGACGCAATCACGGGAATATTGTGCTCCTGGGGTTTTCTTTATTGC
CAGCTACTGTCTAATGCCAGGACAAAAGGAATAATTTGATTACAGCCGAG
GAAAGCACAGTTTGTTCCTGTTACTTTTAAGATGTGCACGCATATTAAGGT
TAACAAGATTTGTGGTTGTGAAGTATAATTCTAAAGCCTCACAAGCATGA
AGGGTGTGTGGACGTTTTCCTGAGTCATCCTAGGGAACAAAAGGGAGTGG
GCAGAGCTAGTTACCAGAGTTGGAAAGGGATGCATCAGTCATTACATTCA
GGGGCTGTTAGTTGGTTCCTTTTGCAAATGGGCTGTGAACTGCAGATGTCC
CTGGGAGAGAAAATAGAAAATTACTAGCAAATTCCTAAGAGAACCTGGC
CTCTTTAAAGAAGAGAAGACACATTGGGGCTGGGGATGACATCCCAAAAC
TCCCAGCGCCGGGGAGCTCAGGCTCGGGCGGTGCCTGGCTCCCCTCCCCG
GTTCCCGCCGCAGGAGGCTGCTGAGTCACTCCCGCCTGAGCCACGGCCGC
CCCCAGCCAGCCACGCGATTGGCGGGTTAGCCCGGGCGCAGCGCCCTCTT
CCCAGCTCCCGCACCCCCAGGGCTTCCCGCAGGCAGAGGGTGGGAGCCCC
GGCGAGCGACCAGTTGGGGCTTGGTAGGAACCCCCTAAAAATGCGCCCCA
CTTGTGCATTCGTGCATGGGCGCATTTTGGTTCAGAATTAATTGAGAGTTG
TTCACTCTACTATTTATTAACTAGATGATCCGATAGTTGCTGCAAAGTAAC
TTGTGGTTAATGCAGGTCAGTAGAGAGCTGATCTCACTGCAGGCCGGAGG
CAACGCCCAATTCCCACGTCTTCCCCTCCCCCACCCAACAAGGGCTGGGC
AGCTTTAATGCGGAACGCCGGTGCAGCAGCACGGAGCACACTCCCAGACT
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ACAGTGGCGCCCGCACTCACGCCCTTCAAGTGCCCCACCCCTCCCACACA
GTGGCCAAGGAGCCAAGCCCTATCCCTCTGCGATCTGTCCATTGTGCCAA
CCCTGCATTGCAGGGAAGTCTTAGCCTGTGATTCCAGCTTCGCTCCTGCAA
AGATAGTCACTACAGGCAGGTTTAAATTGTATTTACTCGGAGAGAAGAGG
GGGAAGGGAACCCCCTGCCCCCTGCCAACCTGACAGGCCAGGCTGGGTGA
CAAGCCCCCCGGGTGGCTGCACCTCCCACTCGCCGACCTGGGCGCTGTCC
TTGGTGCTGCCGGCGCCATAGCGAGCACAAGCGCCTTACCTTCTGCCCCTG
CGGAAGCTGCGGACGTCCCCCAAACGTTAAAAACGCCATATCCCACTTTT
TATACAAATAACTACCCCGGCCTGTTCTCTTTGTCCCCTTCCCGAAGCCTT
CAGGCAGACCGTTCCGCAAAGTCTTTTTTTTTGTTTTGTTTTGTCTTCTAGA
CCCAGCTCCTCGGCGCTCATCTCCAGCTGCTTTAAGACAAGGGGTGGGGG
AAGGGGAGGGAGGCAAGAAAAGATGAGGGTGGGGGAGGGGAAAAGAGG
GAATGCAAGGGGAAGGAGGGAGGAGACGGGGAGAAGGAAAGATTGGAA
GAAAAGGATCTCCGAGGAAGGGGCTGAGAGAAGGGCAGGGTGAACTGGA
CTAAAGGCCAGAGTAGGAAGGAGAAGAGGGGCCAAAAAAGAAGGGGAT
GAAATTAAGCACAGAAGATGGGTAAAGAAAAAAGTATCAGGGAAAGGGC
AAAATAAGAGAAAGCCTTGAGGATAAGAGGGTAGAAGGCTAAAGAACAA
GGGGACCACTGGGTCGGGGAAGCGCTGCCTGAACGGCGGGACAGTGACA
AAGAAAGGGCGCTGGCGATATTCGCACCAAGGGTGCGAAACGCAATCGG
GAGGTGAGAAATGGAAAGAAGGCGAATGCCCGGCTACAAGTAGCCTGGG
ACTGAAAGGGGACCTGGGGGAGGGGCTGGGCCCAGGGCAGAAAAGTCCA
GGTTCCCATGCGGCCTGGGCCCACGTGGAGCGGGCGCTGAATCACCGTTC
AGCCGCCCCCCTCCCCTCCTCCCCGACCGGTGCCCGCAGTCCCCGCCTCCT
CGGCCGCCGCCTCCACGGGGCGGGGCCCTGGCCCGGGACCAGCGCCGCG
GCTATAAATGGGCTGCGGCGAGGCCGGCAGAACGCTGTGACAGCCACAC
GCCCCAA

Neurofilament light chain (NEFL) minipromoter SE(} 13 NG: 29

CTTGGTATGTTCTTTTGGACTGAAAACTGATGGAGTTGGAAGTGACTTTTG
TAGTGAAAATGAGGCTGGAGTAATTAATATTGTTCCAGTGTTCTGGTTATG
CGCAGGAGTGAATCATGATACCCAAATTACAATGACTCATCTCTTCTGAG
AGAATAAATTGTGATTCTATGAAAGTTTTGCTTCACTAGGAATTTTTTGAA
GGGTTCTGTTTGTTCTAGTTTAGAAACCTACACAGGCAATATGGGCTTTGC
AAAGGTATAAAATTTTCTTAAATAAAACTAAACAAAGATCTATTTTGATTT
TCAGCGTTGGATTTTTTTTTTTTCTTGCCTTTCCTTTGCTTCTGGGAGAAAG
TATCTTCAGACAGGAAGCTTTGAGCTACTCATAAATTCTCCCTAACACTGC
AGAAACATATTTCACTATGAAATGGTGGAGATGACAGTAAGAGCCTCTTG
TTTGAGGGGCAAAGCTGAGACATCCTGAATGCTATGGAAGTTTAATCTTC
CATGCTGACGCAATCACGGGAATATTGTGCTCCTGGGGTTTTCTTTATTGC
CAGCTACTGTCTAATGCCAGGACAAAAGGAATAATTTGATTACAGCCGAG
GAAAGCACAGTTTGTTCCTGTTACTTTTAAGATGTGCACGCATATTAAGGT
TAACAAGATTTGTGGTTGTGAAGTATAATTCTAAAGCCTCACAAGCATGA
AGGGTGTGTGGACGTTTTCCTGAGTCATCCTAGGGAACAAAAGGGAGTGG
GCAGAGCTAGTTACCAGAGTTGGAAAGGGATGCATCAGTCATTACATTCA
GGGGCTGTTAGTTGGTTCCTTTTGCAAATGGGCTGTGAACTGCAGATGTCC
CTGGGAGAGAAAATAGAAAATTACTAGCAAATTCCTAAGAGAACCTGGC
CTCTTTAAAGAAGAGAAGACACATTGGGGCTGGGGATGACATCCCAAAAC
TCCCAGCGCCGGGGAGCTCAGGCTCGGGCGGTGCCTGGCTCCCCTCCCCG
GTTCCCGCCGCAGGAGGCTGCTGAGTCACTCCCGCCTGAGCCACGGCCGC
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CCCCAGCCAGCCACGCGATTGGCGGGTTAGCCCGGGCGCAGCGCCCTCTT
CCCAGCTCCCGCACCCCCAGGGCTTCCCGCAGGCAGAGGGTGGGAGCCCC
GGCGAGCGACCAGTTGGGGCTTGGTAGGAACCCCCTAAAAATGCGCCCCA
CTTGTGCATTCGTGCATGGGCGCATTTTGGTTCAGAATTAATTGAGAGTTG
TTCACTCTACTATTTATTAACTAGATGATCCGATAGTTGCTGCAAAGTAAC
TTGTGGTTAATGCAGGTCAGTAGAGAGCTGATCTCACTGCAGGCCGGAGG
CAACGCCCAATTCCCACGTCTTCCCCTCCCCCACCCAACAAGGGCTGGGC
AGCTTTAATGCGGAACGCCGGTGCAGCAGCACGGAGCACACTCCCAGACT
ACAGTGGCGCCCGCACTCACGCCCTTCAAGTGCCCCACCCCTCCCACACA
GTGGCCAAGGAGCCAAGCCCTATCCCTTCAGGGCTGGCCGCAGCGGCTTC
CCTGAAAATCAGCCAACTGCAAGGCTTATCGAAATCATCAGGTCGTGTGC
TACACATGTGTAAAAAGAGGAAAGCGGACTTTAAATGTGCTGCGGTTGGT
GGTAGCAAGCAGGAATTTAGCTTGGTGAGGATCCAGGCAGCTTGAAGCTC
CCGGCTGCGGAGCGCGCGGCTGCCTCAGCAAGTCAGTCTCTGTGTTTCCA
ACTCTTTCTCTGCCCTCCACCACCCACACACTGCAACACGTTAAAGCCATC
TGCGGCTTCATTCTCAGTTAAGAAATGTGAAAATCTAGAAACACTAACAG
GCGGATTAACTGCTGTAAAGGTTTAAAAATGCTAAACCAATACCTGCAGT
AGTGCCGCAGTTTCACGAGTGTGTGTGTGTGTGTGTGTGTGTGTGCGCGCG
CGCGCGCGCACTCGCGCGCACATTCCCTATGTGTTAAGCAGCTCATTAAA
GAAAAAGAAAAATAATCAGGAGAAAGGAAGATGAATTGCAGAAAGTGCC
AGAAAGCTAGAAAGAAATTAAAACTCTTCTCCATACATACTGCATACACA
TAACCTAGCCTATTTATTTGTATCTAAAATTCCCTAGCCGCACCATCACCG
TAAACACCAAGGGAAAAAATTAAGGAGGTTCCTGGTGGGAAAAGGGCGA
GTTGGGGGGACAGGGTGTCTGCGAGGTGACGGGATACAGAAAACTAGGG
TGTCAAAAGGGAGCAAGAACCTGTTTTGGGGGCAACTTAAGGATCCAAGT
GTCACGGGGTCTGGGCAATGCAGGACGGGAGGGGCTGCGTGAGTGAGTA
CAGAAGGGAAATGAGTGAGGGGGCATGGGATCTCAGAGAAAATCAGGGC
CCTCTGAGCAAAGTGGAAAGGACGACCGCCGCAGCTCCTCGGGCCGTAGC
TCGACCCCGCCTTCCCTTTTGCGCAGAATCCTCGCCTTGGCTGCAGCAGCG
CGCTGCCCCCACTGGCCGGCGTGCCGTGATCGATCGCAGGCTGCGTCAGG
AGCCTCCCGGCGTATAAATAGGGGTGGCAGAACGGCGCCGAGCCGCACA
CAGCCATCCATCCTCCCCCTTCCCTCTCTCCCCTGTCCTCTCTCTCCGGGCT
CCCACCGCCGCCGCGGGCCGGGGAGCCACCG

Neurofilament heavy chain (NEFH) promoter 5EQ 1D NG: 30

TTGGGAAACTCAGCACACTCTACTTGCCTCTGGGAGATTCACAATGCTCAC
TGCCAAGTCCAGGCTTTGGGAAGATAACTCCAAGAACTGCGGGTGGATGG
ATGGATGGATGGATAGATAGATGAATATATCGTTCTACTCACTTCCAAAT
GGTAAGAATCACAGGGAGGAAAGTGAAAGCGATTCGAGCCCCAAGGACT
CAGGGCAGAACCATTCACAGCCCCTCCAGACCACAAGTTTGGCTGGAAAA
CAGACGGAACTTATTCATTCATTGATTCATTTACACACCACAGAGTGGTAA
GAGCAGCATTAGAGATTAGCACTGGGAACCATGGGAACCACCAGGAGGG
GACAATTAACTAAATGTGGGGGTGAAGGCGGCCAGGGATGGCTTTCTGGA
GGTGAGCCTGAAGGGTCCTTTGGGGGAACTGACCTCAGGGCTCCAGCCCT
CATGCCATTTTCTCCAGCCACAAGAGTCATGCTTGGGGCTTCTTGGACTAC
ATAGGCAGCTTCAATCTGATGGCTGTGGCCCCTTGGCCTCAACAGAATAC
ATCTTGGAGCCCCCTTTTTACCCCAAACCCCCATTCCTCCTTGCTGTCAGCT
GCTTGTGAGCCTTCTCACATCCAGAGAATGTATCAGCATTGTGCAGACTG
AAAAGACCCAGAGGAACAAGGCTCCAATGGCAAAATTCCAAGTAGAATG
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ACAAATAAATGGGGAGCCATCTGAGAGCAAGGGAGTCCTGCCCAACACC
CGCCCCATGCCTTTCTCAGGGACCTCAGACCAGCCACTCACCTCCATCCTC
CCAGCACCACCTGCAACCAGCCCCTTGCCCTCTGCAAACTGGAGCACGAC
TGGATCTTTAGATGGGGGAAAAATGCTTCATCATGTTCTGCTGCTTCATGC
AAAACCAGAAACTCCCTCCCCCTCTTCCCTCCTCCCAGCGCACTCTCCTTC
CAGTAAAAAGTGGTTAAAGGGACAGCGCCATCAATTTCCCAGCTCTGAGG
GTCTGCTTAGAACTAGGGGGCTGGAAGGAGACAGAGGGCAAAGAGAAAG
GAACTGGCAGAGGTCTTTCCTGGGGGATATGTCTGTTCTGTCCTGGGGATC
CTGGAGCAGGAAAACCCGCGTAAAGTAGGGGTGTAGTGGGTGTTGAGAT
AACTGCCTGGGGGAGGTTCAGAGTGGAAGTACGAGTCTACAAACTCTCAA
GGGCGTCTCAGGGCTCCCAGCATCCCCAGGGGTCCTTTCGCAGGGGTCCC
TAAGCAGGAGGGGAACAGCCCAGAAAACACGGAACTGGACCCCCGACAG
GAAGTCCAGGGAGGGGTCCCTGGCTCACTATGTGACCCTGCTGGATCACT
TGCCTCCCCTCTCGGGTCCCCTCAGCACAGTGTCCCTCCCTTCCTTCCCCTA
AAGTAAAAGCAGAGGGTTAATCTCTTTCCCCGCCCCACGCCCAACAAAGA
GCAGGCCCTGTCCCCGGTGCTGAAGCGCCAGCCGCAGCACCACCCCCACT
CCCACAGCATAAAACATGAGCCAAAACCAATAAAGAGCCAAATGTCACA
GCCGTTGCAGGGCCCCCTAAATCCTGGGGACCCCTTCTTCTACCTGACATC
CTATTGGGGTGAGGGACTTTGGTACTCAGAAAGCATCTCATCACTTCCCTG
TAAGAGAGAAGGGATGCCGACTCAGGCGCCTGCTTGTCTGTTACAGGAGT
GGGGGAAGAGAGGACAAGTTGAGGCTGAGAAGATGGGGAGGGGGAGGG
AGAAAAGAGGACTTCCTAGTGTTGACAGAACGGCAAGATGTGGGTTCCCC
ATCCCCAGTTCAGCCAGAGACCCCTCAAAGTGGAACTTCCTGGGGCAGTC
GGGGGTCAGGAGTTGGAGCTTGTCTCTGGGGCAAGACCCCTTCGTTGTAC
AGATGGAAAAACAAGGGTGGGAGGACACAGCTTGTCCAAGGTCATTCGA
CCAGCAAACTGCCTAGCTGACCCCAGTGTGCAGAAGCTGGCTCGGGTGAC
ACCCATCATTTCCCCCCACCCCACACAGGGGCCAGCTCTCTCAACTTCATG
CCCAAGCCCTCCTACGGTACCCCCACTGTAGGTTCTCTGCCCCTCAAACTC
AGCCCAGCTTTCTCCTGCCTGTTCAGGGGACCTTCTGCCCGCTTCGCTGAG
GGTCCGTCCCCTTTACTGGGGCTGGCAGCAGGGTCTCCCATCTCCTCTCTC
GGGGGCCACTGCAGACTTTTTAGAGAACGCCTTGCCTCCCCCCAACCCCA
CCCATCCGGGGTTCCCTCTCTCCATCCTCTGCAGTGTCTCCCATACCCCCA
TTCAGGGTAGCCTTGCTATTCTCCCCAACTCCAGGTCCCCCTTCATCTATTC
CGGGGCTGGCCGCGGAGTTTCCTGAGCGCTCTCCAAGTGGGTCCTCTAGA
TGTTAGGAGAACACTGTACCTCCCCCGGTCAGGGGTCTCCTGTCTCCGTTC
TATGGAGCGTCCATGCTCCCATTCAGGACTGCCTTGCTCCCTCCTCTGTTC
CGGGGCTGGCTGCACAGTCTCTGCACCCCCTATCCTGAAAGCCTCTCTTAA
CTATTTGGAAAGCCTCGTGTCCTGTCTCATACAGGGATCCCCTCATCCTAA
TGACTGCAATCTTCCATTGCTCCATCCCGAGGGCATCCTGCCCCTATTCCC
ATCAGGTTTCTCCTTGTCCTCTCCCTGTTTCAAGTCCCCTTTCTTATTCCGA
ACACACTCGCAGGCTCTTCCGACGCGCACCCGGGGGTCCTCACTGGCCCA
CTCCGGGAGTCCTCTGCCCGCTTCCCCGACCTCGAGGGTCTCCTCTGACGC
AGCGTCGATTCCCCTTCCCTCCTCGGTCCCCTGCCCCGCCCCTCTCACTGC
GGCGGAGCCGGTCGGCCGGGGGGCCGCAGGGGAGGAGGCGGAGAGGGC
GGGGCCCTCCTCCCCACCCTCTCACTGCCAAGGGGTTGGACCCGGCCGCG
GCGGCTATAAAAGGGCCGGCGCCCTGGTGCTGCCGCAGTGCCTCCCGCCC
CGTCCCGGCCTCGCGCACCTGCTCAGGCC
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Promoters for GBA knockin include the following SE( 11 INGS 31-40 and 43 (these
sequence Hetings are a “synthetic construct”™)

Mouse Thy-1 cell surface antigen (mTHY1) SECG 3 NG: 31

GGTTATCCAGGCTTCTGAAGGTTCAAGCAAAGAAAGGGTTACAACCTTAA
AAGGAGAGCGTCCCGGGGTATGGGTAGAAGACTGCTCCACCCCGACCCCC
AGGGTCCCTAACCGTCTTTTCCCTGGGCGAGTCAGCCCAATCACAGGACT
GAGAGTGCCTCTTTAGTAGCAGCAAGCCACTTCGGACACCCAAATGGAAC
ACCTCCAGTCAGCCCTCGCCGACCACCCCACCCCCTCCATCCTTTTCCCTC
AGCCTCCGATTGGCTGAATCTAGAGTCCCTCCCTGCTCCCCCCTCTCTCCC
CACCCCTGGTGAAAACTGCGGGCTTCAGCGCTGGGTGCAGCAACTGGAGG
CGTTGGCGCACCAGGAGGAGGCTGCAGCTAGGGGAGTCCAGGTGAGAGC
AGGCCGACGGGAGGGACCCGCACATGCAAGGACCGCCGCAGGGCGAGGA
TGCAAGCCTTCCCCAGCTACAGTTTTGGGAAAGGATACCAGGGCGCTCCT
ATATGGGGGCGCGGGAACTGGGGAAAGAAGGTGCTCCCAGGTCGAGGTG
GGAGAGGAAGGCAGTGCGGGGTCACGGGCTTTCTCCCTGCTAACGGACGC
TTTCGAAGAGTGGGTGCCGGAGGAGAACCATGAGGAAGGACATCAAGGA
CAGCCTTTGGTCCCCAAGCTCAAATCGCTTTAGTGGTGCGAATAGAGGGA
GGAGGTGGGTGGCAAACTGGAGGGAGTCCCCAGCGGGTGACCTCGTGGC
TGGCTGGGTGCGGGGCACCGCAGGTAAGAAAACCGCAATGTTGCGGGAG
GGGACTGGGTGGCAGGCGCGGGGGAGGGGAAAGCTAGAAAGGATGCGA
GGGAGCGGAGGGGGGAGGGAGCGGGAGAATCTCAACTGGTAGAGGAAG
ATTAAAATGAGGAAATAGCATCAGGGTGGGGTTAGCCAAGCCGGGCCTC
AGGGAAAGGGCGCAAAGTTTGTCTGGGTGTGGGCTTAGGTGGGCTGGGTA
TGAGATTCGGGGCGCCGAAAACACTGCTGCGCCTCTGCCAAATCACGCTA
CCCCTGTATCTAGTTCTGCCAGGCTTCTCCAGCCCCAGCCCCAATTCTTTTC
TCTAGTGTTCCCCCTTCCCTCCCCTGAATCTCAAGCCCACACTCCCTCCTCC
ATAACCCACTGTTATCAAATCTAAGTCATTTGCCACCCAACAACCATCAG
GAGGCGGAAGCAGACGGGAGGAGTTTGAGATCAACTTGGGCTACATCAC
GAGTTCCAGGCTCACCAAGGCTTCTTAAGGAGACCTTGTCTCTAAAATTA
ATTAATTAATTAATTAATAGTCCCCTTTCTCTGCCACAGAACCTTGGGATC
TGGCTCCTGGTCGCAGCTCCCCCCACCCCAGGCTGACATTCACTGCCATAG
CCCATCCGGAAATCCTAGTCTATTTCCCCATGGATCTTGAACTGCAGAGAG
AATGGCAGAGTGGCCCGCCCTGTGCAAAGGATGTTCCTAGCCTAGGTGGA
GCTCGCGAACTCGCAGACTGTGCCTCTCTTGGGCAAGGACAGGCTAGACA
GCCTGCCGGTGTGTTGAGCTAGGGCACTGTGGGGAAGGCAGAGAACCTGT
GCAGGGCAGCAATGAACACAGGACCAGAAAACTGCAGCCCTAGGAACAC
TCAAGAGCTGGCCATTTGCAAGCATCTCTGGCCTCCGTGCTTCTCACTCAT
GTCCCATGTCTTATACAGGCCTCTGTGGCACCTCGCTTGCCTGATCTCATC
CCTAGCCGTTAAGCTTTCTGCATGACTTATCACTTGGGGCATAATGCTGGA
TACCTACCATTTTCTTAGACCCCATCAAAATCCTATTTGAGTGTACGGTTC
GGAGAACCTCATTTATCCGGTAAATGTCTTTTACTCTGCTCTCAGGGAGCT
GAGGCAGGACATCCTGAGATACATTGGGAGAGGAGATACAGTTTCAATA
AAATAATAGGTTGGGTGGAGGTACATGCCTATAATGCCACCACTCAGGAA
ATGGTGGCAGCTTCGTGAGTTTGAGGCCAACCCAAGAAACATAGTGAAAC
CCTGTCAGTAAATAAGTAAGCAAGTATTTGAGTATCTACTATATGCTAGG
GCTGACCTGGACATTAGGGGTCATCTTCTGAACAAACTAGTGCTTGAGGG
AGGTATTTGGGGTTTTTGTTTGTTTAATGGATCTGAATGAGTTCCAGAGAC
TGGCTACACAGCGATATGACTGAGCTTAACACCCCTAAAGCATACAGTCA
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GACCAATTAGACAATAAAAGGTATGTATAGCTTACCAAATAAAAAAATTG
TATTTTCAAGAGAGTGTCTGTCTGTGTAGCCCTGGCTGTTCTTGAACTCAC
TCTGTAGACCAGGCTGGCCTGGAAATCCATCTGCCTGCCTCTGCCTCTCTG
CCTCTCTGCCTCTCTGCCTCTCTCTCTGCCTCTCTCTGCCTCTCTCTGCCCCT
CTCTGCCCCTCTCTGCCCCTCTCTGCCGCCCTCTGCCTTTTGCCCTCTGCCC
TCTGTTCTCTGGCCTCTGCCCTCTGCCCTCTGGCCTCTGGCCTCTGCCTCTG
CCTCTTGAGTGCTGGAATCAAAGGTGTGAGCTCTGTAGGTCTTAAGTTCCA
GAAGAAAGTAATGAAGTCACCCAGCAGGGAGGTGCTCAGGGACAGCACA
GACACACACCCAGGACATAGGCTCCCACTTCCTTGGCTTTCTCTGAGTGGC
AAAGGACCTTAGGCAGTGTCACTCCCTAAGAGAAGGGGATAAAGAGAGG
GGCTGAGGTATTCATCATGTGCTCCGTGGATCTCAAGCCCTCAAGGTAAA
TGGGGACCCACCTGTCCTACCAGCTGGCTGACCTGTAGCTTTCCCCACCAC
AGAATCCAAGTCGGAACTCTTGGCACC

Rat Neuron specific enolase (rNSE) promoter 55} {13 N} 32

GAGCTCCTCCTCTGCTCGCCCAATCCTTCCAACCCCCTATGGTGGTATGGC
TGACACAGAAAATGTCTGCTCCTGTATGGGACATTTGCCCCTCTTCTCCAA
ATATAAGACAGGATGAGGCCTAGCTTTTGCTGCTCCAAAGTTTTAAAAGA
ACACATTGCACGGCATTTAGGGACTCTAAAGGGTGGAGGAGGAATGAGG
GAATTGCATCATGCCAAGGCTGGTCCTCATCCATCACTGCTTCCAGGGCCC
AGAGTGGCTTCCAGGAGGTATTCTTACAAAGGAAGCCCGATCTGTAGCTA
ACACTCAGAGCCCATTTTCCTGCGTTAACCCCTCCCGACCTCATATACAGG
AGTAACATGATCAGTGACCTGGGGGAGCTGGCCAAACTGCGGGACCTGCC
CAAGCTGAGGGCCTTGGTGCTGCTGGACAACCCCTGTGCCGATGAGACTG
ACTACCGCCAGGAGGCCCTGGTGCAGATGGCACACCTAGAGCGCCTAGAC
AAAGAGTACTATGAGGACGAGGACCGGGCAGAAGCTGAGGAGATCCGAC
AGAGGCTGAAGGAGGAACAGGAGCAAGAACTCGACCCGGACCAAGACAT
GGAACCGTACCTCCCGCCAACTTAGTGGCTCCTCTAGCCTGCAGGGACAG
TAAAGGTGATGGCAGGAAGGCAGCCCCCGGAGGTCAAAGGCTGGGCACG
CGGGAGGAGAGGCCAGAGTCAGAGGCTGCGGGTATCTCAGATATGAAGG
AAAGATGAGAGAGGCTCAGGAAGAGGTAAGAAAAGACACAAGAGACCA
GAGAAGGGAGAAGAATTAGAGAGGGAGGCAGAGGACCGCTGTCTCTACA
GACATAGCTGGTAGAGACTGGGAGGAAGGGATGAACCCTGAGCGCATGA
AGGGAAGGAGGTGGCTGGTGGTATATGGAGGATGTAGCTGGGCCAGGGA
AAAGATCCTGCACTAAAAATCTGAAGCTAAAAATAACAGGACACGGGGT
GGAGAGGCGAAAGGAGGGCAGAGTGAGGCAGAGGGACTGAGAGGCCTG
GGGATGTGGGCATTCCGGTAGGGCACACAGTTCACTTGTCTTCTCTTTTTC
CAGGAGGCCAAAGATGCTGACGTCAAGAACTCATAATACCCCAGTGGGG
ACCACCGCATTCATAGCCCTGTTACAAGAAGTGGGAGATGTTCCTTTTTGT
CCCAGACTGGAAATCCATTACATCCCGAGGCTCAGGTTCTGTGGTGGTCA
TCTCTGTGTGGCTTGTTCTGTGGGCCTACCTAAAGTCCTAAGCACAGCTCT
CAAGCAGATCCGAGGCGACTAAGATGCTAGTAGGGGTTGTCTGGAGAGA
AGAGCCGAGGAGGTGGGCTGTGATGGATCAGTTCAGCTTTCAAATAAAAA
GGCGTTTTTATATTCTGTGTCGAGTTCGTGAACCCCTGTGGTGGGCTTCTC
CATCTGTCTGGGTTAGTACCTGCCACTATACTGGAATAAGGGGACGCCTG
CTTCCCTCGAGTTGGCTGGACAAGGTTATGAGCATCCGTGTACTTATGGGG
TTGCCAGCTTGGTCCTGGATCGCCCGGGCCCTTCCCCCACCCGTTCGGTTC
CCCACCACCACCCGCGCTCGTACGTGCGTCTCCGCCTGCAGCTCTTGACTC
ATCGGGGCCCCCGGGTCACATGCGCTCGCTCGGCTCTATAGGCGCCGCCC
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CCTGCCCACCCCCCGCCCGCGCTGGGAGCCGCAGCCGCCGCCACTCCTGC
TCTCTCTGCGCCGCCGCCGTCACCACCGCCACCGCCACCGGCTGAGTCTGC
AGTCCTCGAG

Dopa Carboxylase (DDC) promoter S} {3 NG: 33

CCATGGTGGGAGGAGAGACTGAGCCCAAACCATGTTTTAGATGCTGATAG
GCTTAAGGGTAACAGCACAGGAGTTTGAGATGCATGCGGCTCAACACCTA
ATCTACATCTCACTTCACTTTCTCATCTGGGGAAGTGGGCTTGGGACCCTG
AGCCTCCCGGGTATCACAGGGTCCTAATAGTCCCTCACAGAAGGAGCAGA
CCCAGAGTGAGCACTCCCCAAATGCCACGCCGTCCCTTCCTCACCCTTGGA
GTGGAGCCTGGTCGTTCTCAAAGTTGCTGGGAGAGTCCCAGGAGCCCTGG
CCCCAAATCTGCATCCTACACAGTGCCTGGGAACACAGGGCCCATTTTTTC
CTTGGCCTCTCGCCAGTCCCAGCAGGCCCTGATGCTCCTCTCCATCCTGCT
AGGATGGCTCTCTCCCCCTGGGGGCAGAGTGGGGGCAGGAGGTGGTGGG
AGGGTGGAGGGATGCTGCTCAGTAAATAATGCAGAGCCGGCAGCTCTGAT
TGGCTTCGGGGAGGCAGACACTCTGTCTACATAAATGGCAATCACATCTT
CTGTGCCT

catechol-O-methyltransferase (COMT) promoter SEC I3 NG: 34

ACAGAAGCACTTCACCTGTTTATTTCTTGAAAAGCCATTCTATGTTGCTGCT
TCCCACTTTTAGTTCTCAGAGGTGGCTTTCCTACTGTCCAGAAGACATAAA
CTTCTGTTTTCCCTGGAGTCACCTTAGCTTAAACTCCTATAATCTTGTTGAAT
CATCCCTGTGTTTGGCTAAACCAGGCTCCTCATACCCACGTTCCAGGGTCA
CACAGGTAACTTGGCTTGCTGCTTCTGGGGGCTCTGAATCCCACAATGCCG
ATCCACCACCTCTTCCCTGCTGCCACTAGTCTCCTGGGGTCTAGCCTCAAC
AGCTTCCACCAAGGACACACTGCATTGCTTAAGAGTGTATTTAAGGTGCGG
CATTTGTGATGCTAGGGAGGAGCCTTCCTGACTTAATCACGTAGGGGGAGT
GGGGAAAGAAGTGGGTATTTGGAAGGAGGGTGAGGTGGGCTGGGAATGC
CAAGAAATGGTAGTACTGTGTGGTGAATCAAAGTGGGTCTTGGAATCTTCC
TAGCTTTTCTTTTCTTTTCTTTTCTTTTTTTTTCTTTCTGACTTTTTATCTTATG
TTGTCACTCACCATGTTTTGTTTTCCTCATCTGCAAAATGGATTGTTGTAAG
CTTGAACAGGAATCATGCATAAAGTACTGAGCACAGTGCCTGGTACCTTGA
AATCACTCAATGGAAGTTTCTTATTATTTGCCCTACACCCAAGGAGTAATTG
GGGCCCTGAAGGAAGACACCCCAATTTGCCGTCCTCCCAGCCGCCAAGCC
TGATAGTGCACTAGGGAGGCTGATGGGAAAATACCGTGCAGAAGGCTGAG
GAGTGGGGATTCTGGGGCGGGACTCTTTGAAGTCCTAGGTGACCTCTCCGC
CCAGGCACCCGCCCTCCCCGGGCCTGGGCTGCAGAGCTGCGGGCGGGGGC
GGTGGCCCTGCGCTGCACCCGGCCTGCCTGCGCGTAGGCGGGCGGGCGGG
GCTGCGCGTCCGGGCTCCCGGGGCTGGTAATATAGCGGCTCGCCGAGGCGC
TGGTGCACGGGGGCAGCGCGCAGCAGGCCGGCGGGCAGGCGGGCGGGCT
GGCTGGCAGGCAGGACTGGGATCGAGGCCCAGAAAACGGAGCAGCGGGC
ACCAGGGAGGCCTGGAACGGGGCGAGCGCC

Glucosylceramidase beta 1 Promoter 1 (GBA P1) SEG B3 NG: 35

ATAGAATGTTAAGGTCCCAAGATCAGAAACTTGCTCATTGCAGTGGGTCT
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AACACTCAGTAGGTCCTCAACAAACATTCGTTAAGATACTAAAGTGGCAG
GGTGGGGCCCTGTAAACAGCTTCAGGACCCTGTGCTTGTAGGGGCAACGT
GGTGCCCTCCAAGGAAGACAGGGAGGTGGGAGGAGCACTGCCCAGAGAT
GGCGTCAGGCTGCAAGACTTCTTGAATAATTCAGCATCATAACAACCCAG
CCTCAGGAAGGGATAGGGCACGGCCAGGACGAAACATTAGGAGGCGATG
GACAATGGGATTCCCACGGGGCAGCTTCTGCGCACTGGACGTTCCCTAAC
CTGAGGCTCTCTAAAGAGGAAGGTTAGGAATCCTCTGAGCTTCGGTGGGC
TGGACTCACTGTGGGAATTCAATCGCCCCATCCACCAACAGTGTGCTGGC
GGGAAAACGCCGACACGCATGCGTAGTTCTCGCGCCGGCTCCTCTCTCTCT

Glucosylceramidase beta 1 Promoter 2 (GBA P2) SEG B3 NO: 36

CCTCCCTCCAGTCCTGTCATCCCACTGCCAGTGTCCCACCCTCTTGTGCCCT
GCACTTCACTGGCTAATAACCCCCCTCACTTTTTCCTCTGTGCCGCCATCCT
GGATAATTCCCCACCCACGAATGGTCCCTCCTCATCTCAGAGAGCTCTCCA
TGCACACCTGTTACCGTTTCTGTCTTTATCTGTAAATATCTGTGTGTCTGAC
TTCCATGCCTCACACACCTCTATAGGGCAAAGACTGTCTTAAACATCTTGG
TAGTGTCAAGTATTTTGCACAGTGAAGTTTTTTTTTTTAAATTATATCAGCT
TTATTTGTACCTTTTTGACATTTCTATCAAAAAAGAAGTGTGCCTGCTGTG
GTTCCCATCCTCTGGGATTTAGGAGCCTCTACCCCATTCTCCATGCAAATC
TGTGTTCTAGGCTCTTCCTAAGTTGTCACCCATACATGCCCTCCAGAGTTT
TATAGGGCATATAATCTGTAACAGATCAGAGGAAGCC

Human eukaryotic translation elongation factor 1 alpha 1 short form (EFS)
promoter SEQ I3 N{3: 37

GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGA
GAAGTTGGGGGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGG
CGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCC
GAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCT
TTTTCGCAACGGGTTTGCCGCCAGAACACAGG

Human eukaryotic translation elongation factor 1 alpha 1 (EEF1A1) promoter
SEQ NG 38

GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGA
GAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGG
CGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCC
GAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCT
TTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTGCCGTGTGTGGTT
CCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTA
CTTCCACCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGAA
GTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGT
GCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCTG
GTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTA
AAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGT
AAATGCGGGCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGG
GCGGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGG
CCTGCGAGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCC
GGCCTGCTCTGGTGCCTGGTCTCGCGCCGCCGTGTATCGCCCCGCCCTGGG
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CGGCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCC
GCTTCCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCGCTCGG
GAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTTTCCGTC
CTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGC
ACCTCGATTAGTTCTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGG
AGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGACTGAA
GTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTG
AGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCAAAGTTTTT
TTCTTCCATTTCAGGTGTCGTGA

Chicken beta actin (CBA) promoter SE{ 113 NG 39

CGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACC
CCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATA
GGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCA
CTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT
CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT
GGGACTTTCCTACTTGGCAGTACATCTACTCGAGGCCACGTTCTGCTTCAC
TCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTT
AATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGEGEGGEGECGCGCGCC
AGGCGGGGCGGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGG
TGCGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGG
CGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGC
GGGAGCGGGATCAGCCACCGCGGTGGCGGCCTAGAGTCGACGAGGAACT
GAAAAACCAGAAAGTTAACTGGTAAGTTTAGTCTTTTTGTCTTTTATTTCA
GGTCCCGGATCCGGTGGTGGTGCAAATCAAAGAACTGCTCCTCAGTGGAT
GTTGCCTTTACTTCTAGGCCTGTACGGAAGTGTTACTTCTGCTCTAAAAGC
TGCGGAATTGTACCCGCGGCCGATCCACCGGTCCGGAATTCCCGGGATAT
CGTCGACCCACGCGTCCGGGCCCCACGCTGCGCACCCGCGGGTTTGCT

Cytomegalovirus (CMV) promoter SEC} 113 NG 40

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATAT
GGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTA
ACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA
AACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCC
CTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTAC
ATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATC
GCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGG
GAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACA
ACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTC
TATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATC

Human phosphoglycerate kinase 1 (hPGK) promoter SEG I3 N3 43
GGGTTGCGCCTTTTCCAAGGCAGCCCTGGGTTTGCGCAGGGACGCGGCTG

CTCTGGGCGTGGTTCCGGGAAACGCAGCGGCGCCGACCCTGGGTCTCGCA
CATTCTTCACGTCCGTTCGCAGCGTCACCCGGATCTTCGCCGCTACCCTTG
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TGGGCCCCCCGGCGACGCTTCCTGCTCCGCCCCTAAGTCGGGAAGGTTCCT
TGCGGTTCGCGGCGTGCCGGACGTGACAAACGGAAGCCGCACGTCTCACT
AGTACCCTCGCAGACGGACAGCGCCAGGGAGCAATGGCAGCGCGCCGAC
CGCGATGGGCTGTGGCCAATAGCGGCTGCTCAGCAGGGCGCGCCGAGAG
CAGCGGCCGGGAAGGGGCGGTGCGGGAGGCGGGGTGTGGGGCGGTAGTG
TGGGCCCTGTTCCTGCCCGCGCGGTGTTCCGCATTCTGCAAGCCTCCGGAG
CGCACGTCGGCAGTCGGCTCCCTCGTTGACCGAATCACCGACCTCTCTCCC
CAGG

Pluripotent cells

[0083] pluripotent cell” means a cell capable of differentiating into cells of all three germ

fgyers, Pluripotent cells include stem cells, such as cord blood stem cells, progenitor cellg,

bone marrow stem cells, embryonic stem cells {E8C) and induced pluripotent stem cells

(IPS).

Rare-cutting endopucieases
[0084] “Rare-cutting endonucleases” are sequence-specific endonuciease reagents of
choice, insofar as their recognition sequences generally range from 10 1o 50 successive base

pairs, preferably from 12 10 30 bp, and more preferably from 14 t0 20 by

Servotonergic newrons

[0085] Serotonergic neurons are cells that express TPH, SERT, and Petl.

SHC A-modified DA neuronal cells

[0086] The term “SNCA-modified DA neuronal cells” as used herein, refer to DA
aeuronal cefls in which SMNCA activity is suppressed by any of a number of strategies along
or inn combination. For exaraple, SNCA-~modified DA neuronal cells include, but are not
Hmited to, SNCA “knock cut” DA neurcnal cells tn which the SNCA gene has been
genetically deleted or modified such as by gene editing, i.e., SNCA”". In some embodiments,
only a single allele of the SNCA gene is affected by gene editing, i.e., the cell is SNCA ™,
SNCA protein “knock down” DA neuronal cells in which expression of SNC A protein has
been reduced by use of a gene silenciog strategy {e.g., with siRNA or RNAL or expression of
a dominant-negative SNCA sequeence variani, or dominant-negative SMNUA fragment; o,
alternatively, SNCA-modified DA neuronal cells are DA neuronal cells that have been
exposed to 3 SNCA inhibitor (e.g., a small moleculs compound, a peptide, or peptidomimetic
agent) that inhibits the activity of SNCA, e g, by inhibiting 1ts binding to target proteins {e.g.,
a~-Syrwclein). Alternatively, the SNCA inhibitor may be a peptide or fragroent derived from

SNCA that acts in trans 1o inhibit SNCA activity. I some embodiments the SNCA-modifisd
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3A neuronal cells are irreversibly SNCA-inhibited, e.g., by genetic modification. In some
embodiments the SNCA-modified DA neuronal celis are reversibly SNC A-inhibited 3o that
over fime SNUA inhibitton in the cells decreasss,

[0087] CIS inhibition, as used herein, refers to reducing one or more of net SNCA

gene expression, net SNCA proiein levels,

Seguence-specific reagent

[0088] By “sequence-specific reagent” is meant any active molecule that has the ability to
specitically recognize a selected polvnucleotide sequence at a gevornic locus, preferably of at
teast 9 bp, more preferably of at least 10 bp and even more preferably of atleast 12 pbin
tength, in view of modifying the genomic locus. In some embodiments, the sequence-specitic

reagent i3 preferably a sequence-specific nuclease reagent.

Target Nucleic Acid

[0089] As used herein, the ferm “target nucleic acid” or “target geng” refers o a nucleic
actd which is being targeted for alieration, ¢ g, generation of a precise deletion, by a Cas
system, Talen or ZNF system described herein. In certain embodiments, a target nucleie acid
comprises one gene. In certain embodiments, a target nucleic said corprises a portion of one
gens, in certain embodiments, a target nucleic acid may comprise 0B Or MOS genes, e.g.,
two genes, three geoes, four genes, or five genes. In one embodiment, a target nucleic acid

comprises two strands: a furst strand and a second sirand.

Target position

[0090] “Target position” as used herein, refers 1o a site on g target nucleic acid {e.g , the
chromosome) that s modified by a nuclease. For example, the target position can be modified
by a Cas protein molecule-mediated cleavage of the target nucieic acid and template nucleic
acid directed ywodification, e g, correction, of the target position. In an embodiment, a target
position can be a site between two nuclectides, e.g., adiacent nuclectides, on the nucleic acid
into which one or more nucleotides is added. The target position may COmMprise OnRe o More

nucieoiides that are altered, e.g.

Zis

corrected, by 3 template nucteic acid. In an embodiment, the
target position 18 within & “target sequence” {2.g., the sequence to which the gRNA binds). In
an embodiment, a target position is upsiream or dowasiream of a farget sequence {e.g., the

sequence to which the gRNA binds),
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Targst position region

[0091] “Target position region,” as used herein, 18 a region that comprises g target
position. In certain embodiments, the target position 1 flanked by sequences of the target
position region, 1.0, the target position is disposed in the target position region such that there
are target position region sequences both 57 and 3 to the target position. In ceriain
embodiments, the target position region provides sutficient sequences on each side (e &
and 37 of the target position to allow geve conversion of the target position, wherein the gene
conversion uses an endogenous sequence homologous with the target position region as a

ternplate,

Targe! seguence
[0092] “Target seguence” as used hersin refers to a nucleic acid sequence comprising a

target position of a target gene,

Targeting demain
[0093] The “targeting domain” {sometimes referred to altervatively as the guide sequence
or complementarity region} comprises, consists of, or consists essentially of a nucleic acid

sequence that 1s coroplementary or partially complerentary 1o a target nucleic acid sequence.

Template nucleie acid
[0094] A “template nuclgic acid”, as that term s used herein, refers to a nucleic actd
sequence which can be used in conjunction with a nuclease 1o alter the structure of 2 target

position.

Therapentic Potential
[0095] “Therapeutic potential” reflects the therapeutic activity, as measured through in-

VItTo experirnents.

seguence s

SEQ ID No 1: >human PARK?2
SEQ ID No 2: >human PINK 1
SEQ ID No 3: >human LRRK2
SEQ ID No 4: >human c-Rel
SEQ ID No 5: >human ATG7
SEQ ID No 6: >human VMAT2
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SEQ ID No 7: >human GBA
SEQ ID No 8: >human SNCA
SEQ ID No 9: >human MAPT

SEQ ID No 10:
SEQ ID No 11
SEQ ID No 12:
SEQ ID No 13:
SEQ ID No 14:
SEQ ID No 15:
SEQ ID No 16:
SEQ ID No 17:
SEQ ID No 18:
SEQ ID No 19:
SEQ ID No 20:

>human GDNF

>human PARK?2

>human PINK 1

>human LRRK2

>human c-Rel

>human ATG7

>human VMAT?2

>human GBA

>human SNCA
>human MAPT
>human GDNF

GDNF knockin promoters

SEQ ID No 21: > Monoamine Oxidase B (MAOB)
> GTP cyclohydrolase 1 (GCH1)

SEQ ID No 22:
SEQ ID No 23:
SEQ ID No 24:
SEQ ID No 25:
SEQ ID No 26:
SEQ ID No 27:
SEQ ID No 28:
SEQ ID No 29:
SEQ ID No 30:

PCT/US2024/044518

> Nuclear Receptor Subfamily 4 Group A Member 2 (NR4A2)

> Mouse Tyrosine Hydroxylase (TH)
> Solute carrier family 6 member 3 (SLC6A3)
> Synapsin 1 (SYN1)

> Mouse alpha-calcium-calmodulin dependent kinase II (Camk2a)

> Neurofilament medium chain (NEFM) minipromoter
> Neurofilament light chain (NEFL) minipromoter

> Neurofilament heavy chain (NEFH) promoter

GBA knockin promoters

SEQ ID No 31
SEQ ID No 32:
SEQ ID No 33:
SEQ ID No 34:
SEQ ID No 35:

> Mouse Thy-1 cell surface antigen (mTHY 1)

> Rat Neuron specific enolase (NSE) promoter

> Dopa Carboxylase (DDC) promoter

> Catechol-O-methyltransferase (COMT) promoter
> Glucosylceramidase beta 1 Promoter 1 (GBA P1)
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SEQ ID No 36: > Glucosylceramidase beta 1 Promoter 2 (GBA P2)

SEQ ID No 37: > Human eukaryotic translation elongation factor 1 alpha 1 short form (EFS)
promoter

SEQ ID No 38: > Human eukaryotic translation elongation factor 1 alpha 1 (EEF1A1)
promoter

SEQ ID No 39: > Chicken beta actin (CBA) promoter

SEQ ID No 40: > Cytomegalovirus (CMV) promoter

Protospacer Adjacent Motif (PAM)

SEQ ID No 41: NNGRRT
SEQ NG 42 NNGRRY

SMCA gene
[0096] The term “SNCA gene” encompasses a SNCA gene and functional fragments and
varianis thereof Hemizygous null SNCA genes may be hemizygous null via genetic

engineering of the cell or via cell selection.

SHEC A-modified BA neuronal cells

[0097] SNCA-modified DA neuronal cell means a DA neuronal cell which s SNCA+H/-

Yector

[0098] By “vector” 1 meant a nucleic acid molecule capable of trausporting another
nucteic acid 1o which it has been linked. A “vector” includes, bt is not limited to, a viral
vector, & plasmid, an RMA vector or a Hnear or cireular DNA or RMA wolecule which moay
consiats of 3 chromosomal, non chromosomal, semi-synthetic or syothetic nucleic acids.
Preferred vectors are those capable of antonomous replication {episomal vector)

and/or expression of nucleic acids to which they are linked {expression veciors). Large
numbers of suttable vectors are known to those of skill in the art and commerciaily available.
Yiral vectors include retroviras, adenovirus, parvovirus (o g, adenoassociated viruses
{AAY}, coronavirus, negative strand RMNA viruses such as orthe myxovirus {e. g, influenza
virus), thabdovirus {e. g, vabies and vesicular stomatitis virus), paramyxovirus (& g. measles
and Sendat}, positive strand KNA viruses such as picor- navirus and alphavirus, and double-

stranded DNA viruses including adenovirus, herpesvirus (e g, Herpes Simplex virus types 1
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and 2, Epstein-Barr virus, cytomega lovirus), and posxvirus (2. g, vaccinia, fowlpox and
canarypox ). Other viruses include Morwalk virus, togavirus, flavivirus, reoviruses,
papovavirus, bepadoavirus, and bepatitis viras, for example. Examples of retroviruses include
avian leukosig-sarcome, mammalian C-type, B-tvpe viruses, I type viruses, HTLV-BLVY
group, lentiviras, spumaviras {Coffin, 1 M., Retroviridae: The virases and their replication,
in Fundamental Virology, Third Hdition, B, N Fields, et al | Eds., Lippincott-Raven

Publishers, Philadelphia, 1996}

Compositions

[0099] Disclosed herein are engineered cells comprising at least one exogenous nucleic
acid sequence, where the exogenous nucleic acid sequence can be inserted (nto an
endogencus gene. In some embodiments, the endogenous gene is a safe harbor. In some
embodiments, the safe harbor loot s selected from Table 1 In some embodiments, the knock-
in of the exogenous nucleic acid sequence knocks-cut the endogenous gene. In some
embodiments, the endogencus gene comprises a promotor. In some embodiments, the
endogenous gene comprises a ubiguitous promotor. In some erobodiments, the endogenous
gene comprises a promotor that 1s only expressed once the engineered cells are transplanted,
i.e., vot during differentiation i vitre, In some embodiments, the sudogenous gene
comprises a promotor that is only expressed once the enginesred cells are engrafied, 2., not

during differerdiation in vivo,

DA neuronal eellc with Delaved Expression of GDNF

[0100] Drisclosed hersin are enginesred DA neuronal cells which when administered to a
patient exhibit delayed expression of the exogenous GDNF gene in the engineered DA
neuronal cells, fe. the exogenous GDNF geve 15 behind an evdogenous promotor that i3 not
expressed upon transplantation. fn some embodiments, the exogenous GDNF gene is behind
an endogenous promotor that 18 inactive during pluripotent cell differentiation to DA
neuronal cells in vitro, 1n some embodiments, the exogenous GDINF gene is behind an
endogenous promotor that 1s inactive during DA neuronal cell ditferentiation to Neuronal
Mature Cells in vive. In some embodiments, the exogenous GDNF gene is behind an GIDNF
knock-in promoter selected from the group comprising or consisting of SEQ 1D NGS: 21-30.
In some embodinents, the exogenous GENF gene i3 bebind an GBA knock-in promoter
selected from the group comprising or consisting of SEQ 1D NOS: 3140 or 43, In some

embodiments, the delaved expression of the exogenous GDNFE gene is delayed uniif graft
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function has been established. In some embodiments, the delayed expression of the
exogenous GDMF gene 15 delayed until the transplanted engineered DA neuronal cells are

differentiated 1o 3 MNeuronal Mature Celi Type,

DA neuronal cells which Immediately express GBEB and are hemizygous null for SNCA
[0101] Disclosed herein are engineered DA neuronal cells which when adminmstered to a
patient, exhibit expression of the exogenous GBA geve and SCNAH/- {exogenous or
endogenous) gene in the engineered DA neurcnal cells as soon as the enginegered DA
neuronal cells are ransplanted, i.e., the exogenous 3BA gene is behind an endogenous
promotor that is expressed upon transplantation. In some embodiments, the expression of the
exogenous GBA gene occurs betore the engineered DA neuronal cells have gratt function. In
some embodiments, the expression of the exogencus GBA gene ooours befure the
transplanted engineered DA neuronal cells are differentiated 1o a Meuronal Mawre Cell Type.
in some embodiments, the expression of the exogenous GBA gene occurs before and after the
transplanted enginsered DA neuronal cells are differentiated to a Neuronal Mature Cell Type.
o some embodimenis, the GDINF coding sequences are inserted voder the ranscriptional
control of endogenous gens promoters that are not expressed until the administered
engineered DA neuronal cells have differentiated to mature cell types in vive, In some
embodinenis, the exogenous GBA gene is behind an GDNF knock-in promoter selected from
the group comprising or consisting of SEQ ID NOS: 21-30. In some embodiments, the
exogenous GBA gene is behind an GBA knock-in promoter selected from the group
comprising or consisting of SEQ 1D NOS: 3140 or 43

[0102] In some embodiments, the engineered 13A neuronal cells that have been
engineered to inchude an exogenous GBA gene are hemizygous null for SNCA and/or MAPT.
In some embodiments, the engineered DA neuronal cells are engineered to be hemizygous
sull for SNCA and/or MAPT and in some embodiments they are not enginesrad to be
hemizygous oull for SNCA and/or MAPT.

[0103] In some embodiments, the engineered 3A neuronal cells that have been
engineered to mnchude an exogenous GBA gene and are hemizygous null for SNCA and/or
MAPT have a changed GBA protein expression ratio compared to alpha-synuciein and/or
MAPT protein. In some embodiments, the GBA: alpha-synuclein protein expression ratio in
the admivistered engiveered DA veuroual cells is bigher. In some erbodisents, the GBA
alpha-synuclein protein expression ratio in the administered enginesred DA nsuronal cells is

Fower,
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Engineered Pluripotent Cell Populations

[0104] Disclosed is a population of engineered pluripotent cells, wherein the enginecred
phiripotent cells comprise an exogenous knock-in PARKZ, PINKT, B-1, LRRKZ, ¢-Rel,
ATGT VMATZ GBA, SCNA+H+ SCNA+- SCNA-/-, and/or GDNF gene or functional
fragment thereof. In some embodiments, the exogencus knock-in gene 19 selected from the
eroup comprising or consisting of Seq H3 MNos: 1-10,

[0105] Disclosed is a population of engineered pluripotent cells, wherein the eogiveered
pluripotent cells comprise an exogenous PARKZ, PINKE, D1, LRRKZ, c-Rel, ATG7,
YMATE GBRA, SCMA+/, SCNAA- SCNAY-, and/or GDNF gene or functional fragment
thereof in a genomic safe harbor. In some embodimenis, the exegenous gene is selected from
the group comprising or consisting of Seq ID Nos: 1-10. In some embodiments, the genomic
safe harbor is selected from the group comprising or consisting of safe harbors in Table 1.
[0106] Disclosed 1s a population of engineered pluripotent cells, wherein the engineered
DA neuronal cells comprise an exogenous PAREZ, PINKY, DJ-1, LRREZ, ¢-Rel, ATGT,
YMATZ, GBA, SCNAFH, SONA+- SCMNA-/-, and/or GDNF gene or functional fragment
thereof under control of an endogenous gene promotor. fo sowe erobodiments, the
endogenous gene promotor is selected from the group comprising or consisting of SE} {0
NOS: 21-30. In some embodiments, the endogenous gene promotor 18 selected from the
group comprising or consisting of SEG I NOS: 31-40 or 43,

[0107] Dhsclosed 15 a population of engineered pluripotent cells, wherein the enginecred
pluripotent cells comprise an exogenous GINF gens or finctional fragment thereof.
Disclosed is a population of engineered pluripotent cells, wherein the engineered pluripotent
cetle comprise an exogenous SEQ ID NGO 16 or functional fragruent thereol

[0108] Disclosed is a population of engineered pluripotent cells, wherein the engineered
pluripotent cells comprise an exogenous PARKE, PINKI, DI-1, LRRKZ, ¢-Rel, ATG7,
YIMAT2, GBA, hemizygous SCNA and/or GDNF gene and an endogencus knock-out
PARKZ, PINKL, DI-1, LRREZ, o-Rel, ATG7, VMAT?2, GBA, SCNA snd/or GDNF gene.
[0109] Disclosed is a population of engineered pluripotent cells, wherein the engineered
sluripotent cells comprise an exogenous GDNF gene, SEQ ID MG 10, or functional
fragment thergof under control of a promotor that 13 not expressed until graft function in vive
has been established. DMsclosed 15 a population of engineered pluripotent cells, wherein the
engineered pluripotent cells comprise an exogenous GDNF gene or functional fragment
thereot under control of a promotor that is not expressed until the transplanted population of
engingered pluripotent cells differentiate in vive 0 a Neoronal Mature Cell Type, Disclosed
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is a population of engineered pluripotent cells, wherein the engineered pluripotent cells
comprise an exogenous GDMNF gene or functional fragment thereot under controt of one of
NEG P NOS: 2140 or 43

[0110] Disclosed 18 a population of engineered pluripotent cells, wherein the engineered
pluripotent cefls comprise an exogenous knock-in GBA gene or funciional fragment thereof
Insciosed is a population of engineered pluripotent cells, wherein the engineered pluripotent
cells comprise an exogenous knock-in SEQ 1D NG 7 or funciional fragrent thereof

[0111] Disciosed is a population of engineered pluripotent cells, wherein the engineered
pluripotent cells comprise au exogenous GBA gene or functional fragment thereof under
control of a promotor that is expressed upon cell transplantation i vive., Dhsclosedisa
population of engineered pluripotent cells, wherein the engineered pluripotent cells comprise
an exogencus GBA gene or functional fragment thereof under controd of one of SEE 1D
NOS: 21-40 or 43

[0112] Drisclosed is an engiveered pluripotent cell, wherein the engineered pluripotent
cell comprises an exogencus GEBNFE gene or functional fragment thereot under contrel of a
promotor that 1s not expressed untit graft function i vivo has been established and further
comprises an exogenous GBA gene or functional fragment thereof under control of 2
promotor that is expressed upon cell transplantation.

[0113] Disclosed is a population of enginsered pluripotent cells, wherein the engineered
pluripotent cells comprise (i) an exogenous PARKZ, PINKE, DJ-1, LRRKZ, ¢-Rel, ATGT,
YVMATZ, GBA, and/or GDNF gene and (i) is hemizygous null for the SNCA and/or MAPT
gene.

[0114] Drsclosed 19 a population of cogineered plunpotent cells, wherein the engineered
pluripotent cetls comprise €i} an exogenous GRNF gene or functional fragment thereof and
{11} i3 hemizygous null for the SNCA and/or MAPT gene.

[0115] Disclosed is a population of engineersd pluripotent cells, wherein the enginsered
pluripotent cells comprise a distupted SCNA and/or MAPT gene.

[0116] Draclosed is a population of engineered phuripotent cells, wherein the engineered
suripotent cells comprise (1) an exogenous GBA gene or functional fragment thereof and (i)
4 hemizygous null SNCA and/or MAPT gene.

[0117] Disclosed is a population of engineered pluripotent cells, wherein the engingered
pluripotent cetls comprise (i} an exogenous GBA gene or functional fragroent thereof and (1)
a hemizygous null SNCA gene.

[0118] In some embodiments, the population of engineered pluripotent cells do not
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express a detectable level of alpha-synuclein and/or MAPT protein i vive and/or i visro.
[0119] In some embodiments, the population of engineered pluripotent cells express less
alpha-aynucletn and/or MAPT protein compared to a wildtype pluripotent cell i vivo and/or
i vitro,

[0120] fo some embodinents, the population of enginesred pluripotent cells express fess
alpha-synuclein and/or MAPT protein compared to an engineersd pluripotent cell without an
edit to the SNCA and/or MAPT gene i vivo and/or i vifra,

[0121] Disclosed is a poputation of engineerad pluripotent cells, wherein the enginsered
pluripotent cells comprise au exogenous SCNA gene.

[0122] Disclosed is a population of euginsered pluripotent calls, wherein the engineered
pluripotent cells comprise an exogenous SCNA+/- gene.

[0123] Disclosed is a population of engineersd pluripotent cells, wherein the ¢ngineered
pluripotent cells comprise an exogenous SCMA gene wherein the SCNA gene 18 at a genomic
safe harbor. In some embodiments, the SCNA gene is SCMA/H, RUNA+H- or SCNA-/- In
some embodiments, the genomic safe harbor is selected from the group comprising or
cousisting of safe harbors in Table L

[0124] In some embodiments, the population of engineered pluripotent cells are human.
[0125] Disclosed is a population of engineered pluripotent cells, wherein the engineered
pluripotent cells comprise an exogenous hemizygous null SNCA gene. Maclosedisa
population of enginecred pluripotent cells, wherein the engineered plaripotent cells comprise
an exogenous hemizygous null SNCA gene under control of a promotor that is expressed
upon cell transplantation. Disclosed is a population of engineered pluripotent cells, wherein
the engineered pluripotent cells comprise an exogenous hemizygous null SNCA gene under
control of a promotor that is not expressed until gratt function #n vivo has been established.
[0126] In some embodiments, the population of engineered pluripotent celfs comprising 8
hemizygous null SNCA gene comprise a disrupted SCNA gene. In some embodiments, the

disrupted SCNA gene comprise the nucleotide sequence of SEQ 1D NO: 8.

Euginesred DA Neuronal Cell Populations

[0127] Disclosed 18 a population of engineered DA neuronal cells, wherein the
engineercd XA neuronal cells comprise an exogenous knock-in PARK2, PINKI, BJ-1,
LBRK?2, ¢-Rel, ATGT, VMATZ, GBA, SCMA+/+, SCNA+/ -, SCNA-/-, and/or GDNF gene

or functional fragment thereof. Dsclosed is a population of engineered DA neuroval cells,
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wherein the enginesred DA neuronal cells comprise an exogencus knock-in gene selected
from the group comprising or consisting of SEQ D NO: 1-10 or functional fragment thereof.
[0128] Disclosed i3 a pomsdation of engineered 1A neuronal cells, wherein the
engineered DA neuronal cells comprise an expgenous PARKZ, PINK 1, DI-1, LRREZ, ¢-Rel,
ATGET, VMAT2, GBA, SCNA+/+, SCNAH- SCNAY- and/or GDNF gene or functional
fragment thereof in a genomic safe harbor. In some embodiments, the genomic safe harbor is
selecied fromw the group comprising or consisting of safe harbors in Table 1

[0129] Disciosed is a population of engineered DA neuronal cells, wherein the
engineered DA neuronal cells comprise an exogenous PARKZ, PINE 1, DI-1, LRREZ, ¢-Rel,

ATGET, VMAT2, GBA, SCNA+/+, SCNAH- SCNAY- and/or GDNF gene or functional

fragrent thereof under control of an endogenous gene promotor. In some embodiments,
gndogenous gene promotor is one of SHQ 1D NOS: 21440 or 43,

[0130] Disclosed 1s a population of enginesred DA neuronal cells, wherein the
engineered DA neuronal cells comprise an exogenous GDNF gene or functional fragment
thereof.

[0131] Disclosed 13 a population of engineered pluripotent cells, wherein the engiveered
pluripotent cells comprise an exogenous PARKZ, PINKL, DI-1, LRRKZ, c-Rel, ATG7,
YMATZ GBA, hemizygous SCNA and/or GDINF gene and an endogenous knock-out
PARKZ, PINKI, BJ-1, LRRBEKZ2, o-Rel, ATG7, VMATZ, GBA, SUNA and/or GIDINE gene.
[0132] Dhsclosed 15 a population of engineered DA neuronal cells, wherein the
enginsered DA neuronal cells comprise an exogenous GINF gene or functional fragment
thereof under control of a promotor that is not expressed until & portion of the transplanted
population of DA neuronal cells bave engratted in vive. Disclosed is a population of
engineered DA neuronal cells, wherein the engineered DA neuronal cells comprise an
exogenous GDNF gene or functional fragroent thereof under control of a promotor that 1s not
expressed until the transplanted population of engineered DA neuronal cells differentiate /2
vivo to a Meuronal Mature Cell Type.

[0133] Disclosed is a population of eogineered DA neurcnal cells, wherein the
engineered DA neuronal cells comprise an exogenous GBA gene or functional fragrent
thersof. Disclosed is a population of engineered B3A neuronal cells, whersin the enginesred
DA neuronal cells comprise an exogenous SEQ} H NCG:7 or functional fragment thereof
[0134] Drsclosed is a population of engineered DA neuroval cells, wherein the
engineered A neurenal cetls comprise an exogencus GBA gene or functional fragment
thereof under control of a promotor that i3 expressed upon cell transplantation. o sowe
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embodiments, endogencus gene promotor is one of SEG D NOS: 2140 or 43

[0135] [Hsclosed is an engineered DA neuronal cell, wheretn the engineered DA neuronal
cell comprises an exogenous GENF gens or functional fragment thereof under control of a
promotor that 15 not expressed until graft function i vivo has been established and further
comprises an exogenous GBA gene or functional fragment thereof under control of a
sromotor that is expressed upon cell transplantation.

[0136] Disclosed is a population of engineered DA neuronal cells, wherein the
engingered DA neurcnal cells comprise {1) an exogenous PARKZ, PINKT DJ-1, LRRKZ, ¢-
Rel, ATGT, VMATZ, GBA, and/or GDNF gene and (31} is hemizygous null for the SNCA
and/or MAPT gene.

[0137] [Hsclosed is a population of engineered DA neuronal cells, wherein the
eogingered DA neurcoal cells comprise (i) an exogenous GDBNF gene or funclional fragment
[0138] Drisclosed is a population of engineered DA neuroval cells, wherein the
engineerad A neurcnal cells comprise a disrupted SCNA and/or MAPT gene.

[0139] Disclosed i3 a population of engineered DA neuronal cells, wherein the
engingered DA peurcnal cells comprise (i} an exogenous GBA gene or functional fragment
thereof and (i1} a2 hemizygous null SNCA and/or MAPT gene.

[0140] {¥aclosed is a population of engineered DA neuronal cells, wherein the
enginecred DA neuronal cells comprise (1) an exogenous GBA gene or functional fragment
thersof and (ii) a hemizygous null SNCA gene.

[0141] In soroe embodiments, the population of engineered DA neuronal cells do not
express a detectable level of alpha~syouclein and/or MAPT protein i vive and/or i vitro.
[0142] in some embodiments, the population of enginesred DA neuronal cells express
foss alpha-synuclen and/or MAPT protein compared to a wildtype DA veuronal cell.

[0143] In some embodiments, the population of engineered DA neuronal cells express
fess alpha-synuciein and/or MAPT protein compared to an engineered DA neuronal cell
without an edit to the SNCA and/or MAPT gene i vive and/or in visro.

[0144] Disclosed is a population of engineered pluripotent cells, wherein the engineered
phiripotent cells comprise an exogenous SCNA gene wherein the SUNA gene i3 at a genomic
safe harbor. In some embodiments, the SCNA gene is SONA++, SCNA+ - or SCNA-/- In
sorne emnbodiments, the genomic safe harbor s selected from the group comprising or
consisting of safe harbors in Table 1.

[0145] In some embodiments, the population of engineered 1A neuronal cells are human,
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in some embodiments, the population of engineered DA neuronal cells are derived from
pluripotent cells.

[0146] Disclosed is a poputation of engineered DA neurenal cells, wherein the
engineered DA neuronal cells comprise an exogenous hemizygous null SNCA gene.
nactosed is s population of engineered DA neuronal cells, whergin the enginesred DA
neuronal cells comprise an exogenous hemizygous null SNCA gene under conire of 3
promotor that 1s expressed upon cell transplantation. Disclosed 15 a population of engineered
DA neuronal cells, wherein the engineered DA neuronal cells comprise an exogenous
hemizygous null SNCA gene under control of a promotor that is not expressed votil graf
function in vivo has been established,

[0147] In some embodinments, the population of engineered DA neuronal cells comprising
& hemizygous null SNCA gene comprise a disrupted SCNA gene. In some smbodiments, the
disrupted SCNA gene comprises the nuclectide sequence of SEQ 1D NG: 8.

[0148] o some embodiments, at feast 5-95% of the engineered DA veuronal cells do not
express & detectable level of alpha-synuclein protein. In some embodiments, at least 20-75%
of the engioeered DA newronal cells do not express a detectable tevel of aipha-synuclein
protein. In some embodiments, at Ieast 30% of the engineered DA neuronal cells do not
gxpress a detectable level of alpha-synuclein protein. In some embodiments, at least 50% of
the engineered I3A neuronal cells do not express s detectable ievel of alpha-synuclein protetn,
In some embodiments, at least 70% of the engineered DA neuronal cells do not express a
detectable tevel of alpha-synuclein protein. In some embodiments, at teast 80% of the
engineered DA neuronal cells do not express & detectable level of alpha-synuclein protein. In
some ernbodiments, at feast 90% of the enginecred DA veuronal cells do vot express a
detectable tevel of alpha-synuciein protein.

[0149] In some embodiments, the GRBA gene is under control of 4 promotor that is
expressed as soon as the engineered cells are transplanted into a patient. In some
embodiments, the SCNA gene 15 under control of a promotor that is expressed as soon as the
engineered cells are transplanted into a patient, but the SCNA gene promoter is expressed o a
fesser extent compared to the GBA gene promotor,

[0150] Disclosed is a IxA neuronal cell that promotes exprassion of GIPNF by site
directed gene editing. Disclosed is a A neuronal cell that promotes expression of GBA by
site directed gene editing. Disclosed i3 a B A veuronal cell that promotes expression of GBA
and regulates expression of SNCA by site directed gene editing. Disclosed is a DA neuronal
cel that regulates expression of SMCA by site divected gene editing. Disclosed i3 a DA
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neuronal cell that promotes expression of GBA by site directed gene editing and is
hemizygous null for SNCA. Disclosed is a DA neuronal cell that promotes expression of
B A and s hemizygous null for SNCA by site directed gens editing.

[0151] Disclosed 13 a DA neuronal cell that promotes expression of GDMNF and GBA and
is hemizygous null for SNCA by site directed gene editing. In some embodiments, GDNF
expression is delayed until after graft formation has been established. In some embodiments,
the GBA gene 15 expressed a3 soon 83 the engineered DA veuronal cell is transplanted. In
some embodiments, the GBA gene s expressed and the SNCA gene expression is regulated
as soon as the engineered DA neuronal cell is transplanted wherein the SNCA protetn
expression is less than GBA protein expression. In some embodiuments, GDNF expression is
promoted after graft formation has been established and The GBA gene is expressed as soon
as the engineered DA neuroval cell s transplanted.

[0152] In some embodiments, the endogenous promoter i3 a constitutive promoter. In
some embodiments, the endogenous promoter 18 not a constitutive promoter. In some
embodiments, the endogenocus prometer i3 a conditional promoter. In some embodiments, the
endogenous promoter is ot a conditional promoter. In some embodiments, endogenous gene
promotor is one of SEQ ID NOS: 21-40 or 43,

[0153] In some embodiments, the exogenonus sequence is integrated at an endogenous
focus, which is constitutively expressed/constinstively transcribed.

[0154] In some embodiments, i can be advardageous to inactivate the endogenous SNCA
coding sequence, while having the integrated exogenous sequencs encoding the GBA,
SWNCA+- or GDIF gene or functional fragment thereof transcribed at thus locus.

[0155] fo some embodiments, the SNCA gene expression o the transplanied engineered
3A neuronal cell is prevented or reduced comparad to wildiype.

[0156] The erobodiments disclosed herein can be further undersiood by the following
aumbered paragraphs.

[0157] Paragraph {. A DA neuronal cell population having the following features:

an exogenous sequence, which has been integrated under transcripiional control of an
endogenous gene promoter,

[0158] Paragraph 2. An engineered 1A neuronal cell according to paragraph 1, which has
a genotype [SNCATCE {GBA]M™

[0159] Paragraph 3. An engineered DA newronal cell according to paragraph 1, which has
a genotype [SNCAP IGBAY [GDNEFP

[0160] Paragraph 4. An engineered I}A neuronal cell according to paragraph 1, which has
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a genotype [SNCAT [GBATP [GDNFP™

[0161] Paragraph 5. A DA neurcnal cell population having the following features:

an exogenous GBNF, GBA and/or SNCA sequence, which has been integrated under
transcriptional control of an endogenous gene promoter,

[0162] Paragraph 6. A therapeutically effective population of DA neuronal cells,
comprising at least 30%, preferably at least 50%, more preferably at feast 0% of engineered

DA Newronal celis according to any oue of paragraphs 1o S

Types of exogenous sequences

[0163] In some embodiments, the exogenous sequence added to a cell to be engingered
{pluripotent or DA neuronal cell} is a polynucleic acid. In some embodiments, the
podyvoucleic acid is DNA, or RNAL In some embodiments, the RNA can be mRNA. Also
disclosed herein are exogenous polynucleic acid sequences comprising at least one
exogenous GONF, GBA or SNCA sequence. The exogenous polynucleic actd sequence can
be complementary o a genomic sequence that can be a partial sequence or a full sequence. In
some ernbodiments, the exogenous polynucleic scid sequence comprises a coding sequence.
in some embodiments, the exogenous polynucleic acid sequence comprises a non-coding
sequence. In some embodiments, the exogenous polyoucleie acid sequence comprises one or
more genes.

[0164] In soroe embodiments, the polynucleic acid can be a plasmid vector. The plasmid
vector can comprise a promoter. In some embodiments, the promotor can be constitutive. In
some embodiments, the promoter can be tnducible. In some embodiments, the promoter 15
Synapsin 1, DAT, VMAT, TH, AADC, tamoxifen inducible promoter, RU486 inducible
promoter, or other promotor that allows for temporal or small molecule control. in soms
ersbodiments, the promoter can be adjzcent to the exogenous GRINF, GBA and/or SNCA
sequence. In some embodiments, the plasmid vector further comprises a splicing acceptor. In
some embodiments, the splicing accepior can be adjacent to the exogenous GBNF, GBA.
and/or SNCA sequence.

[0165] o sorme embodiments, the plasmid vector further comprises a ranslation mitiation
codon such as an “ATY sequence. The transiation initiation codon sequence can be

adjacent to the GDNF, GBA and/or SNCA sequence. In some emnbodiments, the GDNF,
GRA and/or SNCA sequence can be within a multicistronic vector. In some embodiments,
the polynucleic acid comprises an exogenous promotor, an endogencus promoter via splicing,

andfor an endogenous promoter via in frame translation.
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[0166] in some embodinments, the plasmid can be modified. The modification can
comprise demethylation, addition of CpG methyvlation, removal of bacterial methylation, and
addition of mammalian methylation,

[0167] The embodiments can be further understood by the following numbered
paragraphs.

[0168] Paragraph 1. An engineered DA neuronal cell comprising an exogenous PARK?2,
PINK1, DJ-1, LRRK2, SCNA, c-Rel, ATG7, VMAT2, GBA, SNCA or GDNF gene or
functional fragment thereof.

[0169] Paragraph 2. A composition comprising the engineered DA neuronal cell of
paragraph 1.

[0170] Paragraph 3. A genome editing system comprising:

(a) a gRNA molecule;

(b) a Cas molecule configured to alter PARK2, PINK1, DJ-1, LRRK2, SCNA, c-Rel, ATG7,
VMAT2, GBA, SNCA and/or GDNF gene.

[0171] Paragraph 4. A method of inhibiting degeneration or death of a dopaminergic
neuron comprising:

contacting a neuron with the engineered DA neuronal cell of paragraph 1;

wherein following contact with the engineered DA neuronal cell, the neuron expresses the
PARK2, PINK1, DJ-1, LRRK2, c-Rel, ATG7, VMAT2, GDNF, SNCA and/or GBA protein,
optionally wherein the neuron comprises a mutation in a PARK2, PINK1, DJ-1, LRRK2, c-
Rel, ATG7, VMAT2, GDNF, SNCA and/or GBA gene.

[0172] Paragraph 5. The method of paragraph 4, wherein the neuron expresses a reduced
amount of alpha-synuclein following contact with the engineered DA neuronal cell.

[0173] Paragraph 6. The method of any of paragraphs 4 to 5, wherein the neuron
produces and/or releases an increased amount of dopamine following contact with the
engineered DA neuronal cell.

[0174] Paragraph 7. The method of any of paragraphs 4 to 6, wherein the neuron
expresses a lower amount of alpha-synuclein as compared to an amount of alpha-synuclein
expressed in a neuron not contacted with the engineered DA neuronal cell, optionally wherein
the lower amount is at least 5%, at least 10%, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, or at least 80% lower than the amount expressed in the
neuron not contacted with the engineered DA neuronal cell.

[0175] Paragraph 8. The method of any of paragraphs 4 to 7, wherein the neuron

produces and/or releases an increased amount of dopamine as compared to an amount of
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dopamine produced and/or released by a neuron not contacted with the engineered DA
neuronal cell, optionally wherein the increase amount is at least 5%, at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least two-fold, at least three-fold, at least four-fold, at least five-fold, or at least 10-
fold greater than the amount produced and/or released by the neuron not contacted with the
engineered DA neuronal cell.

[0176] Paragraph 9. The method of any of paragraphs 4 to 8, wherein the neuron
undergoes an increased amount of autophagy as compared to an amount of autophagy
undergone by a neuron not contacted with the engineered DA neuronal cell, optionally
wherein the increased amount is at least 5%, at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least two-fold, at
least three-fold, at least four-fold, at least five-fold, or at least 10-fold greater than the amount
undergone by the neuron not contacted with the engineered DA neuronal cell.

[0177] Paragraph 10. The method of any of paragraphs 4 to 9, wherein the neuron is a
primary tyrosine hydroxylase positive neuron.

[0178] Paragraph 11. A method of treating or inhibiting onset of a Parkinson’s Disease
(PD) in a subject suffering from or at risk of the PD, comprising:

administering an engineered DA neuronal cell of paragraph 1 to the subject;

wherein administration of the engineered DA neuronal cell treats or inhibits onset of the
Parkinson’s Disease in the subject.

[0179] Paragraph 12. The method of claim 11, wherein the subject is an adult or child.
[0180] Paragraph 13. The method of any of paragraphs 11 to 12, wherein the number of
dopaminergic neurons in the subject after the administering step is greater than the number of
dopaminergic neurons in the subject before the administering step.

[0181] Paragraph 14. The method of any of paragraphs 11to 13, wherein the level of
dopamine in the subject after the administering step is greater than the level of dopamine in
the subject before the administering step.

[0182] Paragraph 15. The method of any of paragraphs 11 to 14, wherein the number of
dopaminergic neurons in a subject treated by the method is increased compared to the number
of dopaminergic neurons in a subject not so treated.

[0183] Paragraph 16. The method of any of paragraphs 11 to 15, wherein the level of
dopamine of a subject treated by the method is increased compared to the level of dopamine
in a subject not so treated.

[0184] Paragraph 17. The method of any one of paragraphs 11 to 16, wherein the level of
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dopamine in the substantia nigra of a subject treated by method is increased compared to the
level of dopamine in the substantia nigra of a subject not so treated.

[0185] Paragraph 18. The method of any of paragraphs 11to 17, wherein the level of
GDNF and/or GBA in the subject’s CSF after the administering step is greater than the level
of GDNF and/or GBA in the subject’s CSF before the administering step.

[0186] Paragraph 19. The method of any of paragraphs 11 to 18, wherein the Unified
Parkinson’s Disease Rating Scale (UPDRS) score of the subject before the administering step
is improved compared to the UPDRS score of the subject before the administering step.
[0187] Paragraph 20. The method of any of paragraphs 11 to 19, wherein the level of
PRKN in the CSF of a subject treated by the method is increased compared to the level of
PRKN in the CSF of a subject not so treated.

[0188] Paragraph 21. The method of any of paragraphs 11 to 19, wherein the UPDRS
score of a subject treated by the method is improved compared to the UPDRS score of a
subject not so treated.

[0189] Paragraph 22. The method of any of paragraphs 11 to 21, wherein the subject’s
neurons express a reduced amount of alpha-synuclein and/or comprises a reduced amount of
Lewy bodies following contact with the engineered DA neuronal cell.

[0190] Paragraph 23. A DA neuronal cell population comprising a recombinant gene
vector comprising a polynucleotide encoding a wild-type PINK1, LRRK2, SCNA, c-Rel,
ATG7, VMAT?2, GDNF, or GBA gene, a Ubiquitin-like modifier-activating enzyme (ATG7)
gene, Synaptic vesicular amine transporter (VMAT2) gene, or glucocerebrosidase (GBA)
gene, GDNF gene, SNCA+/- gene or a functional variant or fragment thereof, wherein the

polynucleotide is operatively linked to a eukaryotically active promoter.

Types of cells to be engineered

[0191] in some embodiments, the cell to be engineered can be a primary cell. The
primary cell can be a neural cell, a pluripotent cell, a progenitor cell or combinations thereof.
in some embodiments, a progenitor cell is 3 DA neuronal cell {(ses markers for different
aeural lineage cell types in Fig. 1} Examples of pluripotent celis include stem cells, such as
cord blood stem: cells, progenitor cells, bone marrow stenm cells, embryonic stem cells (ESC)
and induced pluripotent stem cells (IP8). The engineered cell can be a human cell. The
engiveered cell can be an animal (non-buran cell), The eogiveered cell can be expanded ex
vivo. The engineered cell can be expanded iz vitro. The enginesred cell can be expanded in

vivo. The engineered cell can be antologous o a subject in need thereof. The engineered cell
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can b non-autologous to a subject in need thereot. The engineered cell can be i vitre. The
engineered cell can be fn vivo. The engineered cell can be a part of a combination
therapy 1o treat Parkinson’s disease and other and secondary Parkinsonian disorders ir 2

subject in need thereof

Endogenocus gene is disrupted by the exogenous gene sequence

[0192] o soroe embodiments, the endogenous gene 18 disrupted by the exogenous GDNF,
GBA and/or SNCA gene sequence. In soms embodiments, the endogenous gens is GDNF,
GRA and/or SNCA. In some embodiments, the endogenous gene i3 a wildiype GDNF, GBA
and/or SNCA gene. In some embodiments, the endogenocus gene i3 a mutated GDNF, GBA
and/or SNCA gene. In some embodiments, the endogenocus gene 1s a mutated PARKZ,
PINK Y, D1, LRBE2, o-Rel, ATGT, VMATZ, GBA, SCNA+H- and/or GDNF gene. Tn some
embodiments, the endogenous gene can be under control of promoter. In some embodiments,
the exogenous gene can be under control of promoter selected from the group comprising
Synapsin 1, DAT, VMAT, TH, AADC, tamoxifen inducible promoter, RU486 inducible
promoter, and/or other promotors that allows for temporal or small molecule control. In some
embodiments, the endogenous gene can be under control of promoter. In some embodiments,
the exogenous gene can be under control of promoter selected from the group comprising
Synapsin 1, DAT, VMAT, TH, AADC, tamoxifen inducible promoter, or a RU486 inducible

promoter.

Engineered with more than one sxegenous gene seguence

[0193] {n some embodiments, the enginesred cell can comprise a single GDBNE, GBA
and/or SNCA exogenous sequence. In some embodiments, the engineered ceil can comprise
mwultiple GDNF, GBA and/or SNCA exogenous sequences. In some ervbodiments, the
engingered cell can comprise a more than one of GDNF, GBA or SNCA exogenous
sequences. The GDNF exogenous seguence can comprise an engineered GRNF exogenous
sequence. The GDNF exogencus sequence can produce a functional GDNF protein. The
GBA exogenous sequence can comprise an engineered GHA exogenous sequence. The GBA
exogenous sequence can produce a functicnal GBA protein. The SUNA exogenous sequence
car comprise an engineered SCMA exogenous sequence. The SNCA exogenous sequence can

produce 4 functional SCMA protein.

Prodospacer adiacent motif sequence

[0194] Disclosed herein can be an engingered cell comprising at least one exogencus
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GDINF. GBA and/or SNCA gene or functional fragment thereof that can be adjacent io a
srotospacer adigcent motil sequence of genonuc DNAL In some embodiments, a protospacer
adiacent motif sequence (PAM) can be recognized by 2 CRISPR endonuclease. An
endonuciease can be g Cas protein. A Cas protein can be selected from a list comprising
{Cast, CaslB, Cas2, Casl3, Casd, Cass, Cass, Cas?, Casy, Cas? {also known as Cant or
Caxi2y, Casto, Cayl, Usy2, Usyld, Usel, Cse2, Uscl, CselZ, Csal, Usn2, Usm2, Csm3, Camd,
Cam3, Cams, Cmrl, Crord, Cmrd, Cord, Cets, Csbl, Csh2, Csb3, Cox 17, Csx 14, Tax 10,
Cax16, CsaX, Csx3, Csxl, Csx15, Cefl, Uaf2, CsQ, Ostd, Cpfl, c2¢1, ¢2c3, CastHiF,
homologues thereof or modified versions thereof. In some embodiments, a CRISPR
endonuciease can be {Uas®. A Cas? disclosed herein can recognire 2 PAM sequence that may
be 5 NGG 3

[0195] Disclosed herein can be at least one exogenous GDNF that can disrupt af least
one gene. The disrupted gene can be any gene as deseribed in SEQ I NOS 1-14. Disclosed
herein can be at least one exogenous GBA that can disrupt at least one geone. The disrupted
gerre can be any gene as described in SEO H2 NOS 1-10. Disclosed herein can be at least one
exogenous SNCA that can disrupt at least one gene. The disrupted gene can be any gene as
described in SEG 1D NOS 1-10. In some embodiments, the disrupted can comprise a
protospacer. A protospacer can be disrupted by insertion of an exogenous gene sequence. A
GDNF gene sequence can produce a functional GDNF. A GBA gene sequence can produce a
functional GBA. A SNCA gene sequence can produce a functional SWNCA.

[0196] Disclosed hrerein can be a composition comprising ai least one guide RNA ihat
binds 10 an endogencus GDINF, GBA or SNCA gene and a secondary guide RNA that

binds (o an endogenous gene selected from the group comprising or consisting of any gene as
described in SEQ 1D MNOS 1410

[0197] Disclosed herein can be an engincered cell with a disruption in an endogenous
PARKZ, PINKT, D1, LRREKZ, o-Rel, ATG7, VMAT2, GBA) SNCA or GDINF

ene sequence and at least one secondary disrupiion i a second endogenous gene which is

not a PARKZ, PINKT, DI-T LRRE2, o-Rel, ATGT, VMATZ, GBA, SNCA oy GIDNE.

39

[0198] Disclosed herein is & genetically modified cell derived from a human subject; a
polynucleic acid-targeting polynucleic acid, wherein a polynucletc acid-targeting polynucleie
acid 15 engineered to hybridize to a specific region of a target gene in 2 genome of the cell; a
nuclease, wherein a nuclease 13 capable of assoctating with a polyuucleie acid-targeting
potynucieic acid  form a nucleoprotein complex, wherein a nucleoprotein complex can be
capable of generating g targeted double-strand bresk in a target gene in a genome of the cell;
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and a target polynucleic acid, wherein a target polynucleic acid can be genomic BNA
comprising a double-strand break in a target gene, wherein a double-sirand break ina

target gene results tn distuption of a target gene function and wherein a genetically modified
cetl can be capable of being expanded to generate g clonal population of cell with altered
function of a target gene and wherein a clonal population of the modified cell are snitable for

administration to a human in need thersof

{sene Editing Systems

[0199] Genome editing systems disclosed herein include at least two coroponends adapted
from naturally cccurring CRISPR systems: a guide RNA (gRNA} and an RNA-guided
nuciease. These two components form a complex that is capable of associating with a specific
nucleic acid sequence in a celf and editing the INA iy or arcund that nucleic acid sequence,
for instance by making one or more of a single-strand break {ann S8B or nick), a double-strand
break {a DSB} and/or 2 point mutation. Genome editing sysiews may comprise, in various
embodiments, {a} one or more Cas%gRNA complexes, and (b separate Cas9 molecules and
gRNAs that are capable of associating in a cell to form one or more CasS/gRMNA complexes.
A genome editing system according to the present disclosure may be encoded by one or more
mucteotides (e.g BNA, DNA) comprising coding sequences for Cas® and/or gRMAs that can
associate 1o form a Cas%/gRMA complex, and the one or more nuclectides encoding the gene
editing system may be carried by a vector a3 described herein.

[0200] o certain embodiments, the genome editing system targsts neuronal genes
selected from the group comprising or consisting of PARKZ PINK1, DI-1, LRBK2, ¢-Rel,
ATGT, VMATZ, GBA, SNCA or GDNE. o certain embodiments, the genome editing
systein targets neuronal genes selected from the group comprising or consisting of SE(} D
NOS -1

[0201] The disclosure is directad 0 3 guide RNA (gRINA) comprising a targsting domain
comprising SEQ ID NG 1, SEQ ID NG 2, SEQ ID NG 3, REQ ID NO: 4, SEQ ID NG 5,
NEQ I NG 6, SEQ D NG 7, SEQ D NG B, SEQ D NG @ or SEG H NG 10 {or
portion thereot) or is configured to associate with a target nucieotide sequence set forth in
SEQID NG 1, SEQ D NG 2, SEQ ID NG 3, SEQ D NO: 4, 3EQ ID NO: 5, KEQ I NO:
&, SEG I NG 7, SEG D NO: 8 SEQ ID NG: 9, SEQ ID NG 10 or a complement or RNA
equivalent thereof. In certain embodiments, the targeting domain i3 3 to 100, 510 100, 1010
100, or 20 1o 100 nucleotides in length, and in certain of these embodiments the targeting

domainis 31015, 31020, 51020, 10 t0 20, 1510 20, Sto 50, 1010 50, or 20 to 50
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nucleotides in length. In certain embodiments, the targeting domain is 6,7, 8,9, 10, 11, 12,

13,14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, or 26 nuclectides in length. Methods for
selecting targeting domains are knows in the art (see, e, Fu et al (2014} NAT.
BIGTHCHNOL. 32033 279-84; Sternberg et gl {2014 NATURE S07(7450).62-67, the entire
contents of each of which are expresaly incorporated by reference herein}. Since the
targeting domain is part of a gRMNA molecule, it comprises the base uracit ({1} rather than
thyrine (T}, conversely, any DNA molecule encoding the gRNA melecnle will comprise
thymine rather than uracit. In a targeting domain/target domain pair, the uraci bases in the
targeting domain will pair with the adenine bases in the target domain. In certain
embodiments, the degree of complementarity between the targeting domain and target
domain is sufticient to allow targeting of a Cas9 molecule to the target nucleic acid. Thus a
targeting domain or gRMNA described herein inchides a portion of Seq H3 NOs: 1-10 which is
3 1o 100 nucleotides in length and comprises the base uracit {(U) rather than thymine {T). In
certain embodiments, the targeting dorain 1s fully coroplementary to the target domain. In
certain envbodiments, the targeting domain is fully complementary to Seq 1D NOs: 1410 and
comprises the base uraci] {U) rather than thymive {T} Likewise, where the targeting domain
comprises a core domain and/or a secondary domain, in certain embodiments ong or both of
the core domain and the secondary domain are fully complementary to the corresponding
portions of Seq ID NOs: 1-10.

[0202] In other embodiments, the targeting domain is partially complementary to the
target domain (Seq I NOs: 1-10). In certain of these embodiments, the nucleic acid
sequence of the targeting domain is at least 80, 85, 90, or 93% complementary to the target
domain or to the corresponding portion of the target domwain. In certain embodiments, the
targeting domain include one or more nucleotides that are not complementary with the target
domain or a portion thereof, and in certain of these embodiments the targeting domain
includes 1,2, 3.4, 5,6, 7, or 8 nucleotides that are not complementary with the target
domain. In certain embodiments wherein the targeting domain inchudes one or more
nucieotides that are not complementary with the target domain, one or more of said non-
complementary nuclectides are located within five nucieotides of the 5" or 37 end of the
targeting domain. o certain of these embodinents, the targeting domain includes 1, 2, 3, 4, or
% nucleotides within five nucieotides of its 5" end, 3" end, or both its 5" and 3" ends that are not
complementary 0 the target domain. In certsin embodineents wherein the targeting domain
inciudes two or more nuclectides that are not complementary 1o the target domain, two o
more of said non-complementary nucleotides are adjacent {0 one another, and in certain of
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these embodiments the two or more consecutive non-complementary nucleotides are located
within five nucleotides of the 5" or 37 end of the targeting domain. In other embodiments, the
WO Or more consecutive non~complementary nuclectides are both focated more than five
aucleotides from the 5" and 3" ends of the targeting domain.

[0203] fo certain embodiments, the targeting dowain consisis of, consiats easentially of]
or comprises 16, 17, 18,19, 20, 21, 22, 23 24, 25 or 26 nucleotides (e, 16, 17, 18, 19, 20,
1,22, 23,24, 25, or 26 consecutive nucleotides) complernentary or pattially corplementary
to the target domain or a portion thereot, e g, the targeting domain is 16, 17, 18, 19, 20, 21,
22,733, 24, 25, or 26 nucleotides in fength. Tu certain of these ernbodiments, the targeting
domain is complementary to the target domain over the entire length of the targeting domain,
the entire length of the target domaln, or both.

[0204] In certain embodiments, a ynimolecular or chimeric gRNA molscule disclosed
herein {comprising a targeting domain} comprises the first 20 N's {residues 1-20) of the
amine acid sequence set forth in SEQ ID NOS!-10. 1o certain embodiments, a unirolecolar
or chimeric gRNA molecule disclosed hersin (comprising a targeting domain} comprises the
second 20 Ns {residues 20-40) of the amine adid sequence set forth in SEQ ID NOS 1-10. In
certain embodiments, a unimolecuiar or chimeric gRNA molecule disclosed herein
{comprising a targeting domain} comprises the third 20 N’s {residues 40-60) of the amino
actd sequence set forth in SEQ ID NOS1-10. In certain embodiments, 3 unimolecular or
chimeric gRNA molecule disclosed herein {comprising a targeting domain} comprises the
fousth 20 s {residues 60-803 of the amino acid sequence set forth in SEGQ ID NOS 1-10. 1o
certain embodiments, a unimolecnlar or chirneric gRMA molecule disclosed heretn
{comprising a targetiog domain} comprises the fifth 20 Ng {restdues 80-100) of the amino
actd sequence set forth in SEQ 1D NOK1-10. In some embodiments, the targeting domain is
fisted as 20 Ns (residues 1-20) but roay range in leongth from 16 to 26 nucleotides,

[0205] In certain embodiments, 2 unimolecular or chimeric gRNA molecule disclosed
hereirn (comprising 2 targeting domainy comprises the last 20 Ns of the amine acid sequence
set forth in SEO D NGB 110, In cerimn embodiments, & unimolecudar or chimeric gRNA
motecule disclosed herein (comprising & targeting domain} comprises the second to last 20
MN's of the amine acid sequence set forth in SEQ I NOS 1-10. In certain embodiments, a
unimolecular or chimeric gRMNA molecule disclosed herein (comprising a targeting domain}
comprises the third to last 20 N7s of the amino acid sequence set forth in SEQ D NOS: 110
in certain embodiments, a unimolecular or chimeric gRNA molecule disclosed hersin
{compriaing a targeting doroain) cornprises the fourth to last 20 Ws of the arino acid
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sequence set forth in SEQ 1D NOS1-10. In certain embodiments, a unimolecular or chimeric
¢RMA molecule disclosed herein (comprising a targeting domain} comprises the tifth to last
20 N's of the aming acid sequence set forth in SEQ 1D NOS1-16,
[0206] In certain embodiments, modifications or non-complementary nuclectides to one
or more sucleotides in the targeting domatn, do ot interfere with targeting efficacy, which
can be evaluated by testing a candidate modification using a system known in the art. gRNAs
having a candidate targeting domain having a selected length, sequence, degres of
complementarity, or degree of medification can be evaluated using a system known in the art.
The candidate targeting domaiu can be placed, either alone or with one or moore other
candidate changes in a gRNA molecule/Cas? molectle systeny known to be functional with a
selecied target, and evaluated.
[0207] The disclosure is also directad to 2 DNA targeting composition comprising a first
2RINA and a second gRNA The first gRNA molecule and the second gRNA molecule
comprise a targeting domain comprising SEQ ID NG 1, SEQ I NO: 2, SEQ Hy NO: 3, SEG
1D NO: 4, SEQ D NO: 5, SEQ D NO: 6, SEQ ID NG 7, SEQ ID NO: &, SEQ ID NO: 9, or
SEQ D NGO 10 {or portion thereof) or that is configured to associate with a target nucleotide
sequence set forth in SEQ 1D NO: 1, SEQ D NG: 2, SEQ ID NG 3, SEQ 1D NG 4, SEQ ID
NO- 5, SEQ ID NO: 6, SEQ ID NO: 7, SEG 1D NO: 8, SEQ ID NO: 9, SEQ 1D NO: 10, ora
complement thereof. In some embodiments, the first gRNA molecule and the second gRNA
molecule comprise ditferent targeting domains,
[0208] The disclosure is also directed to an isolated polynuclestide comprising the gRNA
molecule deseribed above or the DNA targering composition described above.
[0209] The disclosure s directed 1o a vector corprising the gRNA descnibed above, the
IINA targeting composition described above, or the isclated polyvpucieotide described above.
[0210] The disclosure is also directed 1o & vector comprising the DNA fargeting
composition described above,
[0211] The present invention 18 also directed to a vector encoding: {a) a tirst guide RNA
{gBRNA} molecule, (b a second gRMNA molecule, and (¢} at least one (as® molecule that
recognizes a Protospacer Adjacent Mot (FAM) of cither NNGRRT (SEQ I NGO 41y or
NNGRRV (SEG D NG 42} The first gRNA molscule and the second gBNA molecule
comprise a targeting domain that is SEQ ID NG 1) SEQ ID NGO 2, SEGQ ID NO: 3, SEG 1D
NO- 4, SEQID NO: 8, SEQ ID NO: 6, SEG TD NQG: 7, SEQ ID NG 8, SEO D NG 9, or
SEQ 1D N 10 (or portion thereof) or is configured 10 associate with a target nucleotide
sequence set forth in SEQ ID NG |, SEQID NG 2, SEQID NG 3, SEQ ID NG 4, SEQ D
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NO S SEQID NG 6, SEQ D NG 7, SEQG I NG 8, SEQ ID NG ©, SEQIDNG: 10ora
complement thereof. In some embodiments, the first gRNA molecule and the second gRNA
[0212] The disclosure 1s also directed to & cell comprising the gRMA described above, the
IINA targeting composition deacribed above, the isolated polynucleotide described above,
and/or the vector of described above.

[0213] The disclosure i3 also directed 1o & kit coroprising the gRNA described above, the
DINA targeting system described above, the isolated polynucleotide described above, the
vector described sbove, or the cell described sbove and optionally instractions for use,
[0214] The disclosure is also directed to 2 methed of correcting a mutant PARK?Z,
PINK LRRK?2 SCNA, c-Rel, ATG?, VMAT2, GDNF, or GBA gene in g cell. The method
comprises administering to a cell the gRNA described above, the DNA fargeting system
described above, the 1solated polynucleotide described above, or the vector described above,
[0215] The disclosure is also directed to & method of genome editing a moutant PARK?Z,
PINKT, LRRK2, SCMA, c-Rel, ATG7, VMAT2, GDNF, or GBA gene in a subject. The
method comprises admivistering to the subject a genome editing composition corprising the
2RNA described above, the DINA targeting system described above, the iscolated
polynucleatide described above, the vector described above, or the cell described above.
[0216] The discloaure s also directed to a method of treating a subject in need thereof
having 2 mutant PARKZ, PINK1, L <2, SCMNA, e-Rel, ATGT, VMATZ, GDNF, or GBA
gene, The method comprises administering 1o the subject the gBRNA described above, the
DNA targeting system described above, the isolated polynuclectide described sbove, the

vector described above, or the cell described gbove.

[0217] The disclosure is alsc directed to a2 modified adenc-associated viral vector for
genome editing a mutant PARKZ, PINKT, LRRKZ, SCNA, ¢-Rel, ATG7, YVMAT2, GDBNF,

or GBA gene in a subject comprising a first polynucleotide sequence encoding the gRMNA

described above, and a second polvnuclectide sequence encoding a CasS molecule that

recognires a Protospacer Adjacent Motif (PAM) of etther MNGRRET (SEQID NG 41 or

WNGRRV (SEQ ID NG 423,

[0218] The disclosure is also directed to 2 cell comprising the composition described

abiove.

[0219] A vector encoding s gutde RMA {gRMNA) wolecule and a Cas® molecule, wherein

the gRNA molecule comprises a targeting domain comprising SEG 1D NG 1, SEQ 1D NG

2, SEC D NO: 3, SED 1D NO: 4, SEQ D NG 5, SEQ 1D NG 6, SEQ ID NG: 7, SEQ ID
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NGO B, SEG D NG 9, or SEG B NO: 10 {or fragment thereof) or is configured 1o associate
with a target nucleotide sequence set forth in SEG ID NO: 1, SEQ ID NG: 2, SEQ ID NG 3,
SEQ D NG 4, SEQ I NO: 5, SEQ D NO: 6, SEO D NG 7, SEQ 1D NG: 8, SEO 1D NG
9, SEQ D NG: 19 or s complement thereof,

[0220] A genone editing system comprising. {a) 2 gRNA molecule comprising a
targeting domain that is configured to associate with a target nuclestide sequence set forth in
SEQ ID NG 1, SEQ ID NO: 7, SEQ 1D NO: 3, SEG 1D NGO 4, SEQ 1D NO: 5, SEQ 1D NG
6, SEQ HD NG 7, SEQ 1D NO- 8, SEQ 1D NO: 2 SEQ ID NG 10 or a complement thereof]
andd (b a Cas9 molecule.

[0221] WNon-linriting methods for evaluating chromatin accesstbility include micrococeal
nuclease (MNasel-assisted isolation of nuclecsomes sequencing (MMase-seq), DNase |
hypersensitive sites sequencing {DNase-seq), formaldehyde-asaisted isclation of regulatory
elements sequencing (FATRE-seq}. and assay for transposase-accessible chromatin using
sequencing (ATAC-seq). In some embodinents, the chromatin accessibility is determined by
an Assay for Transposase-Accessible Chromatin with high-throughput sequencing (ATAC-
seq). In some embodiments, the disclosed methods further include selecting a locus as an
8H if the focus is Incated at a distance of up to about 10 kb, up to about 9 kb, up to about 8
kb, up to about 7 kb, up to about & kb, up to about S kb, up to gbout 4 kb, up to about 3 kb, up
to about 2 kb, or up to about 1 kb from an ATAU-seq peak or within an ATA{-seq peak.
[0222] The Gene Editing Systems disclosed herein can be further understood by the
following nurbered paragraphs:

[0223] Paragraph 1. A gene editing system for a cell comprising:

a. 8 Cas protein or 2 polynucleotide encoding a Cas protein;

b.a guide-RNA {gRNA); and

¢ arepait template comprising 4 fusctional PARKZ PINK L, LRRKZ, 8CNA, ¢-Rel, ATG7,
YVRMATZ, GDINF, or GBA gene, or a functional variant or frapment thereof)

wherein the gene editing syster is capable of repairing an endogenous gene in the cell or
inserting a functional gene into the genome of the cell i vive or i vigro,

[0224] Paragraph 2. The gene editing svstem of paragraph 1, wherein at least one
component of the gene editing sysiem is deftvered by recombinant AAY.

[0225] Paragraph 3. The gene editing system of paragraph |, wherein the gene editing
systern 18 delivered by recombinant AAY.

[0226] Paragraph 4. The gene editing systeny of any of paragraph 1 1o 3, whersin the cell
i3 a pluripotent cell, or DA neuroval cell in vitro,
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0227 Paragraph 5. The gene editing systeny of any of paragraph 1 10 3, whersin the cell
gray 2 g sy Y OF paragrap

is a dopaminergic neuron #: vives,

Hecombinant Gene Vector

[0228] Disclosed are various embodiments of, and methods related to, a recombinant
gene vector comprising 2 PARK2, PINK1, DJ-1, LRRK2, c-Rel, ATG7, VMAT2, GDNF,
and/or GBA or functional fragment or variant thereof. In some embodiments, the vector
further comprises an edit to the alpha-synuclein (SCNA} gene to render the cell population
the vector 18 ntroduced into hemizygous null for SNCA. In some embodiments, the
recombinant gens vector renders the cell it is introdused into 1s homozygous null for SNCA
and/or homozygous null for MAPT. In some embodiments, the recombinant gene vector
renders the cell it is introduced into hemizygous null for SNCA and/or homozygous null for
MAPT. Insome embodiments, the recombinarnt gene vector renders the cell it s introduced
inte 13 homozygous null for SNCA and/or hemizygous null for MAPT. in some
embodiments, the recombinant gens vector does not include a SCNA gene edit.

[0229] Dhsclosed are various embodiments of, and methods related 1o, a recombinant
gene vector comprising a GDNF gene (SEG 1D NG: 10) or functional fragment or variant
thereof. In some embodiments, the vector further comprises an edit to the GBA gene. In
some embodiments, the vector further comprises an edit to the SNCA gene.

[0230] Disclosed are various embodiments of, and methods related to, a recombinant
gene vector comprising a GBA gens (SEQ D NGO 7Y or functional fragment or variant
thereot. In some embodiments, the vector further comprises an edit to the SNCA gene.
[0231] Yarious viral or non-viral vectors can be used. tn some embodinments, the
recombinant gene vector is a recombinant adeno-associated virus {AAY). Any of the Enown
serotypes can be used. In some embodiments, the AAV has serotype AAVE AAVZ, AAVS,
AAYE, AAVY, AAVIRID, or AAVh74. In some embodiments, the recombinant gene vector
comprises a self-complementary AAY . In some embodiments, the recombinant gene vector
comprises a single-stranded AAV. In some embodiments, the AAV i3 a wild-type AAY ora
modified AAY. In some embodiments, the AAV comprises a capsid protein having at Ieast
95% identity to a wild-type VP1, VP2, or VP3 capsid protein.

[0232] The recombinant gene vector may include gene regulatory elements. In some
embodiments, the recombinant geve vector comprises a polyoucleotide comprising, in the
following 5" t¢ 3’ order, a eukaryotically active promoter sequence and the sequence encoding

the wild-type protein, or functional fragment or variant thereof, The sequence encoding the
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wild-type protein, or functional fragment or variant thereof, is operably linked to the
eukaryoticaily active promoter sequence.

[0233] In some embodiments, the vectors and methods disclosed herein, the vector
COMPIIsSes an expression cassette comprising tn 510 3’ order:

[0234] A promoter (& GDNF knock-in promotor [such as MAOB, GCH1, NR4A2, TH,
SLC6A3, SYNI1, Camk2a, NEFM, NEFL, or NEFH], # GBA knock-in promotor [such as
mTHY 1, INSE, DDC, COMT, GBA P1, GBA P2, EFS, EEF1A1, CBA, CMV, hPGK],
Synapsin 1, DAT, VMAT, TH, AADC, tamoxifen inducible promoter, RU486 inducible
promoter, or other promotor that allows for temporal or small molecule control), the gene
{PARKD, PINKE, DJ-1, LRRE2 ¢-Rel, ATG7, VMATZ, GBA, SNCA and/or GIINF),
[0235] A promoter {a GDNF knock-in promotor [such as MAOB, GCH1, NR4A2, TH,
SLC6A3, SYNI, Camk2a, NEFM, NEFL, or NEFH], 3 GBA knock-in promotor [such as
mTHY 1, INSE, DDC, COMT, GBA P1, GBA P2, EFS, EEF1A1, CBA, CMV, hPGK],
Synapsin 1, DAT, VMAT, TH, AADC, tamoxifen inducible promoter, RU486 inducible
promoter), the gene (PARKZ, PINKI, Dl-1, LRRKZ, c-Rel, ATG7, VMAT2, GBA, SNCA
and/or GDNFY

[0236] A promoter {2 GDNF knock-in promotor [such as MAOB, GCH1, NR4A2, TH,
SLC6A3, SYNI1, Camk2a, NEFM, NEFL, or NEFH], 2 GBA knock-in promotor [such as
mTHY 1, INSE, DDC, COMT, GBA P1, GBA P2, EFS, EEF1A1, CBA, CMV, hPGK],
Synapsin 1, DAT, VMAT, TH, AADC, tamoxifen inducible promoter, RU486 inducible
promoter, or other promotor that allows for temporal or small molecule control), the geng
(PARKZ, PINKIL, DI-1, LRREZ, o-Rel, ATG7, VMATL2, GBA, SNCA and/or GDNF) and is
hemizygous null for the SNCA and/or MAPT gene;

[0237] A promoter (& GDNF knock-in promotor [such as MAOB, GCH1, NR4A2, TH,
SLC6A3, SYNI1, Camk2a, NEFM, NEFL, or NEFH], 2 GBA knock-in promotor [such as
mTHY 1, INSE, DDC, COMT, GBA P1, GBA P2, EFS, EEF1A1, CBA, CMV, hPGK],
Synapsin 1, DAT, VMAT, TH, AADC, tamoxifen inducible promoter, RU486 inducible
promoter, or other promotor that allows for temporal or small molecule control), &
S'enhancer, the gene (PARKZ, PINK, DI-1 LRRKZ, ¢-Rel, ATGY, VMATZ, GBA, SNCA
and/or GDNFY,

[0238] A promoter {a GDNF knock-in promotor [such as MAOB, GCH1, NR4A2, TH,
SLC6A3, SYNI, Camk2a, NEFM, NEFL, or NEFH], « GBA knock-in promotor [such as
mTHY 1, INSE, DDC, COMT, GBA P1, GBA P2, EFS, EEF1A1, CBA, CMV, hPGK],
Synapsin 1, DAT, VMAT, TH, AADC, tamoxifen inducible promoter, RU486 inducible
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promoter, or other promotor that allows for temporal or small molecule control), a
S'enhancer, the gene (PARKZ, PINK 1, DI-1 LRRKZ, ¢-Rel, ATG7, VMATZ, GBA, SNCA
and/or GDNF} and 1s hemizygous null for the SNCA and/or MAPT gene.

[0239] In some embodiments, the recombinant gene veotor comprises one or more of a
newron-specific promoter, optionally selected from the group comprising or consisting of
H8YINT (human synapsin), INA {(alpha-internexin}, NES {nestin}, TH (tvrosine hydrouylase),
FOXAZ (Forkbead box AZ), CaMKIT {calmodulin-dependent protein Kinase [T}, and NSE
{neuron-specific enolase) promoters.

[0240] o some embodinments, the recombinant gene vector comprises a ubiquitous
promotor selected from the group comprising or consisting of CMV, CAG, UBC, PG, EF1-
alpha, GAPDH, SV40, HBY, and chicken beta-actin promoters

[0241] In some embodiments, the disclosed engineered DA nevronal cell transduced with
a recombinant gene vector also comprises creafing & mutation in a gens associated with
Parkivson’s Disease (PD). The routated geoe can be SNCA and/or MAPT. The mutated gene
can be one of SEQ ID NOs: 1-10 or combinations thereof.

[0242] Disclosed is a vector encoding a guide RNA (gRNA)Y molecule and one Cas
protein molecule, wherein the gRNA molecule comprises a targeting domain that comprises a
portion of the nucleotide sequence selected from SEQ ID NOS: 1210 In some embodimenis,
the vector is a viral vecior. In some embodiments, the viral vector i3 an adeno-associated viral
vector. In some embodiments, the vector is 2 nucieic acid seguence cortaining an origin of
replication. In some embodiments, the vector may be a viral vector, bacteriophage, bacterial
artificial chromosome or yeast artificial chromosome. In some embodiments, the vector is a
DINA or RNA vector. In some erobodinents, the vector 15 a self-replicating
extrachromoscmal vector, and preferably, is a DNA plasmid. For example, the vector may
encode & Cas® protein and at least one gRNA wolecnle. In some embodiments, the Cas®
protein may be a 8. aursus Cas®, such as a SaCas®.

[0243] Disclosed 18 a genome editing system comprising: {a) a gRNA molecule
comprising 4 targeting domain that comprises a portion of the nucleotide sequence selected
from SEQ D MNOS: 1-10, (b) a Cas protein molecule.

[0244] In some embodiments, the vector or genome editing system is configured to alter a
GDNE, GBA or SNCA gens. In some embodiments, the vecior or genome editing system is
configured to alter & SEQ 1D NG 10, SEQGID NG 7, or SEQ ID NG & In some
embodiments, the {as protein molecuis is an 5 gwrens Cas9 molecule. In some embodiments
the Cas protein molecule recognizes a Protospacer Adjacent Motif (PAM) of either NNGRRT
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{SEQ I NO: 41y or NNGRRY (SEQ D NG 423,

[0245] The presently disclosed subject moatter also provides cells comprising the vector or
genome editing system describe herein. In some embodiments, the cells are pluripotent cells
or A neuronal cells or dopaminergic neurons.

[0246] The presently disclosed subject matter further provides a method 1o enhance one
or more of viability, engraftment, proliferation, migration, innervation or differentiation,
comprising administering (o the cell: (3) a vector encoding a gRNA mueolecule and one Cas
protein molecule; or (b} a genome editing system comprising a gRMA molecule and a Cas
protein molecule; wherein the gRMA molecule comprises a targeting domaio comprising a 20
bae pare portion of the nucleotide sequence selected from a GONF (Req 1D Mo 10), GBA
{Seq 1D No: 7y and/or SNCA (Seq 1D No: §) gene or functional fragment thereof.

[0247] In one aspect, the disclosure relates 10 3 method for treating or altering a cell ina
subject {e.&., a human subiect or an animal subject) that includes adnunistering to the subject
a nucleic acid encoding a Cas protein and first and second guide RNAs {gRMNAs)

targeted 1o the GDNF {8eq 1D No: 103, GBA (8eq 1D No: 7y and/or SNCA {Seq 1 No: &)
gene of the subject. In some embodiments, the first and second gRMAS are targeted to one or
more target sequences that encompass or are proximal 1 a 20 nucleic acid target position
which may be 57, 37 or in the nuddle of the sequence. The first gRNA may include a targeting
domain selected to target the first 20 N's (residues 1220}, while the targeting domain of the
second gRMA may be selected to target the second 20 M's (residues 20-40). The first gRNA
may include a targeting domain selected io target the second 20 N5 {residues 20-403, while
the targeting domain of the second gRINA may be selected to target the third 20 N's {residues
40-60} The first gRNA may include a targeting domain selected to target the third 20 N'g
{residugs 40-60), while the targeting domain of the second gRNA may be selectad to target
the fourth 20 N {restdues 60-80}. The first gRMA may tuclude a targeting domain seiected
to target the second 20 N's {residues 20-40), while the targeting domain of the second gRINA
may be selected to target the fifth 20 Ns {residues 80-100).

[0248] The Cas protetn, which may be a modified Cas protein {e.g., a Tas®

enginecred to alter PAM specificity, improve fidelity, or to alter or improve another structural
or functional aspect of the Cas®), may inchude one or more of a nuclear localization signal
(NLS}y and/or a polvadenylation signal. Certain embodiments are characterized by (as
proteins that mclude both a Coermioal and an N-terminal NLS The Cas protein is opticoally
driven by a promoter selected from the group comprising Synapsin 1, DAT, VMAT, TH,
AADC, tamoxifen inducible promoter, RU486 inducible promoter, or other promotor that
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allows for temporal or small molecule control. The nucieic acid also includes, in various
cases, first and second inverted terminal repeat sequences (JTRs).

[0249] The embodiments disclosed herein can be further understood by the following
numbered paragraphs.

[0250] Paragraph 1. A vector encoding a guide RNA (gRNA) molecule and a Cas protein
molecule, wherein the gRNA molecule comprises a targeting domain configured to alter
PARK2, PINK1, DJ-1, LRRK2, SCNA, c-Rel, ATG7, VMAT2, GBA, SNCA or GDNF
gene.

[0251] Paragraph 2. The vector of paragraph 1, wherein the Cas molecule is an S. aureus
Cas9 molecule.

[0252] Paragraph 3. The vector of paragraph 1, wherein the Cas molecule recognizes a
Protospacer Adjacent Motif (PAM) of either NNGRRT (SEQ ID NO: 41) or NNGRRYV (SEQ
ID NO: 42).

[0253] Paragraph 4. The vector of paragraph 1, wherein the vector is a viral vector.
[0254] Paragraph 5. A composition comprising the vector of paragraph 1.

[0255] Paragraph 6. A genome editing system comprising:

(a) a gRNA molecule comprising a targeting domain that is configured to alter the nucleotide
sequence set forth in SEQ ID NO: 1-10 or comprises the nucleotide sequence set forth in
SEQ ID NO: 1-10; and

(b) a Cas molecule.

[0256] Paragraph 7. The genome editing system of paragraph 6, wherein the genome
editing system is configured to alter a PARK2, PINK1, DJ-1, LRRK2, SCNA, c-Rel, ATG7,
VMAT2, GBA, SNCA or GDNF gene.

[0257] Paragraph 8. The genome editing system of paragraph 6, wherein the Cas
molecule is an S. aureus Cas9 molecule.

[0258] Paragraph 9. The genome editing system of paragraph 6, wherein the Cas
molecule recognizes a PAM of either NNGRRT (SEQ ID NO: 41) or NNGRRYV (SEQ ID
NO: 42).

[0259] Paragraph 10. An isolated cell comprising the vector of paragraph 1.

[0260] Paragraph 11. An isolated cell comprising the genome editing system of paragraph
6.

[0261] Paragraph 12. A method of making a gene edited cell, comprising administering to
a cell:

(a) a vector encoding a gRNA molecule and a Cas protein molecule; or
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(b) a genome editing system comprising a gRNA molecule and a Cas protein molecule;
wherein the gRNA molecule comprises a targeting domain comprising a portion of the
nucleotide sequence set forth in SEQ ID NO: 1-10 or is configured to alter the nucleotide
sequence set forth in SEQ ID NO: 1-10.

[0262] Paragraph 13. The method of paragraph 12, wherein the cell is selected from the
group comprising or consisting of a pluripotent cell and a DA neuronal cell.

[0263] Paragraph 14. A method of inhibiting degeneration or death of a dopaminergic
neuron comprising a mutation in a gene associated with a Parkinson’s Disease (PD),
comprising:

contacting the neuron with the recombinant gene therapy vector of any one of paragraphs
1to 4;

wherein following contact with the recombinant gene therapy vector, the neuron expresses
the PARK?2, PINK1, DJ-1, LRRK2, c-Rel, ATG7, VMAT2, GDNF, SNCA+/- and/or GBA
protein.

[0264] Paragraph 15. The method of paragraph 14, wherein the neuron expresses a
reduced amount of alpha-synuclein following contact with the recombinant gene therapy
vector.

[0265] Paragraph 16. The method of any of paragraphs 14 to 15, wherein the neuron
produces and/or releases an increased amount of dopamine following contact with the
recombinant gene therapy vector.

[0266] Paragraph 17. The method of any of paragraphs 14 to 16, wherein the neuron
expresses a lower amount of alpha-synuclein as compared to an amount of alpha-synuclein
expressed in a neuron not contacted with the recombinant gene therapy vector, optionally
wherein the lower amount is at least 5%, at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, or at least 80% lower than the amount
expressed in the neuron not contacted with the recombinant gene therapy vector.

[0267] Paragraph 18. The method of any of paragraphs 14 to 17, wherein the neuron
produces and/or releases an increased amount of dopamine as compared to an amount of
dopamine produced and/or released by a neuron not contacted with the recombinant gene
therapy vector, optionally wherein the increase amount is at least 5%, at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least two-fold, at least three-fold, at least four-fold, at least five-fold, or at least 10-
fold greater than the amount produced and/or released by the neuron not contacted with the

recombinant gene therapy vector.

88



WO 2025/049807 PCT/US2024/044518

[0268] Paragraph 19. The method of any of paragraphs 14 to 18, wherein the neuron
undergoes an increased amount of autophagy as compared to an amount of autophagy
undergone by a neuron not contacted with the recombinant gene therapy vector, optionally
wherein the increased amount is at least 5%, at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least two-fold, at
least three-fold, at least four-fold, at least five-fold, or at least 10-fold greater than the amount
undergone by the neuron not contacted with the recombinant gene therapy vector.

[0269] Paragraph 20. The method of any of paragraphs 14 to 19, wherein the neuron is a
primary tyrosine hydroxylase positive neuron.

[0270] Paragraph 21. A method of treating or inhibiting onset of a Parkinson’s Disease
(PD) in a subject suffering from or at risk of the PD, comprising:

administering a recombinant gene therapy vector of any one of paragraphs 1 to 4 to the
subject;

wherein administration of the recombinant gene therapy vector treats or inhibits onset of the
Parkinson’s Disease in the subject.

[0271] Paragraph 22. The method of claim 22, wherein the subject is an adult or child.
[0272] Paragraph 23. The method of any of paragraphs 21 to 22, wherein the number of
dopaminergic neurons in the subject after the administering step is greater than the number of
dopaminergic neurons in the subject before the administering step.

[0273] Paragraph 24. The method of any of paragraphs 21to 23, wherein the level of
dopamine in the subject after the administering step is greater than the level of dopamine in
the subject before the administering step.

[0274] Paragraph 25. The method of any of paragraphs 21 to 24, wherein the number of
dopaminergic neurons in a subject treated by the method is increased compared to the number
of dopaminergic neurons in a subject not so treated.

[0275] Paragraph 26. The method of any of paragraphs 21 to 25, wherein the level of
dopamine of a subject treated by the method is increased compared to the level of dopamine
in a subject not so treated.

[0276] Paragraph 27. The method of any one of paragraphs 21 to 26, wherein the level of
dopamine in the substantia nigra of a subject treated by method is increased compared to the
level of dopamine in the substantia nigra of a subject not so treated.

[0277] Paragraph 28. The method of any of paragraphs 21to 27, wherein the level of
GDNF and/or GBA in the subject’s CSF after the administering step is greater than the level
of GDNF and/or GBA in the subject’s CSF before the administering step.
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[0278] Paragraph 29. The method of any of paragraphs 21 to 28, wherein the Unified
Parkinson’s Disease Rating Scale (UPDRS) score of the subject before the administering step
is improved compared to the UPDRS score of the subject before the administering step.
[0279] Paragraph 30. The method of any of paragraphs 21 to 29, wherein the level of
PRKN in the CSF of a subject treated by the method is increased compared to the level of
PRKN in the CSF of a subject not so treated.

[0280] Paragraph 31. The method of any of paragraphs 21 to 29, wherein the UPDRS
score of a subject treated by the method is improved compared to the UPDRS score of a
subject not so treated.

[0281] Paragraph 32. The method of any of paragraphs 21 to 31, wherein the subject’s
neurons express a reduced amount of alpha-synuclein and/or comprises a reduced amount of
Lewy bodies following contact with the recombinant gene therapy vector.

[0282] The embodiments disclosed herein can be further understood by the following
numbered paragraphs.

[0283] Paragraph 1. An engingered pluripotent cell, which comprises an exogenous
sequence encoding a GDNF geoe, which has been integrated under transcriptional control of
an endogencus gene promaoter.

[0284] Paragraph 2. An enginesred DA nourcnal cell, which comprises an exogenous
sequence encoding a GDNF gene, which has been integrated under transcriptional coniro} of
an endOgenous gene promoier.

[0285] Paragraph 3. An engineered plusipotent cell according 1o paragraph 1, which hasa
zenotype SNC A+ -

[0286] Paragraph 4. An eogiveered DA neuronal cell according to paragraph 2, which has

a genotype SNCA+/-

Methods

Method for making an engineeved cell

[0287] In some embodiments, disciosed i3 a method of making an engineered cell
comprising contacting a plunipotent cell with a gene editing system comprising: a Cas protein
or a polynucleotide encoding a Cas protein; a guide-RNA (gRNAY, and a repair template
comprising a functional PARK2 PINK1, DI-1, LRRK?2, ¢-Rel, ATG7. VMATZ, GBA,
hemizygous SMCA, henuzygous MAPT and/or GDNF gene or a functional variant or
fragment thereof.

[0288] o some embodiments, the pluripotent cell 1s s e, In some embodiments, the

90



WO 2025/049807 PCT/US2024/044518

engineered pluripotent cell is differentiated i vitro to a DA neuronal cell to forn an
engineered A neuronal cell. o sore embodiments, the engineered DA neuronal cell s
transiated tnto a patient. In some embodiments, the engineered 3A nenronal cell is capable
of enhancing the viability, engraftment, proliferation, migration, innervation, differentiation,
long-term graft integrity, survival of endogenous neurons, or function of the administered
engineered DA neuronal cells compared to wildtype neuronal cells. In some embodiments,
the admivistered engivecred DA neuronal cells differentiate & vive 1o a Meuronal Mature
Cell Type and the administered engineered DA neuronal cells enhance the function of the
Neuronal Mature Cell Type compared to wildtype NMevronal Mature Cells. In some
embodiments, the administered enginesred DA neuronal cells enhance the function of the
endogenous {non-engineered) Neuronal Mature Cell Types in the patient,

[0289] in sowe embodiments, the pluripotent cell and/or subject to be genetically
engineered comprises a mutation in a PARK? gene, PINKT gene, LRRKZ gene, ¢-Rel gene,
ATGT gene, VMATZ, GBA, SNCA, MAPT and/or GDINF gene. Io some embodiments, the
pluripotent cell and/or subject to be genetically engineered comprises a mutation iy one of
SEQ 1D NOS: 1-10 or combinations thereof,

[0290] Disclosed herein is a method for making an engineersd cell comprising;
introducing into a cell & guiding polynucleotide comprising a spacer region that is
compleneniary to a target nucleic acid in 3 genomic region of the cell; a nuciease that is
guided by the guiding polynuclectide; and g polynucleotide encoding an exogenous GDNE,
GBA or SNUA; stte~specitically cleaving the target nucleic acid inside the cell by the
auctease guided by the guiding polyrnucieotide; and inserting the polynucleotide encoding the
exogenous GDNE, GBA and/or SNCA into the gesomic region of the cell at the cleavage
site. The nuclease can be CasS. In some embodiments, the guiding polynuclestide can be a
single guiding polynuclectide. The guiding polynucleotide can be RNA. The target nucleic
acid can be DNA. The spacer region can be between 10-30 nuclectides in length. The
auclease can produce a double stranded break in the target nucleic acid. The nuclease can
produce a single strand break in the target nucleic acid.

[0291] In some embodiments the guiding polynucleotide can be introduced into a cell by
electroporation. A gaide nucleic acid can be introduced into & cell by nuclecfection. A
auclease can also be introduced inte a cell by a delivery vector. A polynuclectide encoding an
exogenous GDNF, GBA and/or SNCA can further coroprise a promaoter sequence. The
promoter sequence can be selected from one of SEG 1D NOS 21-40 or 43 An exogenous
GDINF, GBA and/or SNCA can be inserted by homologous recombination. A guiding
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polynucieotide and a nuclease can form a nucleoprotein complex.

[0292] Cleaving a target nucleic acid can remove a genomic nucleio acid sequence that is
replaced with a polynucteotide encoding an exogenous GDNF, GBA andior SNCA. A
polynucleotide encoding an exogenous GONF, GBA and/or SMCA can further comprise a
first recombination arm and a second recombination anm. A first recombination arm can
comprise a first sequence that is identical to a first portion of a target nucleic acid and a
second recombination arm ¢an compnse a second sequence that 1s identical to g second
portion of a target nucleic acid. In some embodiments, a first recombination arm can
comprise a first sequence that is 1dentical to a fivst portion adjacent to a target nucleic acid
and a second recombination arny can comprise a second sequence that is identical o a second
portion adjacent to a target nucleic acid. A target nucleic acid can be within a gene.

A gene can be selected from GDNF, GBA and/or SNCA.

[0293] In some embodiments, inseriion of an exogenous GDINF, GBA andior SNCA
sequence at a cleavage site can result v disruption of a gene. A target vucleic acid canbe
within an intergenic site. An exopenous GRNF, GBA and/or SNCA can be expressed i a
cell. An engineered cell can be introduced into an orgavisn. BEugineered cells can be
expanded ex vive.

[0294] Disclosed herein is a method for efficient target gone disruption in DA neuronal
cells comprising contacting a pluripotent cell with a Cas protein nuclease and 3 guide RNA,
wherein a guide RNA containg a region of 17 to 22 nuclectides that is substantially
complementary o a region in a iarget gene; cleaving a iarget gene, wherein a target gene can
be GDNF, GBA and/or SNCA and wherein an exogenous knock out event cccurs in at least
30%, at feast 40%4, at least 50%, at least 60%, at least 70%, or at least 0% of pluripotent
cells when a population of pluripotent cells are contacted with a Cas protein nuclease and a
guide RNA

[0295] In some embodiments, the method comprises one or more cells, and the one or
more colls are pluripotent cells, DA neuronal cells, neurons or any combination thereof . In
some emvbodiments, the method comprises a first nucleic acid, and the first nucleic acid s
DNA, RNA or a hybrid thereof. In some embodiments, the method comprises a first nucleio
acid, and the first nucleic acid is single stranded or double stranded. In some embodiments,
the method comprises a second mucleic acid, and the second nucleic acid is DNA, RNA or a
hybrnid thereof. In some embodiments, the method comprises a second nucleic acid, and the
second nucleic acid is single stranded or double stranded. In some embodiments, the method
comprises introducing a frst nuclete acid, and introducing the fust nucleic acid comprises
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non-viral transfection, biclistics, chemical transfection, electroporation, nuclecfection, heat-
shock transfection, lipofection, micrinjection, or viral wansfection. In some embodiments
the method comprises viral ransduction, and the viral transduction comprises an adeno-
assoctated virus. In some embodiments, the method comprises introducing a second nucleic
actd, and introducing the second nucleic acid comprises non-viral fransfection, biolistics,
chemical transfection, electroporation, nuclesfection, heat-shock ransfection, lipofection,
mieroinjection, or viral fransfection.

[0296] In some embodiments, the method comprises a double strand break, and creating
the double strand break comprises CRISPR, TALEMN, ransposon-based, ZFN, megaouclease,
or Mega~-TAL . In some embodiments, the method comprises a double strand break, and
creating the double strand break comprises CRISPFR. In some embodiments, the method
comprises a double strand break, and the double strand break is repaired by insertion of a
gene encoding an engineered GRNF, GBA and/or SNCA gene. In some embodiments, the
method comprises a second nucleic acid, and the second nucleic acid comprises
recombination arms, and wherein the second gene encoding an engingered GDNF, GBA
and/or SNCA gene is flanked by the recombination arms. In some embodiments, the method
comprises recombination arms, and the recombination arms are at least in past
complementary to at least a portion of the at least one endogenous GDNF, GBA and/or
SNUA gene. In some embodiments of the methods of the present disclosure, an increase in
isogenicity between the recombination arms and the at least one endogencus GDNF, GBA
and/or SMNCA gene corresponds to an inorease in efficiency of the insertion of a second gene.
In some embodiments, the method comprises insertion of a second gene, and an efficiency of
the insertion of the second gene 13 measured using Hoorescence-expressed cell sotting. To
some embodiments, the method comprises introducing a second nucleic acid, and infroducing
the second nucleic acid comprises non-viral transfection, biolistics, chemical transfection,
slectroporation, nuclecfection, heat-shock transfection, lipofection, microinjection, or viral
transfection. In some embodiments, the method comprises insertion of g second gene, and the
insertion of the second gene encoding an engineered GDNEF GBA and/or SNUA gene
comprises homology directed repair (HDR). In some embodimends, the method comprises
insertions of a second gene, and the insertion of the second gene is assisted by a homologous
recombination (HR) enhancer. In some embodiments, the method comprises an enhancer, and
the enhancer s dertved from a viral protein. Tn sore embodiroents, the moethod comprises an
HR ephancer, and the HR enhancer is selected from the group comprising or consisting of
Edorfo, E1b35K, E1bA3E-H354, E1b5AK-HITIA, Sor?, L755507, or any combination
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thereot. In some embodiments, the method comprises an HR enhancer, and the HR enhancer
i3 a chemical inhibitor. In some embodiments, the methods comprise an HR enhancer, and
the HR enhancer inhibits Ligase IV, In some embodiments, the method comprises a reduction
in cytotoxicity, and the cytotoxicity coraprises at least one of DNA cleavage, cell death,
apoptosts, nuclear condensation, celf lysis, necrosis, altered celt motility, altered cell
stiffness, altered cytoplasmic protein expression, altered membrane protein expression,
swelling, Joss of merobrane integrity, cessation of metsbolic activity, bypoactive metabolisrg,
hyperactive metabolism, increased reactive oxygen species, cvioplasmic shrinkags, or any
combination thereof. In some embodiments, the method comprises measuning viability, and
the viability s measured using at feast one of fluoreacence-expressed cell sorting, trypan bine
exclusion, CD4+ cell-surface markers, CD8+ cell-surface markers, telomere length, or any
combinaiion thereof In some embodiments, the method comprises a subject, and the subject

is & human subject.

Metheds of making a therapeutically effective composition

[0297] fo one embodiment, disclosed are methods of making a therapeutically effective
composition comprising one or more cells. In some embodiments, the method

comprises geve editing, and the gene editing comprises ntroducing juto the ove or wore cells
a first nucleic acid. In some embodiments, the method comprises a first nucleic acid, and the
first nucleio acid comprises a first gene encoding a PARKZ, PIMNKY, DI-1 LRRKZ, c-Rel,
ATGT7, VMATZ, GBA, SNCA or GDNF proiein. In some embodiments, the method

comprises gene editing, and the

zene editing comprises introducing into the one or more cells
a second nucleie acid. In some embodiments, the method comprises a second nucleic acid,
and the second nucleic acid comprises a second gene encoding a PARK2, PINKT, BJ-1)
LRRIZ, o-Rel, ATGT, VMATZ, GBA, SNCA or GDNF protein wherein the second gene and
first gene are different.

[0298] Disclosed i3 a method of freating or inhibiting onset of a Parkinson’s Disease (PD)

in 8 subject suffering from or at risk of the PD, comprising:

administering a P& Neuronal Cell wherein the DA Neurcnal Cell comprises a reconrbinant

gene vector comprising 2 polynuclectide sequence encoding a wild-type PARKZ, PINKL, BJ-
1, LRRK2, ¢-Rel, ATGT7, VMATZ, GBA, SNUA or GDNF gene, or 3 functional variant or
fragment thereot, to the subject; wherein administration of the DA neuronal cells comprising

a recombinant gene vector treats or inhibits onset of the Parlduson’s Disease in the subject.
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Methads of identifying a safe harbor loens

[0299] Method of identifving a safe harbor locus is disclosed. The method of identitying
a safe harbor locus suitable for editing PRCs and expression in post-mitotic dopaminergic
neurens, compising, consisting of or consisting essentially oft a. generating from a chinically
compliant PSC line and/or dopaminergic neuronal progenitor prioritized genomic safe harbor
sites using scATAC-seq data; b, comparing the data from step a with published ATAC-seq
data from dopaminergic neurons isolated from buman healthy and Parkinson’s braing, ¢
defining shared regions of chromatin accessitulity between the data in 2 and the comparison
in step b thereby generativg a prioritized catalog of GSH sites suitable for editing in PSCs
and expression in post-maitotic dopaminergic neurons. In some embodiments, prioritized
catalog of GSH sites are further prioritized based on the GSH site being remote from genes,
regulatory regions, telomerss, and cenfromeres to prevent iransgene interference with gene
expression, division, and function.  In some embodiments, the GSH site s selected based on
highest efficiency for transgene tusertion, dursble expression following prolonged culture,
and/or absence of oncogenic gene expression. In some embodinents, the G8H site is selected
based oun peak size, and/or distribution data geverated with processed ATAC-seq data.

[0300] Disclosed 1s a method of identifving a safe harbor locus suitable for editing PSCs
and expression in post-mitotic dopaminergic nourons, comprising, consisting of or consisting
essentially of! a. generating from a clinically compliant P8C tine and/or dopaminergic
neuronal progenitor pricritized genomic safe harbor sites using sc ATAC -seq data; b
comparing the data from step 2 with published ATAC-seq data from dopaminergic neurons
isolated from human healthy and Parkinson’s brains; ¢. defining shared regions of chromatin
accessibility between the dats in a and the companison i step b, and 4. selecting the safe
harbor locus based on threshold parameters; wherein the safe harbor locus is selected for
tusertion of at least one sequence encoding a fransgene within a cell In some embodiments,
the threshold parameters are based on peak size, and /or distribution data generated with
processed ATAC-seq data. In some embodiments, the threshold parameters are based on peak
stze data generated with processed ATAC-seq data, distribution data generated with
mrocessed ATAC-seq data, highest efficiency for transgene insertion, durable expression
foliowing prolonged culture, and/or absence of oncogenic gene expression. In some
embodiments, defining chromatin accessibility is based on the (1) PSCs, to optimize editing
efficiency iu step a, {(2) DA neuronal cells, to optimize editing efficiency in step a, and (3)
post-miiotic dopaminergic neurens from human brain samples. In some embodiments,
defining chromatin accessibility 1 based on the (1) PSCs, to optirotze editing efficiency in
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step a, {2} DA neuronal cells, to optimize editing efficiency i step a, (3} post-miictic
deparninergic neurons from human brain samples and {4} Neuronal Mature Cell Type cells.
[0301] In some embodiments, the method of targeting a transgene {e.g. GINE} inio a
safe harbor locus in PSCs for expression in post-mitotic dopaminergic neurons further
comprises selecting an sgRNAs with highest on-target and lowest off-target activities and
empirically defining the best culting sgRNA.

[0302] In some embodiments, identifviog a safe harbor locus 1o PRCs for expression in
post-mitotic dopaminergic neurons further comprises further defining chromatin accessibility
based on ATAC-seq peak data in a fivst cell type (PSC, DA neuronal, and/or Neuronal
Mature Cell Type} compared to ATAC-seq peak daia in a second, different celi type (PSC
cells, DA neuronal cells, Neuronal Mature Cell Type, ansd/or HEK cells). o some
embodiments, chromatin acceasibility is based on ATAU-seq peak data compared 1o
validated transgene insertions, and/or the alignment between the ATAC-seq peak and the
sgRMA positions. In some embodiments, chromatin accessibility 18 based on ATAC-seq peak
data compared scATAC-seq data from substantia nigra (SN) cells of healthy control and
Parkinson’s disease patients. In sore embodiments, chromatin accessibility is based on
ATALC-seq peak data compared scATAC-seq data from substantia nigra (SN) cells of healthy
control and Parkinson’s disease patients as compared to published ATAC-seq from human
iPSCs and mature dopaminergic neurons. in some embodiments, chromatin accessibility is
based on ATAC-seq peak data compared scATAC-seq data from dopaminergic cells of
healthy control and Parkinson’s disease patients. fn soms embodiments, chromatin
accessibility is based on ATAC-seq peak data compared scATAC-seq data from substantia
nigra (SN) cells of healthy control and Parkinson’s disease patients as compared to published
ATAC-seq from human iPSCs and mature dopaminergic neurons. i sone envbodiments,
chropatin accessibility 13 based on the candidate GSH sites being classified as ‘open’ in
healthy control, but ‘closed’ in Parkinson’s patients. n some embodiments, chromatin
accessibility s based on the candidate GSH sites being classified as ‘closed’ in healthy
control, but ‘open’ in Parkinson’s patients. in some embodiments, chromatin accessibility is
based on the candidate GSH sites being classified as ‘open’ in healthy control, and ‘open’ in
Parkinson’s patients. In some embodiments, chromatin accessibifity s based on any
combination of factors discussed in this paragraph. in scime embodiments, transgens
inserfion {e.g GDNF) has no effect on differentiation capacity, Ze., the DA neuronal cells can
differentiate (in vivo and in vitro) into a Neuronal Mature Cell Type.

[0303] Disclosed is a wethod of identifving a safe harbor locus, corprising, consisting
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of or consisting essentially oft a. identifving genes or non-coding regions in a chromosome
that are above a threshold level for accessibility of chromatin; b, gonerating g model that
correlates the gene or non-coding region from step (a} with published ATAC-seq data from
dopanunergic neurons isciated trorm human healthy and Parkinson’s brains on the
chromosome; and ¢ selecting the safe harbor focua based on threshold parameters; wherein
the safe harbor locus is selected for insertion of at least one sequence encoding a fransgene
within a cell. In some ambodiments, the threshold parameters are based on peal size data
generated with processed ATAC-seq data, distribution data generated with processed ATAC-
seqp data, highest efficiency for transgene insertion, durable expression following prolonged
culture, absence of oncogenic gene expression, stable expression of 2 tranagene, knockout of
the gene confers benefit to the function of the cell, no known function within the cell, stable
transgene expression o vitro, negligible off-target cleavage as detected by iGuide-Seq or
CRISPR- Seq, less off-target cleavage relafive to other loci as detected by 1Guide-Seq or
CRISPR-Seq, negligible transgene-independent oytotoxicity, neghigible transgene-
independent cviokine expression, negligible transgene-independent chimeric antigen receptor
expression, negligible deregulation or silencing of vearby genes whersin the accessibility of
chromatin is measured using an assay for iransposase-accessible chromatin using sequencing
{ATAC-seq). In some embodiments, chiromatin accessibility is based on the (13 PSCs, 1o
optimize editing efficiency in step a, and/or {2} DA neuronal cells, to optimize editing

efficiency in step a, and (3} post-mitotic dopaminergic neurons from hurnan brain samples. In

some embodiments, defining chromatin accessibility is based on the (13 PRCs, to optimize
editing efficiency to step a, {2} DA neuronal cells, to optimize editing etficiency in step a, (3)
post-rotiotic dopaminergic neurons from homan brain samples to the exient the engineered
cells are able 1o mature to a Neuronal Mature Cell Type to promote survival of endogenous
neurons and {43 Neuronal Mature Cell Type cells.

[0304] Disclosed is an ex vivo method of obtaining an enginesred cell or population
thereof, comprising: a. obtaining a cell; b. genetcally moditying the cell by nserting at least
one sequence encoding a transgene within a safe harbor locus, wheretn the safe harbor locus
i3 selected from any one of the target loci in Table 1. Wherein genetically modifying in step
{b} comprises contacting the cell with one or more guide ribonucieic acids (gRNAs), the at
fzast one sequence, and one or more Cas? endonucleases, wherein the one or more gRNAs
and Cas9 endonucleases facilitate the insertion of the at least one sequence tuto chromosomal
DINA within the safe harbor locus. Wherein the at least one sequence comprises an
exogenous promoter and the exogenous promoter is operably Hinked to the transgene.
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Wherein the transgene comprises, consists of or consists essentially of one or more genes
selected from the group functional PARKZ, PINK, DI-1, LRREZ, o-Rel, ATGT, VMATZ,
GBA, hemizygous SNCA, hemizygous MAPT and/or GDNF geve or a functional variaot or

fragment thereof.

Gene targeted insertion in pluripotent stem cells (PSCs)

[0305] Provided is a method of performing gene targeied insertion in PRCs to introduce
exogencus coding sequences under the control of endogencus promoters, especially
endogenous promoters of genes that are specifically expressed inio celis of a particular
neuronal linsage or at particular differentiation stage, preferably at a late stage of
differentiation. In some embodiments, the PSCs can be transduced with a polynuclectide
vector {donor template), such as an AAY vecior, during an ex-vive ireatment as discussed
herein, whereas a sequence specific nuclease reagent is expressed as 1o promote the insertion
of the coding sequences at the selected locus. In some embodiments, the PSCs can be
engineered using CRISPR, TALEN, transposon-based, ZFN, meganuclease, or Mega-TAL {0
create a double stand break which s repaired by insertion of 2 gene encoding an engineered
GDNF, GBA and/or SNCA gene. The resulting engineered PSCs can be then differentiated
wnto engineeted DA veuronal cells and the engiveered DA veuronal cells engrafied into a
patient in need thereof for a long-term in vive production of the exogenous coding sequences.
Depending on the activity of the selected endogenous promoter, the coding sequences will be
selectively expressed tn certain Hneages or in responae to the local environment of the DA
neuronal cells i vivo, thereby providing treatment for Parkinson’s disease and other and
secondary Parkinsonian disorders.

[0306] In some embodiments, the exogenous coding sequences are placed under the
conirol of promoters of & gene, which transcriptional activity is specifically induced in cells
atter graft function has been established, ie., cells which are a Neuronal Mature Cell Type.
In some embodiments, the exogenous coding sequences are placed under the control of
promoters of a gene, which transcriptional activity s specifically induced in ceils after cell
transplantation has occurred. In some envhodiments, the exogenous coding sequences are
piaced under the control of promoters of a gene, which transcriptional activity is specifically
not induced in cells differentiating /v vizro. In some embodiments, the exogenous coding
sequences are placed under the control of promaoters of a gene, which transcriptional activity
i3 specificatly not induced in cells expanding 7 vitro. In some embodiments, the exogenous

coding sequences are placed under the control of promaoters of a gene, which transcriptions]
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activity is specifically not induced in cells until after graft function has been established.
[0307] Disclosed is the introduction of an exogenous sequence encoding a GDNF, GBA,

NN/

He ot a component thereof, tnto PSCs, preferably under the transenptional control of 2
promoter of a gene that 1s not expressed in pluripotent cells or differentiating cells or DA
negronal cells, In some embodiments, the gene te under transcriptional control of a gene that
is only expressed upon transplantation /2 vivo. Iny some embodiments, the gene is under
transcriptional control of a gene that is only expressed in the neural cells produced by the
administered engineered ESC and/or DA neuronal cell. In some embodiments, the gene is
under transcriptional control of a gene that is only expressed in Neuronal Mature Cell Types.
In some embodinents, the gene s under transcriptional control of cune of SEG I3 NOS: 21-
40 or 43,

[0308] In some embodiments the exogenous sequence encoding a ODNF, or a component
thereof, is introduced 1o the ESC under the transcriptional control of a gene that is
described as being specifically expressed in Meuronal Mature Cell Types, preferably only io
these types of cells. In some embodiments, the GDINF gene is under transcriptional controd of
one of SEG 1D NOS: 21-40 or 43

[0309] In some embodiments, the PSCs comprise an exogensus coding sequence 3 be
expressed exclusively in selected neural lineage{sy More broadly, disclosed is a method of
engineering PRUs by gene targeted insertion of an exogenous coding sequences to be
selectively expressed in Neuronal Mature Cells derived from the PSCs. As an embodiment,
the Neuronal Mature cells produced by the engineered PRUs express the exogenons coding
sequences in response to selected environmental factors or ss vivo stimuli to improve their
therapeutic potentisl,  More broadly, disclosed 15 a yuethod of enginecring PSCs by gene
targeted insertion of an exogenous coding sequences 1o be selectively expressed in an i vive
euvironmnent where Neoronal Mature Cells are. As an embodiment, the engineered cells
derived from the enginesred PSCs express the exogenous coding sequences in response (o
selected environmental factors or 7 vive stimuli to improve their therapeutic potential on

Neuronal Mature Cells,

Combining targeted sequence insertion(s) in DA neuronal cells with the inactivation of
endogenous genomic sequences

[0310] In some embodiments, gene wactivation in DA neuronal celis at a locus, by
integrating exogenous coding sequence at the locus, the expression of which improves the

therapeutic potential of the engineered cells.
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[0311] in some embodiments, the insertion of the coding sequence has the effect of

reducing or preventing the expression of genes involved.

Espansion of DA nearonal cells

[0312] Whether prior to or after genetic modification, the enginsered pluripotent cells
and/or DA neuronal cells can be expanded. Pluripotent cells and/or DA neuronal cells can be
expanded in vitro or in vive, Tn some embodiments, the engineered pluripotent cells andfor
A neuronal cells do not express the exogencus gene during expansion. n some
embodiments, the eogioeered pluripotent cells and/or DA neuronal cells do express the

exogenous gene during expansion.

Gene editing

[0313] In some embodiments, disclosed is a method comprises the steps of

~ providing a population of pluripoient cells;

- introducing into g proportion of the pluripotent cells:

1} gt least one nucleic acid comprising an exogeonous mucieotide or polynucleotide sequence
thereby producing an engineered pluripotent cell wherein the exogenous nuclentide or
polynucleotide 15 integrated at a selected endogenous focus to encode at least one molecule
for improving the therapeutic potential of a DA neuronal cells population derived froms the
engineered pluripotent cells;

i) At least one sequence-~specific reagent that specifically targets the selected endogenous
focus, wherein the exogenous nucleotide or polynucleciide sequence is inserted by targeted
gene integration into the endogenons locus, so that the exogenous nucleotide or
polymucieotide sequence forms an exogenous coding sequence uder transcriptional control
of an endogenous promoter present ai the locus,

[0314] In some embodiments of the method, the sequence specific reagent is a nuclease,
and the targeted gene integration is operated by homologous recombination or non-
homologous end joining {(MHEJ) into the pluripotent cells. in some embodiments, NHE can
be suppressed in a cell. Suppressing MHEY in 2 cell can comprise inhibiting Ligase TV,
Nuppressing NHEJ tn 3 cell can also comprise introducing a homologous recombination (HR)
enthancer. An enhancer can be derived from a viral protein. An enhancer can be ETBS3K,
Faorf6, Ror?, or L755507. Ruppressing MNHET tn 3 cell can facilitate nsertion of a
polynucieotide encoding an exogenous GDNE, GBA and/or SNCA at a cleavage site by

homologous recombination
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[0315] in some embodinenis, the endogenous promoter i5 selected to be inactive during
in vitro cell differengiation and preferably vp regulated after graft function has been
estabdished 7 vive, In some embodiments, the endogenous promoter 1s selected to be
inactive during i vitro cell differentiation and preferably up regulated after cell
iransplantation into a subject.

[0316] The methods can be further understood by the tlowing numbered paragraphs:
[0317] Paragraph 1. A method of treating Parkinson’s disease and other and secondary
Parkinsonian disorders in a human subject, the method comprising: administering to the
human subject an effective amount of a pharmaceutical composition that comprises (i a
popufation of genetically modified buman DA seuronal cells that comprise a genomic
disruption in an endogenous gene that suppresses of eliminates expression of a protein
encoded by said gene; and {1} 2 pharmacentically acceptable carrier or excipient.

[0318] Paragraph 2. The method of paragraph 1, wherein said gene is a GDNF, GBA
and/or SNCA gene.

[0319] Paragraph 3. The method of paragraph 1, wherein said DA neuronal are
autclogous to said human subject.

[0320] Paragraph 4. The method of paragrapl |, wherein said genomic disruptionis a
nucleciide insertion or deletion o said gene.

[0321] Paragraph 5. The method of paragraph I, wherein said genetically modified
human DA neuronal cells comprise an exogenous GDNF, GBA and/or SNCA gene.
[0322] Paragraph 7. The method of paragraph 1, whersin said genstically modified DA

neuronal cells are derived from genetically modified pluripotent stem cells.

Gene editing for hemizygous null for SNCA

[0323] o one embodiment, provided 13 a method for adoptive cell therapy or prophylaxis
comprising administering SNCA-modified DA neuronal ceils 10 a subject suffering from a o-
synuclein accumulation condition or at risk of sufferivg from & w-synuciein accurnulation
condition. In some emwbodiments the SNC A-modified A neuronal cells are autologous. In
sorne ernbodiments the SNCA-modified DA neuronal cells are allogeneic,

[0324] fn some embodinienis the SNCA-modified DA neurenal cells are I3 A neuronal
cells genetically modified o have reduced expression of SNCA. In some emhodiments the
SNCA~-modified DA neurcnal cells are DA veuronal cells genetically modified to bave
reduced expression of SNCUA and increased expression of GBA.

[0325] fu some embodiments the SNCA-maodified DA neuronal cells are derived from
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suripotent cells genetically modified to have reduced expression of SNCA such as

by gene editing with programmable nucleases or by gene silencing (RNA irderference}. In
some embodiments the genetically modified SNCA-modified DA neuronal cells are
SWNCA™ In some embodiments the genetically modified SNCA-modified DA neuronal cells
are SNCA™ . In some smbodiments the genetically modified SNCA-modified DA neuronal
cells are SNCA™,

[0326] SNCA-modified DA neuronal cells can be further understood by the following
numbered paragraphs:

[0327] Paragraph 1. A method of obtaining human DA neuronal cells, comprising
differentiating human pluripotent stem cells into human DA neuronal cells, wherein the
human pluripotent cells are genetically modified cells in which one or both SNCA alleles
have been unexpressed by a genetic modification.

[0328] Paragraph 2. The method of paragraph 1, wherein both SNCA alleles have been
unexpressed by a genetic modification.

[0329] Paragraph 3. The method of paragraph 1, wherein human pluripotent stem cells
are induced pluripotent stem cells.

[0330] Paragraph 4. The method of paragraph 3, wherein both SNCA alleles have been
unexpressed by a genetic modification.

[0331] Paragraph 5. The method of paragraph 1, comprising expanding the human DA
neuronal cells.

[0332] Paragraph 6. The method of paragraph 1, wherein the human pluripotent cells are
genetically modified using CRISPR/Cas protein gene editing.

[0333] Paragraph 7. A population of human cells comprising human DA neuronal cells
wherein the human DA neuronal cells are genetically modified human DA neuronal cells in

which one or both SNCA alleles have been unexpressed by a genetic modification.

Cellular toxicity

[0334] Disclosed herein, can further comprise introducing inio a cell a modifier to reduce
cetlular toxacity. A modifier can be Pan Caspase Inhubitor Z-VADFMIC and/or BX795. A ceil
can b a pluripotent cell, £3A neuronal cell or newral cell. A cell can be 2 mammalian cell. A

cell can be a human cell.

IS and IRES

[0335] In some embodiments, disclosed i3 a method comprising gene editing of
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plusipotent cells {or in some embodiments DA neuronal celis) to have integrated gene
transcription undder the cordrol of an endogenous promoter while maintaining
the expression of the native gene through the use of ClS-regulatory elements {e.g., 24 CIN-

acting hydrolase elements) or of internal ribosome entry stte (IRES) in the donor template.

GDNF upregulated upen completion of DA neuvronal cell differentiation

[0336] o some embodiments, disclosed s a method comprising generating a double-
strand break at a locus highly transcribed once graft function has been established by
expressing sequence-specific nuclease reagents, such as TALEN, ZFN or RNA-guided
endonucisases as non-limiting examples, in the presence of a DINA repair matrix preferably
set into an AAYST based vector. This DNA donor template generally includes two homology
arms embedding unique or multiple open reading frames and regulatory genetic elements
{stop codon and poly A sequences).

[0337] Disciosed i3 a method of expressing GDNF at selected gene loci that are
upregulated upon completion of A neuronal cell’s differentiation, engrafiment,
proliferation, migration, and innervation in vivo, i.e., once graft function has been established
or once the administered engineered DA neuronal cells have differentiated to a Meurcnal
Mature Cell Type. The exogevous sequencels) encoding the GERNFE gene or functions]
fragment thergof and the endogenous gene coding sequence{s) may be co-transcribed, for
instance by being separated by CI5- regulatory elements {e.g., 2A CiS-acting hvdrolase
elements) or by an internal ribosome eotry site (IRES). For instance, the exogenous
sequences encoding a GRNF gene or functional fragment thereof can be placed under
transcriptional control of the promoter of endogenous genes that are expressed by the graft

micreenvironment,

BA apregulated upon completion of BA neuronal cell transplaniation

[0338] fo some embodiments, disclosed 1€ a method comprising geverating a double-
strand break at @ locus highly transcribed as soon as engineered cells are transplanted by
expressing sequence-spect{ic nuclease reagents, such as TALEN, ZFN or RNA-guided
endonucisases as non-limiting examples, in the presence of 2 DINA repair matrix preferably
set into an AAVST based vector. This DNA doneor template generally includes two homwlogy
arms embedding unigue or muliiple Open Reading Frames and regulatory genetic elements
{stop codon and poly A sequences).

[0339] Disclosed is a method of expressing GBA at selected gene loci that are
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upregulated not upon completion of A neuronal cell’s engrafiment but upon DA neuronal
cell transplantation, i.e., before graft function has been established or before the administered
DA neuronal cells have differentiated into a Neuronal Mature Cell Type The exogenous
sequence(s) encoding the GBA gene or functional fragment thereof and the endogenous gene
coding sequence(s) may be co-transcribed, for instance by being separated by CIS- regulatory
elements {e.g., 2A ClS-acting hydrolase elements) or by an internal ribosome entry site
{IRES) Forinstance, the exogenous sequences encoding a GBA. gene or functional fragment
thereof can be placed under transcriptional control of the promoter of endogenous genes that
are expressed by the graft transplantation, or they may be abiguiious promoters,

[0340] A onovel framework for tdentification of candidate genomic safe harbors (CGSH™)
i3 disclosed in Azoauryvan ef af, Cell Reports Methods, 2,100154 {2022}, Candidate G5Hs
will be selected based on ATAC-seq data showing favorable chromatin acceasibility profiles
in DA neuwrons. Fullord ef al ) Genome Research, 28:1243-1252 (2021 shows candidate
GEH Iocus with evidence of accessible clromatio in buman striatum {nucleus accumbens and

putamen, and Corces ef of | Nature Genetics, 52:1158-1168 {2020).

Contacting neural cells in vive with engineered DA neurcnal celis

[0341] In some embodiments, disclosed i3 a method of promoting viability, engraftment,
proliferation, migration, innervation, differentiation, long-term graft integrity, survival of
endogenous neurons, or function of the administered engineered DA neuronal cells of
administered enginesred DA neuronal celis, comprising contacting a newron with a gene
editing system comprising: Cas protein or a polynucleotide encoding a Cas protein; a guide-
RMA {(gRMA) and a repair teroplate comprising a functional PARKEZ, PINK L, BI-1, LRREZ,
c-Rel, ATGT, VMAT2, GBA, SCNA+ - and/or GEMNF gene or a functional variant or
fragment thereof, wherein the gene editing svstem s capable of enbaucing the viability,
engraftment, proliferation, migration, innervation, differentiation, long-term graft integrity,
survival of endogenous neurons, or function of the administered engineered DA neuronal
cells of neuron compared o wildtype neuronal cells. In some embodiments, the nenron is in
the patient’s body when it is contacted with the engineered DA neuronal cells.

[0342] Disclosed is a method of engrafting, proliferating, or promoting viability,
migration, innervation, differentiation or function of admiunistered engineersd DA neuronal
cells comprising a recombinant gene vector comprising a polynucieotide encoding a wild-
type PARKZ, PINK T, Di-I, LRRKZ, c-Rel, ATG7, VMATZ, GBA, SCNA+- and/or GDINF

gene or a functioval variant or fragment thereof, wheretn the polynucieotide is operatively
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finked to a eukaryotically active promoter; and wherein a DA neuronal cell transduced with
the recorabinant gene expresses the wild-type protein, or functional variant or fragment
thereof upon uplaniation inte the host/patient. In some embodiments, a DA neuronal cell
transduced with the recombinant gene expresses the wild-type protein, or functional variang

or fragment thereof upon maturation in the hosi/patient.

Mon-viral introduction of exogencus genes into 3 cell

[0343] Also disclosed herein are methods for making an engineered cell comprising a}
non-virally introducing into a cell one or more polyuucleic scids comprising at least ove
exogenous GDNF, GBA and/or SNCA sequence; and b} contacting the at least one
exogenous GRINF, GBA and/or SNCA exogenous sequence with a double stranded break
region that comprises af least one gene. The ai least one gene can be GINF, GBA and/or
SNCA The double strand break region can be repaired by insertion of the at feast ong
exogenous GONE GBA and/or SNCA ssquence. The insertion of the at least one exogenous
GDNE, GBA and/or SNCA sequence can comprise disruption of the at least ong gene.
[0344] o some embodinents, gene introduction can comprise non~viral transfection,
biolistics, chemical transfection, slectroporation, nucleofection, heat-shock transfection,
Hipotection, rwicroinjection, or viral transfection. A polvnucleic acid can be co-delivered with
at least one modifier that alters cellular responsae (o a polynucletc acid. At least one modifier
cart reduce cellular toxicity. A modifier can comprise abPan Caspase Inhibitor Z-VAD-FMK

or BX795,

Introduction of exogenous gene into a cell via a double strand break region

[0345] Also disclosed heretn are methods for making an engineered cell comprising
wntroducing not a cell a double strand break region. To some erobodiments, the double strand
break region can be created by CRISPR, TALEN, transposon-based, ZFN, meganuclease, or
Mega-TAL. In some embodiments, the double strand break region can be created by
CRISPR. In some embodiments, CRISPR can be multiplexed. In some embodiments,
multiplexing can be performed by adding at least 2 guide RNAg. The GDNF, GBA and/or

SNCA exogenous sequence can be inserted near the double sirand break region,

Introduction of exogenous gene into a cell via reverse transcriptase.
[0346] In some embodiments, the cell to be engineered can be contacted with reverse
transcriptase (RT). In some erobodirvents, the cell can be contacted with primers that are

complemeniary to the polynucleic acid. In soms embodiments, the RT transcribes the mRNA
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into a tirst ssINA template. In some embodiments, the RT transcribes the first ssDNA
template into g second dsDNA template. In some embodiments, transcribing can be
performed in sine The salDNA or dSDBNA can comprise the at least one exogenous GDNF
sequence. In some embodiments, primer sequences can be used to determine the presence of
an RT. A Reverse Transcriptase (RT} reporter forward primer can be determined by known
methods by one having ordinary skill in the art. A Reverse Transcriptase (RT) reporter
forward priteer can be determined by being sbie to {selectively) bind to & portion of one of
NEG D NOS: 1410, In some embodiments, the forward primer is 10 nucleis acids fong and
can bind to the fivst 10 N5 (residues 1-10), second 10 Ws {residues 10-20), third 10 N’s
{residues 20-30), fourth 10 MN'a {rearduea 30-50), or fitth 10 N5 (residues 50-00) of the amino

acid sequence set forth in SEQ ID NOS:1-10.

Heomolegy directed repair

[0347] Disciosed herein are also methods for facilitating homology directed repatr (HDR)
comprising a) non-virally intreducing inio a cell an mRBNA, reverse transcriptase (R1),
enhancer, and primer; b) reverse transeribing the mRNA into oue or more copies of a
polynucleic acid; and ¢) facilitating HDR between the genome of the cell and of the
polymucleic acid. In some embodiments, the method can comprise geverating 2 double
stranded treak. In some envbodiments, the double strand break can be performed by CRISPR,
TALEN, transposon-based, ZFN, meganuclease, and Mega-TAL. In some ernbodiments, the
double sirand break can be performed by CRISPR. In some embodiments, the HDR of ¢}
repairs the double strand break. In some embodiments, the CRISPR can be multiplexed with
at feast two (2) guide RNAs. In some embodiments, the polynucleic acid can be DNA L o
some embodiments, the polymucleic acid can be cDNA . In some embodiments, the
polynucieic acid can be single stranded.

[0348] in some embodiments, the RY transcribes the mRNA into a first ssDNA template.
In some embodiments, the polynucieic acid can be double stranded. In some emsbodiments,
the RT transcribes the mRNA into a second dsDNA template in sitw. The mRNA or
polynucleic acid can comprises at least one GDINF sequence. In some embodiments, the
GINT sequence comprises at feast fwo flanking recombination anms having a sequence
complemendary 1o a genomic region. In some embodiments, the GDINF sequence can be used
in HIOR of ¢} In some embodiments, the GDNT sequence can be used in HDR of ¢) and
further comprises binding of the recombination arms 10 a complementary portion of the

genome of the cell. In some embodiments, the GDNT sequence can be used in HDR of ¢ and
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further comprises binding of the recombination arms to a complementary portion of the
genome of the cell and further coraprises wsertion of the GDNF sequence. In some
embodiments, HER between the genome of the cell and of the polynucleic acid disrupts one
or more genes. One or more genes can comprise XX In some embodiments, one or more
gentes comprise a GINE. In some embodiments, HDR between the genome of the cell and of
the polynucleic acid can be assisted by one or more homologous recombination {HR)

enhancars.

Targeted Howologons Recombination

[0349] In some embodiments, the exogenous sequence is introduced into the endogenous
chromosomal DINA by targeted homologous recombination. Accordingly, the exogenous
suclete acid introduced into the pluripotent cell comprises at least one coding sequence(s),
along with sequences that can hybridize endogenous chromosomal sequences under
physiciogical conditions. In general, such bomologous sequences show at least 70%,
preferably 80% and more preferably 90% sequence identity with the endogenous gene
sequences focated at the Insertion locus. These homologous sequences may flaok the coding
sequence to improve the precision of recombination as already taught for instance in U8
6,528,313 (which is incorporated in Us entirety by reference).

[0350] Using available software and on-line genome databases, it is possible to design
vectors that include the coding sequence(s), in such a way that the sequence(s} is {are)
introduced al a precise Jocus, under transcriptional control of at least one endogenous
promoter, which is a promoter of an endogenous gene. The exogenous coding sequence(s) 18
{are) then preferably tnserted “in frame” with the endogenous gene. The sequences reaulting
from the integration of the exogenous polynuclectide sequence{s) can encode many different
tvpes of proteins, including fusion proteins, tagged protein or mutated proteins. Fusion
proteins allow adding new functional domains to the proteins expressed in the cell, suchasa
dimerization domain that can be used to switch-on or switch-off the activity of the protein,
such as caspase-9 switch. Tagged proteing can be advantageous for the detection of the
engineered DA neuronal cells and the follow-up of the patients treated with the cells.

Introducing mutation into proteins can confer resistance to drugs as further described below.

Rare-Cotting Endonucleass
[0351] The sequence specific reagent used in this method is preferably a rare-cutting

endomaciease a3 known by one skilled inthe art. Targeted gene integration 13 generally
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operated by homologous recombination or NHES into the pluripotent cells. The specific
endonuciease reagent is preferably selected from an BNA or DNA-guided endonuclease, such
as Cas® or Cpfl, an RNA or DNA guide, a TAL-gndonucicase, a zing finger nuclease, a

homing endonuclease or any combination thereof.

TALE-nucleasses

[0352] o some embodiments, the endonuclease reagent is a nucleic acid encoding an
“engineered” or “programmable” rare-cutting endonuclease, such as a homing endonuclease
as deseribed for instance by Amould $., et al. (W020040677306), a sing finger nuclease (ZFN
as described, for instance, by Urnov ¥, et al. (Highly efficient endogenous human gene
correction using designed zinc-tinger nucleases (2005) Nature 435.646-651), a TALE-
Nuclease as described, for instance, by Mussolino et al. { A novel TALE nuclease scaffold
enables high genome editing activity in combination with low toxicity (2011) Mucl Acids
Res 39(2119283-9293}, or a MegaTAL nuclease as described, for tustance by Boiasel et al.
{MegaTALs: a rare-cleaving nuclease architecture for therapeutic genome engineering {2013}
Nucleic Acids Research 42 (43:2591-2601 )

[0353] in some embodiments, the endonuclease reagent is an RNA-guide to e used in
conjunction with a RMA guided endonuclease, such as Cas® or Cpfl, as per, inter alia, the
teaching by Doudna, 1, and Chapentier, E., {The new {rontier of genonte enginsering with
CRISPR-Cas0 {2014) Science 346 (6213): 1077), which is incorporated herein by reference.
[0354] fn some embodiments, the endonuclease reagent is fransiently expreased into the
cells, meaning that the reagent is not supposed to integrate into the genome or persist over a
fong period of time, such as be the case of RNA, more particularly mBNA, proteins or
complexes mixing proteins and nucleic acids {e.g.: Ribonucleoproteins).

[0355] o general, 80% the endonuclease reagent i3 degraded by 30 hours, preferably by
24, more preterably by 20 hours after transfection.

[0356] An endonuclease vnder mRMNA form is preferably synthetized with a cap to
gnbance its stability according to technigues well knows tn the art, as described, for instance,
by Kore AL et al (Locked nucleie acid (LNA-moditied dinucleotide mRMNA cap analogue:
synthesis, enzymatic incorporation, and utilization 2009} F Am Cher Soc. 131 (1836304-5}.
[0357] In general, electroporation steps that are used to transtect pluripotent cells are
typically performed in closed chambers comprising paraliel plate efectrodes producing a
pulse electric field between the parallel plate electrodes greater than 100 volts/om and less

than 5,000 volis/oro, substantially uniform throughout the treatment volume such as deseribed
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in WO/2004/083379, which is incorporated by reference. One such electroporation chamber
preferably has a geometric factor {om ') defined by the quotient of the electrode gap squared
{cm2} divided by the chamber volure (o), wherein the geometric factor is less than or
equal t0 0.1 om ', wherein the suspension of the cells and the sequence-specific reagent isin a
mediur which is adjusted such that the medium has conductivity in a range spanning 0.01 1o
1.0 milliSiemens. In general, the suspension of cells undergoes one or more pulsed electric
fields, With the method, the treatment volume of the suspension is scalable, and the tioe of
treatment of the cells in the chamber 18 subsiantially uniform.

[0358] Drue o their hugher specificity, TALE-vuclease have proven to be particularly
appropriate sequence specific nuclease reagents for therapeutic applications, especialiy under
heterodimeric forms - d.e., working by pairs with a “right” monomer {also referred to ag”3"”
or “forward”y and 1eft” monomer {also referred (0 48”37 or “reverse”™) as reported for
instance by Mussolino et &/ {TALEN® facilitate targeted genome editing in human cells with
high specificity and low oytotoxicity {2014} Nucl. Acids Res. 42(10) 6762-6773 ).

[0359] As previously stated, the sequence specific reagent is preferably under the form of
aucteic acids, such as under DNA or RMA form encoding a rare cuitivg endonuclease a
subunit thereof, but they can also be part of conjugates involving polvoucleciide(s) and
polypeptide{s) such as so-cailed “ribonucieoproteins”. Such conjugates can be formed with
reagents as £as® or Opfl (RNA-guided endonucieases) or Argonaute (BDNA-guided
endonucieases) as recently respectively described by Fetsche, B et al {Cpfl Is a Single
RMNA-Guided Endonuciease of a Class 2 URISPR-Cas System (2015) Cell 163(3) 759- 771 }
andd by Gao F. et al. (DNA-guided genome editing using the Natronobacterium gregoryi
Argonante (2016} Nature Biotech), which involve RMA or DNA guides that can be

complexed with their respective nucleases.

AAY vectors

[0360] nproving the efficiency of gene targeted insertion in DA neuronal cells using
AAN vectors

[0361] The donor templates are generally polynucleotide sequences which can be
included into a variety of veciors described iu the art to deliver the donor templates into the
nucieus at the time the endonuciease reagents get active fo obtain their site directed insertion
iuto the genome geverally by NHET or homelogons recombination,

[0362] Disclosed is a method of inserting an exogenous nucleis acid sequence o an

endogenous polvrucleotide sequence 1o a cell, comprising at least the sieps of transducing
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into the cell an AAY vector comprising the exogenous nucleic acid sequence and sequences
homologous 1o the targeted endogencus DNA sequence, and

[0363] Inducing the expression of a sequence specific endonucigass reagent 1o cleave the
endogenous sequence at the locus of insertion.

[0364] The obtained tnsertion of the exogenous mucleic actd sequence may result in the
introduction of genetic material, correction of replacement of the endogencus sequence, more
preferably "o frame” with respect to the endogenous gene sequences at that locus,

[0365] In some embodiments, from 10° to 107 preferably from 10% 10 107, more
preferably about S. 10 viral genomes are transduced per cell. In some embodiments, the cells
can be treated with proteasome nhibitors, such as Bortezomib to further belp homelogous
recombination. In some embodiments, the AAVY vector used in the method can comprise a
promoter-fess exogenous coding sequence in order o be placed under control of an
endogencus promaoter at one tocus selected among those listed in the present specification. In
some emnbodiments, the AAY vector used in the method can comprise a 2A peptide cleavage
site followed by the ¢IPMNA {minus the start codon) forming the exogenous coding sequence.
Disclosed is any AAV vectors designed to perform the method berein described., especially
veCiors comprising a sequence homologous o a locus of insertion. Many other vectors
known in the art, such as plasmids, episomal vectors, linear BNA matrices, ete. can also be
used following the teachings bersin,

[0366] As stated betore, the DNA vector comprises: {1 the exogenous nucleic acid
comprising the exogenous coding sequence 10 be inserted by homologous recombination, and
(2} a sequence encoding the sequence specific endonuclease reagert that promotes the
insertion. In some embodiments, the exogenous nucletc acid under (1) does not coroprise any
promoter sequence, whereas the sequence under (2} has its own promoter. In some
embodiments, the rucleic acid voder {1} comprises an Ioternal Ribosome Entry Site (IRES)
or “selfecleaving” 2A peptides, such as T2A, P2A, EZA or F2A| so that the endogenous gene
where the exogenous coding sequence is inserted becomes multi- cistronic. The IRES of ZA

Peptide can precede or follow the exogenous coding sequence.

Transplaniation

[0367] In some embodiments, the GDNF engineered DA neuronal cells are transplanted
iuto patients with rapidly progressing and nuld Parkinson’s disease. In some embodiments,
the GBA/SNCA enginesrad DA neuronal cells are transplanted into patients in order to

fraprove cognttive symptorns o Parkinson’s disease.
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[0368] in some embodiments, an engineered cell can be administered to a subisct in nead
thereot as a monotherapy. The engineered DA neuronal cells, recombinant gene veotor or
gene editing system can be administered in various wavs. In some embodiments, the
administering step comprises systemic, parenteral, intravenous, cerebral, cerebrospinal,
intrathecal, tntracisternal, intrapuiaminal, intrabippocampal, istra~striatal, or inira-
cerebroventricular adminisiration. In some embodiments, the administering step comprises
intravenous, cerebral, cerebrospinal, intrathecal, intracisternal, intraputaminal,
intrabippocampal, intra-striatal, or intra-cerebroveniricniar injection. In some embodiments,
the adminisiering step comprises intrathecal injection with Threndelenburg tilting. To sore
embodiments, the administering step comprises ditect injection into the pars compacta of the
substantia nigra of the brain. In some embodiments, the administering step comprises
introducing the engineered I3A neuronal cells, recombinant gene vector or gene editing
systern into the subject’s brain or cerchrospinal fluid (CSF).

[0369] The administration of the ceils ot population of cells can congist of the
administration of 10%10° cells per kg body weight, preferably 10° to 10° cells/kg body weight
including all integer values of cell nursbers within those ranges. The administration of the
cells or population of cells can consist of more than 10, generally more than 50, more
generaily more than 100 and usually more than 1000 doses comprising between 10° 1o

10® gene edited cells originating from a single donot’s or patient’s sampling.

[0370] In some embodiments, 11071210 recombinant gene vector genomes per
kilogran: body mass of the subject {vg/kg) of the gene therapy vector are administered to the
subject. In some embodiments, 1710°-1210" recombinant gene vector genomes per kilogram
body mass of the subject (vg/kg) of the gene therapy vector are administered fo the subject’s
brain. In some embodiments, 1x10°-1x10" recombinant gene vector genomes per kilogram
body roass of the subject {vg/kg) of the gene therapy vector are administered 1o the subject’s
CSF . In some embodiments, 1X107-1x10° recombinant gene vector genomes per kilogram
body mass of the subject (velkg) of the gene therapy vector are administered 1o the subject.
[0371] o some embodinients, a subject in need thereof recetves ireatment comprising
administering to the subject a therapeutically effective amount of & pharmaceutical
composition comprising an engineered cell. In some embodiments, a subject in need thereo!
receives treatment comprising administering to the subject a therapeutically effective amount
of & pharmaceutical composition comprisiog an cogineered cell comprising an exogenous
GDNF, GBA or SNCA gene or functional fragment thereot. A pharmaceutical composition
can be adminisiered infravenously. A pharmaceutical composition can be adounisiered
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focally. In some embodiments, a method can further comprise administering ons more or
more additional therapies. The one or more addinonal therapies can comprise transplantanon
The one or more additional therapies can comprise immunotherapy. In some embodiments,
the engineered celf can be autologous to the subject. In some embodiments, the engineored
cell can be allogenic to the subject.

[0372] Engineered DA neurconal cells can be administered to an individual, in any amount
or mumnber that resulis in a detectable therapeutic or prophyliactic benefit to the individual,
e.g., an effective amount. In some embodiments the dose of engineered A neuronal cells to
be administered is simply an absolute nursbers of cells, e g, said individual can be
administersd about 13107 celis, 5+ 107 cells, X100 cells, 7+ 10%cells, 13107 calls, 6x107 celis,
2x 10 cells, 57108 cells, 13107 cells, 6710% celis, 25104 cells, $x 10" cells, or 1210 cells.
[0373] In some embodiments, engineersd DA neuronal cells are administered (o a subject
by & numbers of cells relative to the weight of the subiect to be freated, ez, at about,

12107 cells, SX10° cells, 17108 cells, 7x10%cells, 1107 cells, 67107 cells, 2x10% cells,

510% cells, 1410” cells, or 62107 cells per kilogram of the subject to be treated.

[0374] The cells or population of cells can be administrated in one or more doses. o
another embodiment, the effective amount of cells are administrated as a single dose. In
another embodiment, the effective amount of celis are administrated as more than one dose
over a period time. Timing of administration is within the judgment of masaging physician
and depends on the chinical condition of the patient. The cells or population of cells may be
obtained from any source, such as a blood bank or a donor. While individual needs vary,
determination of optimal ranges of effective amounts of a given cell type for g particular
disease or conditions within the skill of the art. Au effective amount rweans an amount which
provides a therapeutic or prophylactic benefit. The dosage administrated will be dependent
upon the age, health and weight of the recipient, kind of concurrent treatment, if any,
frequency of treatment and the nature of the etfect desired.

[0375] In another embodiment, the effective amount of celis or composition comprising
those cells are administrated parenterally. The admimstration can be an intravencus
administration.

[0376] The disclosure also sncompasaes means for detecting the enginesred cells
comprising the desired genetic insertions, especially by carrying out steps of using PCR
methods for detecting insertions of exogenous coding sequences at the endogenons loch. In
some embodiments, allogeneic tags will be used to monitor graft infegrity and tunctionality
[0377] The above writien description provides a manner and process of making and
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using it such that any person skilled in this art 15 enabled to make and use the same, this
enablement being provided in particular for the subject matter of the appended paragraphs,

which make up a part of the original description.

Combination Treatments

[0378] Modified DA neuronal cell compositions can also be used in combination with
other agents of therapeutic value in the freatment of PIY symptoms. According to an
embodiment, the treatment can be administrated into patients undergoing an
mnmunosuppressive treatment. In general, other agents do not necessarily have to be
admrinistered in the same pharmaceutical composition, and may, because of different physical
and chemical characteristics, preferably be administered by different routes. The
determination of the mode of administration and the advisability of administration, where
possible, in the same pharmaceutical composition, 15 well within the knowledge of the skilled
clinictan. The initial administration can be made according to established protocols known in
the art, and then, based upon the cbserved effects, the dosage, modes of administration and
tmes of admimstration can be modified by the skilled clinician

[0379] in some embodiments, treatment of the modified DA neuronal cell composition
can be used 1 corjunction with a medication that is designed to effect the cholinergic system
in the brain. Hxamples of such medicaiions can be, but are not timited 10 the group
comprising or consisting of the following: donepezil {Aricept), rivastigmine (Exelon), and
galantamine {Razadyne).

[0380] It is known to those of skill in the art that therapeutically effective dosages can
vary when the drugs are used in freatment combinations. Methods for experimentally
determining therapeutically effective dosages of drugs and other agents for use in
combination treatment regimens are described n the Hterature. For example, the use of
metronomic dosing, 7., providing more frequent, fower doses in order to minimize toxic side
effects, bas boen described exiensively in the literature. Combination treatment further
inciudes periodic ireatments that start and stop at varicus times to assist with the clinical
management of the patient.

[0381] For combination therapies, dosages of co-administered therapeutic agents will of
course vary depending on the type of co-agents emploved, on the specific Modified DA
neuronal cefl, and Parkinson’s disease and other secondary Parkinsonian disorder symptom to
be treated.

[0382] it 18 undersiond that the dosage regimen o freat, prevent, ot ameliorate the
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condition{s} for which relief is sought, can be modified in accordance with a varisty of
factors. These factors include the condition from which the subject suffers, as well as the age,
weight, sex, diet, and general medical condition of the subject. Thus, the dosage regimen
actuaily employed can vary widely and therefore can deviate from the dosage regimens set
furth heretn,

[0383] The Modified DA neuronal cell and additional therapeutic agent which make up a
combination therapy disclosed herein roay be a corbined dosage form or o separate dosage
forms intended for substantially simultanecus adminisiration. The pharmaceutical agents that
make up the combination therapy may also be adroinistered sequentially, with either
therapeutic compound being administered by a regimen calling for two-step administration.
The two-step administration regimen may call for sequential administration of the active
agents or spaced-apart administration of the separate active agents. The time period between
the multiple administration steps may range trom, a fow minutes to several hours, depending
upon the properties of each pharmacentical agent, such as potency, solubility, bicavailability,
plasma half-lite and kinetic profile of the pharmaceutical agent. Circadian variation of
various physiological pararoeters may also be evaluated 1o determine the optivoal dose
interval.

[0384] Initial administranion can be vig any route practical, such as, tor example, an
intravenous injection, a bolus injection, infusion over 5 minutes to about 5 hours, a pill, a
capsule, inhaler, injection, transdermal patch, buccal delivery, and the like, or combination
thereof. A compound should be administered as soon as is practicable after the onset of'a
disease or condition 1s detected or suspected, and for a length of time necessary for the

treatment or prevention of the PD condition.

Dosage Forms

[0385] Useful compositions can be formulated for administration to a subiect via any
conventional means including, but not himited o, oral, parenteral (e 2., intravenous,
sebcutaneous, or inframusculary, buccal, inhalation, iniranasal, rectal or transdermal
admirsstration routes.

[0386] The pharmacentical compositions which include s modified DA neuronal celi
alone or g combination with one or more other therapeutic agents, can be formulated into
any suitable dosage form, ncluding but not lidted 1o, aqueous oral dispersions, liguids,
mists, gels, syrups, elixirs, slurries, suspensions and the like, for oral ingestion by a patient 1o

be treated, solid oral dosage forms, aerosols, controlied release formulations, fast melt
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formulations, effervescent formulations, lvophilized formulations, tablets, powders, pills,
dragees, capsules, delaved release formulations, extended release formulations, pulsatile
release formudations, multiparticulate formulations, and mived tmmediate release and
controlled release formulations.

[0387] Pharmacentical preparations for oral use can be obtained by mixing one or more
sotid excipient with one or more of the compounds, optionally grinding the resulting mixture,
and processing the mixture of granules, after adding suitable awxdliaries, if desired, 1o obtain
tablets or dragee cores. Suitabie excipients include, for exampis, fillers such as sugars,
including lactose, sucrose, reannitol, or sorbiiol; cellulose preparations such as, for example,
maize starch, wheat starch, rice starch, potato starch, gelatin, gum ragacanth,
methyicelivlose, microcrystalline cellulose, hydroxypropyimethyicellulose, sodiom
carboxymethyleetulose: or others such as: polyvinyipyrrolidone (PYP or povidone} or
calcium phosphate. I desired, disintegrating agents may be added, such as the cross-linked
croscarmeliose sodium, polyvinylipyrrolidone, agar, or alginic acid ot g salt thereof such as
sodium alginate.

[0388] In another aspect, dosage forros may include microencapsulaied formulations. In
some embodiments, one or more other compatible materials are present in the
micrcencapsulation material. Exemplary matenials include, but are not limited to, pH
modifiers, eroston facititators, anti-foaming agents, antioxidants, flavoring agents, and carrier
materials such as binders, suspending agents, disintegration agents, filiing agents, surfactants,
solubilizers, stabilizers, lubricants, welting agents, and difuents.

[0389] Microencapsulated formulations of a DA neuronal cell population may be
formulated by methods known by one of ordinary slall 1o the art. Such known methods
include, e.g., spray drying processes, spinning disk-solvent processes, hot melt processes,
spray chilling methods, fluidized bed, electrostatic deposition, cenirifugal exirusion,
rotational suspension separation, polymerization at iquid-gas or solid-gas interface, pressure
extrusion, of spraying solvent extraction bath. In addition to these, several cherical
techuiques, £.g., complex coacervation, solvent evaporation, polvmer-polymer
incompatibility, interfacial polymernization in Hguid media, in situ polymerization, in-liquid
drying, and desolvation in liquid media could also be used. Furthermore, other methods such
as roller compaction, extrusion/spheronization, coacervation, or nanoparticls coating may
also be used.

[0390] The pharmaceutical solid oral dosage forms including formulations can be further
formulated (o provide a controlled release of the DA veuronal cell population. Controfled
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release refers to the release of one or more active agents from a dosage form in which they
are incorporated according o a desired profile over an extended period of time. Controlled
release profiles include, for example, sustained refease, profonged release, pulsatile release,
andd delayed release profiles. In contrast to immediate release compositions, controlled release
composttions alfow delivery of an agent 10 3 subject over an extended period of time
according to a predetermined profile. Such release rates can provide therapeutically effective
fevels of agent for an extended period of time and therehy provide a longer period of
pharmacclogic response while minimizing side effects as compared to conventional rapid
release dosage forme. Such longer periods of respouse provide for many inherent bevefits that
are not achieved with the correaponding short acting, tmunediate release preparations.

[0391] In some embodiments, the solid dosage forms can be formulated as enteric coated
delayed release oral dosage forms, 7.6, as an oral dosage form of a pharmaceutical
composition which utilizes an enteric costing to affect release in the small intestine of the
gastrointestinal tract. The enteric coated dosage form may be a compressed or molded or
extruded tablet/mold {coated or uncoated) containing granuies, powder, pellets, beads or
particles of the active ingredient and/or other composition components, which are themselves
coated or uncoated. The enteric coated oral dosage form may also be a capsule {coated or
uncoated) contairung pellets, beads or granules of the solid carrier or the composition, which
are themselves coated or uncoated.

[0392] The terma “delayed refease” as used herein reters 1o the delivery so that the release
can be accomplished at some generally predictable location in the intestinal tract morve distal
to that which would have been accomplished if there had been no delayed release alterations.
o some embodiments the method for delay of release 13 coating. Any coatings should be
applied to a sufficient thickness such that the entire coating does not dissolve in the
gastrointestinal Huids at pH below about S but does dissolve at pH about S and above. g
expected that any anionic polymer exhibiting a pH-dependent solubility profile can be used
as an enteric coating in the methods and compesitions to achieve delivery o the lower
gastrointestinal tract. In some embodiments the polvimers are anionic carborviic polyimers.
[0393] In some embodiments, the coating can, and usually doeg, contain a plasticizer and
possibly other coating excipients such as colorants, talc, and/or magnesium stearate, which
are well known in the art. Suitable plasticizers include tniethyl citrate {Citroflex 2), triacetin
{glycervl triscetate), acetyl triethyl citrate (Citroflec AZ), Carbowax 400 (polyethylene glycol
400y, diethyl phthalate, tributyl citrate, acetylated monoglyeerides, glvcerol, fatty acid esters,
propylene glveol, and dibutyl phuhalate. In particolar, anionie carboxylic acrylic polymers
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usuatly will contain 10-25% by weight of a plasticizer, especialiy dibutyl phthalate,
polyethylene glycol, triethyl citrate and triacetin. Conventional coating technigues such as
3praY OoF pan coating are employed to apply coatings. The coading thickness must be sufficient
to ensure that the oral dosage forn remains intact until the desired site of topical delivery in
the intestinal tract is reached.

[0394] Liguid formulation dosage forms for oral administration can be aqueous
suspensions selected from the group including, but not lunited to, pharmaceutically
acceptable aqueous oral dispersions, emulsions, solutions, elixirs, gels, and syrups.

[0395] The aqueous suspensions and dispersions can remain in a bomogeoous state, as
defined in The USP Pharmacists” Pharmacopeia {2003 edition, chapter 905), for at least 4
fours. The homogeneity should be determined by a sampling method consistent with regard

to determining homogeneity of the entire composition. In one embodiment, an aqueous

7

wspension can be re-suspended into a homogenous suspension by physical agitation lasting
fess than | minate. In another embodinent, an agquecus suspension can be re-suspended into g
homogenous suspension by physical agitation lasting less than 45 seconds. In vet another
embodiment, an aqueous suspension can be re-suspended into a bomogenous suspension by
physical agitation {asting tess than 30 seconds. In still ancther embodiment, no agitation is
necessary to maintain a homogeneous aqueous dispersion.

[0396] fn addition to the additives listed above, the liguid formulations can also include

inert diluents commonly used in the art, such as water or other solvents, solubilizing agents,

and emulsifiers. Exemplary emulsifiers are ethyl alcohol, isopropyl aleohal, ethyt carbonate,
ethyl acetate, benzyl aleohol, benzyl benzoate, propyleneglveol, 1,3-butyleneglyeol,
dimethyHormamide, sodium Taury! sulfate, sodiom doccusate, cholesterol, cholesterol esters,
taurocholic acid, phosphotidvicholine, vils, such as cottonseed oil, groundnut oif, corn germ
oil, olive oil, castor oil, and sesame o, glycerol, tetrahydroturfuryl aleohol, polyethylene

glycols, fatty acid esters of sorbitan, or mixtures of these substances, and the like,

Injectable Formulations

[0397] Formulations suitable for intramuscular, suboutaneous, or infravenocus injection
may include physiologically acceptable sterile agueous or non-agquecus solutions, dispersions,
suspensions of ermulsions, and sterile powders for reconstitation into sterile injectable
solutions or dispersions. Examples of sutiable agueous and von-agueous carriers, diluents,
solvents, or vehicles inchuding water, ethanol, polyols (propyleneglyent, polvethylene-glycol,

glycerol, cremophor and the Bke), suitable mivtures thereof, vegetable oils {such as ofive o1l
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and injectable organic esters such as ethyl oleate. Froper fhaidity can be maintainad, for
example, by the use of a coating such as lecithin, by the maintenance of the required particle
size in the case of dispersions, and by the use of surfactants. Formulations suitable for
subcutaneous injection may also contain additives such as preserving, wetting, emulsifying,
and dispensing agents. Prevention of the growth of microorganisms can be ensured by
various antibacterial and antifungal agents, such as parabens, chiorcbutandl, phendl, sorbic
acid, and the like It roay also be desirable to 1uclude isotonic agents, such as sugars, sodium
chloride, and the ke, Prolonged absorption of the injectable pharmaceutical form can be

brought about by the use of agenis delaying absorption, such as aluroiours monostearate and

gelatin,
[0398] For intravenous injections, compounds may be formulated in agueocus solutions,

preferably in physiologically compatible buffers such as Hank’s solution, Ringer’s solution,
or physictogical saline butfer. For ransmucosal administration, penetrants appropriate to the
barrier to be permested are nsed in the fornulation. Such penetrants are generally knowa in
the art. For other parenteral injections, appropriate formulations may include aquecus or
aonagueous solutions, preferably with physiclogically compatible buffers or excipients. Such
excipients are generally known in the art.

[0399] Parenteral injections may involve bolus injection or continuous infusion,
Formulations for injection may be presested in unit dosage form, e.g., tn ampoules or in
multi-dose containers, with an added preservative. The pharmaceutical composition may be
in a form suitable for parenteral injection as a sterile suspensions, sclutions or enrulsions in
oily or agueous vehicles, and may contain formulatory agents such as suspending, stabilizing
andfor dispersing agents. Pharmaceutical formulations for parenters! admimstration include
aqueous soluticns of the active compounds in water-soluble form. Additionally, suspensions
of the active compounds may be prepared as appropriate oily injection suspensions, Suitable
Hpophilic solvents or vehicles inchude fatty oils such as sesame oil, or synthetic fatty acid
esters, such as cthyl oleste or triglyeerides, or liposomes. AGQueous injection suspensions may
contiatn subsiances which increase the viscosity of the suspension, such as sodium
carboxymethyl cellulose, sorbitol, or dexiran. Optionally, the suspension may also contain
suitable stabilizers or agenis which increase the solubtlity of the compounds to allow for the
preparation of highly concentrated solutions. Alternatively, the active ingredient may be in
powder form for constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before
use.

[0400] The pharmaceutical corpositions roay be in unit dosage forme auitable for single
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administration of precise dosages. In unit dosage form, the formulation is divided into unit
doses containing appropriate quantities of one or more compound. The unit dosage may be in
the form of a package containing discrete quantities of the formulation. Non-limiting
examples are packaged tablets or capsules, and powders in vials or ampoules. Agueous
suspension composttions can be packaged in single-dose non-reclosable containers.
Alternatively, multiple-dose reclosable containers can be used, in which case it is typical to
include a preservative in the composition. By way of example only, formulations for
parenteral injection may be presentad in unit dosage form, which include, but are not limited

o ampoules, or in multi-dose contatvers, with av added preservative.

Treatment ouicomes

[0401] fn some embodintenis, the number of Neuronal Mature Cells in the subject after
the administering step (administering engineered DA neuronal cells, recombinant gene vector
or gene editing svstem) 18 greater than the nomber of Neuronal Mature Cells in the subject
before the administering step. In some embodiments, the endogenocus Neuronal Mature Cells
in the subject after the adminisieniog step is greater than the number of endogenous Meuronal
Mature Cells in the subject before the administering step.

[0402] In some embodiments, the number of dopaminergic neurons in the subject after
the administering siep (adminisiering engineered A neuronal cells, recombinant gene vector
or gene editing system) is greater than the number of dopaminergic neurons in the subject
before the admintstering step. In some embodiments, the level of dopamine in the subject
atter the administering step is greater than the level of dopamine in the subject before the
administering step. In some embodiments, the numrber of dopaminergic neurons in a subject
treated by the method is increased compared to the number of dopaminergic neurons in a
subject not so treated. o some embodiments, the level of dopamine of a subject treated by the
methods disclosed hersin (administering engineered DA neuronal cells, recombinant gene
vegtor or gene editing system) is increased compared 1o the level of dopamine in a subject not
30 treafed. In some embodiments, the level of dopamine in the substantia nigra of a subject
treated by the methods disclosed herein 18 increased compared to the level of dopamine inthe
substantia nigra of a subject not so ireated. ln some embodiments, the level of GDNF in the
subject’s Cerebrospinal fluid (C8F) after the administering {administering engineered DA
neuronal cefls, recombinant gene vector or gene edifing systenm) step is greater than the level
of GBNFE in the subject’s CSF before the admunistering step. In some embodiments, the level

of GBA v the subject’s OSF after the admimstering {admimstering engineered DA neuronal
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cells, recombinant gene vector or gene editing system) step is greater than the level of GBA
in the subject’s CSF before the administering step. In some embodiments, the ratio of GBA
to SNCA in the subject after the administering {administering engineered DA neuronal cells,
recombinant gene vector or gene editing svstem) step is less than the ratio of GBA to SNCA
in the subject before the administering siep. In some embodiments, the ratio of GBA t©
SNCA i the subject after the administering {administering engineered DA neuronal cells,
recombinant gene vector of gene editing system) step i more thaw the ratio of GBA to SNCA
in the subject before the administering step.

[0403] o soroe embodiments, the ratio of GBA protein to aipha-synuclein protein in the
subject after the administering (administering engineered DA neurcnal cells, recombinant
gene vector or gene editing system) step is fess than the ratio of GBA protein to alphs-
synuclein in the subject before the adwinistering siep. In some embodiments, the ratio of
GBA protein to alpha-synuclein protein in the subject after the admirnistering {(admingstering
engineered DA neuronal cells, recombinant geve vector or gene edifing systern ) step 18 more
than the ratic of GBA protein to alpha-synucletn protein in the subject before the
administering step.

[0404] In some embodiments, the Unified Parkinson’s Disease Rating Scale (UPDRS)
score of the subject before the administering step (administering engineered DA neuronal
cells, recombinant gene vector or gene editing system ) is improved compared to the UPDIRS
score of the subject before the adnunistening step. In some emmbodiments, the subject’s
aeurons express a reduced amount of alpha-synuclein and/or comprises a reduced amount of
Lewy bodies following the administering step.

[0405] o some embodiments, the cogrutive sympioms of the subject before the
administering step (adnunistering engineered DA neuronal cells, recombinant gene vector or
gene editing system) 15 inproved compared to the cognitive symptoms of the subject before
the administering step.

[0406] o soroe embodiments, the fong term gratt integrity of the engiveered cells
administered to the sebiect is improved compared to fong term graft integrity of non-

engineered cells administered to a subject.

Sequences
[0407] In some embodiments, the PARKZ, PINK T LRRKZ, ¢-Rel, ATG7, VMATZ,
GBA, SNCA, MAPT or GDNF gene {or vector} comprises the nucleic acid sequence set forth

in SEQ 1D NOs 1-10, respectively.
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[0408] in some embodiments, the BPARKZ, PINKI, LRRKZ, c-Rel, ATGT, VMATZ,
GBA, SNCA, MAPT or GDNF protein comprises the amino acid sequence set forth in 5EQ
1D N{s: 11-20, respectively,

[0409] In some embodiments, the gene is the GDNF gene, and the wild-type GDNF
protein comprises the amino acid sequence set forth o any of SEQ 1D Ns: 20

[0410] in some embodinments, the gene is the GBA gene, and the wild-type GBA protein
comprises the amino acid sequence set forth o any of SEQ 1D NOs: 17,

[0411] In some embodiments, the polynuclectide comprises a sequence having at least
T0%, T5%, §0%, 85%. 05%, or 99% identity to a PARK?2, PINK 1, LRRK2, o-Rel, ATG7,
YMATZ, GBA, or GDBNF polynucleotide sequence set forth in SEQ 1D Nis: 119,
respectively. In some embodiments, the polyrucleotide is codon optimized. In some
embodiments, the polynucisotide comprises ess than 40, less than 30, less than 20, or 10 or
fower CpG islands. In some embodiments, the polynucleotide comprises at least 1, at least 2,
at ieast 3, atleast 4, atleast 5, at least 6, or at least 10 CpG islands. In some embodiments, it
comprises between 3 and 20 CpG islands.

[0412] Polynucieotide sequences of the vectors, donor templates comprising the
exogenous coding sequences and/or sequences homologous o the endogencous loci, the
sequences pertatning to the resulting engineered cells, as well as those permitting the
detection of the engingered cells are all part of the present disclosure,

[0413] In some embodiments, the transgene encodes the GDNF gene, and the transgene
polynuclectide sequence shares at feast 95% identity 1o one of SEQ ID NGO: 10 and is behind
a promuotor selected from SEQ ID NOs: 21346,

[0414] fo some embodiments, the transgene encodes the GBA gene, and the transgene
polynucieotide sequence shares at least 95% identity to one of SEQ 1D NGO 7 and is behind 2
promotor selected from SEQ HY NGs: 3140 or 43

[0415] In some embodiments, the fransgene encodes the SNCA gene, and the transgene
polynucleotide sequence shares at feast 95% identity to one of SE( ID NOs: 8 and 13 behind
a promotor setected from SEQ 1D NGs: 21-40 or 43

[0416] In some embodinents, the first transgene encodes the GBA, and second transgene
encodes the SNCA, and the first transgene is behind a promotor selected from SEQ 113 N
31-40 or 43and the second transgene is behind a promotor selected from SEQ 13 NGs: 21-40

or 43
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The Genetic Sequences Encoding GDNF, B4 snd/or SHCA

[0417] The GDNF, GBA and/or SNCA sequence{s} can be introduced at selected log,
more particularly under control of endogenous promoters by targeted gene recombination. In
sorne ernbodiments, the exogenous GDNF 15 expressed preferably only after the DA neuronal
cell has differentiated and graft function has been established and the exogenous GBA and
SNC A+~ i3 expressed preferably as scon as the engineered cell is transplanted into the
patient.

[0418] According 10 an embodiment the exogenous sequence encodes a polvpeptide
displaying at least 80% arnino acid sequence wdentity with PARK?Z, PINKI, LRRK?Z, c-Rel,
ATGT, VMATZ, GBA, SNCA+ - or GIXNF or a functional variant thereof. These exogenous
sequences can be introduced into the genome by deleting or modifying the endogencus
coding sequencefs) present at the locus {knocl-out by knock- 1}, so that a gene inactivation
can be combined with genesis.

[0419] o soroe embodiments, the exogenous sequences can be totroduced into the
gerome without deleting or modifying the endogenous coding sequence{s) present at the
focus, This occurs whether the endogenous coding sequence{(s) i3 in an & vitro pluripotent
cell or in vivo,

[0420] Depending on the locus targeted and U5 involvement in DA neuronal cell acuvity,
the targeted endogenous geve may be unexpressed or mainiained in s original function
{whether the targeted gene 18 1n an i vigre cell or in vive), Should the targeted gene be
saseniial for DA neuronal cell activity or differentiation, this insertion procedure can generate
a single (K1) without gene nactivation. Alternatively, if the targeted gene is deemed
involved iy DA neuronal cell differentistion, the wsertion procedure 18 designed o

prevent expression of the endogenous gene, preferably by knocking-owt the endogenous
sequence, while enabling expression of the introduced exogenous coding sequence(s).

[0421] In some embodiments, the method relies on up-regulating, with various kinetics,
the target gone expression upon activation of the GOMNF/GBA signaling pathway(s) and/or
regulation of the SNUA signaling pathway by fargeted integration (with or without the native
gene distuption) at the specific loct such as, as non-limiting example, SEQ ID MNOS: 21-40 or

4

D

[0422] In some embodiments, disclosed are engineersd DA neuronal cells, and preferably
DA neuronal cells for infusion into patients, comprising exogenous sequences encoding
PARK?2 PINKI, LRRKZ, c-Rel, ATG?, VMATZ, GBA, SNCA+/- or GEINF polvpeptide{s},
which are integrated at the PARKZ2, PINK1, LRRE2, c-Rel, ATGT, VMATZ, GBA,
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SNC A+ or GDNF endogenous locus for their expression under the controd of the
endogenous promoters present at these loct. In some embodiments, the endogenocus
promoters comprise of consist of 3EQ [ NOS: 2140 or 43

[0423]  The engineered DA neuronal cells can be SNCA™, SCNA™, or SCNA',
depending on the therapeutic indications and recipient patients. In some embodiments, the
engineerad I3A neuronal cells are further made T-call receptor "5° for allogeneic
transplastation.

[0424] The gene editing step of integrating an exogenous sequence encoding PARKZ,
PINKCE, LRRKZ, o-Rel, ATG7, VMATZ, GBA, SNCA+/- or GIINF can be combined with
any other step contriingting 10 enbance the potency or the safety of the engineered DA
neuronal cells

[0425] According 1o an embodiment, the method relies on introducing the sequence
specific endonuclease reagent and/or the donor template containing the gene of interest and
sequences homologous to the target gene by transfecting ssDNA {oligonucieotides a3 non-
Hmiting example}, dsDNA (plasmid DNA as non-limiting example), and more particularly

adenc-associated virus {AAV) as non-limiting example.

Rit

[0426] Disclosed are kits for pluripotent and/or DA neuronal cells transfection
comprising polynuclectides encoding the sequence-specific endonuclease reagents and the
donor sequences designed to integrate the exogenous sequence at the locus targeied by the
reagents. Examples of such kits are a kit comprising mBNA encoding rare-cutting
endonucieass targeting Synapsin 1, DAT, VMAT, TH, AADC, tamoxifen inducible
promoter, RU486 inducible promoter, or other promotor that allows for temporal or small
molecule control locus and an AAY vector comprising an exogenous sequence encoding
FDNF, 3 kit comprising mRMNA enceding rare-cuiting endonuclease targeting Synapsin 1,
DAT, VMAT, TH, AADC, tamoxifen inducible promoter, RU486 inducible promoter, or
other promotor that allows for temporal or small molecule control {ocus and an AAY vector
COmMPrising an exogenocus sequence encoding GBA.

[0427] Haciosed are kits for plusipotent celt and/or XA neuronal cells ransfection
comprising polynucleotides encoding sequence-specific endonuclease reagents and an
exogenous polvnucleotide sequence, in somwe embodirnents comprised into a AAY vector, the
EXOZEROUS sequence comprising a sequence encoding GBA, GBA and/or SCNA™ or

functional fragments or variants thereof
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[0428] Examples
[0429] Example 1
[0430] Applicants ideniified Genomic Safe Harbor (GSH) sites suitable for iPSC gens
editing and expression in dopaminergic neurons o enable development of a novel GNDE-
secreting stem cell replacement therapy for Parkinson’s disease. See Fig. 2 regarding
identification of GSH sites based on a computational study and additional predictive and
verification modeling. Based on these results, GDNF can be wnserted into a GSH 1o i1PSC and
a novel cell and gene therapy can be identified for the treatment of Parkinson’s.
[0431] sc ATAC-seq data was generated from a clinically compliant iPSC line and
resultant dopaminergic neurcnal progenitor drug product RNDP-00T. This data was
compared with published ATAC-seq data from dopaminergic neurons isolated trom human
healthy and Parkinson’s brains to define shared regions of chromatin accessibility based on
catalog data of GSH site suitability. First, applicant defined 1,875 novel GSH candidates,
identified based ou being remote from genes, regulatory regions, telomeres, and centromeres
to prevent fransgene iivierference with gene expression, division, and function. A major
challenge for defining precisely where a transgene should be targeted i< that these 1,875
putative GSH regions span > 142 million nuclectides of genomic space, necessitating
smplementation of additional critenial for prioritization.
[0432] The top predicted sgRMNAsS will be selected for editing using published tools to
predict sgRNAs with highest on-target and lowest oft-target activities and empirically define
the best cutting sgRNA. Leading sgRNA can then be inserted into hGDBNF into the identified
zenonuc sate harbor (GSH) using 8 DNA donor template. Single cell clones can also be
isolated and tested for safety and GSH accessibality.
[0433] Selected clones can then be differentiated into dopaminergic progenitors and post-
rotiotic neurons fo roeasure GDNF secretion. Existing release criteria involving a panel of
flow cvtometry and ddPCR assays will be used to establish whether the edited iPSCs have the
capacity for correct dopaminergic progenttor fate specitication. RMAseq profiling can also be
performed 10 assess the impact of GIPNT insertion on differentiation capacity.
[0434] Genomic accessibility may be used ag a condition for narrowing down GSH loci
optimal for GDNF jnsertion into iIPRCs with the end goal of expression in posimitotic
dopaminergic neurons.
[0435] Fig. 3 is iltustrative as a starting point for G8H selection, which can be further
selected based on publicly available criteria including subregion selectivity.
[0436] The disclosure can better be understood by the following numbered paragraphs:
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[0437] 1. An enginsered cell, comprising at least one sequence encoding a transgens,
wherein the at least one sequence s inserted within a safe harbor locus, the safe harbor focus
i3 ab any one or more of foci provided in Table 1

[0438] 2. An enginecred cell, comprising at least ong sequence encoding a transgene,
wherein the at least one sequence is inserted within a safe harbor focus, the safe harbor focus
is at any one or more loci provided in Table 1 and wherein expression of the at least one
sequence encoding the transgene is operatively finked to an endogenous promoter or an
exopenous promader.

[0439] 3. An enginesred cell, comprising at least one sequence encoding a transgene,
wherein the at least one sequence is inserted within a safe harbor tocus, wherein the safe
harbor tocus is at any one target loct in Table 1; and wherein expression of the at least one
sequence encoding the transgene is operatively finked to an endogenous promoter or an
exogenous promoier, and wherein the engineered cell s undifterentiated.

[0440] 4. The engiveered cell of paragraph 1 or 2 or 3, wherein the target locus is selected
from: chrl: 214186905-214187961; chrl: 91164906-91165855; chrl: 88180241-88181223;
chrl: 72546731-72548018; chrl: 199684394-199685410; chrl: 104647871-104648861;
chr10: 109456554-109457498; chr10: 84613037-84614143; chr10: 128540929-128541943;
chr10: 128693340-128695044; chr10: 36778899-36780002; chr10: 36725218-36726233;
chrll: 121721801-121724194; chrl1: 42524286-42525334; chr11: 81647375-81648903;
chrll: 116192498-116194401; chrl1: 114774331-114775325; chr11: 128021283-
128022329; chrl1: 116224105-116225916; chr11: 20309899-20311995; chr12: 92649604-
92650584; chrl2: 94763797-94764936, chr13: 103882813-103883879; chr13: 52967785-
52968920; chr13: 52904228-52906942; chr13: 59317916-59319213; chr13: 70309932-
70311460; chr13: 76473185-76474229; chr15: 96947520-96948565; chr16: 66127013-
66128412; chrl7: 56715590-56716621; chr18: 61088416-61089493; chr18: 40576326-
40578671; chr18: 27749740-27750778; chr18: 67199846-67201011; chr2: 133886374-
133887591; chr2: 163347709-163348850; chr2: 147082542-147083491; chr2: 180125287-
180126295; chr2: 121974721-121975718; chr2: 122660609-122661835; chr2: 75920596-
75921844; chr2: 103401408-103402401; chr2: 133843863-133844997; chr2: 180123973-
180124967; chr2: 160582472-160583418; chr20: 55667282-55669174; chr22: 49103355-
49104388; chr3: 67113422-67114525; chr3: 74614218-74615242; chr3: 5426026-5426982;
chr3: 117399281-117400399; chr3: 28915343-28917419; chr3: 117439560-117440548; chr3:
117237013-117239704; chr3: 137162914-137164165; chr3: 106609403-106610465; chr3:
67109328-67110455; chr3: 16048355-16049420; chr3: 117397641-117399034; chr3:
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104908816-104909868; chr3: 104596179-104597355; chr4: 180058397-180059507; chr4:
180057145-180058232; chr4: 27684257-27685441; chr4: 116925637-116926672; chr4:
166165437-166166501; chrd: 156168620-156169693; chr4: 18689105-18690087; chr4:
85370123-85371213; chr4: 64537927-64540013; chr4: 154982074-154983202; chr4:
130563237-130564339; chrS: 71937993-71940439; chr5: 113806007-113808129; chrs5:
18393819-18394795; chr5: 18465687-18466781; chr5: 123874455-123875520; chr5:
123875580-123876580; chr5: 71932489-71933717; chr5: 34474174-34475918; chr5:
18113286-18115121; chr5: 103808080-103809225; chr5: 144598204-144599350; chrs:
108521605-108522526; chr5: 113692453-113694380; chrS: 101678253-101679223; chrS5:
87944237-87945265; chr5: 101389859-101390987; chrS: 113678518-113679693; chr5:
88089287-88091255; chr5: 121797421-121798482; chr5: 87949701-87952291; chrS:
103894512-103895553; chr5: 63401153-63402160; chr6: 85922657-85923735; chr6:
104472033-104473578; chro: 104525429-104526360; chr6: 47097062-47097998; chr6:
87968250-87969278; chr6: 16964556-16965560; chr6: 137415153-137416177, chr6:
91081186-91082896; chr6: 99746005-99747236; chr6: 99822427-99823526; chro:
140439792-140441984; chr6: 137313918-137314874; chr6: 48765024-48766063; chr6:
90890535-90891762; chr7: 152925055-152926297; chr7: 12111174-12112347, chr7:
42493270-42494306; chr7: 31192574-31193687; chr7: 22000950-22002150; chr7:
96785947-96787328; chr8: 141715497-141716580; chr8: 26189940-26191013; chr8:
131803831-131805003; chr8: 106856111-106857217; chr8: 75975412-75977242; chr8§:
115076228-115077322; chr8: 131815871-131817817; chr8: 137492454-137493716; chr9:
85258346-85259505; chr9: 17904998-17907161; chr9: 78439098-78440151; chr9:
16132791-16134459; chr9: 29513212-29515120; chr9: 75265233-75266237; chr9: 7542343-
7543943; chr9: 118169738-118170714; chr9: 71517517-71519983; chr9: 7401713-7402906;
chr9: 26325995-26327156; chr9: 1453442-1454897; chr9: 105156511-105157922; chr9:
12425914-12426947; chrX: 68894085-68895495; chrX: 20530099-20531285; chrX:
40996550-40997770; chrX: 20527023-20528155; chrX: 94058277-94059471; or chrX:
138127607-138128791.

[0441] S. The engineered cell of paragraphs 1-4, wherein the endogenous promoter is any
one of SEO 1D NOS 2140 or 43,

[0442] 6. The engineered cell of any one of paragraphs 2-5, wherein the endogenous
promoter 18 expressed in Mewronal Matore Cell Types.

[0443] 7. The engineered cell of any one of paragraphs 1-6, wherein the engineered cell is
a sters cell, pluripotent cell, iPSC, a human cell, a primary cell, a DA veuronal cell, s DA
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neuronal cell progenitor or combinations thereof.

[0444] 8. The engineered cell of any ove of paragraphs 1-7, wherein the engineered cell s
undifferentiated.

[0445] 9. The engineercd cell of any one of paragraphs 1-8, wherein the engincered cell is
capabic of differentiating into a BA neuronal cell,

[0446] 10, The enginesred cell of any one of paragraphs 1-9, wherein the transgens
encodes a gene selected from the group comprising, consisting of, or consisting essentially of
GDNF, GBA PARKZ, PINKT, P-1, LRRKZ, c-Rel, ATGY, YMAT2 or SNCA and
combinations thereof

[0447] 11, A composition comprising the engineered cell of any one of paragraphs 1-10
and a pharmaceutical excipient.

[0448] 12, A guide ribonucieic acids (gRNA) Tor editing a cell at & safe harbor locus
focated at a loci in Table 1

[0449] 13, A method of editing a cell having clromosomal DNA, comprising inserting at
feast one sequence encoding a transgene within a safe harbor locus in the chromaosomal BNA
of the cell, wherein the safe harbor Iocus is any one or more of the target toct provided in
Table 1,

[0450] 14, A methed of editing a pluripoternt cell, comprising comtacting a pluripotent cell
with one or more guide ribonucleic acids {gRNAs), at least one sequence encoding a
transgene, and one or more Cas? endonucleases, wherein the one or more gRNAs and Cas9
sndonucieases facilitate the insertion of the at least one sequence info chromosomal BNA
within a sate harbor locus, wherein the safe harbor locus is selected from any one target lool
in Table 1.

[0451] 15. The method of paragraph 13 or 14, wherein the target locus is selected from:
chrl: 214186905-214187961 chrl: 91164906-91 165855, ¢hrl: RRIEO241-88181223; ¢l
T2546731-72548G18; chrl: 199684394.-190685410; chrl: 104647871-104648861; chrit:
109456554-109457498; chrid: 84613037-84614143; chrlf: 128540029-128541943; chrl:
128693340-128695044; chriG: 36778R899-36780002, chriG 36725218-36726233, chrl b
121721801-121724194; chrii: 42524280-425255334; chril: B1647375-81648903; chrit:
116192408-110194401; chri i 114774331-114775325; chrll: 128021283-128022329;
chril: 116224105-1162235916; chril: 20300899203 11995, chri2: 92649604-32650584;
chri2: 94703797-94764936,; ohrl3: 103882813-103883879; chrid. S2967785-52968920;
chri3: 52004228-52006942; chri3: 30317916-59319213; chrl3: TO309932.70311460; chri3:
To4T3185-70474229, chrl3: 96947324-96948568, chrit: 66127013-66128412; chrl7:
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S56718500-836716621; chrlS: 61088416-610809443; chrlB: 40576326-40578671; chrif:
27749740-27750778; chrl8: 67199846-0720101L; ohr2: 133880374-133887591; olul:
163347709-163348850; chi2: 147082542-147083497; ¢hr2: 180125287-180126295; chrZ:
121974721-121975718; chrZ: 122660609-122661835; cheZ: 75920506-75921844; chr:
10340 1408-103402401, chr2; 133843863-133844997, chr2: 180123973-180124967, chr2:
160582472-160583418; chr20: S5667282-55669174; chr22: 49103355.-40104388, chrd:
67113422-6711452S; oly3: 74614218-74615242, chrd: 534260206-5426982; chr3. 117399231~
117400399; chr3: 28915343.28017419; chr3: 117430560-117440548; chr3: 117237013
117239704; ¢hr3. 137162914-137164165; chrd; 106609403- 106610465, chrd; 67109328-
7110455, chr3: 10048355-100459420; chy3: 117397641-1173599034; ched: 104908816-
104900868; chr3: 1045961 79-104597355; chrd: 180058397-180055507; chrd: 180057145~
IR0058232; chrd: 27684257-27685441, chrd: 116925037-1169200672; chrd: 166165437~
166166501, chrd: 156168620-156169693; chrd: 18689105-18690087, chrd: 85370123
§3371213; chrd: 84537927-064340013; chrd, 154982074-154983202; chrd: 130563237
130564339; chrd: 71937993.71940439; chrd: T13806007-113808129; chrS: 18393819
FR304795, chrS: 18465087-18466781, chrS: 123874455-123875520; chrS: 123875580~
[23876380; chrs: 7T1932488-71933717, chrs: 34474174.34475018; chrs: 18113286~
I811S121; chrd: 103808080-103809225; chrd: 144598204-144509350; chr3: 108521605
108522526 chrS: 113692453-113694380; chrS: 101678253-101679223, chrS, 87944237
87045265, chrS: 1013898539-101390087, chrl: 113678518-113679693; chrl: 88089287~
BROQIZSS, chrS: 121797421-121798482; chr3: 87949701-87952291; chrS: 103894512~
103895553, chr3: 63401 153-63402 160, chr6: 85922657-85923735; chr6: 104472033
104473578, chrt: 104325429-104526360; chr: 47097062-47097998; ¢hrs: BT968250-
I06O27E; chrd: 10964556-10965560; chrd: 137415153-137416177, chrd: 91081186~
QIO8ZEL6, chyg: 99746005-00747236; chrt: 99822427-99823526; chrt. 140439702-
140441984; chro: 137313918-137314874; chro: 48765024-48766063; chr6: F08905335-
90801702 chr7: 152925085-1529236297, che7: 1211 1174-12112347; chr'?: 42493270
42494306, chr7 31192574-31193687,; chr7: 22000950-22002150; chr7: 96785947
GTR7I2E; chuB: 141715497-141716580; chuf: 26189940-26191013; chr8: 131803831
[31R0AG03, chrl: 1068501 11-100857217; chr&: 75975412-75977242, chr8: 115076228~
PE5077322; chr& 1318188711318 7817, chr& 137402454-137493716; chr%: 85258346-
82505035, chr®, 17904998-17907161; chr®: 78439098-78440151; chr: 16132791~
16134459, chrS: 20513212-20815120; chrS: TS265233.75206237; chrd: 7542343.7543043;
chr®: TIS169738-11B1707 14, chr®: TISITSIT7-7E519983; chr®: 7401713-7402906; chud:
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26323005.26327150; oY 1453442-1484897: chrd: 105136511-105137922; chrt:
12425914-12426%47; chrX: 683804085-08895495; chrX: 20530099-20531285; chrX:
409906550-40997770, chrX: 20527023-20528185; chrX: 94038277-94059471; or chu X,
138127607-138128791

[0452] 16. The method of any one of paragraphs 13-15, wherein the at least one sequence
comprises an exogenous promoter is any one of Seq [ nos. 21-40 or 43,

[0453] t7. The method of any one of paragraphs 13-16, wherein the cell 18 2 ster cell
pluripotent cell, iFSC, a human cell, a primary cell, a DA neuronal cell, a DA neuronal cell
progemior or combinations thereof

[0454] 18. The method of any one of paragraphs 13-17, wherein the enginsered cell i3
undifferentiated.

[0455] 19, The method of any one of paragraphs 13-18, wherein the at least one sequence
i3 inserted using a homology-directed repair,

[0456] 24, The method of any one of paragraphs 13-19, wherein the at least one sequence
is inserted using & homology independent targeted insertion.

[0457] 21. The method of any one of paragraphs 13-20, wherein the at Jeast one sequence
i3 inserted using one or more guide ribonucleic acids (gRNAs) and one or more (Cas9
endonucieases.

[0458] 22. The method of any one of paragraphs 13-21, wherein the transgene is selecied
from the group comprising GDNF, GBA PARKZ, PINK, DI-1, LRRKZ, ¢-Rel, ATGT,
YVRMATZ or SNCA and combinations thereof.

[0459] 23, An ex vivo method of obtaining an engineered cell or population thereof,
comprising: a. obtaining a cell; b, genetically modiBving the cell by insertiug at least one
sequence encoding a transgens within a safe barbor locus, wherein the safe harbor locus is
selected frow any one target foct in Table 1.

[0460] 24. The method of paragraph 23, wherein cbiaining the cell comprises: (i}
coliecting a tissue sample from a subject, (i1} 1solating the cells from the tissue samples, and
{1113 enlturing the cells in vitro.

[0461] 25 The method of paragraph 23, wherein the tissue sample is a blood sample.
[0462] 26. The method of any one of paragraphs 23-25, wherein the cell is a siem cell, a
human ceil, a primary cell, a hematopoietic cell, an adaptive immune cell, an innate immune
cell, a T eell, or T cell progenitor or combinsticns thereof

[0463] 27. The method of any one of paragraphs 23-2¢, wherein the engineered cell is

undifferentigted.
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[0464] 28 The method of any one of paragraphs 23-27, wherein the at least one sequence
i3 selected from the group comprising GDINF, GBA PARK?2, PINKI, DJ-1, LRRK2, ¢-Rel,
ATGT, VMATZ or SNCA and combinations thereof

[0465] 2% The method of any one of paragraphs 23-28, wherein the at least one sequence
is inserted using 2 homology-directed repair.

[0466] 30, The method of any one of paragraphs 23-29, wherein the at least one sequence
18 inserted using & homology independent targeted insertion,

[0467] 31 The method of any one of paragraphs 23-30, wherein the genetically
modifying in step (b) comprises contacting the cell with one or more guide ribonucleic acids
{gRMNASs), the at feast one sequence, and one or more Cas® endomicieases, wherein the one or
more gRNAs and Cas® endonucleases facilitate the insertion of the at least one sequence indo
chromosomal NA within the safe harbor locus,

[0468] 32, The method of any one of paragraphs 23-31, wherein the transgene encodes a
gene selected from the group comprising GDNF, GBA PAREK?, PINK1, DI-1, LRREZ, ¢-
Rel, ATG7, VMATZ or SNCA and combinations thereof.

[0469] 33. The method of any one of paragraph 23-32, wherein the at least one sequence
COMpPrises an exogenous promoter and the exogenous promoter is operably linked to the
transgens.

[0470] 34 The method of any one of paragraph 23-33, wherein the exogenous promoter
i any one of SEQ D NOS 21-40 or 43,

[0471] 35 A method of ireating a subject baving or at risk of having a disease,
comprising administering to the subject an effective amount of the cell of any one of
paragraphs 13-24, a population thereof, or the composition of paragraphs 1-12,

[0472] 34, A methed of treating a subject having or at risk of having a disease,
comprising. 8. conducting the method of any one of paragraphs 13-35; and b, administenog
to the subject an etfective amount of & composition comprising the cell or a population
thereof.

[0473] 37. The method of paragraph 35 or 36, wherein the composition 13 administered to
the subject by infusion.

[0474] 38 The method of paragraph 35-37, wherein the disease is Parkinson’s,

[0475] 39 The method of any one of paragraphs 35-38wherein the disease 15 a disorder
assoctated with central nervous system degeneration,

[0476] 46, A method of treating 2 subject having or at risk of having a disease,
comprising administering to the subject an effective amount of the cell of any one of
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paragraphs 1-11, a population thereof, or the composition of paragraph 12,

[0477] 41. A method of treating & subject having or at risk of having a disease,
comprising. ¢. conducting the method of any one of paragraphs 13-34; and d. administering
0 the subject an effective arnount of & composition comprising the cell or g population
thereot.

[0478] 42 The method of paragraph 40-41, wherein the composition is administered to
the subject by infusion,

[0479] 43. The method of paragraph 40-42, wherein the disease is Parkinson’s,

[0480] 44 A method of identifving a safe harbor tocus, comprising: a. identifying genes
or no-coding regions in a chromosome that are above a threshold level for accessibility of
chromating b, generating a model that correlates the gene or non-coding region from step {a}
with published ATAC-seq data from dopaminergic neurons isolated from human bealthy and
Parkinson’s brains on the chromosome; and ¢ selecting the safe harbor locus based on
threshold parameters; wherein the safe harbor Tocus i3 selected for insertion of at least oue
sequence encoding a ransgens within a cell.

[0481] 45 The method of paragraph 44, wherein the threshold parameters include one or
more of: stable expression of a transgene, knockout of the gene confers beneflt to the function
of the cell, no known function within the cell, stable transgene expression in vitro, neghigible
off-target cleavage as detected by iGuide-Seq or CRISPR- Seq, less off-target cleavage
relative to other loct as detected by 1Guide-Seq or CRISPR-Seq, negligible transgene-
tndependent oytotoxicity, negligible transgene-independent cytokine expression, negligible
transgene-independent chimeric antigen receptor expression, negligible deregulation or
silencing of nearby genes, peak size data generated with processed ATAC-seq data,
distribution data generated with processed ATAC-seq data, highest efficiency for transgene
tusertion, durable expression following prolonged culture, and absence of oncogenic geue
expression.

[0482] 46. The method of any one of paragraphs 44-45, wherein the accessibility of
chromatin is measured using an assay for transposase-accessible chromatin using sequencing
{ATAC-seq).

[0483] 47 The method of any one of paragraphs 44-46, wherein the enginesred celi s a
stem cell, pluripotent cell, 1PSC, 3 human cell, a primary cell, a DA neurcnal cell, a DA
neuronal cell progeniior or combinations thereof.

[0484] 48 The engineerad cell, composition, or method of any one of the preceding
paragraphs, wherein insertion within the safe harbor locus increase GDNF secreted proteing
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the GINF secreted proteins are made and taken up by the endogenous cells atter the
administered engineered cells have matured to a Neuronal Mature Cell Type,

[0485] 49, The engineered cell, compositton, or method of any one of the preceding
paragraphs wherein knock-in efficiency at any one of the safe harbor locus in Table | is

increased relative to other locations along the chromosome.
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Claims
1. A population of engineered cells, wherein the engineered cells comprise: at least one

exogenous GBA gene or functional fragment thereof.

2. The population of cells of claim 1, wherein the engineered cells are human DA neuronal

cells.

3. The population of cells of claim 1, wherein the human DA neuronal cells are derived from

pluripotent cells.

4. The population of cells of claim 1, wherein the engineered cells are engineered to be

hemizygous null for SNCA.

5. The population of cells of claim 1, wherein the exogenous GBA gene or functional

fragment thereof is within or near a safe harbor locus.

6. The population of cells of claim 5, wherein the safe harbor locus is the safe harbor incus is

selecied from the list in table 1

7. The population of cells of claim 5, wherein the safe harbor locus is selected from chrl:
214186905-214187961; chrl: 91164906-91165855; chrl: 88180241-88181223; chrl:
72546731-72548018; chrl: 199684394-199685410; chrl: 104647871-104648861; chr10:
109456554-109457498; chr10: 84613037-84614143; chr10: 128540929-128541943; chr10:
128693340-128695044; chr10: 36778899-36780002; chr10: 36725218-36726233; chrl1:
121721801-121724194; chr11: 42524286-42525334; chr11: 81647375-81648903; chrl1:
116192498-116194401; chr11: 114774331-114775325; chr11: 128021283-128022329;
chrl1: 116224105-116225916; chr11: 20309899-20311995; chr12: 92649604-92650584;
chr12: 94763797-94764936; chr13: 103882813-103883879; chr13: 52967785-52968920;
chr13: 52904228-52906942; chr13: 59317916-59319213; chr13: 70309932-70311460; chr13:
76473185-76474229; chr15: 96947520-96948565; chr16: 66127013-66128412; chr17:
56715590-56716621; chr18: 61088416-61089493; chr18: 40576326-40578671; chrl8§:
27749740-27750778; chr18: 67199846-67201011; chr2: 133886374-133887591; chr2:
163347709-163348850; chr2: 147082542-147083491; chr2: 180125287-180126295; chr2:
121974721-121975718; chr2: 122660609-122661835; chr2: 75920596-75921844; chr2:
103401408-103402401; chr2: 133843863-133844997; chr2: 180123973-180124967; chr2:
160582472-160583418; chr20: 55667282-55669174; chr22: 49103355-49104388; chr3:
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67113422-67114525; chr3: 74614218-74615242; chr3: 5426026-5426982; chr3: 117399281-
117400399; chr3: 28915343-28917419; chr3: 117439560-117440548; chr3: 117237013-
117239704; chr3: 137162914-137164165; chr3: 106609403-106610465; chr3: 67109328-
67110455; chr3: 16048355-16049420; chr3: 117397641-117399034; chr3: 104908816-
104909868; chr3: 104596179-104597355; chr4: 180058397-180059507; chr4: 180057145-
180058232; chr4: 27684257-27685441; chrd: 116925637-116926672; chrd: 166165437-
166166501; chr4: 156168620-156169693; chr4: 18689105-18690087; chr4: 85370123-
85371213; chr4: 64537927-64540013; chr4: 154982074-154983202; chr4: 130563237-
130564339; chr5: 71937993-71940439; chr5: 113806007-113808129; chr5: 18393819-
18394795; chr5: 18465687-18466781; chr5: 123874455-123875520; chr5: 123875580-
123876580; chr5: 71932489-71933717, chr5: 34474174-34475918; chr5: 18113286-
18115121; chr5: 103808080-103809225; chr5: 144598204-144599350; chr5: 108521605-
108522526; chr5: 113692453-113694380; chrS: 101678253-101679223; chrS: 87944237-
87945265; chr5: 101389859-101390987; chr5: 113678518-113679693; chr5: 88089287-
88091255; chr5: 121797421-121798482; chr5: 87949701-87952291; chr5: 103894512-
103895553; chr5: 63401153-63402160; chr6: 85922657-85923735; chr6: 104472033-
104473578; chr6: 104525429-104526360; chr6: 47097062-47097998; chr6: 87968250-
87969278; chr6: 16964556-16965560; chro: 137415153-137416177; chr6: 91081186-
91082896; chr6: 99746005-99747236; chr6: 99822427-99823526; chr6: 140439792-
140441984; chr6: 137313918-137314874; chr6: 48765024-48766063; chr6: 90890535-
90891762; chr7: 152925055-152926297, chr7: 12111174-12112347; chr7: 42493270-
42494306; chr7: 31192574-31193687; chr7: 22000950-22002150; chr7: 96785947-
96787328; chr8: 141715497-141716580; chr8: 26189940-26191013; chr8: 13180383 1-
131805003; chr8: 106856111-106857217, chr8: 75975412-75977242; chr8: 115076228-
115077322; chr8: 131815871-131817817; chr8: 137492454-137493716; chr9: 85258346~
85259505; chr9: 17904998-17907161; chr9: 78439098-78440151; chr9: 16132791-
16134459; chr9: 29513212-29515120; chr9: 75265233-75266237, chr9: 7542343-7543943;
chr9: 118169738-118170714; chr9: 71517517-71519983; chr9: 7401713-7402906; chr9:
26325995-26327156; chr9: 1453442-1454897; chr9: 105156511-105157922; chr9:
12425914-12426947; chrX: 68894085-68895495; chrX: 20530099-20531285; chrX:
40996550-40997770; chrX: 20527023-20528155; chrX: 94058277-94059471; or chrX:
138127607-138128791.
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8. A population of engineered cells, wherein the engineered cells comprise: at least one

exogenous GDNF gene or functional fragment thereof.

9. The population of cells of claim 8, wherein the engineered cells are human DA neuronal

cells.

10. The population of cells of claim 8, wherein the human DA neuronal cells are derived

from pluripotent cells.
11. Method for preparing engineered pluripotent cells, the method comprising:
- providing a population of cells comprising pluripotent cells;

- introducing into a proportion of the pluripotent cells: 1) at least one nucleic acid comprising
an exogenous polynucleotide sequence to be integrated at a selected endogenous locus to

encode at least one GDNF gene;

i1) at least one sequence-specific reagent that specifically targets the selected endogenous

locus,

wherein the exogenous polynucleotide sequence is inserted by targeted gene integration into

the endogenous locus.
12. The method according to claim 11, wherein the sequence specific reagent is a nuclease.

13. The method according to claim 11 or 12, wherein the targeted gene integration is operated

by homologous recombination or NHEJ into the pluripotent cells.

14. The method according to any one of claims 11 to 13, wherein the exogenous
polynucleotide sequence is integrated under transcriptional control of an endogenous

promoter present at the locus.

15. The method according to any one of claims 11 to 14, wherein the engineered pluripotent

cells are differentiated to DA neuronal cells to form engineered DA neuronal cells.

16. The method according to claim 15, wherein the to form engineered DA neuronal cells the

engineered DA neuronal cells are transplanted into a human.
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17. The method according to claim 16, wherein the transplanted engineered DA neuronal

cells do not initially express GDNF.

18. The method according to claim 16, wherein the transplanted engineered DA neuronal
cells do not express GDNF until the transplanted engineered DA neuronal cells differentiate

to a mature neuronal cell type.

19. Method for preparing engineered pluripotent cells, the method comprising:
- providing a population of cells comprising pluripotent cells;

- introducing into a proportion of the pluripotent cells:

1) at least one nucleic acid comprising an exogenous polynucleotide sequence to be integrated
at a selected endogenous locus to encode at least one GBA gene and at least one hemizygous

null SCNA gene;

ii) at least one sequence-specific reagent that specifically targets the selected endogenous

locus,

wherein the exogenous polynucleotide sequence is inserted by targeted gene integration into

the endogenous locus.

20. The method according to claim 19, wherein the engineered pluripotent cells are

differentiated to DA neuronal cells to form engineered DA neuronal cells.

21. The method according to claim 20, wherein the to form engineered DA neuronal cells are

transplanted into a human.

22. The method according to claim 21, wherein the transplanted engineered DA neuronal

cells express GBA and SCNA upon transplantation.

23. The method according to claim 21, wherein the transplanted engineered DA neuronal

cells do not exhibit a-synuclein accumulation.
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