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VARIANT RNAi

CROSS-REFERENCE TO RELATED APPLICATIONS

{6001 ] This application claims the priority benefit of U.S. Provisional Application No.
62/561,843, filed Septernber 22, 2017, which is hereby incorporated by reference in its

entirety.
SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE

{0082] The content of the following submission on ASCH] text file is incorporated hercin by
reference in its entirety: a computer readable form (CRF) of the Sequence Listing (file

name: 1597920147408eqList.txt, date recorded: September 20, 2018, size:19 KB).
FIELD OF THE INVENTION

{0083] The present invention relates to variant RNAi molecules. In some aspects, the

invention relates to variant RNAI to treat Huntington’s disease.
BACKGROUND

{00684] RNA interference (RNA1) has been shown o be a useful tool for gene silencing in
basic research of gene function and shows great promisc as a therapeutic agent to suppress
genes associated with the development of a number of diseases. In nature, gene regulation
by RMNAI1 occurs through small RNAs known as microRNAs (miRNAs) (Ambros, (2004)
Nanre 431:3503-355,; Kyol et al., (2010 Nat. Rev. Genet. 11:597-610). MicroRNAs have
cmerged as powerful regulators of diverse cellular processes, and when delivered by viral
vectors, artificial miRINAs are continually expressed, resulting in a robust and sustained
suppression of target genes. The clucidation of the mechanisms involved in miRNA
processing has allowed scientists to co-opt the endogenous cellular RN A1 machinery and
direct the degradation of a target gene product with the use of artificial miRNAs (see, e.g.,

US PG Pub. 2014/0163214 and Davidson et al., (2012) Cell 150:873-875).

{00685] A hurdle to the clinical development of RNAL is the potential for off-target
silencing where the seed region of the RNAt (typically nucleotides 1-7 or 1-8) pairs with

sequences in non-farget mRNAs in the 3" untranslated region (UTR) feading to ranscript
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destabilization. Attempts to reduce off-target silencing include the use of algorithms to identify
candidate seed sequences with high specificity for the target mRNA with minimal off-target
potential (Boudreau RL et al., (2012) Nucl. Acids Res. 41(1):e€9) and placing an internal bulge in
the guide region of the RNAIi (Terasawa et al., (2011) Journal of nucleic acids 2011:131579).

[0006] RNAI has been investigated as a therapeutic to treat Huntington’s disease (HD). HD
is an inherited neurodegenerative disease caused by an expansion of the CAG repeat in exon 1 of
the huntingtin gene (HTT). The resulting extension of the polyglutamine tract in the N-terminal
region confers a toxic gain-of-function to the mutant huntingtin protein (mHtt). The potential of
silencing mHtt expression as a therapeutic strategy for HD was first demonstrated in a
conditional mouse model of the disease (Yamamoto et al., (2000) Cell 101:57-66.). When the
expression of mHtt was induced in these mice, pathological and behavioral aberrations became
apparent. Subsequent tetracycline-mediated repression of the mHtt transgene reversed these
abnormalities, indicating that a reduction of mHtt levels allowed protein clearance mechanisms
within neurons to normalize mHtt-induced changes. Hence, therapeutic strategies that reduce
mHtt levels could potentially halt disease progression and alleviate HD symptoms. miRNAs
that target Htt are provided in WO 2016/130589, incorporated herein in its entirety.

[0007] All references cited herein, including patent applications and publications, are
incorporated by reference in their entirety. It is to be understood that, if any prior art publication
is referred to herein, such reference does not constitute an admission that the publication forms a

part of the common general knowledge in the art, in Australia or any other country.
BRIEF SUMMARY OF THE INVENTION

[0008] In some aspects, the invention provides an RNAi comprising a first strand and a
second strand, wherein a) the first strand and the second strand form a duplex; b) the first strand
comprises a guide region, wherein the guide region comprises the nucleic acid sequence 5’-
UGGCCGUCCAUCUUGGACCCG-3’ (SEQ ID NO:1) or 5°-
AGUCGGUGUGGUUGACAAGCA-3’ (SEQ ID NO:7); and c¢) the second strand comprises a
non-guide region. In some embodiments, the nucleic the guide region comprises the nucleic
acid sequence 5’-UGGCCGUCCAUCUUGGACCCG-3’ (SEQ ID NO:1) and the non-guide
region comprises the sequence 5’- CGGGUCCAAGAUGGACGGCCA-3’ (SEQ ID NO:2). In

some embodiments, the first strand comprises a nucleic acid sequence having
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about 90% wdentity to SEQ ID NG:1 or about 90% identity to SEQ ID NO:2. In other
cmbodiments, the nucleic the guide region comprises the nucleic acid sequence 5°-
AGUCGGUGUGGUUGACAAGCA-3 (SEQ ID NG:7) and the non-guide region comprises
the sequence 5 - UGCUUGUCAACCACACCGACU-3 (SEQ ID NO:§). In some
embodiments, the second strand comprises a nucleic acid sequence having about 90%
identity to SEQ ID NO:7 or about 90% identity to SEQ D NO:8. In some embodiments of
the above embodiments, the first strand and the second strand are linked by means of RNA
linker capable of forming a loop structure. In some embodiments, the RNA linker comprises
from 4 to 50 nucleotides.  In some embodiments, the loop structure compriscs 4 to 20
nucleotides. {1 some embodiments, the RNA1 comprises 37 10 37 the sccond strand, the
RINA linker, and the first strand.  In some embodiments, the RNAI cormprises 5° to 37 the
first strand, the RNA linker, and the second strand.  In some embodiments, the RNAI
comprises the nmucleic acid sequence of SEQ 1D NO:4 or SEQ 1D NO:1G.  in some
embodiments, the RNAI comprises a nucleotide sequence about 90% identical to the
nucleotide scquence of SEQ ID NO:4 or SEQ 1D NO:10. In some embodiments, the RNA1 is
a sroall inhibitory RNA (8siRNA), a microRNA (miRNA}, or a small hairpin RNA (shRNA)
In some embodiments, the RNAT targets RNA encoding a polypeptide associated with
Huntington’s discase. In some embodiments, the polypeptide is huntingtin. In some

embodiments, the huntingtin comprises a nutation associated with Huntington's disease.

{6009 In some embodiments of the above aspects and embodiments, the invention
provides an expression construct comprising micleic acid encoding the RNA1 of any one of
claims 1-16. In some embodiments, the nucleic acid encoding the RNAIL comprises a miRNA
scaffold. In some embodiments, the nucleic acid encoding the RNAI is operably linked to a
promoter.  In some embodimuents, the promoter is selected from a cytomegalovirus (CMV})
immediate early promoter, an RSV LTR, a MoMLV LTR, a phosphoglycerate kinase- |
(PGK) promoter, a simian virgs 40 (SV40) promoter, a CK6 promoter, a transthyretin
promoter (TTR), a TK promoter, a tetracycline responsive promoter (TRE), an HBY
promoter, an hAAT promoter, a LSP promoter, a chimeric liver-specific promoter (L3P), an
E2F promoier, a telomerase (WTERT) promoter; a cytomegalovirus enhancer/chicken beta-
actin/Rahbhit B-globin promoter (CAG) promoter, an elongation factor 1-alpha promoter (EFI-
alpha) promoter, a human B-glhucaromdase promoter, a chicken B-actin {CBA) promoter, a
retroviral Rous sarcoma virus (RSV) LTR promoter, a dihydrofolate reductase promoter, and

a 13-actin promoter.  In some embodiments, the expression construct further comprises a
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polyadenylation signal.  In some embodiments, the polyadenylation signal is a bovine

growth hormone polyadenylation signal, an V40 polyadenylation signal, or a HSV TK pA.

{6010] in some embodiments, the invention provides a vector comprising the cxpression
construct of any one of the embodiments deseribed herein. In some embodiments, the vector
is a recombinant adeno-associated viras (TAAV) vector, a recombinant adenoviral vector, a
recombinant lentiviral vector or a recombinant herpes simplex virus (HSV) vector.  In some
embodiments, the vector is a recombinant adenoviral vector.  In some embodiments, the
recombinant adenoviral vector is derived from Adenovirus serotype 2, 1, 5,6, 19, 3, 11, 7,
14, 16, 21, 12, 18,31, 8, 9, 10, 13, 15, 17, 19, 20, 22, 23, 24-30, 37, 40, 41, AdHu2, AdHu 3,
AdHud, AdHu24, AdHu26, AdHu34, AdHu35, AdHu36, AdHu37, AdHudl, AdHu4dS,
AdHu49, AdHus0, AdCE, AdCT, AdCE9, bovine Ad tvpe 3, canine Ad type 2, ovine Ad, or
porcine Ad type 3. In some embodiments, the recombinant adenoviral vector is derived
from adenovirus serotype 2 or a variant of adenoviral serotype 3. In some embodiments,
the vector is a recombinant lentiviral vector. In some embodiments, the recombinant
lentiviral vector is derived from a lentiviras pseudotyped with vesicular stomatitis virus
(V5V}, lymphocytic choriomeningitis virus (ECMV), Ross river virus (RRV), Ebola virus,
Marburg virus, Mokala virus, Rabics virus, RD114 or variants therein.  in some
embodiments, the vector is a tHSV vector.  In some embodiments, the tHSV vector is

derived from rHSV-1 or rHSV-2.

§66111 In some embodiments of the above aspects and embodiments, the vector is a
rAAV vector.  In some cmbodiments, the cxpression construct is tlanked by one or more
AAY inverted terminal repeat (TR} sequences.  In some ercbodiments, the expression
construct is flanked by two AAV I'TRs.  In some embodiments, the AAV ITRs are AAVE,
AAVZ, AAVZ, AAVE, AAVS, AAV6, AAVT, AAVSE, AAVhS, AAVThER, AAVY, AAVID,
AAVIhI0, AAV1I, AAVI2, AAV2IRATIA, AAV D), a goat AAV, hovine AAY, or mouse
AAV serotype ITRs.  In some emmbodiments, the AAY ITRs are AAV2 ITRs.  Insome
embodiments, the vector further comprises a stuffer nucleic acid.  In some embodiments,
the sttfer nucleic acid is located upstream or downstream of the nucleic acid encoding the
RNAi.  In some embodiments, the vector is a self-complementary rtAAV vector.  In some
embodiments, the vector comprises first nucleic acid sequence encoding the RNAf and a
second nucleic acid sequence encoding a complement of the RNAL wherein the first nucleic

acid sequence can form intrastrand base pairs with the second nucleic acid sequence along

-4
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maost or all of its length. In some embodiments, the first nucleic acid sequence and the
sccond nucleic acid sequence are linked by a mutated AAYV ITR, wherein the mutated AAVY
I'TR comprises a deletion of the D region and comprises a mutation of the terminal resolution
sequenice.  In some embodiments, the invention provides a cell comprising any of vectors

{e.g., YAAYV vectors) described herein.

{6012] In some embodiments of the above aspects and embodiments, the invention
provides a viral particle comprising any of the vectors described herein, wherein the viral
particle is an AAV particle encapsidating the rAAV vector, an adenovirus particle
encapsidating the recombinant adenoviral vector, a lentiviral particle encapsidating the
recornbinant lentiviral vector or an HSV particle encapsidating the recombinant HSV vector,
In some embodiments, the viral particle is an adenovirus particle encapsidating the
recombinant adenoviral vector.  In some embodiments, the adenovirus particle comprises a
capsid from Adenovirus serotype 2, 1,5, 6, 19,3, 11,7, 14, 16, 21, 12, 18, 31, 8, 9, 10, 13,
15,17, 19,20, 22, 23, 24-30, 37, 40, 41, AdHu2, AdHu 3, AdHud4, AdHu24, AdHu26,
AdHu34, AdHu35, AdHu36, AdHu37, AdHud i, AdHu48, AdHu49, AdHu30, AJC6, AdC7,
AQCHY, bovine Ad type 3, caning Ad type 2, ovine Ad, or porcine Ad type 3. In some
cmbodiments, the adenovirus particle comprises an adenovirus serotype 2 capsid or a variant
of an adenoviral serotype 3 capsid.  In some embodiments, the viral particle is a lentiviral
particle encapsidating the recombinant lentiviral vector.  In some embodiments, the
lentiviral particle comprises a capsid pscudotyped with vesicular stomatitis virus (VSV),
lymphocytic choriomeningitis virus (LCMV), Ross river virus (RRV), Ebola virus, Marburg
virus, Mokala virus, Rabies virus, RDB114 or vanants therein.  In some embodiments, the
viral particle is a HSV particle.  In some embodiments, the HSV particle is a rHSV-1

particle or a rHSV-2 particle.

{0013] In some embodiments, the invention provides a recombinant AAY particle
coraprising any of the rAAV vectors described herein.  In some embodiments, the AAYV
viral particle comprises an AAVE, AAVI, AAV3, AAV4, AAVSE, AAVS, AAVT, AAVE,
AAVThE, AAVIhER, AAVY, AAVID, AAVIRhI0, AAVIE, AAVI2, AAVIRATIA, AAVZ/2-
708, AAV DI, AAV2 NSBTA, AAVZ ES48A, AAV2 NTOBA, AAV V708K, a goat AAV,
AAVI/AAVZ chimeric, bovine AAV, or mouse AAV capsid, rAAV2-HBKO capsid (see
WO 2015/168666, which is incorporated herein by reference).  In some embodiments, the

I'TR and the capsid of the rAAV viral particle are derived from the same AAV serotype.  In
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some embodiments, the ITR and the capsid of the rAAV viral particle are derived from
different AAV serotypes.  In some embodiments, the TR is derived from AAV2 and the
capsid of the rAAYV particle is derived from AAVT. In some embodiments, the rtAAV vector
comprises 37 to 37 an AAV2 ITR. a promoter, nucleic acid encoding the RNAI, a
polyadenylation signal, and an AAVZ2 ITR.  In some embodiments, the promoter is a CBA
promoter.  In some embodiments, the polvadenylation signal is a bovine growth hormone
polyadenyiation signal.  In some embodiments, the rAAV vector comprises 5" to 3" all or a
portion {e.g., a functional portion) of an AAVZ ITR, the CBA promoter, an intron {¢.g., a
chimeric intron), nucleic acid encoding the RNAI, a bovine growth hormone polyadenylation
signal, and an AAV2Z ITR.  In some embodiments, the vector further comprises a stuffer
nucleic acid.  In some embodiments, the stuifer nucleic acid further comprises nucleic acid
encoding a reporter polypeptide (e.g., green fluorescent protein (GFP)). In some
cmbodiments, the stuffer nucleic acid is located upstream or downstream of the nucleic acid

encoding the RNAL

{0014] In some embodiments, the invention provides a composition {e.g., a
pharmaccutical comaposition)} comprising any of the viral particles {e.g., rAAV particles)
described herein.  In some embodiments, the composition further comprises a

pharmaceutically acceptable carrier.

[0015] In some aspects, the invention provides a kit comprising any of the RNAi
described herein.  In some embodiments, the kit comprises any of the viral particies {e.g.,
rAAV particles) described herein. In some embodiments, the kit comprises any of the
compositions described herein.  In some embodiments, the kit further comprises instructions

for use.

{001s] In some aspects, the invention provides methods for treating Huntington’s disease
in a mammal comprising administering to the mammal an RNA1 comprising a first strand
comprising a first nucleic acid comprising the sequence 57~
UGGCCGUCCAUCUUGGACCOG -37 (SEQ D NO:1) and a second strand comprising a
second nucleic acid comprising the sequence 5'- COGGGUCCAAGAUGGACGGCCA -3
(SEQ 1D NO:2) or a first strand comprising a first nucleic acid comprising the sequence 5'-
AGUCGGUGUGGUUGACAAGCA -37 (SEQ 1D NG:7) and a second strand comprising a
second nucleic acid comprising the sequence 5'- UGCUUGUCAACCACACCGACU -3

(SEQ 1D NO:B). In some aspects, the invention provides methods for inhibiting the

-6-
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cxpression of hit in a mammal with Huntington’s disecase comprising administering to the
mammal an RNAI comprising a first strand comprising a first nucleic acid comprising the
sequence - UGGCCGUCCAUCUUGGACCCOG -2 (SEQ D NO:1) and a second strand
comprising a second nucleic acid comprising the sequence 5'-
COGGUCCAAGAUGGACGGCCA -3 (SEQ ID NO:2) or a first strand comprising a first
nucleic acid comprising the sequence 5'- AGUCGGUGUGGUUGACAAGCA -3° (SEQ 1D
NO:7) and a second strand comprising a second mucleic acid comprising the sequence 5'-
UGCUUGUCAACCACACCGACU -37 (SEQ 1D NO:10). In some aspects, the invention
provides methods for inhibiting the accumulation of htt in a cell of a mammal with
Huntington’s disease comprising administering to the mammal an RNA comprising a first
strand comprising a first nucleic acid compwising the sequence 5~
UGGCCGUCCAUCUUGGACCCG -37 (SEQ 1D NO:1) and a second strand comprising a
second nucleic acid comprising the sequence 5'- CGGGUCCAAGAUGGACGGCCA -3
(SEQ ID NG:2) or a first strand comprising a first nucleic acid comprising the sequence 5°-
AGUCGGUGUGGUUGACAAGCA -37 (SEQ 1D NG:7) and a second strand comprising a
second nucleic acid comprising the sequence 5'- UGCUUGUCAACCACACCGACU -3
(SEQ IE NO:B).

{66171 In some embodiments of the above methods, the first strand comprises a nucleic
acid sequence having about 90% identity to SEQ ID NO:1 or about 90% identity to SEQ ID
NO:7.  In some embodiments, the second strand comprises a nucleic acid sequence having
about 90% identity to SEQ 1D NO:2 or about 90% identity to SEQ 1D NO:8.  Insome
embodiments, the first strand and the second strand are linked by means of RNA linker
capable of torming a loop structure.  In some embodiments, the RNA linker comprises from
4 to 50 nucleotides.  In some embodiments, the loop structure comprises 4 to 20
nucleotides.  In some embodiments, the RINAI comprises 37 to 3’ the second strand, the
RNA linker, and the first strand.  In some cmbodiments, the RNAIL comprises 3° t0 37 the
first strand, the RNA linker, and the second strand.  In some embodiments, the RNAL
coraprises the nucleic acid sequence of SEQ 1D NG:4 or SEQ 1D NO:10. In some
embodiments, the RNAI comprises a nucleotide sequence about 0% identical o the

nucleotide sequence of SEQ 1D NO:4 or SEQ 1D NO:10.

{06018] In some embodiments of the above methods, the RNAI1 is encoded on an

expression construct.  In some embodiments, the nucleic acid encoding the RNAI comprises
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a miRNA scaffold. In some embodiments, the nucleic acid encoding the RNAI is operably
linked to a promoter.  In some embodimments, the promoter is capable of expressing the
ENAG in the brain of a mammal.  In some emboduments, the promoter 1s selected from a
cytomegalovirus (CMV) immediate carly promoter, a RSV LTR, a MoMLV LTR, a
phosphoglycerate kinase- 1 (PGK) promoter, a simian virus 40 (8V40) promoter, a CK6
promoter, a transthyretin promoter (TTR), a TK promoter, a tetracycline responsive promoter
(TRE), an HBV promoter, an hAAT promoter, a LSP promoter, a chimeric lver-specific
promoter (LSP}, a E2F promoter, a telomerase (WTERT) promoter; a cytomegalovirus
cnhancer/chicken heta-actin/Rabbit B-globin (CAG) promoter, an clongation factor 1-alpha
promoter (EFl-alpha) promoter and a human B-glucwronidase promoter.  In some
embodiments, the promoter is a hybrid chicken p-actin promoter. in some embodiments, the
nucleic acid further comprises all or a portion (e.g., functional portion) of anintron and a
polyadenyvlation signal. In some embodiments, the polyadenylation signal is a bovine growth

hormone polyvadenylation signal, and the intron is a chimeric intron.

§B0619] In some embodiments of the above methods, the RNAI is encoded on a vector
comyprising the expression construct of any one of the embodiments described herein. In
some embodiments, the vector 15 a recombinant adeno-associated virus (tAAV) vector, a
recombinant adenoviral vector, a recormbinant lentiviral vector or a recombinant herpes
simmplex virus (H3V) vector.  In some embodiments, the vector is a recombinant adenoviral
vector.  In some embodiments, the recombinant adenoviral vector is derived from
Adenovirus serotype 2, 1,5, 6, 19,3, 11,7, 14, 16,21, 12, 1§, 31, 8,9, 16, 13, 15, 17, 19,
20, 22, 23, 24-30, 37, 40, 41, AdHu2, AdHu 3, AdHud, AdHu24, AdHu26, AdHu34,
AdHu35, AdHu36, AdHu37, AdHud !, AdHuds, AdHu49, AdHuS0, AdC6, AJACT, AJCe9,
bovine Ad type 3, canine Ad type 2, ovine Ad, or porcine Ad type 3. In some
cmbodiments, the recombinant adenoviral vector is derived from adenovirus serotype 2 or a
variant of adenoviral serotype 5. In some embodiments, the vector is a recombinant
lentiviral vector.  In some embodiments, the recombinant lentiviral vector is derived from a
lentivirus pseudotyped with vesicular stomatitis viras (VSV}, lymphocytic choriomeningitis
virus {LCMV), Ross river virus (RRV}, Ebola virus, Marburg virus, Mokala vivus, Rabies
virus, RD114 or variants therein.  In some embodiments, the vector is a tHSV vector.  In

some embodiments, the rtHSY vector 1s dertved from tHSV-1 or rtHSV-2.
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[6020] In some embodiments of the above methods, the vector is arAAV vector. In
some embodiments, the expression construct is flanked by one or more AAV inverted
terminal repeat (ITR) sequences.  In some embodiments, the expression construct is flanke
by two AAV ITRs.  In some embodiments, the AAV ITRs are AAV1, AAV2, AAV3,
AAV4, AAVS, AAVE, AAVT, AAVE, AAVIRE, AAVIhER, AAVY, AAVIO, AAVhID,
AAVET, AAVIE2, AAVIR4ATIA, AAV D, a goat AAV, bovine AAY, or mouse AAY
serotype ITRs.  In some embodiments, the AAV ITRs are AAV2 [TRs.  In some
cmbodiments, the vector further comprises a stuffer nucleic acid.  In some embodiments,
the smffer nucleic acid is located between the promoter and the nucleic acid encoding the
ENA:.  In some embodiments, the vector is a self-complementary rAAV vector.  In some
embodiments, the vector comprises first nucleic acid sequence encoding the RNAi and a
second nucleic acid sequence encoding a complement of the RNAi, whercin the first nucleic
acid sequence can form intrastrand base pairs with the second nucleic acid sequence along
maost or all of its length. In some embodiments, the first nucleic acid sequence and the
sccond nucleic acid sequence are linked by a mutated AAYV ITR, wherein the mutated AAVY
I'TR comprises a deletion of the D region and comprises a mutation of the terminal resolution
sequence.  In some embodiments, the invention provides a cell comprising any of vectors

{e.g., YAAYV vectors) described herein.

§66211 in some embodiments of the above methods, vector encoding the RNAtisina
viral particle, wherein the viral particle is an AAYV particle encapsidating the rAAV vector,
an adenovirus particle encapsidating the recombinant adenoviral vector, a lentiviral particle
encapsidating the recombinant lentiviral vector or an HSV particle encapsidating the
recombinant HSV vector. In some embodiments, the viral particle is an adenovirus particle
cncapsidating the recombinant adenoviral vector.  In some embodiments, the adenovirus
particle comprises a capsid from Adenoviras serotype 2, 1, 3,6, 19,3, 11,7, 14, 16, 21, 12,
18,31, 8.9, 10, 13, 15, 17, 19, 20, 22, 23, 24-30, 37, 40, 41, AdHu2, AdHu 3, AdHud,
AdHu24, AdHu26, AdHu34, AdHu3S, AdHu36, AdHu37, AdHudl, AdHu48, AdHu49,
AdHu30, AdCH, AdCT, AJCH9, bovine Ad type 3, canine Ad type 2, ovine Ad, or porcine
Ad type 3. In some embodiments, the adenovirus particle comprises an adenovirus sevotype
2 capsid or a variant of an adenoviral serofype 5 capsid.  In some embodiments, the viral
particle is a lentiviral particle encapsidating the recombinant lentiviral vector.  In some
cembodiments, the lentviral particle comprises a capsid pseudotyped with vesicular stomatitis

virus {VSV), lymphocytic choriomeningitis virus (LLEMV), Ross river virus (RRV), Ebola
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virus, Marburg virus, Mokala virus, Rabies virus, RD114 or variants therein.  In some
cmbodiments, the viral particle is a HSV padticle.  In some embodiments, the HSV particle

is a rHSV-1 particle or a rHSV-2 particle.

{60221 In some embodiments of the above methods, the invention provides a
recombinant AAV particle comprising any of the rAAV vectors described herein,  In some
cmbodiments, the AAV viral particle comprises an AAV1, AAV2Z, AAV3, AAV4, AAVS,
AAVG, AAVT, AAVE, AAVrhS, AAVIh8R, AAVY, AAVI(, AAVIRIG, AAVEE, AAVIZ,
AAVIRATIA, AAV2/2-Tm8, AAV DI, AAV2 NSETA, AAVZ E5348A, AAVZ NTO8A, AAY
V7TU8K, a goat AAY, AAVI/AAVZ chimeric, bovine AAV, or mouse AAY capsid
rAAV2/HBoV1 serotype capsid.  In some embodiments, the ITR and the capsid of the
rAAV viral particle are derived from the same AAV serotype.  In some embodiments, the
ITR and the capsid of the rAAY viral particle are derived from different AAV serotypes.  In
some embodiments, the ITR is derived from AAV2 and the capsid of the rAAV particle is
derived from AAV1. The invention provides a vector comprising the expression construct of
any one of the embodiments described herein. In some embodiments, the vector is a
recombinant adeno-associated virus (rAAV) vector, a recombinant adenoviral vector, a
recormbinant Ientiviral vector or a recombinant herpes simplex virus (H5V) vector.  In some
embodiments, the vector is a recombinant adenoviral vector. In some embodiments, the
recombinant adenoviral vector is derived from Adenovirus serotype 2, 1, 5,6, 19,3, 11,7,
14,16,21, 12, 18,31, 8,9, 10, 13, 15, 17, 19, 20, 22, 23, 24-30, 37, 40, 41, AdHu2, AdHu 3,
AdHu4, AdHu24, AdHu26, AdHu34, AdHu35, AdHu36, AdHu37, AdHu4l, AdHu4ds,
AdHu49, AdHuS0, AJCE, AT, AJCE9, bovine Ad type 3, canine Ad type 2, ovine Ad, or
porcine Ad type 3. In some embodiments, the recombinant adenoviral vector is derived
from adenovirus serotype 2 or a variant of adenoviral serotype 5. In some embodiments,
the vector is a recombinant lentiviral vector.  In some embodiments, the recombinant
lentiviral vector is derived from a lentivirus pseudotyped with vesicular stomatitis virus
(VSV), lymphocytic choriomeningitis virus (LCMV ), Ross river virus (RRV), Ebola virus,
Marburg vires, Mokala virus, Rabies virus, RD114 or variants therein.  In some
embodiments, the vector is 2a tHSV vector.  In some embodiments, the rHSY vector is

derived from rHSV-1 or tHSV-2.

{0023] In some embodiments of the above aspects and embodiments, the vector is a

rAAV vector.  In some embodiments, the expression construct is flanked by one or more
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AAV inverted terminal repeat (ITR) sequences.  In some embodiments, the cxpression
construct is flanked by two AAV ITRs.  In some embodiments, the AAV [TRs are AAVI,
AAV2, AAV3, AAV4, AAVS, AAVE, AAVT, AAVE, AAVEhE, AAVHhER, AAVY, AAVID,
AAVThI0, AAVIE, AAVIZ, AAVZR4TIA, AAV DJ, a goat AAV, bovine AAY, or mouse
AAYV serotype ITRs.  In some embodiments, the AAV ITRs are AAVZ2 ITRs.  In some
cmbodiments, the vector further comprises a stuffer nucleic acid.  In some embodiments,
the stuffer nucleic acid 1s located between the promoter and the nucleic acid encoding the
RNAi.  In some embodiments, the vector is a self-complementary rAAV vector.  In some
cmbodiments, the vector comprises first nucleic acid sequence encoding the RNAi and a
second nucleic acid sequence encoding a complement of the RNAi, wherein the first nucleic
acid sequence can form intrastrand base pairs with the second nucleic acid sequence along
most or all of its length. In some embodiments, the first nucleic acid sequence and the
second nucleic acid sequence are linked by a mutated AAV I'TR, whercin the mutated AAV
ITR comprises a deletion of the [d region and comprises a mutation of the terminal resolution
scquence.  In some embodiments, the invention provides a cell comprising any of vectors

{e.g., vBAV vectors) described herein.

{6024} in some embodiments of the above aspects and embodiments, the invention
provides a viral particle comprising any of the vectors described herein, wherein the viral
particle is an AAV particle encapsidating the rAAY vector, an adenovirus particle
cncapsidating the recombinant adenoviral vector, a lentiviral particle encapsidating the
recombinant lentiviral vector or an HSV particle encapsidating the recormnbinant HSV vector.
In some embodiments, the viral particle is an adenovirus particle encapsidating the
recorbinant adenoviral vector.  In some embodiments, the adenovirus particie comprises a
capsid from Adenovirus serotype 2, 1,5, 6, 19,3, 11,7, 14, 16, 21, 12, 18, 31, 8, 9, 10, 13,
15,17, 19, 20, 22, 23, 24-30, 37, 40, 41, AdHu?2, AdHu 3, AdHu4, AdHu?4, AdHu26,
AdHu34, AdHu35, AdHu36, AdHu37, AdHu41, AdHud®, AdHu49, AdHuS0, AdCs, AACT,
AdC69, bovine Ad type 3, canine Ad type 2, ovine Ad, or porcine Ad type 3. In some
embodiments, the adenovirus particle comprises an adenovirus serotype 2 capsid or a variant
of an adenoviral serotype 5 capsid.  In some embodiments, the viral particle is a lentiviral
particle encapsidating the recombinant lentiviral vector.  In some embodiments, the
lentiviral particle comprises a capsid pseudotyped with vesicular stomatitis viras (VSV},
tymphocytic choriomeningitis virus {(LCMV), Ross viver virus (RRV), Ebola virus, Marburg

virus, Mokala virus, Rabies virus, RD114 or variants therein.  In some embodiments, the
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viral particle is a HSV particle. In some embodiments, the HSV particle is a rtHSV-1

particle or a tHSV-2 particle.

{6025] In some embodiments, the invention provides a recombinant AAV particle
comprising any of the tAAV vectors described herein.  In some emmbodiments, the AAV
viral particle comprises an AAVE, AAV2, AAVI, AAVA AAVS, AAVS, AAVT, AAVE,
AAVIhE, AAVIhER, AAVY, AAVI0, AAVrhI0, AAVIE AAVIZ, AAVZRATIA, AAVZ/2-
Tm8, AAV D, AAVI NS8TA, AAVZ ES48A, AAVZ NTO8A, AAV V708K, a goat AAVY,
AAVI/AAVZ chimeric, bovine AAV, or mouse AAY capsid rAAVZ2/HBoVT serotype
capsid. In some embodiments, the ITR and the capsid of the rAAV viral particle are
derived from the same AAV serotype.  In some embodiments, the I'TR and the capsid of the
rAAV viral particle are derived from different AAV serotypes.  In some embodiments, the
ITR is derived from AAVZ and the capsid of the rAAV particle is derived from AAV1. In
some embodiments, the rAAV vector comprises 5 to0 37 an AAV2 ITR, a promoter, nucieic
acid encoding the RNAL a polvadenylation signal, and an AAV2 TR, In some
embodiments, the promoter is a CBA promoter.  In some embodiments, the polyadenylation
signal is a bovine growth hormone polyadenylation signal.  In some embodiments, the
rAAV vector comprises 5" to 37 an AAV2 TR, the CBA promoter, an intron, nucleic acid
encoding the RNAI, a bovine growth hormone polyadenylation signal, and an AAV2 [TR.

In some embodiments, the vector further comprises a stuffer nucleic acid.  In some
cmbodiments, the stuffer nucleic acid comprises nucleic acid encoding a green fluorescent
protein (GFP). In some embodiments, the stuffer nucleic acid is located between the

promoter and the nucleic acid encoding the RNAGL

§30261 in some embodiments of the above methods, the viral particle {e.g., the rAAV
particle) is in a composition {e.g., a pharmaceutical composition). In some embodiments, the

composition further comprises a pharmacentically acceptable carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

{6027] Fig. 1A shows a DNA sequence for Htt miRNA 206 (SEQ 1D NO:22) and Hit
miRNA 207 (SEQ 1D NO:9). Fig. 18 shows a map of ssAAV2/ImiRHitde. Fig. 1C shows
the sequence of the coding strand of sSsAAVZE/TmiRHtt.de (SEQ 1D NO: 16) and the
noncoding strand of ssAAV2/ImiRHitde (SEQ 1D NO: 193,

12~
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{0028] Fig, 2 shows the ahility of Hit miRNA 170X A, Hit miRNA 206 and Htt miRNA

207 to mediate Hit reduction in vitro. Values are given as the means + SEM.

{6029] Figs. 3A and 3B show the ability of AAV2/1-Hit miRNA 206 and AAV2/1-Hit
miRNA 207 to mediate Htt reduction as measured by protein (Fig. 34) or mRNA (Fig. 3B).
{TL-3 is a noncoding miRNA control. Values are given as the means + SEM. * indicates

significantly different from CTL3 mice, p<0.03; ANOVA followed by Tukey’s post-hoc test.

10030] Figs. 4A and 4B show body weight (Fig. 4A) and brain weight (Fig. 4B) one
month after administration of AAV2/1-Htt miRNA 206 and AAV2/1-Hit miRNA 207. CTL-
3 is a noncoding miRNA control. *Significantly different from CTL3 control mice, p<0.05;

ANOVA followed by Tukey’s post-hoc test.

[0031] Figs. SA-5D show human Hit was significantly reduced in the striatum of
AAVYT-miRNA-Hu-207 injected YACIZ8 and FVB wild-type littermate mice. Human
HTT protein levels are shown in Fig, SA. Mouse HT'T protein levels are shown in Fig. 58.
Huoman HTT mRNA levels are shown in Fig. 5C. Mouse HTT mRNA levels are shown in

Fig. 5D,

§B6321 FIGS. 6A and 6B show that reatment with AAVY 1-miRNA-Hit-207 can correct
motor coordination deficits in YACT28 mice as determined by rotarod test (FlG. 6A)and a
depressive phenotype in YACI28 mice as determined using the Porsolt swim test (FEG. 6B).
Mice were either wild type (WT also referved to as FVB) or YAC128 (YAC) treated with a
non-coding RNA control (CTL3) or AAV2/1-miRNA-Hu-207 (207 figs.6 * indicatc a
significant deficiency in CTL3 noncoding miRNA control mice, p<0.05; ANOVA followed
by Tukey’s post-hoc test compared to wild type mice, wild type mice treated with AAV2/1-

miRNA-Hie-207, and YACT28 mice treated with AAV2/I-miRNA-He-207.

{6033] FIGS, 7A and 7B show body weights (FIG. 7A) and brain weights (FIG. 7B)
three months post infection. Mice were either wild type (WT) or YACI28 (YAC) wreated
with a non-coding RNA control (CTL3) or AAVZ/T-muRNA-Htt-207 (207).

{6034] FIG. 8 shows a map of a self-complementary miRHtt 207 vector genome. CMV
enh/CB A promoter is the CMV enhancer/chicken beta actin promoter. A chimeric intron is
an abbreviated chimeric intron. BGH is the bovine growth hormone polvadeniyation signal.

AITR is an AAV [TR lacking the terminal resolution sequence.

13-
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{0035] FiG. 9 shows a map of an alternative selt-complementary miRHtt 207 vector
genome. CBA promoter is the chicken beta actin promoter. A chimeric intron is an

abbreviated chimeric intron. BGH is the bovine growth hormone polyadenlyation signal.

DETAILED DESCRIPTION

{0036] In some aspects, the invention provides RNAt for treating Huntington’s disease,
wherein the RNA1 comprises a first strand comprising a first nucleic acid comprising the
sequence 5 -UDGGCCGUCCAUCUUGGACCOG-37 (SEQ ID NO: 1) and a second strand
comprising a second nucleic acid comprising the sequence
F-COGOGGUCCAAGAUGGACGGCCA-3 (SEQ ID NG:2), where the first strand and second
strand form a duplex. In some aspects, the invention provides RNAI for treating
Huntington’s discase, wherein the RNA1 comprises a first strand comprising a first nucleic
acid comprising the sequence 5 -AGUCGGUGUGGUUGACAAGCA-3 (SEQ D NOT)
and a second strand comprising a second micleic acid comprising the sequence

5 -UGCUUGUCAACCACACCGACU-3" (SEQ ID N(O:8), where the first strand and second
strand form a duplex. In some aspects, the invention provides expression casseties, veciors
(e.g.. recombinant AAV, adenoviral, lentiviral, or HSV vectors), cells, viral particles (e.g.,
AAY, adenoviral, ientiviral, or H3V vival particles), and pharmaceutical compositions
comprising an RNAi of the present disclosure. In further aspects, the invention provides
methods for treating Huntington’s disease, inhibiting the expression of htt, and inhibiting the
accumulation of hit in a cell in a mammal comprising administering to the mammal a
pharmaceutical composition comprising an RNAI of the present disclosure. In still further
aspects, the invention provides for the usc of a pharmaceutical composition comprising an
ENA: of the present disclosure to treat Huntington’s disease (e. g., ameliorate the symptoms
of Huntington’s discase), inhibit the expression of htt, or infubit the accumulation of hitin a
ccll in a mammal with Huntington's discase. In vet further aspects, the invention provides

kits for treating Huntington’s discase in a mammal cormprising an RNA1 of the present

disciosure.
L General Technigues
{00371 The techniques and procedures described or referenced herein are generally well

understood and commonly employed using conventional methodology by those skilled i the

14~
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art, such as, for example, the widely utilized methodologies described tn Molecular Cloning:
A Laboratory Manual (Sarabrook er al., 4™ ed., Cold Spring Harbor Labeoratory Press, Cold
Spring Harbor, MY, 2012); Current Protocols in Molecular Biology (F.M. Ausubel, ef al.
eds., 2003); the series Methiods in Enzymology (Academic Press, Inc.); PCR 20 A Practical
Approach (M.J. MacPherson, B.D. Hames and G.R. Taylor eds., 1993); Antibodies, A
Laboratory Manual (Harlow and Lane, eds., 1988); Culture of Animal Cells: A Manual of
Basic Technigue and Specialized Applicarions (R 1. Freshney, 6Med.. . Wiley and Sons,
2010y, Gligonucieotide Synthesis (ML), Gait, ed., 1984); Methods in Molecular Biology,
Humana Press; Cell Biology: A Laboratory Notebook (1.E. Cellis, ed., Academic Press,
1998); Introduction to Cell and Tissue Culture (J.P. Mather and P.E. Roberts, Plemum Press,
1998); Cell and Tissue Culture: Laboratory Procedures (A. Doyle, J.B. Griffiths, and D.G.
Newell, eds., J. Wiley and Sons, 1993-8); Handbook of Experimenial Immunology (1ID.M.
Weir and C.C. Blackwell, eds., 1996); Gene Transfer Vectors for Mammalian Cells (J.M.
Miller and M.P. Calos, eds., 1987); PCR: The Polymerase Chain Reaction, {Mullis ef al.,
cds., 1994); Current Protocols in fmmunology (J.E. Coligan et al., eds., 1991); Short
Profocols in Molecular Biology (Ausubel er al., eds., J. Wiley and Sons, 2002);
Immunobiology (C.A. Janeway ef af., 2004); Antibodies (P. Finch, 19973 Antibodies: A
Practical Approach (D. Catty., ed., IRL Press, 1988-1989); Monocional Antibodies: A
Practical Approach (P. Shepherd and C. Dean, eds., Oxford University Press, 20003; Using
Antibodies: A Laboratory Manual {E. Harlow and D. Lane, Cold Spring Harbor Laboratory
Press, 1999); The Antibodies (M. Zanetti and J. D. Capra, eds., Harwood Academic
Publishers, 1995); and Cancer: Principles and Practice of Oncology (V. T, DeVita et ai.,

eds., I.B. Lippincott Company, 2011).
il Befinitions

{6038] A “vector,” as used herein, refers to a recombinant plasmid or virus that

coraprises a nucleic acid to be delivered into a host cell, either in vitro or in vivo.

{0039] The term “polynucleotide” or “nucleic acid” as used herein refers to a polymeric
form of nucleotides of any length, either nbonucieotides or deoxyribonucleotides. Thus, this
term includes, but is not limited to, single-, double- or muiti-stranded DNA or RNA, genomic
DNA, cDNA, DNA-RNA hybrids, or a polymer comprising purine and pyrimidine bases, or
other nanwal, chemically or biochemically modified, non-natural, or derivatized nucleotide

bases. The backbone of the polynucleotide can comprisc sugars and phosphate groups (as
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may typically be found in RNA or DNA), or modified or substituted sugar or phosphate
groups. Alternatively, the backbone of the polynucleotide can comprise a polymer of
synthetic subunits such as phosphoramidates and thus can be an oligodeoxynucleoside
phosphoramidate (P-NH;y) or a mixed phosphoramidate- phosphodiester oligomer. In
addition, a double-stranded polynucleotide can be obtained from the single stranded
polynucleotide product of chemical synthesis either by synthesizing the complementary
strand and annealing the strands under appropriate conditions, or by synthesizing the

complementary strand de novo using a DNA polymerase with an appropriatc primer.

{6040] The terms “polypeptide” and “protein” are used interchangeably to refer to a
polymer of amino acid residues, and are not limited to a minimum length. Such polymers of
amino acid residues may contain natural or non-natural amino acid residues, and include, but
are not limited to, peptides, oligopeptides, dimers, trimers, and multimers of amino acid
residues. Both full-length proteins and fragments thereot are encompassed by the definition.
The terms also include post-expression modifications of the polypeptide, for example,
glycosylation, sialylation, acetylation, phosphorylation, and the like. Furthermore, for
purposes of the present invention, a “polypeptide” refers to a protein which includes
modifications, such as deletions, additions, and substitutions (generally conservative in
natare), o the native sequence, as long as the protein maintains the desired activity. These
maodifications may be deliberate, as through site-directed mutagenesis, or may be accidental,
such as through mutations of hosts which produce the proteins or errors due to PCR

amplification.

{00411 A “recombinant viral vector” refers to a recombinant polynucieotide vector
comprising one or more heterologous sequences {i.e., nucleie acid sequence not of viral
origin}. In the case of recombinant AAY vectors, the recombinant nucleic acid is flanked by

at feast one, and in some embodiments two, inverted terminal repeat sequences (ITRs).

{00421 A “recombinant AAY vector (rAAV vector)” refers to a polynucleotide vector
comprising one ot more heterologous sequences {(i.e., nucleic acid sequence not of AAV
origin) that ave flanked by at least one, and in some embodiments two, AAV inverted
terminal repeat sequences (FTRs). Such rAAY vectors can be replicated and packaged into
infectious viral particles when present in a host cell that has been infected with a suitable
helper virus {or that i3 expressing suitable helper functions) and that is expressing AAV rep

and cap gene products {.e. AAVY Rep and Cap proteins). When a rAAYV vector is
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incorporated into a larger polynucleotide (e.g., in a chromosome or in another vector such as
a plasmid used for cloning or transfection), then the rAAYV vector may be referred to as a
“pro-vector” which can be “rescued” by replication and encapsidation in the presence of
AAYV packaging functions and suitable helper functions. A rAAV vector can be inany of a
number of forms, including, but not limited to, plasmids, linear artificial chromosomes,
complexed with fipids, encapsulated within liposomes, and encapsidated in a viral particle,
particolarly an AAV particle. A rAAY vector can be packaged into an AAV viras capsid to

generate a “recombinant adeno-associated viral particle (tAAV particie)”.

{06043] A “recombinant adenoviral vector” refers to a polynucieotide vector comprising
one or more heterologous sequences (e, nucleic acid sequence not of adenovirus origin)
that are flanked by at least one adenovirus inverted terminal repeat sequence (JTR). In some
cmbodiments, the recombinant nucleic acid is flanked by two inverted terminal repeat
sequences (ITRs). Such recombinant viral vectors can be replicated and packaged into
infectious viral particles when present in a host cell that is expressing essential adenovirus
genes deleted from the recombinant viral genome (e.g., Bl genes, E2 genes, B4 genes, efc.).
When a recombinant viral vector is incorporated into a larger polynucleotide {e.g.,, in a
chromosome or in another vector such as a plasmid used for cloning or transfection), then the
recombinant viral vector may be referred to as a “pro-vector” which can be “rescued” by
replication and encapsidation in the presence of adenovirus packaging functions. A
recombinant viral vector can be in any of a number of forms, including, but not limited to,
plasmids, linear artificial chromosomes, complexed with lipids, encapsulated within
liposomes, and encapsidated in a viral particle, for example, an adenovirus particle. A
recorbinant viral vector can be packaged info an adenovirus virus capsid to generate a

“recombinant adenoviral particle.”

{0044] A “recombinant lentivirus vector” refers to a polynucieotide vector comprising
one or more heterologous sequences (e, nucleic acid sequence not of lentivirus origin that
are flanked by at least one lentivirgs terminal repeat sequences (LTRs). In some
embodiments, the recombinant nucleic acid is flanked by two lentiviral {erminal repeat
sequences (LTRs). Such recombinant viral vectors can be replicated and packaged into
infectious viral particles when present in a host cell that has been infected with a suitable
belper functions. A recombinant lentiviral vector can be packaged into a lentivirus capsid to

generate a “recombinant lentiviral particle.”
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{0045] A “recombinant herpes simplex vector (recombinant HSV vector)” refers to a
polynucleotide vector comprising one or more heterologous sequences (i.e., nucleic acid
sequence not of HSV origin) that are flanked by HSV terminal repeat sequences. Such
recormbinant viral vectors can be replicated and packaged into infectious viral particles when
present in a host cell that has been infected with a suitable helper functions. When a
recombinant viral vector is incorporated into a larger polynucleotide (e g., in a chromosome
or in another vector such as a plasmid used for cloning or transfection), then the recombinant
viral vector may be referred to as a “pro-vector” which can be “rescued” by replication and
encapsidation in the presence of HSV packaging functions. A recombinant viral vector can
be in any of a number of forms, including, but not Hmited to, plasmids, linear artificial
chromosomes, complexed with lipids, encapsulated within liposomes, and encapsidated in a
viral particle, for example, an HSV particle. A recombinant viral vector can be packaged

into an HSV capsid to generate a “recombinant herpes simplex viral particle.”

[0046] “Heterologous” means derived from a genotypically distinct entity from that of
the rest of the entity to which it is compared or into which it is introduced or incorporated.
For example, a polynucleotide introduced by genetic engineering techniques into a different
ccll type is a heterologous polynucleotide (and, when expressed, can encode a heterologous
polypeptide). Similarly, a cellular sequence {e.g., a gene or portion thereof) that is
incorporated info a viral vector is a heterologous nucleotide scquence with respect to the

Vector.

{06047] The term “transgene” refers to a polynucleotide that is introduced into a cell and
is capable of being transcribed into RNA and optionally, translated and/or expressed under
appropriate conditions. In aspects, it confers a desived property to a cell into which it was
introduced, or otherwisc leads to a desired therapeutic or diagnostic outcome. In another
aspect, it may be transcribed into a molecule that mediates RNA interference, such as

miRNA, siRNA, or shRNA.

{00481 “Chicken B-actin (CBA) promoter” refers to a polynucieotide sequence derived
from a chicken B-actin gene {e.g., Gallus gallus beta actin, represented by GenBank Entrez
Gene 1D 396526). As used herein, “chicken PB-actin promoter”™ may refer to a promeder
containing a cytomegalovirus (CMV) carly enthancer clement, the promoter and first exon
and intron of the chicken fB-actin gene, and the splice acceptor of the rabbit beta-globin gene,

such as the sequences described in Miyazaki, 1. ef al. (1989) Gene 79(2):269-77. As used
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herein, the term “CAG promoter” may be used interchangeably. As used herein, the term

“CMYV carly enhancer/chicken beta actin (CAG) promoter” may be used interchangeably.

{06049] The terms “genome particles (gp),” “genome equivalents,” or “genome copics” as
used in reference to a viral titer, refer to the mumber of virions containing the recombinant
AAV DNA genome, regardless of infectivity or functionality. The number of genome
particles in a particular vector preparation can be measured by procedures such as described
in the Examples herein, or for example, in Clark er al. (1999 Hum. Gene Ther., 10:1031-

1039; Veldwijk er al. (2002) Mol Ther., 6:272-278.

{00501 The term “vector genome (vg)” as used herein may refer to one or more
polynucleotides comprising a set of the polynucleotide sequences of a vector, e.g., a viral
vector. A vector genome may be encapsidated in a viral particle. Depending on the
particular viral vector, a vector genome may comprise single-stranded DNA, double-stranded
DNA, or single-stranded RNA, or double-stranded RNA. A vector genome may inchude
endogenous sequences associated with a particular viral vector and/or any heterologous
sequences inserted into a particular viral vector through recombinant techniques. For
cxample, a recombinant AAY vector genome may include at least one TR sequence flanking
a promoter, a stuffer, a sequence of interest {e.g., an RNA1), and a polyadenylation sequence.
A complete vector genome may include a complete set of the polynucleotide sequences of a
vector. In some embodiments, the nucleic acid titer of a viral vector may be measured in
terms of vg/ml. Methods suitable for measuring this titer are known in the art {e.g,,

quantitative PCR).

{0051] As used herein, the term “inhibit” may refer to the act of blocking, reducing.
climinating, or otherwise antagonizing the presence, or an activity of, a particular target.
Inhibition may refer to partial inhibition or complete inhibition. For example, inhibiting the
expression of a gene may refer 1o any act leading to a blockade, reduction, elimination, or
any other antagonism of expression of the gene, including reduction of mRNA abundance
{e.g.. silencing mRINA transcription), degradation of mRNA,, inhibition of mRNA translation,
and so forth. In some embodiments, inhibiting the expression of HTT may refer a blockade,
reduction, elimination, or any other antagonisia of cxpression of HT'T, including reduction of
HTT mRNA abundance (e.g., silencing H77 mRNA transcription), degradation of HI'7T
mRNA, inhibition of HT7 mRNA ranslation, and so forth. As another example, inhibiting

the accurnulation of a protein in a cell may refer to any act leading to a blockade, reduction,
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climination, or other antagonisin of cxpression of the protein, including reduction of mRNA
abundance (e.g., silencing mRNA transcription), degradation of mRNA, inhibition of mRNA
translation, degradation of the protein, and so forth. In some embodiments, inhibiting the
accumulation of HT'T protein in a cell refers to a blockade, reduction, elimination, or other
antagonism of expression of the HTT protein in a cell, including reduction of H77 mRNA
abundance (e.g., silencing HTT mRNA transcription), degradation of HTT mRNA, inhibition

of HTT mRNA wanslation, degradation of the HTT protein, and so forth

{G052] The terms “infection unit (iu),” “infectious particle,” or “replication unit,” as used
in reference to a viral titer, refer to the number of infectious and replication-competent
recornbinant AAVY vector particles as measured by the infectious center assay, also known as
replication center assay, as described, for example, in Mclaughlin er aof. (1988) J. Virol,,

62:1963-1973.

{6053] The term “ransducing unit (tu)” as used in reference to a viral titer, refers to the

number of infectious recombinant AAY vector particles that vesult in the production of a

functional transgene product as measured in functional assays such as described in Examples
SN

herein, or for example, in Xiao et al. {1997) Exp. Neurobiol., 144:113-124; or in Fisher ef al.

(1996} 4. Virel, 70:5320-532 (LFU assay).

{0054] An “inverted terminal repeat” or “I'TR” sequence is a term well understood in the
art and refers to relatively short sequences found at the termini of viral genomes which are in

opposite orientation.

{0055] An “AAV inverted terminal repeat (TR} sequence, a term well-understood in
the art, is an approximately 145-mucleotide sequence that is present at both termint of the
native single-stranded AAV genome. The outermost 125 nucleotides of the ITR can be
present in cither of two alternative orientations, leading to heterogencity between different
AAV genomes and between the two ends of a single AAV genome. The outermost 125
nucleotides also contains several shorter regions of self-complementarity (designated A, A’
B, B, C, C and D regions), allowing intrastrand base-pairing to occur within this portion of

the ITR.

{0056] A “terminal resolution sequence” or “irs” is a sequence in the D region of the
AAV ITR that is cleaved by AAV rep proteins during viral DNA replication. A mutant

terminal resolution sequence is refractory o cleavage by AAV rep proteins.
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{0057] “AAY helper functions” refer to functions that allow AAV to be replicated and
packaged by a host cell. AAV helper functions can be provided in any of a number of forms,
including, but not limited to, helper virus or helper virus genes which aid in AAV replication

and packaging. Other AAV helper functions are known in the art such as genotoxic agents.

{30581 A “helper virus” for AAV refers 1o a virus that allows AAY (which is a defective
parvovirus) to be replicated and packaged by a host cell. A helper virus provides "helper
functions” which allow for the replication of AAV. A number of such helper viruses have
been identified, including adenovivuses, herpesviruses and, poxviruses such as vaccinia and
baculovirus. The adenoviruses encompass a number of different subgroups, although
Adenovirus type 3 of subgroup € (Ad5) is most coromonty used. Nuroercus adenoviruses of
human, non-human mammalian and avian origin are known and are available from
depositories such as the ATCC. Viruses of the herpes family, which are also available from
depositories such as ATCC, include, for example, herpes simplex viruses (HSV), Epstein-
Barr viruses (EBV), cytomegaloviruses (CMV) and pseudorabies viruses (PRV). Examples
of adenovirus helper funcuons for the replication of AAV include E1A fonctons, E1B
functions, E2A functions, VA functions and E4orf6 functions. Baculoviruses available from

depositories include Autographa californica nuclear polvhedrosis virus.

{0059] A preparation of rAAV is said 1o be “substantially free” of helper virus if the ratio
of infectious AAV particles to infectious helper virus particles is at least about 10%:1; at least
about 104:1, af least about 106:1; or at least about 10%1 or more. In some embodiments,
preparations are also free of equivalent amounts of helper virus proteins (i.e., proteins as
would be present as a resubt of such a level of helper virus if the helper virus particle
impurities noted above were present in disrupted form). Viral and/or cellular protein
contamination can generally be observed as the presence of Coomassie staining bands on
SI3S gels (e.g., the appearance of bands other than those corresponding to the AAVY capsid

proteins VP, VP2 and VP3).

{00601 “Percent (%) scquence identity” with respect to a reference polypeptide or nucleic
acid sequence is defined as the percentage of amino acid residues or nucleotides in a
candidate sequence that are identical with the amino acid residues or nucleotides in the
reference polypeptide or nucleic acid sequence, after aligning the sequences and introducing
gaps, if necessary, to achieve the maximum percent sequence identity, and not considering

any conservative substitutions as part of the sequence identity. Alignment for purposes of

-
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determining percent amino acid or nucleic acid sequence identity can be achieved in various
ways that arc within the skill in the art, for instance, using publicly available computer
software programs, for example, those described in Current Protocols in Molecular Biology
(Ausubel ef ¢f., eds., 1987), Supp. 30, section 7.7.18, Table 7.7.1, and including BLAST,
BLAST-2, ALIGN or Megalign (DNASTAR) software. A preferred alignment program is
ALIGN Plus (Scientific and Educational Software, Pennsylvania). Those skilled in the art
can determine appropriate parameters for measuring alignment, including any algorithms
needed to achieve maximal alignment over the full length of the sequences being compared.
For purposes herein, the % amino acid sequence identity of a given amino acid sequence A
to, with, or against a given amino acid sequence B {which can alternatively be phrased as a
given amino acid sequence A that has or comprises a cerfain % amino acid sequence identity
to, with, or against a given amino acid sequence B) is calculated as follows: 100 times the
fraction X/Y, where X is the number of amino acid residues scored as identical matches by
the sequence alignment program in that program’s alignment of A and B, and where Y 1s the
total nurnber of amsino acid residues in B. It will be appreciated that where the length of
amino acid sequence A is not equal to the length of amino acid sequence B, the % amino acid
sequence identity of A to B will not equal the % amino acid sequence identity of B to A. For
purposes herein, the % nucleic acid sequence identity of a given nucleic acid sequence C to,
with, or against a given nucleic acid sequence D {(which can alternatively be phrased as a
given nucleic acid sequence C that has or comprises a certain % nucieic acid sequence
dentity to, with, or against a given nucleic acid sequence D) is caleulated as follows: 100
times the fraction W/Z, where W is the number of nucleotides scored as identical matches by
the sequence alignment program in that program’s alignment of C and D, and where 2 is the
total number of nucleotides in D It will be appreciated that where the length of nucleic acid
sequence C s not equal to the length of nucleic acid sequence D, the % nucleic acid sequence

identity of C to D will not equal the % nucleic acid sequence dentity of D to C.

{60611 An “isolated” molecule (e.g., nucleic acid or protein) or cell means it has been

identified and separated and/or recovered from a component of its natural environment.

{30621 An “effective amount” 18 an amoont sufficient to effect beneficial or desired
resules, including clinical results {e. g., amelioration of symptoms, achievernent of clinical

cndpoints, and the like). An effective amount can be administered in one or more



WO 2019/060726 PCT/US2018/052221

administrations. In terms of a disease state, an effective amount is an amount sufficient to

amcliorate, stabilize, or delay development of a discase.

{6063] An “individual” or “subject” is a mammal. Mammals include, but are not limited
to, domesticated animals (2. g., cows, sheep, cats, dogs, and horses), primates (e.g., humans
and non-homan prinates such as monkeys), rabbits, and rodents {(e.g., mice and rats). In

certain embodiments, the individual or subject is a human.

{6064] As used herein, “treatment” is an approach for ohtaining beneficial or desired
clinical results. For purposes of this invention, beneficial or desired clinical results include,
but are not limited to, alleviation of symptoms, diminishment of extent of disease, stabilized
{e.g., not worsening) state of disease, preventing spread {e. g., metastasia} of disease, delay or
slowing of discase progression, amelioration or palliation of the disease state, and remission
{whether partial or total), whether detectable or undetectable. “Treatment” can also mean

prolonging survival as compared o expected survival if not receiving treatment.

{0065] As used herein, the term “prophylactic treatment” refers to treatment, whercin an
individual 1s known or suspected to have or be at risk for having a disorder but has displayed
no symptoms or minimal symptoms of the disorder. An individual undergoing prophylactic

treatment may be treated prior to onset of symptoms.

{0066] “Huntington’s disease (HD3) refers to the progressive brain disorder typically
caused by mustations in the H77 gene (aka humtingtin, D or JT15). It may be characterized
by symptoms including abnormal movements (termed chorea), gradual loss of motor
function, ecmotional or psychiatric illnesses, and progressively impaired cognition. Although
most symptoros appear in the 30s and 40s, juvenile forms of the disease have also been

observed. For further description of HD, see OMIM Entry No. 143100,

{00671 “Huntingtin (F77)” may refer either to the gene or to a polypeptide product
thereof associated with most cases of Huntington’s disecase. The normal function of
buntingtin is not fully understood. However, mutations in the huntingtin gene are known to
cause HD. These mutations are typically inherited in an autosomal dominant fashion and
involve expansion of trinucleotide CAG vepeats in the H77T gene, leading to a polyghutamine

(poly(Q) tract in the Htt protein.
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[0068] As used herein, an “RNAL” may refer to any RNA molecule that induces RNA
interference in a ccll. Examples of RNAI include without limitation small inhibitory RNAs

(siRNAg), microRNAs (miRNAg), and small hairpin RNAs (shRNAg).

{00691 “miRNA scaffold” may refer to a polynucleotide containing (i) a double-stranded
sequence targeting a gene of interest for knockdown by RNAIL and {(ii) additional sequences
that form a stem-loop structure resembling that of endogenous miRNAs. A sequence
targeting a gene of interest for RNAI {e.g., a short, ~20-nt sequence) may be ligated to
scquences that create a miRNA-like stem-loop and a sequence that base pairs with the
sequence of interest to form a duplex when the polynucicotide is assembled into the miRNA-
like secondary structure. As described herein, this duplex may hybridize imperfectly, e.g., it
may contain one or more unpaired or mispaired bases. Upon cleavage of this polynucleotide
by Dicer, this duplex containing the sequence targeting a gene of interest may be unwound
and incorporated into the RISC complex. A miRNA scaffold may refer to the miRNA iself
or to a DNA polynucleotide encoding the miRNA. An example of a miRNA scaffold is the
miR-155 sequence (Lagos-Quintana, M. er ol (2002) Curr. Biol 12:735-9). Commercially
available kits for cloning a sequence into a miRNA scaffold are known in the art {e.g., the
Invitrogen™ BLOCK-T™ Pol 1l miR RNAI expression vector kit from Life Technologies,

Thermo Fisher Scientific; Waltham, MA).

{0070] As used herein, a “bulge” refers to a region of nucleic acid that is non-
complementary to nucleic acid opposite it 1n a duplex nucleic acid. For example, a bulge
may refer to a nucleic acid sequence that is noncomplementary to nucleic acid opposite in a
duplex nucleic acid where the bulge is flanked by regions of nucleic acid that are
complementary to nucleic acid opposite in a duplex nucleic acid. In some examples, the
bulge maybeanyof 1, 2,3,4.5,6,7, 8, 9, 10 or greater than 10 bases in length. In some
cxamples, the bulge may be the result of mispairing (e.z., the opposite strand contains a base
that is noncomplementary} or the bulge may be the result of nonpairing (¢.g., the opposite
strand comprises nucleic acid complementary to nucleic acid flanking the bulge but the

opposite strand does not contain nucleic acid opposite the bulge).

{0071] As used herein, the term “sense” nucleic acid is a nucleic acid comprising a
scquence that encodes all or a part of a transgene. In some examples, mRNA for a transgene

is a sense nucleic acid.
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{06072] As used herein, “antisense” nucleic acid is a sequence of nucleic acid that is
complementary to a “sense” nucleic acid. For example, an antisense nucleic acid may be

complementary to a mRNA encoding a transgene.

{00731 As used herein, the “guide region” of an RNA1 is the strand of the RNAI that
binds the target mRNA, typically on the basis of complementarity. The region of
complementarity may encompass the all or a portion of the guide region. Typically, the
region of complementarity includes at least the seed region. In many cases, the antisense

region of a RNAI is the guide region.

0074 As used herein, the “passenger region,” or “non-guide region,” used
< & 4%?
interchangeably herein, of an RNAI is the region of the RNAI that is complementary to the

guide region. In many cases, the sense region of a RNAG is the passenger region.

{G6075] As usced herein, the “sced region™ of a RNAI {e.g., miRNA) is a region of about
1-8 mucleotides in length of a microRNA. In some examples, the seed region and the 3'-

JTR of its target mRNA may be a key determinant in RNAi recognition.

{00786] As used herein, “off-target gene silencing” refers to the pairing of a seed region of
an RNAIL with sequences in 3'-UTRs of unintended mRNAs and directs translational
repression and destabilization of those transcripts {e. g., reduces expression of the unintended

mRENAS).

{0077] Reference to “about” a valuc or parameter herein includes (and describes)
embodiments that are divected to that value or parameter per se. For example, description

referring to “about X inclades description of “X.”

39 64

{30781 As used herein, the singular form of the articles “a,” “an,” and “the” includes

plural references unless indicated otherwise.

§BG79] It is understood that aspects and embodiments of the invention described herein

39 4¢

include “comprising.” “consisting,” and/or “consisting essentially of” aspects and

embodiments.
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HI. RNAj

{0080] In some aspects, the invention provides improved RNAI targeting htt RNA for the
treatment of Huntington’s disease. In some embodiments, the RNA1 is a small inhibitory
RNA (siRNA), a mictoRNA (miRNA), ot a small hairpin RNA (shRNA). A small inhibitory
or interfering RNA (siRNA} is known in the art as a double-swranded RNA molecule of
approximately 19-25 {e.g., 19-23) base pairs in length that induces RNAi in a cell. A small
bairpin RNA (shRNA) is known in the art as an RNA molecule comprising approximately
19-25 {e.g., 19-23) base pairs of double stranded RNA linked by a short loop (e.g., ~4-11
nucleotides) that induces RNAI i a cell. In some embodiments, the RNAt comprises a first
strand and a second strand, wherein a) the first strand and the second strand form a duplex; b)
the first strand comprises a guide region, wherein the guide region comprises the nucleic acid
sequence 5 -UGGUCGUCCAUCUUGGACCOG-3 (SEQ ID NO: 1y or 3°-
AGUCGGUGUGGUUGACAAGCA-3 (SEQ 1D NO:7); and ¢) the second strand comprises
a non-guide region. In some embodiments, the nucleic the guide region comprises the
nucleic acid sequence 5" -UGGCCGUCCAUCUUGGACCCG-3 (SEQ 3 NO: 1) and the
non-guide region comprises the sequence 5'- CGGGUCCAAGAUGGACGGCCA-3 (SEQ
1D NO:2).  In other embodiments, the nucleic the guide region comprises the nucleic acid
sequence 5 -AGUCGGUGUGGUUGACAAGCA-3 (SEQ ID NG:7) and the non-guide
region comprises the sequence 5’ - UGCUUGUCAACCACACCGACU-3 (3EQ ID NO:8).

{0081] In some embodiments, the first strand comprises a guide region, wherein the
guide region comprises a nucleic acid sequence having more than about 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% identity to 5’ -UGGCCGUCCAUCUUGGACCCG-3
(SEQ ID NG:1). In some embodiments, the first strand comprises a guide region, wherein
the guide region comprises a nucleic acid sequence having more than about 75%, 80%, 85%,
0%, 95%, 96%, 7%, 98%, 99% identity to 5" -UGGCCGUCCAUCUUGGACCCG-3
(SEQ 1D NO:1) but maintains at least one CpG motf. In some embodiments, the fivst strand
compriscs a guide region, wherein the gude region comprises a nucleic acid sequence having
more than about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% identity io 5’-
AGUCGGUGUGGUUGACAAGCA-3 (SEQ D NO:7). In some embodiments, the first
strand comprises a guide region, wherein the guide region comprises a nucleie acid sequence
having more than about 75%, 80%, 85%, 950%. 95%, 96%, 97%, 98%, 99% identity to 5'-

AGUCGGUGUGGUUGACAAGCA-3 (SEQ ID NO:7) but maintains at least one CpG
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maotif. In some embodiments, the second strand comprises a non-guide region, wherein the
non—guide region comprises a nucleic acid sequence having more than about 75%, 80%,

5, 90%, 95%, 96%, 97%, 98%, 99% identity to 5'- COGGUCCAAGAUGGACGGCCA-
37 (SEQ 1D NO:2). In some embodiments, the second strand comprises a non-guide region,
wherein the non-guide region comprises a nucleic acid sequence having maore than about
5%, 80%, 853%, 90%, 95%. 96%, 97%, 98%, 99% identity to 3
COGGGUCCAAGAUGGACGGCCA-3 (SEQ 1D NO:2) but maintains at least one UpG
maotif. In some embodiments, the second strand comprises a non-guide region, wherein the
non-guide region comprises a nucleic acid sequence having more than about 75%, 80%,
85%, 90%, 95%. 96%, 7%, 98%, 99% dentity to 5~ UGCUUGUCAACCACACCGACU-
37 (SEQ 1D NO:&). In some embodiments, the second strand comprises a non-guide region,
wherein the non-guide region comprises a nucleic acid sequence having more than about
5%, 80%, 853%, 90%, 95%, 96%, 97%, 98%, 99% identity to 5'-
UGCUUGUCAACCACACCGACU-3 (SEQ 1D NO:8) but maintains at least one UpG

maotif.

{60821 In some embodiments, the RNAi comprises the nucleic acid sequence of SEQ 1D

NO:4. In some embodiments, the RNAI comprises a nucleic acid sequence having more than
about 75%, 80%, 85%, 90%, 93%. 96%, 97%, 98%. 99% identity to SEQ Il NO:4. In some
cembodiments, the RNAI comprises a nucleic acid sequence having more than about 73%

80%, 85%, 90%, 95%, 96%, 97%, 98%, 9% identity to SEQ {D NO:4 but maintains at least
one sequence (e.g., in a seed sequence}. In some embhodiments, the RNALis miRNA-207. In

other embodiments, the RNAI is miRNA-206.

{0083] In some embodiments, the RNAi comprises the nucleic acid sequence of SEQ ID
NO:10. In some embodiments, the RNAi comprises a nucleic acid sequence having more
than about 75%, 80%. 83%, 90%, 95%. 96%, 97%, 98%. 99% identity to SEQ ID NO:10. In
some embodiments, the RNAI comprises a nucleic acid sequence having more than about

75%., 80%, 85%., 90%, 95%, 96%, 97%, 98%, 99% identity to SEQ ID NO:10 but maintains
at least one CpG sequence (e.g., in a seed sequence). In some embodiments, the RNAI is

miRNA-207. In some embodiments, the RNA: 1s miRNA-206.

{6084} A microRNA (miRNA) is known in the art as an RNA molecule that induces
RNALi in a cell comprising a short (e.g., 19-25 base pairs) sequence of double-stranded RNA

linked by a loop and containing one or more additional sequences of double-stranded RNA
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comprising one or morc bulges (e g, mispaired or unpaired base pairs). As used herein, the
term “miRNA” encormpasses endogenous miRNAs as well as exogenous or heterologous
miRNAs. In some embodiments, “miRNA” may refer to a pri-miRNA or a pre-miRNA.
During miRNA processing, a pri-miRNA transcript is produced. The pri-miRNA is
processed by Drosha-DGCRS o produce a pre-miRNA by excising one or more sequences to
leave a pre-miRNA with a §'flanking region, a guide strand, a loop region, a non-guide
strand, and a 3’ flanking region; or a 5’ flanking region, a non-guide strand, a loop region, a
guide strand, and a 3’ flanking region. The pre-miRNA is then exported to the cyioplasm and
processed by Dicer to yicld a siRNA with a gnide strand and a non-guide (or passenger)
strand. The guide strand is then used by the RISC complex to catalyze gene silencing, e.g.,
by recognizing a target RNA sequence complementary to the guide strand. Further
description of miRNAs may be found, e.g., in WO 2008/150897. The recogunition of a target
sequence by a miRNA is primarily determined by pairing between the target and the miRNA
seed sequence, e g, nucleotides 1-8 (57 t0 37) of the guide strand (see, e g., Boudreau, R.L. of

al. (2013) Nucleic Acids Res. 41:¢9).

{0085] In the pri/pre-miRNA structure, the guide strand:non-guide strand interface in a
duplex is formed in part through complementary base pairing {e. g, Watson-Crick base
pairing). However, in some embodiments, this complementary base pairing does not extend
through the entire doplex. In some embodiments, a bulge in the interface may exist at one or
more nucleotide positions. As uscd herein, the term "bulge” may refer to a region of nucleic
acid that is non- complementary to the nucleic acid opposite it in a duplex. In some
embodiments, the bulge 1s formed when the regions of complementary nucleic acids bind to
each other, whereas the regions of central non-complementary region do not bind. In some
cmbodiments, the bulge is formed when the two strands of nucleic acid positioned between
the two complementary regions are of different lengths. As described below, a bulge may

comprise 1 or more nucleotides.

{0086] During miRNA processing, the miRNA is cleaved at a cleavage site adjacent to
the guide strand:non-guide strand interface, thus releasing the siRNA duplex of the guide and
non-guide strands. In some embodiments, the miRNA comprises a bulge in the sense or
antisense strand adjacent to the cleavage site. To state another way, in some embodiments,
the miRNA comprises a bulge in the guide or non-guide strand adjacent to the seed sequence.

See Fi{s. 1A,
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{0087] In some embodiments, the miRNA comprises a bulge in the guide strand opposite
the 5° cleavage site of the mature non-guide strand. In some embodiments, the miRNA
comprises a bulge opposite the 3 nucleotide of the non-guide strand. In some embodiments,
the miRNA comprises a bulge in the sense strand opposite the 3’ cleavage site of the mature
guide strand. In some embodiments, the miRNA comprises a bulge opposite the 3’

nucleotide of the guide strand.

{083} In some embodiments, the RNAI comprises a first strand and a second strand,
wherein a) the first strand and the second form a duplex; b} the first strand comprises a guide
region of at least 11 bascs, wherein the guide region comprises a secd region comprising
hases 1-N of the guide strand, wherein N=7 or N=§; and ¢) the second strand comprises a
non-goide region of at least 11 bases, wherein the non-guide region comprises a bulge
sequence opposite of any one or more of bases 1-(N+2) of the guide region in the duplex. In
some embodiments, wherein N=7 and the bulge is opposite base 1, 2, 3,4,5,6,7, 8, or 9 of
the guide region. In other ernbodiments, N=8 and the bulge is opposite base 1, 2, 3, 4, 5, 6,

7, 8,8, or 18 of the guide region.

{30891 In some embodiments, the RNAi comprises a first strand and a second strand,
wherein a) the {ivst sirand and the second form a duplex; b) the first strand comprises a guide
region of at least 10 bascs, wherein the guide region comprises a sced region comprising
bases 1-N of the guide strand, wherein N=7 or N=8; and ¢) the second strand comprises a
non-guide region of at least 10 bases, wherein the non-guide region comprises a bulge
sequence opposite of any one or more of bases 1-(N+1) of the guide region in the duplex. In
some embodiments, wherein N=7 and the bulge is opposite base 1, 2, 3,4, 5, 6, 7. or 8 of the
guide region. In other embodiments, N=8 and the bulge is opposite base 1,2, 3, 4, 5,6, 7, 8,

or 9 of the guide region.

{0090] In some embodiments, the non-guide region comprises a bulge sequence opposite
of any one or more of bases 1-N of the guide region in the duplex. In some embodiments,
N=7 and the bulge is opposite base 1, 2, 3, 4, 5, 6 or 7 of the guide region. In other

B

embodiments, N=8 and the bulge is opposite base 1, 2, 3, 4, 5, 6, 7 or 8 of the guide region.

[0091] In some embodiments, the RNAI comprises a first strand and a second strand,
wherein a) the first strand and the second form a duplex, b) the first strand comprises a guide

region of at least 9 bases, wherein the guide region comprises a seed region comprising bases
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2-7 or 2-8 of the guide strand, and ¢) the second strand comprises a non-guide region of at
least 9 bases, wherein the non-guide region compriscs a bulge sequence opposite of base | or

base 9 of the guide region in the duplex.

{30921 In some embodiments, the RNAi comprises a first strand and a second strand,
wherein a) the {ivst sirand and the second form a duplex, b) the first strand comprises a guide
region of at least 9 bases, wherein the guide region comprises a seed region comprising bases
2-7 or 2-8 of the guide strand, and ¢} the second strand comprises a non-guide region of at
least 9 bases, wherein the non-guide region comprises a bulge sequence opposite of base 1 of

the guide region in the duplex.

[0093] In some embodiments, the bulge is formed by one or more bases of the non-guide
strand in the duplex that lack a complementary basc on the guide region, wherein the bulge is
flanked by bases that do basepair with the guide strand. In some embodiments, the bulge
sequence has about 1-10 nucleotides. In some embodiments, the bulge sequence has about 2-
15 nucleotides. In some embodiments, the bulge sequence has about 1, about 2, about 3,
about 4, about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13,

about 14, or about 15 nucleotides.

{0094] The safety of RNAi-based therapies can be hampered by the ability of small
inhibitory RNAs (siRNAs) to bind to unintended mRNAs and reduce their expression, an
effect known as off-target gene silencing. Off-targeting primarily occurs when the seed
region (nucleotides 2-8 of the small RNA) pairs with sequences in 3-UTRs of unintended
mRNAs and directs translational repression and destabilization of those transcripts. Reduced
off-targeting RNAI may be designed by substituting bases within the guide and nonguide
sequences; €.2., by creating CpG motifs. Potential substitutions that may resultin a
significantly lower off-target score can be evaluated using the SISPOTR algorithim, a
specificity-focused siRNA design algorithm which identifies candidate sequences with
minimal off-targeting potentials and potent silencing capacities (Boudreau ef al, Nucleic
Acids Res. 2013 Jan; 41(1) 9. A reduced SiSPOTR score predicts sequences that have a
lower number of potential buman off targets compared parent RNAL molecules. In some
cmbodiments of the invention, the RNA1 is improved to reduce off-target gene silencing. In
some embodiments, the RNAI comprises one or more CpG motifs. In some embodiments,

the RNAIL comprises one or more Cplo motifs in a seed region.
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[G095] In some embodiments, the first strand and the second strand are linked by means
of a RNA (e.g., a RNA linker) capable of forming a loop structure. As is commonly known
in the art, an RNA loop structure (2. 2., a stem-loop or hairpin) is formed when an RNA
molecule comprises two sequences of RNA that basepair together separated by a sequence of
RINA that does not basc pair together. For example, a loop structure may form in the RNA
molecule A-B-C if sequences A and C are complementary or partially complementary such

that they base pair together, but the bases in sequence B do not base pair together.

{0096] In some embodiments, the RNA capable of forming a loop structure comprises
from 4 to 50 nucleotides. In certain embodiments, the RNA capable of forming a loop
structure comprises 13 nucleotides. In some embodiments, the number of nucleotides in the
RNA capable of forming a loop is from 4 to 50 nucleotides or any integer therebetween. In
some embodiments, from -50% of the loop can be complementary to another portion of the
loop. As used herein, the term “loop structure” is a scquence that joins two complementary
strands of nucleic acid. In some embodiments, 1-3 nucleotides of the loop struchure are
contiguous to the complementary strands of nucieic acid and may be complementary to 1-3
nucleotides of the distal portion of the loop structure. For example, the three nucleotides at
the 5° end of the loop structure may be complementary 1o the three nucleotides at the 3° end

of the loop structure.

[0097] In some embodiments, nucleic acid encoding an RN A1 of the present disclosure
compriscs a heterologous miRNA scaffold. In some embodiments, use of a heterologous
miRNA scaffold is used to modulate miRNA expression; for example, to increase miRNA
expression or (o decrease miRNA expression. Any muiRNA scaffold known in the art may be
used. In some embodiments, the miRNA scaffold is derived from a miR-155 scaffold (see,
e.g., Lagos-Quintana, M. ef af. (2002} Curr. Biol. 12:735-9 and the Invitrogen™ BLOCK-
(T™ Pol [T miR RNAi expression vector kit from Life Technologies, Thermo Fisher

Scientific; Waltham, MA).
v, Huntington’s disease and experimental models thereof

{0098] Huntingion’s disease (HD) is an inherited neurodegenerative disease caused by an
expansion of the CAG repeat in exon 1 of the huntingtin gene (HTT). The resulting extension
of the polyghitamine tract in the N-terminal region confers a toxic gain-of-function to the

mutant huntingtin protein (mHet). mHit toxicity may arise from the formation of inscluble
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mHtt-containing aggregates, transcriptional dysregulation, and perturbations in protein
homeostasis, all of which can lead to neuronal death (Saudou er al. (1998) Cell, 95:55-66;
Zuccato et al. (2003) Nat. Genet. 35:76-83; Schaffar er al. (2004) Mol Cell. 15:95-105; Benn
et al., (2008) J. Neurosci. 28:10720-10733). Pathological findings in patients with HD
inchude cortical thinning and a striking progressive loss of striatal neurons (Rosas ef al.,
(2002) Neurology 58:693-701). Disease onset typically occurs diring the third to fourth
decade of life; symptoms include choretform movements, impaired coordination, progressive
dementia, and other psychiatric disturbances (Vonsattel et al., (1985) J. Neuropathol. Exp.
Neurol. 44:359-577). In most cases, symptoms hegin to appear between 30 and 40 vears of
age with subtle disruptions in motor skills, cognition, and personality. Over time, these
progress into jerky, uncontrollable movements and loss of muscle control, dementia, and
psychiatric illnesses such as depression, aggression, anxicty, and obsessive-compulsive
behaviors. Death typically occurs 10-15 vears after the onset of symptoms. Less than 10%
of HID cases involve a juvenile-onset form of the disease, characterized by a faster discase

progression. It is thought that approximately 1 in 10,000 Americans has HD.

{0099] Although the genetic basis of HD has been known for almost 20 years, current
therapies are largely palliative and do not address the underlying cause of the disease. This is
Likely due in part to the fact that the etioclogy of this discase is complex, with detrimental
ctfects observed in a wide variety of cellular processes. Henee, the focus of drug
development has been directed at addressing the primary offending trigger, namely, the

mutant HT'T gene itsclf

{01901 Most cases of HID are associated with a trinucleotide CAG repeat expansion in the
HTT gene. The number of CAG repeats in the H7T gene is strongly correlated with the
manifestation of HD. For example. individuals with 35 or fewer repeats typically do not
develop HD, but individuals with between 27 and 35 repeats have a greater risk of having
offspring with HD. Individuals with between 36 and 40-42 repeats have an incomplete
penetrance of HD, whereas individuals with more than 40-42 repeats show complete
penetrance. Cases of juvenile-onset HD may be associated with CAG repeat sizes of 60 or

more.

{0161] The poly(J-expanded Hit protein resulting from this CAG repeat expansion is
associated with cellular aggregates or inclusion bodies, perturbations o protein homeostasis,

and transcriptional dysregulation. While these toxic phenotypes may be scen thoughout the



WO 2019/060726 PCT/US2018/052221

body, they are most typically associated with neuronal cell death in the CNS. HD patients
often display cortical thinning and a striking, progressive loss of striatal neuwrons. The
striaturn appears to be the most vulnerable region of the brain in HD (particularly the striatal
medium spiny neurons), with carly effects seen in the putamen and caudate nucleus. Cell
death in the striatal spiny neurons, increased mumbers of astrocytes, and activation of
microglia are observed in the brains of HD paticnts. HD may also affect certain regions of

the hippocampus, cerebral cortex, thalamus, hypothalamas, and cercbhellum.

{0182] Proposed approaches to blocking Hit expression include the use of antisense
oligonucleotides (ASOs) as well as RNA interference (RNAI) that uses either duplex RNAs
(dsRNAs) or chemically modified single-stranded RNAs (ssRNAs) (Harper ef al., (2005}
Proc. Natl. Acad. Sci. USA 102:53820-38235; DiFiglia et al., (2007) Proc. Natl Acad. Sci. USA
104:17204-17209; Boudreau et al., (2009b) Mol Ther. 17:1053-1063; Drouet et al., (2009)
Ann. Neurcl 65:276-285; Sah et af., (2011) J. Clin. fnvest. 121:500-507; Matsui et al., (2012)
Dirug Discov. Today 17:443-450; Yu et al., 2012) Cell 150:895-908). However, hurdles to
translating an ASO approach into the clinic may include the need to incorporate a device to
facilitate repeated and chronic infusions of ASO into the NS, and to the need o adequately

distribute the drug to target regions in a large brain.

{0163] To circumvent these potential issues with ASO, employing AAV-mediated
expression of an RNA1 (e g, siRNA), which offers the potential for increased safety,
increased efficiency, and longer-lasting efficacy, may be advantageous. As HD patients
express both mutant and wild-type Hit alleles, a majority of siRNA targeting sequences will
likely degrade both alleles. However, non-allele-specific Hit silencing in HD mice has been
shown to be well tolerated and can afford the same benefit as reducing mutant Het alone
{Boudreau et al., (Z009b) Mol Ther. 17:1053-1063; Drouet e al., 2009 Ann. Neurol,
65:276-285; Kordasicwicz ef al., (2012) Neuron 74(6):1031-1044). Morcover, the partial and
sustained suppression of wild-type Htt in the putamen of non-human primates following
AAV-mediated RNAI reportedly did not have any untoward effects, which suggests that the
adult brain can tolerate reduced levels of wild-type Htt (McBride ef al., (2011) Mol. Ther.

19:2152-2162; Grondin et al., (2012) Brain 135:1197-1209).

{0104] Animal models of HD may be used to test potential therapeutic strategies, such as
the compositions and methods of the present disclosure. Mouse models for HD are known in

the art. These include mouse models with fragments of nmtant H77 such as the R6/1 and
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N171-8203 HD mice (Harper et al., (2003) Proc. Natl. Acad. Sci. USA 102:5820-5823,
Rodriguez-Lebron e al., (2005) Mol Ther. 12:618-633, Machida er al., (2006) Biochem.
Biophys. Res. Commun. 343:190-197). Another examople of a mouse HD model described
herein is the YAC128 mouse model. This model bears a yeast artificial chromosome (YAC)
expressing a routant hwan H77 gene with 128 CAG repeats, and YAC128 mice exhibit
significant and widespread accomulation of Htt aggregates in the striatum by 12 months of
age {Slow er al., 2003} Hum. Mol Gener. 12:1555-1567, Pouladi et af., (2812 Hum. Mol
Genet, 21:2219-22325.

{0105] Other animal models for HD may also be used. For example, transgenic rat (von
Horsten, S. et al. (2003 Hum. Mol. Genet. 12:617-24) and rhesus monkey (Yang, S.H. et al.
(2008) Nature 453:921-4) moodels have been described. Non-genetic models are also known.
These most often involve the use of excitotoxic compounds (such as quinolinic acid or kainic
acid) or mitochondrial toxins {such as 3-uitropropionic acid and malonic acid) to induce
striatal neuron cell death in rodents or non-human primates (for more description and

references, see Ramaswamy, S. or af. (2007) ILAR J. 48:356-73).
Y. Methods to treat Huntington’s disease

{010s] In some aspects, the invention provides methods and compositions for treating
Huntington’s disease in a mammal comprising administering to the mammal a
pharmaccutical comaposition of the present disclosure (e. g, a pharmaceutical composition
comprising a viral particle of the present disclosure). In some aspects, the invention provides
methods and comapositions for inhibiting the expression of htt in a maromal with
Huntington’s discase comprising administering to the mamimal a pharmaceutical composition
of the present disclosure (e.g., a pharmaceutical composition comprising a viral particle of
the present disclosure). In some aspects, the invention provides methods and compositions
for inhibiting the accunmlation of htt in a ccll of a mammal with Huntington’s discase
comprising administering to the mamrmal a pharmaceutical composition of the present
disclosure (e.g., a pharmaceutical composition comprising a viral particle of the present

disclosure).

[0107] In some aspects, the invention provides methods and compositions for
ameliorating a symptom of HD, comprising administration of an effective amount of

recornbinant viral particles comprising a vector encoding an RNAI of the present disclosure
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to the brain of a mammal. In some embodiments, the symptoms of HD include, but arc not
limited to, chorea, rigidity, uncontroliable body movements, loss of muscle control, lack of
coordination, restlessness, slowed eye movements, abnormal posturing, instability, ataxic
gait, abnormal facial expression, speech problems, difficulties chewing and/or swallowing,
disturbance of sleep, seizures, dementia, cognitive deficits (e.g., diminished abilities related
to planning, abstract thought, flexibility, rule acquisition, interpersonal sensitivity, seif-
control, attention, learning, and memory), depression, angiety, changes in personality,
aggression, compulsive behavior, obsessive-compulsive behavior, hypersexuality, psychosis,
apathy, irritability, suicidal thoughts, weight loss, muscle atrophy, heart failure, reduced

glucose tolerance, testicelar atrophy, and osteoporosis.

{0108] In some aspects, the invention provides methods to prevent or delay progression
of HD. Autosomal dominant HD is a genetic disease that can be genotyped. For example,
the number of CAG repeats in H77 may be determined by PCR-based repeat sizing. This
type of diagnosis may be performed at any stage of life through divectly testing juveniles or
adults {e.g., along with presentation of clinical symptoms), prenatal sereening or prenatal
cxclusion testing (e.g., by chorionic villus sampling or amniocentesis), or preimplantation
screening of embryos. As such, the methods described herein may be used as a prophylactic
treatment of HD since diagnosis may occur before symptom onset. For example, HD may be
diagnosed by genetic testing (prenatal testing, testing at birth, efc.) and treated
prophylactically (e.g., using a rA AV particle described herein) prior to symptom onsct (€. g.,
CNS cell loss) to prevent HD symiptorn onset and/or progression. HD patients may display
shrinkage of the caudate nuclet and/or putamen and/or cortex and/or enlarged venwricles as
seen by brain imaging. These symptoms. combined with a family history of HD and/or

climical symptoms, may indicate HD.

{0109] Meaus for determining amelioration of the symptoms of HD are known in the art.
For exarople, the Unified Huntington’s Disease Rating Scale (UHDRS) may be used to
assess motor function, cognitive function, behavioral abnormabities, and functional capacity
(see, e.g., Huntington Study Group (1996) Movement Disorders 11:136-42). This rating
scale was developed to provide a uniform, comprehensive test for multiple facets of the
disease pathology, incorporating elements from tests such as the HD Activities and Daily
Living Scale, Marsden and Quinn’s chorea severity scale, the Physical Disability and

Independence scales, the HD motor rating scale (HDMRS), the HD functional capacity scale
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(HDF(CS), and the quantitated neurological exam (QNE). Other test useful for determining
amelioration of HD symptoms may include without limitation the Montreal Cognitive
Assessment, brain imaging (e.g., MRI), Category Floency Test, Trail Making Test, Map
Search, Stroop Word Reading Test, Speeded Tapping Task, and the Symbol Digit Modalities

Test.

{0110] In some aspects of the invention, the methods and compositions are used for the
treatment of humans with HD. As described above, HD is inherited in an autosomal
dominant manner and caused by CAG repeat expansion in the H7T gene. Juvenile-onset HD
is most often inherited from the paternal side. Huntington discase-like phenotypes have also
heen correlated with other genetic loct, such as HDLI, PRNP, HDL2, HDIL.3, and HDIA. ltis
thought that other genetic loci may modify the manifestation of HD symptoros, including

mutations in the GRINZA, GRINZB, MSXI, GRIKZ, and APQOE genes.

§0111] In some aspects, the mnvention provides an improved RNAt for targeting hit
mRNA in a mammal with Huntington’s discase. In some embodiments, the RNAI comprises
a first strand comprising a first nucleic acid comprising the sequence 5'-
UGGCCGUCCAUCUUGGACCUG-3 (SEQ ID NO:1) and a second strand comprising a
second nucleic acid comprising the sequenced’- CGGGUCCAAGAUGGACGGCCA-Y
(SEQ ID NG:2). An RNAt described hercin {e.g., as part of a rAAV vector) may find use,

inter alia, in treating Huntington’s disease.

{01121 In some aspects, the invention provides an iraproved RNA1 for targeting htt
mRNA in a mammal with Huntington’s discase. In some embodiments, the RINAI comprises
a first strand comprising a first nucleic acid comprising the sequence 57~
AGUCGGUGUGGUUGACAAGCA-3 (SEQ D NG:Tand a second strand comprising a
second nucleic acid comprising the sequence 5'- UGCUUGUCAACCACACCGACU-3
(SEG ID NO:8). An RNAI described herein {e.g., as patt of a tAAYV vector) may find use,

inter alia, in treating Huntington's discase.

{0113] In some embodiments of the invention, the RNA{ is improved to reduce off-target
gene silencing. In some ersbodiments, the RNAG comprises one or more CpG motifs. In

some embodiments, the RNAI comprises one or more Cp(G motifs in a sced region.

{01141 In some embodiments, the first strand comprises a nucleic acid sequence having

more than about any of 75%, 80%, 85%, 90%, 95%, 96%, 7%, 98% or 99% identity to SEQ
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ID NG:1 but maintains the CpG motif. In some embodiments, the second strand comprises a
nucleic acid sequence having more than about any of 75%, 80%, 85%, 90%, 93%, 96%

YT%, 98% or 99% identity to SEQ ID NO:2 but maintains the CpG motif.

{0115] In some embodiments, the first strand comprises a nucleic acid sequence having
more than about any of 75%, 80%, 85%, 90%. 95%, 96%, 7%, 98% or 99% identity to SEQ
I NO:7 but maintains the CpG motif.  In some embodinents, the second strand comprises a
nucleic acid sequence having more than about any of 75%, 80%, 85%, 90%, 95%, 96%,

YT%. 98% or 99% identity to SEQ 1D NO:8 but maintains the CpG motif.

{3116} in some embodiments, the RNA1 is a small inhibitory RNA (siRNA), a
microRNA (miRNA), or a small hatrpin RNA (shRNA). A small inhibitory or interfering
RNA (siRNA) is known in the art as a double-siranded RNA molecule of approximately 19-
25 (e.g., 19-23) base paus in length that induces RNAf in a cell. A small hairpin RNA
(shRNA} is known in the art as an RNA molecule comprising approximately 19-25 {e.g., 19-
23} base pairs of double stranded RNA linked by a short loop {e.g.. ~4-11 nucleotides) that
induces RNAG in a cell.

{0117] In some embodiments, the miRNA comprises a guide sequence that is about 90%
identical to SEQ 1D NO:1. In some embodiments, the miRNA comprises a guide sequence
that is about any of 90% identical, 91% identical, 92% identical, 93% identical, 94%
identical, 95% identical, 96% identical, 979% identical, 98% identical, 99% identical, or 100%

identical to SEQ 1D NO:1.

{0118] In some embodiments, the miRNA comprises a non-gaide sequence that is about
90% identical to SEQ ID NO:2. In some embodiments, the miRNA comprises a non-guide
sequence that is about any of 90% udentical, 91% identical, 2% identical, 93% identical,
94% identical, 95% ideuntical, 96% identical, 97% identical, 98% identical, 99% identical, or

100% identical to SEQ 1D NG:2.

{0119] In some embodiments, the miRNA comprises a guide sequence that is about 90%
identical to SEQ 1D NO7. In some embodiments, the miRNA comprises a guide sequence
that is about any of 90% identical, 91% identical, 92% identical, 93% identical, 94%
identical, 95% tdentical, 96% identical, 97% identical, 98% identical, 99% identical, or 100%
identical to SEQ 1D NG:7.
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{01246] In some embodiments, the miRNA cormprises a non-guide sequence that is about
950% identical to SEQ 1D NO:B. In some embodirnents, the miRNA comprises a non-guide
sequence that is about any of 90% identical, 91% identical, 92% identical, 93% identical,
94% identical, 95% identical, 96% identical, 97% identical, 98% identical, 99% identical, or

100% identical to SEQ 1D NO:S.

{61211 In some embodiments, the first strand and the second strand are linked by means
of RNA capable of forming a loop structure. As is commonly known in the art, an RNA loop
structure {e.g., a stem-loop or hairpin) is formed when an RNA molecule comprises two
sequences of RNA that basepair together separated by a sequence of RNA that does not base
pair together. For example, a loop structure may form in the RNA molecule A-B-C if
sequences A and C are complementary or partially complementary such that they base pair

together, but the bases in sequence B do not base pair together.

{6122] In some embodiments, the RNA capable of forming a loop structure comprises
from 4 to 50 nucleotides. In certain embodiments, the RNA capable of forming a loop
structure comaprises 13 nucleotides. In certain embodiments, the RNA capable of forming a
loop structure comprises the nucleotide sequence GUUUUGGCCACUGACUGAC (SEQ ID
NG:13). In some embodimentis, the vector genome comprises a nucleotide sequence that is at
least about any of 80%, 83%, 90%, 91%, 92%, 93%, 94%, 953%, 96%, 97%, 98%, or 99%

identical to the sequence of SEQ D NO:13.

{01231 In some aspects, the invention provides methods comprising administering to a
mammal {e.g., a mammal with HD) an RNAI comprising a first strand comprising a fivst
nucleic acid comprising the sequence 5 -UGGCCGUCCAUCUUGGACCCG-3’ (SEQ ID
NO:1) and a second strand comprising a second nucleic acid comprising the sequenced’-
CGGGUCCAAGAUGGACGGCCA-Y (SEQ ID NG, In some embodiments, a
recorbinant viral particle comprises the RNAL In some embodiments, the recombinant viral
particle is an AAVY particle encapsidating a rAAY vector, an adenovirus particle
cncapsidating a recombinant adenoviral vector, a lentiviral particle encapsidating a
recombinant lentivival vector or an HSV particle encapsidating a recombinant HSV vector
wherein the rAAYV vector, the adenoviral vector, the lentiviral vector or the HSV vector

encodes the RNAIL
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{0124] In some aspects, the invention provides methods comprising administering o a
mammal (e g., 2 marnmal with HD) an RNA{ comprising a first nucleic acid comprising the
sequence 5 -AGUCGGUGUGGUUGACAAGCA-3 (SEQ D NO:7)and a second strand
comprising a second nucleic acid comprising the sequence 5'-
UGCUUGUCAACCACACCGACU-3 (SEQ 1D NO:E). In some embodiments, a
recormbinant viral particle coroprises the RNAL In some embodiments, the recombinant viral
particle 1s an AAV particle encapsidating a rAAV vector, an adenovirus particle
cncapsidating a recombinant adenoviral vector, a lentiviral particle encapsidating a
recombinant lentiviral vector or an HSV particle encapsidating a recombinant HSV vector
wherein the rAAV vector, the adenoviral vector, the lentiviral vector or the HSV vector

encodes the RNAL

{0125] In some embodiments, delivery of recombinant viral particles is by injection of
viral particles to the brain. In some embodiments, delivery of recombinant viral particles is
by injection of viral particles to the striatum. Intrastriatal administration delivers
recombinant viral particles to an area of the brain, the striatum (incloding the putamen and
caundate nucleus), that is highly affected by HD. In addition, and without wishing to be
hound to theory, it is thought that recombinant viral particles (e.g., tAAYV particles) injected
into the striatum may be also dispersed (e g, through retrograde transport) to other areas of
the brain, inchuding without limitation projection areas {e.g., the cortex). In some
cmbodiments, the recombinant viral particles are delivered by convection enhanced delivery

{e.g., convection enhanced delivery to the striatum).

{0126] In some aspects, the invention provides methods for treating Hantington’s disease
in a mammal comprising administering to the mammal the pharmaceutical composition of
the present disclosure. In some aspects, the invention provides methods for inhibiting the
accumulation of htt in a ccll of a mammal with Huntington’s discase comprising
administering to the mammal the pharmaceutical composition of the present disclosure. In
some aspects, the invention provides methods for inbibiting the expression of httin a
mammal with Huntington’s discasc comprising administering to the marmal the
pharmaceutical composition of the present disclosure. In some embodiments, the httis a
mutant hit {e.g., an htt comprising greater than 35, greater than 36, greater than 37, greater
than 38, greater than 39, greater than 40, greater than 41, or greater than 42 CAG repeats). In

some embodiments, expression and/or accumulation of a wild-type hit is also inhibited. As
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described herein, and without wishing to be bound to theory, it is thought that inhibition of
expression and/or accurnnlation of routant hit tn a mamioal with HD is highly beneficial, but
the inhibition of expression and/or accumulation of wild-type htt in the same mammal as a
side effect (e.g., of an RNAI of the present disclosure) may be well tolerated {e.g., produces

few or no unintended side effects).

{0127] In some embodiments, a cell comprises a vector (e.g., a vector comprising an
cxpression construct enceding an RNAI of the present disclosure). In some embodiments,
the vector 1s a rAAV vector. In some embodiments, the vector is a recombinant adenoviral
vector, a recombinant lentiviral vector or a recombinant herpes simplex virus (HSV) vector.

In some embodiments, the cell is a central nervous system (CNS) cell.

{G128] In some embodimentis, the administration of an effective amount of recombinant
viral particles comprising a vector encoding an RNAG of the present disclosure transduces
neurons {2.g., siriatal neurons, such as spiny neurons) at or near the site of administration. In
some embodiments, more than about any of 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 603%, 65%, T0%, 75% or 100% of neurons are transduced. In some
embodiments, about 5% to about 100%, about 10% to about 509, about 10% to about 30%,
about 25% to about 75%, about 25% to about 50%. or about 30% to about 50% of the
neurons are transduced. Methods to identify neurons transduced by recombinant viral
particles expressing miRNA are known in the art; for example, immuonohistochemistry, RNA
detection {e.g., gPCR, Northern blotting, RNA-seq, in sita hybridization, and the like) or the
use of a co-expressed marker such as enhanced green fluorescent protein can be used to

detect expression.

{3129 In some embodiments of the invention, the methods comprise administration to
the brain of a mammal an effective amount of recombinant viral particles comprising a vector
encoding an RNAi of the present disclosure for treating a manwumal, e.g., a human, with HD.
In some embodiments, the composition is injected to one or more locations in the brain to
aliow expression of an RNAI of the present disclosure in at least the neurons. In some
cmbodiments, the composition is ijected into any one of one, two, three, four, five, six,
seven, eight, nine, ten or more than ten locations in the brain. In some embodiments, the
composition is injected into the striatum. in some embodiments, the composition is injected

into the dorsal striatom. In some embodiments, the composition is injected into the putamen.
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In some embodiments, the compaosition is injected into the caudate nucleus. In some

embodiments, the composition is injected into the putamen and into the caudate nucleus.

{61301 In some embodiments, the reconmtbinant viral particles are administered to one
hemisphere of the brain. In some embodiments, the recombinant viral particles are

administered to both hemispheres of the brain.

§631311 In some embodiments the recombinant viral particles are administered to more
than one location simmultaneously or sequentially. In some embodiment, multiple injections
of recombinant viral particles are no more than one hour, two hours, three hours, four hours,

five hours, six hours, nine hours, twelve hours or 24 hours apart.

[0132] In some embodiments, the invention provides a method for treating a human with
HD by administering an effective amount of a pharmaceutical composition comprising a
recormbinant viral vector cncoding an RNAI of the present disclosure to suppress the activity
of a mutant HT7. In some embodiments, the pharmaceutical composition comprises one or

more pharmaceutically acceptable excipients.

{0133] In some embodiments, the methods comprise administering an effective amount
of a pharmaceutical composition comprising a recombinant viral vector encoding an RNAi of
the present disclosure to suppress the activity of a mutant #77. In some embodiments, the
viral titer of the viral particles (e.g.. rAAV particles) is at least about any of 5 X 10, 6 x
107, 7 % 107, 8 x 107, 9 x 107, 10x 10", 11 x 10", 15 % 10", 20 x 10", 25 x 107, 30 x
10", or 50 % 107 genome copies/mb.. In some embodiments, the viral titer of the viral
particles (e.g., rAAYV particles) is about any of 5 x 10% 0 6 10”@ 6x10% w07 x 1(?17‘, 7T %
10710 8 % 10", 8 x 107 t0 9% 10", 9 x 10" t0 10 10", 10 = 107 to 11 x 10", 11 x 10"
to 15 x 10", 15 % 10" t0 20 x 10", 20 x 10" t0 25 x 10, 25 x 10" t0 30 x 10", 30 x 10
10 50 % 10", or 50 x 10" to 100 x 10" genome copies/mL. In some embodiments, the viral
titer of the viral particles {e.g., rAAV particles) is about any of 5 » 10710 10 x 10", 10 x
10 t0 25 x 10, or 25 x 10M t0 50 % Hl’ugﬁnome copies/mL. In some embodiments, the
viral titer of the viral particles (e.g., rAAV particles) is at least about any of 5 X 10, 6 % 107,
7= 10%, 8 x 107, 9 x 107, 10 % 10°, 11 x 10°, 15 x 107, 20 x 107, 25 x 107, 30 x 10", or 50 x
10 transducin g units fml. In some embodirnents, the viral titer of the viral particles (e.g.,
rAAVY particles) is about any of 5 x 100 w06 x 107, 6% 107107 x 10°, 7x 107 t0 8 x 10°, 8 x
10710 9% 10%, 9 x 10710 10 x 10°, 10 x 1070 11 x 10°, 11 x 107 t0 15 x 107, 15 x 10" t0 20

4]~
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x 107, 20 x 10° t0 25 x 107, 25 x 107 t0 30 x 10°, 30 x 10” t0 50 x 107 or 50 x 107 to 100 x
10 transducin g units /mol. In some embodiments, the viral titer of the viral particles (e.g.,
tAAV particles) is about any of 5 x 10”7 t0 10 x 10°, 10 x 107 t0 15 x 107, 15 x 107 t0 25 x
199, or 25 x 107 o 50 x 10° transducing units /mb. In some embodiments, the viral titer of
the viral particles (e.g., TAAYVY particles) is at least any of about 5 x ],Gm, 6 x },Om, 7% 10“"? 8
% 10', 9 x 10", 10 x 10", 11 x 10%°, 15 % 10", 20 x 10™, 25 x 10", 30 x 10", 40 x 10'°, ot
50 x 10" infectious units/mL. In some embodiments, the viral titer of the viral particles
(e.g., rAAV particles) is at least any of about 5 x 10" 0 6 x 1(?”}, 6% 10 t0 7 x },Om, 7%
1008 x 10", 8% 1070 9% 10,9 % 10" 0 10 x 10", 10 x 10" t0 11 x 10', 11 x 10"
to 15 % 10 15 % 10 t0 20 x 16, 20 x 10" t0 25 x 10™, 25 x 10" t0 30 x 10", 30 x 10"
to 40 % 10109 40 % 10" 10 50 x 10]0, or 50 % 10'% to0 100 x 10" infectious units/mL. In some
cmbodiments, the viral titer of the viral particles (e.g., rAAV particles) is at lcast any of
about 5 x 10" to 10 x 10™, 10 x 10" 10 15 % 10°, 15 x 10" to 25 x 10", or 25 x 10" t0 50

% 10" infectious units/mL.

§3134} In some embodiments, the dose of viral particles administered to the individual is
at least about any of 1 x 10% to about 1 x 10" genome copies/kg of body weight. In some
cmbodiments, the dosc of viral particles admunistered to the individual is about any of 1 x

. . 3 . .
10° to about 1 x 10" genome copies/kg of body weight.

{3135} In some embodiments, the total amoount of viral particles administered to the
individual is at least about any of 1 x 10 to about 1 x 107 genome copies. In some
embodiments, the total amount of viral particles administered to the individual is about any

of 1 x 10° to about 1 x 10 genome copies.

{0136] In some embodinents of the invention, the volume of the composition injected to
the striatum is more than about any one of T pl, 2 pl, 3 pl, 4 pl, S pl, 6 pl, 7 pl, 8 pl, 9 pl, 10
pl, 15 uk, 26 ph, 25 yh 50 ul, 75 ul, 100 ul, 200 pi, 300 gl 400 wi, 500 ul, 600 pl, 700 ul.

800 ul, 200 pl, or 1 k., or any amouut therebetween.

{0137] In some embodiments, a first volume of the composition is injected into a first
region of the brain, and a second volume of the composition is injected into a second region
of the brain. For example, in some embodiments, a first volume of the composition is
injected into the caudate nucleus, and a second volume of the composition is injected into the

putamen. In some embodiments, a 1X volume of the composition is injected into the caudate
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nucleus, and a 1.5X, 2X, 2.5X, 3X, 3.53X, or 4X volume of the composition is injected into
the putamen, where X is a volume that is more than about any one of 1 pd, 2 pl, 3pk, 4l 5
ul, 6 ul, 7l S pl, 9 pl, 10 ul, 15 wl, 20 pl, 25 pl, SO pl, 75 pl, 100 pi, 200 pi, 300 ul, 400
ui, 560 pl, 600 pl, 700 ul, 800 pl, 900 pl, or 1 mL, or any amount therebetween.

[0138] Compositions of the inventon (e.g., recombinant viral particles comprising a
vector encoding an RN At of the present disclosure) can be used cither alone or in
combination with one or more additional therapeutic agents for treating HD. The intorval
between sequential adnuinistration can be in terms of at least (o, alternatively, less than)

minues, hours, or days.
Y. RNAL Expression Constructs and Vectors

{0139] The invention provides expression constructs, vectors and viral particles for

expression of the RNAL described herein.

{0144G] In some embodiments, nucleic acid encoding an RNA1 of the present disclosure
comprises a heterologous miRNA scaffold. In some embodiments, use of a heterologous
miRNA scatfold is used to modulate miRNA expression; for example, to increase miRNA
expression or to decrease miRNA cxpression. Any miRNA scaffold known in the art may be
used. In some embodiments, the miRINA scattold is derived from a miR-155 scaffold (see,
e.g., Lagos-Quintana, M. er al. (2002) Curr. Biol. 12:735-9 and the Invitrogen™ BLOCK-
1T Pol I miR RNAJ expression vector kit from Life Technologies, Thermo Fisher
Scientific; Waltham, MA). In some embodiments, nucleic acid encoding an RNAI of the
present disclosure comprises a miRNA scaffold. In some embodiments, miRNA scaffold is

provided by SEQ 1D NO:14.

{01411 in some embodiments, the RNA1 targets RNA encoding a polypeptide associated
with Huntington’s discase (2. g., mutant H77). Without wishing to be bound to theory, it i3
thought that an RNA1 may be used to reduce or eliminate the expression and/or activity of a
polypeptide whose gain-of-function has been associated with Huntington's disease {e.g.,

mutant H77).

{01421 In some embodiments, the transgene (e.g., an RNAi of the present disclosure) is
operably linked to a promoter. Exemplary promoters include, but are not limited to, the

cytomegalovirus (CMV) immediate early promoter, the RSV LTR, the MoMLV LTR, the
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phosphoglycerate kinase- 1 (PGK) promoter, a simian virus 40 (SV44Q) promoter and a CTK6
promoter, a transthyretin promoter (TTR), a TK promoter, a tetracycline responsive promoter
(TRE), an HBV promoter, an hAAT promoter, a LSP promoter, chimeric liver-specific
promoters (L3Ps), the E2F promoter, the telomerase (WTERT) promoter; the cytomegalovirus
enhancer/chicken beta-actin/Rabbit B-globin promoter (CAG promoter; Niwa ef al., Gene,
1991, 108(2):193-9) and the elongation factor 1-alpha promoter (EFi-alpha) promoter (Kim
et al., Gene, 1990, 91(2):217-23 and Guo et al., Gene Ther., 1996, 3(9):802-10). In some
embodiments, the promoter comprises a human P-ghicuronidase promoter or a
cytomegalovirus enhancer linked to a chicken B-actin (CBA) promoter. The promoter can be
a constitutive, inducible or repressible promoter. In some embodiments, the invention
provides a recombinant vector comprising nucleic acid encoding a heterclogous transgene of
the present disclosure operably linked to a CBA promoter. Exemplary promoters and
descriptions may be found, e.g., in U.S. PG Pub. 20140335054, In some embodiments, the
promoter is a CBA promoter, a mininmm CBA promoter, a CMV promoter or a GUSB

promoter.

{01431 Examples of constitutive promoters include, without limitation, the retroviral
Rous sarcoma virus (RSV)Y L'TR promoter (optionally with the RSV enhancer), the
cytomegalovirus (CMV) promoter {optionally with the CMV enhancer) [see, e.g., Boshart er
al, Cell, 41:521-530 (1985)], the SV40 promoter, the dihydrofolate reductase promoter, the
13-actin promoter, the phosphoglycerol kinase (PGK) promoter, and the EFla promoter

{Invitrogen].

{01441 Inducible promoters allow regulation of gene expression and can be regulated by
exogenously supplied compounds, environmental factors such as temperature, or the
presence of a specific physiological state, e.g., acute phase, a particular differentiation state
of the cell, or in replicating cells only. Inducible promoters and inducible systems are
available from a variety of commmercial sources, including, without imitation, Invitrogen,
Clontech and Ariad. Many other systems have been described and can be readily selected by
one of skill in the art. Examples of inducible promoters regulated by exogenously supplied
promoters include the zinc-inducible sheep metallothionine (MT) promoter, the
dexamethasone (Dex)-inducible mouse mammary tumor virus {MMTV) promuoter, the T7
polymerase promoter system (WO 98/10088); the ecdysone insect promoter (No ef al, Proc.

Natl. Acad. Sci. USA, 93:3346-3351 (1996)), the tetracycline-repressible system {(Gossen et
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al, Proc. Natl. Acad. Sci. USA, 89:5547-5551 (1992})), the tetracycline-inducible system
{Gossen ef al, Science, 2685:1766-1769 (1995}, see also Harvey ef al, Curr. Opin. Chem.
Biol., 2:512-518 (199%)), the RU486-inducible system (Wang er al, Nat. Bistech., 15:239-
243 (1997) and Wang et af, Gene Ther., 4:432-441 (1997)) and the rapamycin-inducible
system (Magari et af, J. Clin. Invest., 100:2865-2872 (1997). Still other types of inducible
promoters which may be useful in this context are those which are regulated by a specific
physiological state, e.g., temperature, acute phase, a particelar differentiation state of the cell,

or in replicating cells only.

{6145 in another embodiment, the native promoter, or fragment thereot, for the
transgene will be used. The native promoter may be preferred when it is desired that
cxpression of the transgene should mimic the native expression. The native promoter may be
used when expression of the transgene must be regulated temporally or developmentally, or
in a tissue-specific manner, or in response o specific transcriptional stimuli. In a further
embodiment, other native expression control elements, such as enhancer elements,
polyadenylation sites or Kozak consensus sequences may also be used to mimic the native

CXpression.

{0146] In some embodiments, the regulatory sequences impart tissue-specific gene
cxpression capabilities. In some cases, the tissue-specific regulatory sequences bind tissue-
specific transcription factors that induce transcription in a tissue specific manner. Such
tissue-spectfic regulatory sequences (e.g., promoters, enhancers, efe.} are well known in the
art. Bxemplary tissue-specific regulatory scquences include, but are not limited to the
following tissue specific promoters: neuronal such as neuron-specific cnolase (NSE)
promoter {Andersen ef al., Cell. Mol Neurobiol., 13:503-15 (1993)), neurofilament light-
chain gene promoter (Piccioli ef al., Proc. Natl. Acad. Sci. USA, 88:5611-5 (1991)), and the
neuron-specific vgt gene promoter (Piccioli et al., Neuron, 15:373-84 (1995)). In some
embodiments, the tissue-specific promoter is a promoter of a gene selected from: neuronal
nuclei (NeuN), ghal fibriliary acidic protein (GFAP), adenomatous polyposis coli (APC), and
ionized calcium-binding adapter molecule 1 (Iba-1). Other appropriate tissuc specific
promoters will be apparent to the skilled artisan. In some embodiments, the promoter is a

chicken Beta-actin {CBA) promoter.

{6147] In some embodiments, the promoter expresses the heterologous nucleic acid in a

cell of the CNS. As such, in some embodiments, a therapeutic polypeptide or a therapeutic
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nucleic acid of the invention may be used to treat a disorder of the CN5. In some
embodiments, the promoter expresses the heterologous nucleic acid in a brain cell. A brain
cell may vefer to any brain cell known in the art, including without limitation a neuvron (such
as a Sensory neuron, motor neuren, interneuron, dopaminergic neuron, medium Spiny neuro,
cholinergic neuron, GABAcrgic neuron, pyramidal neuron, efc.), a ghial cell (such as
microglia, macroglia, astrocytes, oligodendrocytes, ependymal cells, radial ghia, etc.), a brain
parenchyma cell, microglial cell, ependemal cell. and/or a Purkinje cell. In some
cmbodiments, the promoter expresses the heterologous nucleic acid in a neuron and/or glial
cell. In some embodiments, the neuron is a medium spiny neuron of the caudate nucleus, a
mediam spiny neuron of the putamen, a neuron of the coriex layer I'V and/or a neuron of the

cortex layer V.

{0148] VYarious promoters that express transcripts (e.£., a heterologous transgene) in CNS
cells, brain cells, neurons, and glial cells are known in the art and described herein. Such
promoters can coraprise control sequences normally associated with the selected gene or
heterologous control sequences. Often, useful heterologous control sequences include those
derived from sequences cncoding mammalian or viral genes. Examples include, without
{imitation, the $V44 carly promoter, mouse mammary tumor virus LTR promoter,
adenoviras major late promoter (Ad MLP), a herpes simplex virus {HSV) promoter, a
cytomegalovirus (CMV} promoter such as the CMY immediate early promoter region
({CMVIE), a Rous sarcoma virus (RSV) promoter, svathetic promoters, hybrid promoters,
and the like. In addition, sequences derived from nonviral genes, such as the rurine
metaliothionein gene, may also be used. Such promoter sequences are commercially
available from, e.g., Stratagene {San Diego, CA). CNS-specific promoters and inducible
promoters may be used. Examples of CNS-specific promoters include without limitation
those isolated from CNS-specific genes such as myelin basic protein {MBP), glial fibnillary
actd protein (GFAP), and neuron specific enolase (NSE). Examples of inducible promoters
include DNA responsive elements for ecdysone, tetracyeline, metallothionein, and hypoxia,

inter alia.

{0149] The present invention contemplates the use of a recombinant viral genome for
introducuon of one or more nucleic acid sequences encoding for a RNAI as deseribed herein
or packaging into an AAV viral particle. The recombinant viral genome may include any

clement to establish the expression of a RNAI, for example, all or a functional portion of a
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promoter, an intron (e.g., a chimeric infron)), a heterologous nucleic acid, an ITR, a ribosome
binding element, terminator, enhancer, selection marker, intron, polvA signal, and/or origin
of replication. In some embodiments, the rAAV vector compriscs one or more of an
enhancer, an intron {(e.g., a splice donor/splice acceptor pair), a matrix attachment site, or a
polyadenylation signal. A variety of introns for use in the invention are known to those of
skill in the art, and inchide the MVM intron, the F IX truncated intron 1, the B-globin
SD/immunogiobin heavy chain SA, the adenovirus SD/immunoglobin SA, the SV440 late
SD/SA (195/165), and the hybrid adenovirus SDVIgG SA. (Wu et al. 2008, Kurachi et al.,
1995, Chot er al. 2014), Wong et al. 1985, Yow et af. 1997, Huang and Gorman (1990).

{3150 in some embodiments, the administration of an effective amount of rAAY
particles comprising a vector encoding a RINAI transduces cells {e.g., CNS cells, brain cells,
neurons, and/or glial cclls) at or near the site of administration (e. g., the striatum and/or
cortex) or more distal to the site of administration. In some embodiments, more than about
any of 3%, 10%, 15%, 20%, 25%, 30%, 353%, 40%, 45%, 50%, 55%, 60%, 63%, T0%, 15%
or 100% of neurons are transduced. In some embodiments, about 5% to about 180%, abouwt
10% to about 50%, about 10% to about 30%, about 25% to about 75%, about 25% to about
58%, or about 30% to about 30% of the neurons are fransduced. Methods o identify neurons
transduced by recombinant viral particles expressing miRNA are known in the art; for
cxample, immunohistochemistry, RNA detection {(e.g., gPCR, Northern blotting, RNA-seq,
in situ hybridization, and the like} or the use of a co-expressed marker such as enhanced

green fluorescent protein can be uvsed to detect expression.

{01511 in some aspects, the invention provides viral particles comprising a recombinant
self-complementing genome {e. g, a sclf-complementary rAAV vector). AAY viral particles
with self-complementing vector genomes and methods of use of sclf-complementing AAV
genomes are described in US Patent Nos. 6,596,535; 7,125,717, 7,465,583, 7,785,888;
7,790,154; 7,846,729; §,093,054; and 8,361,457; and Wang 2., ef al., (2003) Gene Ther
10:2105-2111, each of which are incorporated herein by reference in its entirety. A tAAV
comprising a self-complementing genome will quickly form a double stranded DNA
molecule by virtue of its partially complementing sequences {e.g., complementing coding
and non-coding strands of a heterologous mucleic acid). In some embodiments, the vector
comprises tirst nucleic acid sequence encoding the heterologous nucleic acid and a second

nucleic acid sequence encoding a complement of the nucleic acid, where the first nucleic acid
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sequence can form intrastrand base pairs with the second nucleic acid sequence along most or

all of its length.

{01521 In some embodiments, the first heterologous nucleic acid sequence encoding a
RNAJ and a second heterologous nucleic acid sequence encoding the complement of the
RMNAt are linked by a mutated ITR {e.g.. the right ITR). I some embodirnents, the [TR
coraprises the polynucleotide sequence 5~
CCACTCCCTCTCTCCGCGCTCOCTCGCTCACTGAGGUCCGGGLCGACCAAAGHTCGC
CCGACCGCCCOCOGOGCTTTOCCCGOGGCGOUCTCAGTCAGCCGAGCGAGCGCGCAGAGA
GGGA-3 (SEQ 1D NO:15). The mutated ITR compriscs a deletion of the D region
comprising the terminal resolution sequence. As a result, on replicating an AAV viral
genome, the rep proteins will not cleave the viral genome at the motated TTR and as such, a
recombinant viral genome comprising the following in 5 to 3" order will be packaged in a
viral capsid: an AAV TR, the first heterologous polynucleotide sequence inchuding
regulatory sequences, the mutated AAVY ITR, the second heterologous polynucleotide in

reverse oricntation to the first heterologous polynucleotide and a third AAV [TR.
vi. Viral particles and methods of producing viral particies

{0153] The invention provides, inter alia, recombinant viral particles comprising a
nucleic acid encoding an RNA: of the present disclosure, as well as methods of use thereof to

treat a disease or disorder in a mammal; e. g., Huntington’s disease.
Viral particles

{6154] The invention provides viral particles comprising the RNA{ as disclosed herein.
In some embodiments, the invention provides viral particles for delivering the RNAi of the
invention as disclosed herein. For exarnple, the invention provides methods of using
recombinant viral particles to deliver RNAI to treat a discase or disorder in a mammal; e.g.,
tAAYV particles comprising RINAi to treat HD. In some embodiments, the recombinant viral
particle is a recombinant AAV particle. In some embodiments, the viral particle is a
recombinant AAV particle comprising a nucleic acid comprising a sequence an RNAj of the
present disclosure flanked by one or two ITRs. The nucleic acid is encapsidated in the AAV
particle. The AAV particle also comprises capsid proteins. In some entbodiments, the
nucleic acid comprises the coding sequence(s) of intercst (e. g., mucleic acid an RNA1 of the

present disclosure} operatively linked components in the direction of transcription, control
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sequences inciuding transcription initiation and termination sequences, thereby forming an
expression cassette. The expression cassette is flanked on the §” and 37 end by at least one
functional AAV ITR sequences. By “functional AAV ITR sequences” it is meant that the
ITR sequences function as intended for the rescue, replication and packaging of the AAV
virion. Sec Davidson ef al., PNAS, 2000, 97(71)3428-32; Passini et al., J. Virol., 2003,
T7(12):7034-40; and Pechan ef al., Gene Ther., 2009, 16:10-16, all of which are incorporated
herein in their entivety by reference. For practicing some aspects of the invention, the
recombinant vectors comprise at least all of the sequences of AAV cssential for
cncapsidation and the physical structures for infection by the rAAV. AAV ITRs for use in
the vectors of the invention need not have a wild-type nucleotde sequence {e.g., as described
in Kotin, Hum. Gene Ther., 1994, 5:793-801), and may be altered by the insertion, deletion
or substitution of nucleotides or the AAV I'TRs may be derived from any of several AAV
serotypes. More than 40 serotypes of AAV are currenty known, and new serotypes and
variants of existing serotypes continue to be identified. See Gao ef ¢l., PNAS, 2002, 99(18):
11854-6; Gao ef al., PNAS, 2003, 100(10):6081-6; and Bossis ef al., J. Virol., 2003,
TH12):6799-810. Use of any AAV serotype is considered within the scope of the present
invention. In some embodiments, a rAAY vector is a vector derived from an AAV serotype,
including without limitation, AAV FTRs are AAVI, AAV2, AAV3, AAV4, AAVS, AAVE,
AAVT, AAVE, AAVTHE, AAVhER, AAVO, AAVI0, AAVIhIO, AAVTL, AAVIZ,
AAVIR4TIA, AAV D], a goat AAV, bovine AAV, or mouse AAV capsid serotype I'TRs or
the like. In some embodiments, the nucleic acid in the AAV comprises an [TR of AAV],
AAVZ, AAV3, AAV4, AAVS, AAVE, AAYT, AAVE, AAVEhE, AAVHhER, AAVY, AAVID,
AAVIHIO, AAVIL, AAVI2, AAVIRATIA, AAV DJ, a goat AAVY, bovine AAV, or mouse
AAYV capsid serotype TTRs or the like. In some embodiments, the nucleic acid in the AAY
further encodes an RINAI as described herein. For example, the nucleic acid in the AAV can
comprise at least one I'TR of any AAYV serotype contemplated herein and can further encode
an RNA1 comprising one strand that comprises a guide region and another strand that
comprises a non-guide region. In one embodiment, the nucleic acid in the AAV can
comprise at least one ITR of any AAV serotype and can further encode an RNA1 comprising
a first strand comprising a first nucleic acid comprising the sequence 5°-
UGGCCGUCCAUCUUGGACCCG-3” (SEQ 1D NO:1) and a second strand comprising a
second nucleic acid comprising the sequence 5'- CGGGUCCAAGAUGGACGGCCA-Y
(SEQ ID NG:2). In some embodiments, the nucleic acid in the AAV comprises §" 10 3°

nucleic actd encoding the following: an {TR {e.g., an AAV2 [TR), a promoter, a nucleic acid
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cncoding an RNAI as disclosed herein, a polyadenylation signal, and an AAV ITR {e.g., an
AAVZ ITR). In some emmbodiments, the nucleic acid in the AAV comprises 57 10 3 nucleic
acid encoding the following: an 'TR (e.g., an AAV2 I'TR), a promoter, 4 nucleic acid
encoding an RNA1 comprising a first strand comprising a first mucleic acid comprising the
sequence S-UGGCCGUCCAUCUUGGACCCG-3 (SEQ 1D NO:1) and a second strand
comprising 4 second nucleic acid comprising the sequence 5'-
CGOGOUCCAAGAUGGACGGCCA-3 (SEQ ID NG:2), a polyadenylation signal, and an
AAV ITR (e.g., an AAVZ ITR). In some embodiments, the nucleic acid in the AAV
comprises 5 to 3° nucleic acid encoding the following: an ITR (e.g., an AAV2 ITR), a CBA
promoter, a nucleice acid encoding an RNAG as disclosed herein, a polyadenylation signal
(e.g., a bovine growth hormone polyA), and an AAV ITR (e.g., an AAV2 ITR). In some
embodiments, the nucleic acid in the AAV comprises 5 t0 3" nucleic acid encoding the
following: all or a functional portion of an I'TR {e.g., an AAV2 ITR), a CBA promoter, an
intron (e.g., a chimeric intron}, a nucleic acid encoding an RNAt comprising a first strand
comprising a first nucleic acid comprising the sequence 57-
UGGCCGUCCAUCUUGGACCCG-3 (BEQ 1D NO:1), and a second strand comprising a
second nucleic acid comprising the sequence 5'- CGGGUCCAAGAUGGACGGCCA-3
(SEG ID NO:2), a polyadenylation signal {e.g., a bovine growth hormone polyA), and an
AAV ITR (e.g., an AAV2 ITR). In some embodiments, the first strand and second strand
form a duplex. In some embodiments, the first strand is linked to the second strand by a
linker. In some embodiments, the linker comprises the nucleic acid sequence of SE(} 1D

NG 13,

{155 in some embodiments, the nucieic acid in the AAV comprises 57 to 37 nucleic
acid encoding the following: an I'TR (e.g., an AAVZ ITR}, a CBA promoter, a nucleic acid
encoding an RNAI comprising a first strand comprising a Hirst nucleic acid comprising the
sequence 5 - CGGGUCCAAGAUGGACGGLCA-3 (SEQ ID NO:2), and a second strand
comprising a second nucleic acid comprising the sequence 5'-
UGGCCGUCCAUCUUGGACCCG-3 (SEQ 1D NO:1), a polvadenylation signal (e.g, a
bovine growth hormone polyA), and an AAV ITR {(e.g., an AAV2 TR}, In some
cmbodiments, the first strand and second strand form a duplex. In some embodiments, the
first strand is linked to the second strand by a linker. In some embodiments, the linker

comprises the nucleic acid sequence of SEQ D NO:13.
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[3156] In another embodiment, the nucleic acid in the AAV can comprise at feast one
ITR of any AAY serotype contemplated herein and can further encode an RNAI comprising a
first strand comprising a first nucleic acid comprising the sequence 5°-
AGUCGGUGUGGUUGACAAGCUA-3 (SEQ 1D NO:7) and a second strand comprising a
second nucleic actd comprising the sequenced’- UGCUUGUCAACCACACCGACU-3
(SEQ ID NG:S). In some embodiments, the nucleic acid in the AAV comprises §" 10 3°
nucleic actd encoding the following: an {TR {e.g., an AAV2 [TR), a promoter, a nucleic acid
cncoding an RNAI as disclosed herein, a polvadenylation signal, and an AAV ITR {e.g., an
AAVZ ITR). In some embodiments, the nucleic acid in the AAV comprises 57 to 3" nucleic
acid encoding the following: an 'TR {(e.g., an AAV2 ITR), a promoter, a nucleic acid
encoding an RNA1 comprising a first strand comprising a first mucleic acid comprising the
sequence S-AGUCGGUGUGGUUGACAAGCA-3 (SEQ ID NO7) and a sccond strand
comprising a second nucleic acid comprising the sequence 3'-
UGCUUGUCAACCACACCGACH-3 (SEQ 1D NO:8), a polyadenylation signal, and an
AAV ITR (e.g., an AAVZ ITR). In some embodiments, the nucleic acid in the AAV
comprises 5° to 3 nucleic acid encoding the following: an ITR (e.g., an AAVZ ITR), a CBA
promoter, a chimeric intron, a nucleic acid encoding an RNAI as disclosed herein, a
polyadenylation signal {e.g., a bovine growth hormone polyA), and an AAV ITR (e.g., an
AAVZ {TR). In some embodiments, the nucleic acid in the AAY comprises 57 to 37 nucleic
acid encoding the following: an TR {e.g., an AAV2 I'TR), a CB A promoter, a chimeric
intron, a nucleic acid encoding an RNAIi comprising a first strand comprising a first nucleic
acid coraprising the sequence 5'-AGUCGGUGUGGUUGACAAGCA-3™ (SEQ 1D NOT),
and a second strand comprising a second nuocleic acid comprising the sequence 5'-
UGCUUGUCAACCACACCGACU-3" (SEQ ID NO:8), a polvadenylation signal {e.g, a
hovine growth hormone polyA), and an AAV ITR (e.g., an AAV2 ITR). In some
cmbodiments, the first strand and second strand form a duplex. In some embodiments, the
first strand is linked to the second strand by a hinker. In some embodiments, the linker

comprises the nucleic acid sequence of SEQ 1D NOG: 13,

{61571 In another embodiment, the nucleic acid in the AAV can comprise at least one
ITR of any AAV serotype contemplated hercin and can further encode an RNA{ comprising a
first strand comprising a first nucleic acid comprising the sequence 5'-
UGCUUGUCAACCACACCGACU-3 (SEQ ID NO:8) and a second strand comprising a
second nucleic acid comprising the sequence AGUCGGUGUGCGUUGACAAGCA-3 (SEQ
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ID NO:7). In some embodiments, the nucleic acid in the AAV comprises 5 to 37 nucleic
acid encoding the following: an 'TR (e.g., an AAV2 I'TR), a promoter, 4 nucleic acid
encoding an RNAJ as disclosed herein, a polvadenylation signal, and an AAV TR {e.g., an
AAV2 ITR). In some cmbodiments, the nucleic acid in the AAY comprises 57 t0 37 nucleic
acid encoding the following: an TR (e.g., an AAV2 ITR}, a promoter, an intron, a nucleic
acid encoding an RNA1 comprising a first strand coraprising a first nucleic acid comprising
the sequence 5°- UGCCUUGUCAACCACACCGACU-3 (SEQ 1D NO:8)y and a second
strand comprising a second nucleic acid comprising the sequence 5~
AGUCGGUGUGGUUGACAAGCA-S (SEQ D NOT), a polyadenylation signal, and an
AAV ITR (e.g., an AAV2 ITR). In some embodirnents, the nucleic acid in the AAV
comprises 57 to 37 nucleic acid encoding the following: an I'TR (e.g., an AAV2 ITR), a CBA
promoier, a nucleic acid encoding an RNAI as disclosed herein, a polyadenylation signal
{e.g., a bovine growth hormone polyA), and an AAV ITR {e.g., an AAVZ ITR}. In some
embodiments, the nucleic acid in the AAV comprises 5 to 3” nucleic acid encoding the
following: an I'TR {e.g., an AAV2 ITR), a CBA promoter, an intron, a nucleic acid encoding
an RMNA1 comaprising a first strand corprising a first nucleic acid comprising the sequence
5 - UGCUUGUCAACCACACCGACU-3’, and a second strand comprising a second nucleic
acid comprising the sequence 5 -AGUCGGUGUGGUUGACAAGCA-3 (SEQ ID NO:7), a
polyadenylation signal {e.g., a bovine growth hormone polyA), and an AAV ITR {(e.g, an
AAV2 TR}, In some embodiments, the first strand and second strand form a duplex. In
some embodiments, the first strand is linked to the second strand by a linker. In some

cmbodiments, the linker comprises the nucleic acid sequence of SEQ 1D NO:13.

{(158] In some embodiments, a vector may include a (one or more) stuffer nucleic acid.
In some embodiments, the stuffer nucleic acid may comprise a sequence that encodes a
reporter polypeptide. As will be appreciated by those of skill in the art, the stuffer nucleic
acid may be located in a variety of regions within the vector, and may be comprised of a
continuous sequence (e.g., a single stuffer nucleic acid in a single location) or multiple
sequences {e.g., more than one staffer nucleic acid in more than one location {e.g., 2
locations, 3 locations, etc.) within the vector. In some embodiments, the stuffer nucleic acid
may be focated downstream of the RNAI sequence. In embodiments, the stuffer nucleic acid
may be Jocated upstream of the RNAi sequence {e.g., between the promoter and the mucleic
acid encoding the RNA1L). As will also be appreciated by those of skill in the art a variety of

nucleic acids may be used as a stuffer nucleic acid. In some embodiments, the stuffer nucleic



WO 2019/060726 PCT/US2018/052221

acid comprises all or a portion of a human alpha-1-antitrypsin (AAT) stuffer sequence or a
16 P1 chromosome 16 P1 clone thuman C16) stuffer sequence. In some embodiments, the
stuffer sequence comprises all or a portion of a gene. For example, the stoffer sequence
comprises a portion of the human AAT sequence. One skilled in the art would recognize that
different portions of a gene (e.g., the human AAT sequence) can be used as a stuffer
fragment. For example, the stuffer fragment may be from the 37 end of the gene, the 3" end
of the gene, the middie of a gene, a non-coding portion of the gene {e.g., an intron), a coding
region of the gene {e.g. an cxon), or a mixture of non-coding and coding portions of a gene.
One skilled in the art would also recognize that all or a portion of stuffer sequence may be
used as a stuffer sequence. In some embodiments, the swffer sequence comprises the

nucleotide sequence of SEQ 1D NO:18.

{0159] In further embodiments, the rAAV particle comprises capsid proteins of AAVI,
AAVZ, AAV3, AAV4, AAVS, AAG, AAYT, AAVE, AAVY, AAVHh.E, AAVIERER,
AAVHI0, AAV1E, AAVIZ, or mutants of these capsid proteins. In some embodiments, a
mutant capsid protein maintains the ability to form an AAV capsid. In some embodiments,
the rAAYV particle comprises AAVS fyrosine mutant capsid (Zhong L. er al., (2008) Proc
Natt Acad Sci U 8§ A 105(22):7827-7832. In further embodiments, the rAAV particle
comprises capsid proteins of an AAY serotype from Clades A-F (Gao, et al., J. Virel. 2004,

78(12):6381).

{0160] Different AAV serotypes are used to optimize transduction of particular target
cchls or to target specific cell types within a particular target tissue (e.g., a discased tissue). A
rA AV particle can comprise viral proteins and viral nucleic acids of the same serotype or a
mixed serotype. For example, in some embodiments a3 rAAV particle can comprise AAV]
capsid proteins and at least one AAVZ ITR or it can comprise AAVZ capsid proteins and at
least one AAVI ITR. Any combination of AAV serotypes for production of a rAAV particle
is provided herein as if each combination had been expressly stated herein. In some
embodiments, the invention provides rAAV particles comprising an AAV] capsid and a
rAAY vector of the present disclosure {e. g, an expression cassetie comprising nucleic acid
cncoding an RNA1 of the present disclosure), flanked by at least one AAVZ ITR. In some

cembodiments, the invention provides rAAY particles comprising an AAV2 capsid.

{6161] In some aspects, the invention provides viral particles comprising a vecombinant

self-complementing genome. AAV viral particles with self-complementing genomes and
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methods of use of self-complementing AAV genomes are described in US Patent Nos.
6,596,535. 7,125,717, 7,465,583; 7,785,888; 7,790,154, 7.846,729; 8,093,054; and
8,361,457; and Wang 7., et al., (2003) Gene Ther 10:21053-2111, each of which are
incorporated herein by reference in ifs entirety. A rAAV comprising a self-complementing
gzenome will quickly form a double stranded DNA molecule by vittue of its partially
complementing sequences {e.g., complementing coding and non-coding strands of a
transgene). In some embodiments, the invention provides an AAV viral particle comprising
an AAV genome, wherein the rAAV genome comprises a first heterologous polynucleotide
sequence (e.g., an RNAI of the present disclosure) and a second heterologous polynucleotide
sequence {e.g., antisense strand of an RNAI of the present disclosure) wherein the first
heterologous polynucleotide sequence can form intrastrand base pairs with the sccond
polynucleotide sequence along most or all of its length. In some embodiments, the first
heterologous polynucleotide sequence and a second heterologous polynucleotide sequence
are linked by a sequence that facilitates intrastrand basepairing; e.g., a hairpin BNA
structure. Hairpin structures arc known in the art, for example in miRNA or siRNA
molecules. In some embodiments, the first heterologous polynucleotide sequence and a
second heterologous polynucleotide sequence are linked by a motated ITR (e.g., the rvight
ITR). In some embodiments, the ITR comprises the polynucieotide sequence

5- CCACTCCCTCTCTCCGCGCTCGUTCGCTCACTGAGGCCGGOGCOACCAAAGGTC
GCCCGACGCCCOGOGGCTTTICCCCGGGCGGCCTCACTCGAGCGAGCGAGUGCGCAGA
GAGGGA-3 (SEQ ID NG:15). The mutated I'TR comprises a deletion of the D region
comprising the terminal resolution sequence. As a result, on replicating an AAV viral
genome, the rep proteins will not cleave the viral genome at the mutated I'TR and as such, a
recombinant viral genome comprising the following in 57 to 37 order will be packaged in a
viral capsid: an AAV ITR, the first heterologous polynucleotide sequence including
regulatory sequences, the mutated AAV ITR, the second heterologous polynucleotide in
reverse orientation to the first heterologous polynucleotide and a third AAV ITR. In some
cmbodiments, the invention provides AAV viral patticles comprising a recombinant viral
genome comprising a functional AAV2 I'TR, a first polynucleotide sequence encoding an
ENA: of the present disclosure, a mutated AAV2 TTR comprising a deletion of the D region
and lacking a functional terminal resolution sequence, a second polynucleotide sequence
comprising the complementary sequence to the sequence encoding an RNAI of the present

disclosure, of the first polynucleotide sequence and a functional AAV2Z ITR.
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{0162] In some embodiments, the viral particle is an adenoviral particle. In some
embodiments, the adenoviral particle is a recombinant adenoviral particle, e.g., a
polynucleotide vector comprising an RNA1 of the present disclosure between two ITRs. In
some embodiments, the adenoviral particie facks or contains a defective copy of one or more
E1 genes, which renders the adenovirus replication-defective. Adenoviruses include a linear,
double-stranded DNA genome within a farge { ~950A), non-enveloped icosahedral capsid.
Adenoviruses have a large genome that can incorporate more than 30kb of heterologous
sequence (e.g., in place of the E1 and/or £3 region}, making them uniquely suited for use
with farger heterologous genes. They are also known to infect dividing and non-dividing
cells and do not natorally integrate into the host genome {although hybrid variants may
possess this ability). In some embodiments, the adenoviral vector may be a first generation
adenoviral vector with a heterologous sequence in place of E1. In some embodiments, the
adenoviral vector may be a second generation adenoviral vector with additional mutations or
deletions in EZA, E2B, and/or E4. In some embodiments, the adenoviral vector may be a
third gencration or gutted adenoviral vector that lacks all viral coding genes, retaining only
the I'TRs and packaging signal and requiring a belper adenovirus in rrans for replication, and
packaging. Adenoviral particles have been investigated for use as vectors for transient
transfection of mammalian cells as well as gene therapy vectors. For further description, see,
e.g., Danthinne, X. and Imperiale, M.J. (2000} Gene Ther. 7:1707-14 and Tatsis, N. and Ertl,
H.C. (2004) Mol. Ther. 10:616-29.

{0163] In some embodunents, the viral particle is a recombinant adenoviral particle
comprising a nucleic acid encoding an RNAI of the present disclosure. Use of any
adenovirus serotype is considered within the scope of the present invention. In some
embodiments, the recormbinant adenoviral vector is a vector dertved from an adenovirgs
serotype, including without Hmitation, AdHu2, AdHu 3, AdHu4, AdHuS, AdHu7, AdHull,
AdHu24, AdHu26, AdHu34, AdHu35, AdHu36, AdHu37, AdHu4l, AdHuds, AdHu49,
AdHu50, AdCH, AdCT, AdCH9, bovine Ad type 3, canine Ad type 2, ovine Ad, and porcine
Ad type 3. The adenoviral particle aiso comprises capsid proteins. in some embodiments,
the recombinant viral particles comprise an adenoviral particle in combination with one or
more foreign viral capsid proteins. Such combinations may be referred to as preudotyped
recombinant adenoviral particles. In some embodiments, foreign viral capsid proteins vsed
in pseudotyped recombinant adenoviral particles are derived from a foreign virgs or from

another adenovirus serotype. In some embodiments, the foreign viral capsid proteins are
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derived from, including without limitation, reovirus type 3. Examples of vector and capsid
protein combinations used in pseudotyped adenovirus particles can be found in the following
references (Tatsis, N. er al. (2004) Mol Ther. 10{(4):616-629 and Ahi, Y. et al. 2011) Curr.
Gene Ther. 11(4):307-320). Different adenovirus serotypes can be used to optimize
transduction of particular target cells or to target specific cell types within a particular target
tissue {e.g., a diseased tissue). Tissues or cells targeted by specific adenoviras serotypes,
inchide without Hmitation, lung (e.g. HuAd3), spleen and liver (e.g. HuAd37), smooth
muscle, synoviocyies, dendritic cells, cardiovascular cells, tumor cell fines (e.g. HuAdl 1),
and dendritic cells (e.g. HuAdS pscudotyped with reovirus type 3, HuAd30, or HuAd35). For
further description, sce Ald, Y. et gl (Q011) Curr. Gene Ther, 11{4):307-320, Kay, M. ¢t al.
(2001) Nat. Med. 7(1%.33-40, and Tatsis, N. et al. (2004) Mol Ther. 10(4):616-629,
Adenoviral vectors have been administered by intrastriatal administration (sce, e.g., Mittoux,

V. et al. (2002) J. Neurosci. 22:4478-86).

[0164] In some embodunents, the viral particle is a lentiviral particle. In some
embodiments, the lentiviral particle is a recombinant lentiviral particle, e.g., a polynucleotide
vector encoding an RNAI of the present disclosure between two LTRs. Lentiviruses are
positive-sense, ssRNA retroviruses with a genome of approximately 10 kb, Lentiviruses are
known to integrate into the genome of dividing and non-dividing cells. Lentiviral particles
may be produced, for example, by transfecting multiple plasmids (typically the lentiviral
genome and the genes required for replication andfor packaging are separated to prevent viral
replication} into a packaging cell line, which packages the modified lentiviral genome into
lentiviral particles. In some embodiments, a lentiviral particle may refer to a first generation
vector that lacks the envelope protein. In some embodiments, a lentiviral particie may refer
to a second generation vector that lacks all genes except the gag/pol and tat/rev regions. In
some embodiments, a lentviral particle may refer to a third generation vector that only
contains the endogenous rev, gag, and pol genes and has a chimeric LTR for transduction
without the tat gene (sce Dull, T. et af. (1998) J. Virol. 72:8463-71). For further description,

see Durand, S. and Cimarelli, A. 2011) Viruses 3:132-39.

{0165] In some embodiments, the viral particle is a recombinant lentivival particle
comprising a nucleic acid encoding an RNAI of the present disclosure. Use of any lentiviral
vector is considered within the scope of the present invention. In some embodiments, the

lentiviral vector is derived from a lentivirus including, without limitation, human
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immunodeficiency virus-1 {(HIV-1), human immunodeficiency virus-2 (HIV-2), simian
immunodeficiency virus (81V), feline immunodeficiency virus (FIV), equine infectious
ancmia virus {(EIAV), bovine immunodeficiency viras (BIV), Jembrana disease virus (JDV),
visna virus (VV}, and caprine arthritis encephalitis virus (CAEVY). The lentiviral particie also
comprises capsid proteins. In some embodiments, the recombinant viral particles comprise a
lentivirus vector in combination with one or more foreign viral capsid proteins. Such
combinations may be referred to as pseudotyped recombinant lentivival particles. In some
cmbodiments, foreign viral capsid proteins used in pseudotyped recombinant lentiviral
particles are derived from a foreign virus. In some embodiments, the foreign viral capsid
protein used in pseudotyped recombinant lentiviral particles is Vesicular stomatitis virus
glycoprotein {(VSV-GP). VSV-GP interacts with a ubiguitous cell receptor, providing broad
tissue tropism to pseudotyped recombinant lentiviral particles. In addition, VSV-GP is
thought to provide higher stability to pseudotyped recombinant lentiviral particles. In other
cmbodiments, the foreign viral capsid proteins are derived from, including without [imitation,
Chandipura virus, Rabics virus, Mokola virus, Lymphocytic choriomeningitis virus (LCMV),
Ross River virus (RRV), Sindbis virus, Semliki Forest virus (SFV), Venezuelan equine
encephalitis virus, Fbola virus Reston, Ebola virus Zairve, Marburg virus, Lassa virus, Avian
fcukosis virus (ALV), Jaagsickte sheep retrovirus (JSRV), Moloney Murine leukemia virus
(MLV), Gibbon ape leukemia virus (GALVY), Feline endogenous retrovirus (RD114), Human
T-lymphotropic vires 1 (HTLY-1), Human foamy virgs, Maedi-visna virus (MVV}, SARS-
CoV, Sendat virus, Respiratory syncytia virus {RSV), Human paraintluenza virgs type 3,
Hepatitis C virus (HCV), Influenza virus, Fowl plague virus (FPV), or Autographa
californica multiple nucleopolyhedro virus (AcMNPV). Examples of vector and capsid
protein combinations used in pseudotyped Lentivirus particles can be found, for example, in
Cronin, 1. er al. (2005). Curr. Gene Ther. 5(4):387-398. Different pseudotyped recombinant
lentiviral particles can be used to optimize transduction of particolar target cells or to target
specific cell types within a particular target tissue {e.g., a discased tissug). For example,
tissues targeted by specific pseudotyped recombinant lentiviral particles, include without
timitation, liver (e.g. pseudotyped with a VSV-G, LCMYV, RRY, or SeV F protein), lung {e.g.
pseudotyped with an Ebola, Marburg, SeV F and HN, or JSRV protein), pancreatic islet cells
(e.g. pseudotyped with an LMYV protein), central nervous system (e.g. psendotyped with a
VSV-G, LCMYV, Rabies, or Mokola protein), retina {e. g. pseudotyped with a VSV-(G or
Mokola protein), monocytes or muscle (2.2, pseudotyped with a Mokola or Ebola protein),

hematopoietic system {e. g. pseudotyped with an RD114 or GALV protein), or cancer cells

-57-
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{e.g. pseudotyped with a GALV or LCMV protein). For further description, see Cronin, 1. e¢

al. (2003). Curr. Gene Ther. 5(4):387-398 and Kay, M. ef af. (2001) Nat. Med. 7(1):33-40.

{0166] In some embodiments, the viral particle is 2 herpes simplex virus (HSV) particle.
In some embodiments, the HSV particle is a tHSV particle, e.g., a polynucleotide vector
encoding an RNAI of the present disclosure between two TRs. HSV is an enveloped,
double-stranded DNA virus with 2 genome of approximately 152 kb, Advantageously,
approximately half of its genes are nonessential and may be deleted to accommodate
heterologous sequence. HSV particles infect non-dividing cells. In addition, they namrally
establish latency in neurons, travel by retrograde transport, and can be &ransferred across
synapses, making them advantageous for transfection of neurons and/or gene therapy
approaches involving the nervous system. In some embodiments, the HSV particle may be
replication-detective or replication-competent {e.g., competent for a single replication cycle
through inactivation of one or more late genes). For further description, sce Manservigi, K.

et al. (2010) Open Virol. J. 4:123-56.

{01671 In some embodiments, the viral particle is a rHSV particle comprising a nucleic
acid encoding an RNAI of the present disclosure. Use of any H3V vector is considered
within the scope of the present invention. in some embodiments, the HSV vector is derived
from a HSV serotype, inchuding without limitation, HSV-1 and HSV-2. The HSV particle
also comprises capsid proteins. In some embodiments, the recombinant viral particles
comprise a HSV vector in combination with one or more foreign viral capsid proteins. Such
combinations may be referred to as pseudotyped rHSV particles. In some embodiments,
foreign viral capsid proteins used in pseudotyped vHSV particles are derived from a foreign
virus or from another H5V serotype. In some embodiments, the foreign vival capsid protein
used in a pseudotyped rHSV particle is a Vesicular stomatitis virus glycoprotein (VSV-GP).
VSV-GP mieracts with 2 ubiguitous cell receptor, providing broad tissue tropism 1o
pseudotyped rHSV particles. In addition, VSV-GF is thought to provide higher stability to
pseudotyped rHSV particies. In other embodiments, the foreign viral capsid protein may be
froma a different HSY serotype. For example, an H5V-1 vector may contain one or more
HSV-2 capsid proteins. Different HSV serotypes can be used to optimize transduction of
particolar target cells or to target specific cell types within a particular farget tssue (e.g., a
diseased tissuc). Tissues or cells targeted by specific adenovirus serotypes include without

limitation, central nervous system and neurons (e.g. HSV-1). For further description, see
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Manservigi, R. et al. (2010) Open Virol J 4:123-156, Kay, M. er al. (2001} Nat. #ed.
7(13:33-40, and Meignier, B. er al. (1987) J. fnfecr. Dis. 155(5%:921-930.

Production of viral particles

{0168] rAAY particles can be produced using methods known in the art. See, e.g., U.S.
Pat. Nos. 6,566,118; 6,989.264; and 6,995,006, In practicing the invention, host cells for
producing rAAYV particles include mammalian cells, insect cells, plant cells, microorganisms
and yeast. Host cells can also be packaging cells in which the AAV rep and cap gencs are
stably maintained in the host ccll or producer cells in which the AAV vector genome is stably
maintained. Exemplary packaging and producer cells are derived from 293, A549 or Hel.a

cells. AAY vectors ave purified and formulated using standard technigues known in the art,

§3169] Methods known in the art for production of rAAV vectors include but are not
limited to transfection, stable cell line production, and infectious hybrid virus production
systems which include adenovirus-AAV hybrids, herpesvirus-AAV hybrids (Conway, JE ef
al., (3997} 4. Virology T1{11}:8780-8789) and baculovirus-AAV hybrids. rAAV production
cwleures for the production of rAAV virus particles all require; 1) suitable host cells,
including, for example, human-derived cell lincs such as Hela, A549, or 293 cclls, or insect-
derived cell lines such as SF-9, in the case of baculovirus production systems; 2) suitable
helper virus fanction, provided by wild-type or mutant adenovirus (such as temperature
sensitive adenovirus}, herpes virus, baculovirus, or a plasmid construct providing helper
functions; 3) AAV rep and cap genes and gene products; 4) a nocleic acid (such as a
therapeutic muucleic acid) flanked by at least one AAV ITR sequences ; and 5) suitable media
and media components to support tAAV production. In some cmbodiments, the AAV wep
and cap gene products may be from any AAV serotype. In general, but not obligatory, the
AAV rep gene product is of the same serotype as the I'TRs of the rAAV vector genome as
long as the rep gene products may function to replicated and package the rAAV genome.
Suitable media known in the art may be used for the production of rAAV vectors. These
media include, without limitation, media produced by Hyclone Laboratories and JRH
inchuding Moditied Eagle Medium (MEM), Dulbecco’s Modified Pagle Medium (DMEM),
custom formulations such as those described in U.S. Patent No. 6,566,118, and Sf-900 I1
SEFM media as described in U.S. Patent No. 6,723,551, each of which is incorporated herein
by reference in its entivety, particularly with respect to custom media formulations for use in

production of recombinant AAV vectors. In some embodiments, the AAV helper functions

-50-
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are provided by adenovirus or HSV. In some embodiments, the AAV helper functions are
provided by baculovirus and the host cell 18 an insect cell (e.g., Spodoptera frugiperda (519}

cells}.

{01701 In some embodiments, rAAV particles may be produced by a triple transfection
method, such as the exemplary tiple transfection method provided infra. Briefly, a plasmid
containing a rep gene and a capsid gene, along with a helper adenoviral plasmid, may be
transfected (e.g., using the calcium phosphate method) into a cell line {e.g., HEK-293 cells),
and virus may be collected and optionally purified. As such, in some embodiments, the
rAAV particle was produced by triple transfection of a nucleic acid encoding the rAAY
vector, a micleic acid cncoding AAV rep and cap, and a nucleic acid encoding AAYV helper
virus functions into a host cell, wherein the transfection of the nucleic acids to the bost cells

generates a host cell capable of producing rAAY particles.

§0171] In some embodiments, rAAV particles may be produced by a producer cell line
method, such as the exemplary producer cell line method provided infra (sec also (referenced
in Martin e al., (2013) Human Gene Therapy Methods 24:253-269). Bricfly, a cell line (e.g.,
a Hela cell line) may be stably transfected with a plasnid containing a rep gene, a capsid
gene, and a promoter-heterclogous nucleic acid sequence. Cell lines may be screened to
sclect a lead clone for rAAV production, which may then be expanded to a production
bioreactor and infected with an adenovirus (e.g., a wild-type adenovirus) as helper to initiate
rAAV production. Virus may subscquently be harvested, adenovirus may he inactivated
{e.g., by heat) and/or removed, and the rAAY particles may be purified. As such, in some
cmbodiments, the rAAV particle was produced by a producer cell line comprising one or
maore of nucleic acid encoding the tAAV vector, a nucleic acid encoding AAV rep and cap,

and a nucleic acid encoding AAV helper virus functions.

{0172] In some aspects, a method s provided for producing any rAAV particle as
disclosed herein comprising (a) culturing a bost cell under a condition that tAAV particles
are produced, whercin the host cell comprises (i) one or more AAV package genes, wherein
each said AAV packaging gene encodes an AAYV replication and/or encapsidation protein;
(it} an rAAV pro-vector comprising a nucleic acid encoding an RNAI of the present
disclosure as described herein flanked by at leastone AAV ITR, and (iii) an AAV helper
function; and (b} recovering the rAAY particles produced by the host celll In some

embodiments, the RNAI compriscs the nucleotide sequence of SEQ ID NO:7. In some
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cmbodiments, said at least one AAV ITR is sclected from the group consisting of AAV ITRs
are AAVL, AAV2, AAV3, AAV4A, AAVS, AAVE, AAVT, AAVE, AAVrhE, AAVHER,
AAVY, AAVIO, AAVIRIO, AAVTL, AAVI2, AAV2IRATIA, AAV D], a goat AAV, bovine
AAYV, or mouse AAV capsid serotype ITRs or the like. In some embodiments, said
cncapsidation protein is selected from the group consisting of AAVE, AAV2, AAV3, AAV4,
AAVSE, AAVG (e.g, a wild-type AAVE capsid, or a variant AAV6 capsid such as ShHIO, as
described in U.S. PG Pub. 2012/0164106), AAV7, AAVE, AAVhE, AAVIHER, AAVS (e.g.,
a wild-type AAV9 capsid, or a modified AAVY capsid as described in U.S. PG Pub.
2013/0323226), AAVIQ, AAVhI0, AAVTL, AAV12, a tyrosine capsid mutant, a heparin
binding capsid mutant, an AAVZR471A capsid, an AAVAAVZ/2-Tm8 capsid, an AAV DJ
capsid (e.g., an AAY-11J/8 capsid, an AAV-DFE/9 capsid, or any other of the capsids
described in U.S. PG Pub. 2012/0066783), AAV2 NSBTA capsid, AAV2 E548A capsid,
AAVZ NTOBA capsid, AAV V708K capsid, goat AAY capsid, AAVI/AAVZ chimeric
capsid, bovine AAY capsid, mouse AAY capsid, rAAVZ/HBoV1 capsid, or an AAV capsid
described in U.S. Pat. No. §,283,151 or International Publication No. W(G/2003/042397. In
some embodiments, a mutant capsid protein maintains the ability to form an AAV capsid. In
some embodiments, the encapsidation protein is an AAVS tyrosine nustant capsid protein. In
further embodiments, the rAAV particle comprises capsid proteins of an AAV serotype from
Clades A-F. In some embodiments, the rAAV particles comprise an AAVT capsid and a
recombinant genome comprising AAV2 ITRs, a mutant AAVZ ITR and nucleic acid
cncoding an RNAI of the present disclosure. In a further embodiment, the tAAV particles
are purtficd. The term “purified” as used herein includes a preparation of rAAV particles
devoid of at least some of the other commponents that may also be present where the rAAV
particles naturally oceur or are initially prepared from. Thus, for example, isolated rAAV
particles may he prepared using a purification technique to enrich it from a source mixture,
such as a culture lysate or production culture supernatant. Enrichment can be measured in a
variety of ways, such as, for example, by the proportion of DNase-resistant particles {DRPs})
or genome copies (ge) present in a solution, or by infectivity, or it can be measured in
relation to a sccond, potentially interfering substance present in the source mixture, such as
contarmninants, including production culture contaminants or in-process contarminants,

inchuding helper virus, media components, and the like.

{31731 Numerous methods are known in the art for production of adenoviral vector

particles. For example, for a gutted adenoviral vector, the adenoviral vector genome and a
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helper adenovirus genome may be transfected into a packaging cell line (e.g., a 293 cell line).
In some embodiments, the helper adenovirus genome may contain recombination sites
flanking its packaging signal, and both genomes may be transfected into a packaging cell line
that expresses a recombinase {e.g., the Cre/loxP system may be used), such that the
adenoviral vector of interest is packaged more efficiently than the helper adenovirus (see,
e.g., Alba, R. er al. (2005) Gene Ther. 12 Suppl 1:518-27). Adenoviral vectors may be

harvested and purified using standard methods, such as those described herein.

{G3174] Numerous methods are known in the art for prodaction of lentiviral vector
particles. For example, for a third-generation lentiviral vector, a vector containing the
lentiviral genome of interest with gag and pol genes may be co-transfected into a packaging
cell line (e.g., a 293 cell line) along with a vector containing a rev gene. The lentivival
genome of interest also contains a chimeric L'TR that promotes transcription in the absence of
Tat (sce Dull, T. ef al. (1998) J. Virol. 72:8463-71). Lentiviral vectors may be harvested and
purified using methods (e.g., Segura MM, ot al., (2013) Expert Opin Biol Ther. 13(7):987-

1011) described herein.

[0175] Numerous methods are known in the art for production of HSV particles. HSV
vectors may be harvested and purified using standard methods, such as those described
berein. For example, for a replication-defective HSV vector, an HSV genome of interest that
lacks all of the immediate early (IE) genes may be transfected into a complementing cell line
that provides genes required for virus production, such as ICP4, ICP27, and ICPO (see, e.g.,
Samaniego, L.A. ef al. {(1998) J. Virol. 72:3307-20). HSV vectors may be harvested and
purified using methods described (e.g., Goins, WF er al., (2014) Herpes Simplex Virus

Methods in Molecular Biology 1144:63-79).

{0178] Also provided hervein are pharmaceutical compositions comprising a recombinant
viral particle comprising a transgene encoding an RNAG of the present disclosure and a
pharmaccutically acceptable carrier. The pharmaceutical compositions may be suitable for
any mode of administration described herein. A pharmaceutical composition of a
recombinant viral particle comprising a nucleic acid encoding an RNA: of the present
disciosure can be introduced to the brain. For exaraple, a recombinant viral particle
comprising a nucleic acid encoding an RNAI of the present disclosure can be administered
intrasiriatally. Any of the recombinant viral particles of the present disclosure may be used,

inchuding rAAY, adenoviral, lentiviral, and HSV particles.
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{0177] In some embodiments, the pharmaceutical compositions comprising a
recombinant viral particle comprising a transgene encoding an RNAi of the present
disclosure described herein and a pharmaceuatically acceptable carvier is suitable for
administration to human. Such carriers are well known in the art (see, e.g., Remington’s
Pharmaceutical Sciences, 15th Edition, pp. 1035-1038 and 1570-1380). Insome
cmbodiments, the pharmaceutical compositions comprising a rAAV described herein and a
pharmaceuntically acceptable carrier is suitable for injection nto the brain of a mammal {e.g.,
intrastriatal administration). In some embodiments, the pharmaceutical compositions
comprising a recombinant lentiviral particle described herein and a pharmaceutically
acceptable carrier is suitable for injection into the brain of a mammal {e.g., intrastriatal
administration). In some embodiments, the pharmaceutical compositions comprising a
recornbinant adenoviral particle described berein and a pharmaceutically acceptable carrier is
suitable for injection into the brain of a mammal {e.g., intrastriatal administration). In some
embodiments, the pharmaceutical compositions comprising a recombinant HSV particle
described herein and a pharmaceutically acceptable carrier is suitable for injection into the

brain of a marmmal (e. g., intrastriatal administration).

{01781 Such pharmaceutically acceptable carriers can be sterile liquids, such as water and
oil, including those of petroleum, antmal, vegetable or synthetic origin, such as peanut otl,
soybean oil, mineral oil, and the like. Saline solutions and aqueous dexirose, polyethylene
glycol (PEQG) and glycerol solutions can also be employed as liquid carriers, particularly for
injectable solutions. The pharmaceutical composition may further comprise additional
ingredients, for example preservatives, buffers, tonicity agents, antioxidants and stabilizers,
nonionic wetting or clarifying agents, viscosity-increasing agents, and the like. The
pharmaceutical compositions described herein can be packaged in single unit dosages or in
multidosage forms. The compositions are generally formudated as sterile and substantially

isotonic solution.
Vil Articles of Manufacture and Kits

{31791 Also provided are kits or articles of manufacture for use in the methods described
berein. In aspects, the Kits comprise the compositions described herein {e.g., a recombinant
viral particle of the present disclosure, such as a rAAV particle comprising nucleic acid
encoding an RNAI of the present disclosure) in suitable packaging. Suitable packaging for

compositions {such as intrastriatal compuositions) described herein are known in the art, and
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inchude, for example, vials (such as sealed vials), vessels, ampules, bottles, jars, flexible

packaging {e.g., sealed Mylar or plastic bags), and the like. These articles of manufacture

&

may further be sterilized and/or sealed.

{01801 The present invention also provides kits comprising compositions described
herein and may further comprise instroction(s) on methods of using the composition, such as
uses described herein. The kits described herein may further include other materials
desirable from a commercial and user standpoint, including other buffers, diluents, filters,
needles, syringes, and package inserts with instructions for performing any methods
described herein. For example, in some embodiments, the kit comprises a composition of
recornbinant viral particles comprising a transgene encoding an RNA{ of the present
disclosure for delivery of at least 1 x 107 genome copies into the brain of a mammal {(e.g.,
through intrastriatal administration) to a primate as described herein, a pharmaceutically
acceptable carrier suitable for injection into the brain of a primate, and onc or more of: a
buffer, a diluent, a filter, a needle, a syringe, and a package insert with instructions for
performing injections into the brain of a privnate {e.g., intrastriatal administration). In some
embodiments, the Kit comprising instructions for reating Huntington’s disease with the
recornbinant viral particles described herein. In some embodiments, the kit comprising
instroctions for using the recombinant viral particles described herein according to any one of

the methods described herein.
EXAMPLES

[0181] The invention will be more fully understood by reference o the following
cxamples. They should not, however, be construed as limiting the scope of the invention. k
is understood that the exarples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the spirit and purview of this

application and scope of the appended claims.
Example 1: AAVZ/1-miRNA-Hit reduces Htt expression in vitro,

{0182] RNA interference (RNAI) provides an approach for the treatment of many human
discases. However, the safety of RNAi-based therapies can be hampered by the ability of
small inhibitory RNAs (siRNAs) to bind to unintended mRNAs and reduce their expression,

an effect known as off-target gene silencing. Off-targeting primarily occurs when the seed
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region {nucleotides 2-8 of the smali RNA) pairs with sequences in 3-UTRs of unintended
mRNAs and directs translational repression and destabilization of those transcripts. To date,
most therapeutic RNAI sequences are selected primarily for gene silencing efficacy, and later
evaluated for safety. Two siRNAs were generated to treat Huntington’s discase (HD), a
dominant neurodegenerative disorder, with minimal off-targeting potential (i.e., those with a
scarcity of seed complements within all known human and rhesus monkey 3-UTRs) which
demonstrates potent huntingtin silencing in the mouse brain with a low in silico off-target
profile (Tahle 1, Fig. 1A). One sequence (207} was tested for its ability to rescue behavioral
phenotypes in the YACT28 mouse model of HD. Swtriatal delivery of AAV2/1-miRNA-Hit-
207 not only reduces Hit mRNA and protein levels in the brain, but also corrects the aberrant
hehavioral profiles in YAC128 mice and demonstrates high guide strand activity and precise

5 processing, minimizing the potential for off target effects.

TABLE 1. miRNA and reverse complement (target) sequences for 206 and 207 as well as

the top and bottom sequences for cloning, inclading restriction site overhangs.

miRNA | Component Sequence SEQ
D I
NO:
206 miRNA sequence UGGCCGUCCAUCUUGGACCCG | 1
{anti-sense, ' —37)
206 reVerse mmpk—‘ment CGGGUCCAARGAUGGACGGCCa | 2
(sense, 5'—3")
206 DNA sequence encoding miRNA GTGGCCGICCATCTITIGGACC |3
duplex CGCTTTTCGCCACTICACTGA
CCGLGTCCAATCGGACCGCCA
206 RNA sequence of miRNA duplex GUGGCCGUCCAUCUUGGACC | 4
CGGUUUUGGCCACUGACUGE
CCGGGUCCAAUGGACGGCCA
206 top sequence for cloning (5°—37) TGCTGTGGCCGTCCATCTTG | 5
stem loop that contains the actual GACCCGGTITTGGCCACTGA
miRNA sequence, including restriction CTGACCGEGTCCAATGGACSG
site overhangs for cloning™ G'C CA
206 bottom sequence for cloning (5" —3} CCTGTGGCCGTCCATTEGAC | 6
reverse complement of sequence in CCGGTCAGTCAGTGGCCAAA
column to the left, including restriction | ACCGEGTCCAAGATGGACGE
site overhangs for cloning® CCAC
287 miRNA sequence AGUCGGUGUGGUUGACAAGCA | 7
{(anti-sense, 57 —37)
207 YeVErse mmpk—‘ment UGCUUGUCARCCACACCGACZU | 8
{sense, ' —3")
207 DNA saquence encoding miRNA AGTCGGTGIGGTTGACAMAGCA | 9
duplex CTTTTGCGCCACTGACTGACTG
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CTTGTCCL ACCCACT

207 RNMNA sequence of miRNA duplex GUCGGUG U\mi UGACRAGCA | 10
LUU UUGGCCACUGACUGACUG
CUUGUCCCACACCGACU

287 top sequence for cloning (57 —37) TCCTCAGTCEGTETGETTRA | 11
stem loop that contains the actual CRAGCAGTITTGGCCALTGA

miRNA sequence, including restriction CTCACPGECTTETCCCACACC
site overhangs for cloning® GACT

207 bottom sequence for cloning (5" —3} _f._i_f_g_l__’_[__g_j_A(Jl CGGTGTGGGACAA | 12
reverse complement of sequence in GCAGTCAGTCAGTGGCCAAA
column to the left, including restriction CTECTTETCRAACCACACCE
site overhangs for cloning™® ACTC

*For sequences for cloning-Restriction site overhangs for cloning are underlined; miRNA
sequences in bold; loop sequence in plain text; bases 1-8 of mlR\] A reverse complement in
bold, italics; bases 11-21 (11-20 for 170XX) of miRNA reverse complement in italics.

{01831 The ability of AAV2/1-miRNA-Hit 206 and 207 1o mediate human huntingtin
mRNA reduction was tested i vitro using human embryonic kidney (HEK293) cells.
AAVZ/T-miRNA-206 and 207 expression plasmids, as well as a positive control plasmid
(170X A) containing a miRNA sequence previously shown to redace Htt levels by
approximately 50%, were transfected HEK293 cells (8 replicates per treatment).  Cells were
transtected using Fugene transfection reagent and harvested 48 hours later. Total RNA was
isolated using the TagMan® Cells-to-CT™ Kit (Ambion). RNA levels were measured by
quantitative real-time RT-PCR (conducted and analyzed on an ABI Prism 7500 Sequence
Detector { Applied Biosystems)). Expression levels were normalized to human PPIA
(peptidylprolyl isomerase). As shown in Fig. 2, buman Htt mRNA levels were reduced
following ranfection with both 206 and 207 plasmids compared to untreated untreated
controfs. Level of Hit reduction were nearly equivalent compared the [7T0XA positive

control.

Example 2: AAVZ/I-miRNA-Hit reduces Hit expression in vivo.

{3184} The ability of AAV2/T-miRNA- 206 and 207 to reduce HTT protein levels in the
striatum of YACI128 HD mice was tested. Adult YACIZE mice received bilateral intra-
striatal injections of AAVZ/1-miRNA-Htt 206 (1e10 vgs/site} or AAVZ2/T-miRNA-Hux 207
(110 vgs/site), or AAV2/1-CTL3 (a noncoding miRNA control) (1e10 vgs/site). One month
following AAV injection, animals were sacrificed and perfused with PBS. Brains were
collected for histology and biochemical analyses. For biochemical analyses the striatal

region of onc hemisphere was micro-dissected and snap frozen in liguid nitrogen. Striatal
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levels of mutant human and mouse Hit mRNA and HTT protein were evaluated by QPCR
and Western blot respectively. Mutant luiman Hit and mouse Hit mRNA was significantly
reduced in AAV2/T-miRNA-Hut 206 and AAV2/T-miRNA-Htt 207 injected mice when
compared to {UTL3 control animals (Fig. 3A). PPIA served as a normalization control gene
for all QPCR assays. Mutant human and mouse HT'T protein was significantly reduced in all
AAV2/T-miRNA-Htt-injected mice when compared to CTL3 control animals and an
equivalent extent of reduction (approximately 50%, p<(.05) was noted across all treatments

(Fig. 38). Beta-tubulin served as a normalization control gene for all westermn blots.

{(185] The effect of AAVZ/T-muiRNA-Htt 206 and 207 on brain and body weights of
YACI28 mice was evalvated. Animal body weights on the day of surgery were compared to
body weights taken on the day of sacrifice, 1 month post injection (Fig. 4A). There were no
differences between AAVZ/1-miRNA-Htt 206 and 207 compared to CTL3 controls. All
mice appeared healthy, alert, and responsive one month post treatment and no weight loss
was observed in any treatment group. Wet brain wets were recorded after PBS perfusion and
brain dissection. A statistically significant increase in brain weights of YACIZE mice treated
with AAV2/1-nuRNA-Ht 206 and 207 was observed compared on CTL3 treated controls

(Fig. 4B).

Example 3: AAVZ/1-miRNA-Hit corrects behavioral and coordination deficiis in
YAC128 mice

{186] The ability of striatal delivery of AAVZ2/T-miRNA-Htt-207 to correct the aberrant
behavioral phenotypes in YAC128 mice was cvaluated. The impact of the AAVZ/T-miRNA-
Hte 207 mediated reduction of mutant Hit levels on the well-characterized phenotypic deficits
that are present in the YAC128 mouse model of HD was also examined. Age-matched (3
month old) YAC28 and FVB wild-type littermate mice received bilateral intra-striatal
injections of either AAV2/T-miRNA-Hu-207 (2elOvg/site) or AAV2/1-CTL3 control vector
(2el0) vgs/site). Mice received behavioral testing and were sacrificed 3 months after
treatment. Western blot analysis of brain homogenates showed the levels of mutant human
BTT protein was significantly reduced in the striatum of AAV2/T-miRNA-Hut-207 injected
YACI28 and FVB wild-type littermate mice (approximately 50% reduction, p<(.01) when
compared to AAVZ/]1-CTL3-treated controls. Mouse HTT protein fevels were not
significantly reduced in this study (Figs. 5A and 5B). Real-time quantitative PCR analysis

indicated a commensurate reduction in mRNA levels (Figs. 5C and 5D).
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{3187} YAC128 mice have been reported to exhibit motor coordination deficits (which
can be revealed using the rotarod test) and a depressive phenotype (which can be revealed
using the Porsolt swim test) beginning at 3 months of age (Slow et al., 2003, Van
Raamsdonk er ai., 2007). Rotarod testing of AAVZ2/1-CTL3-treated YAC128 mice at 3
months post-injection showed significant motor coordination deficits when compared to
AAV2T-CTL3~treated wild-type littermates (ANOV A, p<0.05) (Fig. 6A). However,

Y ACIZE mice that had been treated with AAVZ/T-miRNA-Hut-207 showed performance
levels that were indistinguishable from those of wild-type mice (ANOVA, Tukey’s post-hoc;
WT 207 vs. YACT28 207, p=NS; WT CTL3 vs. YAC128 CTL3, p<0.05). Hence, partial
towering of mutant Htt levels was sufficient to correct the motor deficits of YACIZE mice.
There were no significant differences in rotarod performance between wild-type mice that
received AAVZ2/T-miRNA-Hit-207 and wild-type mice that received AAVZ/1-CTL3.
Previous reports indicated that YAC128 mice exhibit a depressive phenotype that can be
detected using the Porsolt swim test (Pouladi er al., 2009). Animals are deemed to exhibit a
depressive state if they are immobile for an extended period when placed into a container of
water. Using a basic swim speed test {where swim latency to reach a platform was measured)
researchers have demonstrated that this depressive phenotype in the Porsolt swim test is
mnrelated to the swimming ability of YAC128 mice and is independent of the well
docomented motor coordination deficits observed in this model (Pouladi er ¢f., 200). Three-
month-old YACI28 and WT littermate mice were injected with AAV2/1-miRNA-H-207 -
or AAVZ2/1-CTL3-vectors and tested 3 months later in the Porsolt swim test. CTL3 treated
Y AC128 mice displayed an increased period of time in an inuaobile state when compared to
either AAV2/T-miRNA-Hut-207 -treated Y AC mice or AAV2/1-CTL3-treated wild-type
animals (Fig. 6B; ANOVA p<0.05). Again, there were no significant differences in the
performance of wild-type mice that received cither AAV2/T-miRNA-Hit or AAV2/1-CTL3.
Y ACI28 mice that had been injected with AAVZ/T-miRNA-Hu-207 spent significantly less
time i an immobile state than AAV2/1-CTL3-treated controls. Indeed, the performance of
AAVZ/T-miRNA-Hu-207 teated YACT28 mice was similar to that of their wild-type
littermates, suggesting a ncar-complete correction of this aberrant phenotype (ANOVA,

Tukey’s post-hoc; YAC 207 vs. YAC CTL3, p<0.05).

{0188] The effect of AAV2/1-miRNA-Htt 207 on brain and body weights of YACT28
mice was evaluated. Antmal body weights on the day of surgery were compared to body

weights taken on the day of sacrifice, 3 months post injection. There were no differences in
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body weight between AAVZ/1-miRNA-Htt 247 wreated mice compared to CTL3 treated
controls (Fig. 7A). All mice appeared healthy, alert, and responsive three months post
treatment and no weight loss was observed in any treatment group. Wet brain wets were
recorded after PBS perfusion and brain dissection. There were no differences in brain
weights of YAC128 mice treated with AAV2/T-miRNA-Het 207 compared on CTL3 treated

controls (Fig. 7B).

Example 4, miRNA’s demonstrate high guide activity and precise 5° processing

following in vivo delivery

{189 YACI2E mice were freated with AAV2/1-miRNA-Hit 206 or AAV2/1-miRNA-
Bt 207 via intracranial injection. Post-treatment, the striaturn was removed, and total RNA
was isolated. Small RNA sequencing libraries were constructed using the NEBNext Small
RNA Library Prep Set (New England Biolabs}, and sequencing was performed on the
[Humina MiSeq instrument. Samples from 2 separate mice were analyzed for each treatment.
Here the total of all miRNA reads including endogenous sequences are shown as well as the
total guide and passenger reads for each treatment vector. The AAVZ/1-miRNA-Hit 2027
vector treatroent was included in this experiment as a control since it had been previously
sequenced. The percent expected start position for cach guide and passenger strand was >

99%, and the 287 vecior had high guide: passenger strand ratios of 76.1% and 79.3%.

Table 2. Guide activity and 5 processing

Vector 202T# 286 287

Sample ID # 202 23 28 33 34
Total Reads™ 1,898,745 1 3,184,602 | 3,307,273 | 3,386,131 | 2,599,808
# Total Reads (guide) 47,001 196 186 11,801 39,177
% within expected start 99.1 100 99.5 97.9 97.6
position

# Total Reads (passenger) 463,981 354 719 3,075 12,327
% within expected start 992 99.1 99 4 9.5 992
position

% (uide 0.2 26.1 20.6 79.3 79.1

60~
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Example S. Self-complementary miRHtt207 vector

[0190] The 207 miRHtt expression cassette can be packaged as a self - complementary
vector genome. To achieve this, the ITR plasmid is designed to be only 2.3kb in size, this
facilitates packaging of a 4.6kb dimeric vector; 4.6 kb is the packaging capacity of an AAV
vector. The ITR plasmid can be designed to have a 5’WT ITR and a mutated D deleted,
truncated 3 ‘ITR (A ITR), as depicted in Fig. 8. The predicted vector genomes that could be
packaged are the self-complementary vector genome, which would be 3165 bp, and would
contain a 5’and 3 WT ITR and a third, internal, delta ITR (e.g., a chimeric intron). Additionally,
it is expected that some monomeric vector genomes would be packaged, and these would be

1656bp in size.

[0191] An alternative approach to generating a self - complementary AAV miRHtt 207 vector
i.e., packaging two vector genomes per capsid, would be to make a small, single stranded, i.e.,
1755bp vector genome, so that two copies of the vector genome are packaged as a replication
intermediate species, 3365 bp, (Fig. 9). In this example the ITR plasmid would have a 5’ and 3’
WT ITR and the replication intermediate, 3365bp, would have three WT ITRs, one 5° and 3° and

one internal ITR. The single stranded vector gnome species, 1755bp, could also be packaged.

[0192] In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or “comprising” is used in an inclusive sense, i.e.
to specify the presence of the stated features but not to preclude the presence or addition of

further features in various embodiments of the invention.
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ADDITIONAL SEQUENCES

Al polypeptide sequences are presented as N-terminal to C-terminal unless indicated
otherwise. All nucleic acid sequences are presented as 57 to 3’ unless indicated otherwise.

.
1
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tgttactageactceacatggaacaaatggee (SEQ D NO:

Variant AAV TR for scAAV vectors
COACTCCCTCTCTGCGOGCTCOOTCGCTCACTCAGGCCGGGCGACCARAGETCOCCCGACGCCCAEGECTTTGCCC

GGGCGGCCTCAGTGAGCEAGCGAGCGCGCAGAGAGGGA (SEQ ID NO:15).

ssAAVZ2/ TmiRHtt.de

TTGCCCACTCCCTCTCTGCGCGCTCCCTCGCTICACTGAGGCCCCCCGGGCAAAGCLCCOGGGCEGTCOGECGACCTTT
GGTCGCCCGGCCTCAGTGAGCGAGCGAGUGCGCAGCAGAGGGAGTGGCCARCTCCATCACTAGGGGTICCTCTATA

TTACCCTGCTAGGCAATTIGCATCCCOCGACCGTCCACATTGATTA
TCATTAGTTCATA

G G
CAACGACCCCCGCCC

ATCAATTACGS
SGAGTTCCGCGTTACATAACTTACGGTARAATGGCCCGCCTGGUTGACCGO
T C

ATAATGACGTATGTTCCCATAGT CCATTCAC

TGACTAGT

~
(]
e
\

CTCAATGGGTGGAGTA ACCGTAAACTGCCCACTTGGCAGTACATCAAC ACGCCCC
TGACGTCAATGACGGTAAATGGCCCGCCTGGT AGTACATGACCTITATGGCACTTITCCTACTT

CGCACTACATCTACCTATTAGTCATCGCTATTACCATGE
CCCCCCCTCCCCACCCCCAATTTTGTATTT
GGGGGEGGGECGLECEUCAGGCEEGGELEGEECGEEEGTGAGEEGCEGGECGEEGT
ATCACAGCGGCECGCTCCCARAGTTICCTTTTATGGCCA GGCEECGEe

CTGCOTTCGCOOCGTOCOCGCTNE

TTCACTCTICCCCA

(

GACTGACCC CTCCCACAGGTGAG

AG ACG [GTTTC TGAGGGG GC
G CTCGGGGGETGCETGCGTGIGTET GCGCCGCETGCEGCTCCGCGCTET
CCOGCCGGCTOTGAGCGCIGCGLGCECGELGCEGGGLTTIGTS ACTGTGCGCGAGGGGAGCGLGECCG

GGGGECGETECCCC

5T
CGGCTTCGGGTGCG
GGGTGCCGGGEE

CCCGCTGTCCAGGCGCGECCAGCCOCAGCCAT

"AG
GGGCGCGGCEGCCCCTEGAGCGTTG

ATCCTCGCCAGAGGGCGCAGGCACTTCCTT

TGTCCCARAATCTGTGCGGAGCOGAAATCTGGG! CCCCTCTAGCGGGECOCGGGGCEAAGCEGT
GCGGCGCLGGCAGCCAAGGAAATGEGECGEGEG GCCGCGCCGCCGTCCCCTTCTCCCTCTCC

GGCGGGETTCGG
[TTCCTACAGCTCCTGCGCAACGTEC
ATTCTTCCGAAAGATCTGCTAGCCTCGAGGCTIGCTGAAGGC
CTTGTCCCACACCGACTCAGGACA

AGCCTCGGGGUTGTCCGOGGEGGGACGECT
TGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATEC
TGETITATTGTCCTGTCTCATCATTITGCCAAAGA
TCTATGCTGAGTCEETETGETTCGACBAGCACT

TCTTCTI

TACTAGCACTCACATGCAACAAATCCCCATCCATCTACAGGGCCCTATTCTATAGTGTCACCTAA

TCAGCCTCGACTIGT

TCTAGTTGCCAGCCATCTGTTIGTTTGCCCCTCCC
TTCCTAATAAAATGAGGAAATTGCATCGCATTG
TGGCAAGACAAT GGEC

ACTTCAAACCCTCTOTCC

ACGGTGTCATI

ATGCTGE!

GGGGCACGACAGCAAGGGGLEA
TGGAAGTCCTCTITCCTCEGTG
CATTTGCCTGGAGAGAGGGGHAAGGT CCAGGGETGAGTGAAGGTTTGGAAGAGT
BACCATGAG] AGCAA CGACA TCGAGG
TGTAAAAGGT GACCATCCAAGCTCGCCGAAAARAGATTGTGTIGGGGATAAT

TGCAGAATTTCTACATCGTCGUGATGTCAGGC,

TTEC

SHEGCATCA IMGTAGCAGAATAAGA

3
,-\

\CATC

o Fprep s

GCCATCCTGGCTCTGCATTTTTATTCCGAATCATAT
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CTTTATTTCAGGGTCTCTTGCATATTACAAATAAAATGTTGGAGCAT CAGGCATATTIGGTACCTICTGTCTAAG

GCTCCCTGCCCCTTGTTAATTGGCACCTCAGTTATTCATCCAGGGCAAACATTCTGCTTACTATTCCTGAGAGCT

GO LU L

TTCCTCATCCTCTAGATTCGCAGGCGAAATCGCAGATHCCTGAGCAGCCTCCCCTCTCGCCATACCAACAGAGCTTC
ACCATCGAGGC AGTGCACAGGGGCCTCAGGGACCCCTGATCCCAGCTTTCTCATTGCGACAGAAGGAGGA
CACTGHGGCTGE CCTGGGCCCCCACTAA CACCACGAGCCAGGACTTTACGCICTGCTGACTGCAG

CCTGGCTTGCCTCCACTGCCCTCCTTTGCCT SGAGCCTCAGAGTGCAGGAAGCAGCCCCTGGCCT
TGCCTCCCACCTCCCCTCCCCTA GGCAGCTGGCTTAGAATCCCCTGOGGCCCCCA

CGACCCTG ACCCCTCA S CAGG CITGAGATACAGAAGAGTCCATCACCTGCTGTATCC

G CCCC

SCATTTT

ACACACCATCCCCACAGTTAC CTAGTTCGAAGCCACGCGGACCGTTATAGTTACGAGGAACCCCTAGTGAT
CGAGTTGGCCACTCCCTCTCTGCCGCGCTCGCTCACTICACTCACGCCGAGGCGACT GCCCGACCLCCCGRG
CTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAAAGATCT

(SEQ ID NO:16)

miR287 DNA sequence shown in bold (SEQ 1D NG:17)

Stuffer sequence shown in italics (SEQ 1D NG:18)

Portion of A1AT gene

“72-
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: : . ngtggaaqtcctcttcctcggtgtccttgacttcaaagggtctctcccatttgcctg
gagagaggggaaggtgggcatCaccaggggtgagtgaaggtttggaagaqtgtagCagaataaqaaaccatgagt
ccccLcchqaqaaqccctqaqcccccttqacqacacacatcchcqaqchCaqcttcatcaLchtaaaaggt
nggaa&W+dfbx5tCC§3JC+O“CJﬂﬂdQcq ttgtgtggggat ]
catcgtggct

ggctaagagatgce Jtge
/Gaatnaaafgtta et

Q1 G
Q

o+

I
Goff
G

ragttattca fege gC
L;cagatgcctgagCaqcﬂ*cccctﬂ*y
ratg coctecagygy cctgateccagetite gactygy
gga cactaaggr agectggettge
ct g gectcoeccac
ot oL *'”dggfvjctggc

atgecacacaceat

I8
o

(SEQ 1D NOG:20)

Stuffer sequence used in some embodiments is underlined

Delta chimeric intron sequence

a o
o+ oW

o
0ot
ot
o)

(SEQ 1D NG:21)
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CLAIMS

What is claimed is

1. An RNAI comprising a first strand and a second strand, wherein

a) the first strand and the second strand form a duplex;

b) the first strand comprises a guide region, wherein the guide region comprises the
nucleic acid sequence having more than 90% identity to 5’-UGGCCGUCCAUCUUGGACCCG-
3’ (SEQ ID NO:1) or having more than 90% identity to 5’-~AGUCGGUGUGGUUGACAAGCA-
3’ (SEQ ID NO:7); and

c) the second strand comprises a non-guide region,

wherein the first strand and the second strand are linked by means of an RNA linker

capable of forming a loop structure.

2. The RNAI of claim 1, wherein the RNA linker comprises from 4 to 50 nucleotides.

3. The RNAI of claim 1, wherein the RNA linker comprises from 4 to 20 nucleotides.

4. The RNAI of any one of claims 1-3, wherein the RNAi comprises 5° to 3’ the second
strand, the RNA linker, and the first strand.

5. The RNAI of any one of claims 1-3, wherein the RNAi comprises 5’ to 3° the first strand,
the RNA linker and the second strand.

6. The RNAI of claim 5, wherein the RNAi comprises the nucleic acid sequence of SEQ ID
NO:4 or SEQ ID NO:10.

7. The RNAI of claim 5, wherein the RNAi1 comprises a nucleotide sequence greater than

90% identical to the nucleotide sequence of SEQ ID NO:4 or SEQ ID NO:10.

8. The RNAI of any one of claims 1-7 wherein the nucleic acid encoding the RNAi

comprises a miRNA scaffold

9. An RNAI comprising a first strand and a second strand, wherein

a) the first strand and the second strand form a duplex;
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b) the first strand comprises a guide region, wherein the guide region comprises a
nucleic acid sequence having more than 90% identity to 5’-UGGCCGUCCAUCUUGGACCCG-
3’ (SEQ ID NO:1) or having more than 90% identity to 5’-AGUCGGUGUGGUUGACAAGCA-
3’ (SEQ ID NO:7); and

c) the second strand comprises a non-guide region,

wherein the nucleic acid encoding the RNAi1 comprises a miRNA scaffold.

10.  The RNAI of any one of claims 1-9, wherein the guide region comprises a nucleic acid
sequence having more than 90% identity to 5’-UGGCCGUCCAUCUUGGACCCG-3’ (SEQ ID
NO:1) and the non-guide region comprises a nucleic acid sequence having more than 90%

identity to 5’- CGGGUCCAAGAUGGACGGCCA-3’ (SEQ ID NO:2).

11.  The RNAI of any one of claims 1-9, wherein the guide region comprises a nucleic acid

sequence 5°-UGGCCGUCCAUCUUGGACCCG-3’ (SEQ ID NO:1).

12.  The RNAI of claim 11, wherein the non-guide region comprises a nucleic acid sequence

5’- CGGGUCCAAGAUGGACGGCCA-3’ (SEQ ID NO:2).

13.  The RNAI of any one of claims 1-9, wherein the guide region comprises a nucleic acid
sequence having more than 90% identity to 5’~AGUCGGUGUGGUUGACAAGCA-3" (SEQ ID
NO:7) and the non-guide region comprises a nucleic acid sequence having more than 90%

identity to 5’- UGCUUGUCAACCACACCGACU-3’ (SEQ ID NO:8).

14.  The RNAI of any one of claims 1-9, wherein the guide region comprises a nucleic acid

sequence 5’-AGUCGGUGUGGUUGACAAGCA-3’ (SEQ ID NO:7).

15. The RNAI of claim 14, wherein the non-guide region comprises a nucleic acid sequence

5’- UGCUUGUCAACCACACCGACU-3’ (SEQ ID NO:8).

16. The RNAI of any one of claims 1-15, wherein the RNAI targets RNA encoding a

polypeptide associated with Huntington’s disease.

17. The RNAI of claim 16, wherein the polypeptide is huntingtin.
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18. The RNAI of claim 17, wherein the huntingtin comprises a mutation associated with

Huntington’s disease.

19. An expression construct comprising nucleic acid encoding the RNAIi of any one of claims
1-18.
20.  The expression construct of claim 19, wherein the nucleic acid encoding the RNAI is

operably linked to a promoter.

21. The expression construct of claim 20, wherein the promoter is selected from a
cytomegalovirus (CMV) immediate early promoter, an RSV LTR, a MoMLV LTR, a
phosphoglycerate kinase- 1 (PGK) promoter, a simian virus 40 (SV40) promoter, a CK6
promoter, a transthyretin promoter (TTR), a TK promoter, a tetracycline responsive promoter
(TRE), an HBV promoter, an hAAT promoter, a LSP promoter, a chimeric liver-specific
promoter (LSP), an E2F promoter, a telomerase (WTERT) promoter; a cytomegalovirus
enhancer/chicken beta-actin/Rabbit B-globin promoter (CAG) promoter, an elongation factor 1-
alpha promoter (EFl-alpha) promoter, a human B-glucuronidase promoter, a chicken B-actin
(CBA) promoter, a retroviral Rous sarcoma virus (RSV) LTR promoter, a dihydrofolate

reductase promoter, and a 13-actin promoter.

22. The expression construct of any one of claims 19-21, wherein the expression construct

further comprises an intron.

23. A vector comprising the expression construct of any one of claims 19-22.

24, The vector of claim 23, wherein the vector is a recombinant adeno-associated virus
(rAAV) vector, a recombinant adenoviral vector, a recombinant lentiviral vector or a

recombinant herpes simplex virus (HSV) vector.

25. The vector of claim 24, wherein the vector is a recombinant adenoviral vector.

26. The vector of claim 25, wherein the recombinant adenoviral vector is derived from
Adenovirus serotype 2, 1,5,6,19,3,11,7, 14, 16, 21, 12, 18, 31, §, 9, 10, 13, 15, 17, 19, 20,

22,23, 24-30, 37, 40, 41, AdHu2, AdHu 3, AdHu4, AdHu24, AdHu26, AdHu34, AdHu35,
- 76 -



10 Mar 2025

2018335410

AdHu36, AdHu37, AdHu41, AdHu48, AdHu49, AdHu50, AdC6, AdC7, AdC69, bovine Ad
type 3, canine Ad type 2, ovine Ad, or porcine Ad type 3.

217. The vector of claim 25, wherein the recombinant adenoviral vector is derived from

adenovirus serotype 2 or a variant of adenoviral serotype 5.

28. A viral particle comprising the vector of claim 23, wherein the viral particle is an AAV
particle encapsidating the rAAV vector, an adenovirus particle encapsidating the recombinant
adenoviral vector, a lentiviral particle encapsidating the recombinant lentiviral vector or an HSV

particle encapsidating the recombinant HSV vector.

29. The viral particle of claim 28, wherein the viral particle is an adenovirus particle

encapsidating the recombinant adenoviral vector.

30. A method for treating Huntington’s disease in a mammal comprising administering to the

mammal an RNAIi of any one of claims 1-14.

31. A method for inhibiting the expression of htt in a mammal with Huntington’s disease

comprising administering to the mammal an RNA1 of any one of claims 1-14.
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Fig. SA
Human HTT Protein

Average Hunan Hit Signal Normalized to Blubulin
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Fig, 5B
Mouse HTT Protein
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159792014740SEQLIST.TXT

SEQUENCE LISTING

<110> GENZYME CORPORATION

<120> VARIANT RNAi

<130> 159792014740

<140> Not Yet Assigned
<141> Concurrently Herewith

<150> US 62/561,843
<151> 2017-09-22

<160> 22
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 21

<212> RNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 1
uggccgucca ucuuggaccc g

<210> 2

<211> 21

<212> RNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 2
cggguccaag auggacggcc a

<210> 3

<211> 60

<212> DNA

<213> Artificial Sequence

<220>

Page 1

21

21



159792014740SEQLIST.TXT
<223> Synthetic Construct

<400> 3
gtggccgtcc atcttggacc cggttttgge cactgactga ccgggtccaa tggacggcca 60

<210> 4

<211> 60

<212> RNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 4
guggccgucc aucuuggacc cgguuuugge cacugacuga ccggguccaa uggacggcca 60

<210> 5

<211> 64

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 5
tgctgtggec gtccatcttg gacccggttt tggccactga ctgaccgggt ccaatggacg 60
gcca 64

<210> 6

<211> 64

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 6
cctgtggccg tccattggac ccggtcagtc agtggccaaa accgggtcca agatggacgg 60
ccac 64

<210> 7

<211> 21

<212> RNA

<213> Artificial Sequence

<220>

Page 2



159792014740SEQLIST.TXT
<223> Synthetic Construct

<400> 7
agucggugug guugacaagc a 21

<210> 8

<211> 21

<212> RNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 8
ugcuugucaa ccacaccgac u 21

<210> 9

<211> 59

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 9
agtcggtgtg gttgacaagc agttttggcc actgactgac tgcttgtccc acaccgact 59

<210> 10

<211> 59

<212> RNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 10
agucggugug guugacaagc aguuuuggcc acugacugac ugcuuguccc acaccgacu 59

<210> 11

<211> 64

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 11
tgctgagtcg gtgtggttga caagcagttt tggccactga ctgactgctt gtcccacacc 60

Page 3
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gact 64

<210> 12

<211> 64

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 12
cctgagtcgg tgtgggacaa gcagtcagtc agtggccaaa actgcttgtc aaccacaccg 60
actc 64

<210> 13

<211> 19

<212> RNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 13
guuuuggcca cugacugac 19

<210> 14

<211> 132

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 14

ctggaggctt gctgaaggct gtatgctgtt agacaatgat tcacacggtg ttttggccac 60
tgactgacac cgtgtgtcat tgtctaacag gacacaaggc ctgttactag cactcacatg 120
gaacaaatgg cc 132

<210> 15

<211> 113

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 15
ccactcccte tctgegeget cgetcgetca ctgaggeecgg gecgaccaaag gtcgeccgac 60

Page 4



<210>
<211>
<212>
<213>

16
3510
DNA

<220>
<223>

<400> 16

ttggccactc
cgtcgggcga
gccaactcca
gtcgacattg
gcccatatat
ccaacgaccc
ggactttcca
atcaagtgta
cctggcatta
tattagtcat
tctccccccc

cgatggggsc
8888CELEEEC
ttccttttat
cgggagtcgc
cgccccggcet
ctccgggcetg
aaagccttga
gcgtgtgtgt
gctgegggeg
ggggeggtec
tgtgegtggg
acccccctcc
gtggcgeggg
cggggecegcec
gcggetgteg
cgcagggact
ccccctctag
agggccttcg

cgcggeeesa
tgaccggegg
tcctgggcaa
gatctgctag
gttttggcca
gcactcacat
atgctagagc
gcccctcccc

cctctectgeg
cctttggtcg
tcactagggg
attattgact
ggagttccgc
ccgcccattg
ttgacgtcaa
tcatatgcca
tgcccagtac
cgctattacc
ctccccaccc

888888EEE8E
gaggcggaga
ggcgageces
tgecgegcetgce
ctgactgacc
taattagcgc

ggggctccgg
gtgcgtggeg
cggcgegees
cccgeggtgc
ggggtgagca
ccgagttgct
gctcgecgtg
tcgggeeggg
aggegegeeg
tcectttgtcec
cggecegceges
tgecgtcgecg
cggctgectt
ctctagagcc
cgtgctggtt
cctggaggct
ctgactgact
ggaacaaatg
tcgctgatca
cgtgccttcc

159792014740SEQLIST.TXT
gccecgggett tgcccgggeg gecctcagtga gcgagecgage gcgcagagag gga

Artificial Sequence

Synthetic Construct

cgctcgetcg
cccggcectca
ttcctctata
agttattaat
gttacataac
acgtcaataa
tgggtggagt
agtacgcccc
atgaccttat
atggtcgagg
ccaattttgt
g888888cecyg
ggtgeggegg
cggegeegec
cttcgeccccg
gcgttactcc
ttggtttaat
gagggccctt
agcgccgegt
ctttgtgcgc
gggggggsct
ggggstgteg
gagcacggcc
ccggecegess
gagggctcgg
agccgcagcc
caaatctgtg
gcgaagcecggt
cgccgecegtc
cgggeeeeac
tctgctaacc
attgtgctgt
tgctgaaggc
gcttgtccca
gccatgcatc
gcctcgactg
ttgaccctgg

ctcactgagg
gtgagcgagc
ttaccctgcet
agtaatcaat
ttacggtaaa
tgacgtatgt
atttacggta
ctattgacgt
gggactttcc
tgagccccac
atttatttat
cgccaggegg
cagccaatca
ggccctataa
tgcceccegctce
cacaggtgag
gacggcttgt
tgtgcggggs
gcggctcecge
tccgcagtgt
gcgaggggaa
gcgegtcggt
cggcttcggg
ggtggcggcea
g88agLLEECE
attgcctttt
cggagccgaa
geggegeegg
cccttctecc
ggggcageec
atgttcatgc
ctcatcattt
tgtatgctga
caccgactca
tagagggccc
tgccttctag
aaggtgccac
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ccgecccgggc
gagcgcgcag
aggcaattgg
tacggggtca
tggcccgect
tcccatagta
aactgcccac
caatgacggt
tacttggcag
gttctgcttc
tttttaatta

g88Cgeeeces
gageggegeg
aaagcgaagc
cgccgecgcec
cgggcegegegac
ttcttttctg
gagcggcetcg
gctgecccegge
gcgcgagess
caaaggctgc
cgggctgcaa
tgcggggctc
ggtgggesty
cggcggeccc
atggtaatcg
atctgggagg
caggaaggaa
tctccagcect
ggggttcggc
cttcttcttt
tggcaaagaa
gtcggtgtgg
ggacacaagg
tattctatag
ttgccagcca
tcccactgtc

aaagcccggg
agagggagtg
atcccggacc
ttagttcata
ggctgaccgc
acgccaatag
ttggcagtac
aaatggcccg
tacatctacg
actctcccca
ttttgtgcag
ggcgageesc
ctccgaaagt
gcgegeceses
tcgegecgec
ggcccttctc
tggetgegtg
gggggtgegt
ggctgtgagc
agcgceggecg
gtgcgggstg
ccccccectgce
cgtacgggsc
ccggecgees
cggagcegcecg
tgcgagaggsg
cgccgecgca
atgggcggsg
cggggctgtc
ttctggcgtg
ttcctacagc
ttcttcgaaa
ttgacaagca
cctgttacta
tgtcacctaa
tctgttgttt
ctttcctaat

113

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220



aaaatgagga

tggggcagga
agtcgaccgg
catttgcctg
tgtagcagaa
acacatccct
ctgccgaaaa
tcgtggcgat
gtttatttga
taccttctgt
caaacattct
gcagatgcct
agagtggaca
gactggggct
ctgtgctgac
cctcagagtg
ttcctgggac
aacccctcag
cacacaccat
ggaaccccta

cgggcgacca
agcgcgcaga

<210> 17
<211> 21
<212> DNA

aattgcatcg

cagcaagggesg
accggtggaa
gagagageses
taagaaacca
cgaggctcag
agattgtgtg
gtcaggctaa
gggtgtcttg
ctaaggctcc
gcttactatt
gagcagcctc
ggggcctcag
ggagagggac
tgcagcctgg
gaggaagcag
agtgggagct
gggcaggaag
ccccacagtt
gtgatggagt
aaggtcgccc

gagggagtgg

159792014740SEQLIST.TXT

cattgtctga

gaggattggg
gtcctcttcc

aaggtgggca
tgagtcccct
cttcatcatc
gggataattc
gagatgccat
gatattacaa
ctgccccttg
cctgagagct
ccctctgeca
ggacccctga
ctgggccccc
cttgcctcca
cccctggect
ggcttagaat
gcagcctgag
acgtactagt
tggccactcc

gacgcccggg
ccaaagatct

<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 17

agtcggtgtg gttgacaagc a

<210> 18
<211> 989
<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 18

gtaggtgtca
aagacaatag
tcggtgtcct
tcaccagggsg
ccctgagaag
tgtaaaaggt
aaaactagag
cgtggectgtg
ataaaatgtt
ttaattggca
ttcctcatcc
taccaacaga
tcccagettt
actaaggcca
ctgccctcect
tgcctcccac
gccctgggsc
atacagaaga
tcgaagccac
ctctctgegc
ctttgcccgg

ttctattctg
caggcatgct
tgacttcaaa
tgagtgaagg
ccctgagccc
gctgaaactg
gaagatgcag
catttttatt
ggagcatcag
gctcagttat
tctagattgg
gcttcaccat
ctcattggac
cagcagagcc
ttgcctcaag
ctcccctecc
ccccaggacc
gtccatcacc
gcggaccgtt
gctcgetcge
gcggcctcag

gtggaagtcc tcttcctcgg tgtccttgac ttcaaagggt ctctcccatt
caggggtgag tgaaggtttg gaagagtgta

gaggggaagg tgggcatcac
aaaccatgag tcccctccct

gctcagcttc
tgtgtgggea

atcatctgta
taattcaaaa

gagaagccct gagccccctt gacgacacac
aaaggtgctg aaactgacca tccaagctgc
ctagaggaag atgcagaatt tctacatcgt
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gggegteeses

ggggagctag
gggtctctcc

tttggaagag
ccttgacgac
accatccaag
aatttctaca
ggaatcatat
gcatatttgg
tcatccaggg
caggggaaat
cgaggcatgc
agaaggagga
aggactttag
agcaagggag
ctatgctgtt
ctggcatttt
tgctgtatgce
atagttacga
tcactgaggc

tgagcgagceg

tgcctggaga

2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3510

21

60

gcagaataag 120
atccctcgag 180

cgaaaaagat
ggcgatgtca

240
300



ggctaagaga
gtcttggata
ggctccctge
actattcctg
agcctcccct
cctcagggac
agggacctgg
gcctggettg
aagcagcccc
ggagctggct
aggaaggcag
acagttacgt

<210>
<211>
<212>
<213>

19
3510
DNA

<220>
<223>

<400> 19

aaccggtgag
gcagcccgct
cggttgaggt
cagctgtaac
cgggtatata
ggttgctggg
cctgaaaggt
tagttcacat
ggaccgtaat
ataatcagta
agaggeeees
gctacccccg
ccececgececcg
aaggaaaata
gccctcagceg
geggegecga
gaggcccgac
tttcggaact
cgcacacaca
cgacgcccgc
ccccgecacg
acacgcaccc

tggggegagg
caccgcegcecc

gccecggegg
cgccgacagce

tgccatcgtg
ttacaaataa
cccttgttaa
agagctttcc
ctgccatacc
ccctgatccc
gcccccacta
cctccactgc
tggccttgcec
tagaatgccc
cctgagatac
actagttcga

ggagagacgc
ggaaaccagc
agtgatcccc
taataactga
cctcaaggcg
ggcgggtaac
aactgcagtt
agtatacggt
acgggtcatg
gcgataatgg
gaggggtggs
cceccececcecc
ctccgectct
ccgctecgec
acgcgcgacg
gactgactgg
attaatcgcg
ccccgaggcc
cacgcacccc
gccgegceccc
gggegecacyg
ccccactcgt
ggctcaacga
cgagcggcac
agcccggecc
tcecgegecgce
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gctgtgcatt
aatgttggag
ttggcagctc
tcatcctcta
aacagagctt
agctttctca
aggccacagc
cctcctttge
tcccacctcc
tggggccccc
agaagagtcc
agccacgcg

Artificial Sequence

Synthetic Construct

gcgagcgagece
gggccggagt
aaggagatat
tcaataatta
caatgtattg
tgcagttatt
acccacctca
tcatgcgggg
tactggaata
taccagctcc
ggttaaaaca
cceccecegege
ccacgccgcec
gccgecgecg
gaagcgggesc
cgcaatgagg
aaccaaatta
ctcccgggaa
tcgcggcegcea
gaaacacgcg
cccccccecga
cccccacacc
ctcgtgeccgg
ggcccgeccc
ctcccgagcc

tcggcgtcgg

tttattggaa
catcaggcat
agttattcat
gattggcagg
caccatcgag
ttggacagaa
agagccagga
ctcaagagca
cctcccctat
aggaccctgg
atcacctgct

gagtgactcc
cactcgctcg
aatgggacga
tcattagtta
aatgccattt
actgcataca
taaatgccat
gataactgca
ccctgaaagg
actcggggtg
taaataaata
gcggtccgcec
gtcggttagt
ccgggatatt
acggggcgag
gtgtccactc
ctgccgaaca
acacgccccc
cgccgaggceg
aggcgtcaca
cgctcccctt
cgcgcagcca
gccgaagcecc
ccaccgecgt
ccctccccgce
taacggaaaa
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tcatatgttt
atttggtacc
ccagggcaaa

ggaaatgcag
gcatgcagag
ggaggagact
ctttagctgt
agggagcctc
gctgttttcc
cattttaacc
gtatgccaca

ggcgegeecceyg
ctcgcgegtc
tccgttaacc
atgccccagt
accgggegga
agggtatcat
ttgacgggtg
gttactgcca
atgaaccgtc
caagacgaag
aaaaattaat
ccgeccecgec
ctcgeccgegc
tttcgcttcg
gcgecegeces
gcccgecectg
aagaaaagac
ctcgccgagc
cgacgggcecg
cgcgctecccc
gtttccgacg
gcccgacgtt
acgccccgag
ccacccccac

gcecgecgess
taccattagc

atttgagggt
ttctgtctaa
cattctgctt
atgcctgagc
tggacagggsg
ggggctggag
gctgactgca
agagtggagg
tgggacagtg
cctcaggggc
caccatcccc

tttcgggccc
tctccctcac
tagggcctgg
aatcaagtat
ccgactggceg
tgcggttatc
aaccgtcatg
tttaccgggc
atgtagatgc
tgagaggggt
aaaacacgtc
ccgctecccg
gaggctttca
cgcgecegecc
agegeggegg
ccgggaagag
accgacgcac
cccccacgcea
ccgacactcg
tcgegeceggce
cacgccccac
g8ggLeLgLacyg
gcatgccccg
ggcccgeccc
gcctcgeggc
acgctctccc

360
420
480
540
600
660
720
780
840
900
960
989

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560



gcgtccctga
gggggagatc
tcccggaagc
gcgecccccct
actggccgcc
aggacccgtt
ctagacgatc
caaaaccggt
cgtgagtgta
tacgatctcg
CcgggLagees
ttttactcct
accccgtcct
tcagctggcc
gtaaacggac
acatcgtctt
tgtgtaggga
gacggctttt
agcaccgcta
caaataaact
atggaagaca
gtttgtaaga
cgtctacgga
tctcacctgt
ctgaccccga
gacacgactg
ggagtctcac
aaggaccctg
ttggggagtc
gtgtgtggta
ccttggggat
gccecgetggt
tcgecgegtct

<210>
<211>
<212>
<213>

20
3798
DNA

<220>
<223>

<400> 20

aattcgccct
cagatcacat
cagggatgga
cttttcccat
tgttgaactt

aggaaacagg
gccecgegcecc
acgcageggc
gccgacggaa
gagatctcgg
gcacgaccaa
ggacctccga
gactgactga
ccttgtttac
agcgactagt
gcacggaagsg
ttaacgtagc
gtcgttcccc
tggccacctt
ctctctcccc
attctttggt
gctccgagtc
tctaacacac
cagtccgatt
cccacagaac
gattccgagg
cgaatgataa
ctcgtcggag
ccccggagtc
cctctccctg
acgtcggacc
ctccttcegtc
tcaccctcga
cccgtecttc
ggggtgtcaa
cactacctca
ttccagecggg
ctccctcacc

tgggcctagg
gcaggcagsgg
ggggaggest
gaagagggga
gacctcgggg

159792014740SEQLIST.TXT

gtttagacac
cgcttcgeca
gcggegeeag
gccccccctg
agacgattgg
taacacgaca
acgacttccg
cgaacagggt
cggtacgtag
cggagctgac
aactgggacc
gtaacagact
ctcctaaccc
caggagaagg
ttccacccgt
actcagggga
gaagtagtag
ccctattaag
ctctacggta
ctataatgtt
gacggggaac
ggactctcga
gggagacggt
cctggggact
gacccggees
gaacggaggt
ggggaccgga
ccgaatctta
cgtcggactc
tgcatgatca
accggtgagg
ctgcgggccc
ggtttctaga

Artificial Sequence

Synthetic Construct

caattggatc
accagctcaa
tgaggagcga
gacttggtat

gggatagaca

gcctecggett
cgccgeggcc
gggaagages
ccccgteccg
tacaagtacg
gagtagtaaa
acatacgact
gtggctgagt
atctcccggg
acggaagatc
ttccacggtg
catccacagt
ttctgttatc
agccacagga
agtggtcccc
gggactcttc
acattttcca
ttttgatctc
gcaccgacac
tattttacaa
aattaaccgt
aaggagtagg
atggttgtct
agggtcgaaa
tgattccggt
gacgggagega
acggagggtg
cgggaccccg
tatgtcttct
agcttcggtg
gagagacgcg
gaaacgggcc

cgccggeaga
cccttcttta
gaggcagtta
tttgttcaat
tgggtatggc
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tagaccctcc
gtccttectt
agaggtcgga
ccccaagecg
gaagaagaaa
accgtttctt
cagccacacc
cctgtgttcc
ataagatatc
aacggtcggt
agggtgacag
aagataagac
gtccgtacga
actgaagttt
actcacttcc
gggactcggg
cgactttgac
cttctacgtc
gtaaaaataa
cctcgtagtc
cgagtcaata
agatctaacc
cgaagtggta
gagtaacctg
gtcgtctcgg
aacggagttc

£aggeegagses
ggggtcctgg
caggtagtgg
cgcctggcaa
Cgagcgageg
cgccggagtc

gaaaacatcc
atgtcatcca
tttttgggtg
cattaagaag
ctctaaaaac

gcggeggegt
tacccgcccc
gccccgacag
aagaccgcac
aaggatgtcg
aagaagcttt
aactgttcgt
ggacaatgat
acagtggatt
agacaacaaa
gaaaggatta
cccccacccc
cccctcgatc
cccagagagg
aaaccttctc
ggaactgctg
tggtaggttc
ttaaagatgt
ccttagtata
cgtataaacc
agtaggtccc
gtccccttta
gctccgtacg
tcttcctect
tcctgaaatc
tcgttccctc
gatacgacaa
gaccgtaaaa
acgacatacg
tatcaatgct
agtgactccg
actcgctcgc

cagggattta
g888agLeLELLC
ggattcacca
acaaagggtt
atggccccag

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3510

60

120
180
240
300



cagcttcagt
agaagcagag
tcccaggaag
tcacataggc
tcttcctgac
gcatcgtcac
ccttgaggac
ccattcatgg
tttagctgaa
ttcctttgaa
tgtctagaag
ccccgaaagt
gtgtcagtga
gccccttect
atggtgcaac
gtgaccccgg
acgctcttca
ctgtcgtgca
caccacagtg
cccacactaa
tcaaagaatg
ctaggtgtcc
cctgtaacat
gacaaccgtt
tttccatggg
ggctctctga
cctcaggagg
acaccttttg
atgggcataa
ttactacagg
gcgaacatgg
ctcttccccc
tgccaggaag
cctgeccttgg
agggacgaga
gctgectgaa
cccagggatg
caacatggct
tgtcttcatt
gtagtttccc
gcagcaccca
tcataggcac
tgacttcaaa
tgagtgaagg
ccctgagccc
gctgaaactg
gaagatgcag
catttttatt

ccctttctceg
acacgttgta
cgctcactcc
cttgctcctc
aagcgcctct
tccacgtctg
acggaccctg
aactgcaggt
atcattcatt
acaacttagc
gtcttgggca
gccagctgca
atcacgggca
cagcctcagg
aaggtcgtca
agaggtcagc
gatcataggt
gaaaagaaat
caagtgtttt
gatgggaact
ttaacatcga
tggaagcctg
ccccagggcec
tagtggataa
gagacaatgc
tcegttaccc
tgctggcatg
tattttcatc
tcacgaatgc
acacccaatc
cctggetgtt
gtccccccag
cccatctgtt
gcactggata
cctttacctc
ctcagtggtg
tggggttcac
aagaggtgtg
ttccaggaac
ctcatcaggc
gctggacagc
cttcacggtg
gggtctctcc
tttggaagag
ccttgacgac
accatccaag
aatttctaca
ggaatcatat

159792014740SEQLIST.TXT

tcgatggtca
aggctgatcc
ccctggacgg
ctcaaggctt
ccccctgctc
cctccagggc
gcagtgacct
tgttcattgg
aattcagaca
ccaaaccttt
aagttgaaat
cagcagcccc
tcttcaggag
acagtgctgc
gggtgatctc
cccattgctg
tccagtaatg
tcaaggcatg
cttttctgat
cggectttggt
atgaatcaca
tctcatcttg
ctacacccag
gagaagagtg
caccctgagc
tctcagcctc
gaacagagaa
ttggttttac
acacacatac
taacagcacc
ccaattccga
ggacattcta
cctttttggt
ttgggaaggg
ctcaccctgg
gcctcattct
cctcctcagc
ggcagcttct
ttggtgatga
aggaagaaga
ttcttacagt
gtcacctggt
catttgcctg
tgtagcagaa
acacatccct
ctgccgaaaa
tcgtggcgat
gtttatttga

gcacagcctt
caggcctcga
ccctggccct
tggctgatgg
aggtgcaccc
tctctecttt
tcacagtgcc
tcgectttag
ccaaatctca
ctgtgtcagt
tcagggtcag
tgecetggcett
ctcagcctgg
agcccccaca
accttggaga
aagaccttag
gacagtttgg
gcacagcatt
tatttctgcc
ttgttctact
aaagcttgaa
ccctgtagtg
agaaacacgg
accacaccag
agggtctggt
tttgttcttt
attccagcct
agtgtacaaa
actaatgtgt
gataaagtga
accttgecttt
cccttgaact
tctgccagaa
acagtgtcca
gtactgttct
ggaagccaag
cctctggcca
tggtcaccct
tatcgtgggt
tggcggtggc
gctggatgtt
ccacgtggaa
gagagageesg
taagaaacca
cgaggctcag
agattgtgtg
gtcaggctaa
gggtgtcttg
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atgcacggcc
gcaaggctca
gcacatcctc
ggctggctcc
acaactcaga
ctagtacacg
cagaccccaa
ttttccaaaa
cagatcgaag
atggataaat
tgacacaacc
tgctgtttgce
gtcttcattt
cattcttccc
gcttcagggg
tgatgcccag
gtaaatgtaa
cctcttgttc
acttactcct
tttagctctt
atgccacctc
ttgggtcacc
ggctggtggc
gctgagtgcet
gtgagcggca
ctcaacccct
cgattcctat
acgaactaga
ggctcatgtt
cagagaaacg
tctgggectt
ccacactcca
cgtgtggteg
cactggagtg
cctcatggag
tttatacaga
gtcctgatgg
caggttggsgs
gagttcattt
attgcccagg
aaacatgcct
gtcctcttcec
aaggtgggca
tgagtcccct
cttcatcatc
gggataattc
gagatgccat
gatattacaa

tggaggggag
cgtggacacc
tccctecectg
cctctgtcca
acagggaaga
gcttgaagct
gataatgcag
taagtgtcac
gagtcagaaa
caaggcccaa
tcaagggagg
ccaccgtccc
gtttccctcg
tacagatacc
tgcctectcet
ttgacccagg
gctggcagac
ttctgggacc
gtgtcctcca
ctacattgag
ctctgatatt
tggcccccag
agtgcccagt
cctctctggt
gctggctctg
ggagcagaga
tatgaacccg
tcagcagggc
taagtatcac
caagccttct
gccacacagg
ctgctgectt
tgctgectgtc
ggaagttccc
catggacggc
gtagcagtga
gcctcagtcc
aatcaccttc
accaggtgct
tatttcatca
aaacgcttca
tcggtgtcect
tcaccagggg
ccctgagaag
tgtaaaaggt
aaaactagag
cgtggctgtg
ataaaatgtt

360

420

480

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180



ggagcatcag
gctcagttat

tctagattgg
gcttcaccat
ctcattggac
cagcagagcc
ttgcctcaag
ctcccctecc
ccccaggacc
gtccatcacc
gcgtccgaag

<210> 21
<211> 350
<212> DNA

gcatatttgg
tcatccaggg
caggggaaat
cgaggcatgc
agaaggagga
aggactttag
agcaagggag
ctatgctgtt
ctggcatttt
tgctgtatgce
ggcgaatt
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taccttctgt
caaacattct
gcagatgcct
agagtggaca
gactggggct
ctgtgctgac
cctcagagtg
ttcctgggac
aacccctcag
cacacaccat

<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 21

ggagtcgctg
ccccggctct
ccgggcetgta
agccttgagg
tcctacagct
tcctcgaaga

<210> 22
<211> 59
<212> DNA

cgcgetgect
gactgaccgc
attagcgctt
ggctccggga
cctgggcaac
tccggtaccc

tcgeccccgtg
gttactccca
ggtttaatga
gctagagcct
gtgctggtta
aattccgggg

<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 22

ctaaggctcc
gcttactatt
gagcagcctc
ggggcctcag
ggagagggac
tgcagcctgg
gaggaagcag
agtgggagct
gggcaggaag
ccccacagtt

ccccgetcecg
caggtgagcg
cggettgttt
ctgctaacca
ttgtgctgtc
ccccacgcectg

ctgccccttg
cctgagagct
ccctctgcca
ggacccctga
ctgggccccc
cttgcctcca
cccctggect
ggcttagaat
gcagcctgag
acgtactagt

ccgeccgectc
gegcgggaces
cttttctgtg
tgttcatgcc
tcatcatttt
cgcatccgceg

ttaattggca
ttcctcatcc
taccaacaga
tcccagettt
actaaggcca
ctgccctcect
tgcctcccac
gccetgggsc
atacagaaga
tcgaagccac

gcgeecgececg
cccttctect
gctgecgtgaa
ttcttctttt
ggcaaagaat

tggccgtcca tcttggacce ggttttggee actgactgac cgggtccaat ggacggeca
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3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3798

60

120
180
240
300
350

59
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