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REDIRECTION OF TROPISM OF AAV CAPSIDS

RELATED APPLICATIONS
{0601} This application claims priority to U.8. Provisional Application 63/023,927 filed on May
i3, 2020, and U.S. Provisional Application 63/122.300 filed on Decernber 7, 2020, the entire contents

of which are hereby incorporated by reference.

REFERENCE TO THE SEQUENCE LISTIRG

{0602]  The present application is being filed along with a Sequence Listing in electronic format.
The Sequence Listing is provided as a file entitled 2057_1119PCT_SL, created on March 31, 2021
which is 7,087,853 bytes o size. The information in the electronic format of the scquence listing is

incorporated herein by reference in s entirety.

FIELD OF THE DISCLOSURE
{3803} The disclosure relates to compositions, methods, and processes for the preparation, use,
and/or formulation of adeno-associated virus capsid proteins, wherein the capsid proteins comprise

peptides, e.g., targeting peptide inserts, for enhanced tropism to a target cell or tissue.

BACKGROUND

{6684]  Gene delivery to the adult central nervous system (CNS) remains a significant challenge in
gene therapy. Engineered adeno-associated vins (AAV) capsids with iraproved brain tropism
represent an atiractive solution 1o the limitations of ONS delivery,

{BB0S]  AAV-derived vectors arc promising tools for clinical gene transfer because of their non-
pathogenic nature, their low lmmunczenic profile, low rate of integration indo the host genome and
long-term transgene expression in nou-dividing cells. However, the transduction efficiency of AAV
natural vagants in certain orgaos is too low for clinical applications, and capsid neutralization by pre-
existing neutralizing antibodies may prevent treatment of a large proportion of patients. For these
reasons, considerable efforts have been devoted to obtaining novel capsid variants with enbanced
properties. Of many approaches tested so far, significant advances have resulted from directed
cvolation of AAV capsids using in vitro or in vive selection of capsid vanants created by capsid
sequence randomization using cither error-prone PCR, shuffling of various parent serotypes, or
insertion of fully randonuzed short peptides at defined positions.

{B006]  Avcmpts at providing AAV capsids with improved properties, ¢.g., improved {ropism {0 4
target cell or tissue upon systemic administration, have met with limited success. As such, thereis a
need for improved methods of producing AAV capsids and resulting AAV capsids for delivery of a

pavioad of interest fo a target cell or tissue, e.g., a CNS cell or tissue, or a muscle cell or Hissue.
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SUMMARY OF THE DISCLOSURE

{6607}  The present disclosure pertains at least in part, to compositions and methods for the
production and use of an AAV particle comprising an AAV capsid polypeptide, e.2., an AAV capsid
variant. 1o some cmabodiments, the AAVY capsid variant has an enhanced {ropism for a tissue or a celf,
2.g., a CNS tissue, a ONS cell, a muscle tissue, ora rauscle cell. Said tropism can be useful for
delivery of a payload, ¢.g., a payload described herein to a cell or tissue, for the treatment of &
disorder, e.g., a negrological or a neurodegenerative disorder, a rauscudar or a nevromuscular diserder,
or a neurc-oncological disorder.

{0008]  Accordingly, in one aspect, the present disclosure provides an AAV capsid polypeptide,
¢.£., an AAV capsid vanant, comprising: the amino acid sequence of any of SEQ D NO: 1728-3622
or 36418-3659; an amino acid sequence conaprising no more than four modifications, e.g.,
sabstibtions, relative to the amine acid sequence of any of SEQ (B NO: 1725-3622 or 3648-3659; or
atleast 3,4, 5, 6,7, 8, or 9 consecutive anino acids from the amino acid sequence of any of SEQ 1D
NO: 1723-3622 or 3648-3659. In some embodiments, the amino acid sequence is present in loop
VI I some embodiments, the amino acid sequence 1s present immediately subsequent o posiion
586, 588, or 589, relative to a reference sequence numbered according to the amino acid sequence of
SEQ 1D NO: 138, Insome embodiments, the AAV capsid variant comprises the amino acid sequence
of anv one of SEQ ID NQOs: 3636-3647, or an amino acid sequence with at least 80% (c.g., at least
about 83, 90, 95, 96, 97, 98, or 99%) sequence identity thereto,

{0809} 1o another aspect, the present disclosure provides an AAV capsid polypeptide, e.g., an
AAY capsid variast, coraprising: a pareatal amino acid sequence having an insert, wherein the insert
comxprises the amino acid sequence of any of SEQ ID NO: 1725-3622 or 3648-3659; an amine acid
sequence comprising no more than four modifications, ¢.g., sebstitutions, relative to the amino acid
sequence of any of SEQ 1D KOG 1725-3622 or 3648-3659; orat least 3, 4, 5, 6, 7, 8, or 9 consecutive
amino acids from the amino acid sequence of any of SEGQ ID NO: 1725-3622 or 3648-3639. In some
crbodiments, the parental sequence comprises an amino acid sequence comprising at least one, two,
or three modifications but no more than 30, 20 or 10 modifications, e.g., substitutions, to the aming
acid sequence of SEQ ID NG: 138; and/or the amino acid sequence of SEQ 1D NO: 138, or an amino
acid sequence substantially identical (e.g., having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%,
97%, 98%, or 99% sequence identity) thereto. In some embodiments, the insert is present in, €.8.,
inscried into, loop VI of the parental amino acid sequence. In some embodiments, the insert is
present, €.g., inscried, immediately subsequent to position 586, 588, or 589 of the parental sequence.
In sonw embodiments, the AAV capsid variant further comprises a deletion at position 587 and/or a
deletion at position 588 of the parcntal amino acid sequence.

{0813} Toanother aspect, the present disclosure provides a peptide, ¢.g., a targeting peptide,

comprising: at least the amine acid sequence of any of SEQ ID NO: 1725-3622 or 3648-3659; an
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amino acid sequence conprising no more thas four modifications, e.g., substitutions, relative to the
amino acid sequence of any of SEQ 1D NO: 1725-3622 0r 3648-3659,013,4, 5,6, 7.8, 0r 9
consecutive amino acids from the amino acid sequence of any of SEQ 1D NO: 1725-3622 or 3648-
3639, In some embodiments, the peptide is encoded by the nucleotide sequence of any one of SEQ
10 NOs: 3660-3671, or a nucleic acid sequence substantially identical {¢.z., baving at least 70%, 75%,
80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence identity) thereto; or a nucleotide sequence
comprising at least one, two, three, four, five, six, or seven modifications but no more than ten
modifications of the nuclectide sequences of any of SEQ D NOs: 36603671, In some embodimenis,
the mucleotide sequence encading the peptide comprises the nocleotide sequence of any one of SEQ
1D NQOs: 3660-3671, or a nucleic acid sequence substantially identical (¢.g., having at least 70%, 75%,
80%, 83%, 90%, 92%, 95%, 97%, 98%, or 99% sequence identity) thercto, or a mucleotide sequence
comprising at least one, two, three, four, five, six, or seven modifications but no more than ten
modifications of the nucleotide sequences of any of SEQ 1D NOs: 3666-3671.

{3811} Tnvet another aspect, the present disclosure provides a polynucleotide encoding an AAYV
capsid polypeptide, e.g., an AAV capsid variant, whercin the AAV capsid variast comprises the
amino acid sequence of any of SEQ D NO: 1725-3622 or 3648-3659, an amino acid sequence
comprising oo raore thas four modifications, e.g., substitutions, relative to the amino acid sequence of
any of SEQ ID NO: 1725-3622 or 3648-3659; or at least 3, 4, 5, 6, 7, §, or 9 consecutive amino acids
from the amino acid sequence of any of SEQ I NO: 1725-3622 or 3648-3659. In some
cmbodiments, e polynuclestide conprises the nuclestide sequence of any one of SEQ 1D NQOs:
3623-3635, or a nucleotide sequence with at least 80% {e.g., at least abowt 85, 90, 95, 96, 97, 98, or
99%;) sequence identity thereto.

{312]  Invet another aspect, the present disclosure provides an AAVY particle comprising an AAY
capsid polypeptide. .2, an AAY capsid variant, described herein. In some embodiments, the AAV
particle comprises a nucleic acid sequence encoding a pavicad. In some embodiments, the AAV
particle further comprises a viral genonie compnsing 4 promoler operably linked to the nucleic acid
encoding the payload.

{6613}  Invet another aspect, the present disclosure provides a method of making an AAV particle
comprising an AAY capsid polypeptide, €.g., an AAV capsid variant, described herein. The method
coraprises providing a host cell comprising a viral genome and incubating the host cell under
conditions suitable o enclose the viral genome in the AAV capsid variant, e.g., an AAV capsid
variant described herein, thereby making the AAV particle.

{8814}  Tnyet another aspect, the present disclosure provides a method of delivering a pavicad to a
cell or tissue {e.g., a CNS cell, a ONS tissue, a ranscle cell, or a muscle tissne). The method
comprising administering an effective amount of an AAV particle comprising an AAV capsid variant

described herein.
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{6615]  Invet another aspect, the present disclosure provides a methed of treating a subject having
or diagnosed with having neurological, ¢.g., a neurodegenerative, disorder. The method coraprising
administering an effective amount of an AAV particle comprsing an AAV capsid varant described
herein,

{3816]  Tnvet another aspect, the present disclosure provides a method of treating a subject having
or diagnosed with baviog a muscular diserder or a neurcrnuscular disorder. The method coraprising
admxinistering an effective arnount of an AAV particle comprising an AAV capsid variant described
berein

{0617} Invet another aspect, the present disclosure provides a method of treating a subject having
or diagnosed with having a neurc-oncological disorder. The method comprising adminisiering an
effective amount of an AAV particle comprising an AAV capsid variant described herein.

{8G18]  The present disclosure presents an AAV capsid protein comprising a parental amine acid
sequence selected from any of SEQ ID NO: 1-1724, which may have inserted therein at least one
peptide selected from any member of SEQ D NO: 1725-3622.

{8618 In certain embodiments, the inserted peptide is selected from SEQ 1D NO: 17253622 and
18 inserted into the parental amino acid sequence.

{8828]  Incerain embodiments, the peptide is inserted at any arino acid position between amino
acids 536-592, inclusive of the parental amino acid sequence. In such embodiments, the peptide may
be inserted between amino acids 588-389 of the parental amine acid sequence.

{3821} Insome embodiments, the parental amino acid sequence may be SEQ 1D NO: 138 or SEQ
IDNO: 1L

{8022]  The present disclosure also presents a peptide comprising an amino acid sequence selected
from the group consisting of SEQ 1D NO: 1723-3622.

{30231 Inother aspects, the disclosure presents an AAV particle comprising an AAV capsid
protein disclosed herein and a viral genome. In such aspects, the viral genome may comprise a nucleic
acid sequence that encodes a payload. In some embodiments, the payload may be an RNAJ agent,
which may consist of dsRNA, siRNA, shRNA, pre-miRNA, pri-miRNA, miRNA, miRNA precursor,
stRNA, IncRNA, piRNA, or snoRNA.

{8624}  Inadditional aspects, the pavioad may be a peptide, polypeptide, antibody or antibody
fragment.

{3025]  The present disclosure also presents a pharmaceutical composition comprising the AAV
patticle and a pharmaceutically acceptable excipient, as well as a method of treating a diseasc in a

subject by adminisicring the pharmaceutical composition said subject.
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{6626]  Those skilied in the art will recognize or be able to ascertain using no more than routine
cxperimentation, many cquivalents o the specific erabodiments of the invention described herein.

Such equivalents are intended to be encompassed by the following conmerated embodiments.

Enumeraied Embodiments
{80627} 1 Ap AAV capsid polypeptide, ¢.g., an AAV capsid variaot, comprisiag:

{a) the amino acid secpuence of any of SEQ I NG 1725-3622 o1 3648-3659;

{byatleast 3,4, 5, 6,7, §, or ¢ consecutive amino acids from the amine acid sequence of any
of SEQ 1D NO: 1725-3622 or 3648-3659; or

{c) an amino acid scquence corprising no more than four modifications, ¢.g., substitutions,
refative to the amino acid sequence of any of SEQ ID NG: 1725-3622 or 3648-3659.
{B628] 2. An AAV capsid polypeptide, e.g., an AAV capsid vatiant, compuising:

(a) the amino acid sequence of any of SEQ D NO: 3648-3659;

(byatleast 3, 4, 5, 6,7, 8, or 9 consecutive armno acids from the amino acitd sequence of any
of SEQ 1D NO: 3648-3659; or

{¢) an amino acid sequence comprising no more than four modifications, e.g., substifutions,
relative (o the amino acid sequence of any of SEQ 1D NO: 3648-3659.
[6828] 3. The AAV capsid polypeptide, e.g., the AAV capsid variant, of embodiment 1 or 2,
which compriscs at least 3, 4, 3, 6, 7, 8, or 9 consecutive amino acids from the amino acid sequence of
any of SEQ ID NO: 3648-3659.
{B336] 4. The AAV capsid polvpeptide, ¢.g., the AAV capsid vadant, of any one of ermbodiments
1-3, wherein the 3 consecutive amino acids comprise PLN.
{6631} 5. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of embodiments
1-4, wherein the 4 consecutive amino acids coraprise FLNG (SEQ ID NO: 3678).
{B032] 6. The AAV capsid polypeptide, ¢.g., the AAV capsid varant, of any one of the preceding
crabodiments, wherein the § consecutive amine acids comprise PLNGA (SEQ ID NO: 3679),
{6633} 7. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of the preceding
embodiments, wherein the 6 consecutive aming acids comprise PLNGAV (SEQ ID NO: 3680).
{0834] 8 The AAV capsid polvpeptide, .g.. the AAV capsid vadant, of any one of the preceding
crbodiments, wherein the 7 consecutive amino acids comprise PLNGAVH (SEQ 1D NO: 3681).
{6G38] 9. The AAV capsid polypeptide, e.g., the AAV capsid variaat, of any one of the preceding
ambodimends, wherein the 8 consecutive amine acids comprise PLNGAVHL (SEGQ ID NG: 3682).
{6036] 10. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of the
preceding emabodiments, wherein the 9 consecutive amine acids comprise PLNGAVHLY (SEQ ID
NGO: 3648).
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{6637} 11. The AAV capsid polypeptide, ¢.g.. the AAV capsid vadant, of any one of
cmibodiments 1-3, wherein the 3 consecutive amino acids comprise YS8T,

{30338} 12. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
ermbodiments 1-3 or 11, wherein the 4 consecutive amino acids comprise YSTD (SEQ 1D NO: 36903,
{6639} 13. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
cmbodiments 1-3 or 11-12, wherein the 5 consecutive amino acids comprise YSTDE (SEQ ID NO:
3691 or YSTDV (SEQ ID NO: 3700).

{3840} 14. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
crabodiments -3 or 11-13, wherein the 6 consecutive amine acids comprise YSTDRER (SEQ ID NO:
3692) or YSTRWR (SEQ I3 NQO: 3701,

{06041} 15. The AAV capsid polypeptide, e.g., the AAV capsid vadan, of any one of
embodiments 1-3, wherein the 3 consecutive anino acids conprise IVM.

{0042} 16. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
crabodiments 1-3 or 15, wherein the 4 consecutive amine acids comprise IVMN (SEQ 1D NO: 3693).
{60643) 17. The AAV capsid pelypeptide, e.g., the AAV capsid vanant, of agy one of
ambodiments 1-3 or 15-16, wherein the S consecutive amino acids comprise IVMNS (SEQ 1D NO:
3694}

{0844} 18, The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
crbodiments 1-3 or 15-17, wherein the 6 consecutive aming acids comprise IVMNSL (SEQ 1D NO:
3695).

{63345} 19, The AAV capsid polypeptide, e.g., the AAV capsid vanant, of any one of
embodiments 1-3 or 15-18, wherem the 7 consecutive amino actds comprise IVMNSLK (SEQ D
NO: 36513,

[6846] 20 The AAV capsid polypeptide, ¢.g., the AAV capsid variant of any one of embodiments
1-19, which comprises an amino acid sequence comprising at least one, two, or three but no more than
four modifications, e.g., substitutions, relative to the amine acid sequence of any of SEQ 1D NO:
3648-3659.

{0047 21. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
cmbodiments 1-10 or 20, comprising the amino acid sequence of PLNGAVHLY (SEQ 1D NO: 3648),
or an amino acid sequence having at least one, two, or three but no more than four modifications, e.g.,
substitutions, relative to the amino acid sequence of PLNGAVHLY (SEQ 1D NO: 3648), optionally,
wherein position 7 is H,

{6648] 22 The AAV capsid polypeptide, .., the AAV capsid vadant, of any one of
embodiments 1-3 or 20, comprising the amino acid sequence of RDSPKGW (SEQ ID NO: 3649), or

an amino acid sequence haviag at least one, two, ot three modifications but no more than four
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modifications, ¢.g., substifittions, relative to the amino acid sequence of RDSPKGW (SEQ ID NOG»
3649).

{08497 23 The AAV capsid polyvpeptide, e.g., the AAV capsid variant, of any one of
smbodiments 1-3 or 15-20, comprising the amino acid sequence of IVMNSLK (SEQ ID NO: 3651),
or an amino acid sequence having at least one, two, or three modifications but no more than four
modifications, ¢.z., substifutions, relative o the amine acid sequence of IVMNSLK (SEQ 1D NG:
3651y

{0656G] 24, The AAV capsid polypeptide, e.g.,

cmbodiments 1-3, 11-14, or 26, comprising the aming acid sequence of YSTDVRM (SEQ ID NO:

the AAV capsid variant, of any one of

3630}, or an amino acid seqoence having at least one. two, or three modifications but no more than
four modifications, e.g., substitutions, relative to the amino acid sequence of YSTDVRM (SEQ ID
NQO: 3650).

{36531} 25 The AAV capsid polypeptide, e.g., the AAV capsid vanant, of any one of
embodiments 1-3 or 20, comprising the amino acid sequence of RESPRGL (SEQ ID NO: 3652), ora
sequence having at least one, two, or three modifications but no more than four modifications, e.g.,
substitations, relative to the amino acid sequence of RESPRGL (SEQ 1D NO: 3652,

{8632}  z6. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of the
preceding embodiments, which comprises the amino acid sequence of any of SEQ 1D NO: 3648-3659,
{B033] 27 The AAV capsid polypeptide, e.g., the AAV capsid vanant, of any one of
cmbodiments 1-26, comprising:

{1) an amino acid sequence encoded by the nucleotide sequence of any one of SEQ 1D NOs:
3660-3671, or a nucleotide sequence substantially identical (e.g., having at least 70%, 75%, 80%,
85%, 90%, 92%, 93%, 97%, 98%, or 99% sequence identity) thereto; or

{ii) an araing acid sequence encoded by a pucleotids sequence comprising at least one, two,
theee, four, five, six, or seven modifications but no more than oo medifications of the nucleotide
sequence of any of SEQ 1D NQs: 3660-3671.

{6654] 28 The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
embodiuments 1-27, wherein the nucleotide sequence encoding the AAY capsid variant comprises:

(1) the nucleotide sequence of any one of SEQ D NOs: 3660-3671, or a nuclectide sequence
substantiatly identical (e.g.. having at least 70%, 75%, 80%, 85%, 80%, 92%. 95%, 97%, 95%, or
99% sequence identity) thereto; or

{it) a mucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of any of SEQ ID NQs:
3660-3671.

{6058}  29. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of

cmibodiments 1~10, 20-21, or 26-28, comprising an amino acid sequence encoded by:
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{1) the nucleotide sequence of SEQ 1D NO: 3660, or a nucleotide sequence substantially
identical {e.g., having at least 70%, 75%, 80%, 85%, 0%, 92%, 95%, 97%, 98%%, or Y9 sequence
identity) thereto; or

(i1} a nuclectide sequence compusing at least one, two, three, fouy, five, six, or seven
modifications bt ne more than tes medifications of the nuclestide sequence of SEQ D NO: 3660,
{6656] 30 The AAV capsid polypeptide, .., the AAV capsid vadant, of any one of
ambodiments 1-10, 20-21, or 26-29, wherein the nucieotide sequence encoding the AAV capsid
variant comprises:

(1) the nucleotide sequence of SEQ 1D NO: 3660, or a nucleotide scquence substantially
wdentical (e.g., having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% scquence
wdentity) thereto; or

{(ii} a nucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of SEQ 1D NO: 3660,
{86371  31. The AAVY capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
cmbodiments 1-3, 20, 22, or 26-28, comprising an amino acid sequence encoded by:

(1) the nucleotide sequence of SEQ ID NO: 3661, or a nucleotide sequence substantially
identical {¢.g., having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence
identity) thereto; or

(1t) a nucleotide sequence comprising at least one, two, three, fowr, five, six, or seven
modifications but no more than ten modifications of the sucleotide sequence of SEQ I NO: 3661,
{0058] 32 The AAV capsid polypeptide, e.g., the AAV capsid variast, of any one of
crabodiments 1-3, 20, 22, 26-2%, or 31, whercin the muclentide sequence encoding the AAV capsid
vanant cComprises:

{1} the nucleotde sequence of SEQ ID NO: 3661, or a nuclentide sequence substantially
identical (¢.g., having at least 70%, 75%, 80%, 83%, 90%, 92%, 95%, 97%, 98%, or 939% sequence
identity ) thereto, or

(1) a nucleotide sequence comprising at least one, two, three, four, {ive, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of SEQ D NO: 3661,
{3059 33. The AAV capsid polypeptide, .2, the AAV capsid vanant, of any one of
embodiments 1-3, 11-14, 20, 24, or 26-28, comprising an amino acid sequence encoded by

(1) the nucleotide sequence of SEQ 1D NO: 3662, or a nucleotide sequence substantially
identical {e.g., laving at least 70%, 73%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or ¥9Y% sequence
identity) thereto; or

{11} a nucleotide sequence compusing at least one, two, theee, four, five, six, or seven

modifications but no more than ten modifications of the nuclectide sequence of SEQ ID NO: 3662,
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{6060} 34, The AAV capsid polypeptide, ¢.g., the AAV capsid varant, of any one of
cmibodiments 1-3, 11-14, 20, 24, 26-28, or 33, wherein the nucleotide sequence encoding the AAV
capsid variant comprise

(1) the nucleotide sequence of SEQ 1D NO: 3662, or a nucleotide sequence substantially
identical {e.g., having at least 70%, 75%, 80%, 85%, 00%, 92%, 95%, 97%, 98%, or 99% scquence
identity) thereto; or

(it) a mucleotide sequence comprising at least one, two, three, fowr, five, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of SEQ I NG: 3662.
{8061} 35 The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
crbodiments 1-3, 18220, 23, or 26-28, comprising an amino acid scquence encoded by:

{1} the nucleotide sequence of SEQ D NO: 3663, or a nucleoide sequence substantially
identical {c.g.. having at least 70%, 75%., 80%6, 83%, 90%, 92%. 95%, 97%, 98%, or $9% sequence
identity) thereto; or

(11} a nuclectide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of SEQ D NO: 3663,
{3062] 36, The AAV capsid polypeptide, e.g., the AAV capsid vanant, of any one of
embodiments 1-3, 15-20, 23, 26-28, or 35, wherein the nucleotide sequence encoding the AAV capsid
variant comprises:

(1) the nucleotide sequence of SEQ 1D NO: 3663, or a nucleotide sequence substantially
identical {e.g., having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%. 98%, or 99% sequence
identity) thereto; or

{11} a nucleotide sequence compusing at least one, two, theee, fouy, five, six, or seven
modifications but no more than ten modifications of the nuclectide sequence of SEQ ID NO: 3663,
{B663] 37, The AAV capsid polypeptide. e.g., the AAV capsid variant, of any one of
embodimenis 1-3, 20, or 25-28, comprising an aming acid sequence encoded by:

(1) the nucleotide sequence of SEQ 158 NO: 3664, or a mucleotide sequence substantially
wdentical {e.g., having at least 70%,. 75%, 80%, 85%, 0%, 92%, 93%, 97%, 98%, or 39% scquence
identity) thereto; or

(it a mucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of SEQ 1D NO: 3664,
{6864}  38. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
embodiments 1-3, 20, 25-28, or 37, wherein the nucleotide encoding the AAV capsid variant
corprises:

(1) the nucleotide sequence of SEQ 1D NO: 3664, or a nucleotide sequence substantially
identical (c.g., having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence

identity) thereto; or
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{ity a mucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but ne more than ten modifications of the muclestide soquence of SEQ D NO: 3664,
{0665] 39 The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of the
preceding embodiments, wherein the amino acid sequence is present in loop VIIL
{3B66] 40, The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
crabodiments 1-10, 20-21, 26-30, or 39, wherein the amino acid sequence is preseunt inmediaiely
subsequent to position 586, relative to a reference sequence numbered according to the amino acid
sequence of SEQ D NO: 138,

{6667] 41 The AAV capsid polypeptide, .., the AAV capsid vadant, of any one of
ambodimends 1-3, 15-20, 23, 26-28, 35-36, or 39, wherein the aminc acid sequence is presend
imimediately subseguent to position 385, relative to a reference sequence numbered according o the
amino acid sequence of SEQ I NO: 138,

{0068]  42. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
embodiments 1.3, 11-14, 20, 22, 24-28, 31-34, 37-38, or 39 wherein the amino acid sequence 18
present immediately sabsequent to position 589, relative to a reference sequence mumbered according
to the amino acid sequence of SEQ ID NO: 138

{3068] 43 The AAV capsid polypeptide, e.g., the AAV capsid vaniant of any one of embodirnents
1-42, which comprises an amino acid residue other than “A” at position 387 and/or an amino acid
residue other than “Q7 at position 583, numbered according to SEQ 1D NO: 138,

{8878  44. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
cmbodiments 1-10, 20-21, 26-30, 39-40, or 43, comprising the amino acid sequence of
PLNGAVHLY (SEQ ID NO: 3648), wherein the amino acid sequence of PLNGAVHLY (SEQ ID
WO: 3648) is present immediately subseguent to position 386, relative o a reference sequence
numbered according to the amino acid sequence of SEQ 1D NG: 138,

{B071] 45 The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
crabodiments 1-3, 20, 26-28, 39-40, o1 43, comprising the amino acid sequence of GGTLAVVSL
{SEQ ID NO: 3654), wherin the araino acid sequence of GGTLAVVSL (SEQ 1D NG: 36543 is
present immediately subsequent to position 586, relative to a reference sequence pumbered according
to the araino acid sequence of SEQ D NO: 138,

{6672] 46 The AAV capsid polypeptide, .g., the AAV capsid vadant, of any one of
embodunents 1-3, 13-20, 23, 26-28, 35-36, 39, or 41, comprising the arno acid sequence of
IVMNSLE (SEQ ID NO: 3651), wherein the amino acid sequence of IVMNSLK (SEQ 1D NO: 3651
18 present immediately subsequent to position 588, relative to a reference sequence numbered

according to the amino acid sequence of SEQ 1D NO: 138,
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{66731 47 The AAV capsid polypeptide, ¢.g., the AAV capsid varant, of any one of
cmibodiments 1-3, 11-14, 20, 22, 24-28, 31-34, 37-38, 39, or 42, comprising the amino acid sequence
of any of SEQ ID NOs: 3649, 3650, 3652, 3653, or 3655-3659, wherein the amino acid sequence of
any of the aforesaid sequences is present immediately subsequent o position 589, relative to a
reference seqquence oumbered according to the amino acid sequence of SEQ 1D NO: 138,

{0074}  48.The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of the preceding
cmbodiments, which further comprises the amino acid substitution of K449R, rumbered according to
SEQ ID NO: 138,

{6678] 49 The AAV capsid polypeptide, . g, the AAV capsid vadant, of any one of the
preceding embodiments, which further compuses a modification, ¢.g., an insertion, substitution,
and/or deletion, 1n loop L, 1L 1V and/or VL

{8876] 50 The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of the
preceding embodiments, which comprises an amino acid sequence having at Ieast one, two or three
modifications but not more than 36, 20 or 16 modifications of the amino acid sequence of SEQ D
NQO: 138,

{0777 51 The AAV capsid polypeptide, e.g., the AAV capsid vanant, of any one of the
preceding embodiments, which comprises the amine acid sequence of SEQ 1B NO: 138, or an amino
acid sequence with at least 80% (e.g., at least about 83, 90, 95, 96, 97, 98, or 99%) sequence identity
thereto.

{8678]  52. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of the
preceding embodiments, which comprises the amino acid sequence of SEQ 1D NO: 138.

{B378] 53, The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of the
preceding embodiments, which coniprises an amino acid sequence encoded by the mucleotide
sequence of SEQ ID NO: 137, or a sequence with at least 80% (e.g., at least about 85, 90, 95, 96, 97,
98, or 99%0) sequence identity thereto.

{6080} 54, The AAV capsid polypeptide, ¢.g., the AAV capsid varant, of any one of the
preceding embodiments, wherein the rucleotide sequence encoding the capsid variant comprises the
nuciectide sequence of SEQ 1D NG: 137, or a sequence with at least 80% (e.g., at least about 85, 90,
95, 96, 97, 98, or 99%0) seqquence identity thereto.

{0081]  55. The AAV capsid polypeptide, e.g

[=18

the AAY capsid variant, of any one of the
preceding embodiments, which comprises a VP1 protein, a VP2 protein, a VP3 protein, or a
combination thereof.

{8682] 56 The AAV capsid polypeptide. e g, the AAV capsid varant, of any one of the

preceding embodimenis, which comprises the amine acid sequence comresponding to positions 138-
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743, c.g..a VP2, of any one of SEQ 1D NOs: 3636-3647, or a scquence with at least 30% (e.g., at
Ieast about 85, 90, 95, 96, 97, 98, or 999%) sequernce identity thereto.

{06831 57 The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of the
preceding enbodiments, which comprises the amino acid sequence cotresponding to positions 203-
743, ¢.g., a VP3, of any one of SEQ 1D NOs: 3636-3647, or a sequence with at least 80% {¢.g., at
least about 85, 90, 95, 96, 97, 98, or 99%;) sequence identily thereto,

{0084} 58, The AAV capsid polypeptide, e.g

£., the AAV capsid variaat, of any one of the
preceding embodiments, which conprises the amino acid sequence of any one of SEQ ID) NOx: 3636~
3647, or an araino acid sequence with at feast 80% (c.g., at least about 83, 90, 95, 96, 97, 98, or 99%)
sequence wdentity thereto.

{B085] 59 The AAV capsid polypeptide. e.g., the AAV capsid vadant, of any one of the
preceding embodiments, which comprises an amino acid sequence having at least one, two or three
modificatons, but oot more than 30, 20 or 10 modifications of the amino acid sequence of any one of
SEQ 1D NOs: 3636-3647.

{6886}  60. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of the
preceding embodiments, which comprises an amino acid sequence encoded by the nucleotide
sequence of any one of SEQ (D NOs: 3623-3635, or a nucleotide sequence with at feast 80% {e.g., at
least about 85, 90, 93, 96, 97, 98, or 99%) sequence identity thereto.

{3087} 61 The AAV capsid polypeptide, e.g., the AAV capsid vanant, of any one of the
preceding embodiments, wherein the nucleotide sequence encoding the capsid variant comprises the
nucleotide sequence of any one of SEQ 1D NOs: 3623-3635, or a nucleotide sequence with at least
80% {c.g., at least about 83, 90, 93, 96, 97, 98, or 99%) sequence identity thereto.

{6088]  62. The AAV capsid polypeptide, ¢.g., the AAV capsid varant, of any one of
cmbodiments 1-10, 20-21, 26-30, 39-40, 43-44, or 48-61, wherein the nucieotide sequence encoding
the capsid vatiant comprises the pucleotide sequence of SEQ 1D NO: 3623, or a nucleotide sequence
with at least 80% (¢.g., at least about 85, 90, 95, 96, 97, 98, 0r 99%,) sequence identity thereto,
{0089} 63. The AAV capsid polypeptide, e.g., the AAV capsid variast, of any one of
crabodiments 1-3, 15-20, 23, 26-28, 35-36, 39, 41, 46, or 48-61, wherein the nucleotide sequence
encoding the capsid variant comprises the nucleotide sequence of SEQ ID NO: 3627, or a nucleotide
sequence with at least 80% (¢.g., at least about 85, 98, 95, 96, 97, 98, or 99%) sequence identity
thereto.

{309G] 64 The AAV capsid polypeptide, e.g., the AAV capsid vadant, of any one of the
preceding embodiments, wherein the nucleotide sequence encoding the capsid vanant is codon

optimized.
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{60911 65 An AAV capsid polypeptide, e.g., an AAV capsid variant, comprising the amino acid
sequence of any one of embodiments 1-10, 20-21, 26-30, 39-40, 43-44, 48~62, or 64, and further
comprising an amino acid sequence at least 95% identical to SEQ D NO: 3636,

{B092] 66, An AAV capsid polypeptide, ¢.g., an AAV capsid variant, comprising the amino acid
sequence of SEQ 1D NO: 3636,

{66931 67 An AAV capsid polvpeptide, e.gz., an AAV capsid variant, comprising the amino acid
sequence of any one of embodiments 1-3, 20, 22, 26-28, 31-32, 39, 42, 47-61, or 64, and further
coraprising an amino acid sequence at least 93% identical to SEQ ID NG: 3637,

{6094] 68, An AAV capsid polypeptide, e.g., as AAV capsid variant, comprising the amieo acid
sequence of SEQ D NG 3637,

{0093] 69 An AAV capsid polypeptide, e.g., an AAV capsid variant, comprising the amine acid
sequence of any one of erobodimends 1-3, 13-12, 20, 24, 26-28,33-34, 39, 42, 47-61, or 64, and
further compuasing an amine acid sequence at Jeast 95% identical to SEQ ID NG: 3638,

{0896] 70 An AAV capsid polypeptide, e.g., an AAV capsid variant, comprising the amino acid
sequence of SEQ D NG 3638,

{80971 71 An AAV capsid polypeptide, ¢z, an AAY capsid varant, comprising the amine acid
sequence of any one of erbodiments 1-3, 15-20, 23, 26-24, 35-36, 39, 41, 46, 48-61, or 63-64, and
farther compuising an aming acid sequence at least 95% identical to SEQ 1D NQO: 3639

{0098] 72, An AAV capsid polypeptide, e.g.. an AAV capsid variant, comprising the amino acid
sequence of SEQ D NO: 3639,

{B6931 73 An AAV capsid polypeptide, ¢.g., an AAV capsid variant, comprising the amino acid
sequence of any one of embodiments 1-3, 20, 25-28, 37-39, 42, 47-61, or 64, and further comprising
an amino acid sequence at least 95% identical to SEQ 1D NG: 3640,

[6106] 74 An AAV capsid polvpeptide, e.g., an AAV capsid variant, comprising the amine acid
sequence of SEQ 1D NO: 3640,

{3101} 75. An AAY capsid polypeptide, e.g., an AAV capsid variant, comprising the amino acid
sequence of SEQ [D NO: 3641,

{8102] 7o, An AAV capsid polypeptide, ¢.g.. an AAV capsid variant, comprising the amino acid
sequence of SEQ 1D NO: 3642,

{#103] 77 An AAV capsid polypeptide, ¢.g., an AAV capsid variant, comprising the amino acid
sequence of SEQ D NO: 3643,

{8104]  78. An AAV capsid polyvpeptide, e.g., an AAV capsid variant, comprising the amine acid
sequence of SEQ 1D NO: 3644,

{105 79. An AAV capsid polypeptide, ¢.g.. an AAV capsid variant, comprising the amino acid
sequence of SEQ D NO: 3645,

1
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{6106]  80. An AAV capsid polypeptide, e.g., an AAV capsid variant, comprising the amino acid
sequence of SEQ ID NO: 3646,

{B107] 81, An AAV capsid polypeptide, ¢.g., an AAV capsid variant, comprising the amino acid
sequence of SEQ D NO: 3647,

{6108] 82, An AAV capsid polvpeptide, e.gz., an AAV capsid variant, comprising an amino acid
sequence encoded by the nucieotide sequence of any onc of SEQ 1D NOs: 3623-3635, or a nucleotide
sequence at least 953% identical thereto,

{3109]  83. An AAV capsid polypeptide, e.g., an AAV capsid variant, comprising a parental
araino acid sequence baving an insert, ¢.£., a targeting peptide, wherein the insert comprises:

{a) the amivo acid sequence of any of SEQ ID NG 1725-3622 or 3648-3659;

{byatieast 3, 4, 5,6, 7, §, or ¢ consecutive amino acids from the amine acid sequence of any
of SEC ID NO: 1725-3622 or 3648-3659; or

{¢) an amino acid scquence corprising no more than four modifications, ¢.g., substitutions,
refative to the amino acid sequence of any of SEQ ID NO: 1725-3622 or 3648-3659.

{BE16] 84 The AAV capsid polypeptide. e.g., the AAV capsid varant, of embodiment 83,
wherein the parental sequence comprises:

(1) the amino acid sequence of SEQ 1D NO: 138, or an amino acid sequence substantially
wdentical {e.g., having at least 70%, 75%, 80%, 85%, 0%, 92%, 95%, 97%, 98%, or 99%, scquence
wdentity) thereto; and/or

{ii) an amino acid sequence compusing at least one, two, o7 three modifications but no more
than 30, 20 or 10 modifications, ¢.g., substitutions, to the amino acid sequence of SEQ 1D NG: 138,
{81111 85 The AAV capsid polypeptide, e.2., the AAV capsid varant, of embodiment 83 or 84,
wherein the parental sequence further comprises a substifution at position K449, ¢.g., a K449R
substitution,

{0112]  86. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
crabodiments 83-85, wherein the parental sequence comprises an amino acid sequence encoded by the
nucleotide sequence of SEQ 1D NO: 137, or a nuckeotide sequence substantially identical {e.g., having
at least 70%, 75%, 80%, 853%, 90%, 92%, 93%, 97%, 98%, or 99% sequence identity) thereto.

{0113} %7 The AAV capsid polypeptide, 2.2, the AAV capsid vadant, of agy one of
embodiments 83-86, wherein the nucleotide sequance encoding the parental sequence comprises the
nuclectide sequence of SEQ 1D NG 137, or a nuckotide sequence substantially identical (e.g., having
at Ieast 70%, 75%, 80%, 85%, 90%6, 92%, 95%, 97%. 98%, or 99% sequence wdentity ) thereto.

{8114] 84 The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of

embodiments 83-87, wherein the parental sequence comprises:
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{1) the amino acid sequence of SEQ 1D NO: 11 or an amino acid sequence substantially
identical {e.g., having at least 70%, 75%, 80%, 85%, 0%, 92%, 95%, 97%, 98%%, or Y9 sequence
identity) thereto; and/or

{iiy an aminoe acid sequence compusing at least one, two, or three modifications but no more
than 30, 20 or 10 modifications, ¢.g., substitutions, to the amino acid sequence of SEQ ID NO: 11

optionally, provided that position 449 of SEQIDNG: 1l s not K, e.g., is R
{0115] 29 The AAV capsid polvpeptide, e.g., the AAV capsid variant, of any one of
embodiments 83-8%, wherein the insert comprises the amino acid sequence of PLNGAVHLY (SEQ
1D NO: 3648).

{8116] 90 The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
cmbodiments #3-88, whercin the insert comprises the amino acid sequence of GGTLAVVSL (SEQ
1D NO: 3654).

{3117} 91 The AAV capsid polypeptide, e.g., the AAV capsid vanant, of any one of
embodiments 83-88, wherein the insert comprises the anmuno acid sequence of IVMNSLK (SEQ ID
NO: 36513,

{8118]  92.The AAV capsid polypeptide, ¢.g.. the AAV capsid variant, of any one of
embodiments 83-88, wherein the insert comprises an amino acid sequence chosen from RDSPRGW
(SEQ ID NO: 3649), YSTDVRM (SEQ ID NO: 3650), RESPRGL (SEQ ID NO: 3652), SFNDTRA
(SEQ I NO: 3653), YGLPKGP (SEQ ID NO: 3655) or STGTLRL (SEQ ID NOG: 3636).

{118]  93. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
embodiments 83-92, wherein the insert is present in loop VIII of the parental amino acid sequence.
{01281 94 The AAV capsid polypeptide, e.g., the AAV capsid vadant, of any one of
smbodiments 83-90 or 93, wherein the insert is present immediately subsequent 1o position 586 in the
parental amino acid scquence.

{4121 95. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
crbodiments #3-89 or 93-94, wherein the tosett comprises the amino acid sequence of
PLNGAVHLY (SEQ 1D NG: 3648) and is 1nserted 1numediately subsequent to position 386 of the
parental anine acid sequence,

{0122} 96 The AAV capsid polypeptide, 2.2, the AAV capsid vadant, of agy one of
embodiments 83-88, 90, or 93-94, wherein the inseyt comprises the aming acid sequence of
GGTLAVVSL (SEQ 1D NG: 3654) and 15 1nserted immediately sabsequent to position 586 of the
parental amino acid segquence.

{8123]  97. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
embodiments 83-90, 93-96, which comprises an amine acid other than “A” at position 387 and/or an

antino acid other than "7 at position 388 of the parental sequence.
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{6124] 98 The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
cmbodiments 83-90 or 93-97, further comprising a deletion of amino acid “A” at position 587 and/or
a deletion of amino acid “(Q7 at position 388 of the parental amine acid sequence.
{4125]  99. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
embodiments 83-89, 93-05, or 97-98, comprising:

{1) an insert comprising the aming acid sequence of PLNGAVHLY (SEQ 1D NG: 3648),
which is inserted trarnediately subsequent to position 586 of the parental amine acid sequence; and

{i1) a deletion of the ammno acids “AQ” at positions 587 and 588 of the parental aming acid

{0126} 100, The AAV capsid polypeptide, e.g., the AAV capsid variant, of anv one of
embodimenis 83-85, 90, 93-94, or 96-98, comprising:
(1) an insert compnsing the amino acid sequence of GGTLAVVSEL (SEQ ID NQO: 3654),
which 1 inserted immediately subsegquent to position 586 of the parental amino acid sequence; and
{(it) a defetion of the amino acids “AQ” at positions 387 and 388 of the parental amino acid
sequence.
{8127} 101 The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
embodiments 83-88, 91, or 93, wherein the insert IS inserted immediately subsequent to position 388
in the parental amino acid sequence.
102. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of embodiments 83~
88,91, 93, or 101, wherein the insert comprises the amino acid sequence of IVMNSLK (SEQ 1D NO:
3651} and is inserted immediately subsequent o position 388 of the parental amino acid sequence.
{01128} 103. The AAV capsid polypeptide, e.g., the AAV capsid variant, of embodiment 83-88, or
92-93, wherein the insert is inseried immediately subsequent to position 559 in the parental asxino
acid sequence.
{6129} i04. The AAV capsid polypeptide, e.g.. the AAV capsid variant, of any oue of
embodimenis 83-88, 92-93, or 103, wherein the insert comprises an amino acid sequence chosen from
RIDSPKGW (SEQ IDNO: 3649), YSTDVRM (SEQ TR NO: 3650), RESPRGL (SEQ D NO: 3652),
SFENDYTRA (SEQ 1D NG: 3653), YGLPKGP (SEQ 1D NO: 3655) or STGTLRL (SEQ D NO: 36356)
and 18 inserted immediately subsequent o position S89 of the parental amino acid sequence.
{0134 105. The AAV capsid polypeptide, e.g., the AAV capsid vatiang, of any one of the
preceding embodiments, which does not comprise an insert sequence present immediately subsequent
to position 586, 538, or 389 numbered relative to SEQ 1D NO: 135, having at least 3 consecutive
aning acids corresponding to positions 586 to 394 numbered relative to SEQ 1D NO: 138, of any of
SEQ D NQOs: 1-1724, ¢.g., as described in Table 6.

- 16 -



WO 2021/230987 PCT/US2021/025061

{6131} 106. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of the
preceding entbodiments, which does not comprise the amino acid sequence of TLAVPFK (SEQ 1D
NG: 1262) present unmediately subscquent to position 588, numbered according to SEQ 1D NO: 138,
{3132} 107. The AAV capsid polypeptide, e.z., the AAV capsid variant, of any one of the
preceding embodiments, which has an increased tropism for a CNS cell or tissue, ¢.g., a brain cell,
brain tissue, spinal cord cell, or spinal cord tissue, relative to the tropism of a reference sequence
conprising the amino acid sequence of SEQ ID NO: 138,

{6133} 108. The AAV capsid polypeptide, ¢.g., the AAV capsid variast, of any one of
cmbodiments 1-12, 15-44, 46-74, 82-89, 91-93, 97-99, 101-107, which transduces a brain mgion, ¢.g.,
selected from dentate nuclens, cercbellar cortex, cerebral cortex, brain stem, hippocampus, thalamus
and putamen, optionally wherein the level of transduction is at feast 5, 10, $0, 100, 200, 500, 1,000,
2,000, 5,000, or 10,000-fold greater as corapared {0 a reference sequence of SEQ ID NO: 138, ¢.g.,
when measured by an assay, e.g.. an tnmunohistochemistry assay, a gRT-PCR, or a RT-ddPCR assay,
e.g., as described in Example 5.

{6134} 109, The AAV capsid polypeptide, e.g., the AAV capsid variant, of any onc of the
preceding embodiments, which is enniched at least about 3, 6, 7, 8, 9, or 10-fold, in the brain
compared to a reference sequence of SEQ 1D NO: 138, ¢.g., when measured by an assay as described
in Example 4.

{3135} 110. The AAV capsid polypeptide, e.g., the AAY capsid variant, of any one of
embodiments 1-14, 20-22, 24-34, 39-40, 42-44, 47-62, 64-70, 79-80. 82-80, 92-95, 97-99, or 103-109,
which is enriched at least about 20, 36, 40, or 50-fold in the brain corapared fo a reference sequence
of SEQ 1D NO: 138, ¢.g., when measured by an assay as described in Example 4.

{6136} 111. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any one of
embodiments 1-10, 20-22, 26-32, 39-40, 42-44, 47-62, 64-68, 82-89, 92-95, 97-99, or 103-110, which
1s eniched at least about 100, 200, 300, or 400-fold in the brain compared o a reference sequence of
SEQ 1B NO: 138, e.g., when measured by an assav as described in Example 4.

{0137} 112. The AAV capsid polypepiide, e.g., the AAV capsid variant, of any one of
cmbodiments 1-10, 20-21, 26-30, 39-40, 43-44, 48-62, 64-66, 82-89, 93-93, 97-99, or 103-111, which
delivers an increased level of viral genoroes (o a brain region, optionally wherein the level of viral
genomes is incicased by atleast 5, 10, 20, 30, 40 or 50-fold. as compared to a reference sequence of
SEQ ID NO: 133, ¢.g., when measured by an assay, ¢.g., a gRT-PCR or a RT-ddPCR assay (e.g., as
described in Example 3).

{3138] 115, The AAV capsid polypeptide. e.g., the AAV capsid variant, of any one of
embodiments 1-12, 15-44, 46-74, 82-89, 91-95, 97-949, 101-112, which delivers an increased level of a
payload {o a brain region, optionally wherein the level of the payload is increased by at least 5, 10, 50,

100, 200, 500, 1,000, 2,600, 5,000, or 10,000-fold, as compared to a reference sequence of SEQ ID
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NO: 138, e.g., when measured by an assay, e.g., a gRT-PCR or a RT-ddPCR assay {c.g., as descrbed
in Example 3).

{6135} 114, The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of embodiment 113,
wherein the brain region comprises a frontal corieys, sensory coriex, raotor cortex, putamen, thalamus,
cerebeliar cortex, dentate nucleus, caudaie, and/or hippocampus.

{0146} 115 The AAV capsid polypeptide, ¢.g., the AAV capsid vadang, of any one of
cmbodimenis 1-12, 15-44, 46-74, 82-89, 91-95, 97-99, 101-114, which delivers anincreased level of a
pavload to a spinal cord region, optionally wherein the level of the payload is increased by at least 10,
20, 50, 100, 200, 300, 400, 500, 600, 700, 800 or 900-fold, as compared to a reference sequence of
SEG ID NO: 135, ¢.g., when measured by an assay, ¢.g., a gRT-PCR assay {e.g.. as described in
Example §}).

{3141} 116, The AAV capsid polypeptide, e.g., the AAV capsid variant, of embodiment 115,
wherein the spinal cord region cornprises a cervical, thoracic, and/or humbar region.

{0142} 117. The AAV capsid polypeptide, e.g., the AAV capsid vanand, of any onc of
embodiments 1-3, 15220, 23, 26-28, 35-36, 39, 41, 46, 48-61, 63-64, 71-72, #3-88, 91, 93, 101-102,
105-109, or 113-116, which shows preferential transduction in a brain region relative to the
transduction in the dorsal root ganglia (DRG).

{#143] 118 The AAV capsid polypeptide. e.g., the AAV capsid variant, of any one of
embodimenis 1-10, 20-21, 26-30, 39-40, 43-44, 48-62, 64-66, 82-89, 93-85, 97-99, or 105-116,
wherein the capsid variant:

(1) is enriched at least about 300, or 400-fold in the brain compared 1o a reference sequence of
SEQ ID NO: 138, e.g., when measured by an assay as described in Example 4;

{i1) transduces a brain region, ¢.£., selected from dentate nucleus, cerebellar corex, cerebral
coriex, brain stew, hippocampus, thalamos and putamen, wherein the level of transduction is at least
500, 1,000, 2,000, 3,000, or 10,000-fold greater as compared to a reference sequence of SEQ ID NO:
138, e.g., when measured by an assay, .g., an trarounchistochenmdstry assay, a gRT-PCR, ora RT-
ddPCR assay, e.g., as described in Example 5,

(i1 delivers an increased level of a payload to a brain region, optionally wherein the level of
the pavlcad 1s increased by at least 506, 1,000, 2,000, 5,000, or 10,000-fold, as compared to a
reference sequence of SEQ 1D NG 138, e.g., when measured by an assay, e.g., 4 gRT-PCR ora RT-
ddPCR assay (e.g., as described in Example 5), optionally wherein the brain region comprises a
frontal cortex, sensory cortex, motor cortex, putamen, thalamus, cerebellar cortex, dentate nucleus,
caudate, and/or hippocamapus;

(iv) delivers an increased level of a payload to a spinal cord region, optionally wherein the
level of the payload is increased by at least 50, 100, 200, 300, 400, 5006, 600, 700, 800 or 900-fold, as

corapared o a reference sequence of SEQ 1D NO: 138, e.g.. when measured by an assay, ¢.g.. a gRT-
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PCR assay (c.g.. as descobed in Exaraple 5), optionally wherein the spinal cord region comprises a
cervical, thoracic, and/or lumbar region; and/or

(v} delivers an increased level of viral genomes 1o a brain region, optionally wherein the level
of viral genomes is increased by at least 5, 10, 20, 30, 40 or 50-fold, as comparad to a reference
sequence of SEQ I NO: 138, e.g., when measured by an assay, ¢.8., a gqRT-PCR ora RT-¢dPCR
assay (e.g., as described in Example 3), optionally wherein the brain region comprises a frontal
COTECX, BensOrY COreX, motor corfex, putamen, thalamus, cercbellar cortex, dentate nucleuns, candate,
and/or hippocanmpus.

{3144} 119, An AAYV capsid polypeptide, e.g.. an AAV capsid variant comprising: (a) the amino
acid sequence of PLNGAVHLY (SEQ D NO: 3648); (b} an amino acid sequence comprising at feast
one, two, or three modifications but no more than four modifications, e.g., substitutions, relative to the
amino acid sequence of PENGAVHLY (SEQ ID NO: 3648); or {cyatleast 3,4, 5,6, 7, 8,0r 9
consecutive amingo acids from the amino acid sequence of PLNGAVHLY (SEQ 1D NO: 3648); and
wherein the capsid variant:

(1) is enriched at least about 300 or 400-fold in the brain compared to a reference sequence of
SEQ ID NO: 138, e.g., when measured by an assay as described in Example 4;

{i1) transduces a brain region, ¢.g., selected from dentate nucleus, cerebellar cortex, cerebral
coriex, brain stew, hippocampus, thalamos and putamen, wherein the level of transduction is at least
500, 1,000, 2,000, 3,000, or 10,000-fold greater as compared to a reference sequence of SEQ ID NG
138, ¢.g., when measured by an assay, ©.g., an vomunchistochemistry assay, a gqRT-PCR, ora RT-
ddPCR assay, e.g., as descrbed in Example 5,

(i1 delivers an increased level of a payload to a brain region, optionally wherein the level of
the pavlcad 1s increased by at least 506, 1,000, 2,000, 5,000, or 10,000-fold, as compared to a
reference sequence of SEQ 1D NO: 138, e.g., when measured by an assay, e.g., a gRT-PCR or a RT-
ddPCR assay (e.g., as described in Example 53, optionally wherein the brain region comprises a
frontal cortex, sensory cortex, motor cortex, putamen, thalamus, cerebellar cortex, dentate nucleus,
caudate, and/or hippocamapus;

(iv) delivers an increased level of a payload to a spinal cord region, optionally wherein the
level of the payload is increased by at least 50, 100, 200, 300, 400, 5006, 600, 700, 800 or 900-fold, as
corapared to a reference sequence of SEQ 1D NO: 138, ¢.g., when measured by an assay, ¢.g., a gRT-

PCR assay (c.g

£., as described in Example 5), optionally whercin the spinal cord region comaprises a
cervical, thoracic, and/or tumbar region; and/or

(v} delivers an increased level of viral genomes t¢ a brain region, optionally wherein the level
of viral genomes is increased by at Ieast 5, 10, 20, 30, 40 or 30-fold. as compared {¢ a reference
sequence of SEQ D NO: 138, e.g., when measured by an assay, e.2., a gRT-PCR or a RT-ddPCR

assay (¢.g., as described in Example 5), optionally wherein the brain region comprises a frontal
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cotiex, sensory cortex, mofor cortex, putaren, thalamus, cerebellar cortox, dentate nucleus, caudate,
and/or hippocampus.

{0145} 120. The AAV capsid polypeptide, e.g., the AAV capsid variant, of any one of
embodiments 1-3, 15-20, 23, 26-28, 35-36, 39, 41, 46, 48-61, 63-64, 71-72, 83-88, 91, 93, 101-102,
105-109, or 113-117, wherein the AAV capsid variant has an increased tropism for a mouscie cell or
tissue, ©.£., a heart tissue, relative (o the tropism of a reference sequence comprising the amino acid
sequence of SEQ D NO: 138,

{0146} 121 The AAV capsid polypeptide, ¢.g., the AAV capsid variarg, of any ane of
cmbodiments 1-3, 15-20, 23, 26-28, 35-36, 39, 41, 46, 48-61, 63-64, 71-72, 83-88, 91, 93, 101-102,
103-109, 113-117, or 120, which delivers an increased level of a payload to a muscle region,
optionally wherein the loved of the payload is increased by at least 16, 15, 20, 30, or 40-fold, as
compared to a reference sequence of SEQ 1D NG: 138, ¢.z., when measured by an assay, ¢.g., an IHC
assay or a RT-ddPCR assay (e.g.. as described in Example 5).

{3147} 122. The AAV capsid polypeptide, e.g., the AAV capsid variant, of embodiment 120 or
121, wherein the muscle region comprises a heart muscle, quadriceps muscle, and/or a diaphragm
muscle region.

{6148} 123. The AAV capsid polypeptide, ¢.g., the AAV capsid variant, of any onc of
embodiments 120-122, wherein the muscle region coniprises a heart muscle region, e.g., a heart
atrim ruscle region or a heart ventricle muscle region.

{{1149] 124. The AAV capsid polypeptide, e.g., the AAV capsid variant, of anv one of the
preceding embodiments, which is isolated, ¢.g., reconbinant.

{6154 125. A pelvmucleotide encoding the polypeptide, e.g., the AAV capsid variant of any one
of cmbodiments 1-124.

{0151} 126, The polynucleotide of embodiment 125, which comprises:

(i) a nucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications byt ne more than tes modifications of the nuclestide sequences of any of SEQ 1D NOs:
3660-3671; or

{11} the nucleotide sequence of any one of SEQ 1D NOs: 3660-3671, or nucleotide sequence
substantially identical (¢.g., having at least 76%, 75%, 809%, 83%, 90%, 92%, 95%, 97%. 98%. or
99% sequence identity) thereto.

{3152} 127. The polynucleotide of embodiment 123 or 126, which comprises the nucleotide
sequence of any one of SEQ 1D NOs: 3623-3635, or a nuclentide sequence with at Ieast 80% {e.g., at
least about 83, 90, 95, 96, 97, 98, or 99%) sequence identity thereto.

{8153} 128 The polynuclentide of any one of embodiments 125-127, which comprises a

nucleotide sequence that is codon optimized.
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{6154} 129. A peptide, ¢.g., a targeting peptide, conprising:

{a) the amino acid sequence of any of SEQ ID NO: 1725-3622 or 3648-3659,

(b) an amine acid sequence comprising ne more than four modifications, ¢.g., substifutions,
relative fo the amino acid sequence of any of SEQ 1D NG: 1725-3622 or 3648-3659; or

{cyatleast 3, 4, 3,6, 7, 8, or 9 consecutive araino acids from the amino acid sequence of anv
of SEQ I NG 1725-3622 or 3648-3659,

{0155] 130. A peptide. ¢.g., a targeting peptide, corprising the amino acid sequence of any one of
crabodiments 1-106,
{0156} 131, A peptide, ¢.g., a targeting peptide, comprising:

(1) the amino acid sequence of PLNGAVHLY (SEQ 1D NO: 3648),

{(it) an amino acid sequence comprising at least one, two, or three modifications but no more
than four modifications, e.g.. substitutions, relative to the amino acid sequence of PENGAVHLY
(SEQ I} NO: 3648); or

(i1i) at least 3, 4, 5, 6, 7, 8, or ¥ consecutive anmine acids from the amino acid sequence of
PLNGAVHLY (SEQ ID NO: 3648).

{8157} 132. A pepuide, e.g., a targeting peptide, encoded by

(1) the nucleotide sequence of SEQ D NO: 3660 or a mucleotide scquence substantially
identical {¢.g., having at least 70%, 75%, 80%, 83%, 90%, 92%, 93%, 97%, 98%, or 99% sequence
identity) thereto; or

(i1) a nucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nuclectide sequence of SEQ 1D NO: 3660,
{01158} 133. A peptide, ¢.g., a targeting peptide, wherein the mucleotide sequence encoding the
peptide comprises:

{t) the nucleotide sequence of SEQ I3 NO: 3660 or a sucleotide sequence substantially
identical {c.g., having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence
identtity}y thereto, or

{i1) a nucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the noclectide sequence of SEQ ID NO: 3660,
{(3159] 134. A peptide, e.g., a targeting peptide, comprising:

(1) the amino acid sequence of IVMNSLEK (SEQ ID NG: 3651y,

{(iiy an amino acid sequence comprising at least one, two, or three modifications but no more
than four modifications, e.g., substitutions, relative to the amino acid sequence of IVMNSLK (SEQ
ID NO: 3651y or

(i) atleast 3, 4, 5, 6, 7, 8, or 9 consecutive amino acids from the anino acid sequence of
TVMNSLK (SEQ ID NO: 36513,

{01643 135. A peptide, ¢.g., a targeting peptide, encoded by
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(1) the nucleotide sequence of SEQ 1D NO: 3663, or a nucleotide sequence substantially
identical {e.g., having at least 70%, 75%, 80%, 85%, 0%, 92%, 95%, 97%, 98%%, or Y9 sequence
identity) thereto; or

(i1} a nuclectide sequence compusing at least one, two, three, fouy, five, six, or seven
modifications byt ne more than tes modifications of the nuclectide sequence of SEQ D NO: 3663,
{0161} 136. A peptide, ¢.g., a targeting peptide, wherein the sucleotide seqguence encoding the
peptide comprises:

(1) the nucleotide sequence of SEQ 1D NO: 3663, or a nucleotide scquence substannally
wdentical {e.g., having at least 70%. 75%, 80%, 85%, 90%, 92%, 93%, 97%, 98%, or 99% scquence
wdentity) thereto; or

{(i1y a nucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of SEQ 1D NO: 3663,
{8162] 137 A peptide, o.g., a targeting peptide, comprising:

(1) the aming acid sequence of RDSPKGW (SEQ 1D NO: 3649);

{it) an anmuing acid sequence comprsing at feast one, two, or three modifications but no more
than four modifications, e.g., substitutions, relative to the amino acid sequence of RDSPKGW (SEQ
1D NO: 3649 or

(itiy at least 3, 4, 5,6, 7, 8, or 9 consccutive amino acids from the anino acid sequence of
ROSPRGW (SEQ 1D NG 3649).

{0163} 138. A pepiide, ¢.g., a targeting peptide, encoeded by:

{t) the nucleotide sequence of SEQ I3 NO: 3661, or a nucleotide sequence substantially
identical {c.g., having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence
identtity ) thereto, or

{i1) a nucleotide sequence comprising at least one, two, theee, four, five, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of SEQ ID NO: 3661,
{3164} 139. A peptide, e.g., a targeting peptide, wherein the sucleotide sequence encoding the
peptide comprises:

(1) the nucleotide sequence of SEQ 1D NO: 3661, or a nucleotide sequence substantially
wdentical (e.g., having at least 70%, 75%, 80%, 85%, 905, 92%, 95%, 97%, 98%, or 99% scquence
identity) thereto; or

{(ii) a nucleotide scquence comprising at least one, two, three, four, five, six, or seven
modifications but no more than fen modifications of the nucleotide sequence of SEQ ID NO: 3661
{0165} 140. A peptide, ¢.g., a targeting peptide, comprising:

(1) the amino acid sequence of YSTDVRM (SEQ 1D NO: 36503,
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{ity an amino acid sequence comprising at least one, two, or three modifications but 1o more
than four modifications, ¢.g., substitutions, relative to the amine acid sequence of YSTDVEM (SEQ
1D NO: 3630); or

(i) atleast 3. 4, 5, 6, 7, 8, or 9 consecutive amino acids from the araino acid sequence of
YSTDVRM {(SEQ ID NO: 3630).

{0166} i41. A peptide, ¢.g., a targeting peptide, encoded by:

(1) the nucleotide sequence of SEQ 1D NG: 3662, or a nucleotide sequence substantially
wdentical (e.g., having at least 70%. 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% scquence
wdentity) thereto; or

(1t) a mucleotide sequence comprising at least one, two, three, four, five, six, or seven
modificatons but no more than ten modifications of the nucleotide sequence of SEQ 1D NO: 3662,
{0167} 142, A peptide, e.g., a targeting peptide, wherein the nucleotide sequence encoding the
peptide comprises:

(1) the nucleotide sequence of SEQ 1B NO: 3662, or a nucleotide sequence substantially
identical {¢.g., having at least 70%, 75%, 80%, 83%, 90%, 92%, 93%, 97%, 98%, or 99% sequence
identity) thereto; or

(i1) a nucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nuclectide sequence of SEQ 1D NO: 3662,
{1168} 143, A peptide, ¢.g., a targeting peptide, comprising:

{t) the aming acid sequence of RESPRGL (SEQ 1D NG: 3652);

{i1) an araing acid sequence comprsing at keast one, two, or three modifications but no more
than four raodifications, ¢.g., substitutions, relative to the amino acid sequence of RESPRGL (SEQ 1D
NO: 3652); or

(i) at least 3, 4, 5,6, 7, 8, or 9 consecutive amine acids from the aruno acid sequence of
RESPRGL (SEQ T NG: 3652).

{(3169] 144, A peptide, e.g., a targeting peptide, encoded by:

(1) the nucleotide sequence of SEQ 1D NG 3664, or a nucleotide scquence substantally
wdentical {e.g., having at least 70%, 75%, 80%, 85%, D0%, 92%, 95%, 97%, 98%, or 99% scquence
identity) thereto; or

{(iiy a nucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the mucleotide sequence of SEQ ID NO: 3664,
{8176} 145. A peptide, e.g., a targeting peptide, wherein the nucleotide sequence encoding the
peptide comprises:

(1) the nucleotide sequence of SEQ 1D NO: 3664, or a nucleotide sequence substantially
identical (c.g., having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence

identity) thereto; or

1
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{ity a mucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nucleatide sequence of SEQ ID NO: 3664,
{6171} 146. An AAV capsid polypeptide, e.g., an AAV capsid variant, comprising the peptide,
¢.g., targeting peptide, of any one of embodiments 129-145.

{8172} 147. A polynucleotide encoding the peptide, ¢.g., targeting peptide, of any one of
crabodiments 129-145.

{6173} 148, A polvnucleotide encoding an AAV capsid polypeptide, ¢.g., an AAV capsid vatiant
coraprising:

{a) the amino acid sequence of any of SEQ ID NG: 1725-3622 o1 3648-3639;

(b) an amine acid sequence conprising ne more than four modifications, ¢.g., substibuiions,
relative to the amino acid sequence of any of SEQ ID NO: 1725-3622 or 3648-3659; or

{cyatleast 3, 4, 3.6, 7, 8, or 9 consecutive amine acids from the amino acid sequence of any
of SEQ I NG 1725-3622 or 3648-3659;

optionally wherein the anuno acid sequence of (a), (b), and/or (¢) is present immediately
subsequent to position 586, 588, or 589, relative 1o a reference sequence mumbered according 1o the
amino acid sequence of SEQ ID NO: 138,

{6174} 149. A polyvaucleotide encoding an AAV capsid polypeptide, .g., an AAVY capsid variant,
wherein the AAV capsid variant comprises:

(1) the amino acid sequence of PLNGAVHLY (SEQ ID NO: 3648);

(1) an amino acid sequence comprising at least one, two, or three modifications but no more
than four modifications, ¢.g., substitutions, relative to the amino acid sequence of PLNGAVHLY
(SEQ I NO: 3648y, or

(itiy at least 3, 4, 5, 6, 7, 8, or 9 consecutive araigo acids from the amino acid sequence of
PLNGAVHLY (SEQ 1D NO: 3648);

aptionally wherein the amino acid sequence of (1), (i), and/or (1i1) is present inunediately
subsequent o posilion 586, relative to a reference sequence numberad according to the amino acid
sequence of SEQ [D NO: 138,

{8175}  150. The polynucieotide of ernbodiment 149, which comprises:

(1) the nucleotide sequence of SEQ 1D NO: 3660 or a suckeotide sequence substantially
identical {¢.g., having at least 70%, 75%, 80%, 83%, 90%, 92%, 93%, 97%, 98%, or 99% sequence
identity ) thereto; or

(i1} a nuclectide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of SEQ 1D NO: 3660.
{1176} 151. A polynucleotide encoding an AAV capsid polypeptide, ¢.g., an AAV capsid variant,
wherein the AAV capsid variant comprises:

{1) the amino acid sequence of IVMNSLK (SEQ D NO: 3651);
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{ity an amino acid sequence comprising at least one, two, or three modifications but 1o more
than four modifications, ¢.g., substitutions, relative to the amine acid sequence of IVMNSLK (S8EQ
1D NO: 3651); or

(i) atleast 3. 4, 5, 6, 7, 8, or 9 consecutive amino acids from the araino acid sequence of
TVMNSLK (SEQ ID NG: 3651,

optionally wherein the amino acid sequence of (i), (1i), and/or (iti) is prosent nmediately
sabsequent to position 388, relative to a reference sequence nunbered according to the amino acid
sequence of SEQ I NO: 138,

{68177} 152, The polynucleotide of embodiment 151, which comprises:

(1) the nucleotide sequence of SEQ 1D NO: 3663, or a nucleotide sequence substanually
wdentical (e.g., having at least 70%, 75%, 80%, 85%, 909, 92%, 95%, 97%, 98%, or 99% scquence
identity) thereto; or

{(it) a mucleotide sequence comprising at least one, two, three, four, five, six, or seven
modificasons but no more than ten modifications of the nucleotide sequence of SEQ 1D NO: 3663,
{6178} 1533, A polvnucleotide encoding an AAVY capsid polypeptide, c.g... an AAV capsid
variant, wherein the AAV capsid variant comprises:

(1) the amino acid sequence of RDSPEKGW (SEQ 1D NO: 3649);

(it) an amino acid sequence comprising at feast one, two, or three modifications but no more
thas four modifications, ¢.g., substitutions, relative to the amino acid sequence of RDSPEKGW (SEQ
1D NGO 3649, or

(iti) at least 3, 4, 5, 6, 7, 8, or 9 consecutive arnino acids from the amino acid sequence of
ROSPEGW (SEQ I3 NO: 3649y,

aptionally wherein the arunoe acid sequence of (1), (i), and/or (ii1) is present inunediately
subsequent o posilion 589, relative to a reference sequence nombered according to the amino acid
sequence of REQ D NO: 138,

{8179} 154. The polvnucleotide of embodiment 133, which comprises:

(1) the nucleotide sequence of SEQ 1D NO: 3661, or a nucleotide sequence substantially
identical (e.g., having at least 70%, 75%, 80%, 83%, 90%, 92%, 33%, 97%, 98%, or 99% sequence
identity) thereto; or

(i1) a nucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nuclectide sequence of SEQ 1D NO: 3661
{3186} 155, A polvnucleotide encoding an AAV capsid polypeptide, ¢.g.,. an AAV capsid variant,
wherein the AAV capsid variant conmprises:

{1) the amino acid sequence of YSTDVRM (SEQ 1D NO: 3650y,

1
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{ity an amino acid sequence comprising at least one, two, or three modifications but 1o more
than four modifications, ¢.g., substitutions, relative to the amine acid sequence of YSTDVEM (SEQ
1D NO: 3630); or

(i) atleast 3. 4, 5, 6, 7, 8, or 9 consecutive amino acids from the araino acid sequence of
YSTDVRM {(SEQ ID NO: 3630);

optionally wherein the amino acid sequence of (i), (1i), and/or (iti) is prosent nmediately
sabsequent to position 389, relative to a reference sequence nunbered according to the amino acid
sequence of SEQ I NO: 138,

{181} 136. The polynucleotide of embodiment 153, which comprises:

(1) the nucleotide sequence of SEQ 1D NO: 3662, or a nucleotide sequence substanually
wdentical (e.g., having at least 70%, 75%, 80%, 85%, 909, 92%, 95%, 97%, 98%, or 99% scquence
identity) thereto; or

{(it) a mucleotide sequence comprising at least one, two, three, four, five, six, or seven
modificasons but no more than ten modifications of the nucleotide sequence of SEQ 1D NO: 3662,
{6182} 1537, A polvrucleotide encoding an AAV capsid polypeptide, ¢.g.,. an AAV capsid variant,
wherein the AAV capsid variant comprises:

(1) the amino acid sequence of RESPRGL (SEQ 1D NO: 3652);

(it) an amino acid sequence comprising at feast one, two, or three modifications but no more
thas four medifications, ¢.g., substitotions, relative to the amino acid sequence of RESPRGL (SEQ ID
NO:3652); or

(iti) at least 3, 4, 5, 6, 7, 8, or 9 consecutive arnino acids from the amino acid sequence of
RESPRGL (SEQ 1D N3: 3652),

aptionally wherein the arunoe acid sequence of (1), (i), and/or (ii1) is present inunediately
subsequent o posilion 589, relative to a reference sequence nombered according to the amino acid
sequence of REQ D NO: 138,

{8183} 158. The polvnucleotide of embodiment 157, which comprises:

(1) the nucleotide sequence of SEQ D NO: 3664, or a nucleotide sequence substantially
identical (e.g., having at least 70%, 75%, 80%, 83%, 90%, 92%, 33%, 97%, 98%, or 99% sequence
identity) thereto; or

(i1) a nucleotide sequence comprising at least one, two, three, four, five, six, or seven
modifications but no more than ten modifications of the nucleotide sequence of SEQ 1D NO: 3664,
{01184} 159. The polynucleotide of any one of embodiments 147-158, wherein the AAV capsid
variant comprises:

{1) the araioo acid sequence of any one of SEQ I NOs: 3636-3647, or ag amino acid
sequence with at least 80% (¢.g., at least about 85, 90, 95, 96, 97, 98, or 99%) sequence identity

thereto; or
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{ity an amino acid sequence having at least one, two or three modifications but not more than
30, 20 or 10 modifications of the amino acid sequence of any one of SEQ ID NOs: 3636-3647.
{6185} 160. The polvancleotide of any one of embodiments 147-159, comprising the nucleotide
sequence of any one of SEQ 1D NOs: 3623-3633, or a nucleotide sequence with at Jeast 80% {e.g., at
least about 85, 90, 95, 96, 97, 98, or 99%;) sequence identily thereto,
{0186 161, The polynuclectide, peptide, or AAV capsid polypeptide, ¢.g.. AAV capsid variant,
of any one of erobodiments 125-160, which is isolated, ¢.g., tecombinant.
{6187} 162, An AAV particle comaprising the AAV capsid polypeptide, ¢.g., the AAV capsid
variant, of any one of embodiments 1-124 or 146.
{0188] 163. The AAV particie of embodiment 162, which coraprises a nucleotide sequence
encoding a pavicad.
{6189} i64. The AAV particle of embodiment 163, wherein the encoded payload comprises a
therapeutic protein or functional variaot thereof, an antibody or astibody fragment; an eneyme; a
coraponent of a gene editing systeny; an RNAf agent (¢.g., 3 dsRNA, siRNA, shRNA, pre-raiRNA,
pri-miBRNA, miRNA | stRNA, IncRNA, piRNA, or snoRNA}Y; or a combination thereof.
{0193] 165 The AAV particke of cbodiment 164, wherein the thexapeutic protein or functional
variant thereof, e.g.. a recombinant protein, is associated with {c.g., aberrantly expressed in) a
peurofogical or neurodegenerative disorder, a muscudar or pewromuscular disorder, or a neure-
oncological disorder.
{3191} 166. The AAV particle of embodiment 164 or 165, the therapeutic protein or functional
variant thereof is chosen from apolipoprotein E (APOE) (e.g.. ApoE2, ApoE3 and/or ApoE4); human
survival of motor neuron (SMN) 1 or SMNZ; glucocerebrosidase (GBA1); aromatic L-amino acid
decarboxvlase (AADC); aspartoacylase (ASPA); tripeptidy! peptidase 1 (CLN2); beta-galactosidase
{GLB1); N-sulphoglucosanmine sulphohydrolase (SGSH), N-acetyl-alpha-glucosandmdase (NAGLU)
iduronate 2~-sulfatase (IDS); intracellular cholesterol transporter (NPC1); gigaxonin (GAN), ora
conbination thereof.
{0192} 167. The AAV particle of embodiment 164, wherein the antibody or antibody binding
fragment binds {0

(i) a ONS related target, ¢.g. an antigen associated with a neorological or nenrodegenerative
disorder, ¢.g., pramyloid, APOE, tay, SOD 1, TDP-43, huntingtin (HTT), and/or synuclein;

(it) a mascalar or nesromuscolar related {arget, ¢.g.,. an antigen associated with a mauscular or
neurcrmuscular disorder; or

(i) a neuro-oncology related target, ¢.g., an antigen associated with a ncuro-oncological
disorder, e.g., HERZ, or EGFR (e.g.. EGFRvII).
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{6193} 168, The AAV particle of embodiment 164, wherein the enzyme comprises a
megannclease, a zine finger nuclease, a TALEN, a wecombinase, intograse, a base editor, a Cas9, ora
fragment thereof.
{1194} 169. The AAV particle of embodiment 164, wherein the component of a gene editing
systern coniprises one or more componends of a CRISPR-Cas system,
{6195} 170. The AAV pariicle of emabodiment 164 or 169, wherein the one or more componenis
of the CRISPR-Cas svstem comprises a Cas9, e.g., a Cas% ortholog or a Opfl, and a single guide RNA
(sgRNA)}, optionally wherein:

(1) the sgRNA 15 located upstreant (87) of the cas® eozyme; or

(1t) the sgRNA is tocated downstream (37) of the cas¥ cozye.
{0196] 171 The AAV particle of embodiment 164, wherein the RNAI agent (2.8, a dsRNA,
SIRNA, shRNA, pre-miRNA, pr-niRNA, miRNA, stRNA, IncRNA, piRNA, or snoRNA),
modulates, ¢.g., inhibits, expression of, a CNS related gene, mRNA, and/or protein.
{1971 172, The AAV patticle of emboediment 171, wherein the CNS related gene is chosen from
SOD1, MAPT, APOE, HTT, COORFT2, TDP-43, APP, BACE, SNCA, ATXNI, ATXN3, ATXN7,
SCNIA-SCNSA, SCNBA-SCNILA, or a combination thereol
{0198 173. The AAV partick of any one of embediments 162-172, which comprises a viral
genoine comprising a proraoter operably linked to the nucleic acid sequence encoding the payload.
{31991 174. The AAV particle of embodiment 173, wherein the promoter is chosen from human
elongation factor fu-~subunit (EF 1o}, cytomegaloviras (CMV) immediate-early enhancer and/or
promoter, chicken B-actin (CBA) and its derivative CAG, § ghucuronidase (GUSB), or ubiguitin €
(UBC), ncuron-specific enolase (NSE), platelet-derived growth factor (PDGF), platelet-derived
growth factor B-chain (PDGF-B), intercellular adhesion molecule 2 (ICAM-2), synapsin (Syn),
methyl-CpG binding protein 2 (MeCP2), CaZ-+/calmodutin-dependent protein kinase H (CaMKIl),
metabotropic glutamate receptor 2 (mGuR2), neurofilament light (NFL) or heavy (NFH), f~globin
minigene of2, preproenkephalin (PPE), enkephalin (Enk) and excitalory aming acid transporter 2
{EAAT2), glial fibrillary acidic protein (GFAP), myehin basic protein (MBP), a cardiovascular
promoter (¢.g., oMHC, ¢TnT, and CMV-MLC2k), a liver promoter (¢.g., hAAT, TBG), a skeletal
muscle promoter (e.g.. desrn, MCK, C512) or a fragmend, ¢.£., a trancation, or a functional variant
thereof.
{32606} 178. The AAV particle of any onc of embodiments 173 or 174, wherein the viral genome
further comprises a poly A signal sequence.
{0201 ] 176. The AAV particle of any one of embediments 173-175, wherein the viral gencome

further comprises an inverted termunal repeat (ITR) sequence.
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{6202} 177. The AAV particie of any orne of embodiments 173-176, wherein the viral genone
coraprises an ITR sequence positioned 5° relative to the encoded pavioad.

{8203] 178 The AAV particle of any one of embodiments 173-177, wherein the viral genome
comprises an I'TR sequence positioned 37 relative to the encoded pavioad.

{6204} 179. The AAV particle of anv one of embodiments 173~178, wherein the viral genone
coraprises an I'TH sequence positioned 57 refative fo the encoded pavioad and an ITR sequence
positioned 37 relative 1o the encoded payioad.

{3205} 186. The AAV particle of any one of embodiments 173-179, wherein the viral genome
further comprises an enhancer, a Kozak sequence, an intron region, and/or an exon region.

{6206} 181. The AAV patticle of any ore of crabodiments 173-180, wherein the viral genone
further compuises a miR binding siie, ¢.2., a miR binding site that modulates, ¢.g., reduces, expression
of the pavioad encoded by the viral genome 1n a cell or tissue where the cortesponding miRNA is
axpressed.

{0267} 182. The AAV particle of any one of enbediments 173-181, wherein the viral gencme
comprises at least -5 copies of a ouR binding site, e.g., at least 1, 2, 3. 4, or 3 copies.

{3208] 183. The AAV patticle of any ore of embodiments 173-182, wherein the viral genome
coraprises at least 3 copies of a miR binding site, optionally wherein all three copies comprise the
same iR binding site, or at least ore, two, or all of the copies comprise a different miR binding site.
{0209 184 The AAV partice of any one of embodirents 173-182, whercin the viral genore
conprises at least 4 copies of a muR binding site, oplionally wherein all four copies comprse the
same mil binding site, or at least one, two, three, or all of the copies comprise a different miR
binding site.

{3216} 185. The AAV particle of any one of embodiments 181-184, wherein the miR binding site
comprises a4 miR122 binding site, a miR183 binding site, a miR-142-3p, or a combination thereof,
optionally wherein:

{1) the miR122 binding sitc comprises the nucleotide sequence of SEQ 1D NO: 3672, 0r a
nucleotide sequence substantially identical {e.g., having at least 70%, 75%, 80%, 85%, 90%, 92%,
95%, 97%, 98%, or 99% sequence identity) thereto; or a nucleotide scquence having at least one, two,
theee, four, five, six, or seven modifications, but no more than ten modifications of SEQ D NG:
3672,

(i) the miR 183 binding site comprises the nucleotide sequence of SEQ ID NG: 3675, cra
pucleotide sequence substantially identical (e.g., having at least 70%, 75%, 80%, 85%, 20%. 92%,
5%, 97%, 98%, or 99% sequence identity) therelo; or a nuclectide sequence having at least one, two,
thiee, four, five, six, or seven modifications, but no more than ten modifications of SEQ 1D NO:

3675; andior
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{1i1) the miR-142-3p binding site comprises the mucleotide sequence of SEQ 1D NOG: 3674, or
a nucleotide sequence substantially identical {¢.g., having at Teast 70%, 75%, 80%, 853%, 90%, 92%,
95%, 97%, 98%, or 99% sequence identity) thereto; or a nuclcotide scquence having at least one, two,
theee, four, five, six, or seven modifications, but no more thar {en modifications of SEQ 1D NO: 3674,
{6211} 186. The AAV patticle of any one of crabodiments 173-185, wherein the viral genome is
single stranded.
{08212} 187, The AAV particie of any one of embediraents 173-186, wherein the viral genome
further comprises a nucleotide sequence eacoding a Rep prolein, €.2., a nos-stouctural profein,
wherein the Rep protein comprises a Rep78 protein, a Repo8, Reps2 protein, andfor a Repdd protein.
{6213 i88. The AAV particle of embodiment 187, wherein the Rep78 protein, the Rep6S8 protein,
the Rep52 protein, and/or the Repd( protein are encoded by at least one Rep gene.
{6214} 159, The AAY particle of any one of embodinents 173-188, wherein the viral genore
further comprises a nucleic acid sequence encoding the AAV capsid variant of any one of
cnbodiments 1-124 or 146,
{63215} 190. The AAV patticle of any once of embodinments, 162-189, which is isolated, ¢.z.,
recornbinant.
{8216} 191. A polypeptide comprising a parental amino acid sequence of any of SEQ ID NO: 1-
1724, having wserted therein one or more targeting peptide inserts, said targeting peptide 1nserts
comprising individually a contiguous amino acid sequence region of 2-9 amino acids selected from
any of the targeting peptides of SEQ D NO: 1725-3622.
{82171 192, The polypeptide of embodiment 191, wherein the polypeptide has a first targeting
peptide insert, said first targeting peptide insert having a contiguous amino acid region of at least 5
amino acids selected from any of the targeting peptides of SEQ ID NO: 1725-3622.
{0218} 193, An AAV capsid comprising VP1, VP2 and VP3 proteins, wherein each of said VPI,
VP2 and VP3 proteins comprises a polvpeptide of any of those of embodiment 191 or 192,
{01219} 194. The polypeptide of embodiment 191, wherein the parental amino acid sequence is
SEQ ID NO: 138,
{6224 195, The polvpeptide of embodiment 194, wherein the parental amine acid sequence has
the substitution, K449R.
{0221} 196 The polypeptide of embodiment 194 or 195, wherein said first targeting peptide insert
comprises the amino acid sequence PLNGAVHLY (SEQ ID NO: 3648) which is inseried
gumeadiately after amino acid 586 of the parerdal amino acid sequence.
{6222} 197. The polypeptide of crbodiment 196, further comprising a deletion of the amino acids

“AQ” at positions 587-588 of the parcntal amino acid sequence.
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{6223} 198, The polvpeptide of embodiment 194 or 195, whercin said first targeting peptide insert
comprises the amino acid sequence GGTLAVVSL (SEQ 1D NO: 3654) which is inserted immediately
after amino acid 586 of the parental amino acid sequence.

{§224] 199. The polypeptide of embodiment 198, firther comprising a deletion of the amino acids
ALY at positions 587-588 of the parental aminoe acid sequence.

{6225]  200. The polypeptide of embodiment 194 or 1953, wherein said first targeting peptide inscrt
coraprises a 7 amino acid sequence selected from RDSPKGW (SEQ 1D NO: 3649), YSTDVRM
(SEQ I NO: 3650), RESPRGL (SEQ 1D NO: 3652), SFNDTRA (SEQ ID NO: 3633), YGLPKGP
(SEQ I NO: 3655) or STGTLRL (SEQ 1D NO: 3656) which s inserted immediately afier amsino
acid 589 of the parental amine acid sequence,

{0226] 201 The polypeptide of eoboditoent 194 or 193, wherein said first targeting peptide insert
comprises a 7 anune acid sequence IVMINSLK (SEQ 1D NO: 3651) which is inserted inunediately
after araino actd 385 of the parental arino acid sequence.

{82271 202. The polypeptide of embodiment 191, wherein the parental aming acid sequence is
SEQ ID NO: 5.

{0228] 203, The polypeptide of enbodiment 202, wherein the parental amino acid sequence has
the substitution, K449R

{2291 204. An AAV capsid comprising VP, VP2 and VP3 proteins, wherein each of said VPI,
VP2 and VP3 proteins comprises a polvpeptide of any of those of embodiments 194-203.

{82363 205, A polynuckotide encoding the polypeptides or capsid proteins of any of
cmbodiments 191-204,

{3231} 206, The polynucleotide of embodiment 205, which is DNA and the DNA sequence is
codon optimized.

{6232}  207. An AAV particle comprising a capsid of any of embodiments 193 or 203 and a vector
genome encoding a therapeutic payload.

{3233}  208. The AAV particle of embodiment 207, wherein the therapeutic payload is a gene of
interest.

{8234] 209 The AAV particke of embodiment 208, wherein the therapeutic pavload encodes a
therapeutic RNA,

{#235] 210 An AAV VPI capsid sefected from the group consisting of any of SEQ 1D NO: 3636~
3647,

{82361  211. A polynucieotide encoding any of the AAV VP capsid proteins of embodiment 210.
{82371 212, A vector comprising a polynucleotide encoding the AAV capsid variant of any one of
cmbodiments 1-124 or 146, the polymucleotide of any one of embodiments 126-128, 147-161, 205-

206, or 211, a polynucieotide encoding the peptide, e.g., targeting peptide, of any one of embodiments
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129-145 or 161, or a polynucleotide encoding the polypeptide of any one of crabodiments 191-192 or
194-203.
{0238]  213. A cell, e.g.. a host cell, comprising the AAV capsid variant of anv one of
smbodiments 1-124 or 146, the polymucleotide of any one of embodiments 126-128, 147-161, 205-
206, or 211, the peptide of anv ove of embodirnents 129-145 or 161, the polypeptide of any one of
embodimenis 191-192 or 194-203, the AAV particle of any one of erabodiments 162-190 or 207-209,
or the vector of embodiment 212.
{0239 214 The cell of embodiment 213, wherein the cell is a mammalian cell or an insect cell,
{62401  215. The cell of erabodiment 213 or 214, wherein the cell is a coll of a beain region ot a
spinal cord region, opitonally a cell of the fronial corfex, sensory cories, motor cortex, caudate,
dentate nuclens, cerebellar cortex, cerebral cortex, brain stem, hippocampus, thalamus, putamen,
cervical spinal cord region, thoracic spinal cord region, and/or lurabar spinal cord region.
{6241} 216. The cell of embodiment 213 or 214, wherein the cell is a newron, a sensory gewron, a
motor neuron, an astrocyie, or a muscle cell (e g, a cell of the beart, duaphragm, or quadriceps).
{8242}  217. A method of making an AAV particle, comprising

(1) providing a host cell compnsing a viral genome; and

{(ity incubating the host cell under conditions suitable to enclose the viral genome in the AAY
capsid variant of anyv one of embodiments 1-124 or 146 or an AAV capsid variant encoded by the
polynucleotide of any one of embodiments 125-128 or 147-161;

thereby making the AAV particle.
{6243} 218 The method of embodiment 217, further comprising, prior fo step (i), infroducing a
first mucleic acid melecule comprising the viral genome into the host cell.
{§8244] 219 The method of embodiment 217 or 218, wherein the host cell comprises a second
nucleic acid encoding the capsid variant.
{82345}  220. The method of any one of entbodiments 217-219, wherein the second nucleic acid
molecule is introduced into the host cell prior to, concurrently with, or after the first nucleic acid
molecule.
{8246] 221, A pharmaceutical composition comprising the AAV particle of any one of
cmbodiments 162-190, an AAV particle comprising the capsid vanand of any one of embediments t-
124 or 146, an AAV particle comprising the peptide of any one of embodiments 129-145 or 161, oran
A AV particle comprising the polypeptide of any one of embodiments 191-192 or 194-203, and a
pharmaceutically acceptable excipient,
{6247) 222, A method of delivering a payload to a cell or tissue {e.g.. a CNS cell, a CNS tissue, a
muscle cell, or a mascle tissue), corprising administenng an ¢ffective amount of the pharmaceutical

coraposition of embodiment 221, the AAY partick of any one of embodiments 162-190, an AAV
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particle comprising the capsid varniant of any ore of embodiments 1-124 or 146, an AAV particle
comprising the peptide of any one of embodiments 129-145 or 161, or an AAV particle comprising
the polypeptide of any one of embodiments 191-192 or 194-203.

{6248]  223. The method of crabodiment 222, whertein the cell is a coll of a brain region or a spinal
cord region, opticnally a cell of the frontal cortex, sensory coriex, motor cortex, caudaie, dentate
nucleus, cercbellar cortex, cercbral cortex, brain stem, hippocaopus, thalanws, potarsen, cervical
spinal cord region, thoracic spinal cord region, and/or Jurabar spinal cord region.

{0248] 224 The method of embodiment 222 or 223, wherein the cell is a neuron, a scosory
DEUrOn, @ MOICT neuron, an astrocyte, or a nuscle cell {e.g., a cell of the heart, diaphragm, or
gquadriceps).

{6258} 225, The method of any one of embodiments 222-224, wherein the cell or tissue is within
a spbject.

{0258] 226, The method of embodiment 223, wherein the subject has, has been diaguosed with
baving, oris at risk of having a neurclogical, ¢.g., a nearodegenerative disorder.

{252} 227. The method of embodiment 225, wherein the subject bas, has been diagnosed with
having, or is at risk of having a muscelar disorder or a nenromuscular disorder.

{8253} 228 The method of embodiment 225, wherein the subject has, has been diagnosed with
baving, oris at risk of having a neurc-oncological disorder.

{254 229, A method of treating a subject having or diagnosed with having a neurological
disorder, e.g., a neurodegenerative disorder, comprising administering to the subject an effective
amount of the pharmaceutical composition of embodiment 221, the AAV particle of any one of
embodinients 162-190, an AAV particle comprising the capsid variant of any one of embodiments 1-
124 or 146, an AAV particle comprising the peptide of any one of embodiments 129-3145 or 161, oran
AAV particle comprising the polypeptide of any one of embodiments 191-192 or 194-203.

{0255} 230. A method of treating a subjoct having or diagnosed with having a muscular disorder
ot a neuronuscular disorder, comprising administering o the subject an ¢ffective amount of the
pharmaceutical composttion of embodiment 221, the AAV particle of any one of embodinents 162-
190, an AAV padicle conprising the capsid variant of any one of crabodiments 1-124 or 146, an
AAYV particle compusing the peptide of any one of enbodiments 129-145 or 161, oran AAV particle
coraprising the polvpeptide of any one of cmbodiments 191-192 or 194-203,

{0256} 231, A method of treating a subject having or diagnosed with baviag a neuro-oncological
disorder, comprising administering to the subject an effective amount of the pharmaceutical
composition of embodirnent 221, the AAV particle of any one of embodiments 162-190, an AAY

partticle comprising the capsid variant of any one of erobodiments 1-124 or 146, an AAV particle
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conprising the peptide of any onc of embodiments 129-145 or 161, or an AAV particle comprising
the polypeptide of any one of embodiments 191-192 or 194-203.

{6287} 232. The mothed of any one of cbodiments 229-231, where treating comprises
prevention of progression of the disease or disorder in the subject.

{8258] 233, The method of embodirnent 225-232, wherein the subject is a human.

{628%] 234, The mothed of any onc of embodiments 225-233, wherein the AAV particie is
administered to the subject intramuscularly, intravenously, intracerebrally, intrathecally,
intracerehroventtculady, via intraparenchymal adonisteation, or via infra-cisterna magna igjection
JCM).

{0266 235 The method of any one of erobodiments 225-233, whercin the AAV particle is
administered {c the subject via focused sltrasound (FUS), e.g., coupled with the wntravencus
administration of microbubbles (FUS-MB), or MRI-guided FUS coupled with intravenous
administraion.

{6261} 236, The method of any one of embodiments 225-235, wherein the AAY particie is
adrumistered to the subject intravenously.

{0262 237 The method of any one of embodiments 222-236, whereia administration of the AAV
particle resalis in a decreased presence, level, and/or activity of a gene, mRNA, protein, or
combination thereof.

{3263] 238 The method of any one of embodiments 222-148, wherein administration of the AAV
particle results in an increased presence, level, and/or activity of a gene, mENA, profein, or a
combination thereof.

{8264] 239 The pharmaceutical composition of embodiment 221, the AAV particle of any one of
embodiments 162-190, an AAV particle comprising the capsid vanant of any one of embodiments 1-
124 or 146, an AAV particle comprising the polvpeptide of any one of entbodiments 129-145 or 161,
or an AAV particle conprising the polypeptide of any one of embodiments 191-192 or 194-203, for
use in a method of delivering a payload 1o a cell or tissue.

{0265]  240. The pharmaceutical composition of erabodiment 221, the AAV particle of any one of
cmbodiments 162-190, an AAV particle comprising the capsid variant of any one of embodiments 1-
124 o1 196, an AAV particle comprising the polypeptide of any one of erabodimends 129-145 or 161,
or an AAV particle comprising the polypeptide of any one of embodiments 191-192 or 194-203, for
use in a method of treating a neurclogical disorder, neurodegenerative, disorder, muscunlar disorder,
pearompscalar disorder, or a newro-oncological disorder.

{0266} 241, The pharmaceutical composition of embodiment 221, the AAV pacticle of any one of
embodiments 162-190, an AAV particle comprising the capsid variant of any one of ernbodiments 1-

24 or 146, an AAV particle comprising the peptide of any one of ersbodiments 129-145 or 161, or an
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AAV particle comprising the polypeptide of any one of embodiments 191-192 or 194-203, foruse in
the manufacture of a medicament.

{02677  242. Use of the pharmaceutical composition of emnbodiment 221, the AAV particle of any
one of embodiments 162-190, an AAV particle comprising the capsid variant of any one of
embodiments 1-124 or 146, an AAV particke comprising the peptide of any one of erabodiments 129-
145 or 161, or an AAYV particle corprising the polypeptide of any one of embodiments 191-192 or
194-203 in the reanufacture of a medicament for treating a newrclogical disorder, a neurcdegenerative

disorder, a muscular disorder, a neuromuscular disorder, or a neuro-cucological disorder.

BRIEF DESCRIFTION OF THE BRAWINGS

{8268}  The foregoing and other objects, features, and advantages will be apparent frora the
following description of particular embodiments of the disclosure, as illastrated in the accompanying
drawings. The drawings are not necessarily to scale, emphasis instead being placed upon illustrating
the principles of varions embodiments of the disclosure.

{#269]  FIG. 1A and FIG. 1B provide diagrams of identification and design of non-human primate
(NHP) TRACER AAV capsid hibrarics.

{82781  FIG. 2 provides a diagram of orthogonal evolution of TRACER AAV capsid librarics.
{8271}  FIG. 3 provides a diagram of high~throughput screening by next-generation sequencing in
non-human primate.

{82721  FIG. 4 provides a diagram of an exemplary TRACER AAV lbrary design (SEQ 1D NG:
3696-3699).

{82731 FIG. 5 provides a diagram of an alternative TRACER backbone construct.

{82741  FIG 6A, FIG. 6B, and FIG. 6C show mRNA quantification of AAV particle transduction
in NHP tissues using gRT-PCR.

{278]  FIG. 7 shows mRNA guantification of AAV particle transduction in NHP tissues using
ddPCR.

{8276}  FIG. 8 shows mRNA guantification of AAV particle transduction in the spinal cord and
dorsal root ganghia of NHP.

{02771 FIG. 9A, FIG. 9B, FIG. 9C, and FIG. 9D show viral genome guantification in NHP

jiticnily

o

{6278}  FIG. 10A and FIG. 10B show payvload-HA guantification in peripberal tissues following
AAV particle fransduction as fold over TBF transcript (FIG. 10A) and as fold over AAVY (FIG. 10B).
{8279} FIG. 11A and FIG. 11B show brain transgene mENA expression {RT-ddPCR) as fold over
TBP (housckeeping gene).

{6280]  FIG. 12A and FIG. 128 show brain viral DNA biodistribution (ddPCR) as vector genomes

per cell.

L
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{62811 FIG 13A and FIG. 138 show brain iransgene mRNA expression (RT-ddPCR) as fold over
AAVY,

{0282]  FIG. 144 and FIG. 14B show brain viral DNA biodistribution (ddPCR) as fold over
AAVY,

{6283} FIG. 15A and FIG. 15B show spinal cord (FIG. 134) and DRG (FIG. 15B) transgene
mRNA expression as fold over TATA box binding protein.

{284]  FIG. 16A and FIG. 16B show spinal cord (FIG. 16A) and DRG (FIG. 16B) viral genome
biodistribution as vector genomes per cell.

{02831  FIG. 17A and FIG. 178 show spinal cord (FIG. 17A) and DRG (FIG. 17B) mRNA
expression as fold over AAVY.

{3286]  FIG. 18A and FI(G. 18B show spinal cord (FIG. 18A) and DRG (FIG. 18B) viral genome
biodistribution as fold over AAVY.

{6287 FIG. 19A, FIG. 19B, FIG. 19C, FIG. 19D, and FIG. 19E show images of the brain
transduction profile for TTD-001 and AAVY as determined by trammnohistochemicat analyses of the
dentate nucleuns (FIG. 19A), cerebellar cortex (FIG. 19B), cortex (FIG. 19C), brain sten,
hippecampus, thalamus and putamen (FIG. 19D) and dorsal roct ganghion (FI1G. 19E).

{0288]  FIG. 20A and FIG. 20B show immuoohistechemisiry images of the DRG de-targeting
characteristic of capsid variant TTD-004, compared to AAVY.

{82859  FIG. 21A and FIG. 218 show viral genome biodistribution in peripheral tissues guantified
as vector genomes per cell,

{0293)  FIG. 22A, FIG. 228, and FIG. 22C show immunohistochemistry images of the heart of a
female NHP at day 14 post-intravenous administration of AAV particles comprising a TTE-001
capsid variant, a TTD-004 capsid variant, or a wild-type AAVY control capsid polypeptide. FIG. 22A
provides a series of global images of the heart muscle, FIG. 22B provides a series of images of the left
ventricle of the heart, and FIG. 22C provides a series of images of the right ventricle of the heart. For
cach series of images in FI1Gs. 22A-22C, the top left panel shows staiming following administration of
AAV particles comprising a TTD-001 capsid variant, the top right panel shows staining following
administration of AAV particles comprising a TTD-004 capsid variant, and the botiom panel shows
staining following administration of AAV particles comprising a wild-type AAVY control capsid

variant,

DETAILED DESCRIPTION OF THE DISCLOSURE

{0291]  The details of one or more embedimeants of the disclosure are set forthin the
accompanying description below. Although any materials and metheds similar or equivalent to those
described herein can be used in the practice or testing of the present disclosure, the preferred materials

and methods are now described. Other features, objects and advantages of the disclosure will be
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apparent from the description. In the description, the singular forms also include the pharal unless the
context clearly dictates otherwise. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill in the art to which
this disclosure belongs. In the case of conflict, the present descuption will control. Certain terms are
defined in the Definition section and throughout.

{6292}  Described berein, infer alia, are corpositions comprising an AAV capsid polypeptide,
2.8, an AAY capsid variant, e.g., an AAV capsid variant described herein, and methods of making
and using the same. Generally, the AAV capsid vanant has enhanced tropism for a cell or tissue. .,
for the delivery of a payload to said cell or tissue, for example a ONS tissoe, a CNS cell, a muscle
cell, or a mascle tissoe,

{8293}  As demoustrated in the Examples herein below, certain AAV capsid variants described
berein show multiple advaniages over wild-type AAVY, inchuding (3} increased penetrance through
the blood brain barner following intravenous administration, (it) wider distribution throughout the
multiple brain regions, ¢.g., frontal cortex, sensory cortex, motor cortex, putamen, thalamus,
cerebellar cortex, dentate mucleus, caudate, and/or hippocampus, and/or (itf) elevated payload
expression in multiple brain regions. Without wishing 10 be being bound by theory, it is believed that
these advantages may be dne, in part, to the dissemination of the AAV capsid variants through the
brain vasculature. In some embodiments, the AAV capsids described herein enhance the delivery of a
payload to multiple regions of the brain inchuding for example, the frontal cortex, sensory cores,
motar cartex, putamen, thalamws, cercbellar cortex, dentate nucleus, candate, and/or hippocaopus.
{0294]  According to the preseni disclosure, AAV particles with enhanced tropism for a targei
tssue (2.8, CNS) are provided, as well as associated processes for theix targeting, preparation,
formulation and use. Peptides, ¢.g., targeting peptides, and nucleic acid sequences encoding the
peptides, ¢.g., largeting peptides, are also provided. These peptides, e.g., targeting peptides, may be
inserted into an AAV capsid protein sequence to alter tropism to a particular cell-type, tissue, organ or
organisy, i1 vivo, ex vive OF in vitro,

{8295]  Several approaches have been used previoosly to prodoce AAV capsids with enhanced
tropism for a cell or tissue, ¢.g., a ONS cell or tissue. One approach used co-infection of cultured cells
(Grimm et al., 2008, the contents of which are herein incorporated by reference in its entirety) or in
siti animal fissue (Lisowski et al, 2014, the contents of which are herein incorporated by reference in
ifs entirety) with adenovirus, in order to trigger exponential replication of infectious AAYV DNA.
Another approach mvolved the use of cell-specific CRE transgenic mice (Deverman et al, 2016, the
contents of which are herein incorporated by reference i its entivety) allowing viral DNA
recombination specifically in astrocytes, followed by recovery of CRE-recombined capsid variants.

Both approaches have had limited success.

H
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{6296]  The transgenic CRE system used by Deverman et al. (2016) has limited tractable in other
animal species and AAV variants selected by directed evolution in mouse tissue do not show similar
properties in large andimals. Previously described transduction-specific approaches are not amenable to
large animal studies because: 1) many tissues of interest (e.g. CNS) are not readily accessible to
adenovirus co-infection, 2) the specific adenovirus tropism itself would bias the library distobution,
and 3) large antmals are ty pically oot amenable (0 transgenesis or genctic eogineening to express CRE
recorabinase in defined cell types.

{0297}  To address these limitations, a broadly-applicable functional AAV capsid libeary screening
platform for cell type-specific biopanning in non-transgenic animals has been developed and is
specific Expression of RNA) platform system, the capsid gene is placed under the control of a cell
type-specific promoter to dove capsid mRNA expression ia the absence of helper viros co-infection.
Without wishing to be bound by theory, it is believed that this RNA-driven screen increases the
selective pressure in favor of capsid variants which transduce a specific cell type. The TRACER
platform allows for generation of AAV capsid libranies whereby specific recovery and subcloning of
capsid mRNA expressed in transduced cells is achieved with no need for transgenic animals or helper
virus co-infection. Without wishing 1o be bound by theory, it is believed that since mRNA
franscription is a hallmark of full transduction, the methods disclosed herein allow identification of
fully infectious AAV capsid mutands, and in addition to its higher steingency, this method allows
identification of capsids with high tropism for particolar cell types using libraries designed to express
CAP mRNA under the control of any cell-specific promoter such as, but not limited to, synapsin-1
promoter {gewrons), GFAP promoter (astrocytes), TBG promoter (iver), CAMK promoter (skeletal
rouscle), MYHO promoter {cardiomyocytes). Described heretn are novel AAV capsid vaniands
generated psing the TRACER method which demonstrate enhance tropism in for example a NS cell,
a NS tissue, a mugscle cell, or a muscle tissue.

{8298]  The AAV particies and payloads of the disclosure may be delivered o one or more target
cells, tissues, organs, or organisnis. In some embodiments, the AAY particles of the disclosure
demonsirate enhanced tropism {or a target cell type, tissue or organ. As a non-limiting example, the
AAV particle may have enhanced tropism for cells and tissues of the central or peripheral nervous
systems (CNS and PNS, wespectively), or cells and tissucs of a muscle. The AAV particles of the
disclosure may, in addition, or aliernatively, have decreased tropism for an undesired target celi-type,
1iSSUe OF OFgan.

{8299]  Tnsome embodiments, an AAV comprises a small non-enveloped icosabedral capsid viras
of the Parvoviridae family and is characterized by a single stmanded DNA viral genome. Parvoviridae
family viruses consist of two subfamilies; Parvovirinae, which infect vericbrates, and Densovirinag,

which infect invertebrates. The Parvovindae family comprises the Dependovinis zenos which

(P8}
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mcludes AAV, capable of replication in veriebrate hosts including, but not limited to, human, primate,
bovine, canine, equine, and ovine species.
{63081  The pmrvoviruses and other members of the Parvoviridae family are generally described in
Kenneth §. Bems, “Parvoviridas: The Viruses and Their Replication,” Chapter 69 in FIELDS
VIROLOGY (3d Ed. 1996), the contents of which are incorporated by reference in their entirety.
{0301}  Tosomee erabodiments, AAV are used as a biological tool due o a relatively simple
structure, their ability to infect a wide range of cells {including quiescent and dividiog celis) without
integration into the host genorne and without replicating, and their relatively benign traraunogenic
profile. The genome of the vires may be manipulated to contain a mintreum of components for the
assembly of a functional recombinant virus, or viral particle, which is loaded with or engineered to
target a particular issue and express or deliver a destred payload.
{8302}  Insomc embodiments, the AAV, is a naturally occurring (e.g., wild-type) AAV ora
recornbinant AAV. In some embodiments, the wild-type AAY vector genome is a linear, single-
stranded DNA (ssBNA) molecule approximately 5,000 nucleotides (nt) in length. In some
embodiments, inverted ferminal repeats (ITRs) cap the viral genome at both the 57 and the 37 end,
providing origins of replication for the viral genome. In some embodiments, an AAV viral genome
typically comprises two ITR sequences. These ITRs have a characteristic T-shaped hatrpin structure
defined by a self-complementary region (3450t in wild-type AAV) atthe 57 and 37 ends of the ssDNA
which form an encrgetically stable double stranded region. The double stranded hairpin structures
comprise mutiple fonctions inclodiag, but not limited to, acting as an ovigin for DNA replication by
functioning as pamers for the endogenous DINA polymerase conplex of the bost viral replication cell.
{03031 Insone embodiments, the wild-tvpe AAV viral genome further corprises nucleotide
sequences for two apen reading frames, one for the four pon-structural Rep proteins (Rep74, Rep68,
RepS2, Repdl, encoded by Rep genes) and one for the three capsid, or structural, proteins (VPI, VP2,
/P3, encoded by capsid genes or Cap genes). The Rep proteins are used for replication and
packaging, while the capsid proteins are assembled (o create the protein shell of the AAV, or AAV
capsid polypeptide, e.g., an AAV capsid variant. Alternative splicing and alternate initiation codons
and promoters result in the generation of four different Rep proteins from a single open reading frame
and the generation of three capsid proteins from a single open reading frame. Though it varies by
AAV serotype, as a non-limiting example, for AAV9/ha. 14 (SEQ ID NO: 123 of US 7,906,111, the
contents of which are herein incorporated by reference in their entirety) VP refers to amino acids 1-
736, VP2 refers to amino acids 138-736, and VP3 refers to amine acids 203-736. In some
embodiments, for any one of the amine acid sequences of SEQ 1D NOs: 3636-3647, VPI comprises
amioo acids 1-743, VP2 comprises anino acids 138-743, and VP3 comprises aminoe acids 203-743.
In other words, VP is the full-length capsid sequence, while VP2 and VP3 are shorter conponents of

the whole. As a resuli, changes 1o the sequence in the VP3 region, are also changes to VP and VP2,
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however, the percent difference as compared {o the parent sequence will be greatest for VP3 since it is
the shortest sequence of the three. Though described here in relation to the amino acid sequence, the
nucleic acid sequence encoding these proteins can be similarly described. Together, the three capsid
proteins assembie to create the AAV capsid protein. While not wishing to be bound by theorv, the
AAV capsid protein typically compuses a roolar ratio of 1:1:10 of VP1L:VP2:VP3.

{0304]  AAV vectors of the present disclosure may be produced recombinanily and may be based
on adenc-asscciated vires {AAV) parent or reference sequences. In addition to single stranded AAY
viral genomes (€.£., sSAAVs), the present disclosure also provides for self-complementary AAV
{sCAAVs) viral genomes. SCAAY vector genomes contain DNA strands which anncal together to form
double stranded DNA. By skipping sccond strand synthesis, scAAVs allow for rapid expression in the
transduced cell. In some embodiments, the AAV particle of the present disclosure is an sCAAV. In
some embodiments, the AAV particle of the present disclosure is an ssAAY.

{8305]  Methods for producing and/or modifying AAV particles are disclosed in the art such as
pseudotyped AAV vectors (PCT Patent Publication Nos, W(OZ200028004; WO200123001;
WO2004112727;, WO20030056 10, and WO2003072364, the content of cach of which s incorporated
herein by reference in its entirety).

{8306} As described herein, the AAV particles of the disclosure comprising an AAV capsid
polypeptide, e.g., an AAV capsid variant, and a viral genome, have enhanced tropism for a cell-type
or atissue, e.g., a UNS cell-ype, region, or tissue, or a muscle celi~type or tissue. In some
crabodiments, the AAV particles of the disclosure comprising a capsid with an ioseded peptide, g, a
targeting peptide, and a viral genome, may bave enbanced tropism for a cell-type, region, o5 tissue of

the human CNS or a muscle,

Peptides, ¢.g., Targeting peptides

{33077 Disclosed herein are peptides, e.g., targeting peptides, and associated AAV particles
comprising an AAV capsid polvpeptide, e g, an AAV capsid variant, with a peplide, e.g., targeling
peptde insert, for enhanced or improved transduction of a target tissue {(e.g., cells of the CNS or
PNS} Insome, erabodiments, the peptide, ¢.g., targeting peptide, s an isolated, ¢.g., recombinang,
peptide, e.g., targeting peptide. In some embodiments, the nucleic acid encoding the peptide, e.g.,
targeting peptide, 15 anisolated, e.g., recombinant nucleic acid.

{6308}  insome embodiments, the pepude, e.g., targeting peptide, may direct an AAYV particle (o a
cell, region, or tissue of the CNS. The cell of the CNS may be, but is not limited to, neurons {¢.g.,
excitatory, inhibifory, motor, sensory, autonoric, svimpathetic, parasviapathetic, Purkinje, Betz, cic.),
glial cells {e.g., microglia, astrocvies, oligodendrocyies) and/or supporting cells of the brain such as

imumune cells (¢.g.. T cells). The tissue of the ONS may be, but is not limited to, the cortex (e.g.,
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frontal, parietal, occipital, temporal), thalamus, hypothalamus, striatum, putamen, candate nucleus,
hippocampus, entorhinal cortex, basal ganglia, or deep cerebellar nuclei.

{03091  Insome embodiments, the peptide, e.g., targeting peptide, may direct an AAV particle to a
cell, region, or tissue of the PNS. The cell or tissue of the PNS may be, but is not limited to, a dorsal
root ganglion (DRG).

{0316} To some erobodiments, the peptide, ¢.g.. targeting peptide, may direct as AAV particle o
the ONS (e.g., the cortex) after infravenous administration, In some embodiments, the peptide, ¢.g.
targeting peptide, may direct an AAYV pariicle 1o the ONS (e .., the cortex) following focused
pltrasound (FUS), ¢.g., coupled with the itravenous administration of wicrobubbles (FUS-MB), ot
MRI-goided FUS coupled with intravencus administration.

{6311} Insome embodiments, the peptide, ¢.g.. targeting peptide, may direct an AAV particle to
the PNS (c.g., DRG) after intravenous administration. o some erabodiments, the peplide, ¢.g.,
targeting peptide, raay direct an AAVY particle to the PNS {e.g., DRG) folowing focused ultrasound
FUS), e.g., coupled with the intravenous adnimstration of microbubbles (FUS-MB), or MRi-guided
FUS coupled with intravenous administration.

{8312}  Iunsome embodiments, the peptide, e.g., targeting peptide, may direct an AAV particle (o a
cell, region, or tssue of a muscle. 1n some embodiments, the muscle is a heart muscle. In some
cmbodiments, the peptide, e.g., targeting peptide, may direct an AAVY particle to a muscle cell, region,
or tissue after infravenous administration.

{3131 A peptide, e.g., a targeting peptide, may vary inlength. Tn some erabodiments, the peptide,
c.g., targeting peptide, is about 3 to about 20 amino acids in length. As non-Hmiting examples, the
targeting peptide may be 3, 4, 53, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 3-5, 3-8, 3-10,
3-12, 3-15, 3-18, 3-20, 5-10, 5-15, 5-20, 10-12, 10-13, 10-20, 12-20, or 15-20 amino acids in leagth,
{a some erabodiments, a pepiide comprises about 6 to 12 amino acids in length, e.g., about 9 aming
acids inlength. Insonw smbodiments, a peptide comprises about 5 to 10 amine acids in leagth, e.2.,
about 7 amino acids in length.

{8314} A peptide, e.g, a targeting peptide. rmay be contiguous (0f continuous) or noncontiguous
{or not continuous), or split, or divided aceoss two or more amino acid sequences by nfeivening
amino acid sequences that may vary in length. The contignous peptide, o.g., targeting peplide, may
vary in length. As non-hmiting examples, the contiguons peptide, e.g., targeting peptide, may be 3. 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 3-5, 3-8, 3-10, 3-12, 3-15, 3-18, 3-20, 5-10, 5-
13, 5-20, 10-12, 10-15, 10-20, 12-20, or 15-20 amino acids in length. The noncontiguous, or sphit,
peptide, e.g., targeting peptide, may vary in length. As non-limiting examples, the noncontiguous, or
split, peptide, ¢.g., targeting peptide, may be 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20
or 3-3, 3-8, 3-10, 3-12, 3-15, 3-18, 3-20, 5-10, 5-15, 5-20, 16-12, 10-15, 10-20, 12-20, or 153-20 amino

acids in length. The intervening amino acid sequence may vary inlength. As non-limiting examples,
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the intervening peptide, e.g., targeting peptide, mav be 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20 or 3-5, 3-§, 3-10, 3-12, 3-15, 3-18§, 3-20, 5-16, 5-15, 5-20, 10-12, 10-15, 10-26, 12-20, or
15-20 amine acids in length.

{0318}  Tnsome eombodiments, a peptide, ¢.g., a targeting peptide, of the present disclosure raay be
identified and/or designed by any sliding window algodthm known in the art.

{0316]  Tosome erabodiments, a peptide, ¢.g., a targeting peptide, and associated AAV padicle
{c.g., an AAV particle comprising an AAY capsid polypeptide, ¢.g., an AAV capsid variant) may be

wdentified from Libraries of AAV capsid polypeptides, ¢.2

&

A AV capsid variants. In some
crabodiments, the peptide, ¢ g, targeting peptide, mav be 3 5-10 amino acid sequence, ¢.g., 2 6-10
antine acid sequence, a 6-% aming acid sequence, 3 7-10 aminoe acid sequence, a 7-9 amino acid
sequence, an 8-10 amino acid sequence, a 7 amino acid sequence, an 8 aming acid sequence, ora 9
amigo acid sequence. In some embodiments, the peptide, ¢.g., targeting peptide, may be a 3 aming
acid sequence (3~-mer). In some embodiments, the peptide, ¢.g. targeting peptide, may be a 6 amino
acid sequence (6-mer). In some embodiments, the peptide, e.g., targeting peptide, may be a 7 amino
acid sequence (7-mer). In some embodiments, the peptide, ¢.g., targeting peptide, may be a 9 amino
acid sequence (9-mer). In some embodiments, the peptides, e.g., targeting peptides, may also differ in
their method of creation or design, with non~limiting examples including, random peptide selection,
site saturation mutagenesis, and/or optimization of a particular region of the peptide (e.g., flanking
regions ot central core).

{8317} Tnsome embodiments, a peptide library, ez, a targeting peptide library, comprises
targeting peptides of 7 amine acids {7-mer) in length randomdy gencrated by PCR.

{0318]  Insome embodiments, a peptide, e.g., a targeting peptide, library comprises peptides, e.g.,
targeting peptides, with 3 mwtated amino acids. In some ewbodiments, these 3 mautated amino acids
ate consecutive, or contiguous, amino acids. In another embodiment, these 3 mutated amino acids are
not consecutive, or noucontiguous, or split, amine acids. 1o some erabodiments, the peplide, ¢.g.,
targeting peptide, 18 a S-mer. 1o some erabodiments, the peptide, .2, targeting peptide, is a 6-mer. In
some embodiments, the parent peptide, ¢.g., targeting peptide, is a 7-mer. In another embodiment, the
parent peptide is a 9-mer.

{0318}  Insome crobodiments, a peptide. ¢.2. a targeting peptide, bbrary comprises 7-mer
peptides, ¢.g., targeting peptides, wherein the amino acids of the peptide, e.g., largeting peptide,
and/or the flanking sequences are evolved through site saturation mutagenesis of 3 consecuiive aming
acids. In some embodiments, NNK (N = any base; K = G or T) codons are used to generate the site
saturated mutation sequences.

[8328]  AAV particles comprising capsid proteins with a peptide, e.g., a targeting peptide, insert
{e.g., an AAV capsid variant) are generated and viral genomes encoding a repoder (e.g., GFP)

encapsulated within. These AAV particles (or AAV capsid library ) comprising AAV capsid variants
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are then adnmuinisiered 10 a {ransgenic rodent (e.g. mouse) by intravenous delivery o the tail vein.
Administration of these capsid libraries to cre~-expressing meice results in expression of the reporier
pavioad in the target tissue, due to the expression of Cre.

{6321}  Tnsone eombodiments, AAV capsid mRNA expression may be modulated, e.g., under the
control of, or deiven by, a cell-type specific promoter. Such capsids, which may comprise peptide,
2.8, targeting pepitide, 1nserts and viral genomes encoding a repotier encapsulated within, may be

adrainistered, e.g., by intravenous delivery o the tai vein, to a non-transgenic rodent (¢.2. mouse),

such as but not himited to a CS7BL/6 mouse, 3 BALB/C mouse and a rat. Administration of such
capsid libranies to a non-transgenic rodent may result in the expression of the reporter payload in the
target tissue, due to the cell-type specific promoter.

{8322}  Insome crobodiments, AAV capsid mRNA expression maay be uuder the control of, or
driven by, a cell-type specific promoter. Such capsids, which may corprise a peptides, ¢.g., targeting
peptide inserts, and viral genomes encoding a reporter encapsulated within, may be administered, e.g.,
by intravenous delivery fo the saphenous vein, to a non-hurnan primate, such as but not limited to a
cynomolgus macague and a rhesus macague. Administration of such capsid libraries to a non-humsan
primate may resulf in the expression of the reporter pavioad in the target tissue, due (o the cell<type
specific promoter

{83231 Tnsome embodimenis, AAV particles comprising capsid proteins with peptide, e.g.,
targeting peptide, inserts may hereinafter also be referred to as peptide display capsid librares.

{8324}  AAV particles and/or viral genomes may be recovered from the target tissue for
identification of peptides, ¢.g., targeting peptides, and associated AAYV particles that are enwiched,
1ndicating enhanced transduction of target tissue. Standard methods in the at, such as, but not limited
o next generation sequencing (NGS), viral genome quantification, biochemical assays,
imrunohistocheristry and/or imaging of target tissue samples may be used to determine enrichment.
{0325] A target tissue may be any cell, tissue or otzan of a subject. As non-limiting exaraples,
samples may be collected from brain, spinal cord, dorsal root ganglia and associated roots, bver,
beart, gastrocnemius muscle, soleus rauscle, pancreas, kiduey, spleen, tung, adrenal glands, stomach,
sciatic nerve, saphenouns perve, thyrowd gland, eyes (with or without optic nerve)}, pituitary gland,
skeletal muscle (rectos femons), colon, duodenom, ilevim, jejonumy, skin of the leg, supenior cervical
ganglia, urinary bladder, ovaries, uterus, prostate gland, testes, and/or any sites 1dentified as having a
lesion, or being of nterest.

{8326}  Insome embodiments a peptide, e.g., a targeting peptide, may comprise a sequence as set
forth in Table 1. In some embodiments a peptide, €.g., a targeting peptide, may comprise a sequence
as set forthin Table 2. In some embodiments, the peptide, e.g., targeting peptide, comprises an amino
acid sequence of anv onc of peptide 1,2,3,4,5,6,7, 8,9, 10, 11, or 12, e.g., as described in Table 2.

In some embodiments, the peptide, ¢.g., targeting peptide. is isolated, ¢.g.. recombinant.
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Table 1. Exemplary Peptide Sequences, e.g., Targeting Peptides

. SEQ . SE 3 . B
oige O Pwide Y pesoquenee | Fere )
NO: NO: NO: NG:
PLNGAVHLY A 1725 AQANPYSIMS 2199 AGFRSAITSA 2673 AQAPTSASRA 3147
AGQARDSPKGW | 1726 | AQASMOQAVED | 2200 AQANMTKQSL | 2674 AQAPTSCLAT 3148
LINGAVRDRP 1727 § AQAVGGHSVA | 2201 AQNAGSTSRA 2675 AQAPYTPSSF 3149
VQAFTHDSRG 1728 AQAVAASTRL 2207 VLGSAVTGRA 2676 | AQAQGAYREM | 31350
AQAYRTDVRM | 1729 GGTHAVSSFA 27203 ACGPMLORSSA 2677 AQAQKSPQFR 3151
AQAYSTDVRI 1736 AGQAADSSGFR 2204 AGLGTPSLSA 2678 AQALGTSSP 3152
AQAFTAAERM | 173¢ AGQSHVPOTA | 2208 AQATAHTGVP 2679 | AQAQPNYASY | 3133
AGQTHLOIGVA 1732 1 AQARVGNTNY | 2206 | AQAVGRDNRL | 2680 | AQAQRGLHAY | 3154
AQRNAVLSLA 1733 AQTVSYSDLA 2207 | AGATSASVWA | 268t AQAGSOSWSS 33155
AGAYSTDERM 1734 AQAEHGLARR 2208 AQAGSEASLR 2682 AQAGTRPPLE 1i%6
AGAYSTDVRL 1735 AQASNYPVAA | 2209 AQANQNETAF 2683 | AQAQTRRAMD 3157
AQATVSTLRM 1736 § VLLSAVGMAA | 2210 AGASAQVEKRS 2684 | AQADQVSOMSL | 3138
AGAYSTDERK 1737 1 AQALSGONREG | 2211 AQATSGVHHP 2685 | AQARAAHMAQG | 3159
AQAYSTDMRM | 1738 | AQAWGQETRQ | 2212 AGTHMGIGVA | 2686 AQARAAVPSK 3160
VVNGAVLHVA | 1738 1 AQGYRTDVRM | 2213 AQSHIFPTPA 2687 | AQARAQGHSY | 3161
AGAYSTDVTM | 1740 | AQAGRVMSEE | 2214 AQLFHTGSPA 2688 | AQJARASYNSM 1162
AQAHLOQIGVA 17414 AQAGSLSARG | 2215 LASRAVVGTA 2688 AQARATLGST 3163
FLIDPAVSSEA 1742 AQATALAPKS 1216 AQALLRVGVG | 2690 | AQARDASGVA | 3164
AQAYVSTLRM | 1743 AGAIRQNGSES 2237 AGTLPSGTA 2691 AQARDRMMIN | 3165
AQAQTGPPLK 1744 | AQLODNLOLA | 2218 AQAEKSLGRG 2692 | AQARDRMMYN | 3166
EQASRLPTPG 1743 | AKAYSITDVRM | 2219 AJTSNTTTRA 2693 AQAREQNVSS 3167
AQASVSTMRM | 174¢ AQSVIRTLLA 2220 F AQAHTQASYM | 2694 AQARFPSVYA 3168
TODYSAVRLGA 1747 AQAGQNSRLP 2921 AQERGASSSA 2695 AQARFTTNEL 3169
TQAYSTINVRM 1748 AQTNLOPRGA | 2222 AQATPSSTAM 2696 | AQARGDMFAW | 3178
AQALPSNERL 1749 PNTIAVGORA AQSTYNRTYA 2697 AQARGDSGYS 3171
AQAYSTINVRT 1750 AQAHATLSLS AQAGHGPSTR 2698 AQARGLAEVE | 3172
AQSSLPEMVA 1751 NHLRAVGSPA 2225 ALSLVPLOA 2699 | AQARGNNLYT | 3173
AQAGEQSTRL 1752 AQETDRNLRA | 2226 AQLHSPIPSA 2700 AQARGSPMSR 3174
AQASNIIVGRA | 1753 AQARAETSGS 2227 AQSLARDGLA 2701 AQARGTQTAE 3178
AQATFTASEY 1734 AQHRELIDSYA | 2228 AQAPPSSPAM 2702 AQARGTTTAE 3176
AKAHAGTIYS 17558 AQRHTSDVLA 232 TOYGAVERQA 2703 AQARIDHGRC 3177
AQARTIDOCC 1736 | AQVGOTISWA | 2230 AQAGOQARSLA | 2704 AQARITTDMS 3178
AQEYNSNPKA 1757 1 AQANSAALLM | 2231 AQPVGRVYPPA 2705 | AQARLPMLVG | 3179
AQVVIINSTHA 1758 AGQATERTAT 22327 AQAREQRGPY | 2706 | AQARMPVVEG | 3183
AQATLSVPLK 1758 AQSSRYEEK A 2233 AQKTSLLWEA 2707 | AQARNGLMTM | 3181
AQIVMNSLKA 1766 | OATGAVNPRA | 2234 AQGSGENLIA 2708 AARPPLGRL 3182
AQATMSQTMA | 1761 AASYSVSVG 2235 AQASEGHILS 2708 AQARPTGETL 3183
AQALTQDERW | 1762 | AQOQGHTVNNA | 2236 AQALHAGHHP | 2710 AAROQSSETY 3184
AQAQLSTLRP 1763 AQASLPISTR 2237 AQSKRIDPSA 2711 ALARSGVASL 3185
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AQVYMGISVA | 1764 | AQHIDSMRPT | 2238 | AQTSEELRMA | 2712 1 AQARSLEPGL | 3i8¢

AQAYTTDVRM | 1765 | AQAQDTENMR | 2239 | AQALPASGAR | 2713 | AQARSPVVEK | 3187

AQHIDSMRPP | 1766 | RTGAAVTGAA | 2240 | AQSNALLSLA | 2714 | AQARSSDRGS | 3188

AQASTGTLRL | 1767 | AQASSVRGMG | 2241 | AGQASPVVGVYS 2715 | AQARTIDOQSC | 318%

AQHRALDYYA | 1768 AQPGIESTIA 2242 | AQARGDSYMA | 2716 | AQARTPLGYQ | 31%¢

AQARESPRGL | 1769 | AQHVDLDSKA | 2243 | AQAGASSLTV | 2717 | AQARTTSFVA | 3191

AQALLAGTRV | 1776 1 AQATIVPALG | 2244 | AQALRPVYNGT | 2718 | AQARVIIVQLP | 3192

TKIQAVPWNA | 1771 | AQVNPTPQKA | 2245 | AQVRSGPTLA | 2719 | AQARVQIEKH | 3193

ACQASLSSTER | 1772 1 AQAGYISSAS | 2246 | AQFPPLSRSA | 272 AQASAKPLIE | 3194
AQAMGSRSDO | 1773 | AQTLILGDPA | 2247 | AQVARGTVQA | 2721 | AQASARMPSS | 3195

AGAAQGTYRG | 1774 | AQAASGLTMM | 2248 | AQTSTOQSPPG | 2722 | AQASAVEMAR | 3196

SQENAVFSKA | 1775 | AGALERPPSG | 2249 | AQARDGMNVR | 2723 | AQASDPPRSS | 3197

AQALSLSTRP | 1776 | TTYDAVHSKA | 2250 | AQAVSRNVVYV | 2724 | AQASDRVSRG | 3198
AQAAAGTLRD | 1777 | AQAMUDSANG | 2251 | AQHTATRSVA | 2725 | AQASGIAAGA | 3199

AQASRLPTPG | 1778 | AQAMHQTDKF | 2252 | AQAVREDGHA | 2726 | AQASGYTSVS | 3200
AQAGSLSERG | 1779 | KSTVAV(QSVA | 2253 | TNSSAVAASA | 2727 | AQASHSTLGT | 3201

AQSKCGDGFTA | 1786 | AOQATAGTLIG | 2254 | AQATFOLAST | 2728 | AQASLKILSL | 3202
GAGTAVTATA | 1781 | GLKSAVTHVA | 2255 | AQAHHOQTSL | 2720 | AQASLOILSL | 3203

AQAQGSSSVG | 1782 | AQAHSAYQGA | 2256 | AQGOHAHMMA | 2730 | AQASLOQILTL | 3204

AQAYSTDARM | 1783 | AQSFSSDNLA | 2257 | AQATSSLHVL | 2731 | AQASLOIMSL | 3203

ERAHAVTGLA | 1784 | AQLNMAASVA | 2258 | AQAPNSGLAM | 2732 | AQASMOQILSL | 3206

AQAYGLPEGP | 1785 | AQFSQAYMAA | 2259 1 SASRAVIDFA {2733 | AQASNRLDRP | 3207

5
AQAYSTEVEM | 1786 | AQHLTAGLRA | 2260 | AQARGEQRFV | 2734 | AQASQAQPES | 3208
AGAGVSTALH | 1787 | AQAHTVSPHL | 2261 | AQTHLGIRVA | 2735 | AQASRESPTR | 3209

AQSYSTDVEM | 1788 | GILGAVLPRA | 2262 | AQAPPSSKAM | 2736 | AQASRIHSCC | 3210

AGPLMSHTDA | 1780 { AQHNSSSLLA | 2263 | AQIVSKAMPA | 2737 | AQASRNLSAG | 3211
AQAAALASEP | 1790 | AQAPOQVAGTM | 2264 | AQASVENNPES | 2738 | AQASRTSPPL | 32

AQAAITSTIS 1791 | AQHODSRPMA | 2265 | AQAESRVAAL | 2739 | AQASSKSACQ | 3213

AQPANDGLRA | 1792 | AQRFQETGLA | 2266 | LTNGAVEDRT | 2740 | AQASSRVSSE | 3214

AQDYSTDVRM | 1793 | AQLTVSHTRA | 2267 | AQGRLAGSLA | 2741 AQASSTSISK | 32153
AQATLGYSTA | 1794 | AQANLRTIMG | 2268 | AQAGODSARR | 2742 | AQASVSGRAL | 32

AGATLGTIRY | 1795 | AQAGLRDPRM | 2269 | AQAASRLGAV | 2743 | AQASVSRSLL | 3217

AQAGASDMY. 1796 | AQHLLHGTAA | 2270 | AQALARGMAS | 2744 | AQASYKPSLM | 3218

AQAVSGTVRS | 1797 | ENQGAVASLA | 227 AQASRGLSMG | 2745 | AQASYQPSLM | 3219

GGTLAVVSLA | 1798 ¢ AQAGSSSVTW | 227 AQAQASSYGS | 2746 | AQASY(QTSLM | 3220

AQAYSADVRM | 1799 | AQPHLOIGVA | 2273 | AKASRLPTPG | 2747 | AQATALLHOM | 3221
AQAFAMPKGL | 1800 | AQANSGAVLA | 2274 | AQSLSRASTA | 2748 | AQATCQQAST | 3222

AGQGALVSTSRP | 1861 | AQLLGDAVKA | 227 AGQASTEVQTI | 2749 | AQATFLOAST | 3223

7
AQASFQQAST | 1802 | SSGNAVSSLA | 2276 | AGQASSKVVAA | 2750 | AQATFQOQTST | 3224

AQAMTGNDRS | 1803 | AQVSVTMALA | 2277 | AGAYRNGEAA | 2751 | AQATFRKGIV | 322
AQASTQSPPG | 1804 | AQYHTRGFAA | 2278 | AQAYSTGVRM | 2752 | AQATGSDSRR | 3226

NARSAVESLA | 1805 { AQSTTKGTLA | 2279} AQAVSSRSMG | 2753 | AGATGSSGLS | 3227

AQITVSHTTA | 1806 | AGQAQPPSARY | 2280 1 AQARGGLATP | 2754 | AQATLGKPSY | 3228

1
.
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ADALAGYDEKA | 1807 | AQAGLOGTAA | 2281 | AQAGHSGVRA | 2755 | AQATLEMLTR | 3229
AQSTSHDTRA | 1808 | AQPOQGSSTFA | 2282 | AQPSYHGGAA | 2756 | AQATRLSAAL | 3230
AQAIQDRTVY | 1809 | TOYRAVEGOA | 2283 | AQRVNOVSTA | 2757 | AQATRQAHPS | 3231
AQSKTTLTLA | 1810 | AQAISTOLAG | 2284 | AQAAFQOAST | 2758 | AQATRSDTIP | 3232
AQASMOTVRL | 1811 1 AQLGSNISHA | 2285 | AQAVPGSFRA | 2736 | AQATRSNGGY | 3233
AQHSDTLTRA | 1812 | AQTGLSGTVA | 2286 | AQLSLSPLAA | 2760 | AQATSGREVC | 3234
AQKEMYTSVA | 1813 | AQRVDSSGRA | 2287 | AQANMTVRVS | 2761 | AQATSGSSSQ | 3238
AQASPSOPLL | 1814 | AQAGLALNPN | 2288 | AQATRSSGDP | 2762 | AQATTIOSAA | 3236
AGQAYAGTIYS | 1815 | AQFYSDNSLA | 2289 | AQVASNATRA | 2763 | AQATTRATLS | 3237
AQARSLEPVI | 1816 | AQAVGAPQRL | 2290 | AQTNQOQPRGA | 2764 | AQATTSNTRA | 3238
TOQAGVSTAVH | 1817 | AQASYDDGRA | 2291 | AQRLONDHLA | 2765 | AQATVPLEWL | 3239
AGNTLSLSLA | 1818 | SSFAAVATAA | 2292 | AQAPVOLGRP | 2766 | AQAVAMSPHA | 3240
AQAYVSSVEM | 1819 | AQSTLSMPLA | 2293 | AQRQGPDTLA | 2767 | AOAVEVGATR | 3241
AQAATSPRLG | 1820 | AQASLHAPRP | 2294 | AQHTLSNHMA | 2768 | AQAVGIQKLL | 3242
GYLTAVOQPQA | 1821 | HAVAAVSYPA | 2295 | AQLSGMVNRA | 2769 | AQAVITSRAP | 3243
LNNLAVGMTA | 1822 | AQTSPVMVOA | 2296 | AQDROVSSRA | 2770 | AQAVLPIALG | 3244
AQTVSVHVRA | 1823 | AQADITSTIS | 2297 | AQROLSTSLA | 2771 | AQAVRASTSL | 3245
AQINGLVTTA | 1824 | AGAACGVAMLY | 2208 | AQQRPTVSFA | 2772 | AQAVRLPAFY | 3246
AQAAITTTIS | 1825 | AQASVSTLREK | 2299 | AQAKPHSOLD | 2773 | AQAVRSGVIK | 3247
AQASTFVTTI | 1826 | MDLKAVSSRA | 2300 | AQAGRVNHFP | 2774 | AQAVSGRLST | 3248
AQALYDNVPL | 1827 | AGQASLSTLRM | 2301 | AQAINSQSMR | 2775 | AQAVVGRSVP | 3249
AQAAAGTWEG | 1828 | AQPRSPLPMA | 2302 | AQYSTAVMSA | 2776 | AQAVVTRSPP | 3250
AQATTGTLRS | 1825 | GOYADVSSYA | 2303 | SQARAVERSA | 2777 | AQAWPLASQS | 3251
GOYAADSSYA | 183¢ | LVGGAVVVPA | 2304 | AQAYKSSSVG | 2778 | AGAWQSNMER | 3252
AQAGIATVRT | 1831 | AQAQSARPLA | 2305 | AQASTPGLYP | 2779 | AQAYGPLNTL | 3253
AGQALGHELRA | 1832 | AQSLHPSTTA | 2306 | AQSRTSMLAA | 2780 | AQAYHPSMKY | 3254
AQAREAIPQG | 1833 | AQFQTDLSRA | 2307 | AQLFSSNMPA | 2781 | AQAYKAPYGA | 3255
AQAMSGTLRM | 1834 | RTELAVGLSA | 2308 | AQAYCTDVRM | 2782 | AQAYNQTSRL | 3256
AQAVDEVRPP | 1835 | AQVVDNSELA | 2309 | AQTMSRGFVA | 2783 | AQAYNTHSPT | 3257
AQAPVNNDRG | 1836 | AGAVSSDSMH | 2310 | AGALNGYPAA | 2784 | AQAYOKVESY | 3258
AQAQOVAGTM | 1837 | AQASPALHTL | 2311 | AQAQTGHPLK | 2785 | AQAYTSOQLNS | 3259
AQAEPRDTRA | 1838 | GOYAAVASYA | 2312 | AQASSNSQYR | 2786 | AQCGSLCRTA | 3260
AQRLSEQGVA | 1839 | AQLWQSRVDA | 2313 | AQAAIKSTIS | 2787 | AQDFSTSQFT | 3261
AQASEGIOLS | 1840 | GTFSAVOSTA | 2314 | AQSTLNLRPA | 2788 | AQDFTAAERM | 3262
AQROGPDPLA | 1841 | AQAILSTIEV | 2315 | AQATLSPGSG | 2789 | AQDHVORSSA | 3263
AQVTLGSAKA | 1842 | AQNVVSTLRA | 2316 | AQANGSGTGR | 2790 | AQDKKSWPPA | 3264
AQAGASLGLA | 1843 | AQAMLAVSPG | 2317 | STSLAVAGRA | 2791 | AQDLVTPSRA | 3265
AQAFTGDERW | 1844 | AQATDSLVAR | 2318 | AQASNLSAYR | 2792 | AQDRCTEVEA | 3266
AQASQTTVRS | 1845 | AQASPOSSHG | 2319 | AQASRQVLVA | 2793 | AQDRNNTRVA | 3267
AQARVSSNGY | 1846 | AQATPVHDTL | 2320 | NEVRAVFFEA | 2794 | AQDROLLWEA | 3268
AQGPLSGLEA | 1847 | LESSAVGTAA | 2321 | AKAQGSSSVG | 2795 | AQDTETIGWA | 3269
AQAYGGQSLG | 1848 | MGRGAVLDTA | 2322 | ARGSAVQSQA | 2796 | AQELRGSKTA | 3270
AQANLGTVRO | 1849 | AQSHLIPTPA | 2323 | AVRVAVSSSA | 2797 | AGESGMPMDA | 3271




WO 2021/230987

PCT/US2021/025061

AQARSDTRGL | 1830 | AQAVLKAPIN | 2324 | AQAFSTSOFK | 2798 | AQFESDIVEA | 3272
AQAGSDGPRL | 1851 | AQKIAPAFLA | 2325 | AQGTSSORTA | 2799 | AQFMSVSRSP | 3273
TDGAAVVMRA | 1852 | AGNVAVLPHA | 2326 | ADQATMSOTIA | 2800 | AQFMSVYRSP | 3274
SGITAVPLHA | 1853 | AQSLOTGLHD | 2327 | AQSANRSTLA | 2801 | AQFSPRVTGA | 3275
AQAAAVGHLP | 1854 | AQAHAMSSRP | 2328 | AQRDLAHSKA | 2802 | AQFSREFTRA | 3276
AQRVEPKWIA | 1855 | AQQGKFDMRA | 2326 | AQASKVGLYA | 2803 | AQFTSFPSSA | 3277
AQAVASSPYA | 1856 | AQALSGDGTR | 2330 | AQAYYTDVRM | 2804 | AQGFAPTKLA | 3278
TOYGAVEGOD | 1857 | AQTHLOQIAVA | 2331 | AQAGLRDPRA | 2805 | AQGHVGLPYA | 3279
AQAKSHTLEG | 1858 | AQRTQUSSWA | 2332 | AQAFSOATGA | 2806 | AQGLYDAKVA | 3280
AQTHLOIVVA | 1859 | AIGSAVDLRA | 2333 | AQVAGMSVRA | 2807 | AQGMFGAQNA | 3281
AQKNEHCGMLA | 1860 | AQAQLASGTL | 2334 | AQAGQSSFTI | 2808 | AQGMENSSSA | 3282
AQITVSHTRA | 1861 | AQALVSAGAL | 2335 | AQKEMRSOQGA | 2809 | AOGMTNHASA | 3283
AQARLAPKGL | 1862 | AQATESVPLK | 2336 | AQNYSSGVRA | 2810 | AQGNGSRITA | 3284
KTPGAVSTTA | 1863 | AQVYNSNPKA | 2337 | AQITVSYTRA | 2811 | AQGPGSRISA | 3285
AQATSGTIKS | 1864 | AQRTTYPSSA | 2338 | AQAQQPRSSI | 2812 | AQGPSNTRAA | 3286
FLNGAVNLYA | 1865 | AQAMPOGAST | 2339 | WTSGAVPGKA | 2813 | AQGOEFMNFA | 3287
AQALTODERC | 1866 | AOPDALVIRA | 2340 | AQFKPSOVIA | 2814 | AQGRGANYMA | 3288
AQATAQVORS | 1867 | AQARDISMRG | 2341 | ROGOAVGSSA | 2815 | AQGRGDVVSA | 3289
AQTPALINLA | 1868 | AQMSFGSTLA | 2342 | AQSISPHYAA | 2816 | AQGROQSSLAA | 3290
AGASDRSPLL | 1869 | RLLSAVDQOA | 2343 | AQARSLNEYK | 2817 | AQGROTDRVA | 3261
AQITVSHTMA | 1876 | AQTTRSIENA | 2344 | AQAASSRIMA | 2818 | AQGSGPRYMA | 3292
AQATGTHLMG | 1871 | AQVSDFSSRA | 2345 | AQAYSTDGRM | 2819 | AQGSKVCLYD | 3293
LDGGAVVVTA | 1872 | AQAHSRVNTE | 2346 | AQASVPRVMG | 2820 | AQGSKVGMYA | 3294
LTNGAVRDRA | 1873 | AQAYSTDLRM | 2347 | AQGOQMPRYPA | 2821 | AQGSNVESYA | 3295
AQARGSDLRD | 1874 | AQALNGSAYS | 2348 | AQASSGMKPC | 2822 | AQGSVRSPLA | 3296
AQATPGTQRI | 1875 | TOYGAVEAQA | 2349 | AQPLRSSLSA | 2823 | AQGTMGHHLA | 3297
AQALPQTNRP | 1876 | AQAHAGTIYS | 2350 | AQNSASOQSOQA | 2824 | AQGVRTMVTA | 3298
AQARSNDPVL | 1877 | AQDPHSMRPA | 2351 | AQGHLSGLRA | 2825 | AQHIASMRPA | 3209
AQAYLAVONG | 1878 | AQASANIHSS | 2352 | AQRAQSGVAA | 2826 | AQHIDSMRLA | 3300
AQATOSTLRP | 1875 | AQASLOAVSM | 2353 | AQANPRLODK | 2827 | AQHOASLGTA | 3301
AQALGGFGPG | 1880 | AQSSHPAMVA | 2354 | AQAPRTATLG | 2828 | AQIDRAYPLA | 3302
LVGOAVGSRA | 1881 | AQANLOPRGA | 2355 | AQRTASLSQA | 2826 | AQIDRAYTLA | 3303
AQSIANVYVA | 1882 | AGQAVGSSPRG | 2356 | AQGNPCLLRA | 2830 | AQIDREYPLA | 3304
AQASPSVSRP | 1883 | AQTSAPSALA | 2357 | MSSHAVGNRA | 2831 | AQILHAKLAA | 3305
AQTVVVSTTA | 1884 | AQAVOLONRG | 2358 | AQLAPKASPA | 2832 | AQILRVANSA | 3306
VKEQAVSVMA | 1885 | AQAQGSGMVS | 2359 | AQTTQGRERA | 2833 | AQIPGRPWDA | 3307
AQOATGTFRA | 1886 | AQAYPSSKSG | 2360 | AQASGKSTSS | 2834 | AQIPSGVANA | 3308
AGQAGGSSSGG | 1887 | AQAVSDYGRG | 2361 | AGAPHGHSMK | 2835 | AQIRIPYSSA | 3309
AGAHAVGPQG | 1888 | AOMSLGATRA | 2362 | GELGAVVAGA | 2836 | AQISGMTSEA | 3310
AQRLETKETA | 1889 | AQAFLNSASA | 2363 | AQAFQKVOSV | 2837 | AQISRPLGSA | 3311
AQLAQGIGVA | 1890 | AQALPSNARL | 2364 | AQTVAQSRVA | 2838 | AQKANVTCGRA | 3312
AQAVQSSFTI | 1891 | AGANVSVRRE | 2365 | AQAPPSQTSR | 2839 | AQKELVAPHA | 3313
AQATYTASEY | 1802 | AQAGASVMVH | 2366 | AGAGVGYSSK | 2840 | AQKFAFVSAA | 3314
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AQTSSONLEA | 1893 | AQSLAKDOSA | 2367 | AOMGSPSSKA | 2841 | AQKIAPHWSA | 3315
AQLVPSVAMA | 1894 | AQILSALSSA | 2368 | QSSRAVLDFA | 2842 | AQKSDRHPQA | 3316
AQASPSAFAG | 1895 | AQSVHLSLAA | 2369 | AQARQTLDFG | 2843 | AQKSWPQTVA | 3317
AQALALVSAS | 1896 | AQALSASSFL | 2370 | AQSIRSASQA | 2844 | AOKTTFPSSA | 3318
AQASVGTTYT | 1897 | AQTSOLNOTA | 2371 | AQFLSFKVTA | 2845 | AQLALEKTAA | 3319
AQARVSSSGT | 1898 | AQSNLFPTPA | 2372 | AQAAGSGHTR | 2846 | AQLDLTIGRA | 3320
NSMGAVLGAA | 1899 | AQAHGRSEDT | 2373 | VSSSAVIVGT | 2847 | ADLDTMOGKA | 3321
AQHTDTLTRA | 1900 | AQLGSNTILA | 2374 | AQAYSTDVMM | 2848 | AQLERQYSGA | 3322
AQPNLOPRGA | 1901 | AQASMNSAKA | 2375 | AQALIGTNPR | 2849 | AQLFQVFRQA | 3323
AQADRHSSIV | 1902 | AQROAVEQSA | 2376 | AQVMPSPSRA | 2850 | AQLGDSTLKA | 3324
SPSVAVPSQA | 1903 | AQASTGTLRH | 2377 | AQITVSHTRS | 2851 | AQLGLKLRPA | 3325

AQPGIVSTIA | 1904 | AQGPTYPNVA | 2378 | AQGPHSGLRA | 2852 | AQLGLSDRRA | 3326
AQAOQHSVGLP | 1905 | AGQAGPTTSKA | 2379 | AQANGRVGVT | 2833 | AQLGOQWSAGA | 3327
AQTNSGAILA | 1906 | AQATTYRGMA | 2380 | AQAMPRTASY | 2854 | AQLHLNSKSA | 3328
AQDSYDVGRA | 1907 | AQVINRGMPA | 2381 | AQVSTKWPKA | 2855 | AQLIGGSGSA | 3329
EQAQGSSSVG | 1908 | AQAISGOAAW | 2382 | AQAMPRYPGE | 2856 | AQLKHSNDKA | 333¢
AQAGVSTAVO | 1909 | AQAFRGEDKG | 2383 | AQAATTPMSR | 2857 | AQLKNSPWDA | 3331
AQARDMLPLG | 1910 | AQOSMPRFVA | 2384 | AQARGDHFST | 2858 | AQLLHOESVA | 3332

AQAMVGTLRG | 1911 | AQAGVESTRL | 2385 | AQAKTNTSHA | 2859 | AQLLSSRAAA | 3333
AOPNVVSTLA | 1912 | AQATGSILLA | 2386 | AQNTPRINGQA | 2860 | AQLMHSARVA | 3334
AQAGHVVTSD | 1913 | AQASGHSSFS | 2387 | AQATVALPRG | 2861 | AQLMPPMGRA | 3335
AQAYTTDERM | 1914 | AQTANDGLRA | 2388 | AQGSKVGLNA | 2862 | AQLPNTLSMA | 3336
TAVSAVOVMA | 1915 | AQASQLALLA | 2380 | AQAHONLRGA | 2863 | AQLRTIRIAA | 3337
AQAAAGTLRY | 1916 | AQLVDRVPRA | 2390 | AQIVSTLOHA | 2864 | AQLSREYNSA | 3338
VSNEAVHARA | 1917 | AQHSNGYVHA | 2391 | AQTGSSLSRA | 2865 | AQLSRYMASA | 3339

AQVLPOSLSA | 1918 | AQAAPSSSDS | 2392 | AQVRTALASA | 2866 | AOLSSSLRSA | 3340
AQASVSTLRM | 1915 | AQAMORSSSA | 2393 | AQAYSTVVRM | 2867 | AQLTPGYKTA | 3341
AQAGLLLSVA | 1920 | AQAASGRPTC | 2394 | AQOMPRIVPA | 2868 | AQLVTFVPEA | 3342
AQANLVTGPL | 1921 | AQPRPGDSRA | 2395 | AQALTOYERW | 2869 | AQLVIPNPVA | 3343
AQASOHSSMA | 1922 | AQRDRANGIA | 2396 | AGASROPPAQ | 2870 | AOMASLLPEA | 3344
GYSSAVSSVA | 1923 | AQVLAISLSA | 2397 | AQAYYTDERM | 2871 | AQOMASLLQEA | 3345
AQVGVSPAVA | 1924 | AQAGMRDPRM | 2398 | TOITVSHTRA | 2872 | AQOMASLLTEA | 3346
DGTLAVPFKA | 1925 | AQASSNSSRA | 2399 | AQASSGTRSA | 2873 | AOMAYLLPEA | 3347
AQAPPTSTAM | 1926 | MHRDAVSGVA | 2400 | AQAKVSVPLK | 2874 | AGMDRVTSPA | 3348
AQATPANVRG | 1927 | AQAEMKNMPE | 2401 | TQYGAVEGQA | 2875 | AQMDSLLPEA | 3349
AQAGSSNFLS | 1928 | AQSGSLLASA | 24062 | AQANSTSSTR | 2876 | AQMGGLLLSA | 3330
AQLLAQDIRA | 1929 | AQAFASOSRG | 2403 | AAGTAVTATA | 2877 | AQMHGPGSNA | 3351
AQPSSDGYRA | 1930 | AQALHLPTLO | 2404 | AQAAPPHRLS | 2878 | AQMNAFNTHA | 3352
AQALIGTLRT | 1931 | AQAKTGGMNT | 2405 | AOMMPRMPPA | 2879 | AOMRSAYPAA | 3353
SYHGAVGILA | 1932 | ISLNAVSGKA | 2406 | AQTHLOIWVA | 2880 | AQMSRTRLPA | 3354
AQPYVVSGAA | 1933 | AQGVHGHYVA | 2407 | AQTNLKPRGA | 2881 | AQMTYSOQFKA | 3355
AQWTHNITAA | 1934 | AQAYSKDVEM | 2408 | AQTNLOIGVA | 2882 | AQNGKILVPA | 3356
PTNAAVERTNA | 1935 | VPSIAVSSHA | 2409 | ILAPAVSSKA | 2883 | AGQNRSLPHQA | 3357
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AHAYSTDVRM | 1936 | AQSSRHDDLA | 2410 | AQAHKVLDFG | 2884 | AQNSANTTCA | 3358
PLAAAVOMKA | 1937 | AQANGSGSRG | 2411 | AQAYSTDVSM | 2885 | AQPGIFFHGA | 3359
AQARDINSVML | 1938 | AOVGIADRRA | 2412 | AQAYSTDVWM | 2886 | AQPGOSFFAA | 3360
AGAQFPRNGG | 1939 | AQARGMESML | 2413 | AQAGMPRGPS | 2887 | AQPGYHLTSA | 3361
GALNAVNGVA | 1940 | AQAGVSTAGH | 2414 | AQHLPALKMA | 2888 | AQPLEMOGNLA | 3362
AQASHOOGVE | 1941 | AQVSTRNLIA | 2415 | AQAIGLNESA | 2880 | AQPSGITALA | 3363
SYQSAVVPOA | 1942 | AQAVPRLTAG | 2416 | AQTQLOIGVA | 2890 | AQPTRLVGGA | 3364
AQSIMOTIRA | 1943 | AQRHMELQEA | 2417 | AQAYSPDVRM | 289F | AQPVRNDRLA | 3365
AGAYVSOAQG | 1944 | SOSRAVVWEA | 2418 | AQANSTDERM | 2892 | AQQEKSSTPA | 3366
AQATGNOAHF | 1945 | QSHTAVSSLA | 2419 | HATVAVQGAA | 2893 | AQQLVALPFA | 3367
AQVTVGTPIA | 1946 | AKASVSTLRM | 2420 | AQACSTDVRM | 2894 | AQUPSRAAWA | 3368
AQAQTSTFRG | 1947 | AQASGSSOWA | 2421 | AQIKSLTSVA | 2895 | AQOPSYISTA | 3369
SVHMAVTVSA | 1948 | AQPNAQYMKA | 2422 | EQAYSTDVRM | 2896 | AQOSANTMAA | 3370
AQAQSTLNLG | 1949 | AQAMOGTGSSL | 2423 | AQANSTDVRM | 2897 | AQOSFPRATA | 3371
AQDOTGPPLK | 1950 | AQAFSTSQLT | 2424 | AQAMPRTPGV | 2808 | AQQSPVAVRA | 3372
HLAHAVSTAA | 1951 | AQAKDOQSQRL | 2425 | GEGTAVTATA | 2899 | AQQTTSWSEA | 3373
AGALARDSSF | 1952 | AQVGGNGSRA | 2426 | PTNAAVRTKA | 2900 | AQOTFVRIDA | 3374
AQLLSGTLKA | 1953 | AQANGASRAY | 2427 | AQTHLOIGEA | 2901 | AQQVQFRFEA | 3375
AQASLLPTREG | 1954 | OVNKAVLDFA | 2428 | AQADSTDVREM | 2902 | AQRALNKSDA | 3376
AQPMAGOSTA | 1955 | AQETLSSTRA | 2429 | VIFAAVIDKA | 2903 | AQRDLAHTOA | 3377
AGQARSLEFDI | 1956 | GVYGAVHSSA | 2430 | AQAYYTDVRK | 2904 | AQRDLEHSQA | 3378
AQFVTONGDA | 1957 | AQTITIENVA | 2431 | EQTHLOQIGVA | 2905 | AQRDRDARSA | 3379
AQATFKTSVP | 1958 | AQALMKIADG | 2432 | AQAYSTDVRV | 2906 | AQREFTPMDA | 3380
LNARAVEGPA | 1959 | AQANVSLOAA | 2433 | AQQFQTONAA | 2907 | AQRGFPASTA | 3381
AQALPNSGRP | 1966 | AOSTTSHLRA | 2434 | AQITVSHTSA | 2908 | AQRGYDLSPA | 3382
AQALNGSPEA | 1961 | AQLSNLVSVA | 2435 | AQLGEMQYAA | 2909 | AQRGYDLSTA | 3383
AQATSLHPLP | 1962 | AQANSTPTRQ | 2436 | AVRVADSSSA | 2910 | AORGYENEKA | 3384
AQAVOPPLKN | 1963 | AQORGDRAAA | 2437 | AQIQOTDLSRA | 2911 | AQRHLELKEA | 3385
AQAMLSGTRI | 1964 | AQARLGQSVG | 2438 | AQAYFTDVRM | 2912 | AQRLAVQAKA | 3386
AQHVDLASKA | 1965 | AQOLTYGSSA | 2439 | AQAYSTDVRE | 2913 | AQRLHSSATA | 3387
AQASFATMEP | 1966 | AQPAEKQYSA | 2440 | TQAHAGTIVS | 2914 | AQRLROQOEDA | 3388
AQAMPLNARS | 1967 | AQAMPRSRGD | 2441 | AQARSLEPVN | 2015 | AQRLSGOSSA | 3389
AQALVGOMRG | 1968 | AQGLSGRALA | 2442 | AQAYVSQGMS | 2916 | AQRNSYLSDA | 3390
VVNGAVLHLA | 1965 | AQARVTAVDA | 2443 | EQALTODERW | 2917 | AQROAVAGQSA | 3391
AGAQTAPPLK | 1970 | AQVGVSTAVA | 2444 | AQAGLSTAVH | 2018 | AQROGPDLLA | 3392
AQGHGDLHRA | 1971 | AQTGVTSAGQA | 2445 | AQAGLSDPRM | 2910 | AQRRGDOGOA | 3393
AQAADRSPVH | 1972 | AQALVTSSEK | 2446 | PTNAADRTNA | 2920 | AQRSASGIGA | 3394
GALNAVTGVA | 1973 | AQASPHSSMA | 2447 | AQAPQVEGTM | 2021 | AQRSGSPOPA | 3393
AQAERMASLG | 1974 | AOALTODEMW | 2448 | AQAFTPAERM | 2922 | AQRSIMKGQA | 339
AQAPPTTTRL | 1975 | AQAFSTOORL | 2449 | AQGPLYGLRA | 2923 | AQRSIMOGKA | 3397
AGQAAVGOTLA | 1976 | AQAGSQVTQA | 2450 | AQTNLOGRGA | 2924 | AQRSLASVTA | 3398
AQSLGTGMHA | 1977 | AQOSTLALKA | 2451 | AOQPRFNLTQA | 2925 | AQRSYPSTSA | 3399
AQBLGSPALA | 1978 | AQALNGSHAA | 2452 | AQAYSMDVRM | 2926 | AGRTSDLLOA | 3400
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AQASYSVTRP | 1979 | AQATEGHLRS | 2453 | AQLGGQSQVA | 2927 | AQRTSSMSEA | 3401
AQATMSHTMA | 1980 | AQPMANMLMA | 2454 | AQGSKDGLYA | 2928 | AQRYLGNSLA | 3402
AQAVOSLTVG | 1981 1 PSTSAVSOKA | 2455 | ALAYSTDVRM | 2929 | AQRYTNGQVPA | 3403
AQSQTGTYRA | 1982 | AQAPPSSTEM | 2456 | AKSKTTLTLA | 2930 | AQRYVNNSAA | 3404
AQSLASVYAA | 1983 | AQRERVDLAA | 2437 | EQAFTAAERM {2931 | AQSFSSEQLA | 3405
STKLAVHEGQA | 1984 | AQASVTLPRT | 2458 | AQDSVSTLRM | 2932 | AQSGIRDARA | 3406
AQSHLEPTPA | 1983 1 AQAYPSSSKA | 2439 | AQVYSTDVEM | 2933 | AQSGKSIAGA | 3407
AQGTWSSSEA | 198¢ | AQAHSGSAIP | 2460 | AQGNMLVEDA | 2934 | AQSGNHFGKA | 3408
AQTPOGLTEA | 1987 | AQSPSQSLKA | 2461 | AQARSLEQVI {2935 | AQSGRVVTLA | 3409
AGVSLGTOYA | 1988 | AQATPPATSP | 2462 | AQAFSTSQFT | 2936 | AQSIQYLDYA | 3410
AQDSRLPTPG | 1989 | CLGAAVNQCA | 2463 | LTYGAVRDRA | 2937 | AQSIQYSHTA | 3411
ASIQAVGVKA | 1990 | VLGOAVRDKA | 2464 | AQSLGTGLHA | 2938 | AQSISGVAMA | 3412
AQATMSEQRL | 1991 | AQAQKANNVG | 2465 AQAAITSTIT 2939 | AQSKSAITWA | 3413
TAQAAVQGMA | 1992 | AQTLLFVNGA | 2466 | GALNADTGVA | 2940 | AQSKTSASGQA | 3414
ACGAFNAAERM | 1993 | AQAHGTIQRG | 2467 | AQRLKENDHLA | 2941 | AQSLAKDLSA | 3413
AQINFLSGVA | 1994 | TVYTAVGVSA | 2468 | VOQAYSTDVRM | 2942 | AQSLGTGLOA | 3416
POQHLAVSSEA | 1995 | LGRGAVLDMA | 2469 | SVHGAVGIMA | 2943 | AQSLOHLDWA | 3417
AQALGNFPAY | 199¢ | AQANVRSDOM | 2470 | AQTSQLYQNA | 2944 | AQSMDWPPSA | 3418
AQANASTVRY | 1997 | AQARDSQKGW | 2471 | AQARSMEPVI | 29453 | AQSMPNSFMA | 3419
AQRIVDLTTA | 1998 | AQTPGSRSAA | 2472 | SQAYSTDVEM | 2946 | AQSMSARGLA | 3420
VROVAVEGVA | 1999 | AQALPSNARG | 2473 | AQRLONDNLA | 2947 | AQSNLSYARA | 3421
AQAPASSOKL | 2000 | AQASATSVVH | 2474 | AQEVDNSTLA | 2948 | AQSNSYLDSA | 3422
AQQIDSMRPA | 2001 | AQINLGTMRA | 2475 | VSTEAVSSAA {2949 | AQSQAVAQSA | 3423
AQAHGTSSLE | 2002 | AQVYNNTSAA | 2476 | AQASPLPTPG | 2950 | AQSQLFGLRA | 3424
AQVNSGIALA | 2003 { AQASANLTRG | 2477 | AQARRLEPVI | 2951 | AQSQLVGLRA | 3425
AQLHLATTRA | 2004 | AQLRTDYTRA | 247 AGAQTGTPLK | 2952 | AQSOQSGTAWA | 3426
AGALTHDERW | 2005 | AQAYSTDVKM | 2479 | AQSKTTFTLA | 2853 | AQSRGODKAA | 3427
NTVRAVIMEA | 2006 | AQTSOLYQPA | 2483 | AQTIFQQAST | 2954 | AQSRMLPTSA | 3428
AQAYVAGSRP | 2007 | AQALTOQEERW | 2481 | AQLSTSGLLA | 29551 AQSRVLSHQA | 3429
ACDRATFVVSA | 2008 | LFNGAVRDRA | 2482 | AQASGALDRT | 2956 | AQSSMSRLVA | 3430
AQAQEKQVES | 2009 | VTGSAVAGIA | 2483 | AQTVSVHDRA {2957 | AQSTLTVLPA | 3431
AQACVSTAVH | 2010 | AQAFSTDVRM | 2484 | AQSKTTLTLP | 2958 | AQSVQYSTSA | 3432
AQAFTHDSRG | 2011 | AQAHGPTSGV | 2485 | AQATTOQQASS | 2959 | AQSWVYGFAVA | 3433
AQASHQGTVG | 2012 | AQAGVGLPIA | 2486 | AQAKGSRSDQ | 2960 | AQSYASSYAA | 3434
AQAVLVTEQG | 2013 | AQVNSGQARA | 2487 | AQAANTSTIS | 2961 | AQTKSFSSAA | 3435
AQAVVSTAVH | 2014 | AQAQTGPPMK | 2488 | SVNTAVASLA {2962 | AQTLARPRIA | 3436
AGATSRETKG | 2015 | AQARLAPVAC | 2489 | AQAPPSSTAM | 2963 AQTLPFISSA 3437
YQQPAVESRA | 2016 | LSIGAVASMA | 2490 | LTNGSVRDRA {2964 | AQTMGGOQYSA | 3438
AQANMGLSLS | 2017 | AQAQDLGVMR | 2491 | AQRQGPDPMA | 2965 | AQTMSGSMVA | 3439
AQWTSSMSEA | 2018 | PTGLAVTSPA | 2492 AQARSLEPLI | 2966 | AQTMVSARPA | 3440
AQASISIMST | 2019 | AQSASTSWSA | 2493 | AQAGRMSOSG | 2967 | AQTNLNFNLA | 3441
AQASVAPLTC | 2020 | AQNGSNVRNA | 2494 | AQTLMSHTDA | 2968 | AQTPAFINLA | 3442
AQLVIVEKQA | 2021 AQASISSSAT | 2495 | AQAPGMGAPL | 2969 | AQTPRQLASA | 3443
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AQAATAGEKL | 2022 | AQNSHAHLAA | 2496 | GAGPAVTATA | 2970 | AQTQGSSGWA | 3444
AQALSHGPGG | 2023 | AQAVGVKQFF | 2497 | AQAQPGPPLK | 2971 AQTSIDPSA 3445

AQSNAHIEIA 2024 AQAHLSPTHA | 2498 | AQLID 2972 | ALFTQVPSGAA | 3448
AQARSSSTGI | 2025 | AQPAYGSSYA {2499 AQAQTGPPQK | 2973 | AQTRGDSVGA | 3447
AQGAVGGIIVTR | 2026 | AQAHOQARSGS | 2500 | AQARVAVELE | 297 AQTSOMYQTA | 3448
AQAPRTVYQG | 2027 | AQAHTSPTOQR | 2501 | AQARTHNNSSG | 2975 | AQTSVMEQRA | 3449
AQALHNLGPA | 2028 | AQAATPSSSR 2502 AQARSLAPVI 2976 | AQTVETHMRA | 3450
VRMGAVSDNA | 2029 | AQAHNSYPKY | 2303 | AKAFTAAERM | 2977 | AQTVSVHVSA | 3451
AQAFRTSQFT | 203¢ AQSSLGSSLA | 2504 | AQNVDLASKA | 2978 | AQTVYQOQAPA | 3452
AQSSATMORA | 2031 | AQALSRSNVG | 2305 | AQARTIDKCC | 2979 | AQVGAYADVA | 3453
AQTLAETYRA | 2032 AQASLSSLSG | 2506 AGAPPSSTAK | 2980 | AQVIGNSSAA | 3454
AQANGSIVLN | 2033 | AQHGSSEFTA | 2507 | AQSNSVLSLA | 2981 | AQVLRAQSQA | 3455
AQARVADQLP | 2034 | AQSALVAGVA | 2508 AQTLILGATA 2982 | AQVLRMKGIA | 3436
AQAVKQGLYE | 2035 AQASSSSLRP 2509 | AKATMSQTMA | 2983 | AQVPRYMRFPA | 3457
AQAFSDGLKS | 2036 | AQTARDTGFA | 2510} AQAQTGPPLY | 2984 | AQVPSVRSSA | 3438
AQVSVTPVKA | 2037 | KSVQAVEDPA | 2511 AQPGIVSTID 2985 | AQVQYLNSHA | 3459
VNGRAVSMMA | 2038 { AQAGSHSSVS | 2512 | AQHRALUDSNA | 2986 | AQVREFRLTA | 3460
SLVGAVAQMA | 2039 | VRAHAVTGLA | 2513 | QTNAAVRTNA | 2987 | AQVSRHVTSA | 3401
AQARVSPVGL | 2040 1 ASHTAVGEFA | 2514 | AQAPQVAGTK | 2988 | AQVTRSLLSA | 3462
AQSNTTLTLA | 2041 | AQIRSEWRDA | 2515 | AQHGFTDSSA | 29809 | AQVVENSSVA | 3463
AQTSTEHLR/ 2042 { AQQLARVSGA | 2518 EQTPALINLA 2990 | AQVVVLTTAA | 3464
AQAGMGINLP | 2043 AQAAITSTNS 2517 ¢ SVNTDVASLA | 2991 | AQVVYSEGRA | 3465
AQANAHSLTL | 2044 | AQARDAVQLP | 2518 | AQAHPSSTAM | 2992 | AQWGKSDLTA | 3466
AQARFTTTEM | 2045 | AQAKELVSTS | 2519} AQVYISDTYRA | 2993 | AQWPQFMSAA | 3467
AQLGYQEVKA | 2046 AQGIAETLSA | 2520 | AQHIDSMEPA | 2994 | AQWOMKQVSA | 3468
AQAGQOHASVE | 2047 | AQLGSGFSTA | 23521} AQTSGODERA | 2995 | AQYGAAPGVA | 3409
AQATGSNPRG | 2048 | AQNAKELERA | 2522 | AQAGDAAVEY | 2996 | AQYKGFEKVA | 347¢
AGAPVSPSIP 2049 § AQTHLONGVA | 2523} AQAGRYESGN | 2997 | AQYKSGGLTA | 3471
AQTTLGVGTA | 2056 { SGNLAVGTPA | 2524 | AQSMQSRSEA | 2998 | AQYMQGALHA | 3472
AQASHLVSLA | 2051 | AQPSPGTSVA | 2525 | AQRLONDHMA | 2999 | AQYPSQTVTA | 3473
AQAPLTGLSY | 2052 | AQSSAAAGRA | 2526 1 AQPVSVHVRA | 3000 | AQYSAHVSQA | 3474
AQVSTSTLRA | 2053 | AQAGISAATM | 2527 | AQASEGLKLS | 3001 | AQVYSLAGSSA | 3475
AQVQLGTLKA | 2054 | AQALGYHQTG | 2528 | AQLYVSSSVA | 3002 | AQVYSLGQATA | 347¢
AQAHVSVSER | 2055 | NAGQAVAAR/ 2529 § AGATGVSQQOM | 3003 | AQYVRSPRKA | 3477
AGQGLLLSGQTA | 2036 | AQPFGGSGYA | 2530 1 AQAPSKELFM | 3004 | ARAYSTDVRM | 3478
TTSSAVLTPA | 2057 | AQAGSPSRLL | 2531 AQAATITRTIS 3005 | ARVRADSHLA | 3479
AQFGADTVNA | 2058 AQARTIGTIA 2532 | GLKSAVTHAA | 3006 | ASLSAVAAVA | 3480
AQTFSSDNLA | 2059 | AQVVEVESRA | 2533 | AGQALGVTQSP | 3007 | AVTRAVQNSA | 3481
AQIHPANSRA | 2006 | AQAGQARSMG | 2534 | AQAPSHLVPV | 3008 | CPAAAVLAAA | 3482
AQSIGQOFPVA | 2061 | AQATRGVTAG | 2335 | AQARVAVQLQ | 3600 | DDSRAVGLRA | 3483
AQVISPENLA | 2062 | AQQSNGYGRA | 2536 AQAGSRLALE | 3010 | DROPAVHMTA | 3484
AQALSAISAT | 2063 | AQASLAPLKS | 2537 | AQYGAVEGQA | 3011 | EGAFAVLPYA | 3485
AGAGVSASQM | 2064 | AQPGANHNGA | 2338 | AQHSNKQVMA | 3012 EQAFSTSQFT 3486
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AQASTKTPLP | 2065 | LGRGAVPDTA AQATFOQAGT ETPNAVRNSA | 3487
AQAPPSTTAM | 2066 | AQHFQTASLA AQAPTSSTAM FAGSAVMTMA | 3488
AQAVSSDRME | 2067 | AQAPAGHHTR AQHQDSRTLA FALPAVPGSA | 3489
AQAGSVTMRL | 2068 | AQPSVONSMA AQAQRPMTSY FLAPAVSTKA | 349¢
AQAVLLGGAY | 2069 | AQAKLSGHVS AQAHARQMITY FREVAVENVA | 3491
AQAQRDMVTT | 2070 | AQFGTSSPSA AKAFSTSQFT FRYNAVGEGA | 3492
AQAHHGSSLG | 2071 | AQASHISSVR AQATPROASH FSLPAVENIA | 3493
VLSSAVGQRA | 2072 | AQALSRNGIG AQAAGSLRLG FVSNAVOGKA | 3494
AQAAGSVLLG | 2073 | AQASAQVORS AQAQSROLAM FYTSAVTEPA | 3495
AQAYPTDVRM | 2074 | AQGGPHLOAA AQAMPGPMSR GALNAVIGVD | 3496
AQWSRDAQSA | 2075 | AGAQSDSAFR AQAPPRSTAM GASRAVVLSA | 3497

AQOGLDMGRA | 2076 | AQTYSTDVRM AQAAITSTIR GDHRAVAARA | 3498
AQAAGNHALV | 2077 | LARGAVLDTA AQALRGAALP GDNFAVSGMA | 3499
AQRSOIVEVA | 2078 | ACASFHTLRS AQASVOGISR GGGHAVVLAA | 3500
AQMSDVSGRA | 2075 | AQHSDTQTRA AQANMMSROSY GGCHAVVOAA | 3501
AKALTODERW | 2080 | AQATPSPSAS AQAROSPLSG GGGNAVVLAA | 3502
AQAVSSSTLT | 2081 i AQNQVTYSKA AGAGNVASTR GLSSAVIAQA | 3503
AQPSRLPTPG | 2082 | AQHTSVVYGA AGRVAVNLVA GMDRAVOTOA | 3504
RTSTAVLDFA | 2083 | AQAQVSOMSH AHSYAVTSTA GNLSAVIIOA | 3505
AQDLSSSIRA | 2084 | SFLRAVKNDA AISGAVYSPA GPAMAVVGVA | 3506
AGQLLDGLTSA | 2085 | AQAYSTDVGM AKAGQSSFTI GPROAVAGIA | 3507
AQALIGLSKP | 2086 | AKTPALINLA ALKHAVDVLA GOYAAVSSYA | 3508
AQASGTVEFP | 2087 | VSTAAVSSAA ALNKPRINQA GROHAVVLAA | 3509
AQLLDTRYKA | 2088 | AQAPITSTIS ALNTPRINKA GRROQAVHSEA | 3510
AQAPNTSFTA | 208% | AQTNLOTRGA AGAAPVOSGV GSGSAVVTQA | 3511
AQTHLOIGVD | 2090 | AQATRLPTPG AGAAQSSFTI GTRSAVAALA | 3512
AQRLIITSQOVA | 2061 | PQHLAVSSAA AGAARHSTTG GTSYAVGGOA | 3513
AOQRTODTLSA | 2092 | AQASPHPSRP AQAARIAQAS HAQLAVVGEA | 3514
AGADIQSHAL | 2093 | AQAQPAGORG AGQAARSTVYT HSPAAVGLOA | 3515
PNMMNAVGIKA | 2094 | AQPOROGVQA AQAARTAPGL HTATAVGLOA | 3516
AGAGVSTAVH | 2005 | AQHVAGSSNA AQAARTSAVS TASLAVSOVA | 3517
AQASGKTFIG | 2096 | AQVPIOMGVA AQAARYVTGY ISGHAVSTAA | 3518
AQAGVOSTRL | 2097 | AQATVSVPLK AQAASFLTAD KOYGAVEGOA | 3519
AQAQGAYPLY | 2098 | AQISVSHTRA AQAASGGSFT KSSAAVHATA | 3520
AQPYSTDVREM | 2099 | SLVGPVAQMA AQAASMRDHT LAAVAVOSFA | 3521
SSSVAVVTLA | 2100 | AQPRLNLTEA AQAASVROAR LAENAVKLMA | 3522
AQTYNCGLNKA | 2101 | AQASOQEYSRL AQAAVDTTYR LDSRAVLSSA | 3523
AQASVSKLRM | 2102 | AQKSLAFDSA AQADCKFVVV LOGRGAVLDSA | 3524
AQRGSENEKA | 2103 | AQALGHSHHC AGADFSYRAN LORGAVLDTA | 3525
PITNAVLKTA | 2104 | AQAAQTGRPI AQADEMVLRS LGRGAVLDTV | 3526
TNSYAVSSPA | 2105 | AQASGTSVRQ AQADRPMYHR LORGAVLGTA | 3527
PYOTAVAGAA | 2106 | AQAMGTASYC AGADTGASMG LGRGAVLVTA | 3528
GPALAVLGRA | 2107 | AQISHNHPQA AGAEGNGHWR LGRGPVLDTA | 3529
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LBISAVPAKA | 2108 | AQAYSTYVRM | 2582 | AQAELOSGIR | 3036 | LGRGSVLDTA | 3330
AQTLGPLPHA | 2169 | AQVGKLDIRA | 2583 | AQAEMRSSSR | 3057 | LGRGVVLDTA | 3531
AQAQOPLAHY | 2116 | AQLKOQGGINA | 2584 | AQAESFLTAV | 3038 | LLAPAVSSKA | 3532
AQTDGAWSKA | 2111 | AQASAHFREP | 25851 AQAETRSGLS | 3659 | LLYPAVVLEA | 3533
AQALSGPESI | 2112 | ADALDTVLSA | 2586 | AQAFITSOFT | 3060 | LRRGAVLDTA | 3334
AQASSPSTRG | 2113 | GAGTAVGNIA | 2587 | AQAFLPMGGA | 3061 | LSPGAVVTSA | 3535
AQASLASNRP | 2134 | AQANGSATYA | 2588 | AQAFRGASAL | 3062 | LTNGAGRDRA | 3536
AQNMALSTVA | 2115 | AQTOLAQOKA | 2589 | AQAFSSTHSE | 3063 | LTNGAIRDRA | 3537
AQHSDTMTRA | 2116 | AQYVTTVSPA | 2590 | AQAFSTTQFT | 3064 | LTNCAVGDRA | 3538
AQAMPRYPPL | 2117 | SOQFSAVTVTA | 2591 | AQAGCSKELR | 3065 | LTNGAVRDOA | 3539
AQHIDSMSPA | 2118 | AGQAASDSFRY | 2592 | AQAGDIRLSL | 3066 | LTNGAVRGRA | 3540
AQALPGTSRY | 2119 | AQASPASVTR | 2593 | AQAGDSROGS | 3067 | LYNSAVLRNA | 3541
AGAKSTODVO | 2126 | AQARDSGMFL | 2594 | AQAGGLHGVA | 3068 | LVPSAVVSKA | 3542
AQPLVSASKA | 2121 1 AQSKTTLTLS | 2595 | AQAGHRTPGP | 3069 | MAVKAVPWTA | 3543
AQAMSGTLRE | 2122 | AQLVOQESLSA | 2596 | AQAGHVVTYV | 3070 | MGRSAVNEVA | 3544
AQTLILGAHA | 2123 | AQAALKSLAG | 2597 | AQAGLRDPSM | 3071 | MENRAVIDSA | 3545
AGAGOARSGG | 2124 | AQAVPNOGOK | 2598 | AQAGLSQVIO | 3072 | MRSRAVDPVA | 3546
AQRKDLSLVA | 2125 | AQALSRSSLG | 2599 | AQAGNSYSOQR | 3073 | MSLHAVTHSA | 3547
AQALSAPMSL | 2126 | AQAGSVMSEY | 2600 | AQAGRGTIMA | 3074 | NASLAVSTAA | 3548
TNSLAVGMRA | 2127 | AQMATVTPMA | 2601 | AQAGRLSKSG | 3075 | NRSDAVRMVA | 3549
AQAPIGTVRP | 2128 | AQARTASGID | 2602 | AQAGRLSQSG | 3076 | NTERAVILEA | 3550
FIOAAVSSSA | 2128 | SHSSAVSHPA | 2603 | AQAGRLYOSG | 3077 | NTROAVGSAA | 3551
AQAEKPTHLL | 213¢ | AQADRMRTTA | 2604 | AQAGRPAFPW | 3078 | NTVSAVILEA | 3352
AQALSGDTTR | 2131 | AQNAQNRALA | 2605 | AQAGRODLFS | 3079 | PAGSAVVSPA | 3553
AQAYIASGGT | 2132 | AQAASNAYSS | 2606 | AQAGRSDSSL | 3080 | PFNSAVSSSA | 3554
OLNOAVGTLA | 2133 | AQATFQOAST | 2607 | AQAGRTMNWS | 3081 | FSSYAVSHVA | 3555
AQASGALDREP | 2134 | AQVYTISTPA | 2608 | AQAGRVEVHL | 3082 | PTLTAVAHAA | 3556
AQAQDTALRA | 2135 | AQTVIAVGVA | 2600 | AQAGSSVSRA | 3083 | QUQAAVGIYA | 3557
AQAQAGMARG | 2136 | LARGAVFPTA | 2610 | AQAGSTGGSA | 3084 | OLNRAVNSGA | 3358
AQAQGSSAVG | 2137 | AQMLOTSVLA | 2611 | AQAGTRSMLA | 3085 | OMSRAVSDYA | 3559
AQLLRDIGPA | 2138 | AQARQVSPLL | 2612 | AQAGTSTPRW | 3086 | RDSMAVGNVA | 3560
VDRGAVTOMA | 2139 | AQAGOMSNAR | 2613 | AQAGVNLRAL | 3087 | RFGSAVGLTA | 3561
AQAVNVSKGS | 2146 | AQTPALIKLA | 2614 | AQAHDRLPSG | 3088 | RIVNAVKAQA | 3562
SYNTAVESLA | 2141 | AQAYTTDVRK | 2615 | AQAHNAGVPD | 3089 | RLDQAVSTSA | 3563
AQARLPHTSS | 2142 | VVKGAVLHVA | 2616 | AQAHNSDRAR | 3000 | RLLPAVSNDA | 3564
AQRNGSEVVA | 2143 | AQDTVSVPLK | 2617 | AQAHRGEVGQ | 3091 | RLSEAVSMTA | 3565
AQATDRVDRP | 2144 | AQKGAPSLQA | 2618 | AQAHRHISGE | 3002 | RLSKAVAAGA | 3566
AGASLSRERT | 2145 | AQASYDVGRA | 2619 | AQAHSESMSG | 3093 | RNDVAVVHTA | 3367
AGAYSTHVRM | 2146 | AQGPLSGMRA | 2620 | AQAHSVNTAS | 3004 | RNSYAVSEAA | 3568
AQHLSAGPTA | 2147 | AQALGTSVPA | 2621 | AQAHTSTVLC | 3095 | RPSNAVSVHA | 3569
LNGGAVSLRA | 2148 | AQVNKGASTA | 2622 | AQAIALHRPS | 3006 | RTGKAVDTVA | 3570
AGAYGVSSVT | 2149 | AQLTRTSPVA | 2623 | AGQAICLSPDR | 3097 | RTPDAVHMLA | 3571
AQFGSAVQLA | 215¢ | AQADAALRFS | 2624 | AGAIEGRYPR | 3098 | SANLAVTLLA | 3572
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AGAPPESTRL | 2151 AQVQLVVSPA | 2625 AQAPSPYSVY 3099 | SAVRAVTWDA | 3373
AQVSTNWPKA | 2132 | AQAYSSDVRM | 2626 | AQAIRGAVQA | 3100 SEIGAVYGSA | 3574
AQTSTILSRA | 2153 1 AQARSGLSLP | 2627 AQAKSSPLSY 3101 SGESAVVYSVA | 3575
AQAHSTDVRM | 2154 | AQNGHKFTAA | 2628 AQAKSSSPTL 3102 | SGLKAVGNPA | 3576
AQATLTGHVS | 2155 1 AQGLSSATKA | 2629 AQAKTASSPE | 3103 SGLLAVSPPA | 3377
AGATTOGALT | 2156 | AQGTWSTVKA | 2630 | AQALATLPAM | 3104 | SGSLAVGSMA | 3578
AQAAKASDRT | 2157 ¢ AQASGVGGRI | 2631 AQALEHTSPR 3105 SGTRAVSPSA | 3579
AQOGNEHGGRA | 2158 | AQTSYPAQKA {26321 AQALGGFRSE | 3106 | SGYTAVASGA | 3580
AQALSTSLLL | 2159 AQNAVPTHSA | 2633 | AQALGHQGOL | 3107 | SLNAAVHSGA | 3581
AQASLGSTYL | 2166 AQSYPEITRA 2634 | AQALIPMVRG | 3108 | SLNTAVASLA | 3582
AQAFSTVGAV | 2161 § AQTGLSTSSA | 26351 AQALQASRPP | 3109 | SLSYAVDMRA | 3583
AQLNGLVTTA | 2162 | AQYDTHNFAA | 2636 AQALQPFSFH | 3110 | SLYVGALAQMA | 3584
AQASVRTLRM | 2163 AQAVLSSVIQ | 2637 | AQALQQPQSR | 3111 | SLVGAVSOQMA | 3583
AQATMSRPWQ | 2164 | AQDSAVALMA | 2638 § AQALRASAFR | 3112 | SMROAVSQYA | 3586
AQSSLPAMVA | 2165 { AQATGKGALP | 2639 AQALVGSRGGQ | 3113 | SQAHMQASVT | 3587
RETVAVGGQYA | 2166 | AQNSRSGHDA | 2640 § AQALYQHHSI | 3114 | SONNAVVSYA | 3588
AQAFGSEGRS | 2167 | AQAFQKEPSY | 2641 | AQALYROQSET | 3115 | SRSKAVSWEA | 33589
SSGTAVEHRA | 2168 | AQAGSTSGKM | 2642 | AQAMASSLLA | 3116 | SRYSAVPREA | 35%¢
FGTNAVIPRA | 216% | AQRDOQAHSQA | 2643 | AQAMGPVGEC | 3117 SSSPAVTRSA 3591
AQAGQARSLG | 2170 | AQAASALSGR | 2644 | AQAMGRESYN | 3118 STESAVSDRA | 3592
AQSFSSDNMA | 2171 | AQARHSSLLP | 2645 | AQAMGSNERY | 3119 | SVIGAVYGYA | 3593
AQMNGLTGKA | 2172 | AQGPGTSYLA | 2646 | AQAMGTADRA | 3120 | SVNKAVASLA | 3594
AQOQNGKQHLA | 2173 { FLAPAVSSKA {2647 | AQAMITTVHS | 3121 | SVNTAVASMA | 3593
AQHIDSIRPA 2174 { AQAGPQCSSC | 2648 | AQAMPRLRIDA | 3122 | SVSKAVSLGA | 359%
AGAADRLSTL | 2173 | AQALTQHERW | 20649 | AQAMRSLSAA | 3123 | TARYAVAQQA | 3597
AQFGLKDIRA | 2176 AQAIRSSERY | 2650} AQAMSRLGTA | 3124 | TFRSAVELRA | 3598
AGAHOGGATL | 2177 | AQAVHSSSVY | 2651 | AQAMSRTVMP | 3125 | TFYSAVKLGA | 3599
AQATYNSPKP | 2178 | AQSSRTALAA | 2652} AQANCLSPDR | 3126 TPIQAVRESA 3600
AQAMSNMLRN | 2179 AQITFSHTRA | 2653 | AQANFPFGGP | 3127 | TOHIDSMRPA | 3601
VPISAVMSTA | 2180 | AQALUTLSGGL | 2654 | AQANGRDVRT | 3128 | TQSKTTLTLA | 3602
AQHSLGNTVA | 2181 § AQAGKTLSVL | 2655 | AQANKDEGMG | 3129 | TQYGAVECQA | 3603
AQATSALSRL | 2182 | AQASRSNLDN | 2656 | AQANLOQQSSG | 3130 | TOYGAVEGRA | 3604
AQADRQTFPY | 2183 | AQGSLSTHTA | 2657 | AQANLQRSSA | 3131 | TTALAVGDNA | 3603
AQAVNSMSIG | 2184 | AQOQSVAYNVA | 2658 | AQANQVRSPL | 3132 | TVLSAVSGGA | 3606
AQALAIVSKN | 2185 { AQHTLRLSSA | 2659 AQANSSLSSR 3133 | VAVHAVGSVA | 3607
AQGQLOERFA | 2186 | AGQAGGTPNKL | 2660 | AQAPGQGSQT | 3134 | VDTRAVGHGA | 3608
AQFNGASAHA | 2187 | AQAFQSLTLA | 2661 | AQAPHRGLYT | 3135 | VGGAAVGTTA | 3609
AQLGGQIPVA | 2188 | AGQAVALSHQE | 2662 | AQAPHSSTAM | 3136 | VKERAVSQSA | 3610
AQANGAYTDN | 218% | AQMLASGIPA | 2663 | AQAPKVLDWG | 3137 | VMINGAVRLLA | 3611
AQNLSSSEPA | 2190 | AQNRALDSYA | 2664 | AQAPMSRLAQ | 3138 | VPGSAVIAAA | 3612
AQSAIVLTTA | 2191 §{ AQASGSTTEN | 2865 | AQAPMTSGVE | 3139 | VSTYAVSMQA | 3613
ITRSAVPDVA | 2192 | AQARGDGYVA | 2666 | AGAPNNGVQK | 3140 | VIGKAVTGVA | 3614
GALKAVTGVYA | 2193 { DARVAVLDFA | 2667 | AQAPQTRPGR | 3141 | VTRGAVEAHA | 3615
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AQAVGOIIYLR | 2194 | AQAVASQVSE | 2668 | AQAPREHPSR | 3142 | VVESAVVGLA | 3616
AQVTLNTPLA | 2195 | AQARGPSPAT | 2669 | AQAPRTPDLR | 3143 | VVNVAVLHVA | 3617
AQALTQDDRW | 2196 | AQHRALDSYD | 2670 | AQAPSSDRVH | 3144 | VVSSAVGRTA | 3618
AQAYSTNVRM | 2197 | AQLIDSTSRA | 2671} AQAPSSQEAR | 3145 | YLVGAVAQMA | 3619
AQAVAAPASL | 2198 | AQAGQTLSRGS | 2672 | AQAPSSIYMR | 3146 | YNRTAVSSEA | 3620

YRSTAVEGYA | 3621

AQASFNIYTRA | 3622

Table 2. Exemplary Peptide, e.g., Targeting Peptide Sequences

Peptide | SEQ ID Amino Acid SEGID Nucleotide Sequence
NG: Sequence N
i 3648 PLNGAVHLY 3660 cegettaatggigoegtecatetitat
2 3649 RDSPKGW 3661 cpigattcicegaaggaitggea
3 3650 YSTDVRM 3662 tatictacggatgtgaggatgea
4 3651 TVNMINSLE 3663 atigtiatgaattegtigaaggc
5 3652 RESPRGL 3664 cgggagagtcetcgtggectegea
6 3653 SFNDTRA 3665 agittiaatgatactagggceteca
7 3654 GGTLAVVSL 3666 geatgotacgtiggecgicgtategett
3 3635 YGLPEGP 3667 taiggptipcegaagggtcet
9 365¢ STGTLRL 3668 icgaciggpacgettegecit
10 3657 YSTDERM 3669 tatfcgacggalgagaggatg
i1 3658 YSTRERK 3670 iattepacgpatgagaggaag
12 3659 YVESVEM 3671 taiptitegictgttaagatg

01327

8, or 9 consecutive amino acids from the anuno acid sequence of any of SEQ 1D NO: 1725-3622. In

In some embodiments, the peptide, e.g., targeting peptide, comprises at least 3, 4, 5,6, 7,

some embodiments, the peptide comprises at least 3, 4, 5, 6, 7, %, or 9 consecutive amino acids from
the amino acid sequence of any of SEQ 1D NO: 3648-3659,
{6328}

embodiments, the 4 consecutive arino acids corprise PLNG (SEQ 1D NO: 3678). In some

In sonwe enbodiments, the 3 consecutive amino acids comprise PLN, Insome

embodiments, the 5 consecutive arino acids corprise PLNGA (SEQ D NO: 3679). 1a some
embodiments, the 6 consecntive armno acids comprise PLNGAY (SEQ B NG: 3680). In some
embodiments, the 7 consecntive amine acids comprise PLNGAVH (SEQ 1D NO: 3681 Insome
embodiments, the 8 consecutive amino acids comprise PLNGAVHL (SEQ D NO: 3682). In some
embodiments, the 9 consecutive amino acids conmprise PLNGAVHLY (SEQ 1D NO: 3648).

{6329}
3683).
3684).
3685).
3686).

In some enibodiments, the four consecutive amino acids comprise NGAV (SEQ 1D NO:
In some embodiments, the four consecutive amine acids conprise GAVH (SEQ 1D NO:
In some embodiments, the five consecutive amino acids coraprise NGAVH (SEQ ID NO:
in some embodiments, the five consecutive amino acids comprise GAVHL (SEQ D NO:
In some embodiments, the five consecutive amino acids comprise AVHLY (SEQ ID NO:

36871 Insome enbadirnents, the six consecutive amino acids comprise NGAVHL (SEQ 1D NG

1
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3688). In some embodiments, the seven consecutive amino acids comprise NGAVHLY (SEQ ID
NO: 3689),

{63381  1nsone eobodiments, the 3 consecutive amino acids comprise YST. In some
cmbodiments, the 4 consecutive armaino acids comprise YSTD (SEQ ID NO: 3690). In some
embodiments, the 5 consecutive araino acids comprise YSTDE (SEQ 1D NO: 3691, Insome
ambodiments, the 5 consecutive amine acids coraprise YSTDV (SEQ ID NO: 3700). 1n some
ambodimends, the 6 consecutive arino acids comprise YSTRER (SEQ 13 NO: 3692). Tascme
embodiments, the 6 consecntive amaine acids comprise YSTDVR (SEQ 1D NG: 3701, Insome
embodiments, the 7 consecutive amine acids comprise YSTDERM (SEQ ID NO: 36571 Insome
embodiments, the 7 consecutive arno acids corpprise YSTDERK (SEQ 1D NG: 3658). In some

consecutive anuno acids comprise YSTDVREM (SEQ 1D NO: 3630).

~3

embodiments, the
{8331} Insome embodiments, the 3 consecutive amino acids comprise IVM. In some
cmbodiments, the 4 consecutive amino acids comprise IVMN (SEQ D NO: 3693). Insome
cnibodiments, the 5 consecutive amino acids comprise IVMNS (SEQ 1D NO: 3694}, In some
cmbodiments, the 6 consecitive amino acids comprise IVMNSL (SEQ D NO: 3695). In some
cmbodiments, the 7 consecutive amino acids comprise IVMNSLE (SEQ D NO: 3651).

{8332}  Tnsome embodiments, the peptide, e.g., targeting peptide, comprises an amino acid
sequence comprising at least one, two, or three but no more than four modifications, e.g.,
substitutions, relative to the amino acid sequence of any of SEQ 1D NO: 1725-3622. In some
crabodiments, the peptide, ¢ 2., targeting peptide, comprises an amino acid sequence comprising at
least one, two, or three but no more than four modifications, ¢.g., substitutions, wlative to the amino
acid sequence of anv of SEQ ID NO: 3648-3659,

{03331  Tnsome eombodiments, the peptide, ¢.g., targeting peptide comprises the amine acid
sequence of PLNGAVHLY (SEQ ID NO: 3648), or an amino acid seqquence haviag at keast one, twa,
or three but no more thas four modifications, 2.g., substitutions, relative to the amino acid sequence of
PLNGAVHLY (SEQ D NO: 3648), optionally whercin position 7 1s H.

{8334}  Insome embodiments, the peptide, .2, targeting peptide comprises the amino acid
sequence of RDSPKGW (SEQ 1D NO: 3649), or an amino acid sequence having at keast one, two, or
three modifications but no more thas four modifications, ¢.g.. substitotions, relative 1o the amine acid
sequence of RDSPKGW (SEQ ID NO: 3649).

{8335]  Insome embodiments, the peptide, ¢.g., targeting peptide comprises the amino acid
sequence of IVMNSLK (SEQ 1D NO: 3651), or an amino acid sequence having at least one, two, or
three modifications but no more than four modifications, ¢.g., substitttions, relative to the amino acid
sequence of IVMINSLE (SEQ D NO: 3651,

{8336]  1nsome cobodiments, the peptide, ¢.g., targeting peptide comprises the amine acid

sequence of YSTDVRM (SEQ ID NO: 3650), or an amino acid sequence having at least one, two, or
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three modifications but no more than four modifications, ¢.g., substitutions, relative to the amino acid
sequence of YSTDVRM (SEQ 1D NO: 36303,

{03377  Insome enmbodiments, the peptide, ¢.g., targeting peptide comprises the amino acid
sequernce of RESPRGL (SEQ ID NO; 3652}, or a sequernce bhaving at least one, two, or three
modifications but no more than four modifications, ¢.g., substitutions, relative 1o the amino acid
sequence of RESPRGL (SEQ ID NO: 3652).

{8338} 1o some embodiments, the peptide. ¢.g., targeting peptide comprises the amino acid
sequence of any of SEQ D NO: 1725-3622. Insome embodiments, the peptide compuses the amino
acid sequence of any of SEQ ID NO: 3648-3659,

{6335 Insome embodiments, the peptide, e.g., targeting peptide, may comprise an amino acid
sequence with 50%, $1%, 52%, 53%, 54%, $5%, 56%, 57%, 58%. 59%, 60%, 61%, 62%, 63%, 64%,
65%, 66%, 67%, 68%, 69%. T0%, T1%, 72%, 73%. 74%, 75%, 76%, 77%, 78%. 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%. 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%,
99%, or 100% tdentity (o any of the sequences shown in Table 1 or Table 2.

{634}  Insome embodiments, the peptide, e.g., targeting peptide, comprises the amino acid
sequence of SEQ 1D NO: 3648, In some embodiments, the peptide, e.g., targeting peptide, comprises
the amino acid sequence of SEQ ID NO: 3649. In some embodiments, the peptide, ¢.g., targeting
peptide, comprises the amino acid sequence of SEQ 1D NO: 3650, In some embodiments, the
peptide, ¢.g., targeting peptide, comprises the amino acid sequence of SEQ ID NO: 3651, Insonme
cmibodiments, the peptide, ¢.g., targeting peptide, coraprises the anuino acid sequence of SEQ D NO:
3652, In some embodiments, the peptide, ¢.g., targeting peptide, comprises the amino acid sequence
of SEQ I} NO: 3653, In some embodiments, the peptide, ¢.g., targeting peptide, comprises the aminn
acid sequence of SEQ ID NG: 3634, Insome embodiments, the peptide, ¢.g., targeting peptide,
coraprises the amino acid sequence of SEQ ID NO: 3655, 1o some crbodiments, the peptide, ¢.2.,
targeting peptide, corprises the amino acid sequence of SEQ 1D NO: 3656, 1a some erabodiments,
the peptide, e.g., targeting peptide. comprises the amino acid sequence of SEQ 1D NO: 3657, In some
embodiments, the peptide, e.g., targeting peptide, corprises the amino acid sequence of SEQ 1D NG
3658, In some embodiments, the peptide, e.g., targeting peptide, comprises the amino acid sequence
of SEQ 1D NO: 3659,

{6341}  Insome embodiments, the peptide, e.g., targeting peplide, may comprise SEQ [D NO:
1725, In some embodiments, the peptide, ¢.g., targeting peptide, may comprise SEQ 1D NG: 1726
In some embodiments, the peptide, e.g., targeting peptide, may comprise SEQ 1D NO: 1729, In some
cmbodiments, the peptide, ¢.g., targeting peptide, may comprise SEQ ID NO: 1760, In some
cmbodiments, the peptide, ¢.g., targeting peptide, may comprise SEQ ID NGO 1769, In some
cmbodiments, the peptide, ¢.g., targeting peptide, may comprise SEQ D NO: 3622, Insome

embodiments, the peptide, ¢.g., targeting peptide, may comprise SEQ ID NO: 1798, In some
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embodiments, the peptide, ¢.g., targeting pepiide, mav comprse SEQ 1D NO: 1785, In some

(¢

embodiments, the peptide, ¢.g., targeting pepiide, may compuse SEQ ID NO: 1767, In som

cmbodiments, the peptide, ¢.g., targeting peptide, may comprise SEQ ID NO: 1734, In som

<

cmbodiments, the peptide. ¢.g., targeting peptide, may comprise SEQ ID NO: 1737, 1o some
crabodiments, the peptide, ¢.g., targeting peplide, may compuse SEQ ID NO: 1819,

{0342}  Insome endbodiments, a peptide, e.g., targeting peptide, may comprise 4 or more
contiguous amino acids of any of the peptides, ¢.g., targeting peptides, disclosed herein. In some
embodiments the peptide, ¢.g., targeting peptide, may comprise 4 contiguons araing acids of any of
the sequences as set forth in Table 1 or Table 2. In some embodiments the peptide, ¢.g., targeting
peptide, may comprise 5 contiguous amino acids of any of the sequences as set forth in Table 1 or 2.
In some embodiments the peptide, ¢.g., targeting peptide, may comprise 6 contiguous amino acids of
any of the sequences as st forthin Table 1 or 2.

{8343}  Iusome embodiments, the peptide, e.g., targeting peptide, comprises an aming acid
sequence encoded by a nucleotide sequence described herein, e.g., a nucleotide sequence of Table 2.
In some embodiments, the peptide comprises an anino acid sequence encoded by a nucleotide
sequence comprising at keast one, two, three, four, five, six, or seven modifications but no more than
ten modifications of the mucleotide sequences of any of SEQ 1D NOs: 3660-3671. Insome
cmbodiments, the peptide comprises an amino acid sequence encoded by the nucleotide sequence of
any one of SEQ 1D NGOs: 3660-3671, or a nucleotide sequence substantially idestical {e.g., haviag at
least 70%, 73%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence identity) thereto.

{0344}  Tosome embodiments, the peptide, e.g., targeting peptide comprises an amine acid
sequence encoded by a nucleotide sequence comprsing at least one, two, three, fouy, five, six, or
seven modifications but no more than ten modifications of the nucleotide sequence of SEQ 1D NO:
3660. In some embodiments, the peptide comprises an amino acid segquence encoded by the
pucleotide sequence of SEQ ID NO: 3660, or a mucleotide sequence substantially wdentical {e.g.,
having at least 70%, 75%, 80%, 85%, 90%, 92%, 953%, 97%, 98%. or 99% sequence 1dentity) thereto.
{8345]  Insome embodiments, the peptide, ¢.g., targeting peptide, comprises an arino acid
sequence encoded by a nucleotide sequence comprising at least one, two, three, fowr, five, six, or
seven modifications but no more than ten modifications of the nucleotide sequence of SEQ ID NO:
3663. In some embodiments, the peptide comprises an amino acid sequence encoded by the
nucleotide sequence of SEQ 1D NO: 3663, or a nucleotide sequence substantially identical (e.g.,
having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence identity) thereto.
{6346}  Insome eobodiments, the nucleotide sequence encoding a peptide, e.g., targeting peptide,
described hercine.g., peptide 1-12, comprises a nucleotide sequence described herein, ¢.g., as
described in Table 2. In somee crabodiments, the nucleic acid sequence encoding a peptide described

herein conprises the nucleotide sequence of any of SEQ 1D NOs: 3666-3671, or a nucleotide
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sequence substantially identical (e.g., having at least 70%, 75%, 809, 85%, 90%, 92%, 95%, 97%,
98%, or 99% sequence identity) thereto. In some embodiments, the nucleic acid sequence encoding a
peptide described herein coraprises a nucieotide sequence comprising at least ong, two, three, four,
five, six, or seven modifications but no more than fen modifications of the nucieotide sequences of
any of SEQ ID NOs: 3660-3¢71. In some embodiments, the nucleotide sequence encoding a peptide,
¢.g., targeting peptide, described herein is isolated, ¢.g., recombinant.

{6347}  Insome embodiments the nucleotide sequence encoding a peplide, e.g.., targeting peptide,
descnbed herein comprises a naclectide sequence compnsing at least one, two, three, four, five, six,
or seven modifications but no more than ten modifications of the mycleotide sequence of SEQ 1D NG:
3660, In some embodiments the nucleic acid sequenice encoding a peptide described heretn comprises
a mucleotide sequence comprising the nucleotide sequence of SEQ D NO: 3660, or a nucleotide
sequence substantially identical (¢.g., having at least 70%, 75%, 8094, 85%, 90%, 92%, 95%, 97%,
98%, or 9996 sequence identity) thercto.

{6348]  Insome embodiments, the nucleic acid encoding a peptide described hercin comprises a
nucleotide sequence comprising at least one, two, three, four, five, six, or seven modifications but no
more than ten modifications of the nucleotide sequence of SEQ ID NO: 3663, In some embodiments
the nucleic acid encoding a peptide described herein coraprises a nucleotide sequence comprising the
nucleotide sequence of SEQ 1D NO: 3663, or a nucieotide sequence substantially identical (e.g.,
having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 9% sequence identity) thereto.
{0349]  Tasome ernbodiments, an AAV patticle of the disclosure comprises an AAV capsid, ¢.g..
and AAV capsid vartant, with a peptide, e.g., targeting peptide, insert {¢.2., an AAV capsid variant),
whetein the peptide, ¢.z., targeting peptide, has an amino acid sequence as set forb in any of Table 1
or Table 2.

{8358}  Insomx embodiments, an AAV particle of the disclosure comprises an AAV capsid
polypeptide, ¢.g., an AAV capsid variant, with a peptide, e.g., targeting peptide, 1nsert {e.g8., an AAV
capsid variant), wherein the peptide has an amnno acid having at least one, two, or three modifications
but no more than four modifications, ¢.g., substitutions, relative to the amino acid sequence in any of
Table 1 or Table 2.

{8351}  Insome cmbodiments, the AAV particle of the disclosure comprises an AAV capsid
polvpeptide, e.g., an AAV capsid variant, with a peptide, e.g., targeting peplide, insert {e.g., an AAV
capsid variant), whercin the peptide, e g, targeting peptide, has an amino acid sequence comprising at
least 3, 4, 5, 6, 7, 8, or 9 contiguouns amino acids of any of the sequences as sct forth in any of Table 1
or 2.

{8352]  Tnsome embodiments, the AAV particle of the disclosure comprises an AAV capsid, e.g.,
an AAV capsid variant, with a peptide, ¢.g., a targeting peptide, insert {¢.g., an AAV capsid variant),

wherein the poptide, e.g., targeting peptide, has an amino acid sequence substantially identical thereio
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{e.g., having at feast 70%, 75%, 80%, 85%, 90%, 929, 95%, 97%, 98%, or 99% sequence identity) to
any of the sequences as set forth in any of Table 1 or 2.

{03531  Insome endbodiments, the peptide, ¢.g., targeting peptide, may include the amino acid at
position 1 to the amino acid at position 2 of SEQ 1D NO: 1725-3622 or 3648-3659. In some
embodiments, the peptide, ¢.g., targeting peptide, may inchde the amine acid at position 1 1o the
aming acid at position 3 of SEQ ID NO: 1725-3622 or 3648-3659. In some embodiments, the peptide,
2.8, targeting pepiide, may inchude the amine acid at position 2 to the arioo acid at position 3 of SEQ
1D NG: 1725-3622 or 3648-3659. In some embodiments, the peptide, ¢.g.. targeting peptide, may
nclude the amino acid at position 1 to the amino acid at position 4 of SEQ 1D NG: 1723-3622 or
3648-3659. In some embodirpents, the peptide, .g., targeting peptide may inchude the amaing acid at
position 2 to the amino acid at position 4 of SEQ 1D NO: 1725-3622 or 3648-3659. In some
embodiments, the peptide, ¢.g., targeting peptide may include the amine acid at position 3 to the
amino acid at position 4 of SEQ 1D NQ: 1725-3622 or 3648-3659, In some embodiments, the peptide,
e.g., targeting peptide, may inchide the amine acid at position 1 to the anuno acid at position 5 of SEQ
1D NG: 1725-3622 or 3648-3639. 1n some embodiments, the peptide, e.g., targeting peptide, may
include the amino acid at position 2 to the amino acid at position 5 of SEQ 1D NO: 1725-3622 or
3648-3659. In some embodiments, the peptide, .g., targeting peptide, may include the amino acid at
position 3 o the amine acid at position § of SEQ D NG: 1725-3622 or 3648-3659. In some
crabodiments, the peptide, ¢.g., targeting peptide, may include the aminoe acid at position 4 o the
amioo acid at position § of SEQ ID NO: 1725-3622 or 3648-3659. In some embodiments, the peptide,
¢.g., targeting peptide, may include the amino actd at position 1 to the amino acid at position 6 of SEQ
ID NO: 1725-3622 or 3648-3639. In some embodiments, the peptide, ¢.g., targeting peptide, may
include the amino acid at position 2 to the amino acid at position 6 of SEQ ID NO: 1725-3622 or
3648-3659. In some embodiments, the peptide, ¢.g., targeting peptide, may include the amino acid at
position 3 to the anmino acid at position 6 of SEQ 1D NO: 1725-3622 or 3648-3659. In some
cnibodiments, the peptide, e.g., targeting peptide, may include the amino acid at position 4 o the
amino acid at position 6 of SEQ 1D NO: 1725-3622 or 3648-3639. In some embodiments, the peptide,
¢.g., targeting peptide, may imclude the amino acid at position 5 to the amine acid at position 6 of SEQ
1D NO: 1725-3622 or 3648-3659. In some embodiments, the peptide, ¢.g., targeting peptide, may
include the amino acid at position 1 to the amino acid at position 7 of SEQ ID NO: 1725-3622 or
3643-3639. In some embodiments, the peptide, ¢.g., targeting peplide. may include the amino acid at
position 2 to the amino acid at posttion 7 of SEQ 1D NG 17253-3622 or 3648-3659. In some
embodiments, the peptide, ¢.g., targeting peptide, ray inchde the arsine acid at position 3 to the
aming acid at position 7 of SEQ ID NO: 1723-3622 or 3648-3639. In some embodiments, the peptide,
2.g., targeting peptide, may inchude the amine acid at position 4 o the anuoo acid at position 7 of SEQ

1D NG: 1725-3622 or 3648-3659. In some embodiments, the peptide, e.g., targeting peptide, may
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mclude the amino acid at position 3 o the amino acid at position 7 of SEQ 1D NO: 1725-3622 or
3648-3659. In some embodiments, the peptide, .g., targeting peptide, may include the amino acid at
position 6 to the amino acid at position 7 of SEQ ID NO: 1725-3622 or 3648-3659. In some
crabodiments, the peptide, ¢.g., targeting peptide, mav include the amino acid at position | o the
amioo acid at position 8 of SEQ ID NO: 1725-3622 or 3648-3659. Inn some embediments, the peptide,
¢.g., targeting peptide, may ioctude the amino acid at position 2 o the amino acid at position 8 of SEQ
1D NO: 1725-3622 or 36458-3639. In some embodiments, the peptide, ¢.g., targeting peptide, may
include the amino acid at position 3 to the arino acid at position 8 of SEQ D NO: 17258-3622 or
3648-3659. In some embodiments, the peptide, ¢.g., targeting peptide, may 1oclude the amino acid at
position 4 to the amino acid at position 8 of SEQ ID NO: 1725-3622 or 3648-3659. In some
cnibodiments, the peptide, e.g., targeting peptide, may include the amino acid at position 5 (o the
anting acid at position 8 of SEQ 1D NO: 1725-3622 or 3648-3639. In some embodiments, the peptide,
¢.g., targeting peptide, may include the amine acid at position 6 to the amino acid at position 8 of SEQ
1D NO: 1725-3622 or 3648-3659. In some embodiments, the peptide, ¢.g., targeting peptide, may
include the amino acid at position 7 to the amino acid at position & of SEQ D NO: 1725-3622 or
3648-3659. In some embodiments, the peptide, ¢.g., targeting peptide, may include the amino acid at
position | 1o the amino acid at posttion 9 of SEQ 1D NO: 1725-3622 or 3648-3659. In some
embodiments, the peptide, ¢.g., targeting peptide, ray include the amino acid at position 2 1o the
amino acid at position 8 of SEQ ID NO: 1725-3622 or 3648-3659. In some embodiments, the peptide,
2.8, targeting peptide, may inchude the amine acid at position 3 o the arino acid at position 9 of SEQ
1D NG: 1725-3622 or 3648-3659. In some embodiments, the peptide, ¢.g., targeting peptide, raay
include the amine acid at position 4 to the amino acid at position 9 of SEQ 1D NO: 1723-3622 or
3648-3659. In some embodirpents, the peptide, e.g., targeting peplide, may include the aming acid at
position 5 to the amino acid at position 9 of SEQ 1D NO: 1725-3622 or 3648-3659. In some
embodiments, the peptide, ¢.g., targeting peptide, may include the amino acid at position 6 1o the
amino acid at position 9 of SEQ ID NO: 1725-3622 o7 3648-3659. In some embodiments, the peptide,
oz, targeting peptide, may inchide the amino acid at position 7 to the anuno acid at position 9 of SEQ
1D NO: 1725-3622 or 3648-3639. 1n some embodiments, the peptide, e.g., targeting peptide, may
include the anino acid at position 8 to the aminoe acid at position 9 of SEQ ID NO: 1725-3622 or
3648-3659. In some embodiments, the peptide, ¢.g., targeting peptide, may include the amino acid at
position 1 o the amine acid at position 10 of SEQ I3 NG, 1725-3622. In some crabodiments, the
peptide, ¢.g.. targeting peptide, may inchde the aminoe acid at position 2 o the amino acid at position
10 of SEQ ID NO: 1725-3622. In some cmbodiments, the peptide, ¢.g., targeting peptide, may include
the amino acid at position 3 1o the amino acid at position 10 of SEQ 11D NG: 1725-3622. In sone
cmbodiments, the peptide, e.g., targeting peptide, may include the amino acid at position 4 o the

antine acid at position 10 of SEQ 1D NO: 1723-3622. In some embodiments, the peptide, e.g.,
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targeting peptide, may include the amino acid at position 5 1o the amino acid at position 10 of SEQ ID
NO: 1725-3622. Insome embodiments, the peptide, ¢.g., targeting peptide, may include the amino
acid at position 6 o the amino acid at position 10 of SEQ ID NO: 1725-3622. In some embodiments,
the peptide, .z, targeting peptide, may include the amino acid at position 7 o the amino acid at
position 10 of SEQ ID NO: 1725-3622. In sorne cmbodinwends, the peptide, ¢.g., tarzeting peptide,
may inclode the amino acid at position & to the amino acid at position 10 of SEQ 1D NO: 1725-3622.
In some erbodiments, the peptide, e.g., targeting peplide, may include the amino acid at position 9 {o
the amino acid at position 10 of SEQ [D KO: 1725-3622.

{1354}  The present disclosure alse provides a mucleic acid or polynucleotide encoding any of the
above described peptides, e.g., targeting peptides, and AAV capsid polypeptdes, 2.2, AAV capsid
variants, AAV particles, vectors, and cells comprising the same.

{0355} Insome embodiments, an insertion of a peptide, ¢.g., targeting peptide. into a parent AAV
capsid, ¢.g., a parental sequence, results in a combination insertion/replacement as compared to the
parent amino acid sequence. In some embodiments, all the amino acids of a peptide, ¢.g., targeting
peptide, are inscried into the parent AAY capsid sequence. In some embodiments, one amino acid of
the peptide, e.g., targeting peptide, replaces one amine acid in the parent AAY capsid while the
remaining amino acids of the peptide, e.g., targeting peptide, are inserted into the parent AAV capsid
scquence. In some embodiments, two amino acids of the peptide, .g., targeting peptide, replace two

amino acids in the parent AAV capsid while the remaining areino acids of the peptide, e.g

£., tatgeting
peptide, are inseried into the parent AAV capsid sequence. In some embodiments, theee amino acids
of the peptide, ¢.z., targeting peptide, replace three aminoe acids in the parent AAV capsid while the
rerpaining amino acids of the peptide, ¢.g., argeting peptide, are inserted into the parent AAY capsid
sequence. In some exmbodiments, four aming acids of the peptide, ¢.g., targeting peptide. replace four
amino acids in the parent AAV capsid while the remaining amino acids of the peptide, ¢.g., targeting
peptide, are inserted inlo the parent AAY capsid sequence. In some embodiments, five amine acids of
the peptide, e.g., targeting peptide, replace five amino acids in the parent AAV capsid while the
remaining amino acids of the peptide, ¢.g., targeting peptide, are inserted into the parent AAV capsid
sequence. In some embodiments, six amino acids of the peptide, e.g., targeting peptide, replace six
amino acids in the parent AAV capsid while the remaining amino acids of the peptide, ¢.g., targeting
peptide, are inserted indo the parent AAV capsid sequence. In some embodiments, seven andno acids
of the peptide, ¢.g., targeting peptide, replace seven amino acids in the parent AAV capsid while the
remaining amino acids of the peptide, e.g., targeting peptide, are inserted into the parent AAV capsid
sequence. In some erabodiments, cight anino acids of the peptide, e.g., targeting peptide, eplace
cight amino acids in the parent AAV capsid while the reovaining amino acids of the peptide. e.g.,
targeting peptide, are inserted into the parent AAV capsid sequence. In some embodiments, ning

amino acids of the peptide, ¢.g., targeting peptide, replace nine amino actds in the parent AAV capsid
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while the remaining amino acids of the peptide, ¢.g., targeting peptide, are inserted into the parent
AAV capsid sequence.

{03561  Insowme enmbodiments, one amine acid of the peptide, ¢.g., targeting peptide, is inserted
into the parent AAY capsid, e.g., parental sequence, while the remaining amino acids of the peptide,
¢.g., targeting peptide, replace corresponding aming acids in the parent AAV capsid sequence. In
some embodiments, two anino acids of the peptide, ¢.g., targeting peptide, are inserted into the parent
AAYV capsid while the remaining amino acids of the peptide, ¢.z., targeting peptide, replace
corresponding amine acids in the parent AAV capsid sequence. In some crabodiments, three amine
acids of the peptide, ¢.g., targeting peptide, are inserted into the parent AAVY capsid while the
rerpaining amino acids of the peptide, ¢.g., targeting peptide, replace corresponding amino actds in the
parent AAV capsid sequence. In some embodiments, four aminoe acids of the peptide, ¢.g., targeting
peptide, are inserted into the parent AAV capsid while the remaining amino acids of the peptide, e.g.,
targeting peptide, replace corresponding amino acids i the parent AAY capsid sequence. In some
embodiments, five amino acids of the peptide, e.g., targeting peptide, are inserted into the parent AAY
capsid while the remaining amino acids of the peptide, e.g., targeting peptide, replace corresponding
amino acids in the parent AAV capsid sequence. In some embodiments, six amino acids of the
peptide, e.g., targeting peptide, are inserted tndo the parent AAV capsid while the remaining amino
acids of the peptide, ¢.g., targeting peplide, replace corespondiog amino acids inthe parent AAV
capsid sequence, In sone embodiments, seven amino acids of the peptide, ¢.g., targeting peptide, are

inserted o the parent AAV capsid while the remaining araion acids of the peptide, ¢.g

£., targeting
peptide, replace corresponding amino actds in the parent AAV capsid sequence. In some
cnibodiments, cight amine acids of the peptide. e.g., targeting peptide, are inserted into the parent
AAY capsid while the remaimng amino acids of the peptide, e.g., targeting peptide, replace
corresponding amino acids in the parent AAV capsid sequence. In some embodiments, nine amino
acids of the peptide, e.g., targeting peplide, are inserted into the parent AAV capsid while the
remaining amino acids of the peptide, e.g., targeting peptide, replace corresponding amino acids in the
parent AAV capsid sequence.

{13587]  Insome embodinents, coriain amino acids of the peptide, ¢.g., targeting peptide, may be
anchored and or retained as inthe original parent AAV capsid sequence, €.g., parental sequence. In
cerfain cmbodiments, these anchored amino acids are contrally located in the peptide, ¢.g., targeting
peptide,, resulting in a split insertion-anchor-insertion design. Similarly, as a son-limiting exanple,
the insertion of a peptide, ¢.g., targeting peptide, may resull in a split insertion-replacement-insertion
design. As a non-limiting example, the insertion of a peptide, ¢.g., targeting peptide, into a parent
AAV capsid sequence may result in a split replacement-insertion-replacement design. As a non-
hmiting example, a split design peptide, ¢.g., targeting peptide, may be as shownin FIG 4 (e.g.,
TNHOSXXXXAVXXAQAQT (SEQ ID NG: 369%)).
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{0388]  Insonec cobodiments, an insertion of a peptide, ¢.g., targeting peptide, into the parent
AAV capsid sequence, ¢.g., parental sequence, may resull in the replacement or mwtation of at least
one antino acid of the parerd AAV capsid. In certain embodiments, the first amine acid (N-terminal)
of the peptide, e.g., targeting peptide, replaces an amino acid in the parent AAV capsid sequence. In
certain ernbodiments, the first two amino acids (N-terminal) of the peptide, ¢.g., targeting peptide,
replace two amino acids in the parent AAV capsid sequence. I certain embodiments, the fixst three
amino acids {N-ferminal} of the peptide, ¢.g., targeting peptide, replace theee amino acids in the parent
AAV capsid sequence. In certain embodiments, the first four amino acids (N-terminal) of the peptide,
e.g., targeting peptide, replace four arming acids in the parent AAY capsid sequence. In certain
embodiments, the first five arnine acids (N-terrinal} of the peptide, ¢z, targeting peptide, replace
five amino acids in the parent AAV capsid sequence. In certain embodiments, the first six amino
acids (MN-terminal) of the peptide, ¢.g., targeting peptide, replace six amino acids in the parent AAV
capsid sequence. In cerlain embodiments, the {irst seven amino acids (N-termunal) of the peptide,
e.g., targeting peptide, replace seven aming acids in the parent AAV capsid sequence. In certain
crabodiments, the first cight amino acids (N-termainal) of the peptide, e.g., targeting peptide, replace
cight amino acids in the parent AAV capsid sequence. Io certain embodiments, the first nine amino
acids (N-~termiinal) of the peptide, e.g., targeting peptide, replace nine amine acids in the parent AAY
capsid sequence. In certain crabodiments, the fiest ten arnino acids (N-terminal) of the peptide, ¢.2.,
targeting peptide, replace ten arning acids in the parent AAV capsid seuence.

{038%]  Tncerain embodiments, the last amioo acid (C-terminal) of the peptide, ¢.g., targeting
peptide, replaces an aming acid inthe parent AAV capsid seguence. In certain crabodiments, the last
two amino acids (C-tenminal) of the peptide, ¢.g., targeting peptide, replace two amino acids 1o the
parent AAV capsid sequence. In certain embodirments, the last theee amino acids (C-terminal) of the
peptde, e.g., targeting peptide, replace three amino acids 1 the parent AAV capsid sequence. In
certain embodiments, the last four amine acids (C-terminaly of the peptide, ¢.g., targeting peptide,
replace four amino acids in the parent AAV capsid sequence. In certain embodiments, the last five
amino acids {C-termunal) of the peptide, ¢.g., targeting peptide, replace five amino acids in the parent
AAV capsid sequence. In certain embodiments, the last six amino acids (C-terminal) of the peptide,
o.g., targeting peptide, replace six amino acids in the parent AAV capsid sequence. Incortain
embodiments, the last scven amino acids (C-terminal) of the peptide, e.g., targeting peptide, replace
seven aming acids in the parent AAV capsid sequence. In cettain endbodiments, the last eight amino
acids {C-terninal) of the peptide, ¢.g., targeting peptide, replace eight amino acids inthe parent AAV
capsid sequence. In certain embodiments, the last moe amine acids (C-terminal) of the peptide, e.2.,
targeting peptide, teplace nine amino acids in the parent AAV capsid sequence. Ta certain
embodiments, the last ten amino acids (C-terminal) of the peptide, e.g.. targeting peptide. replace ten

amino acids in the parent AAY capsid sequence.
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{6360}  Incortain embodiments, the first (N-terminal) and last {C~ierminal) amino acids of the
peptide, ¢.g.. targeting peptide, may replace anino acids in the parent AAV capsid sequence, ¢.g.,
parental sequence. In certain embodiments, the first two (N-terminal) and last two (C-teominal)
amino acids of the peptide, ¢.g., targeting peptide, may replace amine acids in the parent AAV capsid
sequence. Incertain embodipents, the first three (N-terminal) and last three (N-terminal) amino acids
of the peptide, ¢.g., targeting peptide, may replace amino acids in the parent AAV capsid sequence.
Incertain embodipents, the replacersents are asy nunetrical 1o teuns of N-tegminal and C-tegminal
replacements and may be any combination of the any of the above.

{0361}  To certain embodiments, one amino acid of the peptide, ¢.g., targeting peptide, replaces an
aniino acid in the parent AAV capsid sequence, ¢.g., parenital sequence. In certain embodimenis, two
amigo acids of the peptide, €.z, targeting peptide, replace two amino acids in the parent AAV capsid
sequence. In certain erebodiments, three amino acids of the peptide, ¢ 2., targeting peptide, replace
three amino acids in the parcnt AAV capsid sequence. In certain embodiments, four amino acids of
the peptide, ¢.g., targeting peptide, replace four amino acids in the parent AAVY capsid sequence. In
certain embodiments, five amine acids of the peptide, ¢.g., targeting peptide, replace five aminoe actds
in the parent AAY capsid sequence. In certain embodiments, six amino acids of the peptide, e.g.,
targeting peptide, replace six amino acids in the parent AAV capsid sequence. In certain
cmbodiments, seven anino acids of the peptide, ¢.g., targeting peptide, replace seven amino acids in
the parent AAV capsid sequence. In certain crmabodiments, eight amdno acids of the peptide. ¢.2.
targeting peptide, replace eight amino acids in the parent AAV capsid sequence. In certain
embodiments, nine amino acids of the peptide, ¢.g., targeting peptide, replace nine amino acids in the
parert AAV capsid sequence. In certain embodiments, ten amino acids of the peptide, ¢.g., targeting
peptide, replace ten amino acids in the parent AAV capsid sequence. In certain erabodiments, all
amino acids of the peptide, ¢.g., targeting peptide, replace the same number of amino acids in the
parent AAV capsid sequence.

{0362}  Insome crobodiments, the AAV particle of the disclosure may comprise a polynucieotide
encoding an AAY capsid polvpeptide, e.g., an AAV capsid variant, wherein said polynucieotide
further comprising a nucleic acid msert, ¢.g., a targeting nucleic acid insert, wherein the nucleic acid
insert has a nucleotide sequence substantially comprising any of those as described in Hanlon et al.,
2019 (Handon et al., Mol Ther Methods Clin Dev. 2019 QOct 23;15:320-332, the contents of which arc
herein incorporated by reference in its entirety ). As a non-limiting the nucleic acid insert, e.g.,
targeting nucleic acid insert, has a nucleotide sequence substantially comprising AAV-S. As a non-
liraiting example, the targeting rucleic acid insert has a sucleotide sequence substantially coraprising
AAV-F,

{0363]  The AAV particle of the disclosure comprising a nucleic acid insert, e.g., a targeting

aucleic acid insert, mayv bave a polyvnucleotide sequence encoding a capsid polypeptide with 50%,
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51%, 52%, 53%, 54%. 35%, 36%, 57%, 58%. 59%, 60%, 51%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, TO%, T1%, T2%, T3%, T4%, T5%. T6%, 7%, T8%. 79%. 80%, §1%, 8%, B3%, 8494,
85%, 86%, 87%, 88Y%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more,
identity to the parent capsid sequence.

{0364}  The AAV particle of the disclosure comprising a peptide, c.g.. a targeﬂng peptide, insert,
may have an amine acid sequence with 30%, 51%, 52%, 53%, 34%, 55%., 56%, 57%. 58%, 59%,
60%, 61%, 62%, 63%, 64%. 65%, 66%, 67%, 68%, 69%, T0%, 7T1%, T2%, 73%, T4%, 75%, 76%,
7%, T8%, T9%, 80%, 81%, 82%, 83%, 84%, 85%, B6%, 87%, 85%, 89%. 90%, 91%, 92%, 93%,

94%. 95%, 96%, F7%, 98%, 99% or more, dentity to the parent capsid sequence.

AAV Capsid Polypeptide, e.g., AAY Capsid Variant

{0365]  Tasome erobodiments, a peptide, ¢.g., targeting peptide, is inserted, included or otherwise
incorporated into a polypeptide. In some embodiments, such a polypeptide may be referred to as the
“parcndal polypeptide™ or “staxting polypeptide” or “parental amino acid sequence” and such an insert
ey be referred o as “targeting peptide 1nsert”, “peptide insert” or “amino acid sequence insert”. In
some embodiments, an AAV capsid polypeptide, ¢.g., an AAV capsid variant described herein may
comprise a peptide, e.g., targeting peptide, tnsert and a polvpeptide, e.g.. a larger polypeptide
described herein. In some embodiments, the AAV capsid polypeptide, ¢.g., the AAV capsid variant
has an amino acid sequence that is longer than the parent AAV capsid. In other embodiments, the
AAV capsid polypeptide, e.g., the AAV capsid variant has an amino acid sequence that is the same
length as the parent AAV capsid. In some embodiments, the AAV capsid polypeptide, e.g., the AAY
capsid variant has an anuno acid sequence that is shorter than the parent AAV capsid.

{1366]  Where a peptide, e.g., targeting peptide, including sequences of 3-50 contiguous amino
acids, is inseried into a parendal polypeptide, the insertion may be between two anuno acids in the
parental polypeptide. Tnsertion may alsa be a split insertion whereby one contiguous portion of a
peptide insert 1s inserted between a first set of two amino acids in the parental polypeptide and a
second portion of the peptide is inserted between a second set of two amine acids in the parental
polvpeptide, e.g.. a different site. Between this first site and second site, any number of amino acids of
the parental polypeptide may be retained. In sorme embodiments, 1,2, 3.4, 5,6, 7. 8, or 9 amino acids
in the parental polypeptide may be retained between the first and second peptide insert.

{83677 Insome embodiments, a peptide. ¢.g., targeting peptide, inserts may, in whole or in part,
replace one or raore amino acids in the parental polypeplide. For example, a peptide inseri of 4 amino
acids may be inserted immediately after position S86 in the parental polypeptide wherein the last two
amino acids of the peptide insert replace the aming acids at positions 587 and 588 of the parental
polypeptide. Consequently, the newly formed polypeptide will have increased in length by only two

amino acids, e.g., 2 wnserted and 2 substituted. In some embodiments, a combinatorial
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insert/substitutional (i/s) variant may comprise one or more amino acid inseris and one or more aming
acid substifutions, ¢.g., each from 1 to 15 anuno acids in length and fron 1 {0 15 in number,

{0368] A peptide, ¢.g., targeting peptide, may be stand-alone peptides or may be inserted into or
conjugated to a parent sequence. In some embodiments, the peptides, ¢.g., targeting peptides, are
inserted into the capsid protein of an AAV particle.

{0368]  Oue or more peptides, ¢.z., targeting peptides, may be inserted into a parent AAV capsid
sequence 1o generate the AAV particles of the disclosure,

{0376} A peptide, ¢.g., targeting peptide, mav be inseried into a parent AAV capsid sequence in
any location that results in fully functional AAV particles, e.z., an AAV particle comprising an AAY
capsid polvpeptide, e.g., an AAV capsid vartant described herein. The peptide, ¢.g., targeting peptide
may be inseried in VP1, VP2 and/or VP3. Numbening of the amino acid residues may differ across
AAV serotypes. As used herein, amino acid positions of the parent AAY capsid sequence are
descrbed using AAVY (SEQ D NO: 138) as reference.

{8371} Insome embodiments, the peptide, e.g., targeting peptide, is inserted in a hypervariable
region of the AAY capsid sequence. Nogo-limiting exarples of sach hypervanable regions inchude
Loop I, Loop I, Loop IV, Loop VI, and Loop VI of the parent AAV capsid. While not wishing to be
bound by theory, it is belicved in some embodiments that these surface exposed loops, which may
hereinatier also be referred to as surface loops, are tvpically unstructured and poorly conserved,
making them suitable regions for insertion of peptides, ¢.g., targeting peptides.

{83721 Insome embodiments, a peptide, e.g., targeting pepiide, is inserted into Loop 1. In another
crabodiment, the peptide, ¢.g., targeting peptide, is nsed to replace a portion, orall of Loop I Asa
non-limiting example, addition of the peptide, ¢.g., targeting peptide, 1o the parcnt AAV capsid
sequence may resolt in the replacement or moutation of at least one amino acid of the parent AAV
capsid.

{63731 Insonwc embodiments, a peptide, ¢.g., targeting peptide, is inserted inio Loop I To
another embodiment, the tatgeting peptide 1s used to weplace a portion, or all of Loop 1L Asa son-
liratting example, addition of the targeting peptide 10 the parent AAV capsid sequence may resuit in
the replacement or mutation of at least one aming acid of the parent AAV capsid.

{8374}  Insome crobodiments, the peptide, ¢.g., targeting peptide, is inserted tnto Loop IV, In
another erabodiment, the peptide, ¢.g., targeting peptide, is used to replace a portion, or all of Loop
IV. As a non-lirniting example, addition of the peplide, e.g., targeting peptide, to the parent AAV
capsid sequence may result in the replacement or mutation of at least ore amine acid of the parent
AAV capsid.

{8375]  Insome embodiments, the peptide, ¢.g., targeting peptide, is inserted into Loop VI In
another embodiment, the peptide, ¢.g., largeting peptide, is used to replace a portion, or all of Loop

VI. As a non-limiting example, addition of the peptide, e.g., targeting peptide, to the parent AAV
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capsid sequence may result in the replacement or mutation of at least one amino acid of the parent
AAV capsid.

{03761  Insome endbodiments, the peptide, ¢.g., targeting peptide, is inserted into Loop VI In
another cobodiment, the peptide, ¢.g., targeting peptide, is used to replace a portion, or all of Loop
VHL As a non-lieitiog example, addition of the peptide, ¢.g., tarzeting peptide, to the parent AAV
capsid sequence may resuli i the replacement or mutation of at least one amine acid of the parent
AAV capsid.

{8377} Toscme embodiments, more than one peptide, e.g., targeting peptide, is inserted inlo a
parent AAV capsid sequence. As a noo-luniting exaraple, peptide, ¢.g., targeting peptide, may be
inserted at both Loop IV and Loop VHI in the sane parent AAY capsid sequence.

{8378} A peptide, g, targeting peptide, may be inserted at any amine acid position of the parent
AAV capsid sequence, such as, but not liraited to, between aming acids at positions 386-392, 388~
589, 586-589, 452-438, 262-269, 464-473, 491-495, 546-557 and/or 659-668.

{8379} Insome embodiments, the peptide, e.g., targeting peptide, is inserted into a pareni AAY
capsid sequence between amino acids at positions 588 and 589 (Loop VHI. In some embodirents,
the parent AAV capsid is AAV9Y (SEQ ID NO: 138). In some embodiments, the parent AAV capsid
is K449R AAVY (SEQID NG: 11).

j83808]  Insome embodiments, the peptide, ¢.g.. targeting peptide, is inserted into 2 parent AAV
capsid sequence between amino acids at positions 454, 455, 457, 458, 439, 460, and/or 461 (Loop
V).

{6381}  insome embodiments, the peptide, .g., targeting peptide, is inseried into a parend AAV
capsid sequence between amino acids at positions 386, 587, 588, 589, and/or 590 (Loop VIID.
{3382}  Tnsome embodiments, the peptide, e.g., targeting peptide, is inserted into a parent AAY
capsid sequence Loop IV. As a non-limiting example, the parent AAV capsid may be AAVS. Asa
non-limiting example, the parent AAY capsid may be AAVY. As a non-limiting example, the parcnt
AAY capsid may be AAVOhu. 14 (SEQ ID NO: 137 or 138). As a non-limiting example, the parent
AAY capsid may be AAVS K449R (SEQ ID NO: 15, As a non-himiting example, the pacent AAV
capsid may be PHP B (SEQ ID NO: 5 or 6). As a non-luniting exarnnple, the parent AAV capsid may
be PHP.N (SEQ ID NC: 4. As a non-himiting example, the parent AAV capsid may be VOY 101
{(SEQ ID NO: 1 or 2). As anon-limiting example, the parent AAV capsid may be VOYZ01 (SEQ 1D
NG 3 or1724).

{3383}  Insome embodiments, the peptide, e.g., targeting peptide, are inseried into a parent AAV
capsid sequence Loop VHL As a non-limiting example, the parent AAV capsid may be AAVS. Asa
non-fimiting example, the parent AAV capsid may be AAV9. As a non-limiting example, the parent
AAV capsid may be AAVShu 14 (SEQ ID NO: 137 or 138). As a non-limiting example, the parent
AAV capsid may be AAVY K449R (SEQ 1D NO: 11). As a non-limiting example, the parent AAV
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capsid may be PHP.B (SEQ ID NO: 5 or 6). As a non-limiting example, the parent AAV capsid may
be PHP.N (SEQ 1D NO: 4). As a non-limiting example, the parent AAV capsid may be VOY 101
(SEQ D NO: 10r2). As a non-limiting example, the parert AAV capsid may be VOY201 (SEQ 1D
NG 3 or 1724),

{0384}  Insoow embodiments, the peptide, e.g., a targeting peptide, is present in loop VIH of an
AAV capsid polypeptide, ¢.g.. an AAV capsid variant. In sonx endbodiments, the peptide of an AAV
capsid variant described herein, is present immediately subsequent to position 5386, relative to a
reference sequence numbered according to the amino acid sequence of SEQ ID NO: 138, Insome
embodiments, the peptide of an AAV capsid variant described herein, is present immediately
subsequent to posilion 588, relative o a reference sequence numberad according to the amino acid
sequence of SEQ ID NO: 138, In some embodiments, the peptide of an AAV capsid variant described
herein, is present immediately subsequent to position 389, relative to a reference sequence numbered
according o the amino acid sequence of SEQ 1D NO: 138,

{6385}  Insome cmbodiments, the peptide, ¢.g., targeting peptide, of an AAV capsid polypeptide,
¢.g.. an AAV capsid vanant described herein comprises the amino acid sequence of PLNGAVHLY
(SEQ ID NO: 3648), wherein the amino acid sequence of PLNGAVHLY (SEQ [D NO: 3648) 15
present irarpediately subsequent to position 386, relative to a reference sequence numbered according
to the anxino acid sequence of SEQ D NO: 138,

{1386]  In some embodiments, the peptide, ¢.g., targeting peptide, of an AAV capsid polypeptide,
c.g., an AAV capsid vagant described berein corprises the amino acid sequence of GGTLAVVSL
{SEQ ID NO: 3654), wherin the araino acid sequence of GGTLAVVSL (SEQ 1D NG: 36543 is
present imunediately subsequent to position 586, relative 1o a reference sequence purabered according
to the araino acid sequence of SEQ D NO: 138,

{8387]  Insome embodiments, the peptide, ¢.g.. targeting peptide, of an AAV capsid polypeptide,
2.8, an AAY capsid variant, descnbed berein comprises the amino acid sequence of IVMINSLK (SEQ
1D NO: 3651), wherein the amino acid sequence of IVMNSLK (SEQ 1D NO: 3651) is present
imimediately subseguent to position 385, relative to a reference sequence numbered according o the
amino acid sequence of SEQ ID NO: 138,

{0388}  Insome crobodiments, the peptide, ¢.g., targeting peptide, of an AAV capsid polypeptide,
¢.g., an AAV capsid vanant, described herein comprises the amino acid sequence of any of SEQ ID
NOs: 3649, 3650, 3652, 3653, or 3655-3659, wherein the amino acid sequence of any of the aforesaid
sequences 1 present inmmediately subsequent o position 589, relative to a refercnce sequence
numbered according to the amino acid sequence of SEQ 1D NG: 138.

{3388]  The peptide. ¢.g., targeting peptide, described herein may increase the transduction of an
AAV particle of the disclosure (e.g., an AAV particle comprising an AAV capsid polypeptide, ¢.g8., an

AAV capsid variant) to a target tissue as compared to the parent AAV particle Iacking a peptide, e.g.,
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targeting peptide insert. In some embodiments, the peptide, e.g., targeting peptide increases the
transduction of an AAV particle to a target tissue by at least about 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 35%, 60%, 65%, 70%, 753%, 80%, 853%, 90%, 95%, 100%, 125%, 150%,
200%0, 300%, 400%, 500%, or more as compared 1o a parent AAVY padicle lacking a peptide, e.g.,
targeting peptide, insert.

{0390]  Insome embodiments, the peptide, ¢.g., targeting peptide, fncreases the transduction of an
AAV particle {e.z., an AAV particle comprising an AAV capsid polypeptide, e.z., an AAV capsid
variant} to a cell, region, or tissue of the ONS (e.g., a brain cell, brain tissue, brain region, spinal cord
cell, spinal cord region, or spinal cord ussue) by at least about 3%, 10%, 13%, 20%, 25%, 30%, 35%,
403%, 45%, S0%, 35%, 60%, 63%, 70%, 75%. 80%, #5%, 90%, 95%, 100%, 123%, 150%, 200%
300%, 400%, 300%, or more as compared {o a parent AAV particle lacking a peptide, ¢.g., targeting
peptide, insert. In some embodiments, the brain region comprises a frontal cortex, sensory coriex,
motor cortex, putamen, thalamus, cercbellar cortex, dentate nucleus, caudate, and/or hippocampus. In
some embodiments, the spinal cord region comprises a cervical, thoracic, and/or humbar region.
{63911  Insome embodiments, the peptide, ¢.g., targeting peptide, increases the transduction of an
AAV particle {2.g., an AAV particle comprising an AAV capsid polvpeptide, e.g., an AAV capsid
variant) to a cell or tissue of the PNS by at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 35%, 60%, 65%, T0%, 75%, 80%, 85%. 90%, 95%, 100%, 125%, 150%, 200%, 300%,
400%, 500%, or more as compared 1o a parent AAY particie lacking a peptide, ¢.g., targeting peptide,
10sett.

{0392] 1o some embodiments, the peptide, e.g., targeting peptide, increases the iransduction of an
AAV particie (e.g., an AAV particle comprising an AAV capsid polyvpeptide, ¢.g., an AAV capsid
vanant) to a cell or tisspe of the DRG by at least about 5%, 109, 15%, 20%, 25%, 30%. 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%. B0%, 85%, 0%, 95%, 100%, 125%., 150%, 200%, 300%,

400%, S00%, or more as compared to a parent AAV particle lacking a peptide, e.g., targeting peptide,
insert.

{83931 Insome embodiments, the peptide, ¢.g.. targeting peptide. increases the transduction of an
AAV particle (c.g., an AAV particle comprising an AAY capsid polypeptide, ¢.g., an AAV capsid
variant) o a cell, region, or tissue of a muscle by at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 30%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 85%, 100%, 125%, 150%, 200%,
300%, 400%, 500%, or more as compared to a parent AAV particle lacking a targeting peptide insert,
In some embodiments, a muscle region may comprise a heart muscle, quadriceps muscle, and/or a
diaphragm muscle region. In some embodiments, the nwscle region comprises a heart muscle region,
¢.g., a heart atrinm muscle region or a heart ventricle muscle region,

{6394}  Insowme cubodiments, an AAV particle described hereiln comprises an AAV capsid

polvpeptide, ¢.z., an AAV capsid polypeptide, e.g., an AAV capsid vanant. In sorae erabodiments, the
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AAV capsid variant comprises a peptide, ¢.g., targeting peptide, sequence as described in Table § or

2

{03951  Insowme embodiments, the AAV capsid polvpeptide, e.g., the AAV capsid variant,
coraprises at least 3, 4, 5, 6, 7, 8, or 9 consccutive amino acids from the amino acid sequernce of any
of SEQ I} NO: 1725-3622. In some crabodiments, the AAV capsid vanant comprises at least 3, 4, 5,
6, 7, 8, ot 9 consecutive amino acids frorm the amino acid sequence of anv of SEQ D NO: 3648-3659,
{n son eobodiments, the amine acid sequence is present in loop VIEHL In some embodiments, the
amino acid sequence is present immediately sabsequent to position 586, 588, or 539, relative to a
reference sequence numbered according to the aminoe acid sequence of SEQ ID NO: 138

{8396}  Insome embodiments, the 3 consecutive amino acids comprise PLN. In some
cnbodiments, the 4 consecutive amino acids comprise PLNG (SEQ I NO: 3678). In some
crabodiments, the 5 consecutive amino acids comprise PLNGA (SEQ 1D NO: 3679). Insonx
embodiments, the 6 consecutive amino acids comprise PLNGAV (SEQ 1D NO: 3680). In some
cnibodiments, the 7 consecutive amino acids comprise PLNGAVH (SEQ D NO: 3681). Insome
cmbodiments, the 8 consecitive amino acids comprise PLNGAVHL (SEQ 1D NO: 3682). In some
embodiments, the 9 consecutive amino acids comprise PLNGAVHLY (SEQ D NO: 3648).

{13971 Insome embodiments, the 3 consecutive amino acids comprise YST. Insome
crabodiments, the 4 consecutive amino acids comprise YSTD (SEQ ID NO: 3690). In some
crabodiments, the 5 consecutive amino acids comprise YSTDE (REQ ID NO: 3691). In some
crabodiments, the 5 consecutive amino acids comprise YSTDRV (SEQ 1D NG: 37006). Insome
embodiments, the 6 consecutive amino acids comprise YSTDER (SEQ 1D NG: 3692). In some
crabodiments, the 6 consecutive aming acids comprise YSTDVR (SEQ D NO: 3701). o sorae
crbodiments, the 7 consecutive aming acids comprise YSTDERM (SEQ D NO: 3637). 1n some
crabodiments, the 7 consecutive amino acids comprise YSTDERK (SEQ [D NO: 3638). In some
enbodiments, the 7 consecutive amino acids comprise YSTDVRM (SEQ 1D NG: 36503,

{3398}  Insome embodiments, the 3 consecutive amino acids comprise IVM. In sorme
embodiments, the 4 consecuntive amine acids comprise TVMN (SEQ 1D NG: 3693). Insome
embodiments, the 5 consecutive amine acids comprise IVMNS (SEQ 1D NO: 3694). In some
embodiments, the 6 consecutive anino acids comprise IVMNSL (SEQ ID NO: 36953, Insome
embodiments, the 7 consecutive amine acids comprise IVMNSLK (SEQ 1D NO: 3651).

{6399}  insome embodiments, the AAV capsid polypeptide, e.g., the AAV capsid variant,
comprises an anino acid sequence comprising at least one, two, or three but no more than four
modifications, e.g., substitutions, relative to the amino acid sequence of any of SEQ 1D NO: 1725-
3622, In some embodiments, the AAV capsid variant compriscs an anuino acid sequence comprising
at least one, two, or three but no more than four modifications, e.g., substitutions, relative 1o the

amino acid sequence of any of SEQ ID NG: 3648-3659. In some embodimeats, the amine acid
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sequence is present inloop VL In some embodiments, the amino acid sequence is present
immoediately subsequent to position 386, 588, or 5389, relative to a reference sequence numbered
according to the amino acid sequence of SEQ ID NO: 138,

{06408}  Insoow cobodiments, the AAV capsid polypeptide, ¢.g., the AAV capsid variant,
coraprises the amine acid sequence of PENGAVHLY (SEQ 1D NG: 3648), or an amino acid sequence
having at least one, two, or three but no more than four modifications, ¢.g2., substibitions, relative to
the amine acid sequence of PLNGAVHLY (SEQ 1D NG: 3648), optionally wherein position 7 is H.
{0401}  Toscme embodiments, the AAV capsid polypeptide, e.g., the AAV capsid variant,
comprises the amino acid sequence of RDSPKGW (SEQ ID NO: 3649), or an amino acid sequence
having at least one, two, or three modifications but no more than four modifications, ¢.g.,
substibtions, relative to the amine acid sequence of RDSPKGW (SEQ D NO: 3649).

{3402]  Insome embodiments, the AAV capsid polypeptide, ¢.g. the AAV capsid vardan,
comprises the amino acid sequence of FVMMNSLK (SEQ [D NO: 3631), or an amino acid sequence
having at least one, two, or three modifications but no more than four modifications, e.g.,
substitations, relative to the amino acid sequence of IVMNSLK (SEQ 1D NG: 36515,

{8403}  Iusome embodiments, the AAV capsid polypeptide, e.g. the AAV capsid variant,
comprises the amine acid sequence of YSTDVRM (SEQ (D NO: 3650}, or an amino acid sequence
having at least one, two, or three modifications but no more than four modifications, e.g.,
substitutions, relative to the amino acid sequence of YSTDVRM (SEQ 1D NO: 3650).

{3404]  Tn some embodiments, the AAV capsid polypeptide, ¢.g., the AAY capsid variant,
conprises the amino acid sequence of RESPRGL (SEQ 1D NG: 3652), or a sequence having at least
one, two, or three modifications but no more than four modifications, ¢.g., substitutions, relative to the
amigo acid sequence of RESPRGL (SEQ 1D NO: 3652).

{6408]  Insoowe eobodiments, the AAV capsid polvpeptide, ¢.g., the AAV capsid variani,
coraprises the amino acid sequence of any of SEQ 1D NG: 1725-3622. Ta some erabodiments, the
AAYV capsid vatant comprises the amino acid sequence of any of SEQ 1D NO: 3648-3659. In some
embodiments, the arnino acid sequence s present in loop VI of an AAV capsid vadiant described
herein. In some embodiments, the armino acid sequence is present immediately subsequent to position
586, relative to a reference sequence nurmbered according to the amino acid sequence of SEQ 1D NO:
138, In some emboditnents, the amine acid sequence is present immediately subseguent to position
588, relative to a reference sequence numbered according to the amino acid sequence of SEQ 1D NO:
138. In some embodiments, the amino actd sequence is prosent imimedialely subsequent {o position
589, relative to a refercnce sequence numbered according to the amino acid sequence of SEQ 1D NO:
138,

{8406]  1nsonic cobodiments, the AAV capsid polvpeptide, e.g., the AAV capsid variant (¢.g., an

AAV capsid variant described herein), coraprises an amino acid sequence encoded by the rucleotide
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sequence of any one of SEQ 1D NQGs: 3669-3671, or a nucleotide sequence substantiallv identical
{e.z., having at feast 70%, 75%, 80%, 85%, 90%, Y29, 95%, 97%, 98%., or 99% sequence identity)
thereto. In some embodiments, the AAV capsid, ¢.g., an AAV capsid variant described herein,
conprises an amino acid sequence encoded by a nuckeotide sequence comprising at least one, twa,
theee, four, five, six, or seven medifications bui ne more than ten moedifications of the nucleotide
sequences of any of SEQ ID NOs: 3660-3671.

{64077  Insome embodiments, the nucleotide sequence encoding the AAV capsid polypeptide,
e.g. the AAV capsid variant {e.g.. an AAV capsid variant described herein), comprises the mucleotide
sequence of any one of SEQ 1D NOs: 3660-3671, or a nucleotide seqguence substantially identical
{e.g., having at least 70%, 75%, 80%, 85%, 90%, 92%, 93%, 97%, 98%, or 99% sequence identity)
thereto. In some cmbodiments, mucleic acid sequence encoding the AAY capsid variant, e.g., an AAV
capsid variant described herein, comprises a nucleotide sequence comprising at least one, two, three,
four, five, six, or seven modifications but no more than {en modifications of the nucleotide sequences
of any of SEQ ID NQOs: 3660-3671.

{6408]  Insome enbodiments, the mucleotide sequence encoding the AAV capsid polypeptide,
¢.g., the AAV capsid variant (e.g., an AAV capsid variant deseribed herein), comprises the nucleotide
sequence of SEQ ID NO: 3660, or a nucleotide sequence substantially identical {e.g., having at least
T0%, T5%, 80%, 85%, 90%, 929%, 95%, 97%, 98%, or 99% sequence identity) thereto. In some
ambodiments, the nucleic acid sequence encoding the AAV capsid variant coraprises a nuckotide
sequence conprising at least one, two, three, fouy, five, six, or seven randifications but no more than
ten modifications of the sucleotide sequences of SEQ I NG 3660,

{3409]  To soree erobodiments, the nucieotide sequence encoding the AAV capsid polypeptide,
¢.g., the AAV capsid variant (¢.g., an AAY capsid variant described hereing, comprises the nucleotide
sequence of SEQ 1D NG 3663, or a mucleotide sequence substantially identical {e.g., having at Jeast
T0%, 75%, 80%, 53%, 90%, 92%, 95%. 97%, 98%, or 99% sequence identity) thereto. Insone
crbodiments, the nucleic acid sequence encoding the AAV capsid variant comprises a nucleotide
sequence comprising at least one, two, three, four, five, six, or seven modifications but no more than
ten modifications of the pucleotide sequences of SEQ D NO: 3663,

{34168}  Tnsome embodiments, the AAV capsid polypeptide, ¢.g., the AAYV capsid variant,
comprises an amino acid residue other than “A” at position 587 and/or an amino acid residue other
than ()" at position 588, numbered according to SEQ 1D NO: 138,

{8411}  insome embodiments, the AAV capsid polvpeptide, e.g., the AAV capsid variant,
coraprises the amino acid sequence of PLNGAVHLY (SEQ ID NO: 3648) wherein the amino acid
sequence of PLNGAVHLY (SEQ 1D NG: 3648} is present immediately subsequent o position 586,

relative to a reference sequence numbered according to the amino acid sequence of SEQ 1D NO: 138,
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{6412]  Insome embodiments, the polvpeptide, ¢.g., the AAV capsid variant, conmprises the amino
acid sequence of GGTLAVVSL (SEQ ID NO: 3634), wherein the amino acid sequence of
GGTLAVVSL (SEQ 1D NQO: 3654) is present immediately subsequont o position 586, relative o a
reference sequence pumbered according to the amine acid sequence of SEQ 1D NO: 138,

{8413}  Tnsome embodiments, the AAV capsid polypeptide, e.g., the AAY capsid variant,
conprises the amino acid sequence of IVMNSLK (SEQ 1D NG: 3651), wherein the amino acid
sequence of IVMINSLEK (SEQ 1D NO: 3651 is present immediately subsequent (o position 588,
relative to a reference sequence numbered according to the amino acid sequence of SEQ I NO: 138,
{6414}  Insonw eobodiments, the AAV capsid polvpeptide, ¢.g., the AAV capsid varian,
coraprises the amino acid sequence of any of SEQ 1B NGs: 3649, 3650, 3652, 3653, or 3653-3659,
wherein the amino acid sequence of any of the aforesaid sequences is present inunediately subsequent
1o position 539, relative to a reference sequence numbered according to the amine acid sequence of
SEQ ID NO: 138,

{8415}  Insome embodiments, the AAV capsid polvpeptide, e.g.. the AAV capsid variant, further
comprises a substitution al position K449, ¢ g, a K449R spbstitution, munbered according to SEQ D
NO: 138, Insome embodiments, the AAV capsid variant further comprises a modification, e.g., an
inscriion, substitution, and/or deletion in loop L, 1, IV, and/or VL

j3416]  In some embodiments, the AAV capsid polypeptide, ¢.g., the AAV capsid variant, further
comprises an amino acid sequence having at least one, two or three modifications but not more than
30, 20 or 10 modifications of the amino acid sequence of SEQ 1D NO: 138, In some embodinents,
the AAV capsid variant further comprises the amino acid sequence of SEQ ID NO: 138, or an amino
acid sequence with at least 80% (e.g., at lcast about 83, 90, 93, 96, 97, 98, or 99%,) sequence identity
therclo. In some embodiments, the AAV capsid variaot furtber comprises an amino acid sequence
encoded by the micleotide sequence of SEQ 1D NO: 137, or a sequence with at least 80% (e.g., at
least about 85, 90, 93, 96, 97, 98, or 99%0) sequernce iderdity thereto,

{0417} Insoow cobodiments, an AAV capsid polypeptide, .g., as AAV capsid variant, of the
present disclosure coraprises a parenial amino acid sequence having an insert, ¢.2., a peptide, e.g., a
targeting peptide. wherein the nsert comprises the amino acid sequence of any of SEQ 1D KNG 1725~
3622 or 3648-3659. In sone embodimends, the insext compnses at least 3,4, 5, 6,7, 8, 0 9
consecutive amino acids from the amine acid sequence of any of SEQ ID NO: 1725-3622 or 3648-
3659, Insome embodiments, the insert comprises an aming acid sequence comprising at least one,
two, or three modifications, but no more than four modifications, e.g., substitutions, relative to the
amino acid sequence of any of SEQ 1D NO: 1725-3622 or 3648-3659.

{6418}  Insome embodiments, the parental sequence of an AAV capsid polypeptide, e.g., an AAV
capsid variamt, described herein comprises an amino acid sequence comprising at least one, two, or

three modifications but no more than 30, 20 or 10 medifications, ¢.g., substitutions, to the amino acid
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sequence of SEQ ID NO: 138, In sone embodiments, the parental sequence comprises the amino
acid sequence of SEQ ID NO: 138, or an amino acid sequence substantially identical (e.g., having at
least 70%, 75%, 80%, 85%, 90%, 92%, 93%, 97%, 98%%, or 99% scquence identity) thereto. Insone
cmbodiments, the parenial sequence further comprises a substitution at position K449, e g a K449R
substitttion. o seroe erabodiments, the parenial sequence comprises an amine acid sequence encoded
by the nucleotide sequence of SEQ D NO: 137, or a nucleotide sequence substantially identical (e.g.,
having at least 70%, 75%, 80%, 85%, 90%, 92%, 953%, 97%, 98%, or 39% sequence 1dentity) thereto.
In some embodiments, the polynucleotide encoding the parental sequence described herein comprises
the nucleotide sequence of SEQ 1D NO: 137, or a nucleotide sequence substantially wdentical (e.2.,
having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 9% sequence identity) thercto.
{3418]  Insome embodiments, the parental sequence of an AAV capsid polypeptide, e.g., an AAV
capsid variant, described herein comprises an aniino acid sequence comprising at least ong, two, or
three modifications but no more than 30, 20 or 10 modifications, e.g., substitutions, to the amino acid
sequence of SEQ ID NO: 11, c.g., provided that posttion 449 of SEQID NO: 11 isnot K, e.g, s R
In some embodiments, the parenial sequence of an AAV capsid variant desctibed herein comprises
the amino acid sequence of SEQ 1D NO: 11 or an amino acid sequence substantially identical (e.g.,
having at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99% sequence identity ) thereto,
e.g., provided that position 449 of SEQ IDNO: 1l isnoiK, e g, is R,

{04201  Insone eobodiments, the insert of an AAV capsid variant is inserted into loop VI of the
parcrtal anvino acid sequence described berein. Tn some ermbodiments, the insert is josered
iounediately subsequent to position 586, 588, or 589 in the parental amino acid sequence described
herein.

{8421}  Insome crbodiments, the AAV capsid variant further coraprises an aming acid other than
“A” at position 587 and/or an amine acid other than “Q7 at position 588 of the parental sequence
described herein. In some embodiments, the AAV capsid variant further comprises a deletion at
position 387 and/or a deletion at position 388 of the parental amine acid sequence described hercin,
In some enibodiments, the AAV capsid variant comprises a deletion of the amino acids “AQ” at
positions 587-388 of the parental amino acid sequence described herein,

{3422 Insome embodiment, the insert of an AAV capsid variant described herein comprises the
amino acid sequence of PENGAVHLY (SEQ ID NUO: 3648). In some embodiments, the insert
sequence of PLNGAVHLY (SEQ 1D NG: 3648) is inserted tmmediately subsequent to position 586
of the parental anuino acid sequence. In some embodiments, the AAV capsid variant further
comprises a delction of the amino acids “AQ™ at positions 587-388 of the parental anmdno acid
sequence. 1o some embodiments, the AAV capsid variant comprises an insert comprising the amine

acid sequence of PENGAVHLY (SEQ ID NO: 3648), which is inserted imunediately subsequent to
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position 586 of the parcnial amino acid sequence and a deletion of the amino acids “AQ” at positions
587-5880f the parontal amino acid sequence.

{04231  Insome endbodiments, the insert of an AAV capsid polypeptide, e.g., an AAV capsid
variant, described hercin comprises the amino acid sequence of GGTLAVVSL (SEQ 1D NO: 3654).
In sonw embodiments, the insert sequence of GGTLAVVSEL (SEQ ID NO: 3654) is inserted
nmediately subsequent 1o position 586 of the patental amino acid sequence. In sone embodiments,
the AAV capsid variant further comprises a deletion of the amino acids “AQ” at positions 587-588 of
the parental amino acid sequence. In some embodiments, the AAV capsid variant comprises an insert
coraprising the amino acid sequence of GGTLAVVSL (SEQ I3 NG: 3654}, which is inserted
immediately subsequent to position 586 of the parental amino acid sequence and a deletion of the
amino acids “AQ” at positions 587-58% of the parental amino acid sequence.

{0424}  Insome embodiments, the insert of an AAV capsid polypeptide, e.g.. an AAV capsid
variant, described herein comprises the amino acid sequence of IVMNSLK (SEQ ID NO: 3651). In
some embodiments, the insert sequence of IVMNSLK (SEQ 1D NO: 3651) is inserted immediately
subsequent to position 588 of the parental amino acid sequence. In some embodiments, the AAY
capsid variant comprises an insert comprising the amino acid sequence of IVMNSLE (8EQ 1D NO:
3651), which is inserted immediately subsequent to position 589 of the parental amino acid sequence.
{84258]  Tn some embodiments, the insert of an AAV capsid polypeptide, ¢.g., an AAV capsid
variant, described herein coniprises the amino acid sequence of RDSPRGW (SEQ ID NO: 3649),
YSTDVREM (SEQ ID NO: 3630), RESPRGL (SEQ 1D NO: 3652), SFNDTRA (SEQ 1D NG: 36533,
YGLPRGP (SEQ I NG 3655) or STGTLRL {(SEQ 1D NO: 3656). In some embodimends, the insert
sequence of RDSPKGW (SEQ 1D NO: 3649), YSTDVRM (SEQ ID NO: 3650), RESPRGL (SEQTD
NG 3652y, SENDTRA (SEQID NG: 3653), YGLPKGP (SEQ ID NO: 3635) or STGTLRL (SEQ ID
NQO: 3656) is inserted inunediately sobsequent to position 389 of the parental amino acid sequence. In
some embodiments, the AAV capsid variant comprises an insert comprising the amino acid sequence
of RIISPKGW (SEQ ID NO: 3649), YSTDVRM (SEQ I3 NO: 3650), RESPRGL (SEQ ID NO:
3652, SENDTRA (SEQ ID NO: 3653), YGLFEGP (SEQ 1D NG: 3655) or STGTLRL (SEQ ID NOG:
3656), which is inserted immediately subsequent to position 589 of the parental anuno acid sequence.
{3426}  Insome embodiments, an AAV capsid polypeptide, e.g., an AAYV capsid variand, of the
present disclosure comprises an amino acid sequence as described herein, ¢.g. an amino acid sequence
of an AAV capsid variant chosen from TTD-001, TTD-002, TTD-003, TTD-004, TTD-003, TTD~
006, TTD-007, TTD-008, TTD-009, TTD-010, TTD-011, or TTD-012, e.g., as described in Tables 3
and 4.

{64277  Insome endbodiments, an AAV capsid polvpeptide, e.g. the AAVY capsid variant,
coraprises a VP, VP2, and/or VP3 protein comprising an amino acid sequence described herein, e.g.

an aming acid sequence of an AAV capsid varant chosen from TTD-001, TTR-002, TTD-003, TTD-
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004, TTD-003, TTD-006, TTD-007, TTD-008, TTD-009, TTB-010, TTD-011, or TTD-012, e.g., as
described in Tables 3 and 4.

{0428]  Insome endbodiments, an AAV capsid polvpeptide, e.g., the AAV capsid variant,
coraprises an amino acid sequence encoded by a rucleotide sequence as described berein, ¢.g. a
nuclectide sequence of an AAV capsid variant chosen from TTD-001, TTDR-002, TTD-003, TTD-004,
TTD-005, TTD-006, TTD-007, TT-008, TTD-009, TTD-010, TTD-01L, or TTD-012, 2.8, a8
descabed in Tables 3 and 5.

{0429]  Tasome erobodiments, a polyoucleotide encoding an AAV capsid pelvpeptide, e.g., an
AAV capsid variast, of the present disclosure comprises a nucieotide sequence described herein, e.2.
a nucleotide sequence of an AAV capsid variant chosen from TTD-001, TTD-002, TTD-003, TTD-
004, TTD-005, TTD-006, TTD-007, TTD-008, TTD-009, TTD-010, TTD-011, or TTD-012, e.g.. as
described 1n Tables 3 and S,

{8436}  Insome embodiments, insertion of a nucleic acid sequence, targeting nucleic acid
sequence, or a peplide, e.g., targeting peptide, into a parent AAY scquence generates the non-fimiting
exernplary full length capsid sequences, e.g., an AAV capsid polypeptide, ¢.g., an AAV capsid

variant, as described in Tables 3, 4 and 5.

Table 3. Exemplary full length capsid sequences (VP with nsert)

Serotype VP BNA VPEPRT Peptide PRY | Peptide BNA SEQ
SEQIBNG: | SEQIDNG: | SEQIDNG: | IBNG:
TTD-001 3623 3636 1725 or 3648 3660
TTD-002 3624 or 3625 3637 1726 or 3649 3661
TTD-003 3626 3638 1729 or 3650 3662
TTD-004 3627 3639 1760 or 3651 3663
TID-003 3628 3640 1769 or 3652 3664
TTD-006 3629 3641 3622 or 3653 3665
TED-007 3630 3642 1798 or 3654 3666
TID-008 3631 3643 1783 or 3655 3667
TTD-009 3632 3644 1767 or 3656 3668
TTD-010 3633 3645 1734 or 3657 3669
TID-011 3634 3646 1737 or 3658 3670
TED-012 3635 3647 1819 or 3659 3671

Table 4. Exemplary full length capsid amino acid sequences

MName and SEQ | Amino Acid Sequence
Annotation 1B
NG:
TIDB-661 3636 | MAADGYLPDWLEDNLSEGIREWWALKPCGAPQPKANQCGHODN?

Smer peptide YRYLGPGNGLDKGEPVNAADAAAL

underlined, staris at EFOERLKEDTSFGENLARA’ EPL
position 587 QS POEPDSSAGTIGKSGAQPAKKRLNFGQTG :
(immediately GVGSLTMASGGGAPVADNNEGADGVGSSSGNWHCDS QWLGDRVITTSTR
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subsequent to
position 386); TSTVE
743 aa VGRS
QSLDRLMNFLID
GEPSYRQQRVS
KEGEDRFFPLSG
DADKV YGOVATN HQ’NPL
FVONQG ¥
I3 KHEPPPQILIKNT £
S FT?‘WFLQK NSKRWNPEIQYTSENYY Kf]\"J VEFAVNTEGVY
T'T’YLTRI
TTD-002 3637
Tmer peptide

uuderlined, starts at
position 596
{immediately
subsequent to
position 389}

743 aa

SFGGNI] JVR:\\’T
,L:T (NI" GA"JP[’-\KE\'R _41\ F
1_1T‘P*\7Tmm"TP
FNRFHCHFES
B ANNLTSTVQ
J_'Cu u\_{ TLNDGSQAVGRS
: LDRLMNPLID
P G PSYRQQRVS
FPL3G
ATNHQIAQ
KIPHTDGNFH
s Fl” YSTGEQV
INTEGVY RPIG

CPD‘I °J DIV

ET [’"‘T\Tt‘\ff‘\T:'

b i SKRWNPEIQYT SNYV[\S NNVEFAY
T }VL TRNL

TTB-363 3638 | MAADGYLPDWLEDNLSEGIREWWALKP : P Ot KAN \T’)f“}{QDN ARGLVLPU
Tmer peptide YEYLGPGN CLLm GEPS ’\fl\hL‘ AAATLEHD
underlined, starts at
position 390
(mmediately
subsequent to
position 589);

PRDWORI STVQ

743 aa .
VETDSDY /LGSAHEGCLEPRE GY uTLI\: ]"GSQZXVGP.)
SEYCLEYFP ‘%0Mi TGNNFQFSYE YV »F{Iu S ISQSLDRLMNPLID
QY LYYLSKTI I\GSGQN”DI‘“ KESVAGPSNMAVOGRNYIPGPSYRQORVS
TTVIONNNS 7 AALNGRN SPAMASHKEGEDREFEPLSG
MWEDRDVYLCGRPTIWAKXTE 'DGNTFH
NKDKLNSFIT TGOV
INVEFAVNTEGVYSEPRPIG
TTD-004 3639 “LAA )b" DNLEEGIREWWALKPGAPQPKANQCHODNARGLVLEPG

Tmer peptide ] {GEPVNAADAAALEHDKAY T"\ LEKAGDNPYLKYNHADA
underlined, staris at EFQERL FGE KTAT R E‘V E
position 389

: A SPOEPDS SAGIGKSGAQPAKKRLNFGOTEDT
(Immediately GVGSLIMASGGGAPVADNNEGADGVGSSSGN
mbf“t‘:q‘*egg? THWALPTYNNHLYRQIL ‘
bosiion 28 PRDWORLINNNW

743 aa ! -

VETDS

STYCLE

LT LI\ DGSQAVG RK

NP GRAMZ \.‘IK"G}‘TNF‘*DI S5G

FAWP
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TMGDRDVY L

X FPADPPTALINK
S\/’FTmJTT QKENSK r\V\Tf ZTpYTol\YV[\ S
TRYLTRNL

\IFMG_CT 7
RPIG

TTDB-005 3640 KANQOHQDNARGLVLEPG
Twer peptide KAGDNE YNHADA
underlined, starts at KRPVE
pasition 390
(muediately
suhseguent to
geﬁitiora 589, \H\ LTS 1“ 0
743 aa
LNDGSQAVGRS
ISCSLDRLMNPLID
‘,( ( TY¢?L-:PS‘; REQRVS
T 3B AE s uhS SW. SHRKEGEDREFE G
3] LSYGOVATNHOSAD
DGNEFH
STGOV
TTDB-686 3641 § MAADGYLPDY "‘L\[L SESIREWWALKPGARQP ?’J—\\[g(: HOL ‘\IH.A(J_;VL PG
Tmer peptide YKYLGE 4
underlined, staris at EFQERL S
position 596 OSPOEPDSSAGIC
{immediately GVGSLTMASGGGAP
subsequent 10 58%). TWALPTYNNHLYKQIS? .
743 aa N PR LENTQ DN TAm\,I TSTV@
YVLGSAHEGCH 3
DNV, T\A DRVI
WVONQGT LEGM
n LIKNTPEV ?A]"LL Al S D,
3 \/'T'.I EWELGK TN'SK%\J‘\ID“TQ YTSNYYKS P\NV?F/\*\’N EGVY3SEPRPIG
TRYLTRNL
TTB-067 3642 MAA")G VLEDNLS E-’ST PEJ‘J VAI KPGAPQP P{A\I’WCH’JUNF— ZRGL .\/T Pm
Smer peptide ;

nuderhined, stars at
position 587
{imuinediately
subsequent (o
position 386},

743 aa

PL "ELJWZ&{TNBGI\I\?P“E
:':,AG_[ CKC GAQPAKKRLNEC SVPDE ‘OPLGHP AAPS

T,
v»O

LNDGSQAVGRS
LDRLMNELID

GanI\ QT GESYRQQRVS
TAWEPGASS KEGEDREEFPLSG
NVDADK GOVATNHOSGEE
TLAVVSLAQAQTGWVONQGILE PIWAKIPHTDGNEH
PSPLM P LIK: 2 DY STGOV
SVEIEWELCKENSKEEWNPEIQ {Tol\\ YESNNVEFAVNTREGVYSEPRPIG
TRYLTRNL
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TTD-608 3643 | MAADGYLPDWLEDNLEEGIREWWALKPGAPQPKANQQHODNARGLVLEG
Tmer peptide YKYLGPGNGLD] ?VW&AEnAr, JKAYDQQLKAGDN] NHADA
underlined, staris at FOERLKEDTSFGE = :ﬂ,rEqAA«T, 3VKPPVE
position 596 OSPQREPDS AGIGK;JQGPHK&PMRFA

(immediately GV’SLTMﬁSGGGA?VAthEu» ”?”TR

subseguent to 589);
743 aa

FNRFHCEES
ANKLTSTVO
MESQAVERS

HSQS T T‘PLM‘I)T D

TID-669 3644

Tmer peptide LKAX DJOLKA(:D P‘
underlined, staxis at EFQERLKEDTSFGGN DA ET
position 590 QSPOEPDS SAGIGKSE

{immediately
subsequent 1o 589);

e WA QL T BT
¢ x\;vSLTV SGGGAPVAD

743 aa
GYLT LkrbuvﬂvGR
OSLDRLMNPLID
“MAVQL&AL_UGE‘"'QQ?V“
ITDENFH
3 : VSTGOV
“WTLCITNSK%NWD“TQJT le PRPIG
TRYLTRI
TTB-410 3645 | MAADG WLEDNLSEGI REWWALKPGAPQPRANQGHD TVLPG
7mer peptide NGLDKGEFVNAADARAL JKYNHADA
nuderlined, staxts at BEFC _‘L“rT:rathprvLydK&RLLUPLJIWEHHAKTWEGKRRPVE
position 596 )z PDSSAGTGKS GAOPAKb'uNFGQTGDT SPQPIGEPPAAPS
(inunediately VG5 SSCNWHCD .ﬁLuLRVLWﬂ:Tk
iubsequam {0 389); - P
743 an Yo JO VO
LNDGESOAVGRS
LDRIMNELID
: vhnﬂT Kk»vaPsNanyuRb PGPSYROQRVS
TTVmQNNNSEFKW??Aoo JGRNSLMNPGPAMASHKEGEDRFFPLSG
SI.LGhva”T“W ADKVM EEEIKTTVEV@T GQ”A“RHQSAQ
AYSTDERMO: lLWvOWgGlJ :
STGOV
RPIG
TTR-011 3646 GLVLEPG
7mer peplide DEAYDOOLKAGDNPYLEYNHADA

underlined, starts at
pos ition 590
(immediately 2
f,s'ubsequcm 10 589); W\T PT
743 aa

PLGLVEEA "‘KTL\D’."VKQP\TE
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PRDWORLINNE

ANNLTSTVQ
) . YLTLNDGSQAVGRS
SEYC LFYFPSQNaRmbWhF,.V ”ﬁVPFH SYAHSQSLDRLMNELID
QYLYYLSKTINGSGONQQTLKESVAGPSNMAVQGRNY IPGESYRQQRVS
mT“ﬂ JNNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDREEFPLSG
FGRQG C} ']‘ /DADKVMITNEEEIKTTNPVATESYGOVATNHOSAQ
:Wg&qu”””WQDPLViL‘ El%AAl”'TDG}FH

[0 Iy v B o
)

KNTP SEFITQYSTGOV
QVF*F TELGKE Nq( WNPEIQYT SN SNNVEFAVNTEGV E?RPIm

TRYLTRNL

TTD-312

743 aa

Tmer peptide
underlined, starts at
position 59¢
{(immediately
subsequent to 589);

3647 | MAADGYLPDWLEDNLSEGCIREWWALKPGAPOPRKANQCHODNARGLVLESG

YEYLGP CVNAADAAATEHDRKAYDQOLKAGDNPY LEKYNHADA
EFQERI GGNLGRAVEIQAKE EPLGLVEEAAKTAPGKKRPVE
QSEQ \GTGESGAQPAKKRLNFGQTGDTESVEDPQPIGEFPAARS
GVGES GGAPVADNNEGADGVGESSSGNWHCDSQWLGDRVITISTR

TWALPTY SNSTSGGSSNDNAYFGYSTPWGYEDENRFHCHES
PRDWORL LNFRLENIQVEEVIDNNGVETIANNLTSTVO

VETDSDYQLPYVLGSAHEGCLPPEPADVEMIPOYGY LT LNDGSQAVGRS
“FV”LEVFPQQMTRTTNNFQFSYEFVMVDFHQSmGQQSLLRLMNDLID
QYLYYLSKTINGSGONQY VAGPSNMAVOGRNYIPGPSYRQORVS
TTVIQNNNSEFAWPGASS PNS’LNPwLALnuHRMGFDRF“~LoV

GROGTGRDNVDADKVMITNEEEIKTTNEVATESYGQVATNHQSAQ
AYVSSVEMOAQTGWVONQGLLPGMVWODRDVY LGGRP IWARKT PHTDGNEH

PSPLMGG KHPPRPOILIKNTPVEFADPRPTAFNKDKINSFITQYSTGQOV
SVEIEWELOQKENSKRWNPEIQYTSNYYKSNNVEFAVNTEGVYSEPRPIG

TRYLTRNL

Table 5. Exemplary full length capsid puclelc acid sequences

Name and
Axnnotation

SEQ
j1)
NO:

NT Seguence

TTB-601
Smer peptide
wuderiined

3623

tgaaggaattcocgaeg
aacatcaagacaa
accoggeaacggactcocgacaa

acgacaaggcectacgaccago
scgcegagtice
tcttcececagge

q”?jafq*f
Jggcttth

aag“ugv; cttgaacctnun gx:qutbgAugganchfaagA:gqctCctgga
agaggcectghag agbtcteotcaggaaceggactectecgogyggtattggcaaatl
tgcacageccgotaaaaagagacteaalttt cchcQggLqufgg_a a

caaccaatcqgg acctooccgecagooccectao

aataacgaag

=g

eg guuagggt ggete

r"f 2

:cataqg
tacttgt
aattcagtgt
qupta a
-tggeotggagetictt
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TTD-004 3627
Tmer mep‘ude
gaac \.g'j a
,tgccqacaaa aactwﬁt—
accegglagcaacy
tatgaattcgtigaagget
ggtatggtttggcaggacagage
cacggac ggbaact*ﬁcaugcttC"
watvﬂgdLCdLCutl é
E=F-Yelalololele]
TTB-003 3618
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agtq\
rcagetaco gﬁd- :
¢ 1gagut'”tt

qqgaaquaactaca
acaaca

aqauabcacgtujﬁtgcq

accaggt ag,aaCﬁuagtcctd
ggagaqtcctbctgggctac

vq\gc‘a
gatcc

gacaagctgaactecttte *Cdcccagta ;ctactguccavatcaq gty
gggagehgoa ggaaaa j acc sbocagtacact

TTD-406
Tmer peptide
underiined

cttr
c\aaqacqq..cctqgaa

[« cgc qq”favtgqfaaatcg
tcag tgg"ga"ac:gaqt cagtee
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acccecth

L C 1acgctgc LutnguC
acqct* 'ggaa\cc

agccaaagectggacc
htaacgqtt

3

gagy -
",acgtugm.g
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TTD-697
Smer peptide
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ggcaaatoeyggyg
cagagtcagtcce
atchLLacaauh

Jacoeoicaaces

g
Lggaagcs

gctaagaac

tggacagaatcaacaaacgctaasattecagtgtggecgygace
acctggacccagectacegacaacaacgt
tgcttggectggagettcoctott
‘*LJ]ccag

gatgcgg
acccoggtagcaacggagt

ggeegtegtgtegettgotoac
ggtatagt

aca “qccqfcad
tceceteagatecteat
gandgth““

'cfngqmtccf

raaaacacaccty

TTD-008
Tmer peptide
underlined

gqgcagcc ucgﬂgﬂavq

~acaaceacygrs

1gtuaqtccva
ctcbtacaat

aavckquccct
aggatctt

quvtcagauta
.tcocoageggac
agy ’*"g"r*qqf g
gggtaacaacttc

hagtiCF*
t*kvdiﬂa*t

ratccacteatogaccaatacttigt

cacagocaaago 2.
Cagmgarravtnaﬂugvt“*quaumga fpgacaaacq :tazaasattcecagtgtggccggace

cagcaacatgge ac zaactacataccltggacccagetaccgacaacaacgt
cotggageticetiebt
. sga

aQQJuanaC"fofC\
agagacaacgtggatgeg
acccoggtagcaacggagtocta

gaacldggé

actacta
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tgggtigecgaagggtectcaggogeagac
Rokele \(\_\(__cqqd
gacggcaac ‘
LuntwagaththLLaaaaacacaccb
gacaagectgaact
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TTD-809 3632
Tmer oep tide

cg9cygyg
scctcaa

a

cat?qcca1taacctLaccaqcacv

Q

[aaite]
[N JiTa el

0

e}

gggetet
aggagaggaccy

Mrggacggvaa

'cagchchAta_uqd~:acacct

3

W
ot

oo
(¢}

(
g

B G
of ot
(Lo}
A2t e]

sccaltiggeaceca

TTB-019 3633

Tmer peptide -
uwnderbned gctv pagtc;hgtg aCCﬂgf”aac-gactcmﬂ

ggggagecgglocaacgcay

agehboaaggeoggagacsac

acgacaaggoctacgaccay

~;11.

aaadga




WO 2021/230987 PCT/US2021/025061

.ameCFaauQCCtbgaCC
cazagactattaacg

aggagaggac

agagac ,acgtgg.&tgc
accoggtageaacggag t_’:c 2agtggocacaaacaa ccaqagtgcqcaguu,qh
ttcgacggatgaqangatcrr 3 oK cbtce

ggtatyggtd
auavog qqca

TIDR-011 3634
Tmer peptide
underiined
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TTDB-012 3635
Twmer peptide
underiined

qutfaumadtap sl
acgoeggoggecctoge
: L;,,LCaauLdCddLdeq’ng‘A
sacctegggoegage o
f c\aagmbqqa cetggaaaga
gogtattggcaaateysyg
acagagtcagte

EXe uCLdgC@

oW
(gt}
Tolie]
e}

J]
<)
jOa ) H
oy
2 Q0

il
e

ca
A'g,gcﬁafc_cttacaaLcc
vtqqdq'”QQ*?ﬂ

*"Faccecc;cc

;J "l |"l
o0 0

[
&
ca

3¢

“ﬂug"tgc Lcc<gcm
.dhtgga:

[te

cht&CLa
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tgtttegtetgtiaagatge ouq
ggtatggtitggcagqga
{VieRerF:
tecctoagatcctea

qqttr
Ldaqqcvuuabbrqqqy,asaatthh7t
ggtttggaatgaagea

acacqg

aagtce agcgtq

toti

gacaagcltgaa
gggagetge
.VA”aaqtcxoa.

aggaaas gG ac gatccagt

{6431}  Insonwe eobodiments, the polvnucicotide encoding an AAV capsid polypeptide, ¢.g.,
AAYV capsid variant, described herein comprises the nucleotide sequence of any one of SEQ 1D NQOs:
3623-3635, or a nucleotide sequence with at feast 80% (c.g., at least about 85, 90, 95, 96, 97, 98, or
99%0) soquence identity thereto. In some embodiments, the polynucleotide enaoding an AAV capsid
variant describad herein compases the nuclectide sequence of SEQ ID NO: 3623, or a nuciectide
sequence with at least 80% (e.g., at least about 85, 90, 95, 96, 97, 98, or 99%:) sequence identity
thereto. In sore crabodiments, the polypucleotide encoding an AAV capsid variant described herein
corprises the nucleotide sequence of SEQ 1D NG: 3627, or a nucleotide sequence with at least 80%
{e.g., at least about 85, 90, 95, 96, 97, 98, or 99%) sequence identily thereto. In some embodiments,
the nuclerc acid sequence encoding an AAV capsid polypeptide, ¢.g., an AAV capsid variant,
described herein is codon optimized.

{8432}  1nsome embodiments, a polynuckeotide encoding the AAV capsid polypeptide, ¢.g., the

AAV capsid variant, (e.g., VP1) of an AAV particle may comprise a mucleic acid sequence with 50%,
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51%, 32%, 53%, 54%, 55%, 36%, 37%, 58%. 59%%, 60%, 61%, 62%%6, 63%%, 64%;, 65%, 66%, 67%%,
68%, 69%, TO%, T1%, T2%, T3%, T4%, T5%. T6%, 7%, T8%. 79%. 80%, §1%, 8%, B3%, 8494,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100%
identity to any of those described berein or provided by any of SEQ ID NO: 3623-3635.

{0433}  Insouw enbodiments, a polynuclectide encoding an AAV capsid polypeptide, e.g

o0

an
AAYV capsid vanant, {¢.g., VP1) may comprise a aucleic acid sequence haviag at least 80% identity o
any of SEQ T NO: 3623-3635. 1o sceme erabodiments, a polyoucleotide encoding an AAV capsid
polypeptide, ¢.g., an AAVY capsid variant, (e.g., YP1} may comprise a noacleic acid sequence having at
least 85% identity to any of SEQ D NO: 3623-3635. In some embodiments, a polvnucleotide
encoding an AAV capsid polypeptide, ¢.g., an AAV capsid vanant, {e.g., VPi}is encoded by a
nucleic acid sequence having at least 90% identity to any of SEQ ID NO: 3623-3635. In some
embodiments, a polvnucleotide encoding an AAV capsid polypeptide, ¢.g., an AAV capsid vanant,
(e.g., VP1) mav comprise a nucleic acid sequence having at least 95% identity to any of SEQ 1D NG:
3623-3635. In some embodiments, a polynucieotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid variant, (¢.g., VP1) may comprise a nucleic acid sequence having at least 96% idendity to
any of SEQ ID NO: 3623-3635, In some embodinents, a polynucieotide encoding an AAV capsid
polypeptide, ¢.g.. an AAV capsid variani, {e.g., VP1) may comprise a nucleic acid sequence having at
least 97% identity to any of SEQ 1D NO: 3623-3635. In some embodiments, a polynuclectide
encoding an AAV capsid pelypeptide. ¢.g., an AAV capsid variant. {(¢.g.. VP1) may comprisc a
aucleic acid sequence having at least 8% identity to any of SEQ ID NG: 3623-3635. In some
crabodiments, a poly nucleotide encoding an AAV capsid polypeptide, 2.2, an AAV capsid variant,
{e.g., VP1) may comprise a nucleic acid sequence having at least 99% identity to any of SEQ D NO:
3623-3635. In some embodiments, a polyvnucleotide encoding an AAY capsid polypeptide, ¢.g., an
AAYV capsid variant, (e.g., VP1) may comprnise a nucleic acid sequence given by any of SEQ ID NO:
3623-3635,

{8434}  Insome embodiments, a polynuclectide encoding an AAV capsid polypeptide, e.g., an
AAV capsid vaniant, may comprise a nucleic acid scquence having at least 80% identity to SEQ ID
NO: 3623, In some embodiments, a polymicleotide encoding an AAVY capsid polypeptide, ¢.g., an
AAV capsid variant, may comprise a nucleic acid sequence having at least 85% identity to SEQ ID
NO: 3623, In some embodiments, a polynuclestide encoding an AAV capsid polypeptide, e.g., an
AAV capsid variast, may comprise a pucleic acid sequence baving at least 90% identity to SEQ [}
NQO: 3623, In some embodiments, an AAV capsid polypeptide, ¢.g., an AAV capsid variant, may
comprise a nucleic acid sequence having at least 95% wdentity to SEQ D NO: 3623, In some
crabodiments, a polvoucieotide encoding an AAV capsid polypeptide, ¢.g., an AAV capsid variaat,
gy conprise a nucleic acid sequence having at least 96% identity to SEQ ID NO: 3623, In some

cnbodiments, a polymucleotide encoding an AAV capsid polypeptide, 2.2, an AAV capsid variaat,
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may comprise a nucleic acid sequence having at least 97% identity to SEQ ID NO: 3623, In some
embodiments, a polvoucieotide encoding an AAV capsid polvpeptide, ¢.g., an AAY capsid variant,
may comprise a nucleic acid sequence having at least 98% identity to SEQ ID NO: 3623, In some
crabodiments, a polvouciestide encoding an AAV capsid polypeptide, e.g.. an AAY capsid variant,
may conaprise a nucleic acid sequence having at least 99% identity to SEQ ID NO: 3623,

{0435]  Insome embodiments, a polyrucleotide encoding an AAV capsid polypeptide, e.g., an
AAYV capsid vagant, ay have a nucleic acid sequence comprsing SEQ 1D NG 3623,

{0436] 1o some embodiments, a polyoucleotide encoding an AAV capsid polypeptide, e.g., an
AAYV capsid variast, may bave a sucleic acid sequence consisting of SEQ 1D NO: 3623,

{64377 Insome embodiments, a polynucleotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid vanant, may comprise a nocleic acid sequence having at least 80% identity to SEQ ID
NO: 3624 or 3625, Insome embodiments, a polynucieotide encoding an AAV capsid polypeptide,
2.2, an AAY capsid variant, raay comprise a nucleic acid sequence having at keast 85% identity to
SEQ 1D NO: 3624 or 3623, In some embodiments, a polvnucleotide encoding an AAYV capsid

polypeptide, ¢.g., an AAV capsid variant, may comprise a pucleic acid sequence having at least 90%

wdentity to SEQ ID NO: 3624 or 3625, 1n some embodiments, a polynucleotide encoding an AAV
capsid polypeptide, e.g., an AAV capsid vagant, may comprise a nucleic acid sequence having at least
95% tdentity to SEQ ID NO: 3624 or 3625, Insome embodiments, a polyvnucieotide encoding an
AAV capsid polypeptide, ¢.g., an AAV capsid variant, may comprise a nucleic acid sequence having
at least 96% wdentity to SEQ ID NO: 3624 or 3623, In sonx embodiments, a polynucleotide encoding
an AAV capsid polypeptide, e.g., an AAV capsid vagant, may conprise a nucleic acid sequence
baving at least 97% identity to SEQ ID NG: 3624 or 3625, In sorme erabodiments, a polyoucleotide
encoding an AAY capsid polypeptide, e.g., an AAV capsid variant, may comprise a aucleic acid
sequence having at least 98% identity to SEQ ID NO: 3624 or 3625, {n some embodiments, a
polvnucleotide encoding an AAY capsid polypeptide, ¢.g., an AAVY capsid variant, may comprisc a
pucleic acid sequence having at least 99% wdentity to SEQ 1D NG: 3624 or 3625,

{8438]  Insome embodiments, a polynucleotide encoding an AAV capsid polypeptide, ¢ ., an
AAV capsid variant, may have a nucleic acid sequence comprnsing SEQ 1D NO: 3624 or 3625,
{0438}  Insome crobodiments, a polyaucleotide encoding an AAV capsid polypeptide. 2.2, an
AAV capsid variant, may have a nucleic acid sequence consisting of SEQ 1D NO: 3624 or 3625,
{8446]  Insome embodiments, a polynucleotide encoding an AAV capsid polypeptide, ¢.g., an
AAV capsid vanant, may comprise a nucleic acid sequence having at least 80% identity (o SEQ ID
NO: 3626, In some embodiments, a polymicleotide encoding an AAV capsid polypeptide, ¢.g., an
AAV capsid variant, may comprisc a nucleic acid sequence having at least 85% identity to SEQ D
NO: 3626, In some embodiments, a polynuclestide encoding an AAV capsid polypeptide, e.g., an

AAV capsid variant, may comprise a nucleic acid sequence having at least 90% identity to SEQ ID
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NO: 3626, In some embodiments, a polynuclestide encoding an AAV capsid polypeptide, e.g., an
AAV capsid variant, may comprise a nucleic acid sequence having at least 95% identity to SEQ ID
NO: 3626, In some embodiments, a polynucleotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid variast, may comprise a sucleic acid sequence having at least 96% identity to SEQ ID
NG: 3626, In some embodimenis, a polynucleatide enceding an AAV capsid polypeptide, e.g., an
AAV capsid variast, may comprise a pucleic acid sequence baving at least 97% identity to SEQ [}
NO: 3626. In some embodiments, a polynucleotide encoding an AAV capsid polypeptide, ¢.g., an
AAY capsid variant, roay comprise a nucleic acid sequence having at least 98% identity to SEQ 1D
NO: 3626, In some embodiments, a polynucleotide encoding an AAV capsid polypeptide, ¢.g., an
AAV capsid variant, may comprise a nucleic acid sequence having at keast 99% identity to SEQ ID
NO: 3626.

{3441}  In some embodiments, a polynucleotide encoding an AAV capsid polypeptide, ¢.g., an
AAV capsid vanant, may have a nucleic acid sequence comprising SEQ 1D NO: 3626,

{6442}  Insome cmbodiments, a polyvaucleotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid variant, may have a nucleic acid sequence consisting of SEQ 1D NO: 3626.

[8443]  Insome embodiments, a polynucleotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid variant, may comprise a nucleic acid sequence having at least 80% identity to SEQ ID
NG: 3627, Insome embodiments, a polymucleotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid variant, may comprise a nucleic acid sequence having at least 85% identity to SEQ D
NG 3627, In sone embodimends, a polynucleatide encoding an AAV capsid polypeptide, ¢z, an
AAY capsid variast, may comprise a nucleic acid sequence baving at least 90% idestity to SEQ 1D
NQO: 3627, In some embodiments, a polynucleotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid variant, may comprise a nucleic acid sequence baving at keast 93% identity to SEQ 1D
NG 3627, In some embodiments, a polynucleotide encoding an AAY capsid polypeptide, €.z, an
AAV capsid variant, may comprise a nucleic acid sequence baving at keast 96% identity to SEQ ID
NO: 3627, In some embodiments, a polynucleotide encoding an AAV capsid polypeptide, ¢.g., an
AAY capsid variant, may comprise a nucleic acid sequence having at least 97% identity to SEQ ID
NO: 3627, In some embodiments, a polvnucleotide encoding an AAV capsid polypeptide, ¢.g., an
AAV capsid variant, may comprise a nucleic acid sequence having at keast 98% identity to SEQ ID
NO: 3627, In some embodiments, a polvancleotide encoding an AAV capsid polypeptide, ¢.g., an
AAYV capsid variant, may comprise a nucleic acid sequence having at least 99% identity to SEQ ID
NO: 3627,

{8444]  Tn some embodiments, a polynucleotide encoding an AAV capsid pelypeptide, e.g., an
AAY capsid variant, may have a nuckeic acid sequence comprising SEQ ID NO: 3627,

{0445]  Insoniec eobodiments, a polvrucieotide oncoding an AAV capsid polypeptide, e.g., an

AAYV capsid vatant, may have a nucleic acid sequence consisting of SEQ 1D NO: 3627,
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{8446]  Insone cobodiments, a polyvrucleotide oncoding an AAV capsid polypeptide, e.g., an
AAV capsid variant, may comprise a nucleic acid sequence having at least 80% identity to SEQ ID
NO: 3628, In some embodiments, a polynucleotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid varant, may comprise a nucleic acid sequence having at least 85% identity to SEQ ID
NO: 3628, In some erabodiments, a polvancieotide encoding an AAV capsid polypeptide, .8, an
AAYV capsid vanant, may comprise a nucleic acid sequence having at least 90% idendity (o SEQ 1D
NO: 3628, In some embodiments, a polyvaucieotide encoding as AAV capsid polypeptide, e.8., an
AAV capsid vanant, may comprise a nocleic acid sequence having at least 95% identity to SEQ ID
NO: 3625, In some embodiments, a polyancleotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid vanant, may comprise a nocleic acid seguence having at least 96% identity o SEQ D
NO: 3628, In some embodiments, a polynucleotide encoding an AAV capsid polypeptide, e.g., an
AAYV capsid variant, may comprise a nucleic acid scquence having at least 97% identity to SEQ D
NO: 3628, In some embodiments, a polynucleotide encoding an AAV capsid polvpeptide, e.g., an
AAV capsid vanant, may comprise a nocleic acid sequence having at least 98% identity (o SEQ ID
NG: 3628, In some embodiments, a polynucleotide encoding an AAV capsid polypeptide, e.g., an
AAV capsid variant, may comprisc a nucleic acid sequence having at least 99% identity to SEQ D
NO: 3628,

{6447}  Insome embodiments, a polvrucleotide encoding an AAV capsid polvpeptide, e.g., an
AAYV capsid vagant, may have a nucleic acid sequence compusing SEQ 1D NG 3628,

{0448}  Tnsome embodiments, a polyoucleotide encoding an AAV capsid polypeptide, e.g., an
AAY capsid variast, may bave a sucleic acid sequence consisting of SEQ 1D NG 3628,

{0449]  Tnsome embodiments, the AAV capsid polvpeptide, e.z., the AAV capsid variant,
coraprises a VP2 protein coraprising the armeino acid sequence cotresponding to positions 138-743, of
any one of SEQ 1D NOs: 3636-3647, or a sequence with at least 80% (¢.g., at least abont 85, 90, 93,
96, 97, 98, or 99%) sequence tdentity thereto. In some embodiments, the AAV capsid coraprises a
VP3 protein comprising the amino acid sequence corresponding to posilions 203-743, of any one of
SEQ D NOs: 3636-3647, or a sequence with at least 30% (e.g., at least abouot 83, 90, 95, 96, 97, 98,
or 99%) sequence identity thercto.

{0453] o some crobodiments, the AAV capsid polyvpeptide, e.g.. the AAV capsid variant, .g., an
AAYV capsid variant described herein, comprises the amino acid sequence of any one of SEQ 1D NQOs:
3636-3647, or an aming acid sequence with at least 80% {e.g., at least about 85, 90, 95, 96, 97, 98, or
99%) sequence identity thereto. In some cmbodiments, the AAV capsid polvpeptide, e.g., the AAV
capsid variant, ¢.g., an AAV capsid variant described herein, comprises an amino acid sequence
having at least one, two, or three modifications, but not more than 30, 20 or 10 modifications of the

amino acid sequence of any one of SEQ ID NOs: 3636-3647.
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e.g., AAV capsid variant, (e.g., VP1)

1%, 52%,

[0451]

of an AAV particle may comaprise an amino acid sequence with 30%, 5

In sonie enbodiments, the AAV capsid polvpeptide,

56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%. 69%., T0%, T1%, 72%
T3%, T4%, T5%, T6%, T7%, T8%, T9%, 80%, 81%, 82%., 83%, 84%, 85%, 86%, 87%%, 88%, §9%,

3%,

90%, 91%, 92%, 93%, 94%,. 95%, 96%, 97%, 98%, 99%, or
heretn or provided as any of SEQ ID NO: 3636-3647,
{0452}

may conaprise an aming acid sequence having at least 80% ides)tity to any of SEQ 1D NO: 3636-3647.

H00% identity to any of those described

Tn some erobodinents, an AAV capsid polypeptide, ¢.g., AAV capsid variant, (¢.g.. VP
Ta some erobodinents, an AAV capsid (e.g., VP may comprise ab amigo acid sequence baviog at
least 83% identity to any of SEQ 1D NO: 3636-3647. In some embodiments, an AAV capsid
polvpeptide, e.g.. AAV capsid vanant, (¢.g., VP1) may comprise an amino acid sequence having at
least 90% identity to any of SEQ 1D NO: 3636-3647. In some embodirents, an AAV capsid

polypeptide, e.g., AAV capsid variant, (e.g., VP1) may comprise an amino acid sequence having at
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least 95% identity to any of SEQ 1D NOG:

polvpeptide, e.g., AAV capsid variant, (c.

least 96% identity to any of SEQ ID NO:

polvpeptide, e.g., AAV capsid variant, (c.

least 97% identity to any of SEQ ID NO:

polypeptide, e.z., AAV capsid variant, (.

least 98% identity to any of SEQ ID NO:
polvpeptide, ¢.
least 99% identily to any of SEQ D KO:

2., AAY capsid variaut, (e

3636-3647. In some embodiments, an AAV capsid
g., VP1) may comprise an amino acid sequence having at
3636-3647. In some embodiments, an AAV capsid
g., VP1) may comprise an amino acid sequence having at
3636-3647. In some embodiments, an AAV capsid
g.. VP may comprise an amino acid sequence baving at
3636-3647. In some cwbodiments, an AAV capsid
g.. VP1) ay comprise an amigo acid sequence baving at

3636-3647. In some embodiments, an AAY capsid

polypeptide, ¢.z.,

AAY capsid variant, (e.g.. VP may have an amino acid sequence corprising agy

of SEQ 3 NO: 3636-3647. In some cmmbodiments, an AAY capsid polypeptide, ¢.g., AAV capsid
variant, (e.g.. VP1) may have an amino acid sequence consisting of any of SEQ [D NO: 3636-3647.
{0453]

comprise an amino acid sequence having at least 80% identity to

capsid variant, may

3 NO: 3636, Insonie

In some crobodiments, an AAV capsid polypeptide, ¢.g., £
SEQ I
embodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, may comprise an amino acid
sequence having at least 85% identity to SEQ D NO: 3630, In some embodiments, an AAVY capsid
polvpeptide, e.g., AAV capsid variant, may comprise an amino acid sequence having at least 90%
identily to SEQ D NO: 3636, Insome embodiments, an AAV capsid polypeptide, e.g.. AAV capsid
variant, may conprise an amino acid sequence having at least 95% identity to SEQ 1D NO: 3636, in
some embodiments, an AAV capsid polypeptide, e.g., AAV capsid variant, may comprise an anuino
acid sequence baving at least 96%6 identity to SEQ 1D NO: 3636, Inn some embodinents, an AAY
capsid polyvpeptide, ¢.g2., AAV capsid variant, may conprise an amine acid sequence having at least

7% identity to SEQ 1D NO: 3636, In some enbodirnenis, an AAV capsid polypeptide, e.g., AAV
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capsid variant, may comprise an amino acid sequence having at least 98% identity to SEQ 1D NO:
3636. In some embodimends, an AAV capsid polypeptide, e.g., AAVY capsid variant, may comprise an
amino acid sequence having at least 99% identity to SEQ 1D NO: 3636,

{0454}  Insonec eobodiments, an AAV capsid polypeptide, ¢.g., AAV capsid vadant, may have
an amino acid sequence comprising SEQ ID NO: 3636, In some embodiments, the AAV capsid
variant comprises the amino acid sequence of SEQ 1D NO: 3636,

{0455] 1o some erobodiments, an AAV capsid polypeptide, e.g., AAV capsid variast, may have

an amino acid sequence consisting of SEQ ID NO: 3636,
{0456]  Insonw eodbodiments, an AAV capsid polypeptide, e.g., AAV capsid vadant, compasing
an amine acid sequence given as SEQ 1D NO: 3636 15 encoded by a nucleic acid sequence comprising
SEQ D NO: 3623, In some embodiments, an AAV capsid polypeptide, e.g.. AAV capsid vanant,
coraprising an amine acid segoence given as SEQ I3 NG: 3636 is encoded by a codon-optinized
nucleic acid sequence having 50%, 31546, 52%, $3%, 4%, 55%, 56%, 57%, 58%, 59%, 60%, 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, T2%, 73%, 74%, 75%, 76%, 77%, 78%,
T9%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity to SEQ D NO: 3623,
{8457}  Insome embodiments, an AAV capsid polypeptide, e.g., AAV capsid variant, may
comprise an amino acid sequence having at least 80% identity to SEQ 1D NO: 3637, Insome
cmbodiments, an AAV capsid polypeptide, €.g., AAV capsid variant, may comprise an aming acid
sequence having at least 85% identity to SEQ ID NO: 3637, In some embodiments, an AAV capsid
polvpeptide, e.g., AAV capsid variant, may coniprise an aming acid scquence having at least 90%
identity to SEQ I NG: 3637, Insone embadirnents, an AAV capsid polypeptide, e.2., AAV capsid
variabt, may conprise an amino acid sequence haviag at least 95% identity to SEQ 1D NG: 3637 In
some embodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, may comprise an anino
acid sequence having at least 96% identity to SEQ I3 NO: 3637, In some embodiments, an AAY
capsid polypeptide, .2, AAV capsid variant, may corprise an amino ackd sequence having at least
97% identity to SEQ I NO: 3637, In some embodiments, an AAV capsid polypeptide, e.g.. AAV
capsid variant, roay comprise an amino acid sequence having at least 98% identity {0 SEQ [D NO:
3637, In some embodiments, an AAV capsid polypeptide, e.g., AAV capsid variant, may comprise 4an
amino acid sequence having at least 99% identity to SEQ ID NQ: 3637,
{6458}  Insome embodiments, an AAV capsid polypeptide, e.g., AAV capsid variant, may have
an amino acid sequence comprising SEQ 1D NO: 3637, In some embodiments, the AAV capsid
variant comprises the amino acid sequence of SEQ ID NOG: 3637,
{3459]  Insome embodiments, an AAV capsid polvpeptide, e.g., AAV capsid variant, may have

an amino acid sequence consisting of SEQ 1D NG: 3637
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{84681  Insonic cobodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, comprising
an amino acid sequence given as SEQ ID NO: 3637 is encoded by a nucleic acid sequence comprising
SEQ 1D NO: 3624 o7 3625, In some embodiments, an AAV capsid polypeptide, ¢.g., AAV capsid
variant, comprising an amino acid sequence given as SEQ 1D NO: 3637 is encoded by a codon-
optimized aucleic acid sequence haviag 530%, 51%%, 52%, 53%, 54%, 55%. 56%0, §7%, 58%, 59%,
0%, 6 1%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, T1%, T2%, 73%, T4%, 75%, T6%,
77%, T8%, T9%, 80%, 1%, 82%, 83%, 84%, 83%, &5Y%, 87%, 88%, 89%, 90%, 919, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ ID NG 3624 or 3625

{0461}  Tusome erobodiments, an AAV capsid polypeptide, c.g., AAV capsid variaot, may
comprise an amino acid sequence having at least 80% identity to SEQ 10 NO: 3638, Insome
cmbodiments, an AAY capsid polypeptlide, ¢.g., AAV capsid variant, may comprise an amino acid
sequence having at least 85% identity to SEQ ID NO: 3638. In some ermbodiments, an AAY capsid,
¢.g., AAY capsid variant, may comprise an amino acid sequence having at least 90% identity to SEQ
1D NO: 3638, In some embodiments, an AAV capsid polypeptide, e.g., AAY capsid variant, may
comprise an amino acid sequence having at least 93% identity to SEQ 1D NG: 3638, In some
embodiments, an AAV capsid polypeptide, e.g.. AAV capsid variant, may comprise an amino acid
sequence having at least 96% identity to SEQ ID NO: 3638, In some embodiments, an AAV capsid
polvpeptide, e.z., AAV capsid variant, may comprise an amino acid sequence having at least 97%
identity to SEQ I NG: 3638, Insone embaodirnents, an AAV capsid polypeptide, ¢.2., AAV capsid
variabt, may conprise an amino acid sequence haviag at least 98% identity to SEQ 1D NG: 3638 In
some embodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, may comprise an amino
acid sequence baving at least 99% identity to SEQ ID NO: 3638

{0462}  Insome crobodiments, an AAY capsid polypeptide, ¢.2., AAV capsid variast, may have
an arning acid sequence comprising SEQ 1D NO: 3638, In some embodiments, the AAV capsid
vaniant comprises the amine acid sequence of SEQ 1D NQO: 3638.

{3463} Insome embodiments, an AAV capsid polypeptide, e.g.. AAV capsid variant, may have
an amino acid sequence consisting of SEG ID NO: 3638,

{8464}  Insome crbodiments, an AAY capsid polypeptide, €.z, AAV capsid variant, comprising
an amino acid sequence given as SEQ ID NO: 3638 is encoded by a nucleic acid sequence comprising
SEQ 1D NO: 3626, In some embodiments, an AAY capsid polypeptide, ¢.g., AAVY capsid variant,
comprising an amng acid sequence given as SEQ ID NO: 3638 is encoded by a codon-optinnzed
nucleic acid sequence having 50%, S1%, 52%, 33%, 54%, 53%, 56%, 57%, 38%, 59%, 60%, 61%,
62%»639&61%&05%}6%,067?%689@69%57@%n71%g7q1573%) 4%, 75%, 76%, T7%, 78%,
79%, B0%%, 1%, 82%, 83%, 84Y% o, 86%, 87%, 88%, 89Y%%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% idemity to SEQ 1D NO: 3626.
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{8463]  Insonic cobodiments, an AAV capsid polypeptide, ¢.g., AAV capsid vadant, may
coraprise an amino acid sequence having at least 80% identity to SEQ ID NO: 3639, Insome
cmbodiments, an AAV capsid polypeptide, ¢.g.. AAV capsid variant, may comprise an amino acid
sequence having at least 853% identity to SEQ ID NO: 3639, In some embodiments, an AAV capsid
polvpeptide, ¢.g., AAV capsid variant, may comprise an amino acid scquence having at least 90%
wdentity to SEQ 1D NGO 3639, Insome embodiments, an AAV capsid polypeptide, ¢.g., AAV capsid
variabt, may conprise an amino acid sequence haviag at Jeast 95% identity to SEQ 1D NG: 3639, In
some embodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, may comprise an amino
acid sequence having at least 96% identity to SEQ ID NG: 3639. In some embodiments, an AAV
capsid polypeptide. e.g., AAV capsid vartani, may comprise an amino acid sequence having al least
97% identity to SEQ 1D NO: 3639. In some embodiments, an AAV capsid polypeptide, e.g., AAV
capsid variant, may comprise an amino acid sequence having at least 98% identity to SEQ [D NO:
3639. In some embodiments, an AAV capsid polypeptide, e.g., AAV capsid variani, may comprise 4an
amino acid sequence having at least 99% identity to SEQ D NO: 3639,
{6466]  Insome embodiments, an AAV capsid polypeptide, e.g.. AAV capsid variant, may have
an amino acid sequence comprising SEQ 1D NO: 3639, In some embodiments, the AAV capsid
variant comprises the anino acid sequence of SEQ ID NOG: 3639,
{8467  In some embodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, may have
an amino acid sequence consisting of SEQ 1D NO: 3639,
{8468]  Insone cobodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, comprising
an amine acid sequence given as SEQ 1D NO: 3639 is encoded by a nucleic acid sequence comprising
SEQ I3 NO: 3627, In some embodimends, an AAV capsid polypeptide, e.g., AAV capsid vanand,
coraprising an amino acid sequence given as SEQ I NO: 3639 is encoded by a codon-optionized
nucleic acid sequence having 50%, 31%, 52%. 33%, 54%, 55%, 56%, 57%, 5&%, 59%, 60%, 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, T1%, T2%, 73%, 4%, 75%. T76%, T7%, 78%,
Yo, 80%, 81%, 82%, 83%, B4%, 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%. 97%, 98%, or 99% identity to SEQ ID NO: 3627.
{8469]  Insome crmbodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, may
comprise an amino acid sequence having at least 80% identity to SEQ 1D NO: 3648, In some
cmbodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, may comprise an amino acid
sequence having at least 85% identity to SEQ 1D NO: 3640, In some embodiments, an AAV capsid
polvpeptide, e.g., AAV capsid vanant, may comprise an aming acid sequence having at least 90%
identity to SEQ ID NO: 3640, In some embodiments, an AAV capsid polypeptide, e.g., AAV capsid
variant, may comprise an amino acid sequence having at feast 95% identity to SEQ ID NO: 3640, In
some embodiments, an AAY capsid polypeptide, e.g., AAV capsid variant, may comprise an anino

acid sequence having at least 96% identity to SEQ 1D NO: 3640, In some embodinents, an AAVY
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capsid polypeptide, e.g., AAV capsid variant, may comprise an amino acid sequence having at feast
97% identity to SEQ ID NO: 3640, Tn some embodinents, an AAV capsid polypeptide, e.g., AAV
capsid variant, pyay comprise an amino acid sequence having at least 98% identity to SEQ ID NO:
3640. 1o sorne crobodiments, an AAV capsid polypeptide, e.g., AAV capsid variant, may comprise an
amioo acid sequence baving at east 99% identity to SEQ ID} NO: 3640,

{0470}  Insome embodiments, an AAV capsid polypeptide, e.g.. AAV capsid vadant, may have

an amine acid sequence comprising SEQ D NO: 3640, In some embodimentds, the AAV capsid
variant comprises the amino acid sequence of SEQ ID NG: 3640,

{0471}  Tosome erobodiments, an AAV capsid polypeptide, ¢.g., AAV capsid variant, may have
an aming acid sequence consisting of SEQ D NO: 3640,

{8472 Insome embodiments, an AAV capsid polypeptide. e g, AAV capsid vadiant, comprising
an amine acid sequence given as SEQ 1D NO: 3640 1s encoded by a nucleic acid sequence conprising
SEQ 3 NO: 3628, 1o some embodumerds, an AAV capsid polypeptide, e.g., AAV capsid vanant,
comprising an amino acid sequence given as SEQ 1D NO: 3640 is encoded by a codon-optimized
nucleic acid sequence having 50%, 51%, 52%, 33%, 34%, 35%, 36%, 57%, 58%, 59%, 60%, 61%,
62%, 63%, 64%, 653%, 66%, 67%, 68%, 69%, 70%, T1%, 72%, 73%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 83%, 86%. 87%, 88%, 89%, 90%, 91%, 92%, 93%, 04%, 95%,
96%, 97%, 98%, or 99% identity to SEQ 1D NO: 3628.

{84731  Insome enbodimenis, an AAV capsid polvpeptide, ¢.g., an AAV capsid variant, described
herein has an increased tropism for a CNS cell or tissue, ¢.g., a brain cell, braig tissue, spinal cord
cell, or spinal cord tissue, relative 1o the tropism of a reference sequence comprising the amino acid
sequence of SEQ D NO: 138,

{8474} 1o some embodiments, an AAV capsid polypeptide, ¢.2., an AAV capsid variant, described
berein trapsdoces a brain region, 2.2, selecied from dendate aucleus, cercbellar cortex, cerebral cortex,
brain steo, hippocampus, thalarmus and putamen. In some embodiments, the level of transduction of
said brain region is at least 5, 10, 30, 100, 200, 300, 1,060, 2,000, 5,000, or 10.000-fold greater as
compared to a reference sequence of SEQ 1D NO: {38,

{3475)  Insome embodiments, an AAV capsid polypeptide, e.g., an AAV capsid variani, described
herern is enriched at least abowd 5, 6, 7, 8, 9, or 18-fold, in the brain compared to a reference sequence
of SEQ I3 NG: 138, In some embodiments, an AAVY capsid vanant described herein is enriched at
least about 20, 30, 40, or 50-fold in the brain compared to a reference sequence of SEQ 1D NO: 138,
In some embodiments, an AAV capsid variant described herein is enriched at feast about 100, 200,
300, or 400-fold in the brain compared to a reference sequence of SEQ 1D NG: 138,

{86476}  Insome embodiments, an AAV capsid polypeptide, ¢.g., an AAV capsid variant, described
herein delivers an increased level of viral genores to a brain region. In some embodiments, the level

of viral genomes is increased by at least 5, 10, 20, 30, 40 or 50-fold, as compared to a reference
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sequence of SEQ 1D NO: 138, In some embodiments, the brain region comprises a frontal cortex,
sensory cortex, motor cortex, putamen, thalamus, cerebellar cortex, dentate nucleus, caudate, and/or
hippocampus.

{64777 Insone eombodiments, an AAV capsid polypeptide, ¢.g., an AAV capsid variant, described
herein delivers an increased level of a payload to a brain region. In some embodiments, the level of
the pavload is increased by at least 5, 10, 50, 100, 200, 500, 1,000, 2,000, 5,000, or 10,000-fold, as
corapared o a reference sequence of SEQ ID NG: 138, Insome embodimeants, the bratn region
coraprises a frontal cortex, sensory cortex, motor cortex, putamen, thalamos, cerebellar cortex, dentate
nocleus, caudate, and/or hippocampus.

{8478]  Insome crmbodiments, an AAV capsid polypeptide, ¢.g., an AAV capsid variant, described
herein delivers an increased level of a payload o a spinal cord region. In some erbodiments, the
level of the pavload is increased by at least 10, 20, 50, 1080, 200, 300, 400, 500, 600, 700, 800 or 900-
fold, as compared to a reference sequence of SEQ ID NO: 138, In some embodiments, the spinal cord
region comprises a cervical, thoracic, and/or himbar region,

{34781 Insome embodiments, an AAV capsid polypeptide, ¢.g., an AAYV capsid variant, described
herein shows preferential transduction in a brain region relative fo the transduction in the dorsal 100t
ganglia (DRG).

{648¢]  Insome embodiments, an AAV capsid polypeptide, ¢.g., an AAV capsid variant, described
herein has an increased tropism for a nwiscle cell or tissue, ¢.g., a heart cell or tissne, relative to the
tropism of a reference sequence comprising the amino acid sequence of SEQ ID NO: 138, In some
cmbodiments, the AAY capsid variant delivers an increased lfevel of a pavload o a muscle region. In
some embodiments, the payload is increased by at least 10, 15, 20, 30, or 40-fold, as compared to a
reference seqquence of SEQ ID NO: 138, Insonme embodiments, the rausclke region comprises a heart
muscle, quadriceps mwscle, and/or a diaphragm muscle region, To sore embodiments, the muscle
region comprises a heart muscle region, e.g.. a heart atnom mascle region or a heart ventricle muscle
region.

{0481F  Insome embodiments, an, AAY capsid polvpeptide, e.g.. an AAV capsid variant, of the
present disclosure is isolated, e.g., recombinant. In some embodiments, a polynucleotide encoding an
AAY capsid polypeptide, .., an AAV capsid variant, of the present disclospre is isolated, e.g.,
recombinant.

{482]  Inany of the DNA and RNA sequences referenced and/or described heretn, the single
letter symbol has the following description: A {or adenine; C for cytosing; G for guanine; T for
thymine; U for Uracil; W for weak bases such as adenine or thymine; S for strong nucleotides such as
cytosine and guanine; M for amine macleotides such as adenine and cytosine; ¥ for keto nucleotides
such as guanine and thymine; R for purines adenine and gnanine; Y for pvrimidine cytosine and

thymire; B for any base that is not A (¢.g., cytosine, guanine, and thvaine); D for any base that is not
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C (c.g., adenine, guanine, and thvinine); H for any base that is not G (e.g., adenine, cytosine, and
thymine); V for any base that is not T {e.g., adenine, cytosine, and gnanine); N for any nucleotide
{which is not a gap); and Z is for zem.
{04831  Tnanv of the amine acid sequences referenced and/or described heeein, the single letter
symbol has the following description: G (Gly) for Glycine; A (Ala) for Alanine; L {Len) for Leucing;
M (Met) for Methionine; F (Phe) for Phenyialamine; W (Trp) for Tevptophan; K (Lys) for Lysine; Q
(Gl for Glutamine, E {Glo) for Glutamic Acid; S {Ser) for Serine; P (Pro) for Proline; V (Val) for
/atine; 1 (1le} for Iscleucine; C (Cys) for Cysteine; Y (Tyvr) for Tyrosine; H (His) for Histidine; R
(Arg) for Arginine; N (Asn} for Asparagine; D (Asp) for Aspartic Acid; T {Thr) for Threonine; B
(Asxy for Aspartic acid or Asparagine; J {Xle) for Leucine or Isoleucine; O (Pyvi) for Pyrrolysine; U
(Sec) for Selenocysteine; X (Xaa) for any apuno acid; and Z (Gx) for Ghtamine or Ghitamic acid.
{0484F  Also provided herein are polynucieotide sequences encoding any of the AAYV capsid
variants described above and AAV particles, vectors, and cells comprising the same.
AAY serotypes and capsids
{3485]  Insome embodiments, an AAV particle of the present disclosure may comprise or be
derived from any natural or recombinant AAVY serotype. AAV serotypes may difier in characteristics
such as, but not imited to, packaging, tropisny, transduction and immunogenic profiles. While not
wishing to be bound by theory, it is believed in some embodiments, that the AAV capsid protein, e.g.,
an AAV capsid variant, can modulate, ¢.g., direct, AAV particle tropisnt o a particular tissue.
{8486]  Insonec cobodiments, an AAV particle may have a capsid profein, e.g., an AAV capsid
variant, and {TR sequences denved from the same parent serotype (6.8, AAVZ capsid and AAV2
{TRs). Inanother embodiment, the AAV particle may be a pseudo-typed AAV particle, wherein the
capsid protein and TR seqoences are dertved from different parent serotypes (6.8, AAVY capsid and
AAV2 ITRs; AAV2/9).
{0487}  The AAV particles of the present disclosure may comprise an AAV capsid protein, ¢.g., an
AAY capsid variant, with a peptide, ¢.g., targeting peptide, inserted into the parent sequence. The
parent capsid or serotype may compnise or be derived from any natural or recombinani AAY serctype.
As psed berein, a “parent” sequence is a nuclectide or amino acid sequence into which a targeting
sequence 18 tnserted (¢.g., a nucleotide insertion into nucleic acid sequence or amine acid sequence
insertion into anming acid sequence).
{8488]  In certain embodiments, the parent AAV capsid nucleotide sequence, ¢.g., a parental
nucleic acid sequence, 1s as set forth in SEQ ID NO: 137, In some embodiments, the parent AAYV
capsid nucleotide sequence comprises the nucleic acid sequence of SEQ 1D NO: 137, or a nucleic acid
sequence substantially identical (¢.g., having at least about 70%, 75%, 80%, 85%, 90%, 92%, 95%,
97%, 98%, or 99% sequence identity) at least thereto. In some embodiments, the parent AAV capsid

amino acid sequence, ¢.g., the parental sequence, is encoded by the nucleic acid sequence of SEQ ID
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NO: 137, or a nucleic acid sequence substandially identical {e.g., having at least about 70%, 75%,
80%, 85%, 90%, 929, 95%, 97%, 98%, or 99% soquence identity) at least thereto.

{048%]  1nsoniec cobodiments, the parent AAV capsid nucleotide sequence is a K449R variant of
SEQ D NO: 137, wherein the codon encoding a fysine (e.g., AAA or AAG) at position 449 in the
amino acid sequence (nucleotides 1345-1347) is exchanged for one encoding an arginine (CGT, CGC,
CGA, CGG, AGA, AGG). In some embodiments, the K449R variard has the same function as wild-
type AAVY

{0493]  Toscme embodiments, the parent AAV capsid amino acid sequence, ¢.g., a parenial amino
acid sequence, is as set forth in SEQ B NO: 138,
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{64911  Insonwe eobodiments, the parental sequence compriscs an amino acid sequence
coraprising at least one, two, or three modifications but no more than 306, 20, or 10 modifications, ¢.g.,
substitotions, relative to the amine acid sequence of SEQ ID NO: 138, In sonx embodiments, the
parcnial sequence comprises the amino acid sequence of SEQ 1D NO: 134, or an amino acid sequence
substantially identical (e.g., having at least 70%, 75%, 30%, 85%, 90%, 92%, 95%, 97%, 948%, or
99% sequence identity) thereto. In some embodiments, the parental sequence comprises substitution
at position K449, ¢.g., a K449R substitution.

{84921  1nsome embodiments, the parent AAV capsid amino acid sequence, ¢.g., a parental amino
acid sequence, is as set forth in SEQ D NO: 11 In some cmbodiments, the paremal sequence
comprises an amino acid sequence comprising at least one, fwo, or three modifications but no moie
than 30, 20, or 106 medifications, ¢.g., substitutions, relative to the amino acid sequence of SEQ ID
WO: 11, 1o some erabodiments, the parental sequence comprises the amino acid sequence of SEQ D
NO: 11 oran amine acid sequence substantially identical {e.g., having at least 70%, 75%, 8(0%, 853%,
0%, 92%, 95%, 97%, 98%, or 99% sequence identity) therelo.

{0493} 1o some embodiments, the AAV capsid polvpeptide, e.g.. AAV capsid vatiant, or the
parent AAV capsid may be as described 1o Jackson et al (Frostiers in Molecular Nevtoscience 9:154
{2016)), the contents of which are herein incotporated by reference in their entirety. In some

cribodiments, the AAY serotype of a parent AAV capsid described herein is PHP R or AAVY. In
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some embodiments, the AAV serotvpe of a parent AAV capsid or AAV capsid variand is paired with a
synapsin promoier to enhance neuronal transduction, as compared to when more ubiguitous promoters
arc used (¢.g., CBA or CMV),

{0494}  Tnsone eobodiments the AAV capsid polypeptide, e.g., AAV capsid variant, ot the
parcrt AAV capsid is AAVO, or a variant thereof. In some embodiments, the AAVY capsid comprises
the amine acid sequence SEQ D NGO 138, 1o some crabodiments, the AAVY amsino acid sequence is
2nceded by a noaclectide sequence comprsing SEQ 1D NG 137, In some embodiments, the AAVS
capsid comprises an arnino acid sequence at least 70% identical to SEQ [D NO: 138, suchas, 70%,
75%, 80%, 83%, 90%, 91%, 92%, 93%, 4%, 95%, 96%, 97%, 95%, 9%, or greater than 99%. In
some eimbodiments, the AAVS capsid coraprises a muclectide sequence at least 70% identical to SEQ
1D NG: 137, such as, 70%, 75%, 8%, 85%, 90%, 81%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or greater than 99%.

{8495}  Iusome embodiments, the AAV capsid polypeptide, e.g., AAV capsid variant, or the
parent AAY capsid is AAVY K449R, or a vanant thercof. In some embodiments, the AAVY K449R
capsid comprises the amino actd sequence SEQ 1D NO: 11, In some embodiments, the AAVY K449R
capsid comprises an amino acid sequence at keast 70% identical to SEQ 1D NO: 11, such as, 70%,
75%. 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or greater than 99%.
{#8496]  Tn some embodimenis, the AAV capsid polypeptide, ¢.g.. AAV capsid variant, or the
parent AAV capsid comprises an AAVD] sequence. In some embodinents, the AAV capsid
polypeptide, e.g8., AAV capsid vagant, or the parert AAV capsid compuses an AAVDIS sequence. 1o
some embodiments, the AAV capsid polypeptide. ¢.2., AAV capsid vartant, or the parest AAVY capsid
comprises an AAVrhi0 seguence. In some embodiments, the AAV capsid polypeptide, ¢.g., AAV
capsid variant, or the parent AAV capsid comprises an AAVTE sequence. {n some enmbodiments, the
AAV capsid polypeptide, €.2., AAY capsid variant, or the parent AAV capsid comprises
AAVFTHSCT (SEQ ID NG: 8 and 27 of WO2016049230). In some crbodiments, the AAV capsid
polvpeptide, e.g.. AAV capsid vanant, or the parent AAV capsid comprises AAVFIS/HSCE3 (SEQ
1D NO: 16 and 33 of W0O2016049230). In some embodiments, the AAV capsid polypeptide, e.g.,
AAY capsid variant, or the parent AAV capsid comprises AAVFI7/HSCL7 (SEQ D NO: 13 and 35
of W02016049230). In some embodiments, the AAV capsid polypeptide, e.g., AAV capsid variant,
or the parent AAV capsid comprises an AAVS sequence. As a non-limiting example, the AAVS
sequence is SEQ 1D NO: 4 of U.S. Patent No. 6,984,517, the contents of which are herein
incarporated by reference in their entirsty.

{84971 Tnsome embodiments, the AAV capsid polypeptide, e.g.. AAV capsid varant, allows for
biowd brain barrier penetration following intravenous adounisteation. To soree embodiments, the
AAV capsid. ¢.g., AAV capsid variant, allows for blood brain barder penctration following focused

altrascund (FUS), ¢.g., coupled with the mtravencus administration of microbubbles (FUUS-MB), or
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MRI-guided FUS coupled with intravenous administration. In some embodimenis the AAV capsid,
e.¢., AAV capsid variant allows for increased distribution fo a brain region. In some embodiments,
the brain region comprises a frontal coriex, sensory coriex, motor cortey, caudate, dentate nucleus,
cerebeliar cortex, cerebral cortex, brain stern, hippocampus, thalaows, putamen, or a combination
thereof. Insome embodiments, the AAV capsid, e.g., AAV capsid variant allows for preferential
transduction in a brain region relative to the transduction in the dorsal root ganglia (DRG).

{0498]  Insome embodimenis the AAV capsid polypeptide, e.g., AAV capsid variant allows for
mcreased distribution to a spinal cord region. In some embodiments, the spinal region comprises a
cervical spinal cord region, thoracic spinal cord region, and/or humbar spinal cord region.

{8499]  Insome crmbodiments, the AAV capsid polvpeptide, e.g.. AAV capsid variant, is suitable
for intramascolar adrmimstration and/or transduction of muscle fibers. In some embodimenis the AAV
capsid polypeptide, ¢.g.. AAV capsid variant, allows for increased distribution to a muscle region. In
some embodiments, the muscle region comprises a heart muscle, quadriceps muscle, a diaphragm
muscle region, or a combination thereof. In some embodiments, the muscle region comprises a heart
muscle region, .g., a heart atrium muscle region or a heart ventricle muscle region.

{6368}  In some embodiments, one or more rgeting sequence 1s inserted indo a parent AAV
capsid sequence or an AAV capsid polvpeptide, e.g., AAV capsid variant, sequence. As a non-
limiting example, one targeting sequence may be nserted into a parent AAV capsid sequence or an
AAV capsid variant sequence. As a non-limiting example, two targeting scquences may be inserted
o a parent AAV capsid sequence or an AAV capsid variant sequence. As a non-hnuiting example,
theee targeting sequences may be inserted into a parent AAV capsid sequence or an AAY capsid
vatiant sequence. As a nop-limiting cxample, more than three targeting sequences may be inserted
into a parent AAV capsid sequence or an AAV capsid variant sequence.

{6501]  Insome embodiments. an AAV capsid polypeptide. ¢ g.. an AAV capsid variant, described
herern comprises a parental AAY capsid sequence having an insert, e.g., an amino acid sequence as
descrbed in Table § or 2. Insome embodirnents, the parental sequence may comprise al least 1, 2, 3
OF More insert sequences.

{8502}  While not wishing to be bound by theory, it is understood that a parent AAV capsid
sequence or an AAV capsid polypeptide, e.g.. an AAV capsid vanant, comprises a VP1 region. In
some embodiments, a parent AAY capsid sequence or an AAV capsid variant comprises a VP1, VP2
and/or VP3 region, or any combination thereof.

{3503} In some embodiments, the initiation codon for translation of the AAV VP capsid protein,
2.g., a capsid variant, may be CTG, TTG, or GTG as described in US Patent No. US8163543, the
conterts of which are herein incorporated by reference in its entirety.

{6504}  The present disclosure refers to structural capsid proteins (including VP1, VP2 and VP3)

which are encoded by capsid (Cap) genes. These capsid proteins form an outer protein structural shell
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(e.g. capsid) of a viral vector such as AAV. VP capsid proteins synthesized from Cap polynucleotides
generally inchude a methionine as the first amino acid in the peptide sequence (Metl), whichis
associated with the start codon (AUG or ATG) in the corresponding Cap nucleotide sequence.
However, it is common for a fisst-methionine (Metl) residue or generally any first amioo acid (AAD)
to be cleaved off afier or during polvpeptide syathesis by proiein processing enzyoxs such as Mei-
amigopeptidases. This “Met/AA-clipping” process often correlates with a corresponding acetylation
of the second aming acid in the polypeptide scquence (¢.g., alanine, valine, serine, threonine, ¢ic.).
Met-clipping commonty occurs with VP1 and VP3 capsid proteins bud can also occur with VP2 capsid
proteins,

{3505] Where the Met/AA-clipping is incomplete, a mixtore of one or ruore {one, two or three)
VP capsid proteins comprising the viral capsid may be produced, some of which may include a
Metl/AAT amino acid (Met+/AA+) and some of which may lack a Metl/AAT amino acid as a result
of Met/AA-clipping {Met~/AA-). For further discussion regarding Met/AA-~clipping in capsid
proteins, see Jin, et al. Direct Ligud Chromatography/Mass Spectrometry Analysis for Complete
Characterization of Recombinant Adeno-Associated Viras Capsid Proteins. Hum (Gene Ther Methods.
2017 Oct. 28(5):255-267; Hwang, et al. N-Terminal Acciylation of Cellular Proteins Creates Specific
Dregradation Signals. Science. 2010 February 19. 327(5968): 973-977; the contents of which are each
incorporated herein by refercnce 1n s endirety.

{0506]  According to the present disclosure, references o capsid proteins, e.g., AAV capsid
variants, is not limited to either clipped (Met-/AA-} or unchipped (Met+/AA+} and may, in context,
refer to independent capsid proteins, viral capsids conprised of a mixture of capsid proieins, and/or
polynucleotide sequences (or fragruents therea!y which encode, describe, produce or result in capsid
proteins of the present disclosure. A direct reference to a capsid protein or capsid polypeptide (such as
VP1, VP2 or VP2 may also compuise VP capsid proteins which inchude 3 Metl/AAT amino acid
(Met+/AA+) as well as corresponding VP capsid proteins which lack the Metl/AAT aminc acid as a
result of Met/AA-clipping (Met-/AA-).

{6507}  Further according to the present disclosure, a reference to 4 specific SEQ 1D NO: (whether
4 protein or nucleic acid) which comprises or encodes, respectively, one or more capsid proteins
which include a Metl/AAT amino acid (Met+/AA+) shoudd be understood o teach the VP capsid
proteins which lack the Metl/AAT amino acid as upon review of the sequence, it is readily apparent
any sequence which merely lacks the first listed amino acid (whether or not Metl/AAT).

{808]  As a non-limiting example, reference to a VP1 polvpeptide sequence which is 736 amino
acids in length and which includes a “Met1” amino acid (Met+) encoded by the AUG/ATG start
codon may also be understond o teach a VP1 polypeptide sequence which 18 735 amino acids in
length and which does not include the “Metl” amine acid (Met-) of the 736 amino acid Met+

sequence. As a second non-hniting example, reference (o a VPI polypeptide sequence whichis 736
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amino acids in length and which includes an " AA1” anino acid (AA1+) encoded by any NNN
initiator codon may also be undersicod to feach a VP1 polypeptide sequence which 18 735 amino acids
in length and which does not inchide the “AAL” amino acid (AAT~) of the 736 amino acid AALl+
sequence.

{0505}  References to viral capsids formed from VP capsid proteins (such as reference 0 specific
AAV capsid serotypes), can incorporaie VP capsid proteins which include a Metl/AAT amino acid
MetHAA1+), corresponding VP capsid proteins which lack the Met{/A A} amino acid as a result of
Met/AAT-clipping (Met-/AA1-), and conbinations thereof (Met+/AA L+ and Met-/AAL-).

{0816}  As a von-limiting example, an AAV capsid serotype can include VP (Met+/AAL+), VP
{(Met/AAL-), or 3 combination of VP (Met+/AAT+) and VP (Met-/AA ). An AAV capsid
serotype can also tnclade VP3 (Meti/AAL+), VP3 (Met/AATL-), or a combination of VP3
{(Met+/AAT+H) and VP3 (Met/AAL-); and can also inclade similar optional combinations of VP2

(Met+/AA1) and VP2 (Met-/AATL-).

Additional AAY Sequences

{05111  Insome endbodiments, the AAV capsid polvpeptide, e.g., AAV capsid variant, comprises,
or the parent AAV capsid is modified such that, immediately subsequent to position 586, 588, or 589
numibered relative to SEQ ID NO: 138, the AAV capsid variant or the parent AAV capsid polypeptide
cormaprises at least 3, 4, 5, 6, 7, 8, or 9 consecutive amine acids of any of SEQ 1D NOs: 1725-3622 or
3648-3659,

{0512}  Tosome embodiments, the AAV capsid polvpeptide, e.g., AAV capsid variant, or the
patent AAYV capsid described herein does not coraprise an jnse sequence present immediately
subscquent 1o position 586, 588, or 589 mumbered relative (o SEQ [D NO: 138, having at least 5
consecutive aming acids corresponding to positions 586 to 594 numbered relative to SEQ 1D NQO:
138, of any of SEQ D NOs: 1-1724, e.g., as descubed in Table 6.

{3513} Insome embodiments, the AAV capsid polypeptide, e.g., AAV capsid variant, or the
parent AAV capsid may corprise at a position other than 5 consecutive amino acids corresponding to
positions $86 to 594 numbered relative to SEQ 1D NO: 138, an amino acid sequence with 0%, 51%,
52%, 33%, 54%, 53%, 56%, 37%, 38%, 39%, 60%., 61%, 62%, 63%, 64%%, 65%, 66%, 67%, 68%%,
69%, T0%, 71%, 72%, 73%, 74%, 75%, 76%, 77%. 78%, 79%, 80%, 81%%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, $6%, 97%, 98%, 99%, or 100% identity to0
any of those described herein,

{6514}  Inanv of the cmbodiments described herein, a position other than 5 consecutive amino
acids corresponding to positions 386 to 594 numbered relative to SEQ 1D NO: 138 can be identified

bv providing an alignment of a reference sequence and a query sequence, wherein the reference
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sequence 1s SEQ 1D NO: 138, and identifving the residues corresponding to the positions in the quety
sequence that correspond to positions 5806 to 594 in the reforence soquence.
{05151  Insonwe eobodiments, the AAV capsid polvpeptide, e.g., AAV capsid variant, or the
parent AAYV capsid may be encoded by a nucleic acid sequence with 50%, 519, 52%, 53%, 54%,
559, 56%, 57%, 58%, 59%. 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%. 699, T0%, 71%,
2%, 3%, T4%, T5%, T6%. 77%, T8%, 79%, 80%, 1%, 82%, 83%, 84%, B5%, 86%%, 87%, 88%,
29%, S0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98Y%, 99%, or 100% identtty to any of those
described herein, at a position other than § consecutive amino acids corresponding to positions 386 to
5394 numbered relative to SEQ ID NG; 138.
{0516]  Insome crmbodiments, the AAV capsid polypeptide, e g.. AAV capsid variant, or the
parent AAY capsid may be an AAVY, at a position other than 5 consecutive amino acids
corresponding to positions S86 to 594 numbered relative to SEQ 1D NG: 138, In some embodiments,
In some embodiments, the AAV capsid polvpeptide, e.g., AAV capsid vanant, or the parent AAV
capsid may be, af a position other than 5 consecutive amino acids corresponding 1o positions 586 to
594 numbered relative to SEQ ID NO: 138, an AAVOhu 14 (SEQ ID NO: 137 or 138). In some
embodiments, In some embodiments, the AAV capsid polypeptide, e.g., AAV capsid variant, or the
parcnt AAV capsid may be, at a position other than 5 consecutive antino acids corresponding 1o
positions 586 to 394 numbered relative to SEQ D NO: 138, an AAVS K449R (SEQ IDNO: 11, In
some embodiments, the AAV capsid polypeptide, ¢.g., AAV capsid vagant, or the parent AAV capsid
may be, at a position other thae § consecutive amine acids correspanding to positions 586 to 594
numberad relative to SEQ 1D NG: 138, a PHP B (SEQ ID NO: 5 or 6). In some embodimenis, the
AAV capsid polvpeptide, e.g., AAV capsid vanant, or the parent AAV capsid may be, al a position
other than § consecutive amino acids corresponding to positions 386 {o 594 munbered relative (o SEQ
D NG: 138, a PHP N (SEQ D NO: 4). In some embodiments, the AAV capsid polypeptide. e.g.,
AAV capsid vanant, or the parent AAV capsid may be, at a position other than 5 consecutive aming
acids corresponding to positions 386 to 394 numbered relative to SEQ 1D NO: 138, a VOY 101 {(SEQ
1D NG: 1or2). Insome embodiments, the AAV capsid polypeptide, e.g., AAV capsid variant, or the
parent AAV capsid may be, at a position other than 5 consecutive amino acids corresponding (o
positions 386 to 394 numbered relative to SEQ ID NO: 138, a VOY201 (SEQ ID NO: 3 or 1724).
{6517}  Insowme cobodiments, the AAV capsid polvpeptide, e.g., AAV capsid variant, or the
parent AAY capsid may be, at a position other than 5 consecutive amino acids corresponding {o
positions 586 to 594 rumbered relative to SEQ [D NO: 138, an AAVS,
{8518]  Tnsome embodiments, the AAV capsid polypeptide, e.g.. AAV capsid variant, or the
parent AAV capsit may be, at a position other than 5 consecutive amino acids corresponding to
pasitions 386 o 594 sumbered relative to SEQ ID NO: 138, selected from any of the following
VOYI01, VOY201E, AAVPHP.B (PHP.B), AAVPHP A (PHP.A), AAVG2B-26, AAVGIR-13,
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AAVTHL 1-32, AAVTH1.1-35, AAVPHP B2 (PHP.B2), AAVFHP B3 (PHP.B3),
AAVPHP N/PHP B-DGT, AAVPHP B-EST, AAVPHP.B-GGT, AAVPHP.B-ATP, AAVPHP.B-
ATT-T, AAVPHP.B-DGT-T, AAVPHP B-GGT-T, AAVPHP.B-SGS, AAVPHP B-AQP,

AAVPHP B-QOP, AAVPHP.B-SNP(), AAVPHP B-SNP, AAVPHP B-QGT, AAVPHP B-NQT,
AAVPHP B-EGS, AAVPHP.B-SGN, AAVPHP B-EGT, AAVPHP.B-DST, AAVPHP.B-DST,
AAVPHP B-5TP, AAVPHP B-POP, AAVPHP B-5QP, AAVPHP B-QLP, AAVPHP B-TMP,
AAVPHP B-TTP, AAVPHP.S/G2A12, AAVGZAIS/GZA3 (G2A3), AAVG2B4 (G2B4), AAVG2RS
{G2BS), PHP.S, AAVL, AAVZ, AAV2GY, AAVE, AAV3a, AAV3b, AAV3-3, AAVE, AAVE-4,
AAVE AAVS, AAVE.E, AAVE 2L, AAVO 1.2, AAVT, AAVT.2, AAVE, AAVY, AAVY K449R,
AAVI 1L, AAVS. 13, AAVYI6, AAVY .24, AAVO 45, AAVI AT, AAVI L, AAVE.68 AAVY. 84,
AAVHD, AAVIO, AAVEL AAVIZ AAVIG3, AAV24.1, AAV2T.3, AAVA2 12, AAV42-1b,
AAV4E2-2 AAV4A2-3a, AAVA2-3b, AAVA2-4, AAV42-5a, AAV4Z-5b, AAV42-6b, AAV42-8,
AAVA2-10, AAVAZ-11, AAVEZ-12, AAVA2-13, AAVA2-15, AAV4Z-aa, AAV43-1, AAVE3-12,
AAVA3-20, AAVA3-21, AAVE3-23, AAVA3-25, AAVA3-5, AAVEL T, AAV4A42, AAVE4S,
AAV223.1, AAV223.2, AAV223 4, AAV223.5, AAV223.6, AAV223.7, AAV1-T/th48, AAVI1-
49, AAVZ-15/62, AAV2-3/th 61, AAVZ-4/1h .50, AAV2-5/11 51, AAV3. V6, AAV3. 9,
AAV3-9/1h. 52, AAV3-11/rh.53, AAVA-8/r11.64, AAVA-9Th 54, AAVE-19/1h 55, AAVE-3/th 57,
AAVS-22/th 58, AAVT 37, AAVIS 8/he 10, AAVI6 124w 11, AAVIS.3/8b.1, AAV29.5/bb.2,
AAVIOO Ub37, AAVIE 3/buwd0, AAVIZT 2/budt, AAVI2T 5/hud2, AAVI28 3/budd,
AAVI30. 4/ 48, AAVEISS T/ 53, AAVEIAS 5/bu 54, AAVESS 6/ 53, AAVI61 10/hu 60,
AAVISLo/lnol, AAV33 12/ 17, AAV33.4/he 15, AAV3S 8/hu 1o, AAVS2/hu 19,
AAVS2 1/ha 20, AAVI82/m25, AAVA3 3, AAVAS 4, AAVA3 S AAVA3.T, AAVCL, AAV(2,
AAVCS, AAV-DJ, AAV-DI8, AAVF3, AAVFS, AAVH2, AAVHLT2, AAVIuS, AAVHLGS,
AAVTh70, AAVPLL, AAVRL3, AAVPLZ, AAVTh 60, AAVrh 44, AAVTh 65, AAVTh 35, AAVTh47,
AAVTh6Y, AAVTh 4S5, AAVTh 59, AAVhe 12, AAVHG, AAVLKO3, AAVH-T/ha 1, AAVH-5/hu 3,
AAVLG-10/rh 40, AAVLG-4/rh 38, AAVLG-9/hu.39, AAVNT21-8/rh 43, AAVCh. S, AAVCh SR,
AAVey.2, AAVeY.3, AAVey 4, AAVey 5, AAVCY SR1, AAVCY SR2, AAVCY.SR3, AAVCy SR4,
AAVCY.6, AAVH], AAVIL.2, AAVIu3, AAVhu 4, AAVILS, AAVhus, AAVhiLT, AAVIu.9,
AAVR 10, AAVER 1L AAVILTE3, AAVRe. 15, AAVI. 16, AAVER 17, AAVIL I8, AAVhu.20,
AAVIu.Z1, AAVIR22, AAVRL23.2, AAVRe .24, AAVRe. 25, AAVBu.27, AAVE.28, AAVhu 29,
AAVIU.29R, AAVRn 31, AAVIG 32, AAVBR34, AAVER3S, AAVR.37, AAVHe.39, AAVhuw40,
AAVhu 41, AAVI42, AAVER.43, AAVhe 44, AAVHhu 44R], AAVE44R2, AAVIRL44R3,
AAVhu 45, AAVIN46, AAVER47, AAVho 48, AAVha 48R 1, AAVhEu 48R2, AAVINL48R3,
AAVHhu 49, AAVISE, AAVHER. 52, AAVhe 534, AAVRa. 55, AAVI56, AAVER.57, AAVhe 53,
AAVHhu60, AAVILOL, AAVEN63, AAVhe 64, AAVHhu.66, AAVIN6T, AAVI. 14/9, AAVhut 19,
AAVhZ, AAVTh 2R, AAVTh 8, AAVIh B8R, AAVTHR 10, AAVTR12, AAVYIR13, AAVTRI3R,
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AAVTH.14, AAVIh.17, AAVTh. 18, AAVTH.19, AAVTh20, AAVTh 21, AAVTh22, AAVTh 23,
AAVTHh 24, AAVTH.25, AAVIH3E, AAVIR32, AAVIR33, AAVh.34, AAVTh 35, AAVTH 36,
AAVTR.37, AAVIh.3TRZ, AAVTh 38, AAVTh.39, AAVTh40, AAVHh40, AAVh48, AAVIR48.1,
AAVIH A8 1.2, AAVrh48.2, AAVR4AY, AAVHST, AAVIR3E2, AAVIRSS, AAVIh .34, AAVTh. 56,
AAVTH. 37, AAVTHh.5%, AAVIR.G6E, AAVh.64, AAVEh 64R 1T, AAVh64R2, AAVEh 67, AAVALTS,
AAVH. 74, AAVIBER, AAVIRSR A386R owtant, AAVIhSR R533A mutant, AAAV, BAAVY, caprine
AAV, boving AAV. AAVHREL L AAVHErL.S, AAVRERT. 14, AAVHErL .8, AAVhErl 16,
AAVRErT 18, AAVhErl 35, AAVHErL.7, AAVEErL 36, AAVREX2 29, AAVhE2 .4, AAVhE? 16,
AAVHE2 30, AAVRER 31, AAVHER2 .36, AAVHERT.23, AAVREG. |, AAVZ ST | AAV-PAEC,
AAV-LEKOL, AAV-EKO2, AAV-LKO3, AAV-LKO4, AAV-LKOS, AAV-LKO6, AAV-LKO7, AAV-
LKO8, AAV-LKO9, AAV-LKI0, AAV-LK1, AAV-LKI2, AAV-LKI3, AAV-LK14, AAV-LK13,
AAV-EKIS, AAV-LKET, AAV-LKIE, AAV-LK19, AAV-PAEC2, AAV-PAEC4Y, AAV-PAECSH,
AAV-PAECT, AAV-PAECS, AAV-FAECH], AAV-PAECI2, AAV-2-pre-miRNA-101 | AAV-8h,
AAV-8b, AAV-h, AAV-b, AAV SM 10-2 , AAV Shuffle 100-1, AAV Shuffle 100-3, AAV Shuffle
100-7, AAV Shuffle 10-2, AAY Shufile 10-6, AAV Shuffle 10-8, AAV Shuffle 100-2, AAV SM 10-
i, AAV SM 10-8 | AAV 8M 100-3, AAV SM 100-10, BNPS1 AAV, BNPGZ AAV, BNPG3 AAYV,
AAVHRS0, AAVR4Z, AAVR G2, AAVRAS, AAVIu 19, AAVEu. 1L, AAVELS3, AAV4E-8/rh.64,
AAVLG-9hu39, AAVS4.5/bn.23, AAVS4 2/hu. 22, AAVS4 7/hu24, AAVS4 Vhu2t,
AAVS44RM27, AAVE6 2/hu 28, AAV46.6/hu.29, AAVIZE. 1/bu 43, tue type AAYV (HAAV),
UPENN AAYV 10, Japanese AAY 10 serotypes, AAV CBe-7.1, AAV CBr-7.10, AAV CBr-7.2, AAV
CBr-7.3, AAV CBr-7.4, AAV CBr-7.3, AAV CBr-7.7, AAV CBr7.8, AAV CBr-B7.3, AAV CBr-
B7.4, AAV CBr-EL, AAV CBr-EZ, AAV UBr-E3, AAV CBr-E4, AAV CBr-ES, AAV CBr-¢5, AAV
CBr-E6, AAV CBr-E7, AAV CBr-E8, AAV CHt-1, AAV CHt-2, AAV CHt-3, AAV CHi-0.1, AAY
CH-6.10, AAV CH-6.5, AAV CH1-6.6, AAV CHI-60.7, AAV CHt-6.8, AAYV CHE-P1, AAV CHi-P2,
AAV CHE-PS, AAY CHe-PS, AAYV CHI-P8, AAV CHi-P9, AAV CKd-1, AAV CKd-10, AAV CKa-
2, AAV CKd-3, AAV CKd-4, AAV CKd-6, AAV CKd-7, AAV CKd-8, AAV CRd4-B1, AAV CKd-
B2, AAV CKd-B3, AAV CKd-B4, AAV CKd-B5, AAV CKd-B6, AAV CKd-B7, AAV CKd-BS,
AAV CK4-H1, AAV CKd-H2, AAV CKd-H3, AAV CKd-H4, AAV CKd-HS, AAV CKd-H6, AAYV
CKd-N3, AAV CKd-N4, AAY CKA-N9, AAV CLg-FI, AAV CLg-F2, AAV CLg-F3, AAV CLg-F4,
AAY CLg-F5, AAV CLg-F6, AAV CLg-F7, AAV CLg-F8, AAV CLv-1, AAV CLvi-1, AAV Civi-
10, AAV CLvi-2, AAV Civ-12, AAV CLvi-3, AAV Cly-13, AAYV CLvi4, AAV Cvi-7, AAV
Civl-8, AAV Clvl-9, AAY CLv-2, AAV CLv-3, AAV CLv-4, AAV CLv-6, AAV CLv-8, AAV
Chv-D31, AAV CLv-D2, AAV CLv-D3, AAV CLv-DM4, AAV CLv-DS, AAV CLv-D6, AAV CLy-
D7, AAV CLv-D&, AAV CLv-El, AAV CLv-Ki, AAV CLv-K3, AAV CLv-K6, AAV CLv-14,
AAV CLv-L5, AAV CLv-L6, AAV Chv-M1, AAV CLv-M11, AAV CLv-M2, AAV CLv-M3, AAV
Chv-Mo6, AAV CLv-M7, AAV CLv-M8, AAV CLv-M9, AAV CLv-R1, AAV CLv-R2, AAV CLv-
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R3, AAV CLv-R4, AAV CLv-R5, AAV CLv-R6, AAV CLv-R7, AAV CLv-R8, AAV CLv-R9, AAV
CSp-1, AAV CSp-10, AAV C8p-11, AAV CS8p-2, AAV C8p-3, AAV CSp-4, AAV CSp-6, AAVY
CSp-7, AAV CSp-8, AAV CSp-8.10, AAV CSp-8.2, AAV CSp-8.4, AAV CSp-8.5, AAV CSp-8.6,
AAV CSp-8.7, AAV CSp-8.8, AAV CSp-8.9, AAV CSp-9. AAV hu 48R3, AAV.VR-355, AAVIB,
AAVE, AAVS, AAVFIHSCE, AAVFLIJHSCL, AAVFI2/HSCI2, AAVFIZ/HISCES,
AAVFI4/HSCH4, AAVFISHSCLS, AAVFIEHSCL6, AAVFITHSCLT, AAVF2/HSC2,
AAVF3HSC3, AAVF4/HSCA, AAVESMHSCS, AAVFS/HSCo, AAVFT/HSCT, AAVFS/HSCS,
and/or AAVEFS/HSCY and vanants thereof.

{3519] Insome embodiments, the AAV capsid polypeptide, ez, AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive aming acids conresponding
to positions 586 to 594 numbered relative to SEQ D NO: 138, a sequence as described i United
States Pablication No. US20030138772, the contents of which are herein incorporated by reference in
their entirety, such as, but not imited to, AAVI (SEQ ID NO: 6 and 64 of US20030138772), AAV2
(SEQ ID NOG: 7 and 70 of US20030138772), AAV3 {SEQ ID NO: 8 and 71 of US20030138772),
AAVE (SEQ IDNO: 63 of US200306138772), AAVS (SEQ ID NO: 114 of US20030138772), AAVE
(SEQ ID NO: 65 of US20030138772), AAVT (SEQ ID NO: 1-3 of US20030138772), AAVS (REQ
1D NG: 4 and 95 of US20030138772), AAVY (SEQ 1D NO: 5 and 100 of US20030138772), AAVIO
(SEQ ID NO: 117 of US20030138772), AAV1I (SEQ 1D NO: 118 of US20030138772), AAVI2
{(SEQ ID NO: 119 of US20030138772), AAVrhI0 (amino acids 1 to 738 of SEGQ D NO: 81 of
US20030138772), AAVIE.3 (US20030138772 SEQ I NO: 103, AAV29.3/bb.1 (US20030138772
SEQ ID NG 11), AAV29.4 (US20030138772 SEQ ID NO: 123, AAV29.5/b.2 (US20030138772
SEQ ID NG: 13), AAVLE3 (US20030138772 SEQ ID NO: 14), AAVIZ.3 (US20030138772 SEQ 1D
NQO: 18, AAV24.1 (US20030138772 SEQ ID NO: 16), AAV27.3 (US20030138772 SEQ ID NOG:
17y, AAV7.2 (US20030138772 SEQ ID NO: 18), AAVCT (US20030138772 SEQ D NO: 19),
AAVCS (US20030138772 SEQ ID NO: 26), AAVC3S (US20030138772 SEQ ID NO: 21), AAVF!
(US20030138772 SEQ (D NO: 223, AAVEF3 (US20030138772 SEQ 1D NO: 23), AAVES
(US20030138772 SEQ ID NO: 24), AAVHS (US20030138772 SEQ ID NO: 25), AAVH2
(US20030138772 SEQ 1D NO: 26), AAV42-8 (1US20030138772 SEQ 1D NO: 27), AAV42-15
(US20030138772 SEQ 1D NG: 28), AAV42-5b (US20030138772 SEQ ID NG: 29, AAV42-1b
(US20030138772 SEQ ID NO: 30), AAV42-13 (US20030138772 SEQ ID NO: 31), AAV42-3a
(US20030138772 SEQ ID NG: 32), AAV42-4 (US20030138772 SEQ 1D NG: 33), AAV42-3a
(US20030138772 SEQ I NG: 343, AAV42-10 (US20030138772 SECQ ID NO: 35), AAV42-3b
(US20030138772 SEQ ID NG: 36), AAV42-11 (US20030138772 SEQ I3 NOG: 37), AAV42-6b
(US20030138772 SEQ 1D NO: 38), AAV43-1 (US20030138772 SEQ 1D NO: 39), AAV43.3
(US20030138772 SEQ 1 NG: 40), AAV43-12 (US20030138772 SEQ B NG: 41), AAV43-20
(US20030138772 SEQ I NG: 42), AAV43-21 (US20030138772 SEQ 1D NO: 43), AAV43-23
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(US20030138772 SEQ ID NG: 44), AAV43-25 (US20030138772 SEQ 1D NO: 45), AAV44.1
(US20030138772 SEQ ID NO: 46), AAVA4.5 (US20030138772 SEQ TD NOG: 47), AAV223.1
(US20030138772 SEQ ID NO: 48), AAV223.2 (US20030138772 SEQ ID NO: 49), AAV223 4
(US20030138772 SEQ ID NO: 50y, AAV223.5 (US20030138772 SEQ ID NO: 513, AAV2236
{UR20030138772 SEQ ID NG: §2), AAV223.7 {US20030138772 SEG ID NO: §3), AAVA3 4
(US20030138772 SEQ ID NO: 543, AAVA3.S (US20030138772 SEQ T NG 55), AAVA3T
(US20030138772 SEQ ID NO: §6), AAVAS3 (US20030138772 SEQ ID NO: 37), AAV42.12
(US20030138772 SEQ 1D NG: $8), AAV44.2 (US20030138772 SEQ 1D NG: 59), AAV422
{(US20030138772 SEQ D NO: 9), or variants thereof.

S

{528]  Insome embodiments, the AAV capsid polypeptide, ez, AAY capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive amino acids comresponding
to positions 586 to 594 numbered relative to SEQ D NO: 138, a sequence as described in United
States Publication No. US20130159173, the contents of which are herein incorporated by reference in
their entirety, such as, but not Bmited to, AAV2 (SEQ ID NO: 7 and 23 of US20150159173), rh20
(SEQID NO: 1of US20150159173), rh32/33 (SEQ 1D NO: 2 of US20150159173), th3% (SEQ ID
NQO: 3, 20 and 36 of US20130159173), thd6 (SEQ ID NO: 4 and 22 of US20130159173), th73 (SEQ
1D NG: 5 of US20130159173), th74 (SEQ ID NO: 6 of US20150159173), AAVE. 1 (SEQIDNG 29
of US20130159173), (h.8 (SEQ TD NO: 41 of US20150159173), rh48.1 (SEQ ID NG: 44 of
US26150159173), tw.d4 (SEQ ID NO: 45 of US201850159173), hu.29 (SEQ 1D NGO 42 of
US20150159173), .48 (SEQ ID NO: 38 of US20150159173), rh54 (SEQ 1D NO: 49 of
US20150159173), AAVZ (SEQ ID NG 7 of US20150159173), ¢y.5 (SEQ ID NO: 8 and 24 of
US20150159173), th. 10 (SEQ ID NG: 9 and 25 of USZ0130159173), th.13 (SEQ 1D NG: 10 and 26
of US20150159173), AAVE (SEQ ID NO: 11 and 27 of US20130159173), AAV3 (SEQID NO: 12
and 28 of US20156159173), AAV6 (SEQ 1D NO: 13 and 29 of US20150159173), AAV7 (SEQ 1D
NO: 14 and 30 of US20150159173), AAVE (SEQ ID NO: 15 and 31 of US20150159173), w13
(SEQ D NO: 16 and 32 of US20150159173), hu.26 (SEQ ID NO: 17 and 33 of US20150159173),
hu 37 (SEQ ID NO: 18 and 34 of US20150159173), .53 (SEQ ID NO: 19 and 35 of
US20150159173), rhd3 (SEQ ID NO: 21 and 37 of US20150159173), vh2 (SEQ ID NO: 39 of
US20150159173), th.37 (SEQ 1D NO: 40 of US20150159173), th.64 (SEQ 1D NO: 43 of
US20150159173), rh48 (SEQ 1D NO: 44 of US20150159173), ch.8 (SEQ ID NO 46 of
US20150159173), rhe67 (SEQ ID NO: 47 of US20150159173), .58 (SEQ 1D NO: 48 of
US20150159173), or variants thereof including, but not luarted to Cy3R1, Cy5R2, Cy3SR3, Cy5R4,
SR, rh37R2, th.2R, thi8R, rhd8. 1, rhud8.2, rhd8.1.2, huddR1, i d44R2, hu 4413, hu.29R,
ch.SRI, rhodR 1, rhedR2, AAVE 2, AAVE L, AAV6. 12, 48R 1, hu 48R2, and by 48R3,

{0521  Insome crbodiments, the AAV capsid polvpeptide, e g.. AAV capsid variant, or the

parent AAY capsid may be or bave, at a position other than § consecative amino acids corresponding
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to positions 386 to 594 numbered relative to SEQ ID NO: 138, a sequence as described m United
States Patent No. US 7198931, the contents of which are herein incorporated by reference in their
ertirety, such as, but not limited to, AAVY (SEQ 1D NG: 1-3 of US 7198951), AAV2 (SEQ ID NG 4
of US 7198951), AAVI (SEQ ID NO: 5 of US 7198951), AAV3 (SEQ TR NO: 6 of US 7198951),
and AAVS (SEQ 1D NG: 7 of UST192951).

{0522}  Insome endodiments, the AAV capsid polvpeptide, ez, AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive amine acids coresponding
to positions 386 (o 594 numbered relative o SEQ 1D NO: 138, a mutation in the AAVY sequence as
described by N Pulicherla et al. (Moleovdar Therapy 19(6):1070-1078 (2011), herein incorporated by
reference in s entirety), such as but not bmited to, AAVI 9, AAVS 1L, AAVS.13, AAVO. 16,
AAVO.24, AAVIA5, AAVE 47, AAVI.61, AAVD.68 AAVY .84,

{6523F  Insome embodiments, the AAV serotype, the parent AAV capsid polypeptide, or the
AAV capsid variant may be or have, at a position other than 3 consecutive amino acids comresponding
to positions 586 1o 394 numbered relative to SEQ 1D NO: 138, a sequence as described in United
States Patent No. US 6156303, the contents of which are herein incorporated by reference in their
entirety, such as, but not Hmited to, AAVIB (SEQ ID NO: 1 and 10 of US 6156303), AAVG (SEQ 1D
NO: 2, 7and 11 of US 6156303), AAV2 (SEQ ID NO: 3 and 8 of US 6136303), AAV3A(SEQID
NG: 4 and 9, of US 6156303), or derivatives thereof.

{#524]  Insome embodiments, the AAV serotype, the parent AAV capsid polypeptide, or the
AAY capsid vartant may be or have, at a position other than 3 consecufive amine acids cotresponding
to positions 586 to 594 nunbered relative to SEQ 1D NO: 138, a sequence as described in United
States Publication Neo. US20140359799, the contents of which are herein incorporated by reference in
their entirety, such as, but not Hmited to, AAVS (SEQ ID NG: 1 of USZ0140359799), AAVDI (SECQ
1D NG: 2 and 3 of US20140359799), or varianis thereof

{3525] Insome embodiments, the AAV capsid polypeptide, ez, AAY capsid variant, or the
parent AAV capsid may be, at a position other than 5 conseculive amino acids corresponding {0
positions S86 to 394 numbered relative to SEQ D NG 138, a AAVD] or a variant thereof, such as
AAVDIS (or AAV-DIB}, as described by Grimm et al. (Journal of Virology 82(12): 5887-3911
(2008}, herein incorporated by reference in its entirety). In some embodiments, the amino acid
sequence of AAVDIE may comprise two or more mutations in order o remove the heparin binding
domain (HBD). Tn some embodiments, the AAV capsid polyvpeptide, ¢.g.. AAV capsid variant, or the
parent AAV capsid may comprise, at a position other than 5 consecutive amine acids corresponding
to positions 586 to 594 numbered relative to SEQ 1D NO: 138, the AAV-DIJ sequence described as
SEQID NO: | in US Patent No. 7,588,772, the contents of which are herein incorporated by reference

in their cntirety.
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{6826]  Insonc cobodiments, the AAV capsid polvpeptide, e.g., AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive amino acids corresponding
o positions 5386 1o 594 numbered relative to SEQ ID NO: 138, a sequence of AAVY as described in
International Publication No. W(O1998011244, the contents of which are herein incorporated by
reference in their entirety, such as, but not limited 10 AAV4 (SEQ 1D NO: 1-20 of W(O1998011244).
{0827  Tosome erobodiments, the AAV capsid polypeptide, e.g., AAV capsid variant, or the
parent AAV capsid mav be or have, at a position other than § consecutive amino acids corresponding
to positions 586 to 594 numbered relative to SEQ 1D NG: 138, a mutation 1o the AAVZ sequence o
generate AAV2GY as descubed in Interpational Publication No, W02014144229 and herein
incorporated by reference in its entirety.

{6528] Insome embodiments, the AAV capsid polypeptide, ¢.g., AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive aming acids conesponding
to positions 336 to 594 numbered relative to SEQ B NO: 138, a sequence as described 1n
International Publication No. WQ2005033321, the contents of which are hercin incormporated by
reference in their entirety, such as, but not bmited to AAV3-3 (SEGQ 1D NO: 217 of WO20050333213,
AAVE (SEQ D NO: 219 and 202 of WO2005033321), AAVI06. 1/ .37 (SEQ ID No: 10 of
WO2005033321), AAVII4.3/hu 40 (SEQ ID No: 11 of WO2Z005033321), AAVI27.2/hu41 (SEQ D
NO:6 and 8 of WO2005033321), AAVIZ8.3/hu .44 (SEQ ID No: 81 of WO2005033321),
AAVI30.4/hud8 (SEQ 1D NO: 78 of WO2005033321), AAVI45.1/bu53 (SEQ ID No: 176 and 177
of WO2005033321), AAVI4AS.6/hw 56 (SEQ ID NO: 168 and 192 of WO2005033321),

AAVEG. 12/ha 11 (SEQ B NOG: 153 and 57 of WO2005033321), AAV16.8/hu 10 (SEQ D NG 156
and 56 of WO2005033321, AAVIOL 10/ 60 (SEQ 1D No: 176 of WO2005033321),
AAVEI61.6/Mu .61 (SEQ 1D No: 174 of WO2005033321), AAVI-7Ah 48 (SEQ ID NO: 32 of
WO2005033321), AAVI-8/rh.49 (SEGQ 1D NOs: 103 and 23 of WO2005033321), AAV2 (SEG 1D
NG 211 and 221 of WOZOGS033321), AAV2-15/th62 (SEGQ ID No: 35 and 114 of WOZ005033321),
AAV2-3/th 6l (SEQ ID NO: 21 of WOZ005033321), AAVZ-4/rh 30 (SEQ 1D No: 23 and 108 of
WO2005033321), AAV2-5/7h ST (SEQ 1D NO: 104 and 22 of WO2005033321), AAV3 . 1/huo (SEQ
1D NO: 3 and 84 of WO2005033321), AAV3 1/t 9 (SEQ 1D NO: 155 and 58 of WQO2003033321),
AAV3-11/rh 33 (SEQ ID NG: 186 and 176 of W(Q2003033321), AAV3-3 (SEQ ID NO: 200 of
WO2005033321), AAV33.12/hu.17 (SEQ 1D NO4 of WO2005033321), AAV3I 4/Mu. 15 (SEQ ID
No: 50 of WO2005033321), AAV33 8/bu. 16 (SEQ ID No: 31 of WO2005033321), AAV3-9/rh 52
(SEQ D NO: 96 and 18 of WO2005033321), AAV4-19/vh.55 (SEQ 1D NO: 117 of WO2005033321),
AAV4E-4 (SEQ TD NG: 201 and 218 of WO2005033321), AAV4-9/rh 84 (SEQ ID NG 116 of
WO2005033321), AAVS (SEQ 1D NO: 199 and 216 of WO2005033321), AAVS2 Vha 20 (SEQ 1D
NO: 63 of WO200503332 1), AAVS2/he 19 (SEQ 1D NG 133 of WO2005033321), AAVSE-22/rh.53
(SEQ ID No: 27 of WO2003033321), AAVE-3/ch57 (SEQ ID NO: 105 of WO2005033321), AAVS-
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3//h.57 (SEQ ID No: 26 of WO2005033321), AAVSR.2/hn.25 (SEQ ID No: 49 of WO2005033321),
AAV6 (SEQ ID NO: 203 and 220 of WO2005033321), AAVT (SEQ ID NO: 222 and 213 of
WO005033321), AAV7.3/hn7 (SEQ ID No: 55 of WO2005033321), AAVS (SEQ ID NO: 223 and
214 of WO2005033321), AAVH-1/bu.1 (SEQ ID No: 46 of WO2005033321), AAVH-5/bu.3 (SEQ
D No: 44 of WOZ005033321), AAVhr. | (SEQ ID NO: 144 of WO2005033321), AAVhu. 10 (SEQ
D NO: 156 of WO2005033321), AAVha 11 (SEG ID NO: 153 of WO2005033321), AAVhu. 12
(WO2005033321 SEQ ID NO: 59), AAVha. 13 (SEQ ID NO: 129 of WO2005033321),

AAVhe 14/AAVY (SEQ ID NO: 123 and 3 of WO2005033321), AAVhe.15 (SEQ ID NO: 147 of
WO2005033321), AAVhu 16 (SEQ ID NO: 148 of WO2005033321), AAVha.17 (SEQ I NO: 83 of
WO2005033321), AAVER 18 (SEQ ID NO: 149 of WO2005033321), AAVhu 19 (SEQ ID NO: 133
of WO2005033321), AAVEL2 (SEQ ID NO: 143 of WO2005033321), AAVhu.20 (SEQ ID NO: 134
of WO2005033321), AAVh.21 (SEQ 1D NO: 135 of WO2005033321), AAVIL22 (SEQ ID NO:
138 of WO2005033321), AAVINL23.2 (SEQ 1D NO: 137 of WO2005033321), AAVhu.24 (SEQ ID
NO: 136 of WO2005033321), AAVIN.25 (SEQ ID NO: 146 of WO2005033321), AAVhw27 (SEQ
ID NO: 140 of WO2005033321), AAVEN.29 (SEQ ID NO: 132 of WO2005033321), AAVhL3 (SEQ
ID NO: 145 of WO2005033321), AAVBu31 (SEQ 1D NO: 121 of WO2005033321), AAVIR.32
(SEQ ID NO: 122 of WO2005033321), AAVI34 (SEQ ID NO: 125 of WOZ005033321),
AAVHR35 (SEQ ID NO: 164 of WO2005033321), AAVRe.37 (SEQ ID NO: 82 of WO2005033321),
AAVER39 (SEQ ID NO: 102 of WO2005033321), AAVhu 4 (SEQ ID NO: 141 of WO2005033321),
AAVh40 (SEQ ID NO: 87 of WO2005033321), AAVIw41 (SEQ ID NO: 91 of WO2005033321),
AAVh.42 (SEQ ID NO: 85 of WO2005033321), AAVIL43 (SEQ ID NO: 160 of WO2003033321),
AAVHR44 (SEQ ID NO: 144 of WO20035033321), AAVhe 45 (SEQ ID NO: 127 of
WO2Z005033321), AAVINL46 (SEQ ID NO: 159 of WO2005033321), AAVIn47 (SEQ ID NO: 128
of WO2005033321), AAVIL48 (SEQ ID NO: 157 of WO2005033321), AAVhe.49 (SEQ 1D NO:
189 of WOZ003033321), AAVRu.51 (SEQ ID NO: 190 of WO2005033321), AAVER.52 (SEQ ID
NO: 191 of WO2005033321), AAVERS3 (SEQ ID NO: 186 of WO2005033321), AAVhu. 54 (SEQ
D NO: 188 of WO2005033321), AAVHR.35 (SEQ ID NO: 187 of WO2005033321), AAVHU.56
(SEQ ID NO: 192 of WO2005033321), AAVIR.57 (SEQ ID NO: 193 of WO2005033321),
AAVI. 58 (SEQ ID NO: 194 of WO2005033321), AAVINL6 (SEQ ID NO: 84 of WO2005033321),
AAVRE.60 (SEQ ID NO: 184 of WO2003033321), AAVIn.61 (SEQ 1D NO: 185 of
WO2005033321), AAVI63 (SEQ ID NO: 195 of WO2005033321), AAVhu.64 (SEQ 1D NO- 196
of WO2003033321), AAVhu.66 (SEQ ID NO: 197 of WO2005033321), AAVIRL67 (SEQ ID NO:
198 of WO2005033321), AAVRa 7 (SEQ ID NO: 150 of WO2005033321), AAVha 8
(WO2005033321 SEQ 1D NO: 12), AAVhu.9 (SEQ ID NO: 155 of WO2005033321), AAVLG-
10/rh.40 (SEQ ID No: 14 of WO2005033321), AAVLG-4/rh.38 (SEQ ID NO: 86 of
WO2005033321), AAVLG-4/rh.38 (SEQ 1D No: 7 of WO2005033321), AAVNT21-8/th 43 (SEQ ID
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NO: 163 of WO2005033321), AAVNT21-8/1h.43 (SEQ ID No: 43 of W(2003033321), AAVpi.]
(WO2005033321 SEQ 1D NO: 28), AAVpi.2 (W02005033321 SEQ ID NO: 30), AAVpL3
(WO02005033321 SEQ 1D NO: 29), AAVIh.38 (SEQ ID NO: 86 of WO2005033321), AAVIH .40
(SEQ ID NO: 92 of WO2005033321), AAVh43 (SEQ TD NO: 163 of WO2005033321), AAVh 44
{W02005033321 SEQ 1D NG: 34), AAVh4S5 (WO2005033321 SEQ ID NO: 41), AAVth 47
{(W02003033321 SEQ T NG: 38), AAVrh4R (SEQ ID NG 115 of WO2005033321), AAVh 49
(SEQ D NO: 103 of WO2005033321), AAVIRL30 (SEQ ID NO: 108 of W(2005033321), AAVrh.51
{(SEQ ID NO: 104 of WO2005033321), AAVIh 532 (SEQ ID NO: 96 of WO2005033321), AAVHh.S3
(SEQ D NO: 97 of WO2Z005033321), AAVehS3 (WO2005033321 SEQ IR NG: 37), AAVrh 36
(SEQ D NO: 152 of WO2005033321), AAVrh.57 (SEQ ID NO: 103 of WO2005033321), AAVrh.38
(SEQ D NO: 106 of WO2005033321), AAVrh 59 (WQO2005033321 SEQ ID NO: 42), AAVTh.o0
{WQO2005033321 SEQ 1D NO: 31, AAVrh.o (SEQ ID NO: 107 of WOZ003033321), AAVhO2
(SEQ D NO: 114 of WO2005033321), AAVHK.64 (SEQ D NO: 99 of WO2005033321), AAVTHh.G5
(WO2003033321 SEQ 1D NO: 35), AAVAh68 (W02005033321 SEQ ID NQO: 16), AAVTHh.69
(WO2005033321 SEQ ID NO: 39), AAVAR70 (W(02005033321 SEQ 1D NO: 20y, AAVIR.72
(WO2005033321 SEQ 1D NO: 9), or variants thercof inclhuding, but not Hoited to, AAVey .2,
AAVCy 3, AAVey 4, AAVey.S, AAVey.6, AAVIH 12, AAVIL 17, AAVIR I8, AAVR 19, AAVh2T,
AAVA22, AAVIR 23, AAVR 24, AAVTh 25, AAVTh 25/42 15, AAVTh 31, AAVTR 32, AAVTh33,
AAVh34, AAVIR 35, AAVIR36, AAVIR 3T, AAVThi4, Non limiting examples of varianis ioctude
SEQ ID NOG: 13, 15, 17, 19, 24, 36, 40, 45, 47, 48, 51-54, 60-62, 64-77, 79, 80, 82, 89, 90, 93-93, 98,
106, 101, , 109-113, 118-120, 124, 126, 131, 139, 142, 151,154, 158, 161, {62, 165-183, 202, 204-
212,215, 219, 224236, of W(O2005033321, the contents of which are herein incorporated by
reference in their entirety.

{6528}  Insome cmbodiments, the AAV serotype, the parent AAV capsid polypeptide, or the
AAY capsid variant may be or have, al a position other than 5 consecutive amuno acids corresponding
to positions 586 1o 394 numbered relative to SEQ 1D NO: 138, a sequence as described in
International Publication No. WO20135168666, the contents of which are herein incorporated by
reference in their entirety, such as, but not imited 1o, AAVThER (SEQ 1D NO: 9 of WO2015168666),
AAVHER ASSGR mutant (SEQ 1D NO: 10 of WO2015168666), AAVh8R R533A mutant (SEQ ID
NO: 11 of WO2015168666), or variants thereof.

{0836]  Tosome erobodiments, the AAV capsid polypeptide, e.g., AAV capsid variant, or the
parent AAV capsid mav be or bave, at a position other than § consecutive amino acids corresponding
to positions 586 to 594 numbered relative to SEQ 1D NG: 133, a sequence as described in United
States Patent No. 1JS9233131, the contents of which are beeein incorporated by refersnce in their
entirety, such as, but not lmted to, AAVREL L ( SEQ 1D NG44 of US9233131), AAVRErL 5 (SEQ
ID NO45 of US9233131), AAVEERT 14 (SEQ 1D NG:46 of US9233131), AAVREs 8 (SEQ D
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NO:47 of USH9233131), AAVHErL 16 (SEQ ID NG:4B of 1789233131), AAVRErL 18 (SEQ ID NO:49
of US9233131), AAVRErL.35 (SEQ ID NO:S0 of US9233131), AAVEErL7 (SEQ ID NO:51 of
1789233131), AAVREr1.36 (SEQ ID N(O:52 of UR9233131), AAVhER2.29 (SEQ ID NO:53 of
US9233131), AAVHER2 4 (SEQ TD NO:54 of US9233131), AAVRER 16 (SEQ [D NO:S5 of
US92331531), AAVRER2.30 (SEQ ID NG:56 of US9233131), AAVREZ 31 (SEQ ID NG5S of
US9233131), AAVRER2.36 (SEQ ID NO:57 of US9233131), AAVRERL.23 (SEQ IR NO:33 of
US9233131, AAVHEr3. 1 (SEQ 1D NG5S of US9233131), AAVZ.ST (SEQ ID NO42 of

US923313 1), or varianis thereof.

{3531} Insome embodiments, the AAV capsid polypeptide, ez, AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive aming acids conresponding
to positions 586 to 594 numbered relative to SEQ D NO: 138, a sequence as described i United
States Patent Publication No. US20150376607, the contents of which are herein incorporated by
reference in their entirety, such as, but not limited to, AAV-PAEC (SEQ [DNO:1 of
US201350376607), AAV-LEOL (SEQ D NO:2 of US20150376607), AAV-LEOZ (SEQ ID NQO3 of
UUS20150376607), AAV-LKO03 (SEQ ID N4 of US20150376607), AAV-LKO4 (SEQ ID NS of
UUS206150376607), AAV-LKOS (SEQ D NO6 of US20150376607), AAV-LKO6 (SEQ D NO7T of
LIS20150376607), AAV-LKOT (SEQ ID NO:8 of US20150376607), AAV-LKOS (SEQ D NO:9 of
US20150376607), AAV-LK0Y (SEQ I NGO 10 of US20156376607), AAV-LKI0 (SEQ TD NG 11 of
US26150376607), AAV-LK11 (SEQ I NO12 of US20150376607), AAV-LKI2 (SEQ 1D NG:13 of
US206150376607), AAV-LK13 (SEQ I} NOU 14 of US20150376607), AAV-LK14 (SEQ ID NG5 of
US201503760607), AAV-LK15 (SEQ ID NO: 16 of US20150376607), AAV-LKI6 (SEQ 1D NO:17 of
US20150376607), AAV-LK17 (SEQ ID NO: 18 of US20150376607), AAV-LKI8 (SEQ ID NO:19 of
US20150376607), AAV-LK19 (SEQ ID NO:20 of US20150376607), AAV-PAEC? (SEQ D NO:2t
of US20150376607), AAV-PAECA (SEQ D NO:22 of US20150376607), AAV-PAE(CS (SEQ 1D
NO:23 of US20150376607), AAV-PAECT (SEQ ID NG:24 of US20150376607), AAV-FAECE (SEQ
1D NO:23 of US20150376607), AAV-PAECTT (SEQ D NO:26 of US20150376607), AAV-PARCIZ
(SEQ ID NO:27, of US20130376607), or variants thereof,

{#832]  Insome embodiments, the AAV capsid polypeptide, ¢.g.. AAV capsid variant, or the
parent AAV capsid may be or have, at a position other than 5 consecutive amino acids corresponding
to positions 586 to 594 numbered relative to SEQ 1D NO»: 138, a sequence as described in United
States Patent No. UUS9163261, the contents of which are heeein incorporated by refersnce in their
erdirety, such as, but not linntted to, AAV-2-pre-miRNA-101 (SEQ ID NO: 1 US9163261), or variants
thereof.

{0533} Insome eododiments, the AAV capsid polvpeptide, ez, AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive amine acids coresponding

o positions 586 1o 594 oumbered relative to SEQ 1D NO: 138, a sequence as described in United
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States Patent Publication No. US20150376240, the contents of which are herein incorporated by
reference in their entirety, such as, but not limited to, AAV-81 (SEQ ID NO: 6 of US20150376240),
AAV-8b (SEQ ID NO: 5 of US20150376240), AAV-h (SEQ 1D NO: 2 of UUS20150376240), AAV-D
(SEQ ID NO: 1 of UR20130376240), or variants thereof,

{0534}  Tnsone eobodiments, the AAV capsid polvpeptide, ez, AAV capsid varianot, or the
parcnt AAY capsid may be or have, at a position other than 5 consecutive amine acids conresponding
1o positions 386 o 594 pumbered relative to SEQ ID NO: 138, a sequence as described in United
States Patent Publication No. US20160017295, the contents of which are herein incorporated by
reference in their entivety, such as, but not hmited to, AAY SM 10-2 (SEQ 1D NG 22 of
US20160017295), AAV Shuffie 100-1 (SEQ 1D NO: 23 of US20160017295), AAV Shuffle 100-3
(SEQ ID NG: 24 of US20160017285), AAV Shuffle 100-7 (SEQ ID NO: 25 of US20160017295),
AAV Shuffle 10-2 (SEQ 1D NO: 34 of US20160017295), AAV Shuffle 10-6 (SEQ ID NO: 35 of
US26160017295), AAV Shuffle 10-8 (SEQ B NG: 36 of US20160017295), AAV Shuffle 100-2
(SEQ D NG: 37 of US20160017285), AAV SM 10-1 (SEQ D NO: 38 of US20160017295), AAV
SM 10-8 (SEQ ID NO: 39 of US20160017295), AAV SM 106-3 (SEQ 1D NO: 40 of
TIS20160017295), AAYV SM 100-10 (SEQ ID NO: 41 of US20160017295), or variants thercof.
{8535]  Insone cobodiments, the AAV capsid polvpeptide, e.g., AAV capsid variant, or the
parent AAYV capsid may be or have, at a position other than 5 consecutive amino acids corresponding
o positions 586 to 594 numbered relative to SEQ 1D NO: 138, a sequence as described in United
States Patent Publication No. US20150238530, the contents of which are berein incorporated by
reference in their entirety, such as, byt not limited (o, BNP61 AAV (SEQ I NG 1 of
USZG150238550), BNP6Z AAV {(SEQ 1D NO: 3 of USZ0150238550), BNP63 AAV (SEQ D NO: 4
of US20150238550), or variants thercof

{0536]  Insome embodiments, the AAV capsid polvpeptide, e g, AAV capsid variant, or the
parent AAV capsid may be or bave, at a position other than § consecative amino acids corresponding
to positions 586 to 594 numbered relative to SEQ D NG: 138, a sequence as described in United
States Patent Publication No. US20150315612, the contents of which are herein incorporated by
reference in their entirety, such as, but not Hmited to, AAVR S0 (SEQ D NO: 108 of
US26150315612), AAVTh 43 (SEQ 1D NO: 163 of US20150315612), AAVTh.62 (SEQID NO: 114
of US20150315612), AAVTh 48 (SEQ ID NO: 115 of US20130315612), AAVIL19 (SEQ ID NO:
133 0f US20150315612), AAVRu 11 (SEQ 1D NO: 153 of US20150315612), AAVIuS3 (SEQ ID
NO: 186 of US20150315612), AAV4-8/th.64 (SEQ ID No: 15 of US20150315612), AAVLG-9/bu.39
(SEQ [ No: 24 of US20150315612), AAVS4.5/hn. 23 (SEQ ID No: 60 of US20130315612),
AAVS42/he.22 (SEQ ID No: 67 of US20150315612). AAVS4.7/hu.24 (SEQ 1D No: 66 of
US20150315612), AAVS4 Vhu 21 (SEQ ID No: 65 of US20150315612), AAVS4 4R/bu.27 (SEQ ID
No: 64 of US20150315612), AAV46.2/tu.28 (SEQ ID No: 68 of US20150315612), AAV46.6/bu.29
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(SEQ D No: 69 of US20150313612), AAVI28. 1/hud43 (SEQ 1D No: 80 of US20150315612), or

variants thereof.

{0537}  Insonwe eobodiments, the AAV capsid polvpeptide, e.g., AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive amino acids corresponding
1o positions 586 1o 594 sumbered relative to SEQ 1D NO: 138, a scquence as described in
International Publication No. WO2015121501, the contents of which are herein incorporated by
reference in their entivety, such as, but not Himited {0, troc type AAV HAAV) (SEQ I NGO 2 of
WO2015121501), “UPenn AAVIO” (SEQ ID NO: 8 of W(O20135121501), “Japanese AAVI0” (SEQ
D NG: 9 of WO2015121301), or variants thereof,

{0538]  According to the present disclosure, the AAV capsid polypeptide, e.g.. AAV capsid
variand, or the parent AAY capsid, may be selected or derived from a variety of species. fn some
crabodiments, the AAV capsid polvpeptide, e.g.. AAV capsid variant, or the parent AAV capsid, may
be, at a posttion other than 5 consecutive amine acids corresponding to positions 386 to 594 numbered
relative to SEQ ID NG: 138, anavian AAV (AAAV). In some cmbodiments, the AAYV serotype, the
parent AAY capsid polypeptide, or the AAV capsid vaniant may be or have, at a position other than §
consecutive aming acids corresponding 1o positions 3806 to 594 numbered relative to SEQ 1D NO:
138, a scquence as described in United States Patent No. US 9238800, the contents of which are
herein incorporated by reference in their entirety, such as, but not limited to, AAAV (SEQ ID NO: 1,
2,4,6,8, 10, 12, and 14 of US 9238, 800), or variants thereof.

{8539}  1nsome embodiments, the AAV capsid polvpeptide, e.g.. AAV capsid vatiant, or the
patent AAY capsid mav be or bave, at a position other than § consecutive amino acids corresponding
to posttions 586 o 594 mumbered relative to SEQ 1D NO: 138, a sequence as described in United
States Patent No. US 9,193,769, the contents of which are herein incorporated by reference in their
entitety, such as, but not limited to, BAAV (SEQ 1D NO: 1 and 6 of US 9193769), or variants thereof.
In some cmbodiments, the AAV serotype, the parent AAV capsid polypeptide, or the AAV capsid
vanant may be, at a position other than 3 consecutive aming acids corresponding to positions 386 to
594 numbered relative to SEQ 1D NO: 138, a BAAV serotype comprising a sequence as described in
Umnted States Patent No. US7427396, the contents of which are herein incorporated by reference in
their entirety, such as, but not Hmited to, BAAV (SEQ 1D NO: § and 6 of US7427396), or variants
thereof.

{#548]  Tn some embodiments, the AAV capsid polypeptide, ¢.g.. AAV capsid variant, or the
parent AAV capsid may be a caprine AAV. In some embodiments, the AAV serofype, the parent
AAV capsid polypeptide, or the AAV capsid variant may be or have, af a position other than 3
consecutive amino acids corresponding to positions 586 10 594 pumbered relative to SEQ 1D NO:

138, may be a caprine AAV serotype comprising a sequence as described in United States Patent No.
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1IS7427396, the contents of which are herein incorpomted by reference in their entirety, such as, but
not linuted to, caprine AAV (SEQ ID NO: 3 of UIS7427396), or variants thereof.

{05411  Inother embodiments, the AAV capsid polypeptide, ¢.g., AAV capsid variant, or the
parent AAYV capsid may be engineered as a hybrid AAV from two or more serotypes, .., parental
serotypes. In some embodiments, the AAYV scrotype, the parent AAV capsid polypeptide, or the AAV
capsid variant may be, at a position other than 3 consecutive aming acids comresponding to positions
586 1o 594 nurebered relative to SEQ 1D NG: 133, mav be a AAV2GY, which comprises sequences
from AAV2 and AAVY, e.g., wherein the AAV2ZGY AAV serotype may be, or have, 3 scquence as
descnbed in Umited States Patent Pablication No. US20160017003, the contents of which are herein
mcorporated by reference in its entirety.

{0542}  Insome embodiments, the AAV capsid polvpeptide, e.g.. AAV capsid variand, or the
parent AAY capsid may be, at a position other than 5 consecotive amino acids coresponding to
positions 586 to 594 mumbered relative to SEQ (D NO: 138 a serotype generated by the AAVY capsid
library with mutations in amine acids 390-627 (VP1 numbering) as described by Palicherla et al.
{Molecular Therapy 19(6):1070-1078 (2011), the contents of which are herwin incorporated by
reference in their entirety. The serotype and corresponding nucleotide and amino acid substitutions
may be, but is not limited to, AAVS.1 (G1594C; D332H), AAVG.2 (Ti418A and T1436X; V473D
and [479K), AAVS.3 (T1238A,; F413Y), AAVY4 (T1250C and A1617T, F4178), AAVS.5 (A1235G,
AI3I4T, Al642G, CIT60T, Q412R, T548A, ASSTV), AAVY.6 (T1231A; F41IT), AAVY.9 (GI203A,
GUT785T, WS595(), AAVS.10 (A1500G, TI676C; M559T), AAVI.11 (A1425T, A1702C, A1769T,
TS68P, Q5901L), AAVY.13 (A1369C, A1720T, N4STH, TS748), AAVO 14 (T1340A, T1362C,
TI560C, GITE3A; L447H), AAVY.16 (A1775T, Q3920 AAVY.24 (T1S07C, T1521G; WSO3R),
AAVS.26 (A1337G, A1769C, Y446C, Q590F), AAVO.33 (AL667(C; DBIS56A), AAVS. 34 (A1534G,
C1794T, N312E, AAV9.35 (A1289T, T1450A, Ci494T, AL515T, CI794A, GIBI6A; (Q430L,
Y484N, NOSE, Va06l), AAVY 40 (A1694T, BS65V), AAVS.41 (A1348T, T1362C, T43508),
AAVS 44 (A1684C, ALTO1T, A17370G; N362H, K307N), AAVO .45 (A14927, CI804T, N49gY,
LO02F), AAVY 46 (G1441C, TI1525C, T1549G,; G481R, WSGOR, L517V), 9.47 (G1241A, GI358A,
AL669G, C17457T; S414N, G453D, K357E, T5821), AAVS.48 (C1445T, A1736T; P482L, (3579L),
AAVO 50 (AT1638T, C1683T, TI805A; Q546H, LE02H), AAVY 53 {GI301A, AT405C, C1664T,
GI1811T; R1340, S469R, ASS5V, G604V, AAVS.54 (CI1531A, TI609A; L311T, L337M), AAVY.55
(TI605A; F335L), AAVY.58 (CH475T, C1579A; T4921, H327N), AAV .59 (T1336C; Y446H),
AAVE.6T (AT493T, N498I), AAVS.64 (C1531A, AL61TT, LSID, AAVS.6S5 (C1335T, T1530C,
CI56BA; ASZ3TH, AAVI68 (CIS10A P304T), AAVIOSU (G1441A,:G481R), AAVOR3 (C14024A,
A1S00T, P46RT, ES00D), AAVI.8T (T1464C, TI1468C; S490P), AAVS.90 (A1196T, Y399F),
AAVD 91 (T1316G, ALS83T, C1782G, TI806C; L439R, K528D), AAVY 93 (A1273G, A1421G,
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A1638C, CI7127, G1732A, A17447T, A1832T, S425G, Q474R, Q546H, PA71L, G578R, T5828,
DGIIV), AAVS.94 (A1675T, M559L) and AAVY.95 (TI665A; F335L).

{05431  Insonec eobodiments, the AAV capsid polvpeptide, e.g., AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive amino acids corresponding
1o positions 586 1o 594 sumbered relative to SEQ 1D NO: 138, a scquence as described in
International Publication No. W0O23160492340, the contents of which are herein incorporated by
reference in their eotivety, such as, bt pot Bodted o AAVFI/HSCE (SEQID NG: 2 and 20 of
WO2016049230), AAVFZ/HSC2 (SEQ 1D NG: 3 and 21 of WO2016049230), AAVE3/HSC3 (SEQ
1D NO: S and 22 of W02016049230), AAVFA/HSCS (SEQ 1D NO: 6 and 23 of WO2016049230),
AAVESHSCS (SEQ ID NO: 11 and 25 of WO2016049230), AAVFSHSCo (SEQ I NG: 7 and 24
of W(20160492303, AAVFT/HSCT (SEQ ID NO: 8 and 27 of W2016049230), AAVFS/HSCE
(SEQ ID NO: 9 and 28 of W02016049230), AAVFY/HSCY (SEQ ID NG: 10 and 29 of
WO2016049230), AAVFII/HSCHL (SEQ ID NO: 4 and 26 of W0O2016049230), AAVF12/HSC12
(SEQ ID NO: 12 and 30 of WO20160492303, AAVFI3/HSCI3 (SEQ ID NQO: 14 and 31 of
WO2016049230), AAVFI4/HSCH4 (SEQ D NO: 15 and 32 of WO2016049230), AAVFIS/HSC1S
(SEQ ID NO: 16 and 33 of WO2016049230), AAVFIGHSC16 (SEQ ID NO: 17 and 34 of
WO2ZO16049230), AAVFIT/HSCHT (SEQ ID NO: 13 and 35 of WO2016049230), or variants or
derivatives thereof.

{6544]  Tnsome eodbodiments, the AAV capsid polvpeptide, ez, AAV capsid varianot, or the
parent AAY capsid may be or have, at a position other than 5 consecutive aming acids cotresponding
o positions 586 10 594 pumbered relative to SEQ 1D NO: 138, a seguence as described in United
States Patent No. US 8734809, the contents of which are herein incorporated by reference in their
entirety, such as, but not hmited o, AAV CBr-Ef (SEQ 1D NO: {3 and 87 of USH734809), AAV
CBr-E2 (SEQ ID NO: 14 and 58 of US8734809), AAV CBr-E3 (SEQ ID NG: 15 and 89 of
US8734509), AAV CBr-E4 (SEQ ID NO: 16 and 90 of USH734809), AAV CBr-ES (SEQ ID NO: 17
and 91 of US8734809), AAV CRr-¢5 (SEQ 1D NC: 18 and 92 of US8734809), AAV CBr-E6 (SEQ
1D NG: 19 and 93 of US8734809), AAV CBr-E7 (SEQ ID NO: 20 and 94 of US8734809), AAV CBr-
E8 (SEQID NO: 21 and 95 of US8734809), AAV CLy-D1 (SEQ ID NO: 22 and 96 of US8734809),
AAV CLv-D2 (SEQ ID NO: 23 and 97 of US8734809), AAV CLv-D3 (SEQ ID NO: 24 and 98 of
1IS8734809), AAV CLv-D4 (SEQ ID NO: 25 and 99 of US8734809), AAV CLv-D5 (SEQ ID NO: 26
and 100 of US8734809), AAV CLv-D6 (SEQ ID NO: 27 and 101 of US8734809), AAV CLv-D7
(SEQ ID NO: 28 and 102 of US8734809), AAV CLv-D8 (SEQ TD NO: 29 and 103 of US8734809),
AAV Clv-El (SEQ ID NO: 13 and 87 of US8734809), AAYV CLv-RI (SEQ 1D NO: 30 and 104 of
US8734809), AAV CLv-R2 (SEQ ID NO: 31 and 105 of USE734809), AAV CLv-R3 (SEQ I NO»
32 and 106 of US8734809), AAV CLy-R4 (SEQ 1D NG: 33 and 107 of US8734809), AAV CLv-RS
{SEQ ID NO: 34 and 108 of US8734809), AAV CLv-RS (SEQ ID NO: 35 and 109 of US8734809),

- 119 -



WO 2021/230987 PCT/US2021/025061

AAYV CLv-R7 (SEQ ID NO: 36 and 110 of USBT734809), AAV CLv-R8 (SEQ ID NO: X and X of
TUS873480%9), AAV CLv-RY (SEQ 1D NO: X and X of US8734809), AAV CLg-F1 (SEQ ID NO: 39
and 113 of US8734809), AAV CLg-F2 (SEQ 1D NO: 40 and 114 of US8734809), AAV CLg-F3
(SEQ ID NO: 41 and 115 of US8734809), AAV CLg-F4 (SEQ 1D NOn 42 and 116 of USE734809),
AAY CLg-F5 (SEQ ID NG 43 and 117 of USE734809), AAV CLg-F6 (SEQ ID NG: 43 apd 117 of
USE734809), AAV CLg-F7 (SEQ ID NO: 44 and 118 of US8734509), AAV CLg-F8 (SEQ 1D NO:
43 and 117 of US8734809), AAV CSp-1 (SEQ ID NO: 45 and 119 of US8734809), AAV CSp-10
{(SEQ D NO: 46 and 120 of US8734509), AAV CSp-11 (SEQ ID NG: 47 and 121 of US8734809),
AAY CSp-2 (SEQ 1D NO: 48 and 122 of USR734809), AAY CSp-3 (SEQ ID NO: 49 and 123 of
US8734809), AAV USp-4 (SEQ 1D NO: 50 and 124 of US8734809), AAV CSp-6 (SEQ D NO: 51
and 123 of USE734809), AAV CSp-7 (SEQ ID NO: 52 and 126 of USE734809), AAV (USp-8 (SEQ
1D NO: 33 and 127 of US8734809), AAV CSp-9 (SEQ 1D NO: 534 and 128 of US8734809), AAV
CHt-2 (SEQ ID NO: 55 and 129 of US8734809), AAV CH1-3 (SEQ ID NO: 56 and 130 of
US8734809), AAV CKd-1 (SEQ 1D NO: 57 and 131 of US8734809), AAYV CK4-10 (REQ ID NO: 58
and 132 of US8734809), AAV CKd-2 (SEQ ID NO: 39 and 133 of US8734809), AAV CKd-3 (SEQ
1D NO: 60 and 134 of US8734809), AAV CKd-4 (SEQ ID NO: 61 and 135 of US8734809), AAV
CKd-6 (SEQ D NO: 62 and 136 of US8734809), AAV CKd-7 {(SEQ ID NO: 63 and 137 of
US87345809), AAV CKd-8 (SEQ TD NO: 64 and 138 of US8734809), AAV CLv-1 (SEQ ID NG: 33
and 139 of USR734809), AAV CLy-12 (SEQ ID NO: 66 and 140 of US8734809), AAV Cly-13
(SEQ I3 NG: 67 and 141 of USHE734809), AAV CLv-2 (SEQ ID NO: 68 and 142 of US8734809),
AAV CLv-3 (SEQ ID NO: 69 and 143 of US8734809), AAV CLv-4 (SEQ ID NG: 70 and 144 of
US87348093, AAV CLv-6 (SEQ ID NO: 71 and 1435 of US8734809), AAV CLv-8 (SEQ D NO: 72
and 146 of USB734809), AAV CKd-BI (SEQ 1D NO: 73 and 147 of USE734809), AAV CKd-B2
(SEQ ID NO: 74 and 148 of USE734809), AAV CKJ-B3 (SEQ 1D NO: 75 and 149 of US8734809),
AAV CEG-B4 (SEQ 1D NO: 76 and 150 of US8734809), AAY CKd-BS (SEQ D NO: 77 and 151 of
TIS8734809), AAV CKd-Bo6 (SEQ ID NO: 78 and 152 of US8734809), AAV CKd-B7 (SEQ ID NO:
79 and 153 of US8734809), AAV CKd-B8 (SEQ ID NO: 80 and 154 of US8734809), AAV CKd-H1
(SEQ ID NO: 81 and 155 of US8734809), AAV CKd-H2 (SEQ ID NO: 82 and 156 of US8734809),
AAY CKd-H3 (SEQ ID NO: 83 and 157 of US8734%09), AAV CKd-H4 (SEQ ID NO: 84 and 15% of
USE734809), AAV CK4-HS (SEQ ID NO: 85 and 159 of USK7348093, AAV CK4-H6 (SEQ 1D NG:
77 and 151 of US8734809), AAV CHt-1 (SEQ I3 NG: 86 and 160 of US8734809), AAV Clvli-}
(SEQ D NO: 171 of US8E7348093, AAV CLv-2 (SEQ 1D NO: 172 of US8734809), AAV CLvi-3
(SEQ D NO: 173 of USE734809), AAV Chvi-4 (SEQ ID NO: 174 of US8734809), AAYV Civl-7
(SEQ D NO: 175 of USE734809), AAV Civi-8 {(SEC D NO: 176 of USR734809), AAV Civi-9
(SEQ ID NO: 177 of US8734809), AAV Civi-10 (SEQ ID NO: 178 of US8734809), AAV.VR-355
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(SEQ ID NO: 181 of 1JS8734809), AAV hu 48R3 (SEQ TD NO: 183 of US8734809), or varianis or
derivatives theroof.

{05457  Insome endbodiments, the AAV capsid polvpeptide, ez, AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive amino acids corresponding
1o positions 586 1o 594 sumbered relative to SEQ 1D NO: 138, a scquence as described in
International Publication No. WO2016065001, the contents of which are herein incorporated by
reference in their entirety, such as, but not Iimited t¢ AAV CHi-P2 (SEQ I3 NO: 1 and 51 of
WO2016065001), AAV CH-PS (SEQ ID NO: 2 and 52 of WO2016065001), AAV CH-P9 (SEQ ID
NO: 3 and 53 of WO2016063001), AAV CBr-7.1 (SEQ ID NG: 4 and 54 of WO2016065001), AAV
CBr-7.2 (SEQ D NO: § and 55 of WG2016065001), AAYV CBe-7.3 (SEQ ID NO: 6 and 56 of
WO2Z016063001), AAV CBr-7.4 (SEQ ID NO: 7 and 57 of W(O2016065001), AAV UBr-7.5 (SEQ ID
NO: 8 and 538 of WO2016065001), AAV CBr-7.7 (SEQ ID NO: 9 and 59 of WO2016065001), AAV
CBr-7.8 (SEQ D NO: 10 and 60 of WO2016065001), AAV CBr-7.10 (SEQ ID NO: 11 and 61 of
WO2016063001), AAV CKd-N3 (SEQ ID NO: 12 and 62 of WO20160663001), AAV CKd-N4 (SEQ
1D NO: 13 and 63 of WO2016065001), AAV CKd-N9 (SEQ ID NO: 14 and 64 of W(O2016065001),
AAV CLv-L4 (SEQ ID NO: 15 and 65 of WO2016065001), AAV CLv-L5 (SEQ ID NO: 16 and 66
of W(O2016065001), AAYV CLv-L6 (SEQ ID NG: 17 and 67 of WO2016065001), AAV CLv-K1
(SEQ ID NO: 18 and 68 of W0O2016065001), AAV CLv-K3 (SEQ ID NG 19 and 69 of
WO2016063001), AAV CLv-K6 (SEQ 1D NG: 20 and 70 of WO2G16065001), AAV CLv-M1 (SEQ
ID NO: 21 and 7L of WO20160630013, AAV CLyv-MIEL(SEQ 1D NO: 22 and 72 of WO2016063001),
AAV CLv-M2 (SEQ 1D NO: 23 and 73 of WO2016065001), AAYV CLv-MS (SEQ D NO: 24 and 74
of W(O2016065001), AAV CLv-M6 (SEQ 1D NG: 25 and 75 of WO2016065001), AAV CLv-M7
(SEQ 1D NO: 26 and 76 of WO2016065001), AAV CLv-MS8 (SEQ 1D NG: 27 and 77 of
WO2016065001), AAV CLv-MS (SEQ 1D NG: 28 and 78 of WOZ016065001), AAV CHt-PI (SEQ
1D NO: 29 and 79 of WO2016063001), AAV CHE-P6 (SEQ ID NO: 30 and 80 of WO2016065001),
AAV CHE-P8 (SEQ ID NO: 31 and 81 of WO2016065001), AAV CHi-6.1 (SEQ ID NO: 32 and 82 of
WO2016065001), AAV CHt-6.10 (SEQ ID NO: 33 and 83 of WO2016065001), AAV CHi-6.5 (SEQ
1D NO: 34 and 84 of WO2016065001), AAY CHI-6.6 (SEQ ID NO: 35 and 85 of WO2016065001),
AAY CHI-6.7 (SEQ ID NO: 36 and 86 of WO2016065001), AAV CH1-6.8 (SEQ ID NO: 37 and 87
of WO2016065001), AAV CSp-8.10 (SEQ 1D NO: 38 and 88 of WO2016065001), AAV CSp-8.2
(SEQ I NO: 39 and 89 of WO2016065001), AAV CSp-8.4 (SEQ ID NO: 40 and 90 of
WO2016065001), AAV CSp-8.5 (SEQ I NO: 41 and 91 of WO2016063001), AAV CSp-8.6 (SEQ
1D NG 42 and 92 of WO2016065001), AAV CSp-8.7 (SEQ 1D NO: 43 and 93 of WO2016065001),
AAV CRp-8.8 (SEQ ID NO: 44 and 94 of WO2016065001), AAV CSp-8.9 (SEQ ID NQO: 45 and 95
of WO2016065001 ), AAV CBr-B7.3 (SEQ ID NO: 46 and 96 of W(O20316063001), AAV CBr-B74
(SEQ I3 NG: 47 and 97 of WOZ016065001), AAVIB (SEQ 1D NO: 48 and 98 of W(32016065001),
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AAV4A (SEQ 1D NO: 49 and 99 of WO20160663001), AAVS (SEQ ID NO: 30 and 100 of

WO2016065001), or variants or derivatives thereof,

10546]

in sone enbodiments, the AAV capsid polvpeptide, e.g

o133

AAV capsid variant, or the

parent AAY capsid may be or have, at a position other than 5 consecutive amino acids corresponding

o positions 586 1o 594 sumbered relative to SEQ 1D NO: 138, a serotype selected from any of those

found in Table 6.
{6547}

Tn some crobodinents, the AAY capsid polvpeptide, e.g.. AAV capsid variard, or the

patent AAY capsid mayv be or bave, at a position other than 5 consecutive amino acids corresponding

to positions 586 to 594 numbered relative to SEQ 1D NO: 138, a sequence, fragment or variant

thereof, of any of the sequences in Table 6.

0548

In sone embodiments, the AAV capsid polypeptide, ¢.g., AAY capsid variant, or the

parent AAV capsid may be encoded by, at a position other than § consecutive amino acids

corresponding to positions 386 to 594 munbered relative to SEQ D NO: 138, a sequence, fragment or

variant as described in Table 6.

Table 6. AAV Sequences

US20150315612 SEQ ID NO:

WO2015121501 SEQ ID NO:

Serotype SEQ | Reference Information
I
Ny
VOYiol 1 -
VYol 2 -
VOY2061 3 -
VOY201 1724 | -
PHEN/PHP.B-DGT 4 WO2017100671 SEQ 1D NG 46
AAVPHP B or 32B-2¢ 5 WO2015638958 SEQ ID NO: 8 and 13
AAVPHP R 6 W20 5038958 SEQ ID NG 9
AAVGIB-13 7 WQ2015038958 SEQ ID NG 12
AAVTHIE 3-32 8 WO2015038958 SEQ ID NG 14
AAVTHI.1-35 9 WO20135638958 SEQ ID NO: 15
PHP.S/G2A12 10 WO2017100671 SEQ ID NO: 47
AAVS/hu. 14 K449R i1 WO2017100671 SEQ 1D NG 48
AAVI 12 US26156159173 SEQ ID NO: 11, US20150315612 SEG ID NO:
202
AAV] 13 US26160517295 SEQ 1D NO: 1, US20030138772 SEQ ID NOG: 64,
US26130159173 SEQ 1D NG 27, US20136315612 SEGQ 1D NO:
219, US7198051 SEQID NG: 5
AAVL i4 US26030138772 SEQ IDNG: 6
AAVIES 15 US520030138772 SEQ ID NO: 14
AAVIS 16 US20030138772 SEQ ID NO: 117
AAVIO 17 WO2013121501 SEQ ID NG 9
AAVIO 8 WO0S121561 SEQ IDNO: 8
AAVIL 19 US20030138772 SEQ ID NO: 118
AAVI2 20 US26036138772 SEQ ID NO: {19
AAV2 21 US26150159173 SEQ ID NGO 7, US26150315612 SEQ ID NO: 211
AAV2 22 US20030138772 SEQ ID NO: 70, US20130159173 SEQ ID NO: 23,

221, US20166017295 SEQ ID NO: 2,

US6156303 SEQ ID NG: 4, US7198951 SEQ ID NO: 4,

i
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AAV2 23 US6156303 SEQ ID NO: 8
AAV2 24 US26030338772 SEQ ID NG 7
AAV2 25 US6156303 SEQ ID NG: 3
AAV2ST 26 US9233131 SEQ 1D Ny 42
AAV223.10 7 US26030338772 SEQ 1D NO: 75
AAV2232 28 UJS20030138772 SEQ ID NO: 49
AAV2232 29 US20030138772 SEQ 1D NO: 76
AAV2234 30 US20036138772 SEQ ID NO: 50
AAV2234 31 JS200303138772 SEQ 1D NG 73
AAV223S 32 US20030138772 SEQ ID NQO: 51
AAV2235 i3 US26030138772 SEQ 1D NO: 74
AA\/Z?SQ 34 USIH030338772 SEQ 1D NG 52
AAV2IZ6 35 US26030138772 SEQ 1D NQ: 78
AAV223.7 36 US20030138772 SEQ 1D NO: 53
AAV2237 37 US26036138772 SEQ ID NG: 77
AAV29.3 38 JS20030138772 SEQ 1D NO: 82
AAVIS 4 39 US26030138772 SEQ 1D NO: 12
AAVIS S 40 US26030138772 SEQ 1D NO: 83
AAV29.5 (AAVEb 2) 41 Us2s 07{)]?%’7 ’.7 SEQID NO: 13
AAV3 42 US20150159173 SECQ ID NO: 12
AAVE 43 US20030138772 SEQ ID NO: 71, US26150139173 SEQ ID NG 28,
US20160017295 SEQ 1D NE¥: 3, UST198951 SEQ I NO: 6
AAV3 44 USZ(}O’«‘OI?S"’U SEQ ID NO: 8
AAV33b 45 US26030138772 SEQ D NO: 72
AAV3-3 46 US26156315612 SEQ 1D NGO: 200
AAV3-3 47 USIH130315612 SEQ 1D NG 217
AAV3a 48 US6136303 SEQID NG 3
AAV3a 49 US6156303 SEG ID NO: 9
AAV3b 50 US6156363 SEQ ID NO: 6
AAV3b 51 US6156303 SEQ ID NO: 16
AAV3b 52 US6156303 SEQID N 1
AAV4 33 US20140348794 SEQ ID NO: 17
AAVY 54 US26140348794 SEQ D NGO 3
AAV4 35 US20140348794 SEQ ID NO: 3
AAV4 56 US20140348794 SEQ ID NO: 14
AAV4 57 US20140348794 SEQID NGO 158
AAVY 58 US20140348794 SEQ ID NO: 19
AAV4 39 US26140348794 SEQ ID NO: 12
AAV4 50 US20140348794 SEQ ID NO: 13
AAVY 61 (520140348794 SEQ 1D NG 7
AAVY 62 1US20140348794 SEQ ID NO: 8
AAV4 63 US26146348794 SEQ IDNG: 9
AAV4 o4 US26140348794 SEQ ID NGO 2
AAVY 63 US24140348794 SEQ ID NO: 10
AAVY4 66 US20140348794 SEQ 1D NO: 11
AAV4 &7 US20140348794 SEQ ID NO: 18
AAVY 68 USZH0303138772 SEQ 1D NO: 63, US20160017295 SEQ ID NO: 4,

US20¢146348794 SEQ I NO: 4

AAVE &9 US26140348794 SEQ ID NO: 16
AAVY 70 (JS20140348794 SEQ 1D NG 20
AAV4 71 UJS20140348794 SEQ ID NO: 6
AAV4 72 US26140348794 SEQID NO: |
AAV422 73 US200303138772 SEG D NGO 9
AAVA422 74 USZGU?DI?S’"”Z SEQ ID NO: 102
AAV42 3b 75 US26036138772 SEQ 1D NO: 3¢
AAV423E 76 US20030138772 SEQ ID NO: 107
AAVA2 4 77 JS20030138772 SEQ ID NO: 33
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AAV42 4 78 US20020138772 SEQ ID NO: 88

AAV428 7 US26030338772 SEG 1D NO: 27

AAV42 3 80 US26030138772 SEQ ID NO: 85

AAVA3 1 81 US26030138772 SEQ 1D NO: 39

AAV43 1 82 US26030338772 SEQ 1D NO: 92

AAV43 12 83 US28030138772 SEQ ID NO: 41

AAV43 32 84 US20030138772 SEQ 1D NO: 93

AAV43.20 85 US20030138772 SEQ ID NO: 42

AAV43.20 86 US200303138772 SEG 1D NGO 99

AAV43 21 87 US20030138772 SEQ ID NO: 43

AAV43 21 88 US20030138772 SEQ 1D NO: 9%

AAV43.23 89 USIH0303138772 SEQ 1D NO: 44

AAV4323 90 US26030138772 SEG 1D NQ: 98

AAV43 25 91 US20030138772 SEQ 1D NO: 45

AAV43.25 2 US26036138772 SEQ ID NG: 97

AAV43.3 93 US200303138772 SEG 1D NO: 40

AAV43 S 94 US26030138772 SEQ ID NO: 94

AAVA-4 95 US261563135612 SEQ ID NO: 201

AAV4-4 96 US20150315612 SEG 1D NGO: 218

AAV44. 1 97 US20030138772 SEOQ 1D NO: 46

AAV4A4 1 98 US20030138772 SEQ 1D NO: 79

AAV445 99 US2603G138772 SEQ ID NO: 47

AAV44.3 106 US20030338772 SEG 1D NO: 80

AAV4407 101 US26150315612 SEQ ID NO: 90

AAVSE 102 US74273%6 SEQID NG}

AAVS 103 US20030138772 SEQ IDNO: 114

AAVE 104 US28160017295 SEQ ID NO: 5, US7427396 SEQ ID NG: 2,
US20156315612 SEQ ID NO: 216

AAVS 103 US20150315612 SEQ 1D NO: 199

AAVE 106 US28150159173 SEG ID NO: 13

AAVE 107 US26036138772 SEQ 1D NO: 65, US20150150173 SEG 1D Nk 29
US20160017295 SEQ 1D NO: 6, US6156363 SEQ I NG: 7

AAVG 108 US6156303 SEQ ID NO: 11

AAVE 109 US6156303 SEG 1D NGy 2

AAVSH 110 US26130315612 SEQ 1D NO: 203

AAVG i1 US20130315612 SEQ 1D NO: 226

AAVE.1 112 US20150159173

AAVG.12 113 US26156159173

AAVE2 114 US20130139173

AAVT 115 US20150159173 SEQ ID NO: 14

AAVT s US261563135612 SEQ 1D NO: 183

AAVT 117 US20036138772 SEQ ID NO: 2, US26150159173 SEQ ID NG: 30,
US20150315612 SEQ 1D NO: 181, URZ0160017295 SEQ I3 NO: 7

AAVT 118 US20036138772 SEQID NG: 3

AAVT 118 US26030338772 SEQ 1D NG 1, US26130315612 SEQ 1Dy NO: 180

AAVT 120 US20150315612 SEQ ID NO: 213

AAVT 121 US261563135612 SEQ ID NO: 222

AAVS 122 US26150159173 SEQ ID NO: 15

AAVE 123 US20130376240 SEO 1D NG 7

AAVE 124 US20030138772 SEQ ID NO: 4, US20150315612 SEQ ID NO: 182

AAVE 25 US26036138772 SEQ ID NO: 95, US20144359799 SEG ID NO: 1,
US20150159173 SEQ ID NO: 31, US20166017295 SEQ ID NO: &,
US7198951 SEQ 1D NO: 7, 1US26150315612 SEQ 1D NQO: 223

AAVE i2 US20150376240 SEQ ID NG 8

AAVE 127 US20150315612 SEQ ID NO: 214

AAV-8o 128 US26150376240 SEQ D NO: 5

AAYV-8b 129 US20150376240 SEQ ID NO: 3
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AAV-8h 130 US20150376240 SEQ ID NG: 6
AAV-8h 131 US20150376240 SEQ 1D NO 4
AAVY 132 US20030138772 SEQ ID NQ: 5
AAVY 133 US7198951 SEGID NGO 1
AAVY 134 US20160017298 SEQID NG 9
AAVY 135 US20030138772 SEQ ID NO: 100, US7198951 SEQ ID NQO: 2
AAVS 136 US7198951 SEQ ID N 3
AAVY (AAVhu 14) 137 US7906111 SEQ ID NO: 3; WO2015038958 SEQ ID NO: 11
AAVE (AAVEu 14) 138 JS87906111 SEQ ID NO: 323, WO2015038958 SEQ ID N 2
AAVA3 1 139 US20030138772 SEQ 1D NQ: 126
AAVA33 140 US20030138772 SEQ 1D NO: 57
AAVA33 141 US20030138772 SEQ ID NO: 66
AAVA34 142 1JS20030138772 SECG 1D NO: 54
AAVA34 143 US20030138772 SEQ ID NO: 68
AAVA3S 144 US20030138772 SEQ ID NO: 55
AAVA3S 145 US29030138772 SEQ 1D NO: 69
AAVA37 146 US20030138772 SEQ 1D NO: 56
AAVA3ZT 147 US20030138772 SEQ ID NO: 67
AAV29.3 {AAVEb. 1} 148 US20030138772 SEQ ID NO: 1
AAVC2 149 US28030138772 SEG ID NO: 61
AAVRS 150 US26150159173 SEQ ID NO: 46, US20150315612 SEQ 1D N
234
AAVey. 2 {AAV13. 151 USZUU 30138772 SEG ID NO: 13
AAV24 1 152 US20030138772 SEQ ID NO: 10t
AAVey 3 (AAVZ4.D) 153 US20030138772 SEQ ID NG 16
AAV2T3 154 UUS200303138772 SEQ 1D NO: 104
AAVey 4 (AAVZT R 155 US20030138772 SEQ ID NO: 17
AAVCY.S 156 US20150315612 SEQ ID NG: 227
AAVT2 137 US29030138772 SEQ ID NO: 103
AAVey S (AAVT.2) 158 US28030138772 SEG ID NO: 18
AA\/ 163 159 US20030138772 SEQ 1D NO: 103
AAVCy.6 (AAVIGS) 160 US2003G138772 SEQ ID NG 16
AAVey 3 161 US20150159173 SEQ D NO: §
AAVey.S 162 US20150159173 SEQ ID NO: 24
AAVCy SR1 163 US20150G159173
AAVCy.5R2 164 US23150139173
AAVCY.SR3 163 U52a;i'ﬂ0b‘l 3
AAVy . SR4 166 US2615G159173
AAVD] 167 US20140359799 SEQ 1D NG: 3, US7588772 SEQ 1D NQO: 2
AAVIY 168 US20140359799 SEG D NO: 2, US 7,3 SEQ D NO:
AAVDI-8 169 UJS7588772; Grimm et al 2008
AAVDI-8 170 US7588772; Grimm ¢t al 2008
AAVFS 171 US20036138772 SEQ ID NO: 110
AAVH? 172 US28030138772 SEG ID NO: 26
AAVHS 173 US20030138772 SEQ ID NO: 25
AAVHEL1 174 USH233131 SEG 1D NO: 44
AAVRErt 14 178 1US9233131 SEQ ID NQO: 46
AAVHErL 16 176 19233131 SEQ ID NO: 48
AAVhEr] {8 177 US9233131 SEG 1D NG 49
AAVRExE 23 {AAVRER .29 178 US9233131 SEQ ID NO: 53
AAVEErl 33 179 159233131 SEQ ID NQ: 5¢
AAVEEr: .36 180 89233131 SEQ 1D N{x 52
AAVRErL .S 181 USH233131 SEG ID NO: 45
AAVREL7 182 (59233131 SEQ iID NQO: 51
AAVEErL 8 183 159233131 SEQIDNQO: 47
AAVRER. 16 184 US89233131 SECQ 1D NiY, 33
AAVREZ 36 185 US9233131 SEQ ID NO: 3¢
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AAVREX2.31 186 USH232131 SEQ ID NO: 58
AAVhER2 36 187 JS9233131 SEQ I NG: 57
AAVhHE2 4 188 UJS9233131 SEQ ID NO: 54
AAVRESS. 189 US9H233131 SEQ 1D Ny 50
AAVhu 1 190 US20150315612 SEC 1D NGO 46
AAVhu | 191 US20130315612 SEQ ID NO: 144
AAVER 10 {AAVI6.8) 192 US201503135612 SEQ ID NO: 56
AAVHhu 10 (AAV16.8) 193 US26150315612 SEQ ID NO: 156
AAVhu 1] (AAV16.12) 194 US20130315¢12 SEG 1D NGO 57
AAVE 11 (AAVIG.1D) 195 US26150315612 SEQ 1D NO: 153
AAVEn 12 19¢ US26150315632 SEQ 1D NO: 59
AAVIu 12 197 USIH130315612 SEQ ID NG 154
AAVhu 13 198 US20150150173 SEG ID NQ: 16, US20130315612 SEQ ID NO: 71
AAVER 13 199 US2015G159173 SEQ 1D NO: 32, US201303 15612 SEQ ID NO:
129
AAVhY 136.1 200 US26150315612 SEQ ID NO: 165
AAVhn 340.1 203 US261503135612 SEQ ID NO: 166
AAVhu 140.2 202 US26150315612 SEQ ID NO: 167
AAVhu 1456 203 JS26150315612 SEQ ID No: 178
AAVhu 13 204 US20150315612 SEQ ID NO: 147
AAVhR15 {(AAV334) 205 US26156315612 SEQ ID NO: 56
AAVI 1561 206 US20150315612 SEQ 1D No: 179
AAVhu 16 207 US26150315612 SEG 1D NO: 148
AAVER 16 {AAV338) 208 US261503135612 SEQ ID NO: 51
AAVRu17 209 US20150315612 SEG ID NO: 83
AAVhu {7 (AAVI3 I 210 USIH130315612 SEQ 1D NG 4
AAVER 1721 213 US20150313612 SEQ ID NO: 171
AAVIR.172.2 212 US26156315612 SEQ ID NO: 172
AAVIU. 173 4 213 US20150315612 SEQ 1D NG 173
AAVhu 1738 214 US201350315612 SEQ ID NO: 175
AAVER 18 218 US201503156312 SEQ ID NO: 52
AAVhu.18 216 US26150315612 SEQ ID NO: 149
AAVhu 19 217 US26130315612 SEQ 1D NO: 62
AAVhu 19 218 US20150315612 SEQ 1D NO: 133
AAVhu2 219 US20150315612 SEQ ID NO: 48
AAVhu.2 220 USZ8130315612 SEQ ID NG 143
AAVhu 20 221 US201350315612 SEQ ID NO: 63
AAVER 20 222 US261563135612 SEQ ID NO: 134
AAVhu21 223 US26150315612 SEQ ID NO: 65
AAVhu2] 234 JS201303 15612 SEQ 1D NO: 135
AAVhu 22 225 US26150315612 SEQ ID NO: 67
AAVhn.22 226 US26156315612 SEQ ID NO: 138
AAVIU23 227 USI6130315612 SEQ 1D NO: 66
AAVHu23.2 228 US28150315612 SEQ ID NO: 137
AAVhu 24 229 US20150313612 SEQ I NO: 66
AAVhu.24 236 US26150315612 SEQ ID NO: 136
AAVhu2S 231 US20130315612 SEQ ID NO: 49
AAVER25 232 US20150315612 SEQ ID NO: 146
AAVER 26 233 US20156159173 SEQ I3 NO: 17, US201503156 12 SEQ 1D NO: 61
AAVRW26 234 US28130139173 SEQ 1D NG 33, US20150315612 SEQ 1D NO:
139
AAVIh.27 235 US26156315612 SEQ ID NO: 64
AAVhu27 236 US26130315612 SEQ 1D NG 140
AAVHy 28 237 US26150315612 SEQ ID NO: 68
AAVER 28 238 US26156313612 SEQ ID NO: 130
AAVhu29 238 US201350315612 SEQ ID NO: 69
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AAVRW29 240 US26156159173 SEQ ID NO: 42, US20150315612 SEQ ID NO:
132
AAVER 29 243 US26156313612 SEQ ID NO: 225
AAVHh1.29R 242 US26156159173
AAVhu 3 243 US20150315612 SEGQ 1D NO: 44
AAVba3 244 US26150315612 SEQ ID NO: 143
AAVhn30 245 US26156315612 SEQ ID NO: 76
AAVIU.30 246 USI6130315612 SEQ 1D NO: 133
AAVHu31 247 US26150315612 SEG ID NO: 1
AAVEn 31 248 US2015¢313612 SEQ 1D NO: 121
AAVhu.32 249 US20150315612 SEQ IDNG: 2
AAVhu32 250 US20130315612 SEGQ ID NO: 122
AAVER 33 251 US26150315612 SEQ D NO: 75
AAVI.33 252 US26156315612 SEQ ID NO: 124
AAVhu34 253 JS20130315612 SEQ 1D NO: 72
AAVhu 34 254 US20150315612 SEQ ID NO: 125
AAVH 33 258 US26156313612 SEQ ID NO: 73
AAVhu35 256 US20150315612 SEQ ID NO: 164
AAVHhu 36 257 US20150315612 SEG 1D NQ: 74
AAVha 36 258 US20150315612 SEQ ID NO: 126
AAVhn.37 235 US20150159173 SEQ ID NO: 34, US20130313612 SEG ID NO: 88
AAVhu37 (AAV106.1) 268 US20150315612 SEQ 1D NO: 10, US20156159173 SEQ 1D NO: 18
AAVhu38 261 US26150315612 SEQ ID NO: 161
AAVER39 262 US261563135612 SEQ ID NO: 102
AAVRu.39 (AAVLG-9) 263 US20150315612 SEQ ID NO: 24
AAVhud 264 US20130315612 SEQ 1D NO: 47
AAVhu 4 265 US2¢150315612 SEQ 1D NO: 141
AAVhu.40 266 US261506315612 SEQ ID NO: 87
AAVIUL40 (AAV1I4.3) 267 US20150315612 SEG 1D No: 1t
AAVhu 4l 268 US20150315612 SEGQ 1D NQ: 91
AAVEn 41 {AAVIZT 269 US201503156312 SEQ ID NO: 6
AAVhu.42 276 US201350315612 SEQ ID NO: 85
AAVhu 42 (AAVI2T.5) 271 US20130315612 SEGQID NG 8
AAVEu 43 272 US20150315612 SEQ 1D NO: 166
AAVhu 43 273 US20156315612 SEQ ID NG: 236
AAVhud3 (AAVIZE.1) 274 USZ8130315612 SEQ 1D NO: 80
AAVhu 44 275 US28150159173 SEQ ID NO: 45, US20130315612 SEQ ID NO:
{58

AAVIud4 (AAVI28.3) 276 US20130315612 SEG 1D NGy 81
AAVEu 4411 277 US20150159173
AAVEn 44R2 278 US20150159173
AAVhu.44R3 279 US26156159173
AAVhu 45 280 US26150315612 SEQ 1D NQ: 76
AAVEu 43 281 US20150315612 SEQ D NO: 127
AAVhud6 282 US26156315612 SEQ ID NG: 82
AAVIu46 283 US28130315612 SEQ ID NGO 159
AAVEn 46 284 US20150315612 SEQ ID NO: 224
AAVEn 47 285 US26150315612 SEQ D NG: 77
AAVRuA7 286 US20150315612 SEQ ID NO: 128
AAVhu48 287 (JS2013031359173 SEQ 1D NG 38
AAVEu 48 288 US20150313612 SEQ ID NO: 157
AAVhR48 (AAVII0 4) 285 US261506315612 SEQ ID NO: 78
AAVhu 48R 290 US20150130173
AAVE 4812 291 US26150159173
AAVHR 48R3 292 US26156159173
AAVhu49 293 US26150315612 SEQ ID NO: 209
AAVhu 49 294 US201350315612 SEGQ ID NO: 189

-127 -




WO 2021/230987

PCT/US2021/025061

AAVhuS 205 US201350315612 SEQ ID NO: 45
AAVhuS 296 US20130315612 SEQ ID NO: 142
AAVHuS1 297 US20150315612 SEQ ID NO: 208
AAVhu St 298 US26156313612 SEQ ID NO: 190
AAVIU52 299 US26130315612 SEQ 1D NGO 210
AAVHu52 300 US201350315612 SEG ID NO: 191
AAVhu 53 3031 US20150159173 SEQ ID NO: 19
AAVhu53 302 US201560159173 SEQ ID NO: 35
AAVhW33 (AAVI4S. 1) 303 US20130315¢12 SEG 1D NO: 176
AAVhu 54 304 US26150315612 SEQ ID NO: 188
AAVHn 54 (AAVI4S 5) 308 US201503315632 SEQ 1D No: 177
AAVIuS5S 306 USI6130315612 SEQ ID NGO 187
AAVhu 36 307 US26150315612 SEQ 1D NO: 205
AAVER 56 {(AAVI4S.6) 308 US20150315612 SEQ I3 NO: 168
AAVhL56 (AAVI4S 6) 309 US20150315612 SEQ ID NO: 192
AAVhuS7 316 USIH130315612 SEQ 1D NO: 206
AAVEy 57 311 US20150315612 SEQ ID NO: 169
AAVER 57 312 US261563135612 SEQ ID NO: 193
AAVIu38 313 US20150315612 SEG 1D NGO: 207
AAVHU 58 314 US201503156§2 SEG 1D NO: 194
AAVEu 6 (AAVI 315 US26150315612 SEQ ID NO: 5
AAVIhRG (AAVE ] 316 US26156315612 SEQ ID NO: 84
AAVhE0 317 US26130315612 SEQ 1D NO 184
AAVELG0 (AAVIGL. 10) 318 US20150315612 SEQ 1D NO: 176
AAVhn ol 319 US206156315632 SEQ ID NO: 183
AAVhu61 (AAVIAL6) 32 US26150315612 SEQID NO: 174
AAVhu63 321 US20130315612 SEGQ ID NO: 204
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AAV CLvi-i 691 USB734809 SEQ 1D NG 173
AAYV CLvi-2 692 USE734809 SEQ 1D NO: 172
AAV CLvi-3 693 JS8734869 SEQ ID NQG: 173
AAV Clvi-4 694 USRT34809 SEQ 1D NO: 174
AAV Clvi-7 595 US8734809 SEQ 1D NO: 175
AAV Clvi-8 696 (J58734809 SEQ D NO: 176
AAV Clvi-9 697 US8734809 SEQ ID NO: 177
AAV Clvi-10 698 USB734809 SEQID NGO, 178
AAV.VR-335 659 USE734809 SEQ ID NO: 181
AAV hu 48R3 700 1J58734809 SEQ ID NO: i83
AAV CBr-E1 701 USE734889 SEQ 1D NGy 87
AAV CBr-E2 702 US8734809 SEQ 1D NO: 88
AAV CBr-E3 703 JS8734869 SEQ 1D NQG: 89
AAV CBr-B4 704 US8734809 SEQ ID NO: 90
AAV CBr-E5 705 US8734809 SEC 1D NG 91
AAV CBr-¢3 706 USE734809 SEQ ID NO: 92
AAV CBr-E6 707 1JS8734809 SEQ ID NQG: 93
AAV CBr-E7 708 USB734809 SEQ 1D NO: 94
AAV CBr-E8 705 US8734809 SEQ ID NO: 93
AAV CLv-D1 716 US8734809 SEQ ID NO: %6
AAV CLv-D2 711 UJSR734809 SEQ ID NG 97
AAV CLv-I3 712 US8734809 SEG 1D N 98
AAV CLv-D4 713 US8734809 SEQ ID NO: 99
AAV CLv-D3 714 1J58734869 SEQ ID NO: 106
AAV CLyv-36 715 JSET34809 Sk

AAV CLv-D7 716 US8734809 SEG ID NO: 102
AAY CLyv-D8 717 USE734809 SEQ 1D NO:

AAV CLv-El 718 UJS8734809 SEQ

AAV CLv-Ri 719 USB734809 SEQ 1D Nk
AAV CLv-R2 72 US8734809 SEQ ID NO: 105
AAV CLv-R3 721 1J58734869 SEQ ID NO: 166
AAV CLv-R4 722 US8734809 SEQ 1D NG 107
AAV CLv-R3 723 USB734809 SEG ID NO: 108
AAV CLyv-Ré 724 USE734809 SEQ ID NO: 109
AAV CLv-R7 725 JS8734809 SEQ ID NO: 110
AAV CLv-R8 726 US8734809 SEC 1D NG 113
AAV CLyv-ES 727 US8734809 SEQ ID NO: 112
AAV CLg-Fi 728 1J58734869 SEQ ID NG
AAV CLg-2 729 JSKT34809

AAV CLg-F3 730 US8734809 SEG ID NO: 115
AAYV CLg-F4 731 USE734809 SEQ D NO: 116
AAV CLg-F3 732 1JS58734869 SEQ ID NQ: 117
AAV CLg-Fé 733 US8734809 SEQ 1D Nk 117
AAY CLg-T7 734 US8734809 SEQ 1D NO: 118
AAYV CLg-F8 738 1J58734809 SEQ D NG: 117
AAV C8p-1 736 USK734809 SEQ ID NG 119
AAV CSp-10 737 US8734809 SECQ ID NO: 126
AAYV C8p-11 738 USE734809 SEQ ID NO: 121
AAY CSp-2 730 1J58734869 SEQ ID NG: 122
AAV CSp-3 740 USB734809 SEQ ID NO: 123
AAV CSp-4 741 US8734809 SEG 1D NO: 124
AAV CSp-6 742 (88734809 SEQ ID NQ; 125
AAV CSp-7 743 US8734809 SEQ ID NO: 126
AAV C5p-8 744 US8734809 SECQ 1D NO: 127

-135-



WO 2021/230987

PCT/US2021/025061

AAV CSp-9 745 US8734809 SEG ID NO: 128
AAV CHi-2 746 JS8734869 SEQ I3 NQG: 129
AAV CHi-3 747 US8734809 SEQ ID NO: 130
AAV CKd-} 748 USB734809 SEQ 1D NG 133
AAYV CKd-10 749 USE734809 SEQ 1D NO: 132
AAV CKd-2 750 JS8734869 SEQ ID NQ: 133
AAV CKd-3 75} USKT34809 SEQ 1D NO: 134
AAV CKd-4 752 US8734809 SEQ ID NO: 135
AAV CKd-6 753 (J58734809 SEQ D NO: 136
AAV CKd-7 754 US8734809 SEQ ID NO: 137
AAV CKd-8 758 US8734809 SEQ 1D Nk 138
AAYV Cly-] 756 USE734809 SEQ 1D NO: 139
AAV CLv-12 757 1J58734869 SEQ ID NO: 146
AAV CLv-13 758 USE734809 SEQ 1D NG 141
AAV CLv-2 759 US8734809 SEQ 1D NO: 142
AAY ClLv-3 760 US8734809 SEQ ID NQ: 143
AAY CLv-4 761 UJS8734809 SEQ ID NO: 144
AAV CLv-6 762 US8734809 SEC 1D NG 145
AAV ClLv-8 763 USE734809 SEQ 1D NO: 146
AAV CKd-Bi 764 1JS8734869 SEQ ID NQ: i47
AAV CKd-B2 765 US8734809 SEQ 1D NGO 148
AAV CKd-B3 766 US8734809 SEG 1D NO: 149
AAY CKd-B4 767 1J58734869 SEQ D NG: 159
AAV CKd-B3 768 UJSR734809 SEQ ID NO: 15
AAV CKd-Bo 769 US8734809 SEC 1D N 152
AAV CKd-B7 770 US8734809 SEQ ID NO: 153
AAV CKd-B8 771 1J58734869 SEQ ID NO: 154
AAV CKd-H1 772 JSET34809 Sk 155
AAV CKd-H2 773 US8734809 SECQ ID NO: 156
AAYV CRd-H3 774 USE734809 SEQ D NO: 157
AAV CKd-H4 775 US8734809 SEQ ID NO: 158
AAV CKd-H3 776 USB734809 SEQ 1D Ny 159
AAV CKd-H6 777 US8734809 SEQ ID NO: 151
AAV CHi-1 778 1J58734869 SEQ ID NO: 166
AAV CHi-P2 779 WO2016065001 SEQ ID NG 1
AAV CHi-P3 780 WO2016065001 SEQ ID NG 2
AAY CHi-PS 781 WO2016663001 SEQ D NO: 3
AAV CBr-7.1 782 WO2016665001 SEQ ID NO: 4
AAV CBr-7.2 783 WO2016665001 SEQID NG 3
AAV CBr73 784 WO2016663001 SEQ ID NG 6
AAV CBr-7.4 785 WO2016065001 SEQ ID NG 7
AAV CBr-7.5 786 WO2016065001 SEQ ID NG 8
AAV CBr-7.7 787 WO2016665001 SEQ ID NG 9
AAV CBr7.8 788 WO2016863001 SEQ ID NO: 10
AAV CBr-7 10 788 WO2016063001 SEQ ID NO: 11
AAV CKd-N3 790 WO2016065001 SEQ 1D NG 12
AAY CKd-N4 791 WO20160603001 SEQ ID NO: 13
AAYV CKd-N9 792 WO20H6663001 SEQ D NO: 14
AAV Clv-L4 793 WO2016065061 SEQ 1D NG 18
AAV CLv-L3 704 WO2016065001 SEQ ID NQO: 16
AAV CLy-L6 795 WO2016603001 SEQ ID NO: 17
AAV CLv-K1 796 WO2016065001 SEQ ID NO: 18
AAV CLv-K3 797 WOZ2016665001 SEQ 1D NG 19
AAV CLv-K6 798 WO2016663001 SEQ ID NO: 20
AAV CLv-M1 799 WO2016663001 SEQ D NO: 23
AAV CLv-Ml11 800 WQ02016065001 SEQ ID NO: 22
AAV CLv-M2 801 WO2016665601 SEG ID NO: 23
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AAV CLv-M3 802 WO2016665001 SEQ 1D NO: 24
AAV CLv-Mo 803 WO2016663001 SEQ ID NO: 258
AAV CLv-M7 804 WO2016065001 SEQ ID NG: 26
AAV CLv-M8B 805 WO2016665001 SEQ 1 NO: 27
AAV CLv-M9 806 WO2016803001 SEQ 1D NO: 28
AAV CHi-P1 807 WO2016065001 SEQ ID NO: 29
AAV CHe-P6 808 WO2Z016065001 SEQ ID NG 30
AAV CH:-P8 309 WO20160635001 SEQ ID NO: 31
AAV CHi-6.} 816 WO20H6663001 SEQ ID NO: 32
AAV CHi-0,10 811 WQ02016065001 SEQ ID NG: 33
AAV CHi-6.5 812 WO2016665001 SEQ 1D NG, 34
AAV CHi-6.0 813 WO016803001 SEQ I3 NO: 35
AAV CHi-6.7 514 WO2016065001 SEQ ID NO: 36
AAV CHi-6.8 815 WO2016065061 SEQ 1D NG 37
AAV C5p-8.10 8i6 WO2016065001 SEQ 1D NQO: 38
AAV CSp-82 817 WO2016663001 SEQ D NO: 39
AAV CSp-84 818 WQO2016065001 SEQ ID NO: 40
AAV C5p-8.5 819 WO2016665001 SEQ 1D NO: 41
AAY CSp-8.6 820 WO016663001 SEQ D NO: 42
AAV CSp-8.7 821 WO2016063061 SEQ ID NO: 43
AAV CSp-8.8 822 WO2016065001 SEQ 1D NG 44
AAV C8p-8.8 823 WO2016665601 SEG ID NQO: 43
AAYV CBr-B73 824 WO2016663001 SEQ D NO: 46
AAV CBr-B7.4 825 WO2016065001 SEQ ID NO: 47
AAV3E 826 WO2016665001 SEQ 1D NO: 48
AAV4 827 WO2016003001 SEQ ID NO: 49
AAVSE 828 WO2016065001 SEQ ID NO: 50
AAV CHi-P2 829 WO2016065061 SEQ 1D N 51
AAV CHi-P3 836 WO2016665001 SEQ 1D NO: 52
AAY CHi-PS 831 WOR016663001 SEQ 1D NOG: 53
AAV CBr-7.1 832 W02016065001 SEQ ID NO: 54
AAV CBr-7.2 833 WEZ20160665001 SEQ ID NG, 358
AAV CBr-73 834 WO2016005001 SEQ ID NO: 56
AAV CBr-7.4 835 WO2016063061 SEQ ID NO: 57
AAV CBr-7.3 836 WO2016065001 SEQ 1D NG 38
AAV CBr-7.7 837 WO2016065001 SEG ID NQ: 59
AAV CBr-7.8 838 WO2016663001 SEQ D NO: 60
AAV CBr-7.10 839 WO2016065001 SEQ ID NG: 61
AAV CKd-N3 840 WO2016665001 SEQ 1D NO: 62
AAV CKd-N4 841 WO2016663001 SEQ ID NO: 623
AAV CKd-N¢ 842 WO2016065001 SEQ ID NO: 64
AAV Clv-14 843 WO2016065001 SEQ ID NG 65
AAV CLv-L3 844 WO2016665001 SEQ 1D NO: 66
AAV CLv-L6 845 WO2016863001 SEQ ID NO: 67
AAV CLv-Ki 846 WO2016063001 SEQ ID NO: 68
AAV CLv-K3 847 WO20166065001 SEQ 1D NO, 69
AAY CLv-K6 848 WO2016003001 SEQ 1D NO: 7

AAYV CLv-M1 849 WO206663001 SEQ D NO: 73
AAV CLv-Ml} 850 WO2016065061 SEQ 1D NG 72
AAV CLv-M2 851 WO2016065001 SEQ ID NQO: 73
AAYV CLy-M3 852 WO2016603001 SEQ ID NO: 74
AAV CLv-M6 853 WO2016065001 SEQ ID NO: 75
AAV CLv-M7 854 WOZ016665001 SEQ 1D NG 76
AAV CLv-M8 855 WO2016663001 SEQ ID NO: 77
AAV CLv-M9 8§36 WO2016663001 SEQ D NO: 78
AAV CHi-P1 857 WQO2016065001 SEQ ID NG: 79
AAV CHi-P6 858 WO2016665601 SEG ID NO: 80
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AAV CHi-P8 859 WO2016065001 SEG ID NQO: 81

AAV CHi-6.1 860 WO2016663001 SEQ D NO: 82

AAV CHi-6.10 861 WO20160665001 SEQ ID NG: 83

AAV CH-6.5 862 WOZ2016665001 SEQ 1D NO: 84

AAV CHi-6.0 863 WO2016663001 SEQ ID NO: 85

AAV CHi~6.7 864 WQ2016065001 SEQ ID NG: 86

AAV CHi-6.8 865 WO2016065001 SEQ 1D NG 87

AAV C8p-8.18 866 WO2016665001 SEQ 1D NO: 88

AAV CSp-8.2 867 WO206663061 SEQ ID NO: 89

AAV CSp-8.4 868 WO2016065001 SEQ ID NG: 90

AAV C8p-8.8 869 WO2016065001 SEQ 1D NO: 91

AAY CSp-8.6 870 WO2016603001 SEQ ID NO: 92

AAV CSp-8.7 8§71 WQ2016063001 SEQ ID NG: 93

AAV CSp-8.8 872 WO2016065001 SEQ 1D NG 94

AAV C5p-8.8 873 WO2016065001 SEQ 1D NQO: 93

AAV CBr-B73 874 WO2016663001 SEQ D NO: 96

AAV CBr-B7 4 875 WO2016065001 SEQ ID NG: 97

AAVIE 876 WOZ2016665001 SEQ 1D NG 98

AAV4 877 WO2016663001 SEQ ID NO: 99

AAVS 878 W0O2016063001 SEQ ID NO: 168

GPY 879 US9624274R82 SEQ ID NO: 192

Bi9 880 US962427482 SEQ ID NOG: 193

MVM 881 US962427482 SEO 1D NG 194

PV 882 JS9624274R2 SEQ ID MQO; 195

CPV 883 US962427482 SEQ 1D NO: 196

AAVS 884 US954611282 SEQ ID NG 5

AAVE 883 UUS945710382 SEQ ID NGO 1

AAV2 886 US945710382 SEQ ID NO: 2

ShH10 887 US945710382 SEQ ID NG: 3

Stz 388 US945710382 SEQ ID NG 4

ShHIG 889 US9457103R2 SEQ ID NO: 5

S0 890 US945710382 SEQ ID NO: 6

ShH10 891 US945710382 SEQ ID NG 7

ShH 16 892 1J59457165382 SEQ 1D NO: 8

Shiio 893 US94357193B2 SEHQ ID NO: 9

rh74 804 US043452852 SEQ ID NO: 1, US2015023924A1 SEQ ID NO: 2

74 893 U5943492882 SEQ {1 NGO 2, US2015023924A1 SEQ ID NO: |

AAVE 896 1JS9434928R82 SEQ ID NO: 4

rh74 897 US943492882 SEQID NO: 5

rh74 (RHM4-1) 898 US2615023924 A1 SEG ID NO: 5, US20160375110A1 SEQ ID NO:
4

rh74 (RHM1I5-1) 899 US2015023924 A1 SEGQ ID NO: 6, US20160375110A1 SEQ ID NO:
5

rh74 (RHM15-2) 900 US2015023924A1 SEQ ID Ny 7, US28160375110A1 SEQ ID NO:
&

rh74 (RHM15-3/RHM15-5) 901 US2615023924A1 SEQ ID NO: 8, US20160375110A1 SEQ ID NO:
o]

74 (REMI5-43 902 USZH13023924 A1 SEQ I NOG: 9, US26166375110A1 SEQ I NO:
8

rh74 (RHMIS-6) 903 US2615023924 A1 SEQ ID NO: 10, US20166375110A1 SEQ ID
NO: 8

th74 (RHM4-1) 904 US2015023924A1 SEGQ ID NO: 1

74 (REMIES-1) 903 US2015023924A1 SEQ B NQO: 12

th74 (RHMI5-2) 906 US2015023924A1 SEQ ID NG: 13

rh74 (RHM135-3/RHM15-5) 907 US20150623924 A1 SEG D N 14

rh74 (RHMIS-4) 908 US2015023924A1 SEQ ID NO: 15

th74 (REMIS-63 90¢% US2015023924A1 SEQ ID NQ: 16
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AAVZ (comprising lnng specific | 910 US2616017538%A1 SEQ IDNO: 9
polvpeptide)

AAVZ (coruprising lung specific | 911 US2G160GE75389A1 SEQ I NO: 16
polvpeptide)

AnsBl 912 US20170051257A1 SEQ D NO: |
AncB0 913 US20170651257A1 SEQ ID NQG: 2
Anc8li 914 US20170051257A1 SEQID NG 3
Anc80 913 US20170051257A1 SEQ ID NO: 4
Anc82 96 US26170051257A1 SEQ I NO: 3
Anc82 917 US20176051237A1 SEQID NG: 6
Anc83 918 US20170051257A1 SEQ ID NGx 7
AncB3 9% US26170851257A1 SEGQ I3 NO: 8
Anc84d 920 US20170051257A1 SEQID NQ: &
Ancgd 921 US201766351257A1 SEQ ID N 19
Anc94 922 US20170051257A1 SEQID NO: 1
Anct4 923 US26170051257A1 SEQ D NO: 12
Ancil3 924 US20170051257A1 SEQ ID NO: 13
Ancli3 925 US20170631257A1 SEQ ID NG 14
Anci2é 926 US20170051257A1 SEG D NO: 15
Anci2é 927 US20170051257A1 SEQ ID NQG: 16
Anci27 928 US20170051257A1 SEQ ID NO: 17
Anci27 929 US20170051237A1 SEQ ID NO: 18
Ang80L27 93¢ US20170851257A1 SEQ DB NO: 19
Anc80L59 931 US26170051257A1 SEQ ID NQ: 26
Anc80Lo60 932 US20170031257A1 SEQID NG 2t
AncS0L62 933 US20170651257A1 SEQ ID NO: 22
Anc8GLES 934 US26176051287A1 SEQ I3 NG: 23
Anc80L33 938 US20176051257A1 SEQ ID NO: 24
Anc80L36 936 US20170051257A1 SEQ ID NO: 25
AncBL44 937 US20170051257A1 SEQ I3 NO: 26
Anc¥0L1 938 US20176051237A1 SEQ ID NO: 35
Ancg6L1 930 US20170631257A1 SEQ ID NG 36
AAV-X1 940 JSR283151R2 SEQ ID NO: 11
AAV-X1b 941 USB283315182 SEQID NQG: 12
AAV-X3 942 US828315182 SEQ 1D NG 13
AAV-X19 943 JS828315182 SEQ 1D NO: 14
AAV-X21 944 JSR283151R2 SEQ ID NO: i3
AAV-X22 945 US828315182 SEQ ID NOG: 16
AAV-X23 946 [JS828315182 SEQ D NOL 1T
AAV-X24 947 UJS8283151R2 SEQ ID NO: 18
AAV-X25 948 UUSB28315182 SEQ ID NO: 19
AAV-X26 949 US828315182 SEQ ID NG: 20
AAV-X1 930 UJS828315182 SEQ 1D NO: 21
AAV-X1b 951 USH28315182 SEQ ID NO: 22
AAV-X5 952 US828315182 SEQ 1D NG: 23
AAV-X19 953 USE28315182 SEQ ID NG 24
AAV-X21 9354 JSR283151R2 SEQ ID NO: 25
AAV-X272 955 USB28315182 SEQ ID NOG: 26
AAV-X23 956 Usg28315182 SEQ ID NG: 27
AAV-X24 957 [JSK28315182 SEQ 1D NO1 28
AAV-X23 958 US828315182 SEQ ID NO: 29
AAV-X26 95% US828315182 SEQ ID NO: 30
AAVTHR 960 WO2016054354A1 SEQ D NO: 8
AAVTh8VPIFCS 961 WO2016054554A1 SEQ ID NO: 9
AAVIREVPIFC44 962 WO2016054554A1 SEQ ID NG 10
AAVIBSVP2ApoB100 963 WO2016054554A1 SEQ D NO: 11
AAVIBVPIRVG 964 WO2016054354A1 SEQ ID NO: 12
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AAVIhSVP2 Angiopep-2 VP2 965 WO2016054554A1 SEQ ID NO: 13
AAVO4TVPL3 966 WO2016054554A3 SEQ I NO: 14
AAVS 4TVP2ICAMgS 967 WO2016054554A1 SEQ ID NO: 15
AAVSATVPIRVG 968 WO2016054554 A1 SEQ ID NGO 16
AAVSATVP2 Augiopep-2 68 WOR016654554A1 SEG I3 NO: 17
AAVS4TVP2A-string 970 WO2016054354A1 SEQ ID NO: I8
AAVEBVPIFCS VP2 971 WO2016054554A1 SEQ ID NO: 19
AAVIISVP2FC44 VP2 972 WO2016054554A1 SEG ID NO: 20
AAVIhBYP2ABeB 100 VP2 973 WO 16054354A3 REQ D NOG: 2
AAVIBVPIRVG VP2 974 WO2016054554A1 SEQ 1D NO: 22
AAVEEVP2 Angiopep-2 VP2 978 WOZ2016054554 A1 SEQ ID NGO 23
AAVOATYPACAMgR VP2 976 WO2016054554A3 SEQ D NO: 24
AAVO4TVPIRVG VP2 Q77 WO2016054554A1 SEQ D NQO: 28
AAVS.4TVEZ Angiopep-2 VP2 978 WOZ2016054554A1 SEQ ID NO: 26
AAVSATVP2 A-string VP2 979 WO2016654554A1 SEG ID NO: 27
TAAV-B] 980 WO2016054557A3 SEQ I NO: |
rAAV-BZ 981 WO2016054557A1 SEQ ID NO: 2
rAAV-B3 982 WO2016654557A1 SEQ D NG 3
rAAV-B4 983 WOR016654557A1 SEG I3 NO: 4
rAAV-B1 984 WO2016054357A1 SEQ ID NG: 5
YAAV-BZ 985 WO2016054557A1 SEQ ID NO: 6
rAAV-B3 986 WO2016654557A1 SEQG ID NG 7
rAAV-B4 987 WO2016654557 A3 SEQ I NO: 8
TAAV-L1 988 WO2016054557A1 SEQ ID NG §
rAAV-L2 989 WO2016034557A1 SEQ ID NO: 16
rAAV-L3 990 WO2016054557A1 SEQID NO: 11
rAAV-LA 991 WO2016054557A1 SEQ D NQ: 12
rAAV-L1 992 WOZ016054557A1 SEQ ID NO: 13
rAAV-L2 993 WO2016054557A1 SEQ ID NO: 14
FAAV-L3 994 WOR016654557 A1 SEQ 3 NO: 1§
rAAV-L4 995 WO2016054557A1 SEQ ID NO: 16
AAVY 99¢ WO2016673739A1 SEQ ID NG 3
rAAVY 997 WO2016081811A1 SEGID NO: 1
TAAY 998 WO2016081811A1 SEQ IDNG: 2
YAAV 999 WOZ016081811A1 SEQ ID NO: 3
rAAV 1000 &+ WO2016081811A1 SEQID NG: 4
rAAV 1001 1 WO20i6081811A1 SEQ D NO: 8
TAAYV 1002 | WO2016081811A1 SEQ ID NO: 6
rAAV 1003 | WO2016081811AT SEQGID NG 7
rAAV 1004 | WO2016081811A1 SEQ D NO: 8
rAAY 1005 | WO2016081811A1 SEQ ID NG ©
rAAV 1006 | WO2016081811AT SEQID NG I8
rAAV 1067 | WO2016081811A1 SEGID NO: 11
FAAY 1008 | WOR01608181 1AL SEQ D NG 12
rAAY 1009 P WO2016081811A1 SEQ ID NO: i3
rAAV 1010 | WO2016081811A1 SEQID NG 14
rAAY 1011 | WO2016081811A1 SEQ ID NO: 15
rAAV 1012 1 WO201608181 1AL SEQ I NO: 16
rAAV 1013 | WOZ016081811A1 SEQ ID NO: 17
TAAV 1014  WO2016081811A1 SEGQ ID NG: 18
rAAY 1015 | WOB1668181 LAY SEQ I3 NO: 19
rAAY 1016+ WO2016081811A1 SEQ 1D NG: 20
rAAV 1017 | WO2016081811AT SEGID NO: 21
rAAY 1018 | WO2016081811A1 SEG 1D NO: 22
rAAY 1019 1 WO201608183 1AL REQ I NO: 23
rAAY 1026 | WO2016081811A1 SEQ D NO: 24
rAAV {021 | WO2016081811A1 SEG ID NO: 25
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rAAY 1022 | WO216081811AT SEG I NO: 26
TAAV 1023 1 WO201608183 1AL SEQ I NO: 27
TAAYV 1024 | WO2016081811A1 SEQ ID NO: 28
rAAV 1025 | WO2016081811AF SEQ JD NG 29
FAAY 1026 1 WOR01608181 LAT SEGQ D NG: 3¢
rAAY 1027 L WO2016081811A1 SEQ ID NO: 31
rAAV 1028 | WO2016081811AT SEQ ID NO: 32
rAAY 1029 | WO2016081811A1 SEG I NO: 33
FAAV 103¢ 1 WO201608183 1AL SEQ I NG: 34
TAAY 1031 | WQO2016081811A1 SEQ ID NO: 35
rAAV 1032 1 WOZ016081811A 1 SEQ ID NGO 36
rAAY 1033 | WOB1668181 LAY SEQ I3 NO: 37
rAAY 1034 WO2016081811A1 SEQ 1D NG: 38
rAAV 1035 | WOZ016081811A1 SEQ ID NO: 39
rAAV 1036 1 WO2016081811A1 SEGQ ID NO: 40
TAAV 1037 1 WO201608181 1A SEQ I NO: 43
rAAY 1038 | WO2016081811A1 SEQ ID NO: 42
rAAV 1038 | WO2016081811AT SEG JD NG 43
FAAY 1040 | WOR01608181 1AL SEGQ D NO: 44
rAAYV 1041 | WO2016081811A1 SEQ D NO: 45
YAAV 1042 | WO2016081811A1 SEQ ID NO: 46
rAAV 1043 | WO2016081811A1 SEG ID NO: 47
rAAV 1044 1 WO201608183 1AL SEQ I NG: 48
TAAY 1045 : WO2016081811A1 SEQ 1D NO: 49
rAAV 1046 | WO2016081811A1 SEQ ID NO: 50
rAAV 1047 | WO2016081811A1 SEQ D NO: 51
rAAY 1048 WO2016081811A1 SEQ 1D NQ: &
rAAV 1049 | WOZ016081811AT SEQ ID NGO 53
rAAV 1050 | WO2016081811A1 SEQ ID NO: 54
FAAY 1051 1 WOR01608181 LAT SEQ D NO: 55
rAAY 1052 | WO2016081811A1 SEQ ID NO: 56
rAAY 1033 | WO2016081811AT SEQ JD NG 57
rAAY 1054 | WO2016081811A1 SEG I NO: 58
TAAY 1055 | WO2016081811A1 SEQ D NO: 59
YAAV 1056 | WO2016081811A1 SEQ ID NO: 68
rAAV 1057+ WO2016081811A1 SEQ ID NO: 61
rAAV 1038 WO201608183 1AL SEQ I NO: 62
TAAYV 1058 | WO2016081811A1 SEQ ID NO: 63
rAAV 1060 | WO2016081811AT SEQID NO: 64
rAAV 1061 | WO2016081811A1 SEG ID NO: 63
rAAY 1062 | WO2016081811A1 SEQ ID NO: 66
rAAV 1063 | WO2016081811 AT SEQ ID NO: 67
rAAV 1064 | WO2016081811A1 SEG ID NO: 68
FAAY 1065 | WO01608181 AT SEGQ D NO: 69
rAAY 1066 | WO2016081811A1 SEQ ID NO: 70
rAAV 1067 1 WOZ016081811A T SEQ ID NO: 71
rAAY 1068 | WO2016081811A1 SEG I NO: 72
rAAV 1068 1 WO2016081811AL SEQ I NG: 73
rAAV 075 | WOZ016081811A1 SEQ ID NO: 74
TAAV 1071 1 WO2016081811A1 SEGQ ID NG 73
rAAY 1072 | WOB1668181 LAY SEQ I3 NO: 76
rAAY 1073 1 WO2016081811A1 SEQ 1D NG: 77
rAAV 1074 | WO2016081811AT SEGID NG 78
rAAY 1075 1 WO2016081811A1 SEG 1D NO: 79
rAAY 1076 1 WO201608181 1AL REQ I NO: 8¢
rAAY 1077 | WO2016081811A1 SEQ ID NO: 81
rAAV {078 | WO2016081811A1 SEG ID NO: 82
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rAAY 1079 | WO216081811AT SEG I NO: 83
TAAV 108G 1 WO201608183 1AL SEQ I NO: 84
TAAYV 1081 | WO2016081811A1 SEQ ID NO: 85
rAAV 1082 | WO2016081811AT SEQ JD NGO 86
FAAY 1083 1 WOR01608181 LAL SEQ [ NO: 87
rAAY 1084 | WO2016081811A1 SEQ ID NO: 88
rAAV 1085 | WO2016081811AT SEQ ID NO: 89
rAAY 108¢ | WO2016081811A1 SEG I3 NO: 90
FAAV 1087 1 WO2016081811AT SEQ I NO: 03
TAAY 1088 | WQ2016081811A1 SEQ ID NO: 92
rAAV 1089 | WOZ016081811A T SEQ ID NG 93
rAAY 109¢ | WOB1668181 LAY SEQ 3 NO: 94
rAAY 1091+ WO2016081811A1 SEQ 1D NG: 85
rAAV 1092 | WOZ016081811A 1 SEQ ID NO: 96
rAAV 1093 &+ WO2016081811A1 SEGQ ID NG 97
TAAV 1094 1 WO201608183 1AL SEQ I NO: 98
rAAY 10065 | WO2016081811A1 SEQ ID NO: 99
rAAV 1096 | WO2016681811AL SEGQ ID NO: 100
FAAY 1097 | WOR01608181 1AL SEGQ D NO: 161
rAAYV 1008 | WO2016081811A1 SEQ D NO: 162
YAAV 1099 | WO2016081811A1 SEQ ID NO: 163
rAAV 1160 | WO2016081811AL SEG ID NO: 104
rAAV 1163 1 WO201608181 1AL SEQ ID NG: 105
TAAY 1102 WO2016081811A1 SEQ ID NO: 166
rAAV 1103 | WO2016081811AT SEQ ID NO: 167
rAAV 1104 | WO2016081811A1 SEG I NO: 108
rAAY 1105+ WO2016081811A1 SEQ ID NQ: 169
rAAV 1106 | WOZ016081811A1 SEQ JD NO: 110
rAAV 1167 | WO2016081811AL SEQID NO: 111
FAAY 1108 | WOR0I608181 AL SEQ D NG: 112
rAAY 1109 | WO2016081811A1 SEQ JD NO: 113
rAAY 1118 | WO2016081811AL SEQID NO: 114
rAAY 1111 | WO2016081811A1 SEG D NO: 115
TAAY 1112 1 WO2016081811A1 SEQ D NO: 116
YAAV 1113 | WO2016081811A1 SEQ ID NO: 117
rAAV 1114 WO2016081811A1 SEQID NO: 118
rAAV 1HES 1 WO201608183 1AL SEQ I NQO: 119
TAAYV 1116 | WO2016081811A1 SEQ ID NO: 120
rAAV {1117 1 WO2016081811AT SEQID NO: 121
rAAV 1118 | WO2016081811A1 SEG ID NO: 122
rAAY 1119 | WO2016081811A1 SEQ D NQO: 123
rAAV 1120 | WO2016081811AT SEQ D NO: 12
rAAV 1121 WO2016081811A1 SEQ ID NO: 125
FAAY 1122 | WOR01608181 1AL SEQ D NG: 126
rAAY 1123 P WO2016081811A1 SEQ D NO: 127
rAAV 1124 1 WO2016081811A1 SEQ D NGO 128
AAVE E532K 1125 | WO2016081811A1 SEQ ID NO: 133
AAVE ES2K 1126 1 WO201608181 1AL SEQ D NG: 134
rAAV4 1127 1 WOZ016115382A1 SEQ ID NO: 2
rAAVY 1128 & WO2016115382A1 SEQID NO: 3
rAAV4 1129 | WO2016115382A3 SEQ 3 NO: 4
rAAVY 1130 WO2016115382A1 SEQ D NG: 5
rAAV4 {131 | WO2016115382A1 SEQID NO: ¢
rAAV4 1132 1 WO2016113382A1 SEG ID NO: 7
rAAV4 1133 1 WO20i6115382A1 SEQ D NO: 8
rAAVY 1134 | WO2016115382A1 SEQ D NG: 9
rAAV4 {135 1 WO2016115382A1 SEG ID NO: 10
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rAAVHY 1136 1 WO2016115382A1 SEG ID NO: 11
rAAV4 1137 1 WO2016115382A1 SEQ D NO: 12
rAAVY 1138 | WQ2016115382A1 SEQ ID NQO: 13
rAAV4 1139 1 WOZ016115382A1 SEQ D NG 14
rAAV4 134G | WOR016115382A1 SEQ D NO: 15
rAAV4 1141 | WO2016115382A1 SEQ ID NQ: 16
rAAV4 1142 | WO2016115382A1 SEQ ID NO: 17
rAAVY 1143 | WO2016113382A1 SEG ID NO: 18
rAAV4 1144 1§ WO2016113382A1 SEQ I NQ: 19
rAAV4 1145 1+ WQ2016115382A1 SEQ ID NQO: 26
rAAV4 1146 | WO2016115382A1 SEQ ID NO: 21
AAVI 1147 1 WOR016113382A1 SEQ I NO: 22
AAVI2 1148 1 WQ2016115382A1 SEQ ID NQ: 23
rh32 1349 1 WO2016115382A1 SEQ ID N(O: 23
rh33 1150 1 WO2016115382A1 SEGQ ID NO: 26
hi34 11581 1 WO2016H15382A1 SEQ I NG 27
rAAVY 1152 1 WQ2016115382A1 SEQ ID NO: 28
rAAV4 1153 1 WO2016115382A1 SEQ ID NG, 28
rAAV4 1154 | WO2016115382A1 SEQ D NO: 3¢
rAAV4 1155 1 WO2016115382A1 SEQ 1D NG: 31
YAAV4 1156 | WO2016115382A1 SEQ ID NO: 32
rAAV4 1157 &+ WO2016115382A1 SEQ ID NO: 33
AAVYS 1188 1 WO2016131981A1 SEQ D NQO: 47
AAVYS 1159+ WQ2016131981A1 SEQ ID NQ: 48
ancesiral AAYV 1160 | WO2016154344A1 SEQ ID NG 7
ancesiral AAV variant C4 1161 1 WO2016154344A1 SEQ ID NO: 13
ancestial AAV variant C7 1162 1 WQ20i6154344A1 SEQ ID NQ: 14
aucesiral AAY vadawt G4 1163 1 WO2016154344A1 SEQ ID NO: 13
consensus amino acid sequence 1164 | WO2016154344A1 SEQID NO: 16
of ancestral AAV variants, (4,

C7 and G4

conscnsns amine acid sequence 1165 | WO2016154344A1 SEQ I NO: 17
of ancestral AAV variants, (4

and C7

AAVE (witha AAV2 1166 | WQ2016150403A1 SEQ ID NQ: 13
phospholipase domain)

AAV VR-942n 1167 1 US20160289275A1 SEG ID NG 16
AAVE-A (M369V) 1168 1 US20160289275A1 SEQ D NOG: 13
AAVS-A (M369V) 1169 1 US20160289275A1 SEQ IDNQ: 14
AAVS-A (Y385V) 117¢ 1 US24160289275A1 SEQ ID NG 16
AAVS-A {Y585V) 1171 | US20160289275A1 SEG ID NO: 17
AAVE-A (L3BTT) 1172 1 US20160289273A1 SEQ ID NG: I8
AAVS-A (L587T) 1173 1 US20160289275A1 SEQ ID NQ: 26
AAVS-A (Y385V/LSRTT) 1174 | UUS20160289275A1 SEQ 1D NO; 22
AAVS-A {YS85V/L387T) 1175 1 US20160289275A1 SEG D NG: 23
AAV3-B (D652A) 1176 1 US20160289275A1 SEQ IDNQG: 2
AAVS-B (D624 1177 1 US26160289275A1 SEQ ID NG 26
AAVE-B (T362M) 1178 1 US20160289275A1 SEQ ID NO; 28
AAVSE-B (T362M) 1179 1 US20160289275A1 SEQ I NQO: 28
AAVS-B{3359D) 1IRG 1 US20160289275A1 SEQ TP NO: 31
AAVS-B (Q359D) 1181 1 US20160289275A1 SEGQ ID NG:; 32
AAVE-B (B350(% 1182 1 US201602892735A1 SEG D NO: 34
AAVS-B (E3500%) 1183 1 US201602892735A1 SEQ ID NQ: 35
AAVS-B {P3338) 1184 1 US20160289275A1 SEQ ID N(O: 37
AAVS-B (P3335) 1185 | UJS20160289275A1 SEQ ID NG: 3
AAVE-B (P533G) 1186 1 US20160289273A1 SEQ D NQG: 46
AAVS-B (P533G) 1187 1 US20160289275A1 SEQ ID NQO: 41
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AAVS-ntation in loop VII 1188 | US20160289275A1 SEQ ID NO: 43
AAVS-mutation in Joop Vii 1189 | US20160289275A1 SEQ ID N 44
AAVE 1190 | US20160280275A1 SEQ 1D NO: 47
Mut A (EKO3/4AVE) 1191 | WO2016181123A1 SEQGID NG }
Mut B (LKO3/AAVS 1192 L WORDIGIBLI23AY SEG I3 NO: 2
Mut C (AAVE/AAVIB) 1193 ' WO2016181123A1 SEQ ID NG 3
Mut B (AAV5/AAV3IE) 1194 | WO2016181123A1 SEQID NO: 4
Mut E (AAVE/AAVIB) 1195 1 WOR016181123A1 SEGIDNO: 3
Mut F (AAVIB/AAVS) 1196 | WO016181123A1 SEQ D NO: 6
AAV44 9 1197 | WO2016183297A1 SEQ ID NO: 4
AAV44 9 1198 | WO2016183297A1 SEQID NGO §
AAVYRS 1199 | WOR2016183297A1 SEQ I3 NO: 6
AAVA49 (8470N) 1200 1 WQ2016183297A1 SEQID NQ: ¢
rh74 VPI 1201 {1 US20160373110A1 SEQ D NO: |
AAV-LKO3 (L1251} 1202 1 WO2017615102A1 SEQID NO: 3
AAVIB (8663V+T492V) 1203 | WO2017015102A3 SEQ D NO: 6
AnclQ 1204 | WO2017019994A2 SEQ ID NO: |
AncBe 1205 1 WO2017619994A2 SEQID NG, 2
Anc8l 1206 1 WO017019994A2 SHOG I NG: 3
AncSi 1207 1 WQ2017019994A2 SEQ ID NO: 4
AncB2 1208 1 WO2017619994A2 SEQ ID NO: 5
Ancg2 1209 1 WO2017619994A2 SEQ ID NO: 6
Anc83 1216 WO017019994A2 SEQ I NO: 7
Anci3 1211 | WO2017019994A2 SEQ ID NO: 8
Ancd 1212 1 WO2017019994A2 SEQID NGO ¢
Ancg4 1213 1 WO2017619994A2 SEQ ID NO: 16
Anc94 1214 1 WQ2017019994A2 SEQ ID NQ: 11
Anc94 1215 1 WOZ017619994A2 SEQ ID NO: 12
Ancil3 1216 1 WO2017019994A2 SEQ ID NO: 13
Anciil 1217 1 WOR017019994A7 SEQ [ NO: 14
Ancll6 1218 | WQ2017019994A2 SEQ ID NQ: 15
Anci2é 1219V WO2017619994 A2 SEG 1D NGO, 16
Anci2? 1220 | WO017619994A2 SEG I NO; 17
Anci2? 1221 1 WO2017019094A2 SEQ ID NO: 18
AncBL27 1222 1 WO2017619994A2 SEQ ID NO: 19
Anc8GL59 1223 1 WO2017019994A2 SEQ ID NO: 26
Ancg0Le0 1224 | WO2017019994A7 SEQ I NO: 23
AncROL62 1225 | WQ2017019994A2 SEQ ID NO: 22
AncBL6S 1226 1 WO2017619994A2 SEQ ID NG, 23
Anc80L33 1227 1 WO2017019994A2 SEQ ID NO; 24
Anc80L36 1228 1 WQ2017019994A2 SEQ ID NO: 2
Anc80L44 1228 1 WO2017619994A2 SEQ ID NO. 26
Anc80L{ {230 1 WO2017619994A2 SEG ID NO: 35
Anc80L1 1231 1 WO017019994A2 SEOQ 3 NG: 36
AAVTHhIO 1232 1 WQ2017019994A2 SEQ 1D NO: 41
Ancild 1233 1 WO2017019994A2 SEQ ID NG 42
Ancilé 123 WO2017619994A2 SECG 1D NO: 43
AAVIH32.33 1235 | WO017019994A7 SEQ D NO: 45
AAVHT4 1236 1 WOZ017049031A1 SEQID NO: 1
AAV2 1237 1 WO2017053629A2 SEQ ID NO: 49
AAVZ 1238 | WO017053629A2 SEOQ I3 NO: 50
AAV2 1239 1 WQ2017053629A2 SEQ ID NO: 82
Parvo-like virus 1240 WO2017670476A2 SEQID NG 1
Parve-like vitus 1241 | WO2017070476A2 SEG ID NO: 2
Parvo-like vious 1242 1 WO2017070476A2 3EQ I NO: 3
Parve-like virus 1243 | WQ2017070476A2 SEQ ID NO: 4
Paryo-like virus {244 1 WO2017670476A2 SEG ID NO: 5
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Parvo-like virus 1245 1 WO2017070476 A2 SEG ID NO. 6

AAVTHI0 1246 1 WO2017070316A1 SEQ D NO: 7

AAVTh.I0 1247 | WO2017070516A1 SEQ ID NO: 14
AAVHYF 1248 1 WO20170670491A1 SEGID NG 1

AAV-8PK 1249 | WO 787361941 SEQ I3 NO:28

AAV2S 125G 1 UJS20170128528A1 SEGQ ID NGO 13
AAVLE 1251 1 US26170128328A1 SEQ D NG: 15
AAVE 1 252 1 US20170128528A1 SEQIDNQ: 17
AAV63.1 1253 1 US20170128328A1 SEQ ID NO: 18
AAVS 1254 | UJS20170128528A1 SEGQ ID NOG: 28
AAV2i8 1255 1 US20170128328A1 SEQ ID NG: 29
HAAY 1256 1 US28170128528A1 SEQ ID NG 36
HAAV-S312N 1257 1 UJS20170128528A1 SEGQ ID NO: 32
HAAV-S312N 1258 1 US20170128528A1 SEGQ I3 NG: 33
AAVE (Y705, Y731, and T4923 1 1259 1 WO2016134337A1 SEQ ID NO: 24
AAV2 126G 1 WO2016134375A1 SEQ D NO: @

AAV? 1261 | WO2016134375A1 SEQ ID NQ: 16

{6549}  Each of the patents, applications and or publications listed in Table 6 are herehy
incorporated by reference in their entirety.

{#558]  Insome embodiments, the AAV capsid polypeptide, ¢.g., AAV capsid variant, or the
parent AAV capsid may be or have, at a position other than 5 consecutive amino acids corresponding
o positions 386 to 594 numbered relative to SEQ 1D NO: 138, a sequence as described n
Infernational Patent Publication W(O20135038958, the conternds of which are herein incorporated by
reference in their entirety, such as, but not limited to, AAVS (SEQ ID NO: 2 and 11 of
W(O2015038958 or SEQ ID NO: 138 and 137 respectively herein), PHP B (SEQ ID NO: 8 and 9 of
WO2015038958, heretn SEQ 1D NO: 5 and 6), GZB-13 (SEQ ID NG 12 of WO2015038958, herein
SEQTID NG: 7), G2B-26 (SEQ I NO: 13 of W(O2015038958, herein SEQ 1D NG: 53, TH1.1-32
(SEQ ID NO: 14 of WO2015038958, herein SEQ ID NO: 8), THI.1-35 (SEQ T} NO: 15 of
WO2015038958, herein SEQ 1D NG: 93 or variants thereof.

{3551)  Insome embodiments, the AAV capsid polypeptide, ez, AAV capsid variant, or the
parent AAV capsid described heretn does nol comprise an insert sequence present imumediately
subsequent o position 586, 588, or 389 numbered relative to SEQ I3 NO: 138, having at least 5
consecutive amino acids corresponding to positions 386 to 594 numbered relative to SEQ ID NG:
138, of any of the following amino acid sequences, TLAVPFK (SEQ [D NO: 1262), KFFVALT (SEQ
1D MO 1263}, LAVPFK (SEQ 1D NO: 1264), AVPFE (SEQ ID NO: 1265), VPFK (SEQ ID NG
12663, TLAVPF (SEQ ID NG: 1267), TLAVP (SEQ ID NO: 12683, TLAV (SEQ D NO: 1269),
SVSKPFL (SEQ ID NO: 1270), FTLTTPK (SEQ D NO: 1271, MNATKNV (SEQ ID NO: 1272),
QSSOTPR (SEQ ID NO: 1273), ILGTGTS (SEQ ID NO: 1274), TRTNPEA (SEQ ID NO: 1275),
NGGTSSS (SEQ ID NO: 1276), or YTLSQGW (SEQ 1D NO: 1277); orencoded by a nucleotide
sequence of any of SEQ 1D NO: 1278, SEQ ID NG 1279, SEQ 1D NO: 1280, SEQ I NG 1281,
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SEQ D NO: 1282, SEQ ID NO: 1283, SEQ 1D NO: 1284, SEQ ID NO: 1285, SEQ 1D NG: 1286, or
SEQTD NO: 1287

{05521  Insowme endodiments, the AAV capsid polvpeptide, ez, AAV capsid variant, or the
parent AAY capsid may be or have, at a position other than 5 consecutive amino acids corresponding
1o positions 586 1o 594 sumbered relative to SEQ 1D NO: 138, a scquence as described in
International Patent Publication W(O201710067 1, the contents of which are herein incorporated by
reference in their entivety, such as, but not hodted to, AAVS (SEQ 1D NG: {11), PHP.N (SEQ ID NO:
43, PHP.S (SEQ ID NG: 193, or vanants thereof.

{0853]  Tasome erobodiments, the AAV capsid polypeptide, e.g., AAV capsid variant, or the
parent AAV capsid described berein does not corprise an insert sequence present immediately
sabiseguent to position 586, 588, or 589 munbered relative (o SEQ ID NO: 138, having at least 3
consecutive aminn acids corresponding to positions 586 to 594 murabered relative to SEQ 1D NQO:
138, of the targeting peptides or amino acid inserts described in WO2017100671.

{#8554]  Insome embodiments, the AAV capsid polypeptide, ¢.g., AAY capsid variant, or the
parent AAV capsid described herein does not comprise an insert sequence present immediately
subsequent (o position 586, 388, or 589 numbered relative to SEQ ID NO: 138, having at least 5
consccutive aming acids corresponding to positions 586 to 594 numbered relative o SEQ 1D NO:
138, of any of the following amino acid sequences, AQTLAVPFKAQ (SEQ ID NO» 1288),
AQSVSKPFLAQ (SEQ ID NO: 1289), AQFTLTTPKAQ (SEQ ID NO: 1290), DGTLAVPFKAQ
(SEQ ID NO: 1291), ESTLAVPFKAQ (SEQ ID NO: 1292), GGTLAVPFKAQ (SEQ ID NO: 1293),
AQTLATPFKAQ (SEQ [T NGO 1294), ATTLATPFEAQ (SEQ 1D NO: 1295, DGTLATPFKAQ
(SEQ ID NO: 1296), GGTLATPFKAQ (SEQ I NG 1297), SGSLAVPFKAQ (SEQ TD NO: 1298),
AQTLAQPFKAQ (SEQ ID NG: 1299), AQTLQOPFKAQ (SEQ ID NO: 1300), AQTLSNFFKAQ
(SEQ ID NO: 1301), AQTLAVEPFSNP (SEQ ID NO: 1302), QGTLAVPFKAD (SEQ ID NO: 1303),
NOTLAVPFKAQ (SEQ ID NG: 1304), EGSLAVPFKAQ (SEQ ID NG 1305), SGNLAVPFKAQ
(SEQ D NO: 15306), EGTLAVPFKAQG (SEQ 1D NG: 1307), DSTLAVPFKAQ (SEQ ID NG: 1308),
AVTLAVFFKAQ (SEQ D KNO: 1309), AQTLSTPFKAQ (SEQ ID NO: 1310), AQTLPOQPFKAQ (
SEQID NO: 131D, AQTLSQPFKAG (SEQ D NO: 1312), AQTLOLPFKAQ (SEQ ID NO: 1313),
AQTLTMPFEAQ (SEQ ID NO: 1314), AQTLTTPFRKAQ (SEQ ID NO: 1315), AGQYTLSQGWAQ
(SEQ D NO: 1316), AQMNATENVAQ (SEQ ID NO: 1317), AQVSGGHHSAQ (REQ ID NO:
1318), AQTLTAPFK AQ (SEQ ID NO: 1319). AQTLSKPFKAQ (SEQ ID NO: 1320), QAVRTSL
(SEQ D NO: 1321), YTLSOQGW (SEQ 1D NG: 1277), LAKERLS (SEQ 1D NO: 1322), TLAVPFK
(SEQ [ NGO 1262), SVSKPFL (SEQ TD NG 1270), FTLTTPK (SEQ ID NO: 1271), MNSTENY
(SEQ I3 NO: 1323), VEGGHHS (SEQ ID NO: 1324), SAQTLAVPFKAQAQ (SEQ ID NO: 1325),
SXXXLAVPFEAQAQ (wherein X may be any araion acid; SEQ 1D NG: 1326),
SAQXXXVPFKAQAQ (wherein X may be any amino acid; SEQ ID NO: 1327),
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SAQTLXXXFKAQAQ (wherein X may be any amino acid; SEQ 1D NO: 1328,
SAQTLAVXXXAQAQ (wherein X may be any amino acid; SEQ 1D NO: 1329),
SAQTLAVPFXXXAQ (wherein X may be any amino acid; SEQ 1D NO: 1330y, TNHOQSAQ (SEQ D
NO: 1331, AQAQTGW (SEQ ID NO: 1332), DGTLATPFK (SEQ 1D NG: 1333), DGTLATPFKXX
{wherein X may be any amine acid; SEQ 1D NO: 1334), LAVPFKAQ (SEQ D NO: 1335), VPFKAQ
{(SEQ ID NO: 1336), FKAQ (SEQ ID NG 1337), AQTLAV (SEQ I NG: 1338), AQTLAVPF (SEQ
1D NO: 1339), QAVR (SEQ 1D NO: 1340), AVRT (SEQ ID NOG: 1341, VRTS (SEQ ID NO: 1342y,
RTSL (SEQ ID NG: 1343), QAVRT (SEQ ID NO: 1344), AVRTRS (SEQ ID NO: 1345), VRTSL
{(SEQ D NO: 1346), QAVRTS (SEQ ID NO: 1347), or AVRTSL (SEQ 1D NO: 1348): or encoded by
a nucleotide sequence of any of SEQ D NO: 1349, SEQ 1D NO: 1350, SEQ D NO: 1351, SEQ ID
NQO: 1352, SEQ D NG: 1353, SEQ ID NO: 1354, SEQ 1D NG: 1355, SEQ ID NO: 1356, SEQID
NGO 1357 SEQ D NO: 1358 (wherein N mav be A, C, T, or 3}, SEQ 1D NG: 1359 (wherein N may
be A, C, T, or (3), SEQ 1D NO: 1360 (wherein N may be A, C, T, or G). SEQ 1D NO: 1361 (wherein
Nmay be A, C, T, or G), SEQ ID NO: 1362 (wherein Nmay be A, C, T, or G), SEQ 1D NO: 1279,
SEQ D NO: 1280, SEQ 1D NO: 1281, SEQ 1D NO: 1287, or SEQ ID NO: 1363,

{#555]  Insome embodiments, the AAV capsid polypeptide, ¢.g.. AAV capsid variant, or the
patent AAV capsid mav be or bave, at a position other than 5 Cconsecutive amino acids corresponding
to positions 586 to 594 nurbered relative to SEQ 1D NO: 138, a sequence as described in United
States Patent No. US 9624274, the contents of which are herein incorporated by reference in their
endirety, such as, but not lioted to, AAVI (SEQ ID NOG: 181 of US9624274), AAVS (SEQ 1D NG:
182 of URY624274), AAV2 (SEQ ID NO: 183 of US9624274), AAV3b (SECQ D NO: 184 of
US9624274), AAVT (SEQ I3 NG: 183 of US9624274), AAVE (SEQ 1D NG: 186 of US9624274),
AAVIO (SEQ ID NO: 187 of US9624274), AAV4 (SEQ ID NO: 188 of US8624274}, AAV1L {(SEQ
1D RO 189 of US9624274), bAAY (SEQ D NO: 190 of US9624274), AAVS (SEQ ID NO: 191 of
U89624274), GPV (SEQ ID NO: 192 of US9624274; herein SEQ 1D NOG: 879), B19 (SEQ ID NO:
193 of 1U89624274; herein SEQ ID NO: 880y, MVM (SEQ ID NQO: 194 of US9624274; herein SEQ
1D NO: 881), FPV (SEQ 1D NO: 195 of US9624274; herein SEQ 1D NO: 882), CPV (SEQ 1D NO:
196 of US9624274; herein SEQ ID NO: 883) or variants thercof.

{#856]  Insome embodiments, the AAV capsid polypeptide, e.g.. AAV capsid variant, or the
parent AAV capsid described herein does not comprise an insert sequence present immediately
subsequent 1o pasition 586, 588, or 589 sumbered relative 1o SEQ [D NO: 138, having at least 5
consecutive amino acids corresponding to positions 386 10 5§94 nurabered relative to SEQ 1D NO:
138, of any of the structural protein inserts described in US 9624274 or any of the following amino
acid sequences, VNLTWSRASG (SEQ 1D NO: 1364), EFCINHRGYWVCGD (SEQ 1D NO: 1365},
EDGOVMDVDLS (3EQ I3 NO: 1366), EKORNGTLT (SEQ 1D NG: 1367),
TYQCRVTHPHLPRALMER (SEQ ID NQO: 1368), REHSTTCOPRKTKGSG (SEQ I3 NO: 1369),
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DSNPRGVSAYLSR (SEQ ID NO: 1370), TITCLWDLAPSK (SEQ ID NG: 1371), KTKGSGFFVF
(SEQ ID NO: 1372), THPHLPRALMRS (SEQ ID NO: 1373), GETYQCRVTHPHLPRALMRSTTK
(SEQ ID NO: 1374), LFRALMRS (SEQ ID NO: 1375), INHRGYWYV (SEQ ID NO: 1376},
CDAGSVRTNAPD (SEQ ID NO: 1377), AKAVSNLTESRSESLOS (SEQ 1D NO: 1378),
SLTGDEFKKVLET (SEQ 1D NG: 1379, REAVAYRFEED (SEQ ID NG: 1380), INPEUTLDG
(SEQ ID NO: 1381, DISVTGAPVITATYL (SEQ ID NO: 1382), DISVTGAPVITA (SEQ I NO:
1383), PRTVSNLTESSSESVQS (SEQ I3 NO: 1384), SLMGDEFKAVLET (SEQ ID NO: 1383),
QHSVAYTFEED (SEQ ID NG: 1386), INPEHTRDG (SEQ ID NG: 1387, DISLTGDPVITASYL
(SEQ D NO: 1388), DISLTGDPVITA (SEQ ID NG: 1389), DOSIDFEIDSA (SEQ 1D NO: 1390),
KNVSEDLPLPTRSPTLLGDS (SEQ 1D NO: 1391), KNVSEDLPLPT (SEQ ID NO: 1392),
CDSGRVRTDAPD (SEQ ID NO: 1393y, FPEHLLVDFLQSLS (SEQ ID NG: 1394), DAEFRHDSG
(SEQ ID NO: 1395), HY AAAQWDFGNTMCOL (SEQ ID NO: 1396}, YAAQWDFGNTMCO) (SEQ
1D NO: 1397), RSQKEGLHYT (SEQ 1D NO: 1398), SSRTPSDKPVAHWANPQAE (SEQ D NO:
1399), SRTPSDKPVAHWANP (SEQ ID NO: 1400), SSRTPSDKP (SEQ ID NO: 140D,
NADGNVDYHMNSVP (SEQ ID NO: 1402), DGNVDYHMNSV (SEQ 1D NO: 1403),
RSFKEFLOQSSLRALRQ (SEQ ID NO: 1404); FKEFLQSSLRA (SEQ ID NQO: 1405), or
OMWAPQWGPD (SEQ ID NG 1406).

{0557} Tosome embodiments, the AAV serotype, the parent AAV capsid polypeptide, or the
AAYV capsid variant may be or have, at a position other than 3 consecutive amine acids cotresponding
to positions 586 to 594 numbered relative to SEQ D NG 138, a sequence as described i United
States Patent No. US9475845, the contents of which are herein incorporated by reference in their
entirety.

{3558 Insome embodiments, the AAV capsid polypeptide, ez, AAV capsid variant, or the
parent AAV capsid described herein does not comprise an insert sequence present imunediately
subsequent to position 586, 588, or 389 numbered relative to SEQ D NO: 138, having at least 5
consecutive amingo acids corresponding (o positions 586 to 594 numbered relative to SEQ ID NO:
138, of any of the amine acid sequences of RGNRQA (SEQ D NO: 1407), SSSTDP (SEQ D NO:
1408), SSNTAP (SEQ ID NO: 1409), SNSNLF (SEQ D NO: 1410), SSTTAP (8EQ ID NO: 1411,
AANTAA (SEQ ID NO: 1412), QONTAP (SEQ ID NO: 1413), SAQAQA (n SEQ 1D NO: 1414),
QANTGP (SEQ ID NO: 1415), NATTAP (SEQ ID NO: 1416), SSTAGP (SEQ 1D NO: 1417),
QONTAA (SEQ ID NO: 1418), PSTAGP (SEQ 1D NQO: 1419), NQNTAP (SEQ 1D NO: 1420),
QAANAP (SEQTD NO: 1421), STVGLP (SEQ 1D NO: 1422), AASTAA (SEGQ 1D NO: 14233,
SQNTTA (SEQ 1D NO: 1424), QQODTAP (SEQ ID NO: 1425), QTNTGP (SEQ ID NO: 1426),
QINGAP (SEQ I NO: 1427), QONAAP (SEQ ID NG: 1428), or AANTOA (SEQ ID NO: 1429).
{0559 Insome embodiments, the AAV capsid polvpeptide, ez, AAV capsid variant, or the

parert AAV capsid described herein may forther comprise an amino acid modification, ¢.g.,a
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substitution or inscriion, at anuno acid positions 262 through 2635, numbered according to the AAV2
capsid protein or the corresponding position in the capsid protein of another AAV with a targeting
sequence, e.g., of any of the amino acid sequences of, NGRAHA (SEQ ID NO: 1430), QPEHSST
(SEQ ID NO: 1431), VNTANST (SEQ 1D NO: 1432), HGPMQKS (SEQ 1D NG: 1433), PHKPPLA
(SEQ ID NO: 1434), IKRNNEMW (SEQ TD NG 1435), RNLDTPM (SEQ ID NO: 1436). VDSHROS
(SEQ ID NO: 1437), YOSKTKT (SEQ 1B NO: 1438), SQLPHQOK (SEQ ID NG: 1439, STMQONT
(SEQ D NO: 1440), TERYMTQ (SEQ ID NG: 14413, DASLSTS (SEQ ID NG: 14423, DLPNKKT
(SEQ D NO: 1443), DLTAARL (SEQ D NG: 1444), EPHOFNY (SEQ 1D NG: 1443), EPQSNHT
(SEQ ID NO: 1446), MSSWPSQ (SEQ ID NO: 1447), NPKHNAT (SEQ ID NO: 1448), PDGMRTT
(SEQ D NO: 1449), PNNNKTT (SEQ 1B NO: 14563, QSTTHDS (SEQ 1D NG: 1451), TGSKQKQ
(SEQ D NO: 1452), SLKHQAL (SEQ 1D NO: 1433), SPIDGEQ (SEQ ID NO: 1454), WIFPWIQL
(SEQ ID NO: 1453), CDCRGDCFC (SEQ ID NO: 1456), CNGRC (SEQ 1D NO: 1457), CPRECES
(SEQ D NO: 1458), CTTHWGFTLC (SEQ 1D NO: 1459), CGRRAGGSC (SEQ ID NO: 1460),
CKGGRAKDC (SEQ ID NO: 1401), CVPELGHEC (SEQ ID NG: 1462), CRRETAWAK (SEQ ID
WNO: 1463), VEWFSHRYSFFAVS (SEQ ID NO: 1464), GYRDGYAGPILYN (SEQ ID NO: 1465),
KXXYXXX (SEQ 1D NO: 1466y, YXNW (SEQ ID NO: 1467), RPLPPLP (SEQ 1D NO: 1468),
APPLPPR (SEQ ID NO: 1469), DVFYPYPYASGS (SEQ ID NG: 1470, MYWYPY (SEQ ID NO:
1475, DITWDOLWDLME (SEQ ID NG 1472y, CWDDXWLC {(SEQ 1D NO: 1473),
EWCEYLGGYLRCYA (SEQ ID NO: 1474), YXCKXXGPXTWXCXP (SEQ ID NG: 1475),
IEGPTLROWLAARA (SEQ ID NO: 1476), LWXXX (SEG ID NO: 1477), XFXXYLW (SEQ ID
NOG: 1478), SSHSHFRWGLCD (SEQ 1D NG: 1479, MSRPACPPNDKYE (SEQ 1D NO: 1450),
CLRSGRGC (SEQ ID NG 1481), CHWMESPWC (SEQ ID NO: 1482), WXXF (SEQ ID NO: 14833,
CSSRLDAC (SEQ ID NO: 1484), CLFVASC (SEQ 1D NO: 1485), CGFECVRQCPERC (SEQ ID
NO: 1486y, CVALCREACGEGC (SEQ D NO: 1487), SWCEPGWCR (SEQ 1D NO: 1488),
YSGKWGW (SEQ D NO: 1489), GLSGGRS (SEQ D NO: 1490y, LMLPRAD (SEQ [D NO: 1491,
CSCFRDVCC (SEQ 1D NO: 1492, CRDVVAVIC (SEQ ID NO: 1493), MARSGL (SEQ 1D NO:
1494), MARAKE (SEQ ID NO: 1493), MSRTMS (SEQ ID NO: 1496, KCCYSL (SEQ 1D NO:
1497), MYWGDSHWLOYWYE (SEQ ID NO: 1498), MQLPLAT (SEQ ID NO:» 1499, EWLS (SEQ
1D NO: 1500), SNEW (SEQ 1D NG: 1501, TNYL (SEQ I NO: 1502, WDLAWMERLPVG (SEQ
10 NO: 1503y, CTVALPGGY VRVC (SEQ ID NO: 1504), CVAVCIEHHCWTC (SEQ ID NO:
15035), CVFAHNYDYLVC (SEQ ID NG 1506), CVETSNYAFC (SEQ ID NO: 1507), VHSPNKK
(SEQ D NO: 1308), CRGDGWC (SEQ ID NO: 1509), XRGCDX (SEQ ID NG: 1510, PXXX (SEQ
ID NG 1511), SGKGPROITAL (SEQ ID NG: 1512), AAAAAAAAAKKXXX (SEQ ID NO: 1513),
VYMSPF (SEQ ID NG: 1514), ATWLPPR (SEQ ID NO: 1515, HIMYYHHYQHHL (SEQ 1D NG:
1516y, SEVGCRAGPLOWLCEKYFG (SEQ ID NO: 1517), CGLLPVGRPDENVWRWLC (SEQ ID
NQO: 1518), CEGOUDRFKGLPWEC (SEQ 1D NO: 1519), SGRSA (SEQ ID NO: 1320, WGFP
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(SEQ ID NO: 1521), AEPMPHSLNFSQYLWYT (SEQ ID NO: 1522), WAYXSF (SEQ ID NO:
1523), IELLQAR (SEQ ID NO: 1324), AYTKCSROQWRTCMTTH (SEQ 1D NO: 1525),
POQNSKIPGPTFLDPH (SEQ ID NO: 1326), SMEPALPDWWWKMFR (SEQ ID NO: 1527),
ANTPCGPYTHDCPVER (SEQ 1D NO: 1528), TACHOHVRMVRP (SEQ TR NQ: 1529),
VPWMEPAYQRFL (SEQ ID NO: 1530), DPRATPGS { SEQ ID NO: 1531), FRPNRAQDYNTN
(SEQ D NO: 1532), CTENSYLMC (SEQ ID NO: 1533), CXXTXXXGXGC (SEQ TR NG 1534),
CPIEDRPMC (SEQ D NO: 1535), HEWSYLAPYPWF (SEQ ID NG: 1536), MCPKHPLGC (SEQ
ID NG 1537), RMWPSSTVNLSAGRR (SEQ 1D NO: 1538), SAKTAVSORVWLPSHRGGEP (SEQ
1D NG 1539), KSREHVNNSACPSERITAAL (SEQ ID NO: 1540), EGFR (SEQ 1D NO: 1541,
AGLGVR SEQID NO: 1342), GTROGHTMRLGVSDG (SEQ ID NO: 15433,
IAGLATPGWSHWLAL (SEQ ID NO: 1544), SMSIARL (SEQ 1D NO: 1345), HIFEPGV (SEQ ID
NO: 1546), NTSLKRISNKRIRRK (SEQ 1D NO: 1547), LRIKREKRRERKKTRK (SEQ 1D NO:
1548), GGG, GFS, LWS, EGG, LLV, L8P, LBS, AGG, GRR, GGH and GTV.

{88568}  Tnsome embodiments, the AAV capsid polypeptide, e.g.. AAV capsid variant, or the
parent AAV capsid may be or have, at a position other than 5 consecutive amino acids corresponding
o positions 586 to 594 mumbered relative to SEQ 1D NO: 138, a sequence as described in United
States Publication Neo. US 20160369298, the contents of which are herein incotporated by reference
in their entirety, such as, but oot Hmiled to, stte-specific mutated capsid potein of AAV2 (SEQ TR
NG 97 of US 20160369298, hercin SEQ ID NO: 1549) or variants thereof, wherein the specific site
is at least one site selected from sites R447, G453, and/or 3662 of a VP1 or a fragment thereof
{6561]  Insoowe eodbodiments, the AAV capsid polypeptide, ez, AAV capsid variaot, or the
parent AAV capsid may further comprise any of the muotated sequences described it US
20160369295, ¢.z., any of the following sequences SDSGASN (SEC D NO: 1530), SPSGASN (SEQ
1D NQO: 1351, SHSGASN (SEQ 1 NO: 1552), SRSGASN (SEQ ID NG: 1553), SKSGASN (SEQ
1D NG: 1354), SNSGASN (SEQ I3 NO: 1555), SGSGASN (SEQ ID NO: 153¢), SASGASN (SEQ
1D NO: 15573, SESGTSEN (SEQ 1D NO: 1558), STTGGSN (SEQ 1D NG: 1559), SSAGSTN (SEQ [B
NO: 15603, NNDSQA (SEQ ID NO: 1561), NNRNQA (SEQ 1D NO: 1562), NNNKQA (SEQ ID NO:
1563}, NAKRQGA (SEQ [D NO: 1564), NDEHQA (SEQ ID NU: 1565, NTSQKA (SEQ D NO:
1566), YYLSRTNTPSGTDTQSRLVFSQAGA (SEQ ID NO: 1567),
YYLSRINTDSGTETOSGLDFSQAGA (SEQ 1D NO: 1568),
YYLSRINTESGTPTOSALEFSQAGA (SEQ ID NO: 1569),
YYLSRINTHSGTHTOQSPLHFSQAGA (SEQ ID WO 1570), YYLSRTNTSSGTITISHLIFSQAGA
(SEQ ID NO: 1571), YYLSRTNTRSGIMTKSSLMFSQAGA (SEQ ID NO: 1572),
YYLSRINTKSGRKTLANLSFSQAGA (SEQ ID NO: 1573),
YYLSRTNDGSGPVTPSKLRFSQRGA (SEQ ID NOG: 1574),
YYLSRTNAASGHATHSDLKFSQPGA (SEQ ID NO: 1575),
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YYLSRTNGQAGSLTMSELGFSQVGA (SEQ ID NO: 1576),
YYLSRTNSTGGNQTTSOLLFSOLSA (SEQ ID NO: 1577,
YFLSRTNNNTGLNTNSTLNFSQGRA (SEQ ID NO: 1578), SKTGADNNNSEYSWTG (SEQ ID
NO: 1579), SKTRDADNNNSEYSWTG (SEQ ID NO: 1580), SKTEADNNNSEYSWTG (SEQ ID
NO: 1581), SKTPADNNNSEYSWTG (SEQ ID NO: 1582), SKTHADNNNSEYSWTG (SEQ ID
NO: 1583), SKTQADNNNSEYSWTG SEQ ID NO: 1584), SKTIADNNNSEYSWTG (SEQ ID NO:
1585), SKTMADNNNSEYSWTG (SEQ I NO: 1586). SKTRADNNNSEYSWTG (SEQ 1D NO:
1587), SKTNADNNNSEYSWTG (SEQ I NO: 1588), SKTVORNNNSEYSWTG (SEQ 1D NO:
1589), SKTADRNNNSEYSWTG (SEQ ID NO: 1590), SKKLSONNNSKYSWQG (SEQ ID NO:
1591), SKPTTGNNNSDYSWPG (SEQ 1D NO: 1592), STOKNENNNSNYSWEG (SEQ ID NO:
1593), HKDDEGKF (SEQ [D NO: 1594), HEDDNRKF (SEQ 1D NO: 1595), HKDDTNKF (SEQ ID
NO: 1596), HEDSDENF (SEQ 1D NO: 1597), HRDGADSF (SEQ D NO: 1598), HGDNKSRF
(SEQ ID NO: 1599, KQGSEKTNVDFEEV (SEQ 1D NO: 1600), KOGSEKTNVDSEEV (SEQ ID
NO: 1601y, KQGSEKTNVDVEEV (SEQ ID NO: 1602). KQGSDKTNVDDRAGY (SEQ ID NO:
1603}, KQGSSKTNVDPREV (SEQ ID NO: 1604), KQGSRKTNVDHKQV (SEQ ID NO: 1603),
KQGSKGGNVDTNRV (SEQ ID NO: 1606), KOGSGEANVDNGDV (SEQ ID NO: 1607),
KOQDAAADNIDYDHY (SEQ ID NO: 1608), KOSGTRSNAAASSY (SEQ ID NO: 1609),
KENTNTNDTELTNV (SEQ ID NO: 1610), QRGNNVAATADVNT (SEQ ID NO: 161 1),
ORGNNEAATADVNT (SEQ ID NO: 1612). QRONNPAATADYNT (SEQ ID NO: 1613),
QRGNNHAATADVNT (SEQ ID NO: 1614), QEENNIAATPGVNT (SEQ 1D NO: 1613),
QPPNNMAATHEVNT (SEQ ID NO: 1616), QHIINNSAATTIVNT (SEQ 1D NO: 1617),
QTTNNRAAFNMVET (SEQ ID NO: 1618), QKENNNAASKK VAT (SEQ ID NO: 1619),
QCGNNKAADDAVKT (SEQ 1D NO: 1620), QAAKGGAADDAVET (SEQ [D NO: 1621),
ODDRAAAANESVDT (SEQ ID NO: 1622), QQUHDDAAYQRVHT (SEQ D NO: 1623),
QSSSSLAAVSTVOQT (SEQ ID NO: 1624), ONNOTTAARNVTT (SEQ 1D NO: 1625),
NYNKKSDNVDFT (SEQ ID NO- 1626), NYNKKSENVDET (SEQ ID NO: 1627),
NYNKKSLNVDFT (SEQ ID NO: 1628). NYNKKSPNVDFT (SEQ ID NO: 1629),
NYSKKSHCVDFT (SEQ ID NO: 1630), NYRKTIYVDFT (SEQ ID NO: 1631), NYKEKKDVHFT
(SEQ ID NO: 1632), NYGHRAIVQFT (SEQ ID NO: 1633), NYANHQFVVCT (SEQ ID NO: 1634),
NYDDDPTGVLLT (SEQ ID NO: 1635), NYBDPTGVLLT (SEQ 1D NO: 1636), NFEQQNSVEWT
(SEQ ID NO: 1637), SQSGASN (SEQ 1D NO: 1638), NNGSQA (SEQ ID NO: 1639),
YYLSRTINTPSGTTTWSRLOQFSQAGA (SEQ ID NO: 1640), SKTSADNNNSEYSWTG (SECQ ID
NO: 1641), HKDDEEKF (SEQ ID NO: 1642), KQGSEKTNVDIEEV (SEQ ID NO: 1643),
QRONNQAATADVNT (SEQ ID NO: 1644), NYNKKSYNVDFT (SEQ ID NO: 1645),
SOSGASNYNTPSGTTTOSRLOFSTSADNNNSEY SWTGATK YH (SEQ ID NO: 1646),
SASGASNFNSEGGSLTQSSLGFSTDGENNNSDFSWTGATEYH (SEQ ID NO: 1647),
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SQSGASNYNTPSGTTTQSRLOFSTDGENNNSDFSWTGATKYH (SEQ ID NO: 1648),
SASGASNYNTPSGTTTQSRLOFSTSADNNNSEFSWPGATTYH (SEQ ID NO: 1649),
SQSGASNFNSEGGSLTOSSLGFSTDGENNNSDFSWTGATKYH (SEQ 1D NO: 1650),
SASGASNYWTPSGSLTOSSLGFSTDGENNNSDFSWTGATKYH (SEQ ID NO: 1651),
SQSGASNYNTPIGTTTOSRLOFSTSADNNNSDFSWTGATKYH (SEQ ID NO: 1652),
SGAGASNFNSEGGSLTQSSLGFSTDGENNNSDFSWTGATEYH (SEQ 1D NO» 16533,
SGAGASN (SEQ ID NO: 1654), NSEGGSLTQSSLGFS (SEQ ID NG: 1655). TDGENNNSDFS
{SEQ ID NO: 1636), SEFSWPGATT (SEQ ID NO: 1657), TSADNNNSDFSWT (SEQ ID NO:
1638), SOSGASNY (SEQ ID NO: 1659), NTPSGTTTOSRLOQFS (SEQ ID NG 1660),
TSADNNNSEYSWTGATKYH (SEQ ID NO: 1661), SASGASNF (SEQ 1D NO: 1662),
TDGENNNSDFSWTGATKYH (SEQ I NO: 1663), SASGASNY (SEQ ID NG: 1664),
TSADNNNSEFSWPGATTYH (SEQ ID NG: 1665y, NTPSGSLTQSSLGES (SEQ 1D NO: 1666),
TSADNNNSDFSWTGATKYH (SEQ ID NO: 1667), SGAGASNF (SEQ 1D NO: 1668),
CTCCAGVVEVVSMRSRVCVNSGCAGCTDHCVVSRNSGTCVMSACACAA (SEQ ID NO:
1669), CTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAA (SEQ ID
NO: 1670), SAAGASN (SEQ ID NG: 1671), YFLSRTNTESGSTTQSTLRFSQAG (SEQ ID NO:
1672), SKTSADNNNSDES (SEQ ID NO: 1673), KOGSEKTDVDIDKY (SEQ TD NO: 1674),
STAGASN (SEQ ID NO: 1675), YFLSRTNTTSGIETOSTLRFSQAG (SEQ I NO: 1676),
SKTDGENNNSDFES (SEQ IR NG: 1677), KQGAAADDVEIDGVY (SEQ 1D NO: 1678), SEAGASN
(SEQ I3 NG: 1679), YYLSRTNTPSGTTTQSRLOFSQAG (SEQ 1D NO: 1680),
SKTSADNNNSEYS SEQ ID NO: 1681, KQGSEKTNVDIEK Y (SEQ ID NG 1682),
YFLSRTNDASGSDTKSTLLFSQAG (SEQ ID NO: 1683), STTPSENNNSEYS (SEQ 1D NO: 1684),
SAAGATN (SEQ ID NO: 1685), YFLSRTNGEAGSATLSELRFSQAG (SEQ ID NO: 1686),
HGDDADRY (SEQ ID NO: 1687), KQGAEKSDVEVDRY (SEQ ID NO: 1688),
KQDSGGDNIDIDQV (SEQ 1D NO: 1689), SDAGASN (SEQ ID NO: 1690),
YFLSRTNTEGGHDTQSTLRFSQAG (SEQ 1D NO: 1691), KEDGGGSDVAIDEV (SEQ 1D NO:
1692), SNAGASN (REQ ID NO: 1693), and YFLSRTNGEAGSATLSELRFSQPG (SEQ 1D NO:
1694); or a mucleotide sequence that may encode the amino acid mutated sites of any of the following
SEQ 1D NG: 1693, SEQ ID NO: 1696, SEQ TD NG: 1697, SEQ ID NO: 1698, SEQ 1D NG 1699,
SEQ 1D NOG: 1700, SEQ 1D NO: 1701, SEQ 1D NO: 1702, SEQ ID NO: 1703, SEQ 1D NO: 1704,
SEGQ D NG: 1703, SEQ ID NO: 1706, SEQ TD NG: 1707, SEC 1D NG: 1708, SEQ 1D NG: 1709,
SEQID NG: 1710, SEQID NO: 1711, SEQ ID NG: 1712, SEQ ID NO: 1713, SEQ D NG: 1714,
SEQID NG: 1713, SEQ ID NG: 1716, and SEQ ID NG: 1717

{3562]  Insome embodiments, the AAV capsid polypeptide, ez, AAV capsid variant, or the
parert AAV capsid may further comprise an ocular cell targeting peptide, ¢.g., as described 1n

International Patent Publication W32016134375, the contents of which are herein incorporated by
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reference in their entirety, such as, but not limited to SEQ ID NO: 9, and SEQ ID NO: 10 of
WO2Z016134375. Further, any of the ocular cell targeting peptides or andno acids described in
WO2616134375, may be inserfed into any parent AAV capsid sequence, such as, but not imited to,
AAV2 (SEQ TD NG:8 of WO2016134375; herein SEQ ID NO: 1718), or AAVY (SEQ ID NO: 11 of
WO2016134375; herein SEQ 1D NG: 1719}, The ccular cell tarzeting peptide may be, but is not
lioited to, any of the following amino acid sequences, GSTPPPM (SEQ 1D NO: 1720), or GETRAPL
(SEQ D NO: 1721,

{8563 Insome embodiments, the AAV capsid polypeptide, ¢.g., AAY capsid variant, or the
parcnt AAV capsid may be modificd as described in the United States Publication US 20170143403
the contents of which are herein incorporated by reference in their enlirety. AAV serolypes may
nclude, modified AAV?2 (e.g., modifications at Y444F, Y300F, Y730F and/or S662V), modificd
AAVS {e.g., modifications at Y705F, Y731F and/or T492V), and modified AAV6 (c.g., modifications
at 8663V and/or T492V).

{6564}  Insome cmbodiments, the AAV capsid polvpeptide, e.g.. AAV capsid variant, or the
parent AAY capsid may be modified as described in the International Publication W02017083722 the
contents of which are herein incorporated by reference in their entirety. AAV serotypes may inchide,
AAVE (YTOS+731F+T492V), AAV2 (Y444+500+730F+T491V), AAV3 (YT05+731F), AAVS, AAV
S5{Y436+693+719F), AAVG6 (VP3 varant Y70SF/Y731F/T492V), AAVEB (YT33F), AAVY, AAVY
(VP3 vadant Y731F), and AAVID (YT733F).

{8565} 1o some embodiments, the AAV capsid polvpeptide, e.g.. AAV capsid vatiant, or the
patent AAY capsid mav compuse, as described in International Patent Pubbication WO2017015102,
the contents of which are hercin incorporated by refercnce 1o their entirety, an enginecred epifope
comprising the amino acids SPAKFA (SEQ ID NO: 24 of WO2017015102; heretn SEQ 1D NO:
17223 or NKDELN (SEQ 1D NO:2 of W(O2017015102; herein SEQ ID NO: 1723). The epiiope may
be inserted in the region of amino acids 663 to 670 based on the nombering of the VP capsid of
AAVE (SEQ D NO: 3 of WO2017015102) and/or residues 664 to 668 of AAV3EB (SEQ 1D NG: 3).
{8566]  Insome embodiments, the AAV capsid polypeptide, ¢.g., AAY capsid variant, or the
parent AAV capsid may be, or may have a sequence as described in Infernational Patent Publication
WOZ017058892, the contents of which are herein incorporated by reference in their entirety, such as,
but not limited to, AAV variants with capsid proteins that may comprise a substitition at one or more
(.g.,2. 3,4,5,6,0r7) of amino acid residues 262-268, 370- 379, 451 ~459, 472473, 493-500, 528-
534, 547-552, 709-710, 716-722 of AAV1, in any combination, or the equivalent amine acid residues
in AAVZ, AAV3, AAV4, AAVS, AAVE, AAVT AAVS, AAVY, AAVI0, AAVIL AAV1Z,
AAVHEE, AAVIBIG, AAVh32.33, bovine AAV or avian AAV. The amino acid substitution may be,
but is not limited to, any of the amino acid sequences described 1o WO2017058892. In some

crabodiments, the AAV may comprise an amine acid substinuiion at residoes 2361, 258K, 2594,
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2618, 263A, 2648, 2637, 2664, 272H, 3858, 3860, S472R, V473D, NSOOE 5478, 7094, 710N,
716D, 717N, 718N, 7201, A456T, Q457T, N438(Q), K4593, T4028, K493 A, S586R, 55873, S588N,
T389R and/or 7227 of AAVE (SEQ ID NG: 1 of WO2017058892) in any combination, 244N, 2460,
248R, 249F, 2501, 251K, 2528, 233G, 2548, 255V, 236D, 263V, 377E, 378N, 4531, 436R, 5320,
533P, 535N, 536P, 337G, 5338T, 539T, 540A, $41T, 542Y, 5431, 546N, 653V, 654P, 6368, 697Q,
G98F, 704D, 7058, 706T, 707G, 708K, 709Y and/or 71OR of AAVS (SEQ D NG5 of
WO2017058892) in any combination, 248R, 316V, 3170, 318D, 3195, 443N, 330N, 318, 5532¢
S33P, 534A, 535N, S40A, 541 T, 53427, 5431, 545G, 546N, 6970, 704D, 706T, 708E, 709Yand/or
T10R of AAVS (SEQ ID NG: § of WOZ017058892) in any combination, 2645, 266G, 209N, 272H,
and/or 437Q, of AAVS (SEQ D NO:6 of WOZ017038892) in any combination, 45771, 459N, 4960,
499N, and/or SOON, of AAVE (SEQ ID NO: 8 of W(2017058892) in anv combination, 4511, 452N,
45303, 4348, 455G, 456, 457N andfor 458Q of AAVY (SEQ ID NO: 9 of WO2017058892) in any
combination.

{8867}  Insome embodiments, the AAV capsid polypeptide, e.g.. AAV capsid variant, or the
parent AAV capsid may include a sequence of amino acids at positions 155, 156 and 157 of VPl orat
positions 17, 18, 19 and 20 of VP2, as described in International Publication No. WO 2017066764,
the contents of which are berein fncorporated by reference 1o their entirety. The sequences of amino
acid may be, but oot Boudted 0, N-8-§, 8-X-5, §-8-Y, N-X-§, N-S-Y, §-X-Y and N-X-Y, where N, X
and Y are, but not hmited to, independently non-setine, or non-threonine amino acids, wherein the
AAV may be, but not limited t0 AAVE, AAVZ, AAV3, AAVE, AAVS, AAVG, AAVT, AAVE,
AAVY, AAVID, AAV1E and AAVI2. Insome embediments, the AAY may 1nclude a deletion of at
least one amino acid at posttions 156, 157 or 158 of VPI or at positions 19, 20 or 21 of VP2, wherein
the AAV may be, but not limited to AAVE, AAV2, AAV3, AAV4, AAVS, AAVS, AAVT, AAVS,
AAVY, AAVIO, AAVIT and AAVI2.

{8368]  Insome embodiments, the AAV capsid polypeptide, ¢.g., AAV capsid variant, or the
parent AAV capsid further comprise one or more components generated by Cre-recombination-based
AAV targeted evolution (CREATE) as described by Deverman et al,, (Nature Biotechnology
34¢23:204-209 (2016)), the contents of which are herein incorporated by reference in their entirety. In
some embodiments, AAV serotvpes generated in this manner have improved ONS fransduction and/or

neuronal and astrocytic tropism, as compared o other AAV seroivpes.

Promoters

{0565]  Insoow cobodiments, an AAV particle comprising a novel capsid of the present
disclosure, which may hereinafter also be referred to as an AAV particle comprising an AAV capsid
polypeptide, ¢.z., AAV capsid variaot (¢.g., a TRACER AAV particle), comprises at least one

element to enhance target specificity and expression (Sce ¢.g., Powell et al. Viral Expression Casseite
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Elements to Enhance Transgene Target Specificity and Expression in Gene Therapy, 2015; the
contends of which are herein incorporated by reference in its entively). Non-limiting examples of an
clement to enhance the target specificity and expression include promoters, endogenous maiRNAs,
post-teanscriptional regulatory elements (PREs), polyadenylation (Poly &) signal sequences and
gpstream enhancers (USEs), UMV enbancers and introns,

{65781 A person skitled in the art may recognize that expression of the polypeptides in a target
cell raay require a specific promoter, including but not hmdted to, a promoter that is species specific,
ndacible, tissue-specific, or cell cycle-specific (Parr et al., Nat. AMed 3:1145-9 (1997); the contents of
which are herein incorporated by reference in their entirety).

{8871}  Insome embodiments, the promoter is deemed to be efficient when it drives expression of
the polypeptide(s) encoded by AAV capsid mRNA described berein. In some embodiments, the
promoter 1s deemed to be efficient when it dolves expression of the poly peptide(s) encoded by viral
genomes encapsulated within a capsid described herein,

{3572} Insome embodiments, the promoter drives expression of the polypeptides {e.g., AAV
capsid polypeptides) for a period of time in targeted tissues. Expression driven by 4 promoter may be
for a period of 1 hour, 2, hours, 3 howurs, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours,
11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21
hours, 22 hours, 23 hours, | day, 2 days, 3 days, 4 days, 5 days, 6 days, 1 week, & days, ¢ days, 10
davs, 11 davs, 12 days, 13 days, 2 weeks, 15 days, 16 days, 17 days, 18 days, 19 davs, 20 days, 3
weeks, 22 davs, 23 days, 24 davs, 25 days, 26 days, 27 days, 28 days, 29 days, 30 days, 31 davs, |
month, 2 nonths, 3 months, 4 months, § months, 6 months, 7 months, 8 months, 9 months, 10
months, 11 months, 1 vear, 13 months, 14 months, 15 months, 16 months, 17 mounthbs, 18 months, 19
mounths, 20 months, 21 months, 22 months, 23 months, 2 years, 3 years, 4 years, 5 years, 6 years, 7
years, 3 vears, 9 years, 10 vears or morc than 10 vears. Expression may be for 1-3 hours, 1-12 hours,
1-2 days, 1-5 davs, 1-2 weeks, 1-3 weeks, 1-4 weeks, 1-2 months, 1-4 months, 1-6 mouths, 2-6
mouths, 3-6 months, 3-9 months, 4-8 mounths, 6-12 months, 1-2 years, 1-3 years, 2-3 years, 3-6 years,
3-8 vears, 4-8 vears, or 5-10 years.

{8731 Insome embodiments, the promoter drives expression of the polypeptides {e.g., AAV
capsid polypeptides) for at least | month, 2 months, 3 months, 4 months, 5 months, 6 months, 7
months, 8 months, 9 months, 10 months, 11 months, 1 year, 2 years, 3 vears 4 vears, S years, 6 vears,
7 vears, 8 years, 9 vears, 10 vears, 11 years, 12 vears, 13 years, 14 vears, 15 years, 16 years, 17 vears,

18 years, 19 vears, 20 years, 21 vears, 22 years, 23 years, 24 vears, 23 vears, 26 years, 27 years, 28
vyears, 29 vears, 30 years, 31 vears, 32 years, 33 vears, 34 years, 35 years, 36 years, 37 years, 38
years, 39 years, 40 years, 41 years, 42 years, 43 vears, 44 years, 45 vears, 46 years, 47 vears, 48 years,

49 years, 30 years, 55 years, 60 years, 65 years, or more than 65 years.
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{6874}  Promoters may be naturally occurring or non-naturally occurring. Non-Hmiting examples
of promoters include viral promoters, plant promoters and manmalian promoters. In some
cmbodiments, the promoters may be human promoters. {n sonwe entbodimments, the promoter may be
truncated.

{3575]  Promoters which drive or promote expression in most tissues include, but are not linited
to, human clongation factor Le-subunit (EFLm), cytomegaloviras (CMV) immediate-carly enhancer
and/or promoter, chicken B-actin {CBA; such as, but not Humited to, a CBA promotor as describad in
Miyazaki et al. (Gere. 1989 Jul 15,7%(2):269-77, the contends of which are herein incorporated by
reference in its entirety)) and its derivative CAG, B glucuronidase (GUSB), or ubiguitin C (UBC).
Tissue-specific expression clements can be used 1o restrict expression to certain cell types such as, but
pot Bmited to, muscle specific promoters, B cell promoters, monocyte promoters, leukocyte
promoters, macrophage promoters, pancreatic acinar cell promoters, endothebal cell promoters, long
tissue promoters, astrocyte promoters, or nervous system promoters which can be used to restrict
cxpression 10 neurons, astrocytes, or oligodendrocytes.

{#876]  Non-limiting examples of muscle-specific promoters inchude mammalian muscle creating
kinase (MCK) promoter, mammalian desmin (BES) promoter, mammalian troponin 1 (TNNI2)
promoter, and maminalian skeletal alpha-actin (ASKA) promoter (see, ¢.g. U.S. Patent Publication
1US26110212529, the contents of which are herein incorporated by reference in their entirety). Muscle
specific promotors may also inchude Mb promoter, myosin promotor, dystrophin promotor, dMCK
and (MK As a non-limiting example, the muscle-specific promotor may be used to duive ot promoie
expression in certain cell types, such as, but not limited 1o, nwocyies and rauscle stem cells.

{65777 Nouo-limiting exaraples of bload-specific promoters inchude B29 promoter,
imomnoglobutio heavy chain promoter, CD4S5 promwter, mouse INF-§ promoter, CD45 SV40 7/ CBM45
promoter, WASFE promoter, CD43 promoter , CD43 SV40 7/ D43 promoter, CD68 promoter, GPIb
promoter, CD 14 promoter, and CDZ promoter. As a non-limiting exaraple, the blood-specific
promotor may be used to drive or promote expression in certain cell types, sach as, but not Hmited to,
1 B cells, hematopoictic cells, leukocyies, platelets, macrophages, megakaryocyies, monocytes
and/or T cells.

{8578  Non-limiting examples of bone-specific promotors include osteocalcin, bone sialoprotein,
and OG-2 promoter. As a non-limiting example, the bone-specific promotor may be vsed to drive or
promote exprossion in certain cell types, such as, but not limited to, osteoblasts and odontoblasts.
{83781 Non-limiting examples of eye-specific promotors include Chox0, PrP, DKE3 | Maths,
Ptfia, Pep?, Neth, gamma-synuclein gene (SNCG), Griled, Pdglra, Chat, Thy1.2, hvmd2, Thyl,
Muodified aA-~crystallin, hRgp, mMo, Opnd, RLBPI, Glast, Foxgl, hVmd2, Tipl, Six3, cx86, Gmm6 -~
SV40 eukarvotic promoter, hVod2, Det, Rpe63, mRhbo, Iibp, hRhe, Pep?, Rhodopsin, and mlo, Asa

non-limiting example, the eye~-specific promotor may be used to drive or promoie expression in
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certain cell types, such as, but not limited, to retinal neurons, horizongal cells, bipolar cells, ganglion
cells {(GCs), ONL Miiller celis, amacrine cells, lons cells, S-cone cells, M~cone cells, melanopsin-
expressing GCs, neurons, ON bipolar, optic nerve cells, pigmented cells, retinal pigment epithelial
cells, rod celis, vod bipolar cells, and rod photoreceptors,

{0580}  Nouo-limiting exaraples of heart-specific promotors inchide MLC2v promoter, oMHC
promuoter, rat roponin T (Tunt2), Tie2, and Tef21, As a non-linxiting example, the beart-specific
promotor may be used to drive or promote expression in certain cell types, such as, but oot Hmited to,
cardiomyocytes, endothelial cells, and fibroblasts.

{0881}  Nonlimiting examples of kidnev-specific promotoss include, ECAD, NKCC2, KSPC,
MNPHSE, and SGLT2. As a non-limiting exaraple, the kidney-specific promotor raay be vsed to drive
or promaie expression in certain cell types, such as, but not limited to, collecting duct cells, loop of
Henle cells, nephron cells, podocyies and proximal tubslar cells.

{3582}  Non-limiting exanples of iver-specific promotors inchide, SV40/bATb promoter, SV40/
hAlb promoter, Hepatins B virus core promoter, and Alpha fetoprotein. As a non-himiting example,
the liver-specific promotor may be used to drive or promote expression in cerfain cell types, such as,
but not limited to, hepatocvies.

{6583]  Non-limiting examples of tung-specific promotors inchide Surfactant protein B promoter
and Surfactant protein C promoter. As a non-limiting example, the lung-specific promotor may be
used to drive or promote expression in certain cell types, such as, but not Jimited to, AT U cells and
Clara cells.

{0884]  Non-limiting examples of pancreas-specific promotors include elastase-1 promoter, PDX1
promoter, and insulin promoter. As a non~limiting example, the pancreas-specific promotor may be
used to deve or promoic expression in cextain cell types, such as, but pot Hmiled to, acinar cells, beta
cells, and Langerbass cells.

{6588]  Nouo-limiting exarapies of vascular- or vasculature-specific promotors include Slealeld, tie,
cadberin, ICAM-2, clandin 1, Cldnd, Flt-1 promoter, and Endoglin promoter. As a non-limiting
example, the vascular-specific promotor may be used to dave or promote expression in cortain cell
types, such as, endothelial cells. As a non-limiting exaraple, the endothebial cell is a blood-brain
barrier endothelial cell.

{0586]  Non-limiting examples of tissue-specific expression elements for seurons include neuron-
specific enplase (NSE), platelet-denved growth factor (PDGE), platelet-derived growth factor B-chain

2+

(PDGF-), synapsin (Syn or Synl), methy-CpG binding protein 2 (MeCP2), Ca*/ealmodulin-
dependent protein kinase I (CaMIID), metabotropic glutamate receptor 2 (mGluR2), neurofilament
Bght {(NFL) or heavy (NFH) chain, B-globin nunigene nf2, preproenkephalin (FPE), enkephalin
(Enk), VGF, and excitatory amino acid transporter 2 (EAAT?2) pronwoiers. A non-limiting examples of

tissue-specific expression clements for nouroectodermal stem cells is nestin
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{68871  Non-limiting examples of tissuc-specific expression elements for astrocyies inchade glial
fibrillary acidic protein (GFAP, GFabc1D) and EAAT2 promoters. A non-limiting example of a4
tissue-specific expression element for oligodendrocytes includes the myvelin basic protein (MBP)
promoter.

{3588]  Tn some embodiments, the promoter may be less than | kb, The prometer may have a
leagth of 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370,
380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570,
580, 590, 600, 610, 620. 630, 640, 630, 660, 670, 6280, 690, 700, 710, 720, 730, 740, 750, 760, 770,
786, 790, 800, or more than 30¢ nucleotides. The promoter may have a length between 200-300, 200-
400, 200-500, 200-600, 200-700, 200-800, 300-400, 300-500, 300-600, 300-700, 300-800, 400-300,
400-600, 400-700, 400-800, 300-600, 500-700, 500-800, 600700, 600-800, or 700-800.

{35831 Insome embodiments, the promoter may be a combination of two or more components of
the sare or different starting or parental promoters such as, but not limited to, CMV and CBA. Each
component may have a length of 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320,
330, 340, 350, 360, 370, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 400, 410, 420, 430,
440, 430, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630,
640, 650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760,
800. Each component may have a length between 200-300, 200-400, 200-500, 200-600, 200-700,
200-800, 300-400, 300-500, 300-600, 300-700, 300-800, 400-500, 400-500, 400-700, 400-800, 500-
600, 300-700, 500-800, 660-700, 600-300 or 700-800. In some cmbodiments, the promoteris a

<

¢

=
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70, 780, 790, 800, or more than

combination of a 382 nucleotide CMV-¢phancer sequence and a 260 nucleotide CBA-promoter
sequence.

{0598]  Insome cobodiments, the AAV pacticle comprises a ubiguitous promoter. Non-liaiting
examples of ubiquitous promoters include CMV, CBA (acluding derivatives CAG, CR6, CBh, eic.),
EF-ig, PGK, UBC, GUSB (hGBp). and UCCOE {(promoter of HNRPA2BI-CBX3).

{6591} Yu et al. (Molecular Pain 2011, 7:63; the contents of which are herein incorporated by
reference in their entirety y evaluated the expression of eGFP under the CAG, EFlg, PGE and UBC
promoters in rat DRG cells and primary DRG cells vsing lentiviral vectors and found that UBC
showed weaker expression than the other 5 promoters and ondy 10-12% ghal expression was seen for
all promoters. Soderblom et al. (E. Neuro 20135, the contents of which are hercin incorporated by
reference in its entirety ) evaluated the expression of ¢GFP in AAVE with CMV and UBC promoters
and AAV2 with the CMV promoter after injection in the motor cortex. Intranasal administrationof a
plasmid containing a UBC or EFfe promoter showed a sustained airway expression greater than the
cxpression with the CMV promoter (See e.i., Gill et al., Gene Therapy 2001, Vol. 8, 1539-1546; the
contents of which are herein incorporated by reference in their entirety). Husain et al. (Gene Therapy

2009, the contents of which are herein incorporated by reference in its entitety) evaluated an HBH
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construct with a hGUSB prometer, an HSV-1LAT promoter and an NSE promoter and found that the
HPH construct showed weaker expression than NSE in mouse brain. Passini and Welfe (J. Virol.
2001, 12382-12392, the contents of which are herein incorporated by reference in s entirety)
cvaluated the long-term cffects of the HBH vector following an intraventricular injection in neonatal
mice and found that there was sustained expression for at Jeast T year. Low expression in all brain
regions was found by Xu et al. (Gene Therapy 2001, 8, 1323-1332; the costents of which are herein
incorporated by reference in their entirety ) when NFL and NFH promoters were ased as compared to
the CMV-lacZ, CMV-tuc, EF, GFAP, hENK, nACHR, PPE, PPE + wpre, NSE (0.3 kb), NSE (1 8 kb)
and NSE (1.8 kb + wpre). Xu et al. found that the promoter activity in descending order was NSE
(1.8 kb), EF, NSE (0.3 kb), GFAP, CMV, hENE, PPE, NFL and NFH. NFL is a 650nucleotide
promoter and NFH is a 920-nucleotide promoter which are both absent in the liver but NFH is
abundant in the sensory proprioceptive neurons, brain and spinal cord and NFH is present in the heart.
ScnBa s a 470 nucleotide promoter which expresses throughout the DRG, spinal cond and brain with
particulady high expression seen in the hippocampal neurons and cercbellar Purkinje cells, cortex,
thalamus, and hypothalamus (Sec ¢.g., Drews ot al. ldendification of evolutionary conserved,
Junctional noncoding elements in the promater region of the sodivm channel gene SCN8A, Mamm
Genome (20073 18:723-73 1, and Raymoud et al. Expression of Alternatively Spliced Sodivm Channel
a-subunit genes, Journal of Biological Chemistry (2004) 279(44) 46234-46241; the contents of each
of which are berein incorporated by reference 1n their entiteties).

{0892]  Auny of promoters taught by the aforementioned Yu, Soderblorn, Gill, Husain, Passing, Xu,
Drrews, or Raymond may be vsed in the present disclosuares.

{35931 Insome embodiments, the promoter is ubiquitons. In some embodiments, the promoter is
not cell specific.

{8594]  1usome ermbodiments, the promoter is a ublguitia ¢ (UBC) promoter. The UBC promoter
may have a size of 300-350 nucleotides. As a non-limiting example, the UBC promoter 1s 332
mucleotides.

{#595]  Insoox embodiments, the promoter is a f-ghicwronidase (GUSB) promoter. The GUSB
promoter may have a size of 350-400 nuclootides. As a non-limiting example, the GUSB promoter is
378 nucleotides.

{6596]  1nsome embodiments, the promoter is a neurofilament light (NFL) promoter. The NFL
promoter may have a size of 000-700 nucleotides. As a non-liniting example, the NFL promoter is
656 nucleotides.

{85971 Insome embodiments, the promoter is a neurofilament heavy (NFH) promoter. The NFH
promoter may have a size of 900-950 nucleotides. As a non-limiting example, the NFH promoter is

920 nucleotides.
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{6898]  Insome embodiments, the promoter is a scn8a promoter. The scn8a pronioter may have a
size of 450-300 nucleotides. As a non-~limiting cxaraple, the scn8a promoter is 470 nucleotides.
{#898]  In some embodinents, the promoter is a phosphoglycerate kinase 1 (PGK) promoter.
{6608}  Insome embodiments, the promoter is a chicken B-actin (CBA) promoter, or a variant
thereof.

{0601}  In some embodiments, the promoter is a CB6 promoter.

{6602]  Insome embodiments, the promoter is a minimal CB promoter.

{8603]  Insome embodiments, the promoter is a P40 promoter. In some embodiments, the P40
promoter is located inthe 3" of the AAV capsid REP gene.

{6604}  Insome eubodiments, the promoter is a cytomegalovims (CMV) promoter.

{8605]  In some embodiments, the CMV promoter is a hybrid CMV enhancer/Chicken beta-actin
promoter sequence such as described by Niwa et al., 1991, the contents of which are incorporated

herein by reference in their entivety.

{6606]  Insonwe cobodiments, the promoter is a CAG promoter.
{8607}  In some embodiments, the promoter is a GFAF promoter.
{0608]  Insoniec eobodiments, the promoter is a synapsin {syn or synl) promaoter.

{3609]  Tn some embodiments, the promoter is a liver or a skeletal muscle prormoter. Non-tintiting
cxamples of liver promoters include human o-1-antitrypsin (hAAT) and thyroxine binding globulin
{(TBG). Non-limiting examples of skeletal muscle promoters include Desnun, MCK or synthetic €3~
12.

{66108 Insonw eodbodiments, the promoter is an RNA pol TH prometer. As a non-limiting
axample, the RNA pol I promoter is U6, As a nop-limiting exarapie, the RNA pol H promeoter is
Ht

{8611}  Tosomee erobodiments, the promoter may be selected depending on the desired tropism,
Non-limiting exampies of promoters are described in WO2020072683, the contents of which are
berein 1ncorporated by reference in their entivety.

{3612} In some embodiments, the promoter drives capsid mRNA expression in the absence of
helper virus co-infection.

{8613}  Insome crbodiments, the AAV particle (¢.g., an AAV particle comprising an AAV
capsid polypeptide, e.g.. an AAV capsid vanant described herein comprises two promoters. As a
pon-limiting example, the promoters are an P40 promoler and a CMV promoter. As another non-
limiting example, the promoters are an P40 promoter and a cell-type specific promoter (e.g. synapsin).
{#614]  Insome embodiments, the AAV particle {e.g., an AAYV particle comprising an AAV

capsid polypeptide, .g., an AAV capsid variant described herein) comprises an engineered promoter.
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{6618]  Inanother embodiment, the AAV particle (c.g., an AAV particle comprising an AAV
capsid polypeptide, ¢.g., AAV capsid variant described herein) comprises a promoter from a naturally
expressed profein.

{#616]  In some embodiments, a portion of the AAV particle (c.g., an AAV particle comprising an
AAV capsid polypeptide. ¢.g., AAV capsid variant described herein) REP gene is deleted to
accommodate the promoter insertion. The promoter may be inserted upstream or downstream of the
AAV particle CAP gene.

{0617} Insoow eobodiments, the AAV padicle of the present disclosuwe (.2, an AAV particle
coraprising ag AAY capsid polypeptide, e.g., AAV capsid vanant described herein) comprises a cell
type-specific promoter to drive capsid oRNA expression. As a pon-loniting example, the prorantor is
cell-type specific. The cell-type specific promotor may be synapsin. The cell-type specific promotor
may be glial fibrillary acidic protein (GFAP). The AAV particle may comprise a P40 promoterand a
cell-type specific promotor.

{8618}  Insome crmbodiments, the AAV particle of the present disclosure (e.8.. an AAV particle
comprising an AAY capsid polypeptide, ¢.g., AAY capsid variant described herein) comprises a
structiire as shown in FIG 4. In some embodiments, an alternate backbone may be used for generation
of the capsid libraries. In the alternate backbone, the forward version is changed into reverse, which
can avoid the expression of capsid proteins and possible immune response to these foreign capsid
proteins during in vive evoelution. In some embodimends, one or more additional WPRE elements may
also be added to the backbone to improve RNA yicld during viral library RNA recovery. In some

cmbodiments, the backborne for the TRACER approach is as shown in FIG. 5.

AAY selection

{0619]  The present disclosure provides oethods of AAV selection for tissue- and/or cell type-
specific transduction, whereby AAV particles {e.g., an AAV panticle compusing an AAV capsid
polypeptide, e.g., an AAV capsid variant, described herein) with high tropism for a tissue(s) and/or
cell type(s) are identified and selected for use. In some embodiments, the AAV selection comprises
administration of the AAV particies to a cell and/or a subject by standard methods known in the art
{c.g. intravenousty). In some embodiments, the AAV sclection may comprise extraction of
polvnucleotides, ¢.g., capsid RNA, encoded by AAV particles, from a specific tissue and/or cell type.
In some embodiments, the tissue may be non-nervous system tissue such as, but not hmited to, liver,
spicen and heart. The cells type may be, e.g., hepatocyies, Islets of Langerhans cells, and
cardiomyocyies. In some embodiments, the tissuc may be nervous system fissue such as, but not
limited to, brain tissue, spinal cord fissue, and dorsal root ganglion tissue. The cell type mayv be, ¢ g,
neurens, astrocvies, or oligodendrocyies. In some embaodiments, the extracted RNA is envriched,

reverse transcribed, and/or amplified. To some cwbodiments, the extracted RNA allows for recovery

- 161 -



WO 2021/230987 PCT/US2021/025061

of full-length capsid “amplicon(s)” fron a specific tissue and/or cell type, using varionus production
methods, ¢.g., reverse transcription polymerase chain reaction (RT-PCR). As used herein, amplicon
may refer 1o any picce of RNA or DNA formed as the product of amplification events, e.g. PCR. In
some embodiments, full-length capsid amplicons may be used as templates for next generation
sequencing (NGS) libraty generation. Fuli-length capsid aoplicons may be used for cloning into a
DINA library for the generation of AAYV TRACER patticles for any nuraber of additional rounds of
AAV selection as described above. Insome embodiments, the AAV selection may be performed
Heratively, or repeated, any number of times, or rounds. The above-described selection of AAV
particles may also be more generally referred o herein as biopanning.

{36201  Insome embodiments, the AAV selection comprises administration of the AAV particles
(e.g., an AAV particle comprising an AAV capsid polypeptide, e.g., AAV capsid vanant, described
herein) to a cell by standard methods known in the art (e.g. infection). As a non-limiting example, the
cell is a HEK 293 cell. As another non-limiting example, the cell 1s a nervous systeni cell such as, but
not Hnuted to, a newron and/or a glial cell. As vet another non-linuting example, the cell is a brain
microvascular endothelial cells (BMVEC). The BMVEC may be a human BMVEC (hDBMVEQ). The
BMVEC may be a non-human primate (NHP) BMVEC.

{66211  Insome embodiments, the AAV selection comprises administration of the AAV particles
(e.g., an AAV particle comprising an AAV capsid polypeptide, ¢.g.. AAV capsid variant, described
herein) to a rodent by standard methods koowa in the art (e.g. intravenousty). The rodent may be a
transgenic rodent or a non-transgenic {e.g.., wild type) odent. As a non-hmiting example, the rodent
is a rat or a mouse. Noo-Hmiting exaraples of vats inchade Sprague Dawley, Wistar Albino, and Long
BEvans rats. Non-lirmiting examples of mice inchude BALB/C FVE and C57BL/6 mice.

{8622}  Insome cmbodiments, the AAV selection comprises administration of the AAV particles
{e.g., an AAY particle comprising an AAV capsid polypeptide, ¢.g., an AAY capsid variant, described
herein) to 2 non-human primate (NHP) by standard methods known in the art (e.g. intravenously).
Mon-limiting examples of NHPs inclode rhesus macaques (Macaca mnlatta)y and cynomolgus
macaques (Macaca fascicularis).

{86231 Insome embodiments, the AAV selection comprises administration of AAV particles
(e.g., an AAV particle comprising an AAV capsid polypeptide, e.g., an AAV capsid variant, described
herein) to 4 rodent, non-human primate, and/or human cells. In some embodiments, the AAV
selection conprises administration of AAV particles (¢.g., an AAV particle comprising an AAV
capsid polypeptide, ¢.g., an AAV capsid vanant, described herein) 10 a rodent, non-human primaie,
and/or human subjects.

{06247  Insome embodiments, the AAV selection may be performed iteratively, or repeated, any
numiber of times, or rounds, within a single cell- or subject-type, wherein the single cell- or subject-

type gy remain unchanged, or the same, across AAV selection rounds. Cell types rmay be, e.g.,
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HEK293 cells, BlBMVECs, and NHP BMVECs. Subject types mav be, e.g., Sprague Dawley rats,
Wistar Albino rats, Long-Evans rais, BALB/C mice, FVB nuce, C37BL/6 mice, rhesus macagues,
cynomolgus macaques, and humans. As a non-limiting example, AAV selection is performed across
one, two and/or three or uore AAV sclection rounds in the BBMVEC cell. As a non-himiting example,
AAYV selection is performed across one, two and/or three or reore rounds in a mouse such as, but not
liouited to, a BALB/C mouse. As a son-liaiting example, AAV selection is performed aceoss ane, two
and/or three or more rounds in an NHP such as, but not limited to, a cynomolgus macagqoe, as
represented in FIG. 1A and FIG. IB.

{36258] AAV selection may be performed ileratively, or repeated, any number of tires, or rounds,
within any muuber of cell- and/or subject-types, wherein the cell- and or subject-type may change, or
differ, across AAYV sclection rounds. As a non-himiting example, the AAV selection is performed a
first round in a rhesus macaguoe, and an additional, e.g., subscquent, one, two, and/or or three or more
rounds in a Sprague-Dawley rat.

[8626]  AAV selection may be performed iteratively, or repeated, any number of times, or rounds,
within any number of cell- and/or subject-types, and may additionally comprise the combination
and/or comparison of any AAV capsid serotype as disclosed herein, or variants or derivatives thereof,
with the AAV particle pool, at any AAV sclection round. As a non-limiting exaraple, the AAV capsid
serotype comprises AAVFT/HSCT (SEQ ID NO: 8 and 27 of WO2016049230). As another non-
lirniting example, the AAV capsid serotype comprises AAVEIS/HSCIS (SEQ 1D NO: 16 and 33 of
WO2016049230). As vet another noo-limiting exaraple, the AAV capsid serotype AAVFLT/HSCL7
(SEQ I NO: 13 and 35 of WO2016049230), The AAV selection vound may be the first, second,

third, or foarth AAV selection round.

Orthogonal evolution

{8627 Methods of AAV selection of the present disclosure may comprise orthogonal evolution,
In some embodiments, orthogonal evolation is a method wherein AAV particles are administered for
4 first round of AAV selection as described hercin across a set of any number of cell- and/or subject-
types that may be from different species and/or strains, and wherein any number of additional, ¢.g.,,
subsequent, AAY selection rounds are performed cither across a set of any number of cell- and/or
subject-types that may be from different species and/or strains, or across a set of any number of cell-
and/or subject-tvpes that may be from the same species and/or strains, as represented in FIG 2. Cell
types oy be, e.g., HEK293 cells, hiBMVECs, and NHP BMVECs. Subject types may be, e.g.,
Sprague Dawley rats, Wistar Albino rats, Long-Evans rats, BALB/C raice, FVB mice, C57RL/6 mice,

rhesus macaques, cynomaolgus macaguoes. and humans,
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Viral Genome of the AAV particie

{6628]  AAV particle as described herein, comprising a peptide, ¢.g., 4 fargeting peptide and/or
sclected by the TRACER methods (e.g., ant AAV particle conprising an AAV capsid polypeptide,
¢.g., an AAV capsid polypeptide, ¢.g., AAV capsid variant, descrbed herein), may be used for the
delivery of a viral genome to a tissue, ¢.g., a target tissue {¢.g., CNS, DRG, and/or nuscle). Insome
ambodiments, an AAV particle coraprising an AAV capsid polypeptide, ¢.g., an AAV capsid variand,
described berein can be vsed for delivery of a viral genome to a tissue or cell, e.g., ONS, DRG, or
muscle cell or tissne. 1n some erbodiments, an AAY particle of the present disclosure is a
recombinant AAY particle. In some embodiments, an AAV particle of the present disclosure 1s an
isolated AAY particle.

{0628}  The viral genome may encode any paviead, such as but not Hinited to a polypeptide (2.g.. a
therapeutic polypeptide), an antibody, an enzyme, an RNAG agent and/or components of a gene
cditing systen. In one embodiment, the AAV particles described herein are used to deliver a payload
to cefls of the CNS, after intravenous delivery. In another embodiment, the AAV particies described
herein are used to deliver a payload to cells of the DRG, after intravenous delivery. In some
cmbodiments, the AAV particies described herein are used to deliver a pavioad to cells of a muscle,
¢.g., & heart muscie, after intravenous delivery.

{0636] A wviral genome of an AAV particle coraprising an AAV capsid polypeptide, ¢.g., an AAV
capsid varian, as described herein, comprises a nucleic acid sequence with at Ieast one pavload region
encoding a pavioad, and at least ope ITR. A viral genome typically compuses two ITR sequences,
one at cach of the 5™ and 37 ends. Further, a viral genome of the AAV particies described berein may
conprise nucleic acid sequences for additional components, such as, but not hmidted to, a regulatory
clement {e.g., promoter}, untranslated regions (UTR), a polyadenyviation sequence {poly A), a filler or
stuffer sequence, an indron, and/or a linker sequence for enbanced expression.

{3631}  These viral genome components can be selected and/or engineered to fudber tatlor the
specificity and efficiency of expression of a given payload 1o a target tissue (2.2, CNS, muscle, or
DRG).

Viral Genome Component: Inverted Terminal Repeais (I1TRs)

{6632}  Insome embodiments, the AAV particle comprising an AAV capsid polvpeptide, e.g., an
AAYV capsid variant, descnbed herein conprises a viral genome with at least one [TR and a payload
region. In one embodiment, the viml genome has two ITRs. These two I'TRs flank the payload region
atthe 57 and 3° ends. The ITRs function as origins of replication comprising recognition sites for
replication. ITRs comprise sequence regions which can be complementary and symmetrically
arranged. ITRs incorporated into viral genomes as described herein may be comprised of naturally

accurring polvnucleotide sequences or recombinanily derived polynucleotide sequences,
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{8633]  The TTRs may be derived from the same scrotype as the capsid polypeptide, ¢.g., capsid
variant, selected from any of the known serotypes, or a derivative thereof. The {TR may be of a
different serotype than the capsid. In onc embodiment, the AAV particle has more thanone ITR. Ina
non-Himiting example, the AAV particle has a viral genome comprising two {TRs. Inone
embodiment, the I'TRs are of the same serotype as ore asother. In another erabodiment, the ITRs are
of different serotypes. Non-limiting examples include zero, one or both of the ITRs having the same
serofype as the capsid. In one embodiment both ITRs of the viral genome of the AAYV particle are
AAV2 [TRs.

{8634}  Tedependently, cach ITR may be about 100 to about 150 nuclectides in leogth. Ao (TR
may be abopt 160-105 nucleotides in length, 106-110 noclectides in length, 111-115 nuclectides in
length, 116-120 nuclectides 1n length, 121-125 nocleotides in length, 126-130 nnclectides in length,
131-135 mucleotides inlength, 136-140 nucleotides in length, 141-145 nucleotides in kength or 146~
156 nucleotides in length. In one embodiment, the [TRs are 140-142 nucleotides in length. Non-
limiting examples of ITR length are 102, 103, 130, 140, 141, 142, 145 nuclectides in length. 1TRs
encompassed by the present disclosure include those with at least 90% identity, at least 95% identity,

at least 98% identity, or at least 99% identity 1o a known AAYV serotype TR sequence.

Viral Genome Component: Promaiers

{8635]  Inone embodiment, the payload region of the viral genome comprises at least one clement
to enhance the payload target specificity and expression (See ¢.g., Powell ot al. Viral Expression
{Cassette Elements to Enbance Transgene Target Specificity and Expression in Gene Thewapy, 2015;
the contents of which are berein incorporated by reference 1o their entirety). Nou-liiting examples
of clements to enhance payload target specificity and expression include promoters, endogencus
miRNAs, post-transcriptional regolatory elemenis (PREs), polvadenylation (Poly A) signal sequences
and upstream enhancers (USEs), CMV enhancers and introns.

{3636] A person skifled in the arl may recognize that expression of a payload in a target cell maay
reguire a specific promoter, inchiding but not limited to, a promoter that is species specific, inducible,
tissue-specific, or cell cycle-specific (Parr et al., Nav. Med 3:1145-9 (1997, the contents of which are
herein incorporated by reference in their entirety).

{8637}  Inonc embodiment, the promoter is deemed to be efficient when it drives expression of
the payvload encoded by the viral genome of the AAV particle.

{3638]  Inone embodiment, the promoter is a promoter deemed to be efficient when it drives
expression in a cell being targeted.

[6639]  1unonc embodiment, the promoter is a promoter having a tropism for a cell being targeted.
{3646]  In one embodiment, the promoter drives expression of the payload for a peried of time in

targeted tissues. Expression driven by a promoter may be for a peniod of 1 hour, 2, hours, 3 hours, 4
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hours, 3 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15
hours, 16 hours, 17 hours, 18 hours, 19 howurs, 20 hours, 21 hours, 22 hours, 23 howrs, 1 day, 2 days, 3
davs, 4 days, 5 days, 6 days, 1 week, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 2 weeks, 15
days, 16 days, 17 days, 1% days, 19 days, 20 days, 3 weeks, 22 days, 23 days, 24 days, 25 days, 26
davs, 27 davs, 28 days, 29 davs, 30 days, 31 days, 1 month, 2 swonths, 3 oonths, 4 months, 5 mounths,
& ponths, 7 months, 8 months, 9 months, 10 meonths, 11 mouaths, 1 year, 13 mouths, 14 months, 15

months, 16 months, 17 months, {8 months, 19 raonths, 20 months, 21 months, 22 months, 23 months,

2

2 years, 3 vears, 4 yvears, S vears, 6 years, 7 years, 3 vears, 9 years, 10 vears or moic than 10 vears,

t

Expression may be for 1-5 hoors, 1-12 hours, 1-2 days, 1-5 days, -2 weeks, 1-3 weeks, -4 weeks, -
2 months, 1-4 months, 1-6 months, 2-6 months, 3-6 months, 3-9 months, 4-8 months, 6-12 months, I-
2 years, 1-5 years, 2-5 years, 36 vears, 3-8 years, 4-8 years or 5-10 vears. As a non-limiting example,
the promoder is a selecied for sustained expression of a payicad in tissues and/or cells of the contral or
peripheral nervous systera.

{#641]  Promoters may be naturally occurring or non-naturally occurring. Non-limiting examples
of promoters include those derived from viruses, plants, manunals, or humans. In some crabodiments,
the promoters may be those derived from human cells or systems. In sore crabodinments, the promoter
may be truncated or mutated.

{6642}  Promoters which drive or promote expression in most tissues include, but are not limited
to, the buman elongation facior fo-subunit (EF Lo} promoter, the cytomegalovins (CMV) immediate-
sarly enhancer and/or promoter, the chicken f-actin (CBA) promoter and its derivative CAG, §
shacuronidase (GUSB) promoter, or ubiguitin C (UBC) promoter. Tissue-specific promoters canbe
used {o restrict expression (o certain cell fypes such as, but not Hmited to, cells of the central or
peripheral nervous systerns, targeted regions within (2.2, frontal cortex), and/or sub-sets of cells
therein {e.g., excitatory neurons). As non-limiting examples, cell-type specific promoters may be
used to restrict expression of a pavicad to excitatory neurons (¢.g., glotarpatergic), inhibitory neurons
(e.g., GABA-~crgic), newrons of the sympathetic or parasympathetic nervous sysierm, Sensory neurons,
neurons of the dorsal root ganglia, motor neurons, or supportive cells of the nervous systems such as
microglia, astrocyies, oligodendrocytes, and/or Schwann cells.

{86431  Cell-type specific promoters also exist for other tissues of the body, with non-Hmiting
cxamples inchuding, liver promoters (e.g.. hAAT, TBG), skeletal muscie specific promoters {(e.g.,
desmin, MCK, C312), B cell promoters, monocyte promoters, leukocyte promoters, macrophage
promoters, pancreatic acinar coll promoters, endothelial cell promoters, fung tissue promoters, and/or
cardiac or cardiovascular promoters {e.g., eMHC, ¢TaT, and CMV-MLC2k) .

{0644}  Nonlimiting examples of tissue-specific prometers for targeting pavicad expression to
ceniral nervous system tissues and cells tnclude svnapsio (Syn), glutarate vesicular transporier

{(VGLUT), vesicular GABA trasspoder (VGAT), parvalbunig (PV), sodivm channel Na, 1.8,
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tyrosine hyvdroxyiase (TH), choline acetyliransierase (ChaT), methyl-CpG binding protein 2 (MeCP2),
Ca**/calmodulin-dependent protein kinase I (CaMKIT), metabotropic ghitamate receptor 2 (mGluR2),
neurofilament light (NFL) or heavy (NFH), neuron-specific enolase (NSE), $-globin minigene nfi2,
preproenkephalin (PPE), enkephalin (Enk) and excitatory amino acid transporier 2 (EAAT2)
promoters. Non-limiting examples of tissue-spacific expression eleraents for astrocyies include glial
fibullary acidic protein {GFAP) and EAAT? promoters. A son-luniting example of a tissue-specific
expression element for oligodendrocytes tnclndes the myelin basic protein (MBP) promoter.

{#645]  Insoox embodiments. the promoter of the viral genome used to drive expression of the

payload in a target tissue may be any of those noted herein for use in AAY particles.

Viral Genome Component: Untransiated Regions (UTRs)

{8646]  Insome ermbodiments, wild type untranslated regions (UTRs) of a gene are transcribed but
not translated. Generally, the 37 UTR starts at the transcription start site and ends at the start codon
and the 3° UTR starts immediately following the stop codon and continues until the termination signal
for transcription.

{8647]  Features typically found in asbundantly expressed genes of specific target organs {e.g.,
CNS ussue, muscle, or DRG) may be engincered into UTRs to enhance stability and protein
production. As a non-Hmifing example, a 7 UTR from mRNA normally expressed in the brain (e.g.,
huntingtin} may be used in the viral genomes of the AAV particles described herein to enhance
cxpression in neuronal cells or other cells of the central nervous system.

{6648}  While not wishing 1o be bound by theory, wild-type 5" untransiated regions (IITRs)
machude features which play roles in teanslation tnitiation. Kozak sequences, which are commonly
known to be tnvolved 1o the process by which the nibosome inttiates teanslation of many genes, are
usually included in 5” UTRs. Kozak sequences have the consensus CCR{A/GYCCAUGG, where Risa
purne (adenine or guanioe) theee bases upsirearn of the start codon (ATG), which is followed by
another 'G'.

{8648]  Inonc embodiment, the 5"UTR in the viral genoree includes a Kozak sequence.

{0653]  Inone erabodiment, the S"UTR in the viral genome does not include a Kozak sequence.
{8651}  While not wishing to be bound by theory, wild-type 3’ UTRs are known to have stretches
of Adenosines and Uridines embedded therein. These AU rich signatures are particalarly prevalent in
genes with high rates of turnover. Based on thetr sequence features and functional properties, the AU
rich elcments (AREs) can be separated wto theee classes (Chen ¢t al, 1993, the contents of which are
herein incorporated by reference in its entirety ) Class I AREs, such as, but not limited to, c-Myc and
MyoD, contain several dispersed copies of an AUUUA motif within U-rich regions. Class 1} ARKs,
such as, but not limited to, GM-CSF and TNF-a, possess two or more overlapping
UUAUUUA{U/AYU/A) nonamers. Class [T ARES, such as, but not limited to, c-Jun and Myogenin,
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are less well defined. These U rich regions do not contain an AUUUA motif. Most proteins binding to
the AREs are known to destabilize the messenger, whereas mermbers of the ELAV family, most
notably HuR, have been documented to increase the stability of mRNA. HuR binds to AREs of all the
three classes. Engioeering the HuR specific binding sites into the 3" UTR of nucleic acid molecules
will Jead to HuR bindiog and thus, stabilization of the message in vivo.

{6652]  Introduction, removal or modification of 3’ UTR AU rich clements {ARES) can be used o
modulate the stability of a polyoucleotide. When engincedog specific polvnuclectides, ¢.z., payload
regions of viral genomes, one or more copies of an ARE can be introduced to make polynucleotides
less stable and thereby curtant translation and decrease production of the resultant protein. Likewise,
ARESs can be identified and rermaoved or mutated to increase the intracelhdar stabibity and thus increase
translation and production of the resultant protein.

{8653}  Inone embodiment, the 3' UTR of the viral genome may inclade an oligo{dT) sequence
for templated addition of a poly-A tail.

{3654}  Inone embodiment, the viral genome may include at least one miRNA seed, binding site
or full sequence. microRNAs (or miRNA or miR) are 19-25 nucleotide noncoding RNAs that bind o
the sites of nucleic acid targets and down-regulate gene expression either by reducing nucleic acid
molecule stability or by inhibiting translation. In some embodiments, a microRMNA sequence
conprises a seed region, €.g.,., a sequence inthe region of positions 2-8 of the mature nuicroRNA,
which has Watson-~Crick sequence fully or partially complementarity to the miRNA target sequence
of the nocleic acid.

{0655]  Inonc crabodiment, the viral gonome mayv be engincered fo include, alter or remove at
least one miRNA binding site, full sequence or seed tegion.

{0656]  Aay UTR from any gene known in the ad may be incorporated into the viral genome of
the AAY particle. These UTRs, or portions thereof, may be placed in the same oxientation as in the
gene from which they were selected or they may be altered in oricntation or location. Inone
crbodiment, the UTR vsed in the viral genome of the AAV particle may be inverted, shortened,
lengthened, made with one or more other 5 UTRs or 3/ UTRs konown i the art. As used herein, the
term “altered” as it relates to 3 UTR, micans that the UTR has been changed in some way 1n relation to
a reference sequence. For example, a 3" or 5" UTR may be altered relative to a wild type or native
UTR by the change in orientation or location as taught above or may be altered by the inclusion of
additional nucleotides, deletion of nucleotides, swapping or transposition of nucleotides.

{86571 Inone cmbodiment, the viral genome of the AAV particle comprises at least one artificial
UTR which is not a vanant of a wild type UTR.

{6658} In one embodiment, the viral genome of the AAV particle comprises UTRs which have
been selected from a family of transeripts whose proteins share a common function, structure, feature

or property.
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Viral Genome Component: Polvadenylation Sequence
{06589  The viral gonome of the AAV particle described herein (e.g., an AAV particle comprising
an AAV capsid polvpeptide, e.g., an AAV capsid variant, described berein) may comprise at least one
polvadenviation sequence. In one erabodiment, the viral genome of the AAV particle (e.g., an AAV
particle coraprising an AAV capsid polypeptide, e.g., an AAV capsid variant, described hereing

coraprises a polyadenylation sequence between the 3

end of the 3°'TTR.

end of the pavicad encoding region and the 57

{8666]  Inonc embodiment, the polyadenylation sequence or “poly A sequence” may range from
absent to about 500 nucleotides 1n length. In some embodiments, the poly A sequence comprises a
fength of abowt 100-600 nucleotides, e.g.. about 100-300 nucleotides, about 100-400 nuclectides,
about 100-300 mucleotides, about 100-200 aucleotides, about 200-600 nucleotides, about 200-300
mucleotides, about 200-400 pucleotides, about 200-300 nucleotides, about 300-600 nucleotides, about
300-560 nucleotides, about 300-400 mucleotides, about 400-600 nucleotides, about 460-500
nucleotides, or about 5300-600 mucleotides. In some embodiments, the poly A signal region comprises
a length of about 100 1o 130 oucleotides, ¢.g., about 127 nucleotides. In some embodiments, the
poly A sequence coraprises a length of about 430 to 300 nucleotides, e.g., about 477 mucleotides. In
some embodiments, the polv A sequence comprises a length of about 320 to about 560 nucleotides,
¢.g.. about 552 nucleotides. In some embodiments, the poly A sequence compuises a length of about

127 nucleotides.

Viral Genome Component. Introns

{8661}  Toone eobodiment, the viral genome of the AAV particle as described berein (e.g.. an
AAY particle comprising an AAV capsid polypeptide, e.g., an AAV capsid variant), comprises at
least one element to enbance the payload larget specificity and expression (See ¢.z., Powell ¢t al.
Viral Expression Cassette Elements fo Enfumce Transgene Target Specificity and Expression in Gene
Therapy, Discov. Med, 2015, 19(102): 49-37; the contents of which are herein incorporated by
reference in their entirety) such as an intron. Non-limiting examples of introns incinde, MVM (67-97
bps), FIX fruncated intron 1 (300 bps), B-globin SD/immunoglobulin heavy chain splice acceplor
{250 bps), adenovirus splice donor/immumnoglobin splice acceptor (500 bps), SV40 late splice
donot/splice acceptor (195/168) (180 bps) and hybrid adenovirus splice donor/IgG splice acceptor
(230 bps).

{1662]  Inone cmbodiment, the infron or intron portion may be 100-300 mucleotides in length.
The intron may have a fength of 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320,
330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490 or 500
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nucleotides. The intron may have a length between 80-100, 80-120, 80-140, 80~160, 80-180, 80-200,
80-250, 80-300, 80-350, 80~400, 80-450, 80~-500, 200-300, 200-400, 200-500, 300-400, 300-500, or

400-500 nucleotides.

Viral (genome Component: Stujfer sequences

{66631 Inone crabodiment, the viral genome of the AAV particle described berein {e.g., an AAV
particle coraprising an AAV capsid polypeptide, e.g., an AAV capsid variant), comprises at least one
element to improve packaging efficiency and expression. such as a staffer or filler sequence. Non-
liraiting examples of stuffer sequences inchude albumin and/or alpha-1 antitrypsin. Any koowa viral,
roammalian, or plant sequence may be manipulated for ase as a stuffer sequence.

{8664]  Inonc embodimen, the stuffer or filler sequence may be from about 100-3500 nucleotides
inlength. The stuffer sequence may have a length of aboat 100, 200, 300, 400, 500, 600, 700, 800,
400, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, 2200, 2300, 2400,
2560, 2600, 2700, 2800, 2900 or 3000 nucleotides.

Viral Genaome Component. miRNA

{8665]  In one cmbodiment, the viral genome coniprises at feast one sequence encoding a miRNA
to reduce the expression of the payload in an “off<target” tissue. As used herein, “off-target” indicates
a tissue or celi-type unintentionally targeted by the AAV particles descrbed hercin,. miRNAs and
their targeted tissues are well known in the art. As an example, an “off-target” tissue or cell when
targeting the DRG (dorsal root ganglion), may be neurons of other ganglia, such as those of the
sympathetic or parasy mpathetic netvous systern. In some embodiments, a oxiRNA, e.g., a miR183, 2
miR 182, and/or miR96, may be encoded 1o the viral genome to modulate, ¢.g., reduce the expression,
of the viral genome ina DRG neuron. As another non-limiting example, 2 muR-122 miRNA may be
encoded in the viral genome to moduldate, e.g., reduce, the expression of the viral genome in the liver.
In some crabodiments, a muRNA, ¢.g., a miR-142-3p, may be encoded in the viral genorae
modulate, ¢.g., reduce, the expression, of the viral genome in a cell or tissue of the hematopoictic
hneage, mchuding for example immune cells {e.g., antigen presenting cells or APC, including

dendritic cells (DCs), macrophages, and B-lymphocytes).

Viral Genome Component: miR Binding Site

{#666]  Tissue- or celi-specific expression of the AAV viral particles of the invention can be
erthanced by introducing tissue- or cell-specific regulatory sequences, €.g., promaiers, enhancers,
microRNA binding sifes, e.g., a detargeting site. Without wishing to be bound by theory, it is
believed that a ol binding site can modulate, ¢.z., prevent, suppress, ot atherwise inhibit, the
cxpression of a gene of interest on the viral gesome of the invention, based on the expression of the

corresponding endogenous microRNA (miRNA) or a cotresponding controlied exogenous raRNA ig
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a tissue or cell, e.g., a non-targeting cell or tissue. In sonie embodiments, a miR binding sife
modulates, ¢.g., reduces, expression of the payioad encoded by a viral genome of an AAV particle
described herein ina cell or tissue where the corresponding mRNA is expressed.

{0667 Insone eobodiments, the viral genome of an AAV particle described betein comprises a
microRNA binding site, ¢.g., a detargeting site. In some cmbodiments, the viml gerome of an AAYV
particle described berein comprises a coding sequence for a miR binding site, a nuicroRNA binding
site series (iR BSk), or a reverse complement thereof,

{0668]  Tasome erobodiments, the miR bindiag site series or the miR bioding site is located inthe
37-UTR region of the viral genome {e.g., 37 relative to the nucleic acid sequence encoding a payvicad),
¢.g., before the polv A sequence, $7-UTR region of the viral genome {e.g.. 57 relative (o the nucleic
acid sequence encoding a pavicad), or both

{#669]  Insome embodiments, the miR binding sile sedes comprise at least 1-5 copies, e.g., at

least 1-3, 2-4, 3-5, 1. 2,3,4

, 3,4, 5 or more copies of a miR binding site (mik BS). In some embodiments,
all copics are identical, e.g., comprise the same miR binding site. In some embodiments, the miR
binding sites within the miR binding site series are continnous and not separatcd by a spacer. Insome
embodiments, the mik binding sites within a miR binding site scries are separaied by a spacer, e.g., a
non-coding sequence. In some embodiments, the spacer is at least about 5 1o 10 nuclestides, e.z.,
about 7-8 mucleotides, nucleotides inlength. In some embodiments, the spacer comprises one or nore
of (1) GGAT,; (i) CACGTG; (i) GCATGC, or a repeat of one or more of (1)-(1ii).

{86781  Insone cobodiments, the miR binding site scries comprise at least 1-5 copics, e.g., at
least 1-3, 2-4, 3-5, 1, 2, 3, 4, 5 or more copies of a nuR binding site (miR BS). In some embodiments,
atleast |, 2, 3, 4, 5, or all of the copies arc different, e.g.. comprise a different nuiR binding site. In
some embodiments, the miR binding sites within the miR binding site senies are contiouous and not
separated by a spacer. In some embodiments, the miR binding sites within a miR binding site series
are separated by a spacer, .g., a non-coding sequence. {n some embodiments, the spacer is at least
about 5 to 19 nucleotides, ¢ g, about 7-8 nucleotides, in leagth. 1o some ernbodiments, the spacer
coraprises one or more of () GGAT; (1) CACGTG; (1t} GCATGL, or a repeat of one or more of (1)~
(i),

{86671}  Insome crobodiments, the miR binding site is substantially identical (2.g., at least 70%,
75%, 80%, 85%, 90%, 95%., 99% or 100% identical), to the miR in the host cell. Insome
embodiments, the miR binding site comprises at least 1, 2, 3, 4, or 3 mismatches or no mose than 6, 7,
8, 9, or 10 mismatches to a miR in the host cell. In some embodiments, the mismatched nucleotides
are contiguous. In some embodiments, the mismatched nucleotides are non-contiguous. In some
cmbodiments, the mismatched nucleotides occur ontside the seed region-binding sequence of the miR
binding site, such as at onc or both ends of the naR binding site. In some embodiments, the miR

binding site is 100% identical to the miR in the host cell.
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{6672]  Insome eubodiments, a miR binding site or sequence region is at least about 10 to about
125 nucleotides in length, e.g., at least about 10 to 50 nucleotides, 10 to 100 nucleotides, 50 to 100
nucleotides, 50 to 125 nucleotides, or 100 fo 125 nucleotides in length. In some embodiments, a miR
binding site or sequence region is at least about 7 to about 28 nucleotides in length, ¢.g., at least about
#-2% ruclectides, 7-28 nucleotides, 8-18 nucleotides, 12-28 nucleotides, 20-26 nucleotides, 22
nuclectides, 24 nucleotides, or 26 muclentides 1o length, and optionally comprises at least one
consecutive region {e.g., 7 or 8 nucleotides) compiementary 1o the sced sequence of a miRNA {e.2., a
miRi22, a miR142, a miR183).

{8673}  Tosome erobodiments, the miR binding site is complementaty to a iR expressed in liver
or hepatocytes, such as miR122. In some embodiments, the miR binding sile or miR binding site
series comprises a miR 122 binding site sequence. [n some embodiments, the muR 122 binding site
comprises the nucleotide sequence of ACAAACACCATTGTCACACTCCA (SEQ 1D NG 3672), ora
nuclectide sequence having at least 50%, 55%, 609%, 65%, 70%, 75%, 8%, 855, 90%, at least 95%,
at Ieast 99%, or 100% sequence identity, or having at keast one. two, thiee, four, five, six, or seven
modifications but no more than ten medifications to SEQ ID NO: 3672, e.g., wherein the modification
can resull in a mismatch between the miR binding site and the corresponding miRNA. In some
crnbodiments, the miR 122 binding sitc comprises af feast 3, 4, or 5 copies of a miR 122 binding site,
optionally comprising the nucleotide sequence of:
ACAAACACCATTGTCACACTCCACACARACACCATTGTCACACTCCACACAAACACCATTGTCACACT
CCA (REQ 1D NO: 3673), or a sequence having at least 50%, 55%, 60%. 65%, 70%, 75%, 80%, 85%,
0%, at least 95%, at least 99%, or 100% sequence identily, or having at least one, two, three, four,
five, six, or seven modifications bui no more than ton modifications to SEQ D NO: 3673, e.g.,
wherein the modification can result in a mismatch between the miR binding site and the
corresponding miRNA, In some embodiments, at least two of the miR122 binding sites are connected
directly, ¢.g., without a spacer. In other embodiments, at least two of the miR 122 binding sites are
separated by a spacer, ez, 1, 2, 3,4, 5, 6.7, 8, 9, or 10 nucleotides 1p length, which is Jocated
between two of mote consecutive miR 122 binding stte sequences. In erabodiments, the spacer is at
least about 5 ¢ 10 nucleotides, ¢.2., about 7-8, in length. In some embodients, the spacer comprises
one of more of (1) GGAT, (i CACGTG; (iti} GCATGC, or repeats thereof. In some embodiments, a
miR binding site series comprises at least 3-3 copics, ¢.g., 4 copics, of a miR122 binding site, with or
without a spacer, wherein the spacer is at least about § to 10 nucleotides, ¢.g., about 7-8 nucleotides,
n length.

{8674}  1nsome embodiments, the miR binding site is cormplementary to a miR expressed in
hematopoietic lineage, including immmne cells (¢.g., antigen presenting cells or APC, including
dendritic cells (DCs), macrophages, and B-lymphocyies). In some embodiments, the miR binding site

complementary to a miR expressed in hematopoictic lincage comprises a nucleotide sequence
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disclosed, e.g., in US 2018/0066279, the contents of which are incorporated by reference herein in its
entirety.

{66751  1nsome eobodiments, the miR binding site or miR binding site serics comprises a miR-~
142-3p binding site sequence. In some embodiments, the miR-142-3p binding site comprises the
nuclectide sequence of TCCATARAGTAGGAAACACTACA (SEQ I NO: 3674), a sequence having at
least 50%, 55%, 60%, 63%, T0%, 75%, 80%, 5%, 90%, at least 95%, at lcast 99%, or 100%
sequence identity, or having at feast one, two, three, four, five, six, or seven modifications bt no
more than ten modifications to SEQ ID NO: 3674, ¢.g., wherein the modification can result ina
mismatch between the miR binding site and the corresponding miRNA. In some embodiments, the
miR-142-3p binding site comprises at least 3, 4, or 5 copies of a miR-142-3p binding site. Insome
cmbodiments, a mR binding site series comprises at least 3-5 copics, ¢.g., 4 copies, of a miR-142-3p
binding site, with or without a spacer, wherein the spacer is at least about $ to 10 nucleotides, ¢.g.,
about 7-8 nucleotides, in length.

{#8676]  Insome embodinments, the miR binding site is complementary to a2 miR expressed ina
DRG (dorsal root ganglion) neuron, €.g., a miR183, a miR182, and/or miR 96 binding site. In some
embodiments, the mik binding site complementary to a mil expressed in expressed in a DRG neuron
comprises a nucleotide sequence disclosed, e.g., in WO2020/132455, the contents of which are
mncorporated by reference herein in is entirety.

{86771  Insome enbodimenis, the miR binding sife or miR binding site series comprises a

miR 183 binding site sequence. In some embodiments, the miR183 binding site comprises the

~e

nuclectide sequence of AGTGAATTCTACCAL

least 50%, 55%, 60%, 63%%, T0%, 75%, 80%, 85%, 90%, at lcast 95%, at least 99%, or 100%

A (SEQ 1D NG: 3673}, or a sequence having at

sequence identity, or having at feast one, two, three, four, five, six, or seven modifications but no
more than ten modifications to SEQ ID NO: 3675, ¢.g., wherein the modification can result ina
mismatch between the miR binding site and the corresponding miRNA. In some embodiments, the
sequence complementary to the seed sequence corresponds 1o the double underlined of the miR-183
binding site sequence. In some erabodiments, the miR 183 binding site comprises at least 3, 4, or 5
copies of 3 miR 143 binding site. In some embodiments, a miR binding site senes comprises at least
3-3 copies, e.g.. 4 copies, of a miR183 binding site, with or without a spacer, wherein the spacer is at
least about 5 to 10 nucleotides, e.g., about 7-8 nucleotides, in length.

{8678]  In some embodiments, the miR binding site or miR binding site serics comprises 4

miR 182 binding site sequence. [n some embodiments, the nuR 182 binding site comprises, the
nucleotide sequence of AGTGTGAGTTCTACCATTSCCAAA (SEQ ID NO: 3676), a sequence having at
least 50%., 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, at least 95%, at least 29%, or 100%
sequence identity, or having at least one, two, three, four, five, six, or seven modifications but no

more than ten modifications to SEQ ID NO: 3676, ¢.g., wherein the modification can resultin a
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mismatch between the miR binding site and the corresponding miRNA. In some embodiments, the
miR 182 binding sitc comprises at least 3, 4, or S copies of a miR 182 binding site. Insone
cmbodiments, a miR binding site series comprises at least 3-5 copies, e.g., 4 copies, of a miR182
binding site, with or without a spacer, wherein the spacer is at least about 5 to 10 nucleotides, e.g.,
about 7-8 nucleotides, in leagth

{66791 Incerain embodiments, the miR binding site or miR binding site sedes comprises a

iR 96 binding site sequance. o soree erabodinents, the miR96 binding siie comprises the nuclectide

sequence of AGC TAGTGCCAAA (SEGQ 1B NG: 3677), a sequence having at least 50%,
55%, 60%, 65%, T0%, T5%, 80%, 83%, 90%, at least 95%, at least 99%, or 180% sequence identity,
or having at least one, two, three, four, five, six, or seven modifications but no more than ten
modifications to SEQ B3 NO: 3677, ¢.g., wherein the modification can resalt in a mismatch between
the miR binding site and the corresponding odRNA. In some embodiments, the miR 96 binding site
comprises at least 3, 4, or § copies of a miR96 binding site. In some embodiments, a miR binding site
series comprises at feast 3-3 copies, ¢.g., 4 copies, of 4 miR96 binding site, with or withowt a spacer,
wherein the spacer is at least about 5 to 10 nucleotides, e.g., about 7-8, in length.

{36808]  Insome embodiments, the miR binding site series comprises a miR 122 binding site, a
miR 142 binding site, a miR183 binding site, a miR182 binding site, 2 miR 96 binding site, ora
combination thereof. In some embodinments, the nuR binding site series coraprises at least 3, 4, or 5
copies of a miR122 binding site, a miR142 binding site, a miR183 binding site, a miR182 binding
site, a miR 96 binding side, or a combination thereof. In some embodiments, at least two of the auR
binding sites are connected directly, ¢.z., without a spacer. In other ersbodiments, at least two of the
miR binding sites are separated by a spacer, eg., 1,2, 3,4, 5,6, 7, 8, 9, or 10 nucleotides in length,
which is located between two or more consecutive miR binding sile sequences. In embodiments, the
spacer is at least about 5 {0 10 nuclectides, ¢.g., about 7-8 nocleotides, in length. 1o some
enbodiments, the spacer comprises one or more of (1) GGAT, (i) CACGTG; ity GCATG  ora
repeat of one or more of (Ui}, {n some embodiments, a miR binding site serics comprises at least
3-5 copies, e.g., 4 copies, of a combination of at least two, three, four, five, or all of a miR122 binding
site, a miR 142 binding site, a miR183 binding site, a4 miR182 binding sife, a miR96 binding site, with
or without 4 spacer, wherein the spacer is at least about 3 to 10 nucleotides, e.g., about 7-8

nucleotides, in length.

Viral Genome Component. Selectable marier
{681]  Tn some embodiments, the viral genome of the AAV particle described berein (e.g., an
AAV particle comprising an AAV capsid polvpeptide, ¢.g.. an AAV capsid variant), optionally

encodes a selectable marker. The selectable marker may coraprise a cell-surface matker, such as any
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protein expressed on the surface of the cell including, but not jimited to recepiors, CD markers,
lectins, infegrins, or truncated versions thereof.

{06821  Insome endbodiments, selectable marker reporier genes are described in International
Publication Nos. WO 1996023810 and WO 1996030540; Heim et al.,, Current Biology 2:178-182
(1996, Heim et al,, Proc. Natl. Acad. Sci. USA (1993); or Heim et al., Science 373:663-664 (19933,

the contenis of each of which are incorporated berein by reference in their endiraty.

Genome Size

{0683}  Inone embodiment, the AAV particle described herein (e.g., an AAV particle corprising
an AAY capsid polypeptide, ¢.g., an AAV capsid vanant), may comprise a single-stranded or double-
stranded viral genome. The size of the viral genome may be small, medinm, large or the maximum
size. As described above, the viral genome may comprise a proroter and a poly A tail,

{3684}  Inone ernbodiment, the viral genome may be a small single stranded viral genome. A
small single stranded viral genome may be 2.1 to 3.5 kb in stze such as, but not Bmiled to, abowt 2.1,
22,23,24,2526,27,2.8,29,3.0,3.1,3.2,3.3,3.4, and 3.5 kb in size.

{0685  1uonc embodiment, the viral genome may be a small double stranded viral genome. A
small double stranded viral genome may be 1.3 to 1.7 kb in size such as, but not imited to, abowt 1.3,
14,15 1.6, and 1.7 kb in size.

{3686]  In one cmbodiment, the viral genome may be a medium single stranded viral genome. A
medium single stranded viral genome may be 3.6 10 4.3 kb in size such as, but not imited to, about
3.6,37,3.8,3.9,4.0,4.1,4.2 and 4.3 kb in size.

{6687}  1nonc embodiment, the viral genome mayv be a medinm double stranded viral genone. A
medium double stranded viral genome ray be 1.8 to 2.1 kb in size such as, but not Haited to, about
1.8, 1.9,2.0, and 2.1 kb in size.

{0688]  Inone embodiment, the viral genome may be a large single stranded viral genome. A large
single stranded viral genome may be 4.4 10 6.0 kb in size such as, but not limiied to, about 4.4, 4.5,
46,47.48,49 50,51,52,53,54,55,56,5.7,5.8, 5.9 and 6.0 Kb ia size.

{0689]  Inone embodiment, the viral genome may be a large double stranded viral genome. A
large double stranded vieal genome may be 2.2 10 3.0 kb i size such as, but not limtied to, about 2.2,
23.24,2526,27,28,29and 3.0 kb in size.

Fayvioads

{869G]  The AAV particles of the present disclosure (e.g. an AAV particle comprising an AAV
capsid polypeptide, ¢.g., an AAV capsid vanant) comprise a viral genome with at least one payload
region. In some embodiments, a payload region may be a nucleic acid sequence within the viral
genome of an AAV particle descrnibed herein, which encodes a payioad, wherein the payload is an
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R}NAi agent or a polypeptide. Pavloads of the present disclosure may be, but are not limited to,
peptides, polvpeptides, proteins, antibodies, RNAI agends, eic.

{66911  Insonwe eobodiments, the pavioad region may comprise a combination of coding and non-
coding nucleic acid sequences. [n some embodiments, the payload region may encode a coding or
noa-coding RNA.

{0692}  Toone eobodiment, the AAV particle (2.2, an AAV particle comprisiog as AAV capsid
polypeptide, ¢.g., an AAV capsid variant, described herein) comprises a viral genome with a payload
region encoding more than one payload of imterest. In such an embodiment, a viral genome encoding
more than one payload may be replicated and packaged into a viral particle. A target cell transduced
with a viral particle compusing more than one payload may express each of the payloads in a single
cell.

{36931 Insome embodiments, the AAV particles described herein, ¢.g., an AAV particle
comprising an AAY capsid polypeptide, e.g., an AAV capsid varfant, comprises a nucleic acid
encoding 4 pavioad. In some embodiments, the encoded payioad comprises a therapeutic protein, an
antibody, an enzyme, onc or more components of a genome editing system, and/or an RNAI agent
(e.g., adsRNA, siRNA, shRNA, pre-miRNA, pri-mifNA, nuRNA, stRNA, IncRNA, piRNA, or
snoRNA). In some embodiments, the encoded payload modulates, ¢.g., increases or decreases, the
presence, level, and/or activity of a gene, mRNA, protein, or a combination thercof, e.g., inaccliora

tissue,

Polypeptides

{6694]  Insonwe enbodiments, the pavload of AAV particle comprising an AAV capsid
polvpeptide, ¢.z., an AAV capsid varant, described hercin comprises a polypeptide, ¢.g.. a
polvpeptide described berein. Where the pavioad region encodes a polvpeptide, the polvpeptide may
be a peptide or protein. The pavicad regien may encode a product of any keowan gene and/ora
recornbinant version thercof. As a non-bimiting example, the payload region raay encode at least one
allele of apolipoprotein £ (APOE) such as, but not limited to ApoE2, ApoE3 and/or ApoE4. In one
embodiment, the payload region encodes ApoE?Z (cys1i2, cvsiS8). Inone embodiment, the pavicad
region encodes ApoE3 (cys1l12, argiss). In one embodiment, the payload region of encodes ApoE4
(argl12, arg158). As another non-limiting example, the payload region may encode aromatic L-amin
acid decarboxylase {AADC). As another non-limiting example, the payload region may encode an
antibody, or a fragment thercof. As another non-limiting example, the payicad region may encode
hurnan swvival of motor neuron (SMN) 1 or SMIN2, or fragments or varianis thereof. As another
non-limiting example, the payload region may encode ghicocerebrosidase (GBA1), or a fragment or
variant thereof.  As another non-lumiting example, the payload region may cncode granulin precuesor

or progranulin (GRN), or a fragroent or vagand thereof. As another non-limiting exaraple, the payload
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region may encode asparicacylase (ASPA), or a fragiment or vanant thereof. As another non-limiting
example, the payload region may encode tripeptidy] peptidase I (CLN2), or a fragment or variant
thereof. As another non-lirniting example, the payload region may encode beta-galactosidase
{(GLB1), or a fragment o7 variant thereof. As another non-limiting exaople, the pavicad region may
encode N-sulphoglucosamine sulphohydrolase (SGSH). or a fragment or vagant thereof. As another
non-limiting example, the payload region may encode N-acetyl-alpha-ghicosaminidase (NAGLU), or
a fragment or variant thereof. As another non-imiting example, the payload region may encode
idaronate 2-sulfatase (IDS), or a fragment or vanant thercof. As another non-limiting example, the
payload region may encode lntracelhdar cholesterol transporter (NPCY), or a fragment or variant
thereof. As another non-limiting example, the pavload region may encode gigaxonin (GAN), ora
fragment or variant thereof. The AAV viral genomes encoding polypeptides described herein may be
usefud in the fields of human disease, viruses, imfections veterinary applications and a variety of in
vivo and in vifro settings.

{8695]  Amino acid sequences encoded by pavicad regions of the viral genomes described herein,
may be translated as a whole polypeptide, a plurality of polyvpeptides or fragments of polvpeptides,
which independently may be encoded by one or more nucleic acids, fragments of nucleic acids or

vatiants of any of the alorementioned.

Antibodies and Antibody Binding Fragments

{0696}  Insoow cobodiments, the pavload of AAV particle comprising an AAV capsid
polvpeptide, ¢.z., an AAV capsid variant, described herein comprises an antibody or antibody binding
fragment. Where the payload region encodes an antibody, the “antibody” may be a full antibody, a
fragment, or any derivative thercof, which forms a “functional antibody”, exhibiting the desired
biological activity. As non-limiting exanples. an antibody may be a native antibody (¢.g., with two
heavy and two light chains}, a heavy chain variable region, 3 hight chain variable region, a heavy
chain constant region, a light chain constant region, Fab, Fab', F(ab"),, Fv, or scFv fragmenis, a
diabody, 4 linear antibody, a single-chain antibody, a multi~specific antibody, an intrabody, one or
more heavy chain complementarity determining regions (CDR), one or more light chain CDRs, a bi-
specific antibody, a monoclonal antibody, a polyclonal antibody, a bumanized antibody, an antibody
mimatic, an antibody variant, a miniaturized antibody, a unibody, a maxibody, and/or a chimeric
antigen receptor,

{66971 A payload region of an AAV particle described herein (e.g., an AAV particle comprising
an AAV capsid polvpeptide, ¢.g., an AAV capsid variant) may encode a polvpeptide that forms or
functions as any antibody, including antivodies that are known in the art and/or antibodies that are
coraercially avallable. The encoded aptibody or antibody binding fragreent may be therapeutic,

diagniostic, or for rescarch purposes. The encoded antibody or antibody binding fragment may be
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useful in the treatment of a neurological disease, a neurodegenerative disorder, a nwscular discase, a
neuromuscular disorder, a nouro-oncological disorder, or any disorder associated with the central
and/or peripheral nervous systems.

{6698]  Insone embodiments, the viral genome of the AAV particle (¢.g., an AAV padticle
coraprising an AAV capsid polvpeptide, €.g.. an AAV capsid variant described herein) may conprise
a nucleic acid which has been enginecred to enable or enhance the expression of an antibody, or
antibody bindiog fragoent thereof.

{0699} 1o some embodiments, the encoded antibody of the payload of an AAV particle
comprising an AAV capsid polypeptide, .., an AAV capsid variant, described herein comprises at
least one immunoglobulin vanable domain sequence. An antibody may include, for example, full-
length, mature antibodies and antigen-binding fragments of an antibody. For example, an antibody
can inchude a beavy (H) chain variable domain sequence (VH), and a hght (L) chain variable domain
sequence (VL) In another example, an antibody includes two heavy (H) chain variable domain
sequences and two light (L) chain variable domain sequence, thereby forming two antigen binding
sites, such as Fab, Fab’, F(ab)2, Fe, Fd, Fd’, Fv, single chain antibodies {scFv for example), single
variable domain antibodies, diabodies (Dab) (bivalent and bispecific), and chimeric (e.g., humamnized)
antibodics, which may be produced by the modification of whole antibodics or those synthesized de
novo using reconmbinant DNA techmologies. These functional antibody fragments, ¢.g., an antibody
binding fragmexnds, retain the ability to selectively bind with thetr respective antigen or recepior.
{0706] T some erobodiments, the astibody binding fragment comprises at least one portion of an
indact antibody, or recombinant varianis thereof, and refers to the antizen binding domais, for
cxaraple, an antigenic determining variable region of an intact astibody, that is sufficient to confer
recognition and specific binding of the antibody fragment to a target, such as an antigen. Examples of
antigen binding fragments inclade: (i) a Fab fragment, a monovalent fragment consisting of the VL,
VH, CL and CHU domains; (11} a F(ab")2 fragment, a bivalent fragment comprising two Fab fragments
finked by a disulfide bridge at the hinge region; (13) a Fd fragment consisting of the VH and CH1
domains; (iv) a Fv fragment consisting of the VL and VH domains of a single arm of an antibody, (v)
4 diabody (dAb) fragment. which consists of a VH domain; {vi) a camelid or camelized variable
domain; (vii) a single chain Fv {scFv), see e.g., Bird et al. (1988) Scicnce 242:423-426; and Huston ¢t
al. (1988) Proc. Natl. Acad. Sci. IJSA 85:5879-3883); and (viii) a single domain antibody. These
antibody fragments are obfained using conventional technigues known to those with skill in the art,
and the fragments are scresned for utility in the same manner as are intact antibodies. An antibody
fragment can also be incorporated into single domain antibodies, maxibedies, mioibodies, nancbodies,
wptrabodies, diabodies, triabodies, tetrabodies, v-NAR and bis-scFv (see¢, for example, Hollinger and

Hudson, Natore Biotechnology 23:1126-1136, 2005},
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{0701}  Insone eobodiments, the encoded antibody of the pavioad of an AAV particle described
herein conprises a multispecific antibody, ¢.g., it comprises a phirality of immunoglobulin variable
domains sequences, wherein a first immunoglobulin variable domain scquence of the plurality has
binding specificity for a first epitope and a second tmunoglobulin variable domain sequence of the
plurality has binding specificity for a second cpitope. In some embadireents, the first and second
epitopes arc on the same antigen. ¢.g., the same protein (ot subunit of a multimeric profein). Insome
ambodiments, the first and second eprtopes overdap. In some embodiments, the first and second
epttopes do not overlap. In some embodimenis, the first and second epitopes are on different
antigens, e.g., the different proteins (or different subanits of a multimeric protein). In some
embodiments, a multispecific antibody comprises a third, fourth or fifth immunoglobulin variable
domain. In some embodiments, a multispecific antibody is a bispecific antibody, a trispecific
antibody, or tetraspecific antibody.

{8702}  Iusome embodiments, an encoded multispecific antibody of the payioad of an AAY
particle described herein is an encoded bispecific antibody. A bispecific antibody has specificity for
no more than two antigens. A bispecific antibody is characterized by a first immunoglobulin variable
domain sequence which has binding specificity for a first epitope and a second immunoglobulin
variable domain sequence that has binding specificity for a second epitope. In some embodiments,
the first and second epitopes are on the same antigen, ¢.g., the same protein {or subunit of a
moudtimenic protein). In some embodinends, the first and second epitopes ovedap. In some
smbodiments, the first and second epitopes do not overlap. Insooe embodiments, the first and
second epitopes are on different antigens, ¢.g., the different proteins (or different subunits of a2
roudtirneric protein).

{8703]  Anastibody or an antibody binding fragment encoded in a payload region of an AAV
particle described herein, may be, b is pot Hmited to, an antibody or antibedy fragraent that binds to
B-amyloid, APOE, tau, SOD, TDP-43, huntingtin, and/or synuclein. In some embodiments, the
encoded payload comprises an antibody or antibody fragment that binds 10 a newre-oucology related

target, e.g., HER2, BGFR (... EGFRVILT),

Gene Lditing System

{8704]  Insome embodiments, the payload of AAV particle comprising an AAV capsid
polypeptide, ¢.g., an AAV capsid varnant, described herein comprises a gene editing system or one or
more componends thereof, In some cmbodiments, the gene editing system comprises nucleic acid
sequences that encode proteins having enzymatic activity to (1) selectively induce double or single
stranded breaks in a DNA or RNA sequence, or (if) substitute, insert or delete a parficular base or sot
of bases of a DNA or RNA sequence in the absence of a double or single stranded break in the DNA

or RNA. In some embodiments, the gene cditing svsterm includes, but is got imuted to a CRISPR-Cas
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system {including different Cas or Cas-related nucleases), a Zinc finger nuclease, a meganuciease, a
TALEN or a base editors. In some embodiments, the gene editing systor comprises a chromosomal
integration of a transgene, e.g., introduced by a parvovirgs vector in the absence of an exogenous

nuciease of an cuzymatic entity,

BNAI agents

{0708]  Insone embodiments, the pavload of AAV particle comprising an AAV capsid
polypeptide, ¢.g., an AAY capsid variant, described herein comprises an RNAI agent, e.g., an RNA:
agent described heretn. RNA1 (also known as post-transcriptional gene silencing (PTGS), quelling, or
co-suppression) is a post-iranscriptional gene silencing process in which RNA molecudes, in a
sequence spectfic manner, indibit gene expression, typically by caosing the destruction of specific
mRNA molecules. RNAL mediated gene silencing can specifically inhibit targeted gene expression.
Where the payload region of the viral genome of the AAV particles described herein encodes an
RMNA1 agent, the RNA1 agent may be, but is not limited to, dsRNA, siRNA, shRNA, pre-niRNA, pri-
miRNA, miRNA, stRNA| IncRNA, piRNA, or snoRMNA. Nogp-limiting cxaraples of a target gene of
an RNAI agent include, SOD1, MAPT, APOE, HTT, COORF72, TDP-43, APF, BACE, SNCA,
ATXNI, ATXN3, ATXN7, SCNIA-SCNSA, or SCNSA-SCNITA.

{0786]  The AAV particles described herein may comprise viral genomes encoding RNA{ agents,
wherein the RNAJ agent targets the olRNA of a gene of interest to interfere with gene expression
and/or protein production. Such AAV particles may be used as a therapeutic, a diagnostic, or for
research purposes,

{0707} Toone eobodiment, the RNAI agent may target the geoe of interest along any segroent of
their respective nuclectide sequence.

{0708}  Inoue erabodiment, the RNA{ agent may target the gene of interest at the location of a
stngle-nucleotide poly morphism (SNP} or variant within the pucleotide sequence.

{6709] In some erabodinents, a nucleic acid sequence encoding an RMNAI agerd, ot a stngle strand
of an RNAI agent, is inserted into the viral genome of the AAV particle and introduced inlo cells,
specifically cells in the central nervous systera or cells of the DRG.

{8718]  The RNAf agent may be an siRNA duplex, wherein the siRNA duplex contains an
antisense strand (guide strand} and a sense strand {passenger strand) hybridized together forming a
doplex structure, wherein the antisense strand is conmplementary to the nucleic acid sequence of the
targeted gene, and wherein the sense strand 1s homologous to the nucleic acid sequence of the targeted
gene. In some aspects, the 5’end of the antisense strand has a 5° phosphate group and the 3’end of the
sense strand contains 4 3 hydroxyl group. In other aspects, there are none, one or 2 nucleotide

overhangs at the 3’end of cach strand.
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{67111  Eachstrand of an siRNA duplex targeting a gene of interest may be about 1910 25, 1910
24 or 19 10 21 nucleotides in length, preferably about 19 nucleotides, 20 nucleotides, 21 nucleotides,
22 nucleotides, 23 nucleotides, 24 rucleotides, or 25 mucleotides in length.

{07121 none ombodiment, an siRNA or dsRNA includes at least two sequences that are
complomentary to each other. The dsRNA includes a sense strand having a first sequence and an
antisense strand having a second sequence. The antisense strand includes a noclectide sequence that
is substantially complementarty to at least patt of an mRNA encoding the target gene, and the region
of complementarity is 30 nucleotides or less, and at keast 15 nucleotides indength. Generally, the
dsRNA is 1910 25, 1910 24 or 19 10 21 mucleotides 1o length. In some emabodiments, the dsRNA 1
from about 15 to about 25 aucleotides in kength, and in other embodiments the dsRNA 1s from about
25 to about 30 nuclectides 1n length. In some crabodiments, the dsRNA 1s about 15 nucleotides in
length, 16 nucleotides 1o length 17 nucleotides tn length, 15 nucleotides in length, 19 naclectides, 20
nucleotides, 21 nuckeotides, 22 nucleotides, 23 nucleotides, 24 micleotides, 25 nucleotides in length,
26 nucleotides in length, 27 nucleotides in length, 28 nucleotides in length, 29 nucleotides in length,
or 30 nucleotides in length.

{3713]  The dsBNA, whether directly administered or encoded in a viral genome in an AAV
particle, upon contacting with a cell expressing the target protein, inhibits the expressmn of the
protein by at least 10%, at least 20%, at least 25%, at least 30%, at least 35% or at least 40% or more,
such as when assaved by a method known in the art,

{0714]  Inonc cmbodiment, the RNAI agent may be used to reduce the expression of target protein
by at least about 30%, 40%, 30%, 609, 70%, 80%, 85%, 90%, 95% and 100%, or at least 20-30%,
20-40%, 20-50%0, 20-60%, 20-70%, 20-80%, 20-90%, 20-953%, 20-100%, 30-40%, 30-50%, 30-60%,
30~70%, 30-80%, 30-90%, 30-95%, 30-100%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%,
40-100%, 30-60%, 50~70%, 50-80%0, 50-90%, 50-95%, 30-100%, 60-70%, 60-80%, 60-90%5, 60-
95%, 60-100%6, 70-80%, 70-90%, 70-95%, 70-100%, 80-00%, 80-95%, R80-100%, 90-95%, 90-100%
orF 95-100%. As a non-limiting exaraple, the expression of targel protein expression may be redoced
50-90%

{8715}  Inonc embodiment, the RNAI agent may be used to reduce the expression of target
mRNA by at least about 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% and 100%, or at least 20~
309%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%, 30-30%, 30~
60%, 30-70%, 30-80%, 30-90%, 30-95%, 30-100%, 40-30%, 40-60%, 40-70%, 40-80%, 40-90%, 40~
95%, 40-100%, 50-60%, 50-70%, 50-80%, 50-90%, 50-05%, 50-100%, 60-70%, 60-80%, 60-90%,
60-95%, 60-100%, 70~80%, 70-90%, 70-95%, T0-100%, 80-90%, 80-95%, 80-100%, 90-95%, 90~
100% or 93-100%. As a non-limiting example, the expression of target mRNA expression mav be
reduced 50-90%.
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{0716]  Inonc embodiment, RNAi agent may be used to reduce the expression of target protein
and/or mRNA in at least one region of the CNS. The expression of target protein and/or mRNA is
reduced by at east abont 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 953% and 100%, or at least 20-
30%, 20-40%%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%, 306-50%, 30-
60%, 38-70%, 30-80%, 30-90%, 30-95%, 30-100%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-
959%, 40-100%, 50-60%, 50-70%, 50-80%, 50-90%, 50-95%, 50-100%, 60-70%, 60-80%, 60-90%,
60-95%, 60-100%, 70-80%6, 70-90%, 70-95%, 70-100%, 80-90%, 80-95%, R0-100%, 90-93%, 90-
100% or 93-100% in at least one region of the CNS. As a non-limiting example, the expression of
target protein and mRNA in neuwrons {e.g.. cortical neurons} is reduced by 50-90%. As a non-limiting
example, the expression of target protein and mRNA in nearons {e.g., cortical neurons) 1s redoced by
40-50%.

{0717} Insome embodiments, the AAV particle described herein, comprising a vital genome
encoding at keast one RINAG agent targeting a gene of interest is administered to a subject in need for
treating and/or ameliorating a disease, ¢.g., a neurofogical disorder of any disease associated with the
central or peripheral nervous systems.

{3718]  Inone embodiment, the BNAI agent is an siRNA

Design of sifNA
{6719}  An AAV particle described herein (e.g., an AAV particle comprising an AAV capsid

polypeptide, e.g., an AAV capsid variant described herein) may comprise a viral genome encoding
one or more siRNA molecules (e.g., siRNA duplexes or encoded dsRNA) that are specifically
designed fo target a gene of interest and suppress target gene expression and protein production. In
some aspects, the siRNA molecules are designed and used to sclectively “knock out” target gere

variaots in cells, e.g

F=183

transcripts that are identified v peurological disease. 1o some aspects, the
stRNA mwolecules are designed and used to selectively “knock down” target gene variants in cells,
{B87206]  Tosome erobodiments, siRNA molecules targeting a geoe of interest may be designed
using any available desige tools,

{67211  Somwe guidelines for designing siRNAs (for insertion into a viral genome of the AAV
particles described berein) have been proposed in the art. These guidelines geoerally recomoend
generating a 19-nocleotide duplexed region, symmetnic 2-3 nucleotide 3 'overhangs, S-phosphate and
3-hvdroxyl groups targeting a region in the gene to be silenced. Other nides that may govern siRNA
sequence preference include, bat are not limited {o, (1) A/U at the 5" end of the antisense strand; (1)
antisense strand; and (iv) the absence of any GC streich of more than 9 nucleotides in length. In

accordance with such considerations, ogether with the specific sequence of a target gene, highly
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effective siRNA molecules essential for suppressing mammalian target gene expression may be
readily designed.
{0722}  1nonc embodiment, the sense and/or antisense strand is designed based on the method and
rules outlined in European Patent Publication No. EP1752536, the contents of which are herein
incorporated by reference in their entirety. As a non-limiting example, the 3 -terminal base of the
sequence is adenine, thyrine or uractl. As a non-limiting exanple, the 3" -texminal base of the
sequence is guanine or oyiosioe. As a non-limiting exanple, the 3 -terninal sequence comprises
seven bases rich in one or more bases of adenine, thymine and wracil.
{07231 Toone cobodiment, an siRNA nmolecule comprises a sense strand and a complemertary
antisense strand 1n which both strands are hybridized together to form a duplex stracture. The
antisense strand has safficient complementarity to the target mRNA sequence to direct target-specific
NAL, e.g., the siRNA mokcule has a sequence sufficient to trigger the destruction of the larget
mRNA by the RNAI machinery or process.
{3724}  Insome embodiments, the antisense strand and target mRNA sequences have 100%
complementarity. The antisense strand may be complementary to any part of the target mRNA
seguence. Neither the identity of the sense sequence nor the homology of the antisense sequence need
be 100% complementary to the target.
{6725}  Inother embodiments, the antisense strand and farget mRNA sequences comprise at feast
one mismaich. As a non-lnuting example, the antisense strand and the target mRNA sequence have
at least 30%, 40%, 50%, 60%, 70%, 80%, 81%, 82%, 83%, 84%, 83%, 86%, 87%, 88%, 89%, 0%,
91%, 92%, 93%, 94%, 95%, 969, 97%, 98% or 99% or at least 20-30%, 20~40%, 20-50%, 20-60%,
20-70%, 206-80%, 20-90%, 20-95%, 20-99%, 30-40%, 30-50%, 30-60%, 30-70%, 30-80%, 30-90%,
30-95%, 30-99%%, 40-30%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-95%, 50-60%, 50-70%0,
50-80%, 50-90%%, 50-95%, 50-99%, 60-70%, 60-80%, 60-90%, 60-95%, 60-95%, 70-80%, 70-90%,
70-95%, 70-99%, 80-90%, 80-95%, 80-99%, 903-95%, 90-99% or 95-99% complementary.
{8726]  The siRNA molecole may have a length from about 10-30 or more pucleotides, e.g., cach
strand compnsing 10-30 nucleotides (or nucleotide analogs). Preferably, the siRNA molecule has a
length from abowt 13-30, e.g., 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 24, 29, or 30
nucleotides in each strand, wherein one of the strands 1s sufficiently complementary to a target region.
In one embodiment, the siRNA molecule has a length from about 1910 25, 19 to 24 0or 1910 21
nucleotides.
{87271 Insome embodiments, the siRNA molecule can be a synthetic RNA duplex comprising
about 19 nucleotides to about 25 nucleotides, and two overhanging nucleotides at the 3%-end.
{0728}  The siRNA molecule may comprise an antisense sequence and a sense Sequence, or a
fragment or variant thereof. As a non-limiting example, the antisense sequence and the sense

sequence have at least 30%, 40%, 50%, 60%, T0%, 80%, 819, 82%, 83%, 84%, 85%, 86%;, 87%,
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88%, 89%, 90%, 919, 92%., 93%, 94%, 95%, 96%, 97%, 98% or 99% or at least 20-30%, 20-40%%,
20-50%, 20-60%, 20-70%, 20-80%%, 20-90%, 20-95%, 20-99%, 30-40%, 30-50%, 30-60%, 30-70%,
30-80%, 30-90%, 30-95%, 30-99%, 40-50%, 40-60%, 40-70%, 40~-80%, 40-90%, 40-95%, 40-99%,
50-60%, 50-70%, 50-80%, 50-90%6, 50-95%, 50-99%, 60-70%, 60-30%, 60-90%%, 60-95%, 60-99%,
T(-80%, T0-90%, 70-95%, 70-99%, 81-50%, 80-95%, 80-95%, 90-95%, 90-99% or 95-99%
complerentary.

{07291 The sense and antisense sequences may be completely complemeniary across a substantial
portion of their length. In other embodiments, the sense sequence and antisense seguence may be at
least 70, 80, 90, 95 or 99% complementary across independently at Ieast 30, 60, 76, 80, 85, 90, 93, or
99% of the length of the strands.

{8733]  1nsome crmbodiments, the sense and antisense strands of a siIRNA duplex are linked by a
shart spacer sequence leading to the expression of a stem-loop structure termed short hatepin RNA
{shRINA). The hairpin is recogmized and cleaved by Dicer, thus generating mature siRNA molecules.
{3731}  Insome embodiments, the SiRNA molecules, as well as associated spacer and/or flanking
regions once designed, can be encoded by the viral genome of the AAV particles described herein, for

delivery to a cell.

Molecular Scaffold
{6732}  Insome embodiments, the siRNA miolecules may be encoded in a modulatory

polynucleotide which also comprises a molecular scaffold.

{8733]  Tn some embodiments, the modulatory polyructesiide which comprises the pavicad (e.g.,
siRNA, miRNA or other RNAI agent described herein) includes a molecular scaffold which
conprises at least one 57 flanking sequence which may be of any length and may be derived in whole
or in part from wild tvpe microRNA sequence or be completely antificial. A 37 flanking sequence
may mitror the 5° flasking sequence in size and origin. Either flanking sequence may be absent. In
one embodiment, both the 37 and 3° flanking sequences are absent. The 37 flanking sequence may
opticnally contain one or more CNNC motifs, where “N” represents any nucleotide,

{6734]  Insonwe eodbodiments the §7 and 37 flanking sequences are the same length.

{0735]  Tasome erabodiments the 5° flanking sequence is from 1-10 nucleotides in length, from 5-
15 nucleotides in lengih, from 10-30 sucleotides in length, from 20-50 nucleotides in length, greater
than 40 mucleotides in length, greater than 50 nucleotides in length, greater than 100 nocleotides
length or greater than 200 nucleotides 1o length.

{8736}  Insomc embodiments, the 57 flanking sequence may be 1,2, 3, 4.5,6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19,20, 21,22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 35, 39,

40, 41, 42, 43, 44, 45, 46, 47, 48,49, 30, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 63, 66,
67,68, 69,70, 71,72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83. 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
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94, 95, 96, 97, 98, 99, 100, 161, 102, 103, 104, 103, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116,117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 173,
176, 177, 178, 179, 180, 181, 152, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195,
196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215,
218,219, 220, 221, 222,223,224, 225,226, 227, 228, 229, 230, 231, 232, 233, 234, 233,
236,237, 238, 239, 240, 241, 242 243, 244 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255,
258,259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 274, 272, 273, 274, 275,
278,279, 280, 281, 282, 283, 284, 285, 2806, 287, 288, 289, 290, 291, 292, 293, 294, 293,
296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 313,
316,317, 318, 319, 320, 321, 322. 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335,
336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355,
360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375,
380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395,
396, 397, 398, 399, 400, 401, 402, 403, 404, 4035, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415,
416, 417, 418, 419, 420,421, 422, 423, 424, 425, 426,427, 428, 429, 430, 431, 432, 433, 434, 435,
436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448,449, 450, 451, 452, 433, 454, 455,
456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475,
476, 477, 475, 479, 480, 481, 482, 483, 484, 485, 486, 487, 48R, 489, 490, 491, 492, 493, 494, 495,
496, 497, 498, 499, or 300 nucleotides in length,

{8737} 1nonc embodiment, the molecular scaffoid comprises at least one 3 flanking region. As a
non-limiting example, the 3” flanking region may comprise a 3° flanking sequence which may be of
any fength and may be derived in whole or in part from wild type microRNA sequence or be a
completely artificial sequence.

{7381 Insome embodinments the 37 flanking sequence is from 1-10 nucleotides in length, from 5-
13 sucleotides in length, from 10-30 nucleotides in length, from 20-50 nucleotides in length, greater
than 40 nucleotides in length, greater than 30 nucleotides in length, greater than 100 nucleotides in
length or greater than 200 mucleotides in length.

{6739} In somie enibodiments, the 3” flanking sequence may be 1,2, 3,4, 5,6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24. 25, 26. 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40,41, 42, 43, 44, 45,46, 47, 48, 49, 30, 51, 32, 53, 54, 535, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67,68, 69,70, 71, 72,73, 74,75, 76,77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, #8, 89, 90, 91, 92, 93,
94, 95, 96, 97, 9%, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
ile, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 145, 149, 150, 151, 152, 153, 154, 135,

1
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156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175,
176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195,
196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215,
216,217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235,
236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255,
256, 257, 258, 239, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275,
378,279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295,
296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315,
316,317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335
336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355,
356, 357, 358, 359, 360, 361, 362, 363, 364. 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375,
378,379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395,
0

h

6, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415,
L 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435,
436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455,
456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474,475

L 477,478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 48K, 489, 490, 491, 492, 493, 494, 495

3,

2

>

496, 497, 498, 499, or 500 nucleotides in length,

{0746}  To somee erabodiments the 53° and 3° flanking sequences are the same sequence. 1o some
crabodiments they differby 2%, 3%, 4%, 5%, 10%, 20% or more than 30% when aligned to cach
other.

{3741}  Forming the stern of a stem loop structure is a minimure of at keast one payload sequence.
In some embodiments, the payload sequence corprises at least one mucleic acid sequence which is in
part complernentary or will hybndize to the target sequence. In some embodiments, the payioad is an
sitRNA molecale or fragment of an siRNA molecule.

{0742}  Insome crobodiments, the 5° arm of the stem loop comprises a sense sequence,

{8743]  Insome embodiments, the 37 arm of the stern loop coraprises an antisense sequence. The
antisense sequence, in some instances, comprises a “G” nucleotide at the 5” most end.

{8744]  Inother embodiments, the sense scquence may reside on the 3 arm while the antisense
sequence resides on the 57 arm of the stem of the stem loop structure.

{4748]  Separating the sense and antisense sequence of the stem foop structure is a loop {also
known as a loop motif). The loop may be of any length, between 4-30 nucleotides, between 4-20
mucleotides, between 418 nucleotides, between 5-15 mucleotides, between 6-12 nuckeotides, 6
nucleotides, 7, mucleotides, 8 nucleotides, ¢ nuciecotides, 10 nucicotides, 11 nucleotides, and/or 12

nucleotides.
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{6746]  Insome cmbodiments, the loop comprises at least one UGUG motif. In some
cmibodiments, the UGUG motif is located at the 57 terminus of the loop.

{0747} Spacer regions may be present in the modulatory polynucleotide 1o separate one or more
modules from one another. There may be one or more such spacer regions present.

{0748} Inone embodiment, a spacer region of between 8-20, ¢.g., 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20 nucleotides may be present between the sense sequence and a flanking sequence.
{07481 Inone ombodiment, the spacer is 13 nucleotides and is located between the 37 terminus of
the sense sequence and a flanking sequence. In one embodiment, a spacer is of sufficient length to
form approximately one belical turn of the sequence.

{0756]  Tnone crabodiment, a spacer region of between 8-20,0.2.., 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20 nucleatides may be present between the antisense sequence and a flanking sequence.
{0751} Toone eobodiment, the spacer sequence is between 10-13, ¢.2., 10, 11, 12 01 13
nucieotides and is located between the 37 terovinus of the antisense sequence and a flanking sequence.
Tn one embodiment, a spacer is of sufficient length to form approximately one belical turn of the
sequence.

{8752}  Inone crubodiment, the modalatory polynuciectide comprises inthe 57 to 37 direction, a §7
flanking sequence, a $” amm, a loop motif, 3 37 arm and a 37 flanking sequence. As a non-Hmiting
example, the 57 arm may comprise a sense sequence and the 37 arm comprises the antisense sequence.
In another non-limiting example, the 5” arm comprises the antisense sequence and the 37 arm
comprises the sense sequence.

{67331  1nonc embodiment, the 57 arm, payload (e.g., sense and/or antisense sequence), loop motif
and/or 37 arm sequence may be altered (e.g., substitoting 1 or more mucleotides, adding nucleotides
and/or deleting nucleotides). The alteration may cause a beneficial change in the function of the
construct {e.g., increase knock-down of the target sequence, reduce degradation of the construct,
reduce off target effect, increase efficiency of the pavload, and reduce degradation of the paviocad).
{754]  In one embodiment, the molecular scaffold of the modulatory polvancleotides is aligned in
order 1o have the rate of excision of the guide or antisense strand be greater than the rate of excision
of the passenger or sense strand. The rate of excision of the guide or passenger strand may be,
independenily, 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,

65%, T0%, 75%, 80%, 85%, 90%, 95%, 99% or more than 99%. As a non-limiting example, the rate

o, Y
of excision of the guide strand is at least 80%. As another non-limiting example, the rate of excision
of the guide strand 13 at least 90%.

{#755]  Inone crubodiment, the rate of excision of the guide strand is greater than the rate of

excision of the passenger strand. In one aspect, the rate of excision of the guide strand may be at feast

- 187 -



WO 2021/230987 PCT/US2021/025061

1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%. 45%, 30%, 55%, 60%, 65%, 70%,
T5%, 80%, 85%, 96%, 95%, 99% or more than 99% greater than the passenger strand.

{07586]  1none embodiment, the efficiency of excision of the guide strand is at least 60%, 63%,
T0%, 75%, 80%, 85%, 90%, 95%, 99% or more than 99%. As a non-limiting example, the efficicncy
of the excision of the guide strand is greater than 80%.

{0757} Toone eobodiment, the efficiency of the excision of the gnide strand is greater than the
cxcision of the passenger strand from the molecular scaffold. The excision of the guide strand may be
2,3,4,5,6,7. 8,9, 10 or more than 10 times mere efficient thas the excision of the passenger strand
from the molecular scaffold.

{0758]  Inone embodiment, the molecular scaffold comprises a dual-function targeting
modulatory polvnucleotide.

{0758F  Inone embodiment, the molecular scaffold may comprise one or more Hakers known in
the art. The linkers may separate regions or one molecular scaffold from another. As 3 non-limiting
example, the molecular scaffold may be polycisironic.

{3768}  Inoune crbodiment, the modulatory polynuclectide is designed using at least one of the
following properties: loop variant, seed mismaich/bulge/wobble vanant, stem mismaich, loop vanant
and basal stem mismatch variant, seed mismatch and basal stem mismatch varniant, stern mismatch and

basal stern mismatch variant, secd wobble and basal stem wobble vanant, or a stem sequence variant.

AAY production

{6761}  Viral production disclosed herein describes processes and methods for producing AAV
particles (with enhanced, improved and/or increased tropism for a target tissue), ¢.g., an AAV particle
comprising an AAV capsid polypeptide, e.g., an AAV capsid varian, that may be used to contact a
target cell to deliver a payload.

[B762]  In some embodiments, disclosed herein is a method of making AAV particle of the present
disclosure, e.g., an AAV particle comprising an AAVY capsid polypeptide, ¢.g., an AAV capsid
variant, the method conprising: (i) providing a host cell comprising a viral genome described herein
and {1} incobating the host cell under conditions suitable to enclose the viral genome in an AAV
capsid varant, ¢.g., an AAV capsid variant described berein {¢.g., an AAV capsid variant listed in
Tables 3. 4, or 5), thereby making the AAV particle. In some embodiments, the method comprises
prior to step (1), introducing a first pucleic acid corprising the viral genome into a cell. In some
crbodiments, the host cell comprises a second nocleic acid encoding the AAV capsid variant. In
some embodiments, the scoond nucleic acid 18 introduced into the host cell prior to, concurrently with,
or after the first nucleic acid molecule. In some embodiments, the AAV particle described herein is
an isolated AAV particle. In some embodiments, the AAV particle desenibed herein is a recombinant

AAV particle.
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{07631  The present disclosure provides methods for the generation of an AAV particle comprising
a peptide, ¢.g., a targeting peptide, (¢.g., an AAV particle comprising an AAV capsid polypeptide,
c.g., an AAV capsid variant, descrbed hereiny). In some embodiments, the AAV particles are prepared
by viral genome replication in a viral replication cell. Any method known in the art may be used for
the preparation of AAV particies. In some embodiments, AAV particles are produced in maramalian
cells (e.g., HEK293). Inanother embodiment, AAV patticles are produced in wnsect cells {e.z., S9).
{0764] Methods of making AAV particles are well known in the art and are described ine.g., 1.8
Patent Nos, US6204039, UUSS756283, US62SR593, US6261551, US6270996, USG281010,
US6365394, USc4A75769, 1US6482634, US6485966, US6943G19, US6953690, UST022519,
US7238526, US7291498 and US7491508, US3064764, USc194191, US6566118, US8137948; or
International Publication Nos. WO1996039530, WO1998010088, WO1999014354, WO1999015653,
WO199904769 1, WO2000055342, WO2000075353 and WO2001023597; Methods In Molecular
Biology, ed. Richard, Humana Press, NJ (1995); O'Reilly et al., Baculoviras Expression Vectors, A
Laboratory Manual, Oxford Univ. Press (1994); Samulski et al., /. F97.63:3822-8 (1989); Kajigaya et
al., Proc. Nat'l Acad. Sci. USA 88: 4646-50 (1991); Rulling et al., /. Fir. 66:6922-30 {(1992);
Kimbauer et al., Vir, 219:37-44 (1996); Zhao et al., Vir.272:382-93 (2000); the contents of each of
which are herein incorporated by reference in their entirety. In some embodiments, the AAV particles
are made using the methods described in International Patent Publication WO2015191508, the

contents of which are heretn incorporated by reference in their entivety.

Therapeutic Applications
{0765]  The present disclosure provides a method for treating a disease, disorder and/or condition
in a maramalian subject, including a humao subject, comprising administering (o the subject an AAV
particle described herein, e.g., an AAV particle comprising an AAVY capsid polypeptide, e.g., ann AAV
capsid varant (e.g.. ag AAV capsid variant described herein), or admimstering to the subject any of
the described compositions, inchiding a pharmaceutical composition, described herein.

{8766}  Insoox embodiments, the AAV particle of the present disclosore (.., an AAV particle
corprising an AAV capsid polypeptide, e.g., an AAV capsid variant) are administered to a subject
prophylactically, to prevent on-set of disease. In another embodiment, the AAV pasticle (e.g., an

AAYV particle comprnising an AAV capsid variant)y of the present disclosure are adnunistered to treat
(lessen the ctfects of) a disease or symptoms thereof. In yet another embodiment, the AAV particle of
the present disclosure (e.g., an AAV particle comprising an AAV capsid polypeptide, e.g., an AAV
capsid variant) are admuinistered to cure {(eliminate) a disecase. In another embodiment, the AAV
particle (e.g., an AAV particle conprising an AAV capsid polvpeptide, e.g., an AAV capsid variant)
of the present disclosure are administered to prevent or slow progression of discase. In vet another
crbodiment, the AAV particle (e.g., an AAV patticle compusing an AAV capsid polypeptide, ¢.

£.

S
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an AAVY capsid variant) of the present disclosure arc used {o reverse the deleterious cffects of a
disease. Disease status and/or progression may be determined or monitored by standard methods
known in the art.

{07677 Insone eobodiments, provided herein is method for treating a neurological disorder
and/or neurndegenerative disorder in a subject, comprising administering o the subject an effective
amount of a pharmaceutical composition described herein or an AAY particle, ¢.g., a plurality of
particles, comprising an AAV capsid variant described herein. Insome eobodiments, treatment of a
neurclogical disorder and/or neurodegenerative disorder comprises prevention of said neurological
disorder and/or neurological disorder.

{8768}  Insome ermbodiments, the AAV particle {e.g., an AAV particle comprising an AAY
capsid polypeptide, €.g., an AAV capsid vanant) of the disclosure is uselul in the field of medicing for
the treatment, prophylaxis, palliation or arelioration of newrological diseases and/or disorders.
[8768]  Insome embodiments, the AAV particle of the disclosure (e.g., an AAV parlicle
coniprising an AAV capsid polypeptide, e.g., an AAV capsid variant) is useful in the ficld of
medicine for the treatment, prophylaxis, palliation or amelioration of tauopathy.

{8773]  Insome embodiments, the AAV particle of the disclosure (¢.g., an AAV particle
comprising an AAY capsid polypeptide, e.g., an AAV capsid variant) is useful in the field of
medicine for the treatiment, prophylaxis, palliation or amelioration of Alzheimer’s Disease.

{8771} Insome embodiments, the AAY particle of the disclosure (e.g., an AAV particle
comprising an AAV capsid polypeptide, e.g., an AAV capsid variant) is useful in the ficld of
medicine for the treatment, prophylaxis, palliation or amelioration of Friedreich’s ataxia, or any
discase stemming from a loss or partial loss of frataxin protein.

{8772}  Insome embodiments, the AAV particle of the disclosure (e.g., an AAV particle
comaprising an AAVY capsid polypeptide, ¢.g., an AAV capsid variant) is usefusl in the field of
medicine for the treativent, prophylaxis, patliation or amelioration of Parkinson’s Disease.

{07731 Tasome erobodiments, the AAV particle of the disclosure (e.g., an AAV particle
comprising an AAYV capsid polypeptide, e.z., an AAV capsid variant) is vseful in the ficld of
medicine for the treatment, prophylaxis, palliation or amelicration of Amyotrophic lateral sclerosis.
{0774} Insoow sobodiments, the AAV particle of the disclosure (e.g., an AAV particle
coraprising an AAV capsid polypeptide, e.g.. an AAV capsid variant) s useful in the fickl of
medicine for the treatinent. prophylaxis, pathation or amelioration of Huntington’s Disease.

{8775} Insome embodiments, the AAV particle of the disclosure (e.g., an AAV particle
comprising an AAY capsid polypeptide, ¢.g., an AAV capsid variant) is osefil in the field of

medicine for the treatment, prophylaxis, palliation or amelioration of chronic or nearopathic pain.
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{8776]  Insome embodiments, the AAV particle of the disclosure (e.g., an AAV particle
comprising an AAV capsid polvpeptide, ¢.g., an AAV capsid variant}is usefusl in the ficld of
medicine for treatnent, prophvlaxis, palliation or amelioration of a disease associated with the central
nervous systeni.

{87777 Insome embodiments, the AAV particie of the disclosure (e.g., an AAV particle
comprising an AAY capsid polypeptide, e.g., an AAV capsid variant) is nseful in the field of
medicine for treatment, prophylaxis, paliiation or ameliotation of a discase associated with the
peripheral nervous systenn

{6778]  Insonw eubodiments, the AAV padicle of the presend disclosure (e.g., an AAV particle
coraprising an AAY capsid polypeptide, e.8., an AAV capsid variant) {s administered to a subject
having at least one of the diseases or symptoms described herein. In some embodirnents, an AAV
particle of the present disclosure is administered to a subject having or diagnosed with having a
disease or disorder described herein.

{8778}  Insome erbodiments, provided herein is a method for treating a mascolar disorder and/or
peuromuoscular disorder in a sabject, conprising administering to the subject an effective amount of a
pharmaceutical composttion described herein or an AAV particle, e.g., a plurality of particles,
comprising an AAY capsid variant described herein. In some embodiments, treatment of a muscalar
disorder and/or newromuscular disorder comprises prevention of said muscular disorder and/or
neurcmuscnlar disorder.

{786  n some embodiments, provided hercin is a method for treating a neuro-oncological
disorder in a subject, comprising administering to the subject an sffective amount of a pharmaceutical
composition described herein or an AAV particle, e.g., a plurality of particles, comprising an AAY
capsid vanant described bereine In some cmbodiments, treatment of a neuro-oncologicat disorder
comprises prevention of said neurc-oncological disorder. In some embodiments, a sewro~-oncological
disorder comprises a cancer of a primary CNS origin (e.g., a ONS cell, a tissue. o7 a region), ¢ra
metastatic cancer in a CNS cell, tissue, or region,

{8781}  Any sewrological disease or disorder, nearodegenerative disorder, muscalar disorder,
neuroryscular disorder, and/or neure-oncological disorder may be treated with the AAV particles of
the disclosure, or pharmaceatical compositions thereof, inchuding but not Hmited to, Absence of the
Septum Pellucidom, Acid Lipase PHsease, Acid Maltase Deficiency, Acquired Epileptiform Aphasia,
Acule Disseminated Encephalomyelitis, Attention Deficit-Hyperactivity Disorder (ADHD), Adic's
FPupil, Adie's Syndrome, Adrenoloukodystrophy, Agenesis of the Corpus Callosum, Agnosia, Aicardi
Syndrome, Aicardi-Gouticres Syndrome Disorder, AIDS - Neurological Complications, Alexander
Disease, Alpers’ Disease, Alicrnating Hemiplegia, Alzheimer's Discase, Amyotrophic Lateral
Sclerosis (ALS), Anencephaly, Ancurysm, Angelman Syndrome, Angiomatosis, Anoxia,

Antiphospholipid Syndrome, Aphasia, Apraxia, Arachnoid Cysts, Arachmoiditis, Arnold-Chian
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Malformation, Arteriovenous Malformation, Asperger Svadrome, Ataxia, Ataxia Telangiectasia,
Ataxias and Cerebellar or Spinocerchellar Degeneration, Atrial Fibrillation and Stroke, Attention
Deficit-Hyperactivity Disorder, Autism Spectrum Disorder, Autonomic Dysfunction, Back Pain,
Bagh Syndrome, Batien Drisease, Becker's Myotonda, Bechet's Disease, Bell's Palsy, Benign Essential
Blepbarospasm, Benign Focal Amyotrophy, Benign Intracranial Hypettension, Berphardt-Roth
Syndrome, Binswanger's Discase, Blepharospasm, Bloch-Sulzberger Syndrome, Brachial Plexus Birth
Imjuries, Brachial Plexos Injuries. Bradbury-Eggleston Syadrome. Brain and Spinal Toamors, Brain
Aneurysm, Brain Injury, Brown-Sequard Syndrome, Balbar palsy, Bultbospinal Muascalar Atcophy,
Cerebral Autosomal Dominant Arteriopathy with Sub-cortical Infarcts and Lenkoencephalopathy
{CADASIL), Canavan Disease, Carpal Tunnel Svndrome, Causalgia, Cavernomas, Cavernous
Angioma, Cavernous Malformation, Central Cervical Cord Syndrome, Central Cord Syndrome,
Central Pain Syndrome, Central Pontine Myelinolysis, Cephalic Disorders, Ceramidase Deficiency,
“erebellar Degeneration, Cercbellar Hypoplasia, Cerebral Aneurysms, Cercbral Arteriosclerosis,
Cerebral Atrophy, Cercbral Beriberi, Cerebral Cavernous Malformation, Cercbral Gigantism,
“erebral Hypoxia, Cerebral Palsy, Cerebro-Oculo-Facio~-Skeletal Syndrome (COFS), Charcot-Marie-
Tooth Discase, Chiart Malformation, Cholesterol Ester Storage Disease, Chorea,
Choreoacanthacytasis, Chronic Inflarmmatory Demyelinating Polyseuropathy (CIDP), Cheondc
Orthostatic Tntolerance, Chrounic Pain, Cockayne Syndrome Type U, Coffin Lowry Syndrome,
Colpacephaly, Coma, Coraplex Regional Pain Syndrome, Concentric sclerosis (Bald's sclerosis),
Congenital Facial Diplegia, Congenital Myasthenia, Congenital Myopathy, Congenital Vascalar
Cavernous Malformations, Corticobasal Degeneration, Cramial Arteritis, Cranosynostosss, Cree
encephalitis, Creutzfeldt-fakob Disease, Chronic progressive external ophtalmoplegia, Cumulative
Trauma Disorders, Cushing's Syndrome, Cyiomegalic Inclusion Body Disease, Cytomegalovirus
Infection, Dancing Eves-Dancing Feet Syndrome, Dandy-Walker Syndrome, Dawson Discase, De
Morsier's Syndrome, Dejerine-Khimpke Palsy, Dementia, Dementia -Malti-Infarct, Dementia -
Semantic, Dementia ~-Subcortical, Dementia With Lewy Bodies, Demyelination discases, Dentate
Corebellar Ataxia, Dentatorubral Atrophy, Dermatomyositis, Developmental Dyspraxia, Devic's
Syndrome, Diabetic Newropathy, Diffuse Sclerosis, Diistal hereditary motor neuronopathies, Dravet
Syadwome, Dysautononia, Dysgraphia, Dvslexia, Dyvsphagia, Dyspraxia, Dyssvnergia Cerebellaris
Myoclonica, Dyssynergia Cerebellaris Progressiva, Dystondas, Eady Infantile Eptleptic
Encepbaltopathy, Empty Sella Syedrome, Encephalitis, Encephalitis Lethargica, Encephaloceles,
Encephalomyelhitis, Encephalopathy, Encephalopathy (familial infanule), Encephalotrigeminal
Angiomatosis, Epilepsy, Epileptic Hemiplegia, Episodic ataxia, Brb's Palsy, Ertb-Duchenne and
Dejenne-Klumpke Palsies, Essential Tremor, Extrapontine Myclinolysis, Faber’s discase, Fabry
Pisease, Fahr's Svodrome, Fainting, Familial Dysautonomua, Familial Hemangioma, Familial
Idiopathic Basal Ganglia Calcification, Familial Periodic Paralyses, Familial Spastic Paralysis,
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Farber's Discase, Febrile Seizures, Fibronmuscular Dysplasia, Fisher Syndrome, Floppy Infant
Syndrome, Foot Drop, Friedreich's Ataxia, Frontotemporal Domentia, Gaucher Disease, Generalized
Gangliosidoses (GM1, GM2), Gerstmann's Syndrome, Gerstoann-~-Straussier-Scheinker Disease,
(Glant Axonal Neuropathy, Glant Cell Averitis, Glant Cell Toclusion Diiscase, Gioboid Cell
Leukodystrophy, Glossopharyngeal Neuralgia, Glycogen Storage Disease, Guillain-Bared Svadrorse,
Hallervorden-Spatz Disease, Head Injury, Headache, Hemicrania Contioua, Hemifacial Spasm,
Hemiplegia Alterans, Hereditary Neuropathies, Hereditary Spastic Paraplegia, Heredopathia Atactica
Polyneuwritiformis, Herpes Zoster, Herpes Zoster Oticus, Hirayama Syndrome, Holmes-Adie
syndrome, Holoprosencephaly, HTL V-1 Associated Myelopathy, Hughes Syndrome, Huntington's
Prisease, Hurler syndrome, Hydmanencephaly, Hydrocephalus, Hydrocephalos ~ Normal Pressure,
Hydromyelia, Hypercortisolism, Hypersomnia, Hypertonia, Hypotoma, Hypoxia, Imrmune-Mediated
Encephalomyelitis, Inclusion Body Myositis, Incontinentia Pigmenti, Infantile Hypotonia, Infantile
Neuroaxonal Dystrophy, Infantile Phytanic Acid Storage Disease, Infantile Rofsum Disease, Infantile
Spastus, Inflammatory Myopathics, Iniencephaly, Intestinal Lipodystrophy, Intracranial Cysts,
Intracranial Hypertension, Isaacs’ Svndrome, Joubert Syndrome, Kearns-Savie Syndrome, Kennedy's
Disease, Kinsbourne syndrome, Kleine-Levin Syndrome, Klippel-Feil Syndrome, Klippel-Trenaunay
Sysdrome (KTS), Khiver-Bucy Syndoome, Korsakoff's Amnesic Syndrome, Krabbe Disease,
Kugelberg-Welander PHsease, Kuru, Lambert-Faton Myasthenic Syndeome, Landau-Kieffoer
Syndrome, Lateral Femoral Cotancous Nerve Entrapment, Lateral Medullary Syndrome, Learning
Disabilities, Leigh's Disease, Lennox-Gastaot Syndrome, Lesch-Nyhan Syndeome, Leukodystrophy,
Levine-Critchley Svndrome, Lewy Body Dementia, Lichtheiny's disease, Lipid Storage Diseases,
Lipoid Proteinosis, Lissencephaly, Locked-~In Syndrome, Lou Gehrig's Disease, Lupus - Newrclogical
Sequelac, Lyme Discase ~ Neurological Complications, Lyvsosomal storage disorders, Machado~
Joseph Disease, Macrencephaly, Megalencephaly, Melkersson-Rosenthal Syndrome, Meningitis,
Meningitis and Encephalitis, Menkes Discase, Meralgia Parcsthetica, Metachromatic
Leukodystrophy, Microcephaly, Migraine, Mifler Fisher Syndrome, Mini Stroke, Mitochondrial
Myopathy, Mitochondrial DNA depletion syndromes, Mocbius Syndrome, Monomelic Amyotrophy,
Maorvan Syndrome, Motor Neuron Discases, Movamoya Disease, Mucolipidoses,
Mucopolysaccharidoses, Multi-Infarct Dementia, Multifocal Motor Newropathy, Multiple Sclerosis,
Multiple System Atrophy, Multiple Systeny Atrophy with Orthostatic Hypotension, Muscular
Diysteophy, Myasthenia - Congenital, Myasthenia Gravis, Myelinoclastic Diffuse Sclerosis, Myelitis,
Myoclonic Encephalopathy of Infants, Myoclonus, Myoclonus epilepsy, Myopathy, Myopathy-
Congenital, Myopathy -Thyrotoxic, Myotonia, Myotonia Congenita, Narcolepsy, NARP (reuropathy,
alaxia and retinitis pigmentosa), Newroacanthocytosis, Mearodegeneration with Brain Iron
Accumulation, Neurodegencrative disease, Neurofibromatosis, Neuroleptic Malignant Syndrome,

Neurological Complications of AIDS, Nearological Complications of Lyme Discase, Neurological
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Consequences of Cytomegalovinas Infection, Neurological Manifestations of Pompe Disease,
Neurological Sequelac OFf Lupus, Neuromvelitis Optica, Neuromyotonia, Neuronal Ceroid
Lipofuscinosis, Neuronal Migration Disorders, Neuropathic pain, Neuropathy- Hereditary,
Neuropathy, Neurosarcoidosis, Neurosyphilis, Neurotoxicity, Nevus Cavernosus, Micmann-Pick
PHsease, O'Sullivan-Mcleod Syndrome, Occipital Neuralgia, Ohtabara Syadrome,
Olivopontocerebeltar Atrophy, Opsoclonus Myoclanus, Orthostatic Hypotension, Overuse Syndrome,
Pain -Chronic, Pantothenate Kinase-Associated Neurodegeneration, Paraneoplastic Syndromes,
Parcsthesia, Parlansor's Disease, Paroxysmal Chorcoathetosis, Paroxysmal Hemicrama, Parey-
Romberg, Pelizacus-Merzbacher Brsease, Pena Shokeir I Syndrome, Perincural Cysts, Peroneal
muscular atrophy, Periodic Paralvses, Peripheral Neuropathy, Penventricudar Leukomalacia,
Persistent Vegetative State, Pervasive Developmental Disorders, Phytamic Acid Storage Disease,
Pick's Discase, Pinched Nerve, Piriformis Syndrome, Pituitary Tumors, Polymyositis, Pompe Disease,
Porencephaly, Post-Polio Syndrome, Postherpetic Neuralgia, Postinfections Encephalomyelitis,
Postural Hypotension, Postural Orthostatic Tachveardia Syndrome, Postural Tachycardia Syndrome,
Primary Dentaturn Atrophy, Primary Lateral Sclerosis, Prinsary Progressive Aphasia, Prion Diseases,
Progressive bulbar palsy, Progressive Hemifacial Atrophy, Progressive Locomotor Ataxia,
Progressive Multifocal Leukocncephalopathy, Progressive Muscular Ateophy, Progressive Sclerosing
Poliodvstrophy, Progressive Supranuciear Palsy, Prosopagnosia, Pseudobulbar palsy, Pscudo-Torch
syndrome, Pseadotoxoplasmosis syodrome, Pseudotumer Cerebrt, Psychogenmce Movement, Ramsay
Huat Syadrome 1 Ramsay Hust Syndrome H, Rasmussen's Encephalitis, Reflex Sympathetic
Dystrophy Syndrome, Refsum Discase, Refsum Disease - Infantile, Repetitive Motion Disorders,
Repetitive Stress Injuries, Restless Legs Syndrome, Retrovirus-Associated Myelopathy, Rett
Syndrome, Reye's Svndrome, Rheumatic Encephalitis, Riley-Bay Syndrome, Sacral Nerve Root
Cysts, Saint Vits Dance, Salivary Gland Disease, Sandhoff Discase, Schilder's Disease,
Schizencephaly, Seitelberger Discase, Seizure Disorder, Semantic Dementia, Septo~Optic Dysplasia,

Severe Myoclonic Epilepsy of Infancy (SMEID), Shaken Baby Syndrome, Shingles, Shy-Drager

Bifida, Spinal Cord Infarction, Spinal Cord Injury, Spinal Cord Tumors, Spinal Muscular Atrophy,
Spinacercbellar Ataxia, Spinocerebeliar Atrophy, Spinacercbellar Degeneration, Sporadic ataxia,
Steele-Richardson-Olszewsk Syodrome, Stiff-Person Syndeome, Striatonigral Degeneration, Stroke,
Sturge-Weber Syndrome, Subacuie Sclerosing Panencephalitis, Subeortical Artenosclerntic
Encephalopathy, Short-lasting, Umilateral, Neuralgiform (SUNCT) Headache, Swallowing Diisorders,
Sydenbam Chorea, Syncope, Syphilitic Spinal Sclerosis, Syringohydromyelia, Syringomyeha,
Systeric Lupus Erythematosus, Tabes Dorsahis, Tardive Dyskinesia, Tardov Cysts, Tay-Sachs
Prisease, Temporal Arternitis, Tethered Spinal Cord Syndrome, Thomsen's Myotonia, Thoracic Outlet

Syndrome, Thyrotoxic Myopathy, Tic Douloureux, Todd's Paralysis, Tourctte Syndrome, Transient
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Ischemic Attack, Transmissible Spongiform Encephalopathics, Transverse Myelitis, Traumatic Brain
Injury, Tremor, Trigeminal Neuralgia, Tropical Spastic Paraparesis, Trover Svadrore, Tuberous
Sclerosis, Vascular Erectile Tumor, Vasculitis Svadromes of the Cendral and Peripheral Nervous
Systerns, Vitamin B12 deficiency, Von Econome’s Discase, Voa Hippel-Lindau Dscase (VHL), Voa
Recklingbausen's Disease, Wallenberz's Syodrome, Werdnig-Hoffman Discase, Wernicke-Korsakoff
Syndrome, West Syadrome, Whiplash, Whipple's Discase, Williaros Syndrome, Wilson Discase,

Wolman's Disease, X-Linked Spinal and Bulbar Muscular Atrophy.

Pharmaceutical Composition and Formulations

{3782}  According o the present disclosure, an AAV particle comprising an AAV capsid
polypeptide, ¢.g., an AAV capsid variant descnbed herein may be prepared as a pharmaccutical
composition. In some embodiments, the pharmaceutical composition compriscs at least one active
ingredients. n some embodirents, the pharmaceutical composition comprises a pharmaccutically
acceptable excipient.

{67831  1lnsome embodiments, an AAV particle of the present disclosure {(e.g., an AAV particle
comprising an AAV capsid polvpeptide, ¢.g., an AAV capsid pelypeptide, ¢.g., an AAV capsid
variant) can be formulated using an excipient o) (1) increase stability; (2) increase cell transfection or
transduction; (3) permit the sustained or delayed expression of the payload; (4) alter the
biodistribution (e.g., target the viral particle {o specific tissues ar cell types); (5) increase the
translation of encoded protein; (6) alter the release profile of encoded protein; and/or (7} allow for
regulatable expression of the payload. Fornwlations of the present disclosure can include, without
lrnitation, saline, liposomes, 1ipid nanoparticles, polymers, peptides, proteins, cells transfected with
viral vectors (2.2, for transfer or transplantation into a subject) and conmbinations thereof.

{0784]  1nsome embodiments, the relative amount of the active ingredient (e.g. an AAV particle
described herein), a pharmaceutically acceptable excipient, and/or any additional ingredients in a
pharmacentical composition in accordance with the present disclosore may vary, depending upon the
identity, size, and/or condition of the subject being treated and further depending upon the roule by
which the composition is to be admimstered. For example, the composition may comprise between
0.1% and 99% (w/w) of the active ingredient. By way of example, the composition may comprise
between 0.1% and 100%, ¢.g., between .5 and 50%, between 1-30%, botween 5-80%, at least 80%
(w/w) active ingredient.

{4785}  Insome embodiments, the pharmaceutical composition comprising an AAV particle
described herein mav comprise an AAV capsid polypeptide, ¢.g., an AAV capsid variant and a viral
genome encoding a payload, e.g., a payload described herein, with or without a pharmaceutically

acceptable excipiont.
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{6786]  The present disclosure also provides in some embodiments, a pharmaceutical composition
suitable for administration to a subject, ¢.g., a human. In some embodiments, the pharmaceutical

coraposition is administered to a subject, e.g., a human.

Administration

{0787} 1o some erobodiments, an AAV particle disclosed herein (e.g., an AAV patticle
conprising an AAV capsid polypeptide, ¢.z., an AAV capsid variant) may be administered by ato a
subject by a delivery route, .g., a localized delivery woute or a svstemic delivery rouie. o some
crabodiments, the AAYV particle is administered to a subject by a delivery route which resulis in
therapeutically effective cutcome.

{788}  Insomc embodiments, an AAV particle described hereln (e.g., an AAV particle
coraprising an AAV capsid polypeptide, e.g., an AAV capsid variant) may be adraimstered via such a
routc that il is able {o cross the blood-brain barier, vascular barner, or other epithelhal barner. In
some embodiments, an AAY particle of the present disclosare (¢.g., an AAV partticle comprising an
AAYV capsid polypeptide, ¢.g., an AAV capsid variant) may be administered in any suitable form,
either as a hquid solution or suspension, as a solid form suitable for lquid solution or suspension in a
liquid solution. In some embodiments, an AAV particle (¢.g., an AAV particle comprising an AAY
capsid polypeptide, e.g., an AAV capsid vatant) may be formulated with any appropriate and
pharmaceutically acceptable excipicnt.

{6785]  Insome embodiments, the AAV particle described herein (e.g., an AAV particle
comprising, an AAV capsid polypeptide, ¢.g., an AAV capsid variant) is administered
wotramuscularly, intravenously, intracerchrally, intrathecally, intracerebroventricalarly, via
wstraparenchymal administration, or via intra-cisterma magua injectios JCM).

{0796 T some erobodiments, an AAV patticle of the present disclosure (o.g., an AAV particle
conprising an AAY capsid polvpeptide, ¢.z., an AAV capsid variant) may be delivered 1o a subject
via a single route administration. In some embodiments, an AAV particle of the preseunt disciosure
may be delivered o a subject via a malti-sile roule of administration. In some embodiments, 4 subject
ey be adrministered al 2, 3, 4, 3, or more than 3 sites.

{87911 Insome embodiments, an AAV particle of the present disclosure (2.2, an AAV parlick
coraprising, an AAV capsid polypeptide, e.g., an AAV capsid variant) is administered via a bolus
infusion. In some embodiments, an AAV particle of the present disclosure is administered via
sustained delivery over a period of numites, hours, or davs. In some embodiments, the infusion rate
may be changed depending on the subject, distribution, formulaton, and/or another delivery
parameter. In some embodiments, an AAY particle of the present disclosure is administered using a
controlled release, e.g., a release profile that conforms to a particular pattern of release to effect a

therapeutic outcome. In some embodiments, an AAV particle of the present disclosure is
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adnunistered using a sustained release, ¢.g., a release profile that conforms to a release rate over a
specific period of time.

{07921  Insome embodiments, an AAV particle {¢.g., an AAV particle comprising an AAV capsid
polypeptide, e.z., an AAV capsid variant) may be delivered by more than one route of administration.
As nop-limiting exaraples of combination adrinistrations, an AAV particle may be delivered by

wtrathecal and intracerebroventricudar, or by ntravencus and intraparenchy mal administration.

Intravenous administration

{8793}  Iusome ernbodiments, an AAV particle described berein (e.g., an AAV particle
comprising an AAV capsid polypeptide, €., an AAV capsid variant) may be administered (o a
sabject by systemic administration. In somx embodiments, the systermic administration 18 infravenous
administration. 1o ancther embodiment, the systemic administration 1s 1otraartenial adiministration. In
some embodiments, an AAVY particle of the present disclosure may be administered to a subject by
intravenous administration. {n some embodiments, the intravenous admindstration may be achicved by
subcutaneous delivery. In some embodiments, the AAV particle is administered to the subject via
focused ultrasound (FUS), ¢.g., coupled with the intravenous administration of microbubbles (FUS-
MB) or MRI-guided FUS coupled with infravenous admindstration, ¢.g., as described in Terstappen et
al. (Nat Rev Drug Discovery, hitps://doi.org/10.1038/841573-021-00139~y (2021)), the contents of
which are incorporated herein by reference inits entirety. In some embodiments, the AAV paxticle is

administered to the subject intravenously. In some eobodiments, the subject is a buman.

Administration to the CNS

{8794}  Tosome erobodiments, an AAV particie described herein (0.8, an AAV particle
comprising an AAYV capsid polypeptide, e.g., an AAV capsid variant) may be delivered by direct
injection into the brain. As a non-limiting example, the brain delivery may be by intrabippocarnpal
administraton. In some embodiments, an AAY particle of the present disclosure may be
administered 1o a subject by intraparenchymal administration. In some embodiments, the
intraparenchymal administration is {0 tissue of the central nervous system. In some embodiments, an
AAV particle of the present disclosure may be administered to a subject by intracranial delivery (See,
¢.g., US Pat. No. 8119611; the content of which s incorporated herein by reference in its entirety). In
some embodiments, an AAV particle described herein may be delivered by injection into the CSF
pathway. Non-limiting examples of delivery to the CSF pathway inchide intrathecal and
intracerchroveniricular administration.

{0795]  Insome erabodiments, an AAV particle of the present disclosure {e.g., an AAV particle
conprising an AAY capsid polvpeptide, ¢.z., an AAV capsid variant) may be delivered to the braio

by systemic delivery. As a non-limiting example. the systemic delivery may be by intravascular
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adnunistration. As a non-limiting cxample, the svsteniic or intravascular adnunistration may be
mravenous.

{07961  Insome embodiments, an AAV particle of the present disclosure may be delivered by an
intraccular delivery ronte. A non-Himiting example of an intraccnlar administration inclndes an

intravitreal injection.

Intramuscular administration

{7971 Insome embodimenis, an AAV particle described berein (2.g., an AAV particle
conprising an AAV capsid polypeptide, e.g., an AAV capsid variant) may be delivered by
inframuscular administration. Without wishing 1o be bouad by theory, it is believed in some
crbodiments, that the mult-nucleated nature of nwscle cells provides an advaniage (o gene
transduction subsequent to AAV delivery. In some embodiments, cells of the muscle are capable of
cxpressing recombinant proteins with the appropriate post-transiational modifications. Without
wishing to be bound by theory, it is believed in some embodiments, the encichment of muscle tissue
with vascular structares allows for trapsfer to the blood stream and whole-body delivery. Examples of
intramuscular administration nchude systemic {e.g., intravenous), subcutanecus or directly into the
muscle. In some embodiments, more than one ijection is administered. In some erabodiments, an
AAV particle of the present disclosure may be delivered by an intramnuscular delivery route. (See,
¢.g.. U. 8. Pat. No. 6506379; the content of which is incorporated herein by reference in its entirety).
MNon-limiting examples of intramuscular administration include an intravenous injection or a
subcutancous injection.

{#798]  Insome embodiments, an AAV particle of the present disclosure {e.g., an AAV particle
comprising an AAV capsid polypeptide, e.g., an AAV capsid variant) is admunistered 10 a subject and
transduces the muscle of a subject. As a non-limiting example, an AAV particle is administered by
intrarouscular adounistration. In some embodiments, an AAV particle of the present disclosure may
be admiunistered to a subject by subcutancous adurinistration. In some crabodiments, the intravuscular
adounistraion is via systemic delivery. In some embodiments, the intranwscular administration is via
intravenous delivery.  In sorme embodiments, the intrarmuscudar administration is via direct injection
to the mascle.

{87921 Insomc embodiments, the mascle is transduced by administration, .., intramuscular
admmstration.  In some erabodiments, an intranuscular delivery comprises administration at one
site. [nsome embodimeents, an intrarauscular delivery coraprises administration at more than one sife.
In some embodiments, an intramuscelar delivery comprises administration at two, three, four, or more
sttes. In some embodiments, intramnuscular delivery is combined with at least one other method of

adnnmstration.
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{0806]  Insonic cobodiments, an AAV particle pf the present disclosure {e.g., an AAV particle
coraprising an AAV capsid polvpeptide, e.g., an AAV capsid variant) may be administered to a
subject by peripheral injections. Non-limiting examples of peripheral injections inchude
intraperitoneal, intramuscular, infravenous, conjunciival, or joint injection. It was disclosed in the ant
that the peripheral adoxinistration of AAV vectors can be transporied to the central nervous sysiem,
for example, (o the raotor nevrons {e.z., U, 3. Patent Publication Nos. US20100240739 and
US20100130594; the content of cach of which is 1ncorporated herein by reference tn their entirety).
{0801]  Tasome erobodiments, an AAV patticle of the present disclosure (o.g., an AAV particle
comprising an AAV capsid polypeptide, e.z., an AAV capsid variant) may be adoxinistered tc a
sabject by intraparenchymal administration. In some embodirments, the intraparenchymal
administration 1s to muscle tissue. I some embodirpents, an AAV particle of the present disclosure is
delivered as descnbed in Baght ¢t al 2015 (Newrobiol Aging. 36(2):693-709), the contenis of which
are herein incorporated by reference in their entirety. In some embodiments, an AAV particle of the
present disclosure is administered to the gastrocneniius muscle of a subject. In some embodiments, an
AAV particle of the present disclosure is administered to the bicep femorii of the subject. In some
embodiments, an AAY particles of the present disclosure is administered to the tibialis anterior
muscles. In some embodiments, an AAV particle of the present disclosure is administered 1o the
soleus mscle.

Depot administration

{3802]  As described herein, in some embodiments, a pharmaceutical composition and/or an AAV
particle of the present disclosure {e.g., an AAV particle comprising an AAV capsid polypeptide, e.g.,
an AAV capsid variant) are fornmlated in depots for extended release. Generally, specific organs or
tissues are targeted for administration

{6803]  Insonwe cobodiments, a pharacentical coraposition and/or an AAV particle of the
present disclosure {¢.g., an AAV particle comprising an AAV capsid polypeptide, ¢.g., an AAV
capsid variant) are spatially retained within or proximal to target tissues. Provided are moethods of
providing a pharmaceuntical composition, an AAV particle, to target tissues of maounalian subjects by
cordacting target tissues {which comprise one or more target cells) with the pharmaceutical
coraposition and/or the AAV padicle, vader conditions such that they are substantially retained in
target tissues, ¢.g.. such that at least 10, 20, 30, 40, 50, 60, 76, 50, 85, 90, 95, 96, 97, 98, 99, 999,
99.99 or greater than 99.99% of the composition 1s retained in the target tissues. In some
embodiments, retention is determined by measuring the amount of pharmaceutical composition and/or
AAV particle, that enter a target cell or a phurality of target cells. For example, at least 1%, 5%, 10%,
20%, 30%, 40%, 50%, 60%, T0%, 80%, 85%%, 30%, 95%, 96%, 97%, 98%, 99%, 99.9%, 99.99%, or
greater than 99.99% of a pharmaceutical composition and/or an AAV particle, administered (o a

subject are present infracelludarly at a period of time following administration. For example,
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inframuscular injection to a subject may be performed using agueous Composifions comprising a
pharmaceutical composition and/or an AAV particle of the present disclosure and a transfection
reagend, and retention is determined by measuring the amount of the pharmaceutical composition
and/or the AAV particle, present in the ouscle cell or plurality of muscle celis.

{0804}  Tnsone eobodiments, disclosed herein are methads of providing a pharmaceuticat
corposilion and/or an AAV particle of the present disclosure {e.g., an AAV particle comprising an
AAYV capsid polypeptide, ¢.g.. an AAV capsid variant) to a tissue of a subject, by contacting the tissue
{comprising a cell, €.z, a plurality of cells) with the pharmaceutical composition and/or the AAV
particle under conditions such that they are substantially retained in the tissue. In song embodiments,
a phamaceutical coraposition and/or AAV particle described herein comprise a sufficient amount of
an active ingredient sach that the effect of interest is produced in at least one cell. In some
embodiments, a pharmaceutical composition and/or an AAV particle generally comprise one or more
cell penctration agents. {n some embodiments, the disclosure provides a naked formmlations (such as

without cell penetration agents or other agents), with or without pharmaceutically acceptable carriers.

Methods of Treatment

AAY particles encoding protein payivads

{68038}  Provided in the present disclosure are methods for introducing the AAV particies of the
present disclosure {€.8., an AAV particle comprising an AAV capsid polypeptide, ¢.g., an AAV
capsid variant) into cells, the method compuising introducing into said cells agy of the vectors jn an
amount sufficient to modulate, ¢.g., tnctease, the production of a target mRNA and/or protein. In
some aspects, the cells may be seurons such as but not limited to, motor, hippocampal, entorhinal,
thaltamic, cortical, sensory, sympathelic, or parasyrapathetic neurons, and ghal cells sach as
astrocytes, microglia, and/or ohgodendrocyies. Inother aspects, the cells may be a muscle cell, e.g.. 3
cell of a diaphragm, a quadriceps, or a heart (2.g., a heart atrii or a heart ventricle).

{0806]  Dvsclosed in the present disclosore are methods for treating a neurological disease/disorder
or a neurodegenerative disorder, a muscular or neuromuscular disorder, or a nenrooncological

disorder associated with aberrant, ¢.g., tnsufficient or increased, {unction/presence of a protein, e.g.

[=ied

a
target protein in a subject 1n necd of treatment. The method comprises administering to the subject a
therapeutically effective amount of a composition comprising AAV particles of the present disclosure.
As a non-limiting example, the AAV particles can increase target gene oxpression, increase target
profein production, and thus reduce one or more svinptoms of neurological disease in the subject such
that the subject is therapeutically treated.

{0807} 1o some erobodiments, the composition comprising the AAV patticles of the present
disclosure 1s administered to the central nervous system of the subject via systemic administraticn. In

some embodiments, the systeraic adminisiration is intravenous (1V) injection. In some embodiments,
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the AAV particle described herein or a pharmaceutical composition comprising an AAV particle
described herein is administered by focused nltrasound (FUS), e.g., coupled with the intravenous
adounistration of microbubbles (FUS-MB) or MRI-guided FUS coupled with intravenous
adounistration.

{0808}  Insome embodiments, the composition comprising the AAV particle of the present
disclosure {e.g., an AAV padicle comprising an AAV capsid polvpeptide, e.g., an AAV capsid
variaot) is adounistered o the central nervous systerna of the subject via intravenéricular
adrumistration. In some embodiments, the intraventricular administration is intra-cisterna magna
mection (ICM).

{0809  Insome embodiments, the composition comprising an AAV particle of the present
disclosuie {e.g.. an AAYV particle comprising an AAV capsid polypeptide, e.g.. an AAV capsid
varant} 1s adrnistered to the central nervous system of the subject via intraventricular injection and
intravenous injection.

{3816}  Insome embodiments, the compesition comprising the AAV particle of the present
disclosure (e.g., an AAV particle comprising an AAV capsid polypeptide, ¢.g., an AAV capsid
variant} is administered to the central nervous system of the subject via ICM injection and intravenous
injection at a specific dose per subject. As a non-limiting exanple, the AAV particles are
administered via TOM injection at a dose of 1x10* VG per subject. As a non-limiting example, the
AAVY particles arc administered via IV injection at a dose of 2x10" VG per subject.

{6811}  Insome embodiments, the composition comprising the AAV particle of the present
disclosure {e.g., an AAV particle comprising an AAV capsid polvpeptide, e.g., an AAV capsid
variant) is adounistered {¢ the central nervous systera of the subject. Inother embodimenis, the
coraposition corprising the AAY patticles of the present disclosuee is administered to a ONS tissue
of a subject {¢.g., putamen, thalamus or cortex of the subject).

{0812}  Tosome erabodiments, the composition comprising the AAV particle of the present
disclosure {e.g., an AAV particle comprising an AAV capsid polypeptide, e.g.. an AAV capsid
variant} is administered to the central nervous sysiem of the subject via mntraparenchymal injection.
Mon-limiting examples of intraparenchyrmal injections include intraputamenal, intracortical,
intrathalamic, intrastriatal, intrahippocampal or into the entorhinal cortex.

{8813}  Insomc embodiments, the composition comprising the AAV partick of the present
disclosure (e.g., an AAV particle comprising an AAV capsid polypeptide, ¢.g., an AAV capsid
variant) is administered {o the central nervous system of the subject via intraparenchyial injection
and infravenous injection.

{0814}  Insome embodiments, the composition comprising the AAV particle of the present

disclosure {c.g., an AAV particle comprising an AAV capsid polypeptide, e.g., an AAV capsid
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variant) is administered to the central nervous system of the subject via intraventricular injection,
infraparenchymal injoction and intravenous injection.

{0815} In some embodiments, the composition comprising an AAV particle (e.g., an AAV
particle comprising an AAV capsid polypeptide, ¢.g., an AAV capsid variant) of a plurality of
particles of the present disclosure is administered to a muscle of the subject via intravenous injection.
In some endbodiments, the composition compnsing an AAV particle of a plurality of particles of the
present disclosure is administered to a muscle of the subject via intramuscular injection,

{0816]  Tusome erobodiments, an AAV patticle of the present disclosure (o.g., an AAV particle
conprising an AAV capsid polvpeptide, ¢.z., an AAV capsid variant) may be delivered into specific
types of targeted cells, including, but not limited to, thalamic, hippocampal, entorhinal, cortical,
motor, sensory, excitalory, inhibitory, sympathetic, or parasympathetic neurons; glial cells including
oligodendrocyies, astrocytes and microglia; and/or other cells surrounding neurons such as T cells. In
some embodiments, an AAV particle of the present disclosure may be delivered into a muscie cell,
j8817

polypeptide, e.g., an AAV capsid variant), e.g., a plurality of particles, of the present disclosure may

cell of the quadriceps, diaphragm, Hver, and/or heart.
}

In some embodiments, an AAVY particle (¢.g., an AAV particle comprising an AAV capsid

be delivered to neurons in the putamen, thalamns and/or cortex.

{6818}  Insome embodiments, an AAV particle (e.g., an AAV particle comprising an AAV capsid
polypeptide, e.z., an AAV capsid variant), ¢.g., a pharality of particles, of the present disclosure may
be used as a therapy for newrological disease.

{0819]  Insome embodiments, an AAV particle {e.g., an AAV particle comprising an AAV capsid
polypeptide, e.g., an AAV capsid variant), ¢.g., a plurality of particles, of the present disclosure may
be used as a therapy for tauopathies.

{0828} Insome eodbodiments, an AAV particle (¢.g., an AAV particle comprising an AAV capsid
polypeptide, ¢.2., an AAV capsid variant), ¢.g2., a pharality of particles, of the preseat disclosure may
be used as a therapy for Alzbetrec’s Disease.

{0821}  Toscme embodiments, an AAV particle (e.g., an AAV particle comprising an AAV capsid
palypeptide, e.g., an AAV capsid variant), ¢.g.. a plurality of particles, of the present disclosure may
be used as a therapy for Amyotrophic Lateral Sclerosis.

{0822}  Insomwe eodbodiments, an AAV particle (¢.g., an AAV particle comprising an AAV capsid
polypeptide, e.g., an AAY capsid varianty, e.g., a phuality of particles, of the preseant disclosure may
be used as a therapy for Hoatington’s Disease.

{0823}  1nsome crmbodiments, an AAV particle {e.g., an AAV particle comprising an AAV capsid
polvpeptide, e.g.. an AAV capsid variant), ¢.g., a plurality of particles, of the present disclosure may

be used as a therapy for Parkinson’s Disease.
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{0824]  Insonic cobodiments, an AAV particle {¢.g., an AAV particle comprising an AAYV capsid
polvpeptide, e.g., an AAV capsid variant), ¢.g., a plurality of particles, of the present disclosure may
be used as a therapy for Friedreich’s Ataxia.

{3825]  Insome embodiments, an AAV particle (e.g., an AAV particle comprising an AAV capsid
polypeptide, ¢.g.. an AAV capsid variant), ¢.g., a plurality of particles, of the present disclosure may
be used as a therapy for chronic or newropathic pain.

{0826]  Insonic cobodiments, an AAV particle {¢.g., an AAV particle comprising an AAYV capsid
polvpeptide, ¢.g., an AAV capsid variant), ¢.g., a plurality of particles, of the present disclosure may
beused as a therap'y for a mwscular disorder or a neuromuscular disorder.

{0827  Tasome erobodiments, an AAV patticle {e.g., an AAV particle comprising an AAV capsid
polypeptide, e.g., an AAV capsid variani) ©.g., a phuality of particles, of the present disclosure may
be used as a therapy for a newro-oncological disorder. In some ermbodiments, the neurc-oncological
disorder is a cancer of privnary CNS origin {e.g., a cancer of a NS cell and/or ONS tissue). In some
cnbodiments, the neurc-oncclogical disorder 1s metastatic cancer in a UNS cefl, CNS region, and/or a
NS tissue.

{8828]  Insome embodiments, administration of the AAV particle described herein (e.g., an AAV
particle comprising an AAV capsid polypeptide, e.g., an AAV capsid variant) {o a subject may
increase target protein levels in a subject. The target protein levels may be increased by about 309%,
40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% and 100%, or at keast 20-30%, 20-40%, 20-50%, 20~
60%, 20-70%, 20~-80%, 20-90%, 20-95%, 20-100%, 30-40%, 30-50%, 30-60%, 30~70%, 30-80%;, 30-
90%, 30-95%, 30~100%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-100%, 50-60%,
50-70%, 50-80%, 50-90%, 50-93%, 30-100%, 60-70%, 60-80%, 60-90%, 60-95%, 60-100%, 70~
8%, T0-90%, 70-95%, 70-100%, 80-90%, 80-93%, 80-100%, 90-95%, 90-100% or 95-100% in a
subject such as, but not hmited to, the ONS, a region of the CNS, or a specific celt of the CNS, ora
muscle, a region of a muscle, or a cell of 3 moscle, of a subject. Asa n@n-iimim)g example, the AAV
particles may increase the protein levels of a target protein by at least 56%. As a non-hmiting
example, the AAY particles may increase the proleins levels of a larget protein by at least 40%6. Asa
non-fimiting example, a subject may bave an increase of 10% of target protein. As a non-limiting
cxanple, the AAY particles may increase the prolein kevels of a target protein by fold increases over
bascline. In some embodiments, AAV particles lead fo 5-6 times higher levels of 4 target protem.
{8828]  In some embodiments, administration of the AAV particle described herein (e.g., an AAV
particle comprising an AAV capsid polypeptide, e.g., an AAV capsid variant) to a subject may
increase the expression of a target protein in a subject. The expression of the target protein may be
increased by about 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% and 100%, or at least 20-30%,
20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%, 30-50%, 30-60%,
30-70%, 30-80%, 30-00%, 30-93%, 30-100%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-953%,
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40-100%, 30-60%, 50-70%, 50-80%, 30-90%, 50-95%, 50-100%, 60-76%, 60-80%, 60-90%, 60~
95%, 60-100%, 70-80%, 70-90%, 70-95%, 70-100%, 80-90%, 80-953%, 80-100%, 90-95%, 90-100%
or 95-100% in a subject such as, but not Himited to, the CNS, a region of the ONS, ora specific cell o
the ONS or a rauscle, a region of a muscle, or a cell of a muscle of a subject. As a non-linudting
example, the AAV particles may increase the expression of a target protein by at least 50%. As a non-
liouiting example, the AAV particles may increase the expression of a target protein by at least 40%,
{0836]  Insome embodiments, intravenous administration of the AAV particles described herein
{e.g., an AAV particle comprising an AAV capsid polypeptide, ¢.g., an AAYV capsid variant} t0 a
subject may increase the CNS expression or expression in a nuscle, of a target protein in a sobject.
The expression of the target prolein may be increased by about 30%, 40%, 50%, 60%, 70%, 80%,
85%, 90%, 95% and 100%, or at least 20-30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%,
20-95%, 20-100%, 30-40%, 30-30%, 30-60%, 30-70%, 30-80%. 30-90%, 30-95%, 30~100%, 40-
50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-100%, 50-60%, 50-70%, 50-80%, 50-90%, 50-
95%, S0-100%, 60-70%, 60-80%, 60-90%, 60-85%, 60-100%, T0-80%, 70-90%, 70-95%, 70~100%,
80-90%, 80-95%, 80~100%, 90-95%, 90~100% or 95-100% in a subject such as, but not limited 1o, the
CHNS, aregion of the ONS, or a specific cell of the CNS or a rauscle, a region of a muscle, or a cell of
a muscle of a subject. As a non-linuting example, the AAV particles may increase the expressionof a
target protein o the ONS by at least 50%. As a nos-limiting example, the AAV padicles may increase
the expression of a target protein in the CNS by at least 40%. In some embodiments, the AAV
particle may increasce expression of a target protein in a muscle by at least 30%. Insone
crabodiments, the AAV particle may increase expression of a target protein in a muscle by at least
50%.
{6831} Insome embodiments, the AAV particles of the present disclosure (e g, an AAV particle
coraprising, an AAVY capsid polypeptide, .g., an AAY capsid variant} may be used to increasc target
protein expression in astrocytes in order to treat a nevrological discase. Target protein in astrocyies
may be increased by 5%, 10%, 13%, 20%, 25%, 30%, 35%, 40%, 45%, 30%, 55%, 60%, 65%, 70%,
5%, 80%, 85%, 90%, 95%, or more than 95%, 5-15%, 5-20%, 5-23%, 5-30%, 5-35%, 5-40%, 5~
45%, 3-309%, 5-55%, 5-60%, 5-65%, 5-70%, 5-75%, 5-80%, 5-85%, 5-90%, 5-95%, 10-20%, 10-
25%, 10-30%, 10-35%, 10-40%, 10-45%;, 10-50%, 10-35%, 10-60%, 10-65%, 10-70%, 10-75%, 10-

6

80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-35%, 15-40%, 15-45%, 15-50%, 15-55%, 15-

60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-90%, 15-05%, 20-30%, 20-35%, 20-40%, 20~
2

45%, 20-50%, 20-55%, . 65%, 20-T0%, 20-75%, 20-80%, 206-83%, 20-90%, 20-95%, 25~

35%, 25-40%, 25-45%, 25-50%, 25-55%, 25-60%, 25-65%, 25-70%, 25-75%, 25-80%, 25-85%, 25-

oN)

0%, 25-25%, 30-40%. 30-45%, 30-50%, 30-55%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80%, 30-
85%, 30-90%, 30-95%, 33-45%, 33-50%, 35-55%, 35-60%, 35-65%, 33-70%, 35-75%, 35-80%, 35-

85%, 35-90%, 35-935%, 40-50%, 40-55%, 40-60%, 40-65%, 40-70%, 40-73%, 40-80%, 40-85%, 40-
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90%, 40-95%, 45-35%, 45-60%, 45-65%,, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-
60%, 30-65%, 50-70%, 50-75%6, 50-80%, 50-85%, 50-90%, 50-95%, 55-65%, 55-70%, 55-75%, 535~
80%, 35-85%, 55-90%, 55-95%, 60-T0%, 60-75%, 60-80%, 60-85%, 60-90%, (30—()5%, 65-75%, 65-
8%, 65-85%, 65-90%. 65-95%, 70-80%, T0-85%, 70-90%, 70-95%,
0%, 80-95%, or 90-95%.

{0832]  Insonwe eobodiments, the AAV particies (2.g., an AAV particle comprising an AAV
capsid pelypeptide, ©.2., an AAV capsid variant) may be used {0 increase farget protein in microgha.
The increase of target protein in microglia may be, independently, tncreased by 5%, 10%, 15%, 2094,
25%, 30%, 35%, 40%, 45%,. 50%, $5%, 60%, 65%. T0%, 75%, 80%, 85%%, 90%. 95%, or more than
95%, S-15%, 3-20%, 3-25%, 5-30%, 5-35%, 5-40%, 3-43%, S$-50%, 5-55%, 5-60%, 5-65%, 5-70%,
5-75%, 3-80%, 5-85%, 5-90%, 5-95%, 10-20%, 10-25%, 10-30%, 10-35%, 10-40%, 10-43%, 10-
50%, 10-55%, 10-60%, 10-65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%, 10-93%, 13-23%

30%, 15-35%, 15-40%, 15-45%, 15-30%, 13-55%, 15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 13-
85%, 15-90%, 15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-50%, 2(
T0%, 20~75%, 20-80%, 20-85%, 20-90%, 20-95%, 25-35%, 25-40%,
60%, 25-65%, 25-70%, 25-75%, 25-80%, 25-85%, 23-90%, 25-95%, 30~
55%, 30-60%, 30-65%, 3(
55%, 35-60%, 35-65%, 3!
0%, 40-65%, 40-70%, 4
T0%, 45-75%, 45-80%, 45

30-80%, 30-85%, 30-90%, 3¢

), 33-80%, 35-83%, 35-90%, 3:

o, 40-85%, 40-90%, 40-93°

o, 45-95%, 30-60%, 50-63%, 50-
8

5-85%, 55-90%, 35-95%, 60-70%, 60-

Yo, 4%0%, 45-65%, 45~

\! us

0%, 50-75%, 50-80%, 30-

85%, 30-90%, 50-95%, 53-63%, $5-70%, 55-75%, 55-80%,

>

.5
75%, 60-80%, 60-85%, 60-90%, 60-95%, 65-75%, 63-80%, 65-85%, 63-90%, 65-95%, 70-80%, 70-
80-9

85%, 70-90%, 70-95%, 73-53%, 75-90%, 75-95%, 80-80%, 5%, or 90-95%,
{8833}  Insoux embodiments, the AAV particles (2.2, ap AAV particle comprising an AAV
capsid polypeptide. e.g., an AAV capsid varianl) may be used {o increase larget protein in cortical
neurons. The increase of target pmtein in the cortical neurons may be, independently, increased by
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 35%, 60%, 65%, 7T0%, 75%, 80%, 85%,
90%, 93%, or morc than 95%, 3-13%, 5-20%, 5-25%, 5-30%, 5-35%, 3-40%, 5-45%, 5-50%, 5-35%
5-60%, 5-65%, 5-70%, 5-75%, 5-80%, 5-85%. 5-90%, 5-05%, 10-20%, 10-25%, 10-30%, 10-35%,
10-40%, 10-45%, 10~-30%, 10-55%, 10-60%, 10-65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%,
10-95%, 15-25%, 15-30%, 15-35%, 15-40%, 15-45%, 15-50%, 15-55%. 13-60%, 15-65%, 15-70%,
15-75%, 15-80%, 15-85%, 15-90%, 15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-50%, 20-55%,
20-60%, 20-65%, 20~70%, 20-75%, 20-80%, 20-85%, 20-90%, 20-95%, 25-35%, 25-40%, 25-45%,
25-50%, 25-55%, 25-60%, 25-63%, 25-70%, 25-75%, 25-80%, 25-85%, 23-90%, 25-95%, 30-40%,
30-45%, 30-50%, 30-35%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80%, 30-85%, 30-90%, 30-95%,
&Y

35-45%, 38-50%, 35-55%, 33-60%, 35-65%, 35-70%, 35-75%, 35-80%, 33-85%, 35-90%, 35-95%,

\

L

L

>
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40-50%, 40-55%, 40-60%, 40-65%%, 40-70%, 40-75%, 40-80%, 40-853%, 40-90%, 4
45-60%, 45-65%, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-65%, 50-70%,
50-75%, 50-80%, 50-85%, 50-90%, 50-95%, 55-63%, 55-70%, 55-75%, 55-80%, 55-85%, 55-00%,
55-95%, 60-T0%, 60~75%, 60-80%0, 60-85%, 60-90%, 60-93%, 65-75%, 63-80%, 65-85%, 65-90%,
65-95%, T0-80%, 70-85%, 70-90%, 70-95%, 75-85%, T5-90%, 75-95%, 83-90%, 80-959

95%.

{0834}  Insome embodiments, the AAV particles (e.g., an AAV particle comprising an AAV
capsid polypeptide. e.g., an AAVY capsid variant) may be used to increase target protein in
hippocampal neurons. The increase of target protein in the hippocampal neurons may be,
mdependently, increased by 5%, 10%, 15%. 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 63%
T0%, T5%, 80%, 85%, 90%, 95%, or more than 95%, 5-15%, 5-20%, 5-25%, 5-30%, 5-35%, 5-40%
5-45%, 5-50%, 5-55%, 3-60%, 5-65%, 5-70%, 5-75%, 5-80%, 3-83%, 5-90%, 3-95%, 10-20%, 10~

25%, 10-30%, 10-35%, 10-40%6, 10-45%, 10-50%, 10-55%, 10-60%, 10-65%, 10-70%, 10-73%, 10-

N

80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-35%, 15-40%, 15-45%, 15-50%, 15-55%, 15-
60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-90%, 15-93%, 20-30%, 20-35%, 20-40%, 20~
45%, 20-30%, 20-55%, 20-60%, 20-65%, 20-70%, 20-75%, 20-80%, 20-85%, 20-90%, 20-95%, 25-
25-80%, 25-85%, 25-
90%, 25-95%, 30-40%, 30-45%%, 30-50%, 30-55%, 30-60%, 30-63% . 30-80%, 30-
85%, 30-90%, 30-05%, 35-45%%, 35-50%, 35-55%, 35-60%, 35-65%, 35-T0%, 35-75%, 35-80%, 35-

85%, 35-90%, 35-05%, 40-50%%, 40-55%, 40-60%, 40-65%, 30-70%, 40-75%, 40-80%, 40-85%, 40-

&N
N
n
[
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n
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NN

35%, 25-40%, 25-45%, 25-50%, 25-55%, 25-60%, 25-65%, 25-70%,
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90%, 40-95%, 45-33%, 43-60%, 45-65%, 45-70%, 43-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-
60%, 30-65%, 30-70%, 56-73%, $0-80%, 50-85%, 30-90%, 50-95%, 55-65%, S5~70%, 55-75%, 35~
80%, 35-85%, 33-90%, 53-93%, 60-T0%, 60-75%, 60-80%, 60-83%0, 60-90%, 60-95%, 65-75%, 65-
80%, 65-85%, 65-90%, 65-95%, T0-80%, 70-85%, 70-90%, 70-95%, 75-85%, 75-90%, 75-95%, 80-

0%, 80-95%, or 90-95%.

{3835} In some embodiments, the AAV particles (¢.g., an AAV particle comprising an AAV
capsid polypeptide, .g., an AAV capsid variant) may be used to increase target protein in DRG
and/or sympathetic neurons. The increase of target protein in the DRG and/or sympathetic newrons
may be, independenily, increased by 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, T0%, 753%, 80%, 85%, 90%, 95%, or more than 95%, 5-15%, 5-20%, 5-25%, 5-30%, 5-
35%, 3-40%, 5-45%, 5-50%, 5-35%, 5-60%, 5-65%, 5-70%, 3-75% 85%, 3-90%, 5-95%,

2, 5-
10-20%, 10-25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-55%, 10-60%, 10-65%, 10-70%,

10-75%, 10-80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-35%, 15-40%, 15-45%, 15-50%,
15-35%, 15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-90%, 13-95%, 20-30%, 20-35%,
20-40%, 20-45%, 20-50%, 20-53%, 20-60%, 20-65%, 20-70%, 20-75%, 20-80%, 20-85%, 20-90%

20-95%, 25-35%, 25-40%, 25-43%, 25-30%, 25-35%, 25-60%, 25-65%, 23-70%, 25-75%, 25-80%,
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25-85%, 25-90%, 23-03%, 30-40%, 30-45%, 30-50%, 30-55%, 30-60%, 30-65%, 30-70%, 30-75%,
30-80%, 30-85%, 30-00%, 30-95%, 35-45%, 35-50%, 35-55%, 35-60%, 35-65%, 35-T0%, 35-75%,
35-80%, 35-85%, 35-00%, 35-95%, 40-50%, 40-55%, 40-60%, 40-63%, 40-T0%, 40-75%, 40-80%,
40-85%, 46-90%, 40-95%,
45-95%, 50-60%, 50-65%, 5(
55.75%, 55-80%, 55-83%, 55-90%, $5-95%, G0-T0%, 60-75%, 60-80%, 60
65-75%, 65-80%, 65-85%, 65-90%, 63-95%, 70-80%, T0-85%, 70-90%, 7
75-95%, 80-90%, R0-93%, or 90-93%

+o

5-55%0, 45-60%, 45-65%, 45-T0%, 45-75%, 43-80%, 45-85%, 45-90%,
-70%, S0-75%, 50-80%, 30-85%, 50-90%, 50-93%, 55-65%, 55-710%,
3%, 60-90%,, 60-95%,

-8
§-95¢ *6, 75-85%, 758-90%,

:.)

{8836]  Insome embodiments, the AAV particles of the present disclosure (¢.g., an AAV particle
corprising an AAV capsid polypeptide, e.g., an AAV capsid variant) may be used {o increase target
profein in sensory neurons in order to treat neurological disease. Target protein in sensory neurons
may be increased by 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 653%, 70%,
73%, 80%, 85%, 90%, 93%, or more than 95%, 3-15%, 5-20%, 5-23%, 5-30%, 5-35%, 5-40%, 5-
43%, 5-30%, 5-55%, 5-60%, 5-65%, 5-70%, 5-75%, 5-80%, 5-85%, 5-90%, 5-95%, 10-20%, 10-
25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-55%, 10-60%, 10-65%, 10-70%, 10-75%, 10-
80%, 10-85%, 10-90%, 10-95%;, 15-25%, 15-30%, 15-35%, 15-40%, 15-45%, 15-50%, 15-35%, 15-
60%, 15-05%, 15-70%, 15-75%, 15-80Y%, 15-85%, 15-90%, 15-05%, 20-30%, 20-35%, 20-40%, 20~
45%, 20-30%, 20-55%, 20-60%, 20-63%, 20-70%, 20-75%, 20-80%, 20-83%, 20-90%, 20-95%, 25~
35%, 25-40%, 25-45%, 25-50%, 25-55%, 25-60%, 25-65%, 25-70%, 23-73%. 25-80%, 25-85%, 25~
%, 25-95%, 30-40%. 30-45%, 30-50%, 30-35%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80:%, 30-
85%, 30-90%, 30-95%, 35-45%, 35-50%, 35-55%, 35-60%, 35-65%, 33-T0%, 35-75%, 35-80%, 35~
85%, 35-90%, 35-95%, 40-50%, 40-55%, 40-60%, 40-65%, 40-70%, 40-75%, 40-80%, 40-85%, 40-
0%, 40-95%, 45.55%, 45-60%, 45-65%, 45-70%, 45-75%, 45-80%, 43-83%, 45-90%, 45-95%, 30-
60%, 50-65%, 30-70%, 50-75%, 50-80%, 50-85%, 50-90%, 50-95%, 55-65%, 55-70%, 55-75%, 55-
80%, 35-85%, 55-90%, 55-93%, 60-T0%, 60-75%, 60-80%, 60-85%, 60-90%, 60-95%, 65-75%, 63-
80%, 65-85%, 65»90%, 65-95%, T0-80%, 70-85%, 70-90%, 70-95%, 75-85%, 75-90%, 75-95%, 80-
0%, 80-95%, or 90-95%,
{0837}  Insome embodiments, the AAV particles of the present disclosure (o.g,, an AAV particle
comprising an AAV capsid polypeptide, e.g., an AAV capsid variant) may be used o increase target
protein and reduce symptoms of neurological disease in a subject. The increase of target protein
and/or the reduction of syoptoms of neurclogical disease may be, independently, altered (increased
for the production of target protein and reduced for the symptorns of neurclogical disease) by 5%,
10%, 15%, 20%, 23%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, ot tore than 95%, 5-15%, 5-20%, 5-25%, 3-30%, 5-35%, 5-40%, 5-45%, 5-30%, 3-55%%, 5~
(0%, 3-65%, $-70%, 5-73%, 5-80%. 5-85%, 5-90%, S-95%, 10-20%,. 10-25%, 10-30%, 10-35%, 10~
40%, 10-45%, 10-50%, 10-55%, 10-60%, 10-65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%, 10~
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95%, 15-25%, 15-30%, 15-35%, 15-40%, 15-45%, 15-30%, 15-55%, 15-60%, 15-65%, 15-70%, 15-
75%, 15-80%, 15-85%, 15-90%, 15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-50%, 20-55%, 20~
60%, 20-63%, 20-T0%, 20-75%, 20-80%, 20-85%, 20-00%, 20-95%, 25-35%, 25-40%, 25-45%, 25-
0%, 25-35%, 25-60%, 25-65%%, 25-T0%, 25-75%, 25-80%, 25-83%, 25-90%, 25-95%, 30-40%, 30-
45%, 30-50%. 30-53%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80%., 30-85%%, 30-90%, 30-95%, 35-
45%, 35-50%, 35-55%, 35-60%%, 35-65%, 35-70%, 35-75%, 35-80%. 35-85%, 35-90%, 35-95%, 40-
50%, 40-33%, 40-60%%, 40-65%, 40-T0%, 40-75%, 40-80%, 40-85%%, 40-90%, 40-95%, 45-55%, 45-
60%, 45-65%, 43-70%. 45-75%, 45-80%, 45-85%, 43-90% 43-9

75%, 50-80%, 50-83%, S0-90%, 50-95%, 55-65%, 55-70% 5
95%, 60-70%, 60-75%, 60-80%, 60-85%, 60-90%, 60-05%, 65-75%, 63-80%, 63-83%, 65-00%, 65-

959%, 70-80%%, T0-83%, 70-90%, T0-95%, 75-85%, 75-90%, 75-95%, 80-90%, 80-95%, or 90-953%.

5%, 50-60%, 50-65%, 50-70%, 30-

W

5.75%, 53-50%, $5-85%, 35-90%, 53-

{3838]  Insome embodiments, the AAV particles of the present disclosure (¢.g., an AAV particle
coniprising an AAV capsid polvpeptide, e.g., an AAV capsid variant) may be used 1o reduce the
decline of functional capacity and activities of daily living as measured by a standard evaluation
system such as, but not Hmited to, the fotal functional capacity (TFC) scale.

{08391  Insome enbodimenis, the AAV particles of the present disclosure {e.g., an AAV particle
coraprising an AAY capsid polypeptide, ¢.g., an AAV capsid variant) may be used to improve
performance on any assessment used {0 measure symptons of neurological discase. Such
assessments include, but are sot mited to ADAS-cog (Alzheimer Disease Assessment Scale
cognitive), MMSE (Mioi-Meutal State Examination), GDS (Geriatric Depression Scale), FAQ
(Functional Activities Questionnaire}, ADL (Activitics of Daily Living), GPCOG (Geueral
Practitioner Assessraent of Coguition), Mini-Cog, AMTS {Abbreviated Mental Test Score), Clock-
drawing test, 6-CIT (6-itern Cognitive Ipairment Test), TYM (Test Your Memory), MoCa
(Montreal Cognitive Assessiment), ACE-R {(Addenbrookes Cognitive Assessmenty, MIS (Memory
{mpairment Screen), BADLS (Bristol Activities of Braily Liviag Scale), Barthet Index, Functional
Independence Measure, Instramental Activities of Daily Living, IQCODE (Informant Questionnaire
on Cognitive Decline i the Elderly), Neuropsvchiatric Inventory, The Cohen-Mansfield Agitation
Inventory, BEHAVE-AD, EuroQol, Short Form-36 and/or MBR Caregiver Strain Instnument, or any
of the other tests as described in Shechan B (Ther Adv Neurol Disord. 5(6):349-358 (2012)), the
contents of which are herein incorporated by reference in their entirety.

{08481  1n some eobodiments, the prosent composition is administered as a solo thempeutic or as
corabination therapeutic for the treatment of a neurological disease/disorder or a neurodegenerative
disorder, a nwscular disorder or newromuscular disorder, and/or a nenro-oncological disorder.
{0841]  The AAV particles (.2, an AAV particle comprising an AAV capsid polypeptide, e.z., an
AAY capsid variast) encoding the target protein may be used in corabination with one or more other

therapeutic agents. In some embodiments, composiions can be admindsiered concurrently with, prior
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o, or subsequent to, one or more other desired therapeutics or medical procedures. In general, each
agent will be administered at a dose and/or on a time schedule determined for that agent.

{0842}  Therapeutic agents that may be used in combination with the AAV particles of the present
disclosure {c.g., an AAV particle comprising an AAV capsid polypeptide, e.g., an AAV capsid
variaot) cas be small molecule compounds which are antioxidants, aoti-inflacunatory agents, anti-
apoptosis agents, calciun regulators, anti-glutamatergic agents, structural protein inhibitors,
corapounds twaolved 1o pwscle function, and compounds involved in metal jon regulation. As a none
lirniting example, the combination therapy may be in combination with one or more neuroprotective
agents such as small molecule compounds, growth factors and hormmones which have been tested for
their nenroprotective effect on motor neuron degeneration.

{8843]  Compounds tested for treating neurological disease which may be used in combination
with the AAV particles described herein include, but are not Hirmted to, chobinesterase iohibitors
{donepezil, nvastignine, galantamine), NMDA receptor antagonists such as memantine, anti-
psychotics, anti-depressants, anti-convulsants {e.g., sodium valproate and levetiracetam for
myoclonus), secretase inhibitors, amvioid aggregation inlubitors, copper or zine modulators, BACE
inhibitors, inhibitors of tan aggregation, such as Methylene blue, phenothiazines, anthraguinones, n-
phenylamines or rhodamines, microtubule stabilizers such as NAP, taxol or paclitaxel, kinase or
phosphatase inhibitors such as those targeting GSK3§ (ithium) or PP2A, immunization with AP
peptides ot tau phospho-epitopes, anti-tau or anti-any boid antibodies, dopamine-depleting agents
{¢.g.. tetrabenazine for chorea}, benzodiazepines (¢.g., clonazepam for myoclonus, chorea, dystonia,
rigidity, and/or spasticity), , amaioo acid precursors of dopamine (¢.g., levodopa for rigidity), skeletal
rouscle relaxants (e.g., baclofen, tizamdine for ngidity and/or spasticity), inhibitors for acetylcholine
release at the nesromascolar jonction to cause rauscle paralysis (€.g., botolinum toxin for braxism
and/or dystonia}, atypical nenroleptics (e.g., olanzapine and quetiapine for psychosis and/or
rritability, risperidone, sulpiride and haloperidol for psychosis, chorea and/or trnitability, clozapine
for treatment-resistant psychosis, aripiprazole for psychosis with prominent negative symptoms),
selective serotonin reuptake inhibitors (SSRis) (e.g., citalopram, fluoxetine, paroxetine, seriraline,
mirtazapine, venlafaxine for depression, anxicty, obsessive compulsive behavior and/or irritability),
hypuotics (¢.g., xopiclone and/or zolpidem for alicred sleep-wake cycele), anticonvilsanis (e.g.,
sodium valproate and carbamazepine for mania or hypomarda) and mood stabilizers (e.g., lithium for
mania or hypomania).

{6844}  Neurotrophic factors may be used in combination therapy with the AAV particles of the
present disclosure {¢.g., an AAV particle comprising an AAV capsid polvpeptide, ¢.g.. an AAV
capsid variant) for treating neurclogical disease. Gegerally, a neurotrophic factor is defined as a
substance that promotes survival, growth, differentiation, proliferation and/or maturation of a neueon,

or stimnulates increased activity of a nenron. In some embodiments, the present reethods fucther
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comprise defiverv of one or more frophic factors into the subject in need of treatmerd. Trophic factors
may include, but arc not limited to, IGF-1, GDNF, BDNF, CTNF, VEGF, Colivelin, Xalipraden,
Thyrotrophin-releasing hormone and ADNF, and variants thercof.

{08458}  Tnoune aspect, the AAV particle described herein (¢.2., an AAV patticle comprising an
AAV capsid polypeptide, ¢.g., as AAV capsid variant) may be co-adovinistered with AAV particles
expressing neurotrophic factors such as AAV-IGF-1 (See e.g., Vincent et al., Neuromoleculor
medicine, 2004, 6, 79-85; the contents of which are incorperated herein by reference in thetr entirety)
and AAV-GDNFE (Sec e.g., Wang et al., ./ Neurosci., 2002, 22, 6920-6928; the contents of which are
corporated herein by reference in their entirety).

{0Bd6]  Insome ermbodiments, adaxinistration of the AAV partickes (e.g.. an AAV particle
comprising an AAY capsid polypeptide, ¢.g., an AAV capsid vanant) (o a subject will modulate, ¢.g.,
increase or decrease, the expression of a target protein in a subject and the medalation, ¢.g., increase
or decrease of the presence, level, activity, and/or expression of the target protein will reduce the
cffects and/or symptoms of a neurological disease/disorder or a neurodegenerative disorder, a
muscular disorder or nevwromuscular disorder, and/or a neuro~oncological disorder in a subject.
{3847}  As anon-limiting example, the farget protein may be a therapeutic protein or functional

variant, or an antibody or antibody binding fragment thereof,

4

AAY particles comprising RNAI agents oy modulatory polynucieotides
{0848]  Provided in the present disclosure are methods for introducing the AAV particles of the
disclosure (e.g., an AAV particle comprising an AAV capsid polypeptide, ¢.g., an AAV capsid
variant}, coraprising a viral genone with a pucleic acid sequence encoding a pavioad compusing a
siRNA moolecule into cells, the method compursing introducing inio said cells any of the vectors ip an
amount sufficient for degradation of a target mRNA to oceur, thereby activating target-specific RNAIL
10 the cells. In some aspects, the cells may be seuroas such as but not Humited 1o, motor, hippocampal,
entorhinal, thalamic, cortical, sensory, sympathetic, or parasympathetic neurons, and ghal cells such
as astrocyles, microglia, and/or oligedendrocyics. Tn other aspects, the cells may be a muscle cell,
e.g., acell of a diaphragm, a quadriceps. or a beart (e.g.. a heart atvium or a heart ventriclk).

{88451  Disclosed in the present disclosure are methods for treating a neurological disease/
disorder or a neurodegenerative disorder, a muscular or neuromuscular disorder, ora
neurooncological disorder associated with dvsfimction and/or abermrant, ¢.g., increased or decreased
expression of a target protein in a subject in need of treatment. The method comprises administering
1o the subject a therapeutically effective amount of a composition comprising AAV particles (¢.g., an
AAYV particle comprising ann AAV capsid polypeptide, ¢.g., an AAV capsid vatiant) coraprising a
viral genome with a nucleic acid sequence encoding one or more siRNA molecudes. As a non-limiting

example, the siRNA molecules can silence target gene expression, inbibit tarzet protein production,
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and reduce one or more symptoras of neurclogical disease in the subject such that the subject is
therapentically treated.

{08531  Insome endbodiments, the composition comprising the AAV particles of the present
disclosure {c.g., an AAV particle comprising an AAV capsid polypeptide, e.g., an AAV capsid
variaot) compusing a viral genonie encoding one of more siRNA molecules comprise an AAV capsid
that allows for enbanced transdoction of CNS and/or PNS cells after intravenous administration.
{0851]  Tasome erabodiments, the composition comprising the AAV particles of the present
disclosure {e.g., ag AAV particle comprising an AAY capsid polypeptide, e.g., an AAV capsid
vatiant) with a viral genome encoding at Ieast one siRNA molecule 1s adrainistered to the central
nervous syster of the sebject. In other embodiments, the composition comprsing the AAV particles
of the present disclosure 15 adirinistered to a tissue of a subject (6.g., putamen, thalamas or cortex of
the subject).

{3852]  Insome embodiments, the composition comprising the AAV particles of the disclosure
{e.g., an AAV particle comprising an AAV capsid polypeptide, ¢.g., an AAV capsid variant),
conprising a viral genome with a nucleic acid sequence encoding one or more siRNA molecules 1s
admimstered to the central nervous system of the subject via svstemic administration. In some
crmbodiments, the systemic administration is intravenous injection. fn some embodiments, the AAY
particle described herein or a pharmacentical coraposition comprising an AAV particle described
herein is administered by focused ultrasound (FUR), e.g., coupled with the intravenous administration
of microbubbles (FUS-MB) or MRI-guided FUS coupled with intravenous adoinisteation.

{0853]  Insome eobodiments, the composition comprising the AAV particles of the disclosure
(e.g.. an AAYV particle comprising an AAV capsid polypeptide, ¢.g., an AAV capsid vanant)
coraprising a viral genome with a nucleic acid sequence encoding one or more siRNA molecules is
adrainistered to the centeal nervous system of the subject via intraparenchymal injection. Non-
lirmting examples of intraparenchymal injections include intraputamenal, intracortical, mtrathalamic,
wtrastriatal, intrahippocampal or into the entorhinal cortex.

{0854]  1nsome crubodiments, the composition comprising the AAVY particles (c.g., an AAV
particle comprising an AAV capsid polypeptide, ¢.g., an AAV capsid variant) comprising a viral
genome with a nucleic acid sequence encoding one or more siRNA molecules is admimistered to the
central nervous system of the subject via intraparenchymal mjection and intravenous injection.
{08558]  In some embodiments, the composition comprising an AAV particle (c.g., an AAY
particle comprising an AAV capsid polypeptide, e.g., an AAV capsid variant) of a plurality of
particles of the present disclosure is administered to a muscle of the subject via intravenous injection.
In sorac embodiments, the composition comprising an AAV particle of a plurality of particies of the

present disclosure is adminisiered o a muscle of the subject via intramuscular injection.
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{6856]  Insome embodiments, the AAV particles (e.g.. an AAV particle comprising an AAV
capsid polypeptide, ¢.g., an AAV capsid variant) conprising a viral genome with a nucleic acid
sequence encoding one or more siRNA molecules may be delivered into specific types or targeted
cells, including, but not Himited to, thalamic, hippocarapal, entorhinal, cortical, motor, sensory,
excitatory, inhibitory, sympathetic, or patasympathetic neurons; glial cells inchuding
ohigodendrocyies, astrecyies and raicroghia; and/or other cells sorrounding newrons such as T cells. 1o
some embodiments, an AAY particle of the present disclosure may be delivered ioto a muscle cell,
2.g., a cell of the gquadnceps, diaphragm, bver, and/or heart.

{0857}  Tosome erobodiments, an AAV particle (e.g., an AAV particle comprising an AAV capsid
polvpeptide, e.g.. an AAV capsid variant), ¢.g., a plurality of particles, comprising a viral genome
with a nucleic acid sequence encoding one or more stRNA molecules may be delivered o neurons 1n
the putamen, thalarus, and/or cordex.

{B6858]  Insome embodiments, an AAV particle (e.g., an AAV particle comprising an AAV capsid
polypeptide, e.g., an AAV capsid vanianty, e.g., a phurality of particles, comprising a viral genome
with a nucleic acid sequence encoding one or more siRNA molecules may be used as a therapy for
neurological disease.

{0858}  Insome cmbodiments, an AAV particle (e.g., an AAV particle comprising an AAV capsid
polvpeptide, e.g., an AAV capsid variant), ¢.g., a plurality of particles, comprising a viral genome
with a nucleic acid sequence encoding one or more siRMNA melecules may be used as a therapy for
tanopathies.

{0866]  In some erbodiments, an AAV particle {e.g.. an AAV particle comprising an AAV capsid
polypeptide, e.g., an AAV capsid variant), ¢.g., a plurality of particles, comprising a viral genome
with a nucleic acid sequence encoding one or maore siRNA molecules may be used as a therapy for
Alzheimer's Disease.

{0861}  Insome embodiments, an AAV particle (e.g., an AAV particle comprising an AAV capsid
polvpeptide, ¢.g., an AAV capsid vadant), ¢.g., a plurality of particles, comprisiog a viral genome
with a sucleic acid sequence encoding one or more siRNA molecules may be used as a therapy for
Anyotrophic Laleral Sclerosis.

{0862}  Insome cmbodiments, an AAV particle {e.g., an AAV particle comprising an AAV capsid
polypeptide, e.g., an AAV capsid vartant), ¢.g., a plarality of particles, comprising a viral genome
with a nucleic acid sequence encoding one or mmore siRNA molecules may be used as a therapy for
Huntington’s Dhsease.

{8863]  Insome embodiments, an AAV particle (¢.g., an AAV particle comprising an AAV capsid
polypeptide, ¢.g., an AAV capsid variant), e.g., a phurality of particles, comprising a viral genome
with a nucleic acid sequence encoding one or more siRNA molecules may be used as a therapy for

Parkinson’s Discase.
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{0864]  Insome cobodiments, an AAV particle {¢.g., an AAV particle comprising an AAYV capsid
polvpeptide, e.g., an AAV capeid variant), ¢.g., a plurality of particles, comprising a viral genome
with a nucleic acid sequence encoding one or more siRNA molecules may be used as a therapy for
Friedreich’s Ataxia.

[3865]  Tnscme embodiments, an AAV particle (e.g., an AAV particle comprising an AAV capsid
polypeptide, ¢.g., as AAV capsid variant), ¢.g., a plurality of particles, comprising a viral genonme
with a nucleic acid sequence encoding one or ruore siRINA molecuies mav be used as a therapy fora
nwscolar disorder or a nenromuscular disorder,

{0866  Insome embodiments, an AAV particle (e.g., an AAV particle comprising an AAV capsid
polypeptide, ¢.2., an AAV capsid variant), ¢.g., a pharality of particles, comprisiog a viral gesome
with a nucleic acid sequence encoding one or more siRNA molecules may be used as a therapy fora
neuro-orcological disorder. In some erabodiments, the neuro-oncological disorder 1s a cancer of
primary CNS origin {e.g.. a cancer of a CNS cell and/or NS tissue). Inisome embodiments, the
neuro-oncological disorder is metastatic cancer in a UNS cell, a ONS region, and/or a UNS tissue.
{6867}  Insome embodiments, the administration of AAV particles (e.g., an AAV particie
comprising an AAY capsid polypeptide, ¢.g., an AAY capsid variant) comprising a viral genome with
4 nucleic acid sequence encoding one or more siRNA molecules (o a subject may lower target protein
levels in a subject. The target protein levels may be lowered by about 30%, 40%, 30%, 60%, 70%
809, 85%, 90%, 93% and 1009, or at least 20-30%, 20-40%, 20-50%, 20-60%, 20~70%, 20-80%
20-90%, 20-95%, 20-100%, 30-40%, 30-530%, 30-60%, 30~-70%, 30-80%, 30-9:)“/&, 30-95%, 30~
100%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-100%, 50-60%, 50-70%, 50-80%.
50-90%, S0-93%, S0-100%, 60-70%, 60-80%, 6G-90%, 60-95%, 60-100%, 70-80%, 70-90%, 70-
959, 70-100%, 80-90%, 80-95%, 80-100%, 90-35%, 90-100% or 95-100% in a subject such as, but
not limited to, the CNS, a region of the CNS, or a specific cell of the ONS, or a muscle, a region of a
muscle, or a cell of a rauscle, of a subject. As a non-hmiting example, the AAV particles may lower
the protein levels of a target protein by at least 50%. As a non-limiting example, the AAV particles
may lower the proteins levels of a target protein by at least 40%.

{0868]  Iusome ermbodiments, the administration of AAV particks (e.g., an AAV particle
comprising an AAY capsid polypeptide, ¢.g., an AAV capsid variant) comprising a viral genome with
4 nucleic acid sequence encoding one or more siRNA molecules (o a subject may lower the
expression of a target protein in a subject. The expression of a target protein may be lowered by about
30%, 40%, 50%, 6&;%, T0%, 80%, 83%, 90%, 95% and 100%, or at least 20-30%, 20-40%, 20-50%,
20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20~100%, 30-40%, 30-50%, 30-60%, 30-70%, 30-80%,
30~-90%, 30-93%, 30-100%, 40-50%, 40-60%;, 40-70%, 40-80%, 40-90%, 40-95%, 40-100%, 50-
60%, 50-70%, 50-80%, 50-90%, 50~-95%, 50-100%, 60-70%, 60-80%, 60-90%, 60-95%, 60-100%,
T0-80%, 70-90%, 70-95%, 70-100%, 80-90%, 80-95%, 80-100%, 290-95%, 90~-100% or 95-100% ina
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subject such as, but not linited to, the UNS, a region of the CNS, or a specific cefl of the CNS, or a
nwscle, a region of a muscle, or a cell of a muscle, of a subject. As a non-limiting exanple, the AAV
particles may lower the expression of a target protein by at least 530%. As a non-limiting example, the
A AV paticles may tower the expression of a target protein by at least 40%.

{0865]  Insoow eobodiments, the administration of AAV particles (e.g., an AAV pardicle
coraprising ag AAYV capsid polypeptide, e.8., an AAV capsid variant) comprising a viral gencroe with
a nucleic acid sequence encoding one o7 raore siRNA molecules to a subject may lower the
expression of a target protein in the ONS of a subject. The expression of a target protein may be
lowered by about 30%, 40%, 50%, 60%, 70%, 80%, 83%, 90%, 95% and 100%, or at least 20-30%
23-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%, 30-50%, 30-60%,
30-70%, 30-80%, 30-90%, 30-95%, 30-100%, 40-30%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%,
40-100%, 30-60%, 50-70%, 50-80%, 30-90%, 30-85%, 50-100%, 60-70%, 60-80%, 60-90%, 60~
95%, 60-100%, 70-80%, T0-90%, 70-05%, 70-100%, 80-00%, 80-953%, 80-100%, 90-95%, 90-100%
or 95-100% in a subject such as, but not limited to, the CNS, a region of the UNS, or a specific cell of
the UNS, or a muscle, a region of a muscle, or a cell of a muscle, of a subject. As a non-limiting
examaple, the AAV particles may lower the expression of a target protein by at least 50%. As a non-
linuting example, the AAV particles may lower the expression of a target profein by at loast 40%.
{08781  Insonwc cobodiments, the AAV particies (e.g., an AAV particle comprising an AAV
capsid polvpeptide, ¢.g., an AAV capsid vartant) comprising a viral genome with a nucleic acid
sequence encoding one or more siRNA molecules may be used to suppress a target protein in
astrocytes in order 1o treat neurclogical discase. Target protein in astrocyies may be supprcssed bv
5%, 10%, 1556, 20%, 25%, 30%, 35%, 40%, 45%, $0%, 55%, 60%, 65%, 70%, 75%, 80%, &5%,
90%, 95%, or more than 95%, 5-15%, $-20%, 5-25%, 5-30%, 5-35%, 5-40%, 5-45%, 5-50%, 5-55%
5—609/6, 5-65%, 5-70%, 5-75%, 5-80%, 5-85%, 5-90%, 5-95%, 10-20%, 10-25%, 10-30%, 10-35%,
10-40%, 10-45%, 10-50%, 10-55%, 10-60%6, 10-65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%,
10-93%, 15-25%, 15-30%, 15-35%, 15-40%, 15-45 5
15-75%, 15-80%, 15-85%, 15-80%, 15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-50%, 20-55%,

20-60%, 20-65%, 20-70%, 20-75%, 20-80%, 20-853%, 20-90%, 20-95%, 25-35%, 25-40%, 25-45%,

15-50%, 15-535%, 15-60%, 13-65%, 15-70%

25-50%, 25-55%, 25-60%, 25-63%, 25-70%,, 25-75%, 25-80%, 25-85%, 23-90%, 25-95%, 30-40%,
30-45%, 30-50%, 30-55%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80%, 30-85%%, 30-90%, 30-95%,
35-45%, 35-50%, 35-55%, 35-60%, 35-65%, 35-70%, 35-75%, 35-80%, 35-85%%, 35-90%, 35-95%,
40-50%, 40-55%, 40-60%, 406-63%, 40-70%, 40-75%, 40-80%, 40-85%, 40-90%, 40-95%, 45-55%,
45-60%, 45-65%, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-65%, 50-70%,
50-75%, 50-80%, 50-85%, 50-90%, 50-95%, 55-65%, 55-70%, 55-75%, 55-80%, 35-85%, 55-90%,
55-95%, 60-70%, 60-75%, 60-80%, 60-85%, 60-90% o, 03-80%, 65-85%, 65-90%
65-95%, 70-80%, 70-85%, 70-90%, 70-95%, 75-85%, 75-90%, 75-95%, 50-90%, 80-95%, or 90-
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6%, 10-65%,
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0%, 25-75%, 21
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capsid polypeptide, e.g., an AAV capsid vagant) coraprisiog a viral gesome with a nucleic acid

SCQUeBCe €ac

oding one or more siRNA mnlecules may be used 10 suppress a target protein in

miceoglia. The suppression of the target proteinia m:icroglia may be, independently, suppressed by
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,

90%, 95%, or more than 95%, 5-15%, 5-20%,

5-65%, 5-70%, -7

5-60%,
10-40%, 10-43%, 10-50%,
10-95%, 15-25%, 13-30%,
15-75%, .. 15-85%,

20-60%,

o, 40-60%,
o, 59-8()':'/6, 50-85%,

, 70-80%, 70-85%,

$%, 3-80%,
10-55%, 10-60%, 10-65%,
35%, 15-40%,
15-95%,
5, 20-75%, 20-80%,
5, 25-65%,
s, 30-60%, 30
5, 35-60%, 35
40-65%,
Yo, 43-63%%, 45-T0%, 45-75%, 45
50-90%,
60-T0%, 60-75%, 60-80%,

5-85

15-
15-90%,

TG-90%,

70-95%,

%, 5-90%, 3

15-45%,
20-30%,

§-25%, 5~30“‘/<}, 3-35%

5359,
53

50% 5, 60%, 65%

-95%,.

15-55%,

. 20-40

Py
50%,

15~
. 20-35%,

15 -

10-75%,

35-80%,
0%, 40-85%,
Vo, 45-95%,
b, 55-75%,
. 60-90%, 60-95%, 65-75%, 65-80%
75-85%, 75-90%, 75-95%, 80-90%,

. 70%.
5-40%, 5-45%,
. 10-20%, 10-25%, 10-30%, 10-35%
16-80%, 10-85%,
15-60%,
%o, 20-45%,
5, 25-35%, 2
5, 25-90%,
5, 30-85%
35-85%, 35
4G-90%
50-60%
55-80%

The reduction may be 5%, 10%, 15%, 209, 25%, 30%, 35%, 40%, 45%

75%%, $0%, 85%,

§-50%. 5-55%,

10-90%,
15-65%, 15-70%,
20-50%, 20-55%,
25-40%,
%, 30-40%,
%, 30-95%,

Ya, 35-95%,

25-45%,

y DU

Yo, 45-55%,
‘o, S0-70%,
. 55-90%,
o, 65-90%,
o, OF B0~

. 50%, 55%, 60%,



WO 2021/230987 PCT/US2021/025061

65%, T0%, 75%, 80%, 85%, 90%, 95%, or more than 95%, 5-15%, 5-20%, 5-25%, 5-30%, 3-35%, 5-
40%, 3-45%, 5-50%, 5-55%, o 5-65%, 5-70%, 5-75%, 5-80%%, 5-85%,
10-25%, 10-30%, 10-35%, 10-40%, 10-45%, 10—5()“/59 10-55%, 10-60%, 10-659
10-80%, 10-85%., 10-90%, 10-93%, 15-25%, 15-30%, 15-35%, 15-40%. 13-45%, 15-50%, 15-55%,
15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-00%, 15-95%, 20-30%, 20-35%, 20-40%;
20-45%, 20-50%, 2
25-35%, 25-40%, 25

Yoo, 20-65%, 20-70%, 20-75%, 20-80%, 20-85%, 20-90%, 20-95%,
Vo, 25-85%, 25-60%, 25-65%, 2570%, 25-75%, 35-80%, 25-85%,
35-90%, 25-95%, 30-30%, 30-43%, 30-50%, 30-55%, 30-60%, 30-65%, 30-T0%, 30-75%, 30-80%,
30-85%, 30-90%, 30-95%, 35-45%, 35-50%, 35-35%, 35-60%, 35-65%, 35-70%, 35-75%, 35-80%,
35-85%, 35-90%, 35-95%, 40-50%, 40-55%, 40-60%, 40-65%, 40-70%, 40-75%, 40-80%, 40-85%,
40-90%, £0-95%, 45-55%, 45-60%, 45-65%, 43-70%, 45-73%, 45-80%, 43-85%, 45-90%, 43-93%,

50-60%, 50-65%, 50-70%, 50-75%, 30-80%, 50—85%, 50-90%, 50-95%, 55-65%, 55-70%, 55-75%,
55-80%, 55-85%, 55-90%, 55-95%, 60-70%, 60-75%, 60-80%, 60-85%, 60-90%, 60-05%, 65-75%,

65-80%, 65~85%, 65-90%, 65-93%, T0-80%, 70-85%, 70-90%, 70-95%, 75-85%, 75-00%, 75-95%,
80-90%, 80-95%, or 90-95%.

{0872} Insome embodiments, the AAV particles (e.g., an AAV particle comprising an AAV
capsid polypeptide, e.g., an AAV capsid vanard) coraprising a viral gesonwe with a nucleic acid
sequence enceding one or mnre sIRNA molecules may be used to suppress {arget protein in cortical
neurons. The suppression of a target protein in cortical nenrons may be, independently, suppressed by
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
00%, 95%, or more than 95%, S-15%, 5-20%, $-25%, 5-30%, 5-35%, 5-40%, 3-45%, 3-30%, 5-55%
5-60%, 5-65%, 3-70%, $-75%, 5-80%, 5-85%, 5-90%, 5-95%, 10-20%, 10-25%, 10-30%, 10-35%
10-40%, 10-45%, 10-30%, 10-55%, 10-60%, 10-65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%,
10-93%, 15-25%, 15-30%, 15-35%, 15-40%, 15-45%, 15-50%, 15-55%, 15-60%, 15-65%, 15-70%,
15-75%, 15-80%, 15-83%, 15-90%, 15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-30%, 20-35%,
20-60%, 20-65%, 20-70%, 20-73%, 20-80%, 20-85%, 20-90%, 20-95%, 23-35%, 25-40%, 25-45%,
25-50%, 25-55%, 25-60%, 25-65%, 25-70%, 253-75%, 25-80%, 25-85%, 25-90%, 25-05%, 30-40%,
30-45%, 30-50%, 30-35%, 30-60%, 30-65%, 30~70%, 30-75%, 30-80%, 30-85%, 30~00%, 30-95%
35-45%, 35-50%, 35-35%, 35-50%, 35-65%, 35-70%, 35-75%, 35-80%, 35-85%, 35-90%, 35-95%,
40-50%, 40-55%, 40-60%, 40-65%, 40-70%, 40~75%, 40-80%, 40-85%, 40-90%, 40-95%, 45-55%,
45-60%, 43-63%, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-65%, 50-70%,
50-75%, 50-80%, 50-85%, 50-90%, 50-95%, 55-65%, $5-70%, 55-75%, 55-80%, 55-85%, 55-90%,
55-95%, 60-70%, 60-75%, 60-80%, 60-85%, 60-90%, 60-95%, 65-75%, 65-80%, 65-85%, 65-90%,
65-95%, 70-80%, T0-85%, 70-90%, 70-95%¢, 75-85%, 75-90%, 75-95%, 80-20%, 803-95%, or 20~
95%. The redoction may be 5%, 10%, 15%, 209, 25%, 30%, 35%, 40%, 435%, 50%, $55%, 60%,

65%, T0%, 75%, 80%, 83%, 90%, 95%, or more than 95%, 5-15%, 5-20%, 5-25%, 5-30%, $-35%, 5-
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40%, 5-45%, 5-50%, 5-35%, 5-60%, 5-65%, 5-70%. 5-75%, 5-80%, 5-85%, 5-90%, 5-95%, 10-20%,
10-25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-30%, 10-55%, 10-60%, 10-63%, 10-70%, 10-75%,
10-80%, 10-85%, 10-909%, 10-95%, 15-25%, 15-30%, 15-35%, 15-40%, 15-459

15-60%, 13-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-90%, 15-95%, 20-30%, 20-35%, 20-40%,

b, 15-30%, 15-55%,

20-45%, 20-50%, 20-55%, 20-66%, 20-65%, 20-70%, 20-75%, 20-80%, 20-85%, 20-90%, 20-95%,
25-35%, 25-40%, 25-45%, 25-50%, 25-55%, 25-60%, 25-65%, 25-7 3%, 25-80%, 25-85%,

25-90%, 25-95%, 30-40%, 30-43%, 30-50%, 30-35%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80%,

30-83%, 30-90%, 30-93%, 35-45%%, 35-30%, 35-35%, 35-60%, 35-63%, 35-T0%, 35-75%, 35-80%,
35-85%, 35-90%, 35-93%, 40-S0%, 40-35%, 40-60%, 40-65%, 40-70%, 40-75%, 40-80%, £0-85%,
40-90%, £0-95%, 45-35%, 45-60%, 45-65%, 43-70%, 45-73%, 45-80%, 43-85%, 45-90%, 45-93%,
50-60%, 50-65%, 50-70%, 50-75%, 50-80%, 50-85%. 50-00%, 50-95%, 55-65%, $3-70%, 55-75%,
55-80%, 55-85%, 55-90%, 55-95%, 60-T0%, 60-75%. 60-80%, 60-85%, 60-90%, 60-95%. 65-75%,

s, 70-95%, 75-85%, 75-90%, 75-95%,

‘ﬂ\

65-80%, 65-85%, 65—90%, 65-95%, 70-80%, 70-85%, T0-90%
80-90%, 80-95%, or 90-05%.

{0873]  Insome embodiments, the AAV particles (e.g., an AAV particle comprising an AAV
capsid polypeptide, e.g., an AAV capsid variant) compn‘sing a viral genome with a nucleic acid
sequence encoding one or more SiIRNA molecules may be used (o suppress a target protein in
hippocampal neurons. The suppression of a target proteio in the hippocaropal neurons may be,

10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 35%, 60%,

independently, suppressed by 5%,

65%, T0%, 75%, 80%%, 85%, 90%, 95%. or mote than 95%, 5-15%, 5-20%, 5-25%, 5-30%, 3-33%, §-
40%, 3-43%, S-30%, 5-55%, 5-60%, 5-65%, 3-70%, 5-75%, 3-80%, 5-85%. 5-90%, 5-95%, 10-20%,

10-25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-35%6, 10-60%, 10-65%, 10-70%, 10-75%,
10-80%, 10-85%, 10-90%, 10-935%, 15-23%, 15-30%, 13-35%¢, 15-40%, 13-45%, 15-50%, 15-55%,
15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-90%, 15-95%, 20-30%, 20-35%, 20-40%,
20-45%, 20~30%, 20-55%, 20-60%, 20-65%, 20-70%, 20-75%, 20-80%, 20-85%, 20~90%, 20-95%,
25-35%, 25-40%, 25-45%, 25-50%, 25-535%, 25-60%, 253-65%, 25-70%, 23-75%, 25-80%, 25-85%,
25-90%, 253-95%%, 30-40%, 30-43%, 30-30%, 30-35%, 30-60%,, 30-65%, 30-70%, 30~-75%, 30-80%,
30-85%%, 30-90%, 30-95%, 35-45%, 35-50%, 35-55%, 35-60%, 35-65%, 35-T0%, 35-75%, 35-80%,
35-85%, 35-90%, 35-95%, 40-50%, 40-55%, 40-60%, 40-6G3%, 40-70%, 40-75%, 40-80%, 40-85%,
40~90%, 40-959%, 45-55%, 45-60%, 45-653%, 45-70%, 43-75%,, 45-80%, 45-85%, 45-00%, 45-95%,
50-60%, 50-63%0, 30-T0%, 30-75%, 50-80%, 50-85%, 50-90%, 50-95%, 53-65%, 55-70%, 55-75%,
55-80%, 55-835%%, 35-90%, 55-95%, 60-70%, 60-75%, 60-80%, 60-85%, 60-90%, 60-95%, 65-75%,
635-50%, Yo, 65-90%;, 65-95%, T0-80%, T0-85%0, 70-90%, T0-95%, 75-85%, 75-90%, 75-95%,
50-90%, 80-93%, or 90-95%. The reduction may be 3%, 10%, 15%, 20%. 25%, 306%, 35%, 40%,
435%, S0%, $5%, 60%, 65%, T0%, 75%, 80%, 835%, 90%, 95%, or more than 95%, 3-13%, $-20%¢, 5-

25%, §-30%, 3-33%, 5-40%, 5-45%, 5-50%, 5-55%, 3-60%, 5-65%, 5-70%, 5-75%, 5-80%, 5-85%

>
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5-90%, 5-95%, 10-20%, 10-25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-55%. 10-60%, 10-
65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-35%, 15-40%, 15-
45%, 15-50%, 15-55%, 15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-00%, 15-95%, 20-
30%, 20-35%, 20-30%, 20-43%, 20-50%, 20-35%, 20-60%, 20-63%, 20-70%, 20~

85%, 20-90%, 20-03%, 25-35%%, 25-40%, 25-45%, 25-30%, 25-55%, 25-60%, 25-65%, 25-70%, 25-

\5

5%, 20-80%, 20-

75%, 25-80%, 25-B5%, 25-90%%, 25-95%, 30-40%, 30-45%, 30-50%, 30-55%, 30-60%, 30-65%, 30-
0%, 30-75%, 30-80%, 30-85%, 30-90%, 30-95%, 33-45% 33-50%, 33-55%%, 35-60%, 35-65%, 33-
0%, 3575%, 358 5-85%, 35-90%, 35-95%, 40-30%, 40-55%. 40-60%, 40-65%, 40-70%, 40~
75%, 40-80%, 40-85%, 40-90%, 40-95%, 45-35%, 43-60%, 43-65%, 45-T0%, 45-75%, 45-80%, 43-
85%, 45-90%, 45-95%, 50-60%, 50-65%, 50-70%, 50-75%, 50-80%, 50-85%, 50-90%, 50-05%, 55-
65%, 55-70%, 55-75%, 55-80%, 55-85%, 55-00%, 55-05%, 60-70%, 60-75%, 60-80%, 60-85%, 60-
0%, 60-95%, 65-75%, 65-80%, 65-85%, 65-90%, 65-95%, 70-80%, T0-85%, 70-90%, 70-05%, 75-

o, T5-95%, 80-90%, 80-95%, or 90-95%.
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{1874]  Insome embodiments, the AAV particles (e.g., an AAV particle comprising an AAV
capsid polypeptide, e.g., an AAV capsid variant) cempﬂsing a viral genome with a nucleic acid
sequence encoding one or more siRNA molecules may be used to suppress a target protein in DRG
and/or syrapathetic neurons, The suppression of a target protein in the DRG and/or sympathetic
neurons may be, independently, suppressed by 5%, 10%, 15%, 20%, 25%, 30%,. 33%, 40%, 45%,
30%, 359, 60%, 63%%, T0%, 75%, 80%, 85%%, 90%, 95%, or mwore than 93%, 5-15%, 5-20%, 3-25%
5-30%, 5-35%, 5-40%, S-45%, 5-50%, 5-35%, 5-60%, 5-653%, 5-70%, 5-75%, 5-80%, 5-85%, 5-90%,
5-95%, 10-20%, 10-25%, 10-30%, 10-35%, 10-40%, 10-43%, 10-30%, 10-35%, 10-60%, 13-65%
10-70%, 10-75%, 10-80%, 106-55%, 10-90%, 10-95%, 15-25%, 15-30%, 13-35%, 15-40%, 15-45%,
15-50%, 15-535%, 15-60%, 15-63%, 15-70%, 15-75%, {5-80%, 15-83%, 13-90%, 15-95%, 20-30%,
20-33%, 20-40%, 20-45%, 206-30%, 20-55%, 20-60%, 20-63%, 20-70%, 20-75
20-90%, 20-85%, 25-35%, 25-40%, 25-45%, 25-50%, 25-55%, 25-60%, 23-05%, 25-70%, 25-75%,
25-80%%, 25-85%, 25-90%, 25-93%, 30-40%, 30~45%, 30-30%, 30-55%, 30-60%, 30-65%, 30-70%,
30~75%, 30-80%%, 30-85%, 30-90%, 30-95%, 35-45%, 35-50%, 35-55%, 35-60%, 35~63%, 35-70%,
35-75%, 35-80%, 35-85%, 35-90%, 35-95%, 40-50%, 40-55%, 40-60%, 40-65%, 40-70%, 40-75%,
40~80%, 40-83%, 40-90%, 40-95%, 45-35%, 45-60%, 45-65%, 45-70%, 45-75%, 45~80%, 45-85%,
45-00%, 43-95%, 50-60%, 50-65%, 50-70%, 50~75%, 50-80%, 50-85%, 50-90%, 50-95%, 55-65%,
55-70%, 55-75%, 55-80%, 55-85%, 55-90%, 55-95%, 60-70%, 60-75%, 60-80%, 60-835%, 60-90%,
60-95%, 63-T5%, 65-80%, 65-85%, 65-90%, 65-95%, T0-80%, 70-85%, 70-90%, 70-95%, 75-85%,
75-90%0, 73-93%, 80-90%, 80-95%, or 90-95%. The reduction may be 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%. 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%. or more thag 93%,
5-15%, 5-20%, 5-25%, 3-30%, 5-35%, 5-40%, 5-45%, 5-50%, 5-55%, 5-6(%, 5-65%, 5-70%, 5-75%,
5-80%, 5-85%, 5-00%, 5-95%, 10-20%, 10-25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-

%%, 20-80%, 20-85%,
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55%, 10-60%, 10-65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-
35%, 15-40%, 15-45%, 15-50%. 15-55%, 15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-
90%, 15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-50%, 20~35%, 20-60%, 20-65%, 20-70%, 20~
75%, 20-80%, 2 S, 20-5%, 25-35%, 25-40%, 25-43%, 23-50%, 25-35%, 25-60%, 25~
65%, 25-70%. 25-75%, 25-80%%, 25-85%, 25-90%, 25-95% 30-40%. 3( ¥

0, 30-55%, 30-
30-80%, 30-85%, 30-90%, 30-93%%, 33 5, 35-35%, 35-

60%, 30-63%, 3

60%, 35-65%, : 35-80%, 35-85%, 35-90%, 35-95%, 40-50%, 40-35%, 40-60%, 40-
5%, 40-70%, 40-75%, 40-80%, 40-85%, 40-90%, 40-95%, 45-559 -60%, 45-65%, 45-70%, 45-

6. 43-6
75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-65%, 50-70%, 50-75%, 50-80%, 50-85%, 50~
0%, 50-95%, 55-65%, 55-70%, 55~75%, 55-80%, 55-85%, 55-90%, 55-95%, 60~70%, 60~75%, 60-
80%, 60-85%, 60-90%, 60-95%, 65~75%, 65-80%, 65-83%, 65-90%, 65-95%, 70-80%, 70~85%, 70-
80%, T0-95%, 75-85%, 75-90%, 75-95%, 80-00%, 80-95%, or D0-95%,
{3875}  Insome embodiments, the AAY particles {e.g., an AAV particle comprising an AAV
capsid polypeptide, .2., an AAV capsid variant) comprising a viral genome with a nucleic acid
sequence sncoding one or more siRNA molecules may be used to suppress a target profein in sensory
neurons in order to treat neurological discase. Target protein in sensory neurons may be suppressed by
5%, 10%%0, 15%, 20%, 25%. 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
%, 95%, or more than 95%, $-15%, 5-20%, 5-25%, 5-30%, 5-35%, 5-40%, 5-45%, 5-50%, 5-55%,
5-60%, 5-65%, 5-70%, 5-75%, 5-80%, 5-83%, 5-90%, 5-95%, 10-20%, 10-25%, 10-30%, 10-35%,
10-40%, 10-45%, 10-530%, 10-53%, 10-60%, 10-65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%,
10-95%, 15-25%, 15-30%, 15-35%, 15-40%, 15-45%, 135-30%, 15-55%, 13-60%, 15-65%, 15-70%,
15-75%, 15-80%, 15-85%, 15-90%, 15-95%, 20-30 $%%. 20-40%, 20-45%, 20-50%, 20-35%,
20-60%, 20-65%, 20-70%, 20-73%, 20-80%, 20-85%, 20-90%, 20-95%, 25-35%, 25-40%, 25-45%,
25~30%, 25-55%, 25-60%, 25-653%, 25-70%, 25-75%, 25-80%, 25-85%, 23-90%, 25-05%, 30-40%,
30-45%, 30-30%, 30-55%, 30-60%, 30-65%, 30-70%, 30-73%, 30-80%, 30-85%, 30-90%, 30-95%,
35-45%, 35-30%, 35-55%, 35-60%, 35-65%, 35-70%, 35-75%, 35-80%, 35-85%, 35-00%, 35-95%,

40-50%, 40-55%, 40-60%, 40-65%, 40-70%, 40~75%, 40-80%, 40-85%, 40-90%, 40-95%, 45-55%,

N

b

45-60%, 43-65%, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-65%, 50-70%,

50-75%, 50-80%, 50-85%, 50-90%, 50-95%, 55-65%, 55-70%, 55-75%, 55-80%, 55-85%, 55-90%,

55-95%, 60-70%, 60-75%, 60-80%, 60-85%, 60~90%, 60-95%, 65-75%, 65-80%, 65-85%, 653-90%,
Q

65-95%, T0-80%, T0-85%, 70-90%, 70-05%, 75-83%, 75-90%, 75-95%, 80-90%, 80-93%, or 90-
95%. Target protein in the sensory newrons may be reduced may be 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%%, 65%, T0%, T5%, 80%, 83%, 90%, 95%, or more than 95%, 5-15%,
5-20%, 5-25%, 5-30%, 3-33%, 5-40%, 5-45%, 5-30%, 5-35%, 3-60%, 5-65%, 3-70%, 5-75%, 5-80%,
5-85%, 5-90%, 5-95%, 10-20%0, 10-25%, 10-30%, 10-35%, 10-40%, 10-43%, 10-50%, 10-55%, 10-
60%, 10-63%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-35%, 15-
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40%, 15-45%,

95%, 20-30%,
80%,

T0%, 25759

20-85%,

65%, 30
65%, 35-70%, 35-75Y%
0%, 4
80%, 45
5%,
85
95%, 75-85%, 7

[0876]

(J
Vo,

o, 40-83
6, 453-95%, 50-60%,

o, $5-75%, $5-80%,

60-90%, 60-95%, 6

e, 15-60%,

b, 25-95%,

%, 40-90%,

35-73%, 65-80%, 65-85%,
8, 75-95%, 80-90%, 80-95%,

In some embodiments, the AAY particies {e.

15-63%, 15-70%, 15-7
o, 20-45%, 20-50%,

25-40%,

o, 30-90%,
o, 35-90%,
40-95%;,
50-65%,

55-85%,

20-55%,
25-45%,

30-40%, 30~

36-95%, 35-45%, 3!

35-95%, 40-50%
45-55%, 45-60%
50-70%, 50-75%
35-80%, 55-95%
65-80%, 65-95%

or 90-05%,

o, 43-03%,

o, S0-50%,
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15-80%, 15-85%, 15-90%, 15-
20-63%, 20-70%, 20-75%, 20~
25-53%, 25-60%, 25-65%, 25~

50 30-60%, 30-

0, 35-60%, 35-
 40-60%, 40-65%, 40~
4570%, 45-75%, 43-
50-85%,

50-90%, 50-

o, 60-T0%, 60-75%, 60-80%, 60-

T0-80%, T0-85%, T0-90%, T0-

., an AAV particle comprising an AAVY

capsid polypeptide, e.g., an AAV capsid variant) compﬁsing a viral genome with a nucleic acid

sequence encoding one or more siRNA molecules may be used to suppress a target protein and reduce

symptors of neurclogical disease in a subject. The suppression of target protein and/or the reduction

of syraptoms of neurological discase may be, independently, reduced or suppressed by 5%, 10%,

15%, 20%, 25%,

more than 95%

65%, 3-7
45%,
25%, 15-30%, 1
80%, 15-85%, 1
63%, 20-70%, 2

30%, 35

b, 3-20%, 5-25%, 1

b, 5-80%,

{0-50%, 10-33%,
3

6, 15-935%,

o, 20-50%,

-30%
, 5-85%, 5-90%, 5-95

16-60%
20-30%, 20-35%

20-85%,

%, 40%, 45%, 50%, 55%,
5-35%, 5-40%, §
%%, 10-20%, 10-25%, 10-
, 10-65%, 10-70%,
6, 15-40%, 15-45%, 15-50%,
20-40%

20-90%,

60%, 65%, 70%

10-75%, 10-80%,
15-55%, 15-60%
, 20-45%

20-95%, 25-35%,

5-45%

T5%%, 80%, 83%, 90%, 95%,
5-50%, 5-55%, $-60%, 5-
30%, 10-35%, 10-40%6, 10-
10-85%%, 10-90%, 10-95%, 15-

Qr

. 15-63%, 15-70%, 15-75%, 15~

- 20-50%, 20-55%, 20-60%, 20-
25-40%, 25-45%, 25-50%, 25-

55%, 25-60%, 25-65%, 25-T0%, 25-75%, 25-80%, 25-85%, 25-90%, 25-95%, 30-40%, 30-45%, 30-
50%, 30-55%, 30-60%, 30-65%, 30-T0%, 30-75%, 30-80%, 30-85%, 30-90%, 30-93%, 35-45%, 35-
50%, 35-55%, 35-60%, 35-65%, 35-T0%, 35-75%, 35-80%, 35-85%, 33-90%, 35-05%, 40-50%, 40-
55%%, 40-60%, 40-65%, 40-T0%, 40~75%, 40-80%, 40-85%, 40-90%, 40-95%, 45-55%, 45-60%, 45-
63%, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 30-65%, S0-70%, 50-73%, 50-
80%%, 50-85%, 50-90%, 50-95%, 55-65%, 55-70%., 55-75%, 55-80%, 55-85%, 55-90%, 55-95%, 60~

T0%, 60-75%, 60-80%,

#0%, T0-85%, 70-90%,

capsid polypeptide, e.g

=183

50-85%, 60-90%,

T0-95%, 75-85%, 75-9

Yo, 65-75%,

65-80%,
Y, $0-90%,

7
i

5-95

65-85%, 65-90%,
80-95%, or 90-95%.

Tn some crobodinents, the AAV particles (e.g., an AAV particle comprsing an AAV

an AAV capsid vatant) comprising a viral genome with a nucleic acid

sequence encoding one or more siRNA molecules may be used to reduce the decline of functionat

capacity and activities of daily Hving as measured by a standard evaluation system sach as, but not

Bmited to, the total functional capacity (TFC) scale.
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{6878]  Insome embodiments, the present composition is administered as a solo therapoutic or as
combination therapeutic for the treatment of a neurological disease/disorder or a neurodegenerative
disorder, a nuscular disorder or neuromuscular disorder, and/or a neuro-oncological disorder.

{3879]  The AAV particles {e.g., an AAV particle comprising an AAV capsid polvpeptide, e.g., an
AAV capsid variant) comprising a viral genome with a nucleic acid sequence encoding one or more
siRNA molecules may be used in combination with one or more other therapeutic agents. To some
cmbodiments, compositions can be adoinistered concurrently with, prior to, or subsequent to, one ot
more other desired therapeutics ot nwedical procedures. In general, each agent will be administered at
a dose and/or on a time schedule determined for that agent.

{088G]  Therapeutic agents that mayv be used in combination with the AAV particles (e.z., an AAV
particle comprising an AAV capsid polypeptide, e.g.. an AAV capsid variant) comprising a viral
genome with a nucleic acid seguence encoding one or more siRNA molecules can be small molecule
compounds which are antioxidants, anti-inflammatory agents, anti-apoplosis agents, calciam
regulators, antiglutamatergic agoents, structural protein inhibitors, compounds involved in muscle
function, and compounds involved in metal ion regulation.

{0881]  Compounds tested for treating neurological disease which may be used in combination
with the AAV particles comprising a viral genome with a nucleic acid sequence encoding one or more
siRNA molecules inclade, but are not limited to, cholinesterase inhibitors (donepezil, rivastigming,
galantamine), NMD A roceptor antagonists such as memantine, anti-psychotics, anti-depressants, anti-
conwvidsants (¢.g., sodinm valproate and levetiracetam for myvoclonus), secretase inhibitors, amyloid
aggregation inhibitors, copper or zine modulators, BACE inhibitors, inhibitors of tau aggregation,
such as Methylene blue, phenothiazines, asthraquinones, n-phenylamines or rhodamines, microtubule
stabilizers such as WAP, taxol or paclitaxel, kinase or phosphatase inhibitors such as those targeting
GSK3p (lithivm) or PP2ZA, bumunization with Af peptides o1 tan phospho-epitopes, aati-tas or anti-
amyloid antibodies, dopanmige-depleting agents {e.g., tetrabenazine for chorea), benzodiazepines (e.g.,
clonazeparn for myoclonus, chorea, dystonia, nigidity, and/or spasticity), . amino acid precursors of
dopamine (¢.g., levodopa for rigidity), skeletal muscle relaxants {e.g., baclofen, tizamdine for ngidity
and/or spasticity ), inhibitors for acetylcholine release at the nesromaescalar junction to cause rauscle
paralysis {¢.g., botulinum toxin for bruxism and/or dystonia), atypical neurcleptics {e.g., olanzipine
and quetiapine for psychosis and/or irritability, risperidone, sulpiride and halopenidol for psychosis,
chorea and/or irritability, clozapine for treatment-resistant psychosis, aripiprazole for psychosis with
prominent negative symploms), selective serotonin reuptake inhibitors (S8RIs) (e.g., citalopram,
fluoxetine, paroxetine, sertraline, mirtazapine, venlafaxine for depression, anxiety, obsessive
compuisive behavior and/or trritability), hypnotics (e.xz., xopiclone and/or zolpidem for altered sleep-
wake cycle), anticonvulsants (e.g.. sodium valproate and catbamazepine for mania or bypomania) and

mood stabilizers (e.g., lithiom for mania or hypomania).
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{6882]  Neurotrophic factors may be used in combination therapy with the AAV particles {e.g., an
AAV particle comprising an AAV capsid polypeptide, e.g., an AAV capsid variant) comprising a
viral genome with a nucleic acid sequence encoding one or more siRNA molecules for freating
neurclogical disease. Generally, a neuwrotrophic factor is defined as a substance that promotes survival,
growth, differentiation, proliferation and/or maturation of a neuron, ot stinwlates tncreased activity of
a neoron. [ some embodiments, the present methods futther comprise delivery of one or more trophic
factors inéo the subject in seed of treatoent. Trophic facters may include, but are not limited to, IGF-
I, GDNF, BDNF, CTNF, VEGF, Colivelin, Xaliproden, Thyrotrophin-releasing hormone and ADNF,
and variants thereof.

{8883}  Inone aspect, the AAV partick {e.g., an AAV particle comprising an AAV capsid
polvpeptide, e.g.. an AAV capsid variant) encoding the nucleic acid sequence for the at least one
siRNA duplex targeting the gene of interest may be co-administered with AAV particles expressing
neurotrophic factors such as AAV-IGE-I (See ¢.g., Vincent et al., Newromolecular medicine, 2004, 6,
79-85; the content of which is incorporated herein by reference in its entirety) and AAV-GDNF (See
¢.g.. Wang et al., J Neurosci,, 2002, 22, 6920-6928; the contents of which are incorporated herein by
reference in their entirety ).

{3884]  Tn some embodiments, administration of the AAV particles (e.g., an AAV particle
comprising an AAV capsid polvpeptide, e.g., an AAV capsid variant) o a subject will modulate, e.g.,
reduce the presence, level, activity, and/or expression of a target gene, mRNA, and/or proteinin a
subject and the reduction of expression of the target protein will reduce the effects and/or sy mptons
of a neuraiogical disease/disorder or a neurodegenerative disorder, a mouscular disorder or

neuronuscuiar disorder, and/or a neuro-oncological disorder 1n a subject,

b

INITIONS

{3885]  Unless defined otherwise, all technical and scientific terms vsed herein have the same
meaning as cornrponly naderstood by one of ordinary skl in the art to which the invention pertains.
{0886]  Axticles suchas “a,” “an,” and “the” raay mean one or more than one unless indicated o
the contrary or otherwise evident from the context. Claims or descriptions that include “or” between
one or more members of a group are considered satisfied if one, more than one, or all of the group
members are present in, emploved in, or othenwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the context. The disclosure inciudes embodiments
in which exactly one member of the group is present in, employed in, or otherwise relevant to a given
product or process. The disclosure includes embodiments in which more than one, or the entire group

members are present in, eraploved in, or otherwise relevant to a given product or process.
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{0887}  1iis also noted that the term “comprising” is intended to be open and permiis but does not
require the inclusion of additional elements or steps. When the term “comprising” is used herein, the
term “consisting of” and “consisting essentially thercof™ is thus also encompassed and disclosed.
{0888]  Where ranges are given, endpoints are inclnded. Furthermore, it is to be understood that
unless otherwise indicated or otherwise evident {rom the context and understanding of one of ordinary
skill 1a the art, valoes that are expressed as tanges can assurne any specific value or subrange withio
the stated ranges in different crabodiments of the disclosure, to the tenth of the unit of the lower himit
of the range, unless the context cleaddy dictates otherwise.

{0885]  Addeno-associated virus: As used herein, the term “adeno-associated virus” or "AAV”
refers to members of the dependovitus genus or a variast, .2, a functional vantand, thereof. Insome
embodiments, the AAV 15 wildtype, or naturally occurring. In some embodiments, the AAV is
recormbinant.

{083G] A4V Particle: As used hereln, an “AAV particle” refers o a particle or a virion coraprising
an AAY capsid, ¢.g., an AAV capsid vanant, and a polynucieotide, ¢.g., a viral genome or a veclor
genome. In some embodiments, the viral genome of the AAV particle comprises at feast one payload
region and at least one ITR. In some embodiments, an AAV particle of the disclosure is an AAV
particle comprising an AAV capsid polypeptide, ¢.g., a parent capsid sequence with at least one
peptide, ¢.g., targeting peptide, insert. In some embodiments, the AAV particle is capable of
delivering a nucleic acid, ¢.g., a payvload region, encoding a payload to cells, typically, mammalian,
¢.g., human, celis. In somee cmbodiments, an AAV particle of the present disclosure may be produced
recombinantiv.. In some embodiments, an AAV particle may be derived from any serotype, described
herein or known in the art, iscloding cornbinations of serotypes (2.2., “pseudotyped” AAV) or from
varicus genomes (.1, single stranded or self-complermentary). In some crabodiments, the AAV
particle may be replication defective and/or targeted. In some embodiments, the AAV patticle may
comprises a peplide, €.g., targeling peptide, present, e.g., inserted into, the capsid to enhance tropism
for a desired target fissne. 1t 18 to be anderstood that reference to the AAV particle of the disclosure
also includes pharmaceutical compositions thereof, even if not explicitly recited.

{8831}  Administering: As used berein, the term "administering” refers to providing a
pharmacentical agent or composition o a subject.

{0892 Amelioration: As used herein, the term "amelioration” or “ameliorating” refers to a
lessening of severity of at least one indicator of a condition or disease. For example, in the context of
neurodegencration disorder, amelioration includes the reduction of neuron loss.

[8893]  Ampficon: Asused herein, “amplicon” may refer to any picce of RNA or DNA formed as
the product of amplification events, ¢.g. PCR. In some embodiments, full-length capsid amplicons

may be used as teraplates for next generation sequencing (NGR) library generation. Full-length capsid

xS
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(o8]



WO 2021/230987 PCT/US2021/025061

amplicons may be used for cloning Uito a DNA librawy for anv number of additional rounds of AAV
selection as described herein.

{0894]  dmimad: Asused berein, the term “animal” refers to any member of the animal kingdom.
{n sonie eobodiments, “animal” refers to humans at any stage of development. Insome
embodiments, “animal” refers to non-human animals at any stage of developruent. In certain
ambodiments, the nen-human animal i a mammal {e.g., a rodent, a mwouse, a rat, a rabbit, a monkey, a
dog, a cat, a sheep, cattle, a primate, or a pig). Insone embodiments, animals include, but are not
lirarted to, mammals, birds, reptiles, amphibians, fish, and worms, fn some cmbodiments, the animal
18 a transgenic amimal, genetically engineered animal, or a clone.

{0835]  Ansisense sirand: As used herein, the term “the antisense strand” or “the first strand” or
“the guide strand” of a sIRNA malecule refers 16 a strand that 1s substantially complementary o a
section of about 10-30 nacleotides, ¢.g., about 15-30, 16-25, 18-23 or 19-22 nucleatides of the mRNA
of a gene targeted for silencing. The antisense strand or first strand has sequence sufficiently
complementary fo the desired target mRNA sequence to direct target-specific silencing, e.g.,
complementarity sufficient to trigger the destmuction of the desired target mRNA by the RNAI
machinery or process.

{896]  dpproximately: As used herein, the torm “approximately” or “about,” as applied to one or
more values of interest, refers t0 a valuce that is simitlar to a stated reference value. In certain
crabodiments, the term “approximately” or “abont” refers 1o a range of values that fall within 25%,
20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1%, or less in either direction {greater thap or less than) of the stated reference value unless otherwise
stated or otherwise evident from the countext (except where such number would exceed 100% of a
possible value).

{0897} Biopanning: As used berein, the term “blopanning” refers 1o an AAY capsid library
selection process coraprising administration of an AAV particle with enbanced tissue- and/or celf
type-specific transduction to a cell and/or subject; extraction of nucleotides encoded by said AAY
particle from said wansduced tissue- and/or cell type-specific; and, use of the extracted nucleotides for
cloning into a nucleotide library for the generation of AAY particles for subsequent rounds of the
same.

[8898]  Copsid: As used herein, the term “capsid” refers to the exterior, e.g., a protein shell, of a

vins particle, e.g., an AAV particle, that is substantially (e.g., >50%, >60%, >70%, >80%, >90%,

>05%, >99%, or 100%;) protein. In some embodiments, the capsid is an AAV capsid comprising an
AAV capsid protein described herein, e.g., a VP1, VP2, and/or VP3 polvpeptide. The AAV capsid
protein can be a wild-type AAV capsid protein oy a variant, e.g., a structural and/or functional variant
from a wild-type or a reference capsid protein, referred to herein as an “AAV capsid variant.” In

some embodiments, the AAV capsid vagant described berein has the ability o ¢oclose, ..,
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encapsulate, a viral genome and/or is capable of entry into a cell, ¢.g., a mammalian cell. In some
embodiments, the AAV capsid variant described herein may have modified {ropism compared to that
of a wild~type AAV capsid, ¢.g., the corresponding wild-type capsid.

{08951 Complementary and subsiantially complementary: As used berein, the ferm
“complementary” refers 1o the ability of polynucieotides to form base pairs with one ancther. Base
paits are typically formed by hydrogen bonds between nucleotide naits 18 antiparalie] polynucieotide
strands. Complementary polyruclectide strands can fora base paits in the Waisen-Crick manner (e.g.,
At T, At U, Cto G), orin any other manoer that allows for the formation of duplexes. As persons
skilled in the art are aware, when asing RNA as opposed to DNA, oracil rather than thymine s the
base that is considered o be cornplementary to adenine. However, when a U is denoted in the context
of the present disclosure, the ability to substinde a T 15 implied, unless otherwise stated. Perfect
complementarity or 100% complementarity refers to the situation in which each nucleotide unit of one
polynucleotide strand can form a hydrogen bond with a nucleotide unit of a second polynucieotide
strand. Less than perfect complementarity refers to the sitvation in which some, but not all, nuclectide
units of two strands can form hydrogen bond with each other. For example, for two 20-mers, if only
two base pairs on each strand can form a hydrogen bond with cach other, the polynucieotide strands
exhibit 10% complementarity. In the same example, if 18 base pairs on each strand can form
bydeogen bonds with each other, the polyoucleotide strands exhibit 90% complementarity. The teron
“complementary” as used herein can encompass fully complementary, partially complementary, or
substantially complerentary. As used herein, the term “sobsiantially complementary”™ means that the
siRMNA has a sequence (¢.g., in the antisense strand) which s sufTicient to bind the desired target
mRNA, and to trigger the RNA silencing of the target mRNA. “Fully complementary”. “perfect
complementarity”, or “100% complementarity” refers to the situation in which each nucleotide unit of
one polynucleotide or oligonucleotide strand can basc-pair with a nucleotide unit of a second
polynucleotide or oligonucikeotide strand.

{9008 Contred Flements: As used herein, “controf elements”, “regulatory control elements” or
“regulatory sequences” refers fo promoter regions, polyadenylation signals, transcription termination
sequences, upstream regulatory domains, ongins of replication, internal ribosome enixy sites
(“IRER"), enhancers, and the like, which provide for the replication, transcription and translation of a
coding sequence in a recipient cell. Not all of these control elements neod always be present as long as
the selected coding sequence is capable of being replicated, transcribed and/or fransiated inan
appropriate host cell.

{0901} Delivery: As used herein, “delivery” refers to the act ot manner of delivering an AAV

particle, a corapound, substance, entity, moicty, cargo or payload.
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{6902]  Flement: As used herein, the term “element” refers to a distinet portion of an entity. In
some embodiments, an element may be a polymucleotide sequence with a specific purpose,
incorporated into a longer polvrucleotide sequence.

{1903]  FEncopsuiate: As used herein, the term “encapsulate” means to enclose, surround or
encase. As an cxample, a capsid protein, ¢.g.. an AAV capsid variant, often encapsulaies a vimal
genome. To some ermbodimends, encapsulate within a capsid, €.g.. an AAV capsid variant,
encompasses 100% coverage by a capsid, as well as less than 100% coverage, e.z., 95%, 90%, &5%,
80%, 70%, 60% or less. For example, gaps or discontiouities may be present in the capsid so long as
the viral genome is retained 1o the capsid, ¢.g., prior to entry tnto a cell.

<

{0004]  Fugineered: Asused herein, embodimenis of the disclosure are “engineered” when they
are designed to have a featare or property, whether structural or chermcal, that varnies from a starting
point, wild type or native molecule.

{8505]  Effective Amount: As used herein, the term “effective amount” of an agent is that amount
safficient to effect beneficial or desired results, for example, chnical resudts, and, as such, an
“effective amouant” depends upon the context in which i is being apphed. For example, in the context
of administering an agent that treats cancer, an effective amount of an agent is, for example, an
amount sufficient to achieve treatment, as defined herein, of cancer, as compared to the response
obtained without administration of the agent.

{906]  Fxpression: As used herein, “expression” of a nucleic acid sequence refers to one or more
of the following everts: (1) production of an RNA template from a DNA sequence (e.g., by
transcription); {2) processing of an RNA transcript {e.g., by splicing, editing, 3' cap formation, and/or
37 end processing); (3) translation of an RNA into a polypeptide or protein; and (4) post-iransiational
modification of a polypeptide or ptotein.

{09071 Formlation: As used herein, 2 “formulation” includes at least one AAV particle (active
wnzredient) and an excipient, and/or an inactive ingredient.

{0908]  Fragment A “fragment,” as used herein, refers to a portion. For example, ao antibody
fragroent may conmprise a CDR, or a heavy chain vanable region, or a scFv, eic,

{09051 Functional. As used herein, a “functional” biological molecule is a binlogical molecule in
a form in which it exhibits a property and/or activity.

{0918]  Dual-function largeting: As used herein, a “dual-function targeting” modulatory
polyrucleotide is a polymucleotide where both the guide and passenger strands knock dowa the saoe
target or the goide and passenger strands knock down different targets,

{0911}  Gene expression: The term "gene expression” refers to the process by which a nucleic acid
sequence andergoes transcription and/or transtation to produce 3 protein or peptide. For clanity, when

reference is made to measurernent of “gene expression”, this shoold be understcod to raean that

-226-



WO 2021/230987 PCT/US2021/025061

measureraents may be of the nucleic acid product of transcription, e.g., RNA or mRNA orof the
amino acid product of transiation, ¢.g., polypeptides or peptides. Methods of measuring the amount or
levels of RNA, oiRNA, polypeptides and peptides are known in the art.

{0912}  Homology: As used herein, the term “horeology” refers o the overall relaiedness between
polvmeric molecules, e.g. between polvancieotide mwolecules (e.g. DNA molecules and/or RNA
molecules) and/or between polypeptide molecules. Insonw endbodiments, polyvmeric molecules are
considered to be “homelogous” to one another if their sequences are at keast 25%, 30%, 35%, 40%,
435%, 50%, $5%, 60%, 65%, T0%, 75%, 80%. 83%, 90%, 95%, or 99% identical or sumilar. The term
“homologous” necessarily refers to a comparison between at least two sequences (polynoclectide or
polypeptide sequernces). In accordance with the disclosure, two polynucleotide sequences are
considered to be homologous if the polypeptides they encode are at least about 50%, 60%, 70%, 80%,
0%, 95%, or even 99% for at least one stretch of at feast about 20 amino acids. In some
embodiments, homologous polynucleotide sequences are characterized by the ability to encode a
stretch of at least 4-5 uniquely specified amino acids. For polynucleotide sequences less than 60
nucleotides in length, homology is determined by the ability 1o encode a streich of at least 4-5
uniquely specified amino acids. In accordance with the disclosure, two protein sequences are
considered to be homologous i the proteins are at least about 50%, 60%, 70%, 80%, or 90% 1dentical
for at Jeast one steetch of at Jeast about 20 amino acids.

{09131 Jdensitv: As used herein, the toom “identity” refers to the overall relatedness between
polymeric molecules, e g, between polynucleotide molecules {e.g. DNA molecules and/or RNA
molecules) and/or between polypeptide molecules. Calculation of the percent identity of two
polynucleotide sequences, for example, can be performed by aligning the two sequences for optimal
coraparison purposes {e.g., gaps cat be introduced in one or both of a first and a second nucleic acid
sequences for optimal alignment and non-1dentical sequences can be disregarded for comparison
purposesy. i certain enabodiments, the length of a sequence aligned for comparison purposes 1s at
least 30%, at least 40%, at least 30%, at least 60%, at lcast 70%, at least 80%, at least 90%, at least
95%, or 100% of the length of the reference sequence. The nucleotides at corresponding nucleotide
positions are then compared. When a position in the first sequence is occupied by the same
nucleotide as the corresponding position in the second sequence, then the molecules are identical at
that position. The percent identity between the two sequences is a function of the number of identical
positions shared by the sequences, taking into account the number of gaps, and the length of cach gap,
which needs o be introduced for optimal alignment of the two sequences. The compatnson of
sequences and determination of percent identity between two sequences can be accoraplished using a
mathematical algorithor. For example, the percent identity between two nucleotide sequences can be
determined using methods such as those descnbed in Computational Molecular Biology, Lesk, A M.,

ed., Oxdord University Press, New Yoik, 1988; Biocomputing: Infonmatics and Genome Projects,
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Smith, D W, ed., Academic Press, New York, 1993; Sequence Analysis in Molecular Biology, von
Heinie, G., Academic Press, 1987; Compuier Analysis of Sequence Data, Part I, Griffin, A, M., and
Griffin, H. G, eds., Humana Press, New Jersey, 1994; and Sequence Analysis Primer, Gribskov, M.
and Devereux, J., eds., M Stockion Press, New York, 1991; the contents of each of which are
incorporated herein by reference 1n their entirety. For example, the percent identity between two
mucleotide sequences can be determined using the algorithm of Meyers and Miller (CABIGS, 1989,
4:11-17), which has been incorporated into the ALIGN program (version 2.0} using a PAM120
weight residue table, a gap length penalty of 12 and a gap penalty of 4. The percent identity between
two mucleotide sequences can, alterpatively, be determined using the GAP program in the GCG
software package using an NWSgapdna CMP matrix. Methods commonly emploved to determine
percent identity between sequences include, but are not limited {0 those disclosed in Carillo, H., and
Lipman, D, SIAM I Applied Math,, 48:1073 (1988); incorporated herein by reference. Technigues
for determining identity are codified in publicly available computer programs. Exemplary computer
software to determine homelogy between two sequences inchide, but are not limited to, GCG program
package, Devereux, 1., ef ¢f., Nucleic Acids Research, 12(1), 387 {1984)), BLASTP, BLASTN, and
FASTA Altschul, S. F. et al., J. Maolec. Biol., 215, 403 (1990)).

{0914]  Inhibit expression of a gene: Asused herein, the phrase “inhibit expression of a gene”
means 1o cause a reduction in the amount of an expression product of the gene. The expression
product can be an RNA transcribed from the gene (... an ;RNA} or a polypeptide transiated from
an mRNA transeribed from the gene. Typically, a reduction in the level of an mRNA resultsin a
reduction in the level of a polvpeptide translated therefrom. The level of expression may be
determined using standard techniques for measuring mRNA or protein.

{0918)  Jnsert: As used herein the term “insert,” when referring (o a polypeptide, refers to the
addition of one or more amine acids, ¢.g., a peptide, ¢.g., targeting peptide, sequence t0 an amino acid
sequence, €.8., a parcnt AAV capsid sequence. In some ermbodiments, an jnsertion may result in the
replacement of one or more amino acids of the amine acid sequence, ¢.g., the parent AAV capsid
sequence. In some embodiments, an inserfion may resulf in no changes to the amino acid sequence,
e.g., parent AAVY capsid sequence, bevond the addition of the one or more aming acids, ¢.g., a
peptide, e.g., targeting peptide sequence.

{0916]  Jnverted terminal repeas: As used herein, the ferm “inverted terminal repeat” or “TTR”
refers to a cis-regulatory element for the packaging of polynucleotide sequences into viral capsids.
{9171 Isolated: Asused herein, the torm “isolated” refers to a substance or entity that is altered
or removed from the natural state, ¢.g., altered or removed from at Ieast some of component with
which it is associated in the patural state. For example, a nucleic acid or a peptide naturally present i
a living anirnal is not “isolated,” bt the same oucleic acid or peptide partially or completely separated

from the coexisting materials of its natural state is “isolated.” An isolated nucleic acid or protein can
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exist in substantiaily purified form, or can exist in a non-native environment such as, for cxanple, a
host cell. Such polynucieotides could be part of a vector and/or such polynucleotides or polvpeptides
could be part of a composition, and still be isolated in that such vector or conmposition is not part of
the environment in which it is found in nature, In some embodiments, an isolated nucieic acid is
reconbinant, ¢.g., incorporatad ido a vecior,

{0918]  Zibrary: Asused herein, the toem “lbrary™ refers o a diverse collection of lincar
polypeptides, polynucientides, viral particles, or viral vectors. As examples, a library may be a DNA
library or an AAV capsid library.

{0919} Molecular scaffold: As used berein a “molecular scaffold” is a framework or starting
molecule that forow the sequence or structural basis agatnst which to design or make a subseguent
molecule.

{8928 Newrological disease: As used berein, a “neurclogical disease” is any disease associated
with the central or peripheral nervous system and components thercof {e.g., nearons).

{8921}  Natwrally Occurring: As used herein, “naturally occurring” or “wild-tvpe” refers to a
sabistance or entity that has not been altered, ¢.g., structurally aliered, or removed from the natoral
state, ¢.g., removed from at least some of component with which it is associated in the natural state.
In some cmbodiments, a naturally occurring when referring to sequence refers {0 a sequence identical
to a wild-type sequence or a naturally occurnng variant thereof.

{922} Orthogonal evolution: As used herein, the term “orthogonal evolution” refers to a method
wherein AAV particles are administered for a first round of AAV selection as described herein across
a sct of any number of cell- and/or subject-types that may be from different species and/or strains, and
wherein any number of additional, i.c., subsequent, AAV sclection rounds are performed cither across
a set of any number of cell- and/or subject-types that mav be from different species and/or strains, or
across a set of any punber of cell- and/or subject-tvpes that may be froo the same species and/or
strain.

{09231 Open reading frame: Asused herein, “open reading frare” or “ORF” refers 1o a sequence
which does not contain a stop codon in a given reading frame.

{0924]  Parent sequence: As used herein, a “parent sequence” is a nucleic acid or amine acid
sequence from which a vanant 1s derived. In some embodiments, a parent sequence 1S a sequence 1nto
which a beterologous sequence 1s inserted. In olhier words, a parent sequence may be considered an
aceeptor or recipient sequence. In some embodimenis, 3 parent sequence is an AAV capsid sequenc
into which a targeting sequence 1s tnserted,

{3928]  Porricle: As used herein, a “particle” is a virus comprised of at least two components, a

protein capsid and a polynucleotide sequence enclosed within the capsid.
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{8926]  Patient: Asused herein, “patient” refers to a subject who may seek or be in need of
treatment, requires treatraent, 18 receiving treatment, will receive treatment, or a subject who is under
care by a trained professional for a particular disease or condition

{09271 Payivad region. As used herein, a “pavioad region” is any nucleic acid sequence {(o.g.,
within the viral genome) which encodes one or more “payloads” of the disclosure. As non-fimiting
cxanples, a payload region may be a oucleic acid sequence within the viral gencrue of an AAY
partticle, which encodes a pavload. wherein the payload is an RNAI agent or a polypeptide. Payloads
of the present disclosure may be, but are oot Hmited o, paptides, polypeptides, proteins, antibodics,
RNNAI agents, ¢ic,

{0928 Polypepride: As used herein, “polypeptide” means a polvmer of amino acid residues
(natural or unpatural) linked together most often by peptide bouds, The tenm, as used herein, refers to
proteins, polypeptides, and peptides of any size, structore, or function. In some instances, the
polypeptide encoded is smatler than about 30 amino acids and the polypeptide is then terned a
peptide. If the polypeptide is a peptide, 1t will be at least about 2, 3, 4, or at least 5 amino acid residues
long. Thus, polypeptides inchude gene products, naturally occurnng polypeptides, synthetic
polypeptides, homologs, orthologs, paralogs, fragments and other equivalents, variants, and analogs of
the foregoing. A polypeptide may be a single molecule or may be a muklti-molecular corplex such as
a dimer, trimer or fetramer. They may also compriss single chain or multichain polypeptides and may
be associated or linked. The term polypeptide may also apply to amino acid polymers in which one or
more arsino acid residues are an artificial chernical analogue of a correspounding naturally occurriag
anino acid.

{09281 Polypeptide variant: The term “polypeptide varant” refers to molecules which differ in
their amino acid sequence from a native or reference sequence. The amine acid sequence variants may
possess substitutions, deletions, and/or insertions at certain positions within the amino acid sequence,
as compared 0 a pattve or reference sequence. In some embodirents, a variant comprises a sequence
having at least about 50%, at least about 80%6, or at least abowt 90%, identical (homologous) to a
native or a reference sequence.

{893B]  Peptide: As used herein, “peptide” is less than or egual to 50 amino acids long, e.g., about
5,10, 18, 20, 25, 30, 35, 40, 45, or 50 amino acids long.

{0931} Pharmacentically accepfable. The phrase “pharmaceutically acceptable” is eraployed
herein to refer to those compounds, materials, compositions, and/or dosage forms which are, within
the scope of sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irmtation, allergic response, or other problem or complication,
commensurate with a reasonable benetit/risk ratio.

{6932]  Preventing: Asused herein, the term “preventing” or “prevention” refers to partially or

corapletely delaving onset of an infection, discase, disorder and/or condition; partially or conpletely
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delaying onset of one or more sympioms, feames, or clinical manifestations of a particular infection,
disease, disorder, and/or condition; partially or completely delaying onsat of one or maore symptoms,
features, or manifestations of a particular infection, disease, disorder, and/or condition; partially or
conpletely delaying progressicn from an tnfection, a particular disease, disorder and/or condition;
and/or decreasing the risk of developing pathology associated with the infection, the disease, discrder,
and/or condition.

{09331 Prophyiactic: Asused herein, “prophylactic” refers 1o a therapeutic or course of action
used to prevent the spread of disease.

{0934]  Propinviaxis: Asused herein, a “prophylaxis” refers to a neasure taken to maintain health
and prevent the spread of disease.

{#935]  Region: Asused herein, the terra “region” refers o a zone or gencral area. In some
embodiments, when referning to a protein or protein module, a region may comprise a linear sequence
of arnino acids along the protein or protetn module or may comprise a three-dimensional area, an
epttope and/or a cluster of epitopes. In some embodiments, regions comprise ferminal regions. As
used herein, the tferm “terminal region” refers to regions located at the ends or termini of a given
agent. When referring to proteins, terminal regions may comprise N- and/or C-ermini.

{6936]  Insome embodiments, when referring to a polynucleotide, a region may comprise a linear
sequence of micleic acids along the polynucleotide or may comprise a three-dimensional area,
sccondary structure, or tertiary structure. In some ermbodinients, regions comprise terminal regions.
As used herein, the term “terminal region” refers 1o regions located at the ends or termind of a given
agent. When referring to polynucleotides, terminal regions may conprise 57 and/or 37 termini.

{937]  RNA oy RNA molecule: As used herein, the term “RNA” or "RNA molecule” or
“ribonucieic acid molecule” refers {0 a polvmer of dbanucleotides; the term “DINA” or "DNA
molecule” or “decexydbonucieic acid molecule” refers 1o a poly mer of deoxyribonuclectides. DNA
and RNA can be syathesized naturally, ¢.g., by DNA replication and transcription of DNA,
respectively; or be chemically synthesized. DNA and RNA can be single-stranded (i.c., ssRNA or
ssDIN A, respectively) or molii-stranded {e.g., double stranded, Lo, dsRNA and dsDNA, respectively).
The term “mRNA” or “messenger RNA”, as used herein, refers to a single stranded RNA that encodes
the amino acid sequence of one or more polypeptide chaiuns.

{B938]  RNA inderfering or RNAI: As used herein, the leron “RNA interfering” or “RNAD refess to
a sequence specific regulatory mechamism mediated by RNA molecudes which results in the inhibition
or inlerfering or “silencing” of the expression of a corresponding protein-coding gene. RNA1 has been
observed in many types of organisms, including plants, amimals and fungi. RNAI occurs in cells
naturally to remove foreign RNAs {e.g., viral RNAs). Natural RN A1 proceeds via fragmeents cleaved
from free dsRNA which direct the degradative mechanism to other similar RNA sequences. RNAz is

controlled by the RNA-induced silencing complex (RISC) and is initiated by short/small dsRNA
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molecules in cell cvtoplasm, where they interact with the catalytic RISC component argonaute. The
dsRNA molecules can be introduced into cells exogenousty. Exogenous dsRNA initiates RNAi by
activating the ribonuclease protein Dicer, which binds and cleaves dsRNAs to produce double-
stranded fragments of 21-25 base pairs with a few unpaived overbang bases on each end. These short
double stranded fragments are calied small intecfeang RNAs (siRNAs).

{0935 RNAi agent: As used berein, the teron "RNAT agent” refers to an RNA molecule, or its

derivative, that can induce inhibition, intcrfenng

£

or “stlencing” of the expression of a target gene
and/or its protein product. An RNAI agent may knock-out (virtually eliminate or ehiminate)
expression, or koock-dowa (Jessen or decrease) expression. The RNAI agent may be, bot 18 not
limited to, dSRNA, siRNA, shRMA, pre-mRNA, pri-maiRNA, iRNA, stRNA, IcRNA, piRNA, or
snoRNA.

{094G] iR binding site: As used herein, a “miR binding site” comprises a nucleic acid sequence
{whether RNA or DNA, ¢.g., differ by "U” of RNA or “T” in DNA}) that is capable of binding, or
binds, in whole or in part to a microRNA (miR) through complete or partial hybridization . Typically,
such binding occurs between the miR and the miR binding site in the reverse complement orientation.
In some embodiments, the miR binding site is transcribed from the AAV vector genome encoding the
miR binding site.

{0941]  Insome cmbodiments, 2 miR binding site may be encoded or transcribed in series. Sucha
“miR binding site series” or “miR BSs” may include two or more miR binding sites having the same
or different nucleic acid sequence.

{69421  Spacer: As used bere, a “spacer” is generally any selected nucleic acid sequence of, e.g., 1,
2.3,4,5,6,7, 8, 9 or 10 nucleotides in Jength, which is located between two or gore consecutive
miR binding site sequences. Spacers may also be more thas 10 nucleotides in leagth, ¢.g., 20, 30, 40,
or 50 ar more thas 50 rucleotides.

{0943}  Sample: Asused herein, the torm “sample” or “biclogical saraple” refers to a subset of s
tissues, cells, nucleic acids, or component patts {¢.g. body flmds, tncluding bot not Hiited to blood,
seram, ravcus, lymphatic foid, synovial fluid, cerebrospinal flund, saliva, amniotic fhuid, amniotic
cord blood, vrine. vaginal fhuid and semen). A sample further may include a homogenate, lysate or
extract preparcd from a whole orgamism or a subset of its tissues, celis or component parts, ora
fraction or portion thereof, including but not limited o, for example, plasma, serum, spinal fhud,
Iymph fhnd, the external sections of the skin, respiratory, intestinal, and genitounnary tracts, tears,
saliva, milk, blood cells, tumors, organs. A sample further refers to a medium, such as a notrient
broth or gel, which may contain celhular components, such as profeins or nucleie acid melecule.
{0944]  Self-complementary viral particle: As used herein, a “seif-complementary viral particle” is
a particle comprised of at least two components, a protein capsid and a sclf-conmplementary viral

genome enclosed within the capsid.
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{6948]  Semse Strand: As used herein, the tern “the sense strand” or “the second strand” or “the
passenger strand” of a siRNA molecule refers to a strand that is conmplementary to the antisense strand
or first strand. The antisense and scnse strands of a siRNA molecule are hybridized to form a duplex
structure. As used herein, a “siRNA duplex” includes a siRNA strand having sufficient
coraplementatity 1o a section of about 10-5¢ nucleotides of the mRNA of the gene targeted for
stlencing and a siRNA stxand having sufficient complemeniarily to form a duplex with the other
sitRNA strand.

{0946]  Similarin, As used herein, the term “similarity” refers to the overal} relatedness botween
palymeric malecules, e g between polynucleotide molecules {e.g. DNA molecules and/or RNA
molecules) and/or between polypeptide molecules. Calculation of percent similarity of polymeric
molecules to one another can be performed in the same manner as a calculation of percent identity,
except that caloulation of percent strmilarnty takes into account conservative substitutions as is
understood in the art.

{8947} Short inferfering RNA or siRNA: As used herein, the terms “short interfering RNA”
“small interfering RNA” or “siRNA” refer to an RNA molecule (or RNA analog) comprising between
about 5-60 nucleotides (or nucleotide analogs) which is capable of directing or mediating RNAL
Preferably, a siRNA molecule comprises between about 15-30 nucleotides or nucleotide analogs, such
as between about 16-25 nucleotides {or nucleotide analogs), between about 18-23 nucleotides (or
nucleotide analogs), between about 19-22 nucleotides {or nucleotide analogs) {e.g., 19, 20, 21 or 22
aucleotides ot nucleotide analogs), between abowt 19-25 nucleotides (or nuclentide analogs), and
between about 19-24 nucleotides (or nucleotide analogs). The term “short” siRNA refers {o a siRNA
conprising 5-23 nuclectides, preferably 21 nucleotides {or nucleotide analogs), for example, 19, 20,
21 or 22 mucleotides. The term “long” siRNA refers to a siRNA comprising 24-60 nuclectides,
preferably abowt 24-25 nucleotides, for exaraple, 23, 24, 25 or 26 nucleotndes. Short siRNAs may, i
some instances, inclode fewer than 19 mucleotides, e.g., 16, 17 or 18 nuclectides, oras few as §
nucleotides, provided that the shorter siRNA retains the ability to mediate RNAL Likewise, long
siRINAs may, in some instances, include more than 26 nucleotides, e.g., 27, 28, 29, 30, 35, 40, 45, 50,
55, or even 60 nucleotides, provided that the longer siENA retains the ability to mediate RNAi or
ranslational repression absent further processing, e.g., enzymatic processing, to a short siRNA,
siRINAs can be single stranded RNA molecules (ss-siRNAs) or double stranded RNA molecules (ds-
stRINAs) comprising a sense sirand and an antisense strand which Twbridized to fornm a duplex
structure called an siRNA duplex.

{8948]  Subjeci: Asused herein, the term “subject” or “patient” refers to any organiso to which a
composition in accordance with the disclosure may be administered, e.g., for expertmaental,
diagnostic, prophylactic, and/or therapeutic purposes, Typical subjects include animals (e.g.,

mararaals such as mice, rats, rabbits, non-hupan primates, and bumans) and/or plants.
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{6945  Substantiallv: As used herein, the term “substantially” refers to the qualitative condition
of exhibiting total or near-total extent or degree of a characteristic or property of interest. One of
ordinary skill in the biological arts will understand that biological and chemical phenomena rarely, if
cver, go to completion and/or proceed to conpletencess or achieve or avoid an absohute result. The
term “substantially” s therefore used herein to capture the potential lack of completeness inberent in
many binlogical and chendcal phenomena.

{095G]  Targering peptide: As used herein, a “iargeting peptide” refers to a peptide of 3-20 amino
acids in length. These targeting peptides may be 1nserted into, or attached to, a parent amino acid
sequence to alter the charactenstics {e.g., tropisra) of the pareot protein.  As a son-luniting example,
the targeting peptide can be inserted into an AAV capsid sequence for enhanced largeting to a desired
celi-type, tissue, organ or orgamism. it is o be understood that a targeting peptide is encoded by a
targeting polynucleotide which may siralarly be inseried into a parent polynucieotide sequence.
Therefore, a “targeting sequence” refers to a peptide or polymucieotide seguence for insertion into an
appropriate parent sequence (amino acid or polynucleotide, respectively).

{#951]  Targer Cells: Asused herein, “target cells” or “target tissue™ refers to any one or more
cells of interest. The cells may be found in vifro, in vivo, in situy or in the tissue or organ of an
orgamnism. The organis may be an animal, preferably a marnmal, more preferably a human and most
preferably a patient.

{09821 Therapeutic Ageni: The term “therapeutic agent” refers to any agent that, when
administered to a subject, has a therapeutic, diagnostic, and/or prophylactic effect and/or clicits a
desired biological and/or pharmacological effect.

{983]  Therapeutically effective amount: As used herein, the torm “therapeutically cffective
amount” means an amount of an agent to be delivered (e.g., nucleic acid, drug, therapeutic agent,
diagnostic agent, prophylactic agend, efc.) that is sufficient, wheo administered (o a subject suffering
from or susceptible to an infoction, disease, disorder, and/or condition, 1o treat, improve sympioms of,
diagnose, prevent, and/or delay the onset of the infection, disease, disorder, and/or condition. In some
crabodiments, a therapeutically effective amount 1s provided 10 a single dose.

{8954} Therapewtically effective outcome: As used herein, the term “therapeutically effective
outcomme” means an oulcome that 1s sufficient 1o a subject suffering from or suscepible to an
wfection, disease, disorder, and/or condition, 1o treat, improve symptoms of, diagnose, prevent, and/or
delay the onset of the infection, disecase, disorder, and/or condition,

{8955 Treating: As used herein, the term “treating” refers to partially or completely alleviating,
ameliorating, improving, relieving, delaving onset of, intubiting progression of, reducing severity of,
and/or reducing incidence of one or more symplons or features of a particular infection, disease,
disorder, and/or condition. For example, “treating” cancer may refer o inhibiting survival, growth,

and/or spread of a tumor. Treatment may be administered to a subject who does not exhibit signs of a
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disease, disorder, and/or condition and/or to a subject who exhibits onlv cardy signs of a disecase,
disorder, and/or condition for the purpose of decreasing the nsk of developing pathology associated
with the discase, disorder, and/or condition.

{0986]  Variant: As used herein, the toem “variant” refers to a polypeptide or polvancleotide that
has an amion acid or a sucleotide sequence that is substantially identical, ¢.g., having at least 70%,
75%, 80%, 85%, 9%, 95% or 99% sequence identity to a reference sequence. In some embodiments,
the variant is a fuoctional variant.

{0957} Funciional Variant: As used herein, the term “functional variant” refers to a polypeptide
vatiant or a pelynuclectide variant that has at least one activity of the reference sequence.

{0988]  Jusertional Variant, "Inseriional variaots” when referring to polypeptides are those with
one or more armno acids inserted, ¢ g, irnmediately adiacent or subsequent, to a position in an amine
acid sequence. "Immediately adjacent” or “immediately subsegquent” to an amine acid means
connecled to either the alpha-carboxy or alpha-amine functional group of the amine acid.

{8938]  Deletional Variant: "Deletional variants” when referring to polypeptides, are those with
oxie or more amino acids in deleted from a reference protein.

{81960} Vecior: As used herein, the term “vector” refers to any molecule or moiety which
transports, fransduces or otherwise acts as a carrier of a heterologous molecule. In some embodiments,
vectors may be plasmids. In some embodiments, vectors may be viruses. An AAV particle is an
example of a vector. Vectors of the present disclosure may be produced recombinantly and may be
based on and/or may comprise adeno-associated virus (AAV) parent or reference sequences. The
heterologons molecule may be a polyruclectide and/or a polypeptide.

{6961} Viral Genome: Asused herein, the terms “viral genome”™ or “vector genome” refer to the
nucleic acid sequence(s) encapsulated in an AAV particle. A viral genome comprises a nucleic acid

sequence with at least one payload region encoding a payvload and at least one TR,

Equivalents and Scope

{0962}  The disclosures of each and every patent, patent application, and publication cited herein
are hereby incorporated berein by reference in their entirety. Thase skilled in the axt will recognize or
be able {0 ascertain using no more than routing experimentation, many cquivalents to the spectfic
cnabodiments 1o accordance with the disclosure described herein. The scope of the present disclosure
is ot intended o be limiled to the above Description, but rather 15 as sei forth in the appended claims.
{39637 Inaddition, it is to be understood that any particalar embodinsent of the present disclosure
that falls within the prior art may be explicitly excluded from any one or more of the claims. Since
such embodiments are deemed to be known 1o one of ordinary skill in the art, they reay be excluded
even if the exclusion is not set forth explicitly herein. Any particular embodiment of the compositions

of the disclosure (e.g., any antibiotic, therapeutic or active ingredient; any method of production; any
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method of use; ¢tc.) can be excluded from any one or more claims, for any reason, whether or not
related to the existence of prior art.

{09647  1iis to be undersicod that the words which have been used are words of description rather
than limitation, and that changes may be made within the purview of the appended claims without
departing from the true scope and spirit of the disclosure in its broader aspects.

{0965}  While the present disclosure has been described at some leagth and with some
particuiarity with respect to the several described cmbodiments, it is not intended that @ should be
liouited to any such particulars or embodiments or any particular embodiment, but i is to be construed
with references 1o the appended claimos so as 1o provide the broadest possible 1nterpretation of such
claims in view of the prior ait and, therefore, to effectively encompass the intended scope of the
disclosure.

{3966]  The present disclosure is further ilustrated by the following non-limiting exanples.

EXAMPLES

{8967}  Peptide display capsid librarics are configured by insertion of randomized n-ner anmino
acids such as, but not Bmited to, S-mer, 6-mer, 7-mer and/or 9-mer aming acids, into the surface-
exposed hypervariable loop 1, loop IV, loop VI, and/or loop VI region of any AAV capsid serotyvpe,
including AAVS, AAVG, or AAV-DIS, as well as AAVY capsids, and/or vaniants thereof. The genes
sncoding the peptide display capsid library are under the control of any promotor, depending on the
desired tropism, ¢.g., a neuron-specific synapsin promoter (SYN or Syn), or an astrocyte-specific
GFAP promoter.

{0968]  Peptide display capsid librades are fodber configured such that the a-mer peptide
insertionds) follows a contiguous {or coniinuous) design and/or a Boncontiguons (0r noncontiouous),
ot split design, or combination thercof, with 1nsertion position(s) mapped ustog a shiding window
algorithm. As a son-limiting example. the peptide insertion may be an AAV9 6-mer contiguous
peptide insertion with a sliding window originating at any amino acid position, e.g., amino acids 454~
461, As another non-limiting exaraple, the peptide insertion may be an AAVY 3-mer peptide split
design or contiguous peptide insertion with a sliding window originating at any amino acid position,
¢.g., amino acids 586-388. As vet another non-limiting example, the peptide insertion may be an
AAVY 6-mer and/or 7T-mer peptide contighnous peplide insertion with a sliding window originating at
any amino acid position, €.g., amino acids 585-390.

{3968]  Any mumber of such configured peptide display capsid libraries may be pooled ina cefl
and/or sabject, including a non-human primate (NHP) cell and/or subject, and administered to any
tissue (e.g., central nervous system tissue) via any route, including but not liratted to IV and/or ICM

injection, at any VG/cell and/or VG/subject dose. As a non-limiting example, six configured peptide
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display capsid libraries are pooled and admindstered to the central nervous svstem of an NHP via
intravenous administration of dose 1x10" VG/NHP. As another non-limiting example, six libraries
are pooled and administered to the central nervous system of NHP via an intraventricuiar
adounistration, such as, but vot Umited intraventricular administration that is an intra-cisterna magna
injection (JCM) of dose 2x10°° a VG/NHP.

Fxampie 2. Identification and design of non-human primate AAV capsid libraries

{6973] A TRACER RNA-driven library selection for increased nervous sysiem tissue
trapsduction in a non-human primate (NHF) 1s developed and camried out in accordance with methods
stinifar, or equivalent, to those described in WO2020072683, the contents of which are herein
mcorporated by reference in their entirety, particudarly as pertains to the TRACER method.

{8971]  AAV libraries, e.g.. AAVY libraries, generated are administered by any foute to NHPs at a
given VG dose(s) per animal. A murnber of groups of NHPs are administered promoter-doiven {e.g.,
SYN-driven or GFAP-driven) librancs derived from wild-tvpe AAVY flanking sequences, while other
groups receive pooled libraries containing wild-type, PHP ¢B-derived, or other AAV serotype
sequences. After a period, RNA is extracted from a tissue, such as but not limited to spinal cord and
brain tissue. The RNA preparation is subjected to mRNA enrichment. The enriched mRNA is reverse
transcribed to cDNA. The cDNA is amplified. This method allows recovery of abundant amplicons
from tissue samples.

{1972  Full-length capsid amplicons arc used as femplaies for NGS library generation, as well as
cloning indo a DNA Bbrary for the next, or subsequent, round(s) of biopaoning (FIG. 1A and FIG.
1B). Any number of ounds of AAYV selection may be performed. The total number of unigue capsid
variants may deop by a fold amount actoss AAV selection rounds. Capsid tibraries may be pooled or
combined at any step with any other capsid libraries described herein

{0973}  Following RNA recovery and PCR amplification, a systematic enrichment analysis by
NGS is performed. Capsids enrichinent ratio inclading coraparison to a benclunark and sequence
convergence is evaluated.

{8974]  Peptide library candidates are evaluated and optimized asing any of the methods described
herein and are carried out, ¢.g., using methods simnlar, or equivalent, to those described in
WOR020072643, the contents of which are heremn incorporated by reference in their entirety,
particularly the subject matter of Examples, 8, 9, and 10. The top-ranking peptide varianis are
generated and transduction efficacy evaluated as described in WO2020072683, the contents of which
are herein incorporated by reference in their entirety, particularly the subjcct matter of Examples 10,
12 and 13.

Exampie 3. Identification and desien of orthogonal evolution AAY capsid HEbraries

{975]  This study involves the use of orthogonal evolution wherein AAV particles may be

adounistered for a first round of AAV selection across a set of any number of cell- and/or subject~
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types that may be from different species and/or strains: and, wherein any number of additional, ie.,
subsequent, AAV sclection rounds are performed either across a set of any number of cell- and/or
subject-types that may be from different specics and/or strains, or across a set of any mumber of cell-
and/or subject-types that may be from the same species and/or strains, as represented in FIG 2.
{0976] ATRACER based RN A-driven library sclection for increased nervous system tissue
transduction a set of any munber of cell~ and/or subject-types that meay be from differont species
and/or strain is developad and carried out 1n accordance with rasthods sindlar, or equivalent, to those
descrbed in WO20200726835, the contents of which are herein incorporated by reference in their
entirety, particelarly the subject matier of Example 7. AAV libraries, e.g.. AAVY libraries, generated
are administered for a first round of AAV selection (biopanning) by any route to a non-human primate
(NHP), a rodent (e.g., a rat}, and/or a cell {¢.g., a human brain microvascular endothelial cell, or
hBMVEC) at a given VG dose{(s) per subject and/or cell. A number of groups of NHPs, rodents,
and/or cells are administered promoter-driven (e.g., SYN-driven or GFAP-driven) hibraries derived
from wild-type AAVY sequences, while other groups receive pooled libranes containing wild-type,
PHP cB-derived, or other AAV serotype sequences. After a period, RNA is exiracted from a tissue,
such as but not limited to spinal cord and brain tissne. The RNA preparation is subjected to eRNA
crwrichment. The enriched mRNA is reverse transcribed to cDNA. The ¢DNA is amplified. This
method allows recovery of abuodant amplicons from tissue samples.

{69771 Full-length capsid amplicons are used as templates for NGS library generation, as well as
cloning into DNA libraries for the next, or subsequent round(s) of biopanning. Svbsequent rounds of
biopanuing are performed cither across a set of any nuraber of cell- and/or subject-types that may be
from different species and/or strain as psed in the above-described first round, or across a set of any
namber of cell- and/or subject-types that may be from the same species and/or strain as used 1o the
above-described first round. Any number of rounds of selection is performed. The total nomber of
unigue capsid vanants may drop by a fold amound across AAVY sclection rounds. Capsid libraries may
be pooled or combined at any step with any other capsid hibraries descnbed herein (FIG. 2)

{6978]  Following RNA recovery and PCR amplification, a systematic enrichment analysis by
NGS s performed. Capsids ennchment ratio including comparison 6 a benchmark and sequence
convergence is evalnated.

{39791 Peptide library candidates are evaluated and optimized using any of the methods described
herein and are carried out, ¢.g., using methods similar, or equivalent, to those described in
WQ2020072683, the contents of which are herein incorporated by reference in their entivety. The

top-ranking peptide variants are generated and transduction efficacy evaluated as in WO2020072683.
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Example 4, NHP hich-throughput screen of TRACER AAVY libraries
{69831 A TRACER based method as described in WO2020072683, the contents of which are

herein incorporated by reference in their entirety, was adapted for use in non-human primates (NHF).
An orthogonal evolution approach as exemplified in FIG. 2 {e.g., NHP and BMVEC) was combined
with a high througbput screening by NGS 1o NHP as shown in FIG. 3. Briefly, AAVYAAVS statting
libraries, driven by synapsin or GFAP promoters as shown in FIG. 4 were administered to non-human
primate (NHP) méravenously for in vive AAV selection (bilopanning), performed iteratively. All
libraries were gected intravenounsly at a dose of 1¢14VG per ammal (approximately 3¢13 VG/kg).
Orthogonally, biopanning was conducted in hBMVEC cells vsing the same starting libraries. Inthe
second round of biopanning in NHP, ondy libraries driven by the synapsin promoter were used. After
aperiod, (c.g., 1 month) RNA was extracted from nervous tissue, €.g., brain and spinal cord.
Following RNA recovery and RT-PCR amplification, a systematic NGS enrichment analysis was
performed and the targeting peptides shown in Table 1 identified. Capsids enrichment ratio, including
calculating the ratio of, e g, P2/P1 reads and comparison to a benchmark (¢.g., AAVY) was evaluvated.
{6981} Candidate library envichment data in P3 WHP brain for the targeting peptides of Table 1,
over benchmark AAV9, are shown in Table 7. Data are provided as fold enrichment. Fifty-one
variants showed greater than 10-fold enrichment over AAVY. Variants with 0.0 enrichment over
AAVY are not included in Table 7.

Table 7. NHP NGS AAVY Enrichment

o SEQ 1D fl?oid o SE4} OI‘-'ERI(E

Peptide Sequence NO: en rwhme:}t Peptide Sequence g B earichment
over AAYY NQG: | over AAVY

PLNGAVHLYA 1725 4737 AQAQPPSARY 2280 ¢.7
ACARDSPEGW 1726 214 AQAGLOGTAA | 228] 8.7
LTNGAVREDRP 1727 134.4 AQPOGSSTFA 2282 6.7
VOAFTHDSRG 1728 88.6 TQYRAVEGQA | 2283 8.7
AQAYSTDVRM 1729 84.8 AQAISTQLAG 2284 ¢.7
AQAYSTDVRI 1739 838 AQLGSNISHA 2285 8.7
AQATTAAERM 1731 74.9 AQTGLSGTVA 2286 6.7
AQTHLQIGVA 1732 54.6 AQRVDSSGRA 2287 8.7
AQSNAVLSLA 1733 51.6 AQAGLALNPN 2288 6.7
AQAYSTDERM 1734 414 AQFYSDNSLA 2289 8.7
AQAYSTIIVRL 1735 317 AQAVGAPQRL | 2290 6.7
AQATVSTLEM 1736 315 AQASYDIHGRA | 2291 8.7
AQAYSTTIERK 1737 312 SSFAAVATAA 2292 0.6
AQAYSTDMRM 1738 30.4 AQSTLSMFLA 2293 3.6
VVNGAVLHVA 1739 298 AQASLHAFPRP 2294 6.6
AQAYSTDVIM 1740 297 HAVAAVSYPA | 2295 3.6
AQAHLOIGVA 1741 23 AQTSPYMVA | 2296 6.6
FLDPAVSSKA 1742 226 AQADITSTIS 2297 3.6
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AGAYVETLRM 1743 219 AQAAGVAMLY | 2298 8.6
AQAQTGPPLK 1744 201 AQASVSTLRK 2299 6.6
EQASRLPTPG 1745 20 MDLKAVSSRA | 2360 8.6
AQASVSTMRM 1746 9.7 AQASLSTLRM 2301 0.6
TDYSAVRELGA 1747 18 AQPRSFLPMA 2352 8.6
TQAYSTDVEM 1748 179 GOYADVESYA | 2303 6.6
AQALPSNERL 1749 174 LVGGAVYVYPA | 236 8.6
AQAYSTDVRT 1750 164 AGAGSARPLA 2365 0.6
AQSSLPEMVA 1751 16.2 AQSLHPSTTA 2366 0.6
AQAGEQSTRL 1752 6.1 AQFQTDLSRA 2367 6.6
AQASNDVGRA 1753 154 RTELAVGLSA 2368 6.6
AQATIFTASEY 1754 153 AQVVDNSPLA 2369 0.6
AKAHAQGTIYS 1755 149 AQAVSSDSMH | 2310 6.6
AQARTIDQCC 175¢ 148 AQASPALHTL 2311 6.6
AQEYNSNPKA 1757 14.5 GOYAAVASYA | 2312 6.6
AQVVDNSTHA 1758 145 AQLWSRVDA | 2313 0.6
AQATLSVPLK 1759 i4.4 GIFSAVQSTA 2314 6.6
AQIVMNSLKA 1766 125 AGAILSTIEV 2315 6.6
AQATMSOTMA 1761 2.5 AQNVVSTLRA 2316 6.6
AQALTODERW 1762 12 AQAMLAVSPG | 2317 0.6
AQAQLSTLRF 1763 iLe AQATDSLVAR 2318 6.6
AQVVMGISVA 1764 ii4 AQASPQSSHG 2319 0.6
AQAYTTDVRM 1765 114 AQATPVHDTL 2320 0.6
AQHIDSMRPP 1766 iL3 LESSAVGTAA 2321 0.6
AQASTGTLRL 1767 ii1 MGRGAVLDTA | 2322 6.6
AQHRALDYYA 1768 it AQSHLIPTPA 2323 0.6
AQARESPRGL 1769 169 AQAVLKAPIN 2324 8.6
AQALLAGTRV 177¢ 10.7 AQKIAPAFLA 2325 0.6
TKICAVEWNA 1771 107 AGNVAVLPHA | 2326 6.6
AQASLSSTRP 1772 10.6 AQSLGTGLHD 2327 0.6
AQAMGSRSDO 1773 10,4 AQAHAMSSRP | 2328 8.6
AQAAQGTYRG 1774 10.3 AQQGKFDMRA | 2329 6.6
SOENAVFSKA 1775 10.3 AQALSGDGTR 2330 6.6
AQALSLSTRP 1776 98 AQTHLOIAVA 2331 0.6
AQAAAGTLRD 1777 5.7 AQRTOGSSWA | 2332 6.6
AQASRLPTPG 1778 9.5 AIGSAVDLRA 2333 6.6
AQAGSLSERG 1774 8.5 AQAQLASGTL 2334 0.6
AQSKGDGFTA 1780 9.4 AGALVSAGAL 2335 8.6
GAGTAVTATA 1781 8.3 AQATESVPLK 2336 8.6
AQAGQGSSSVG 1782 88 AGVYNSNPKA | 2337 6.6
AQAYSTDARM 1783 8.8 AQRTTYPSSA 2338 6.6
ERAHAVTGLA 1784 83 AGAMFQQAST | 2339 8.6
AQAYGLPKGP 1785 8.4 AQPDALVIRA 2340 6.6
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AQAYSTEVRM 1786 8.4 AQARDISMRG | 2341 06
AQAGVSTALH 1787 82 AQMSFGSTLA | 2342 0.6
AQSYSTDVRM 1788 8.1 RLLEAVDQOA | 2343 06
AQPLMSHTDA 1789 7.9 AQTTRSIENA | 2344 0.6
AQAAALASRE 1790 79 AQVSDFSSRA | 2345 03
AQAAITSTIS 1791 78 AQAHSRVNTE | 2346 0.5
AQPANDGLREA 1792 75 AQAYSTDLRM | 2347 053
AQDYSTDVRM 1793 74 AGQALNGSAYS | 2348 0.5
AQATLOYSTA 1794 7.4 TOYGAVEAQA | 2349 65
AQATLGTIRY 1795 73 AQAHAGTIYS | 2350 0.5
AQAGASDMVH 1796 7 AQDPHSMRPA | 2351 05
AQAVSGTVRS 1797 6.9 AQASANIHSS | 2352 0.3
GGTLAVVSLA 1798 5.9 AQASLOAVSM | 2353 63
AQAYSADVEM 1799 6.8 AQSSHPAMVA | 2354 0.3
AQAFAMPEGL 1800 5.6 AQANLOPRGA | 2355 05
AQALVSTSRP 1801 6.6 AQAVGSSPRG | 2356 0.5
AQASFOOAST 1802 6.6 AQTSAPSALA | 2357 63
AQAMTGNDRS 1803 63 AGAVOLONRG | 2358 0.3
AQASTOSPRPG 1804 5.1 AQAQGSGMVS | 2339 63
NARSAVESLA 1805 6.1 AQAYPSSKSG | 2360 0.5
AQITVSHTTA 1806 G AQAVSDYGRG | 2361 0.5
AGALAGYDKA 1807 6 AQMSLGATRA | 2362 0.3
AQSTSHDTRA 1808 59 AQAFLNSASA | 2363 05
AQAIQODRTVY 1809 58 AQALPSNARL | 2364 0.5
AQSKTTLTLA 1810 57 AQANVSVRRE | 2365 0.5
AGASMGTVRL 1811 57 AGAGASVMVH | 2366 0.5
AQHSDTLTRA 1812 55 AQSLAKDQSA | 2367 05
AQKEMYTSVA 1813 55 AQILSALSSA 2368 0.5
AQASPSOPLL 1814 54 AQSVHLSLAA | 2369 65
AQAYAGTIYS 1815 53 AQALSASSFL | 2370 0.5
AQARSLEPVI 1816 53 AQTSQLNQTA | 2371 05
TOAGVSTAVH 1817 52 AQSNLFPTPA | 2372 0.5
AQNTLSLSLA 1818 52 AQAHGRSFDT | 2373 65
AQAYVSSVEM 1819 52 AQLGSNTILA | 237 0.5
AQAATSFRLG 1820 51 AQASNINSAKA | 2375 0.5
GYLTAVOPQA 1821 5 AGROAVEQSA | 2376 0.5
LNNLAVGMTA 1822 5 AQASTGTLRH | 2377 65
AQTVSVHVRA 1823 5 AGGPTYPNVA | 2378 0.3
AQINGLVTTA 1824 4.9 AQAGPTTSKA | 2379 65
AQAAITTTIS 1525 48 AGATTYRGMA | 2380 0.5
AQASTFVTTI 1826 47 AQVTNRGMPA | 2381 05
AQALYDNVEL 1827 46 AQAISGQAAW | 2382 0.5
AQAAAGTWKG 1828 46 AQAFRGEDKG | 2383 6.3
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AQATTGTLRS 1828 4.6 AQQSMPRFVA | 2384 8.5
GOQYAADSSYA 1836 4.5 AGQGAGVKSTRL 2385 6.5
AQAGIATVRT 1831 4.5 AGATGSILLA 2386 g3
AQALGHELRA 1832 4.5 AQASGHSSES 2387 0.5
AQAREATPQG 1833 44 AQTANDGELRA | 2388 8.5
AQAMSGTLRM 183 4.4 AGQGASQLALLA 2389 6.5
AQAVIRVRPP 1835 44 AQLVDRVPRA | 23%0 g3
AQAPVNNDERG 1836 43 AQHSNGYVHA | 2351 0.5
AQAQOQVAGTM 1837 43 AQAAPSSSDS 2352 6.
AQAEPRDTRA 1838 43 AGQAMORSSSA | 2393 6.5
AQRLSEQGVA 1839 4.2 AQAASGRPTC 2394 6.5
AQASEGIQLS 1840 4.1 AQPRPGDSREA 2395 0.5
AQRQGPDPLA 1841 4.1 AQRDRANGIA 2396 6.5
AQVTLGSAKA 1842 4.1 AQVLAISLSA 2397 6.5
AQAGASLGLA 1843 4 AQAGMRDPREM | 2398 0.5
AQAFTODIERW 1844 AQASSNSSRA 2399 0.5
AQASQTTVRS 1845 4 MHRDAVSGVA | 2460 6.3
AQARVSSNGY 184¢ 39 AGQGAEMKNMPP | 2401 6.5
AQGFLSGLRA 1847 3.9 AQSGSLLASA 2462 6.5
AQAYGGOSLG 1848 39 AQAFASQSRG 2403 6.5
AQANLGTVRG 1849 3.9 AQALHLPTLO 2464 6.5
AQARSDTRGL 1850 38 AQGAKTGGMNT | 2405 6.5
AQAGSDGPRL 1851 38 ISLNAVSGKA 2466 0.5
TDGAAVVMEA 1852 338 AQGVHGHYVA | 2407 6.5
SGITAVPLHA 1853 3.8 AQAYSKDVRM | 2408 6.5
AQAAAVGHLP 1854 37 VPSIAVSSHA 2469 0.5
AQRVEPKWIA 1855 3.7 AQSSRHDDLA 2410 0.5
AQAVASSPYA 1856 37 AGQANGSGSRG | 2411 6.5
TOYGAVEGQD 1857 3.7 AQVGIADERA 2412 6.5
AQAKSHTLEG 1858 3.6 AGARGMESML | 2413 0.5
AQTHLOIVVA 1839 3.6 AQAGVSTAGH | 2414 6.5
AQKNEHGMULA 1860 36 AQVSTRNLIA 2415 6.5
AQITVSHTRA 1861 3.6 AQAVPRLTAG 2416 6.5
AQARLAPKGL 1862 3.6 AQRHMELQEA | 2417 0.5
KTPGAVSTTA 1863 3.6 SOSRAVVWEA | 2418 0.5
AQAFSGTIKS 1864 3.6 QSHTAVSSLA 2419 6.5
PLNGAVNLYA 1865 3.5 AKASVSTLRM 2420 6.5
AQALTQDERC 1866 3.3 AQASGSEQWA | 2421 8.5
AQATAGVQRS 1867 3.4 AQPNAQYMKA | 2422 8.5
AQTPALINLA 1868 3.4 AGAMGTGSSE 2423 6.5
AQASDRSPLL 1869 3.4 AQAFSTSQLT 2424 6.5
AQITVSHTMA 1870 3.3 AQAKDGSORL | 2425 6.4
AQATGTHLMG 187 33 AQVGGNGSRA | 2426 6.4
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LIDGGAVYVTA 1872 33 AQANGASRAV | 2427 04
LTNGAVEDRA 1873 32 OVNKAVLDFA | 2428 0.4
AQARGSDLRD 1874 32 AQETLSSTRA | 2429 0.4
AQATPFGTORI 1875 32 GVYGAVHSSA | 2430 0.4
AQALPQTNRP 1876 31 AQTITIENVA 2431 04
AQARSNDPVL 1877 31 AGQALMKIADG | 2432 0.4
AQAYLAVONG 1878 3.1 AQANVSLOAA | 2433 0.4
AQATOSTLRP 1879 31 AQSTTSHLRA | 2434 0.4
AQALGGFGPGQ 1880 3.1 AQLSNLVSVA | 2435 64
LVGOAVGSRA 1881 31 AQANSTPTROQ | 2436 0.4
AQSIANVVVA 1882 3 AQQRGDRAAA | 2437 0.4
AQASPSVSRP 1883 3 AQARLGOSVG | 2438 0.4
AQTVVVSTTA 1884 3 AQQLTYGSSA | 2439 64
VKEQAVSVMA 1885 3 AQPAEKQYSA | 2440 04
AQQATGTFRA 1886 3 AQAMPRSRGD | 2441 04
AQAQGSSSGG 1887 3 AQGLSGRALA | 2442 04
AQAHAVGPOG 1988 3 AQARVTAVDA | 2443 64
AQRLETEETA 1889 3 AQVGVSTAVA | 2444 0.4
AQLAQGIGVA 1890 3 AQTGVTSAQA | 2445 0.4
AQAVOSSFTI 1891 3 AQALVTSSOK | 2446 0.4
AQATYTASEY 1892 2.9 AQASPHSSMA | 2447 0.4
AQTSSONLKA 1893 29 AGALTQDEMW | 2448 0.4
AQLVESVAMA 1894 29 AQAFSTOORL | 2449 0.4
AQASPSAFAG 1895 29 AGAGSOVTQA | 2450 0.4
AQALALVSAS 1896 2.9 AQOSTLALEA | 2451 64
AGASVGTTYT 1897 29 AQALNGSHAA | 2452 0.4
AQARVSSSGT 1898 2.9 AQATEGHLRS | 2453 0.4
NSMGAVLGAA 1899 29 AQPMANMLMA | 2454 0.4
AQHTDTLTRA 1906 2.9 PSTSAVSOKA | 2455 04
AQPNLOPRGA 1901 2.8 AQAPPSSTEM | 2456 0.4
AQADRHSSIV 1902 28 AQRERVDLAA | 2457 0.4
SPSVAVPSQA 1903 28 AQASVTLPRT | 2458 0.4
AQPGIVSTIA 1904 28 AQAYPSSSKA | 2459 64
AQAGHSVGL? 1903 2.7 AGQAHSGSAIP | 2460 0.4
AQTNSGAILA 1906 2.7 AQSPSOSLKA | 2461 6.4
AQDSYDVGRA 1907 2.7 AQATPPATSP | 2462 0.4
EQAQGSSSVG 1908 2.7 LOAAVNOQCA | 2463 04
AQAGVSTAVO 1909 27 VLGOAVRDKA | 2464 0.4
AQARDMLPLO 1910 27 AQAOKANNVG | 2465 6.4
AQAMVGTLRG 1011 27 AQTLLPYNGA | 2466 0.4
AQPNVVSTLA 1912 2.7 AQAHGTIOR 2467 0.4
AQAGHVVTSD 1913 27 TVYTAVGVSA | 2468 0.4
AQAYTTDERM 1914 27 LGRGAVLDMA | 2469 6.4
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TAVSAVOVMA 1915 2.6 AQANVESDOM | 2470 64
AQAAAGTLRY 1916 26 AQARDSOKGW | 2471 0.4
VSNEAVHARA 1937 2.6 AQTPGSRSAA | 2472 64
AQVLPQSLSA 1918 26 AQALPSNARG | 2473 0.4
AQASVSTLRM 1919 2.6 AQASATSVVE | 2474 64
AQAGLLLSVA 1920 25 AQINLGTMRA | 2475 04
AQANLVTGPL 1921 2.5 AQVYNNTSAA | 2476 0.4
AGASQHSSMA 1922 25 AQASANLTRG | 2477 0.4
GYSSAVSSVA 1923 2.5 AQLRTDYTRA | 2478 04
AQVGVSPAVA 1924 25 AQAYSTDVKM | 2479 0.4
DGTLAVPFKA 1925 25 AQTSQLYQPA | 2480 04
AQAPPTSTAM 1926 25 AQALTQEERW | 2481 0.4
AQATPANVRG 1927 2.5 LPNGAVEDRA | 2482 04
AQAGSSNFLS 1928 25 VTGSAVAGIA | 2483 0.4
AQLLAODIRA 1929 2.5 AQAFSTDVEM | 2484 04
AQPSSDGYRA 1930 25 AQAHGPTSGY | 2485 04
AQALIGTLR 1931 2.5 AQAGVGLPIA | 2486 04
SVHGAVGILA 1932 2.5 AQVNSGOARA | 2487 .
AQPYVVSGAA 1933 24 AQAQTGPPMK | 2488 04
AQWTHNITAA 1934 24 AQARLAPVAC | 2489 0.3
PTNAAVRINA 1935 24 LSIGAVASMA | 2490 0.3
AHAYSTDVRM 1936 24 AQAGDLGVMR | 2491 0.3
PLAAAVGMEKA 1937 24 PTGLAVISEA | 2492 63
AGARDNSVML 1938 24 AQSASTSWSA | 2493 0.3
AQAQFPRNGG 1939 24 AQNGSNVENA | 2494 03
GALNAVNGVA 1940 24 AQASISSSAT 2495 0.3
AQASHOQGVP 1941 24 AQNSHAHLAA | 2496 03
SYQSAVVPQA 1942 23 AQAVGVEQFF | 2497 0.3
AQSIMGTIRA 1943 23 AQAHLSPTHA | 2498 0.3
AGAYVSQAQG 1944 23 AQPAYGSSYA | 2499 0.3
AQATGNQAHF 1945 23 AQAHOARSGS | 2500 03
AQVIVGTPIA 1946 23 AQAHTSPTOR | 2501 0.3
AQAQTSTFRG 1947 23 AQAATPSSSR | 2502 03
SVHMAVTVSA 1948 22 AQAHNSYPKY | 2503 0.3
AQAQSTLNLG 1949 22 AQSSLGSSLA | 2504 0.3
AGDOTGPPLK 1950 2.2 AGALSESNVG | 2505 0.3
HLAHAVSTAA 1951 22 AQASLSSLSG | 2506 03
AGALARDSSF 1952 2.2 AGHGSSEFTA | 2507 0.3
AQLLSGTLKA 1953 22 AQSALVAGVA | 2508 0.3
AGASLLPTPG 1954 22 AGASSSSLRP | 2509 0.3
AQPMAGQSTA 1955 22 AQTARDTGFA | 2510 03
AGARSLEPDI 1936 2.2 KSVOAVEDPA | 2511 0.3
AQFVTGNGDA 1957 22 AQAGSHSSVS | 2512 6.3
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AQATFKTSVE 1958 2.1 VRAHAVIGLA | 2513 63
LNARAVEGPA 1959 21 ASHTAVGEFA | 2514 0.3
AQALENSGRP 1966 2.1 AQIRSEWRDA | 2515 63
AQALNGSPEA 1961 21 AGQOLARVSGA | 2516 0.3
AQATSLHPLP 1962 2 AQAAITSTNS | 2517 63
AQAVOPPLKN 1963 3 AQARDAVOLP | 2518 0.3
AQAMLSGTR 1964 2 AQAKELVSTS | 2519 63
AQHVDLASKA 1965 2 AQGIAETLSA | 2520 0.3
AQASFATMEP 1966 2 AQLGSGFSTA | 2521 63
AQAMPLNARS 1967 2 AQNAKELERA | 2522 0.3
AQALVGOMRG 1968 2 AQTHLONGVA | 2523 03
VVNGAVLHLA 1969 2 SGNLAVGTPA | 2524 03
AQAOQTAPPLK 1976 2 AQPSPGTSVA | 2525 63
AQGHGDLHRA 1971 2 AGSSAAAGRA | 2526 03
AQAADRSPVH 1972 2 AQAGISAAIM | 2527 03
GALNAVTGVA 1973 2 AQALGYHQTG | 2528 0.3
AQAERMASLG 1974 1.9 NAGOAVAARA | 2529 63
AGAPPTTTRL 1975 9 AQFFGGSGYA | 2530 0.3
AQAAVGQOTLA 1976 1.9 AQAGSPSRLC | 2531 03
AQSLGTGMHA 1977 19 AQARTIGTIA 2532 0.3
AQSLGSPALA 1978 1.9 AQVVSVSSRA | 2533 63
AGASVSVTRP 1979 19 AGAGOARSMG | 2534 0.3
AQATMSHTMA 1980 1.9 AQATRGVTAG | 2535 03
AQAVOSLTVG 1981 1o AGOSNGYGRA | 2536 0.3
AQSQTGTYRA 1982 1.9 AQASLAPLKS | 2537 63
AGSLASVYAA 1983 ks AQPCANHNGA | 2538 0.3
STKLAVHEQA 1984 1.9 LGRGAVPDTA | 2539 03
AQSHLFPTPA 1985 9 AQHPQTASLA | 2540 0.3
AQGTWSSSEA 1986 1.9 AQAPAGHHTR | 2541 63
AQTPOGLTKA 1987 19 AQPSVONSMA | 2542 0.3
AQVSLGTOYA 1988 1.9 AQAKLSGHVS | 2543 03
AQDSRLPTPG 1989 18 AQFGTSSPSA | 2544 0.3
ASIGAVGVKA 1996 1.8 AQASHISSVR | 2545 63
AQATMSEQRL 1991 18 AQALSENGIG | 2546 0.3
TAQAAVOGMA 1992 1.8 AQASAQVORS | 2547 03
AQAFNAAERM 1993 18 AGQGGPHLOAA | 2548 03
AQINFLSGVA 1994 18 AQAQSDSAFR | 2549 63
POHLAVSSEA 1995 18 AGQTYSTDVRM | 2550 03
AQALGNFPAV 1996 1.8 LARGAVLDTA | 2551 63
AQANASTVRY 1997 18 AGASPHTLRS | 2552 03
AQRIVDLTTA 1998 1.8 AQHSDTQTRA | 2553 03
VROVAVEGVA 1999 1.8 AGATPSPSAS | 2554 03
AQAPASSOKL 2000 L8 AQNQVTYSKA | 2555 0.3
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AQOIMISMREA 2001 1.7 AQHTSVVYGA | 2556 03
AQAHGTSSLF 2002 17 AQAQVSOMSH | 2557 0.3
AQVNSGIALA 2003 17 SFLRAVENDA | 2558 03
AQLHLAETRA 2004 17 AGQAYSTDVGM | 2550 0.3
AQALTHDERW 2005 1.7 AKTPALINLA | 2560 03
NTVRAVIMEA 2006 17 VSTAAVSSAA | 2561 0.3
AQAYVAGERP 2007 17 AQAPITSTIS 2562 03
AQDRAFVVSA 2008 17 AQTNLOTRGA | 2563 0.3
AQAQEKOQVFS 2009 17 AQATRLPTPG | 2564 63
AQACVSTAVH 2010 17 POHLAVSSAA | 2565 0.2
AQAFTHDSRG 2011 1.7 AQASPHPSRE | 2566 02
AQASHGGTVG 2012 17 AQAGPAGORG | 2567 0.2
AQAVLVTEGG 2013 17 AQPQROGVQA | 2568 6.2
AQAVVSTAVH 2014 17 AGQHVAGSSNA | 2569 0.2
AQATSRETKG 2015 17 AQVPIOMGVA | 2570 02
YOOPAVSSRA 2016 16 AQATVSVELK | 2571 0.2
AQANMOGLSLS 2017 16 AQISVSHTRA | 2572 62
AQWTSSMSEA 2018 16 SLVGPVAQMA | 2573 0.2
AQASISIMST 2019 16 AQPRLNLTEA | 2574 02
AQASYVAPLTC 2020 16 AQASQEYSRL | 2575 0.2
AQLVTVEKGA 2021 1.6 AQKSLAFDSA | 2576 62
AGAATAGEKL 2022 16 AGALGHSHHC | 2577 0.2
AQALSHGPGG 2023 16 AQAAQTGRPI | 2578 02
AQSNAHIEIA 2024 16 AQASGTSVROQ | 2579 0.2
AQARSSSTGL 2025 16 AQAMGTASYC | 2580 62
AGAVGGDVIR 2026 16 AQISHNHPOA | 2581 0.2
AQAPRTVYQG 2027 16 AQAYSTYVEM | 2582 02
AQALHNLGPA 2028 16 AQVGELDIRA | 2583 0.2
VRMGAVSDNA 2029 16 AQLKOGGINA | 2584 62
AQAFRTSOFT 2030 16 AQASAHFREP | 2583 0.2
AQSSATMORA 2031 15 AQALDTVLSA | 2586 02
AQTLAETYRA 2032 15 GAGTAVONIA | 2587 0.2
AQANGSIVLN 2033 1.5 AQANGSATYA | 2588 62
AQARVADQLP 203 15 AQTOLAQQKA | 2589 0.2
AQAVKOGLYE 2035 5 AQYVTTVIPA | 2590 6.2
AQAFSDGLKS 2036 15 SQFSAVIVTA | 2591 0.2
AQVSVTEVKA 2037 1.5 AQAASDSFRY | 2592 62
VNGRAVSMMA 2038 15 AGASPASVTR | 2593 0.2
SLYGAVAGMA 2039 1.5 AQARDSGMFL | 2594 62
AGARVEPVGL 2040 15 AGSKTTLTLS | 2595 0.2
AQSNTTLTLA 2041 1.5 AQLVOESLSA | 2596 62
AQTSTEHLRA 2042 15 AGAALKSLAG | 2597 0.2
AQACMGINLP 2043 L5 AQAVPNQGOK | 2598 62
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AQANAHSLTL 2044 1.5 AQALSRSSLG 2599 8.2
AQARFTTTEM 2045 LS AQAGSVMSEYV | 2600 0.2
AQLGYQEVKA 2046 1.4 AQMATVTPMA | 2661 62
AQAGQHASVF 2047 14 AGARTASGID 2662 0.2
ACQATGSNPRG 2048 1.4 SHISAVSHPA 2643 8.2
AQAPVSPSIP 2049 14 AQADERMRTTA | 2604 6.2
AQTTLGVGETA 205G 1.4 AQNAONRALA | 2665 862
AQASHLVSLA 2051 14 AGQAASNAYSS 2606 0.2
AQAPLTGLSVY 2052 1.4 AQATFOQQAST 2657 6.2
AQVSTSTLRA 2053 14 AQVYTISTRA 2608 6.2
AQVQLGTLKA 2054 14 AQTVIAVGVA 2689 6.2
AQAHVSVSER 2055 14 LARGAVFPTA 2610 0.2
AQLLLSGQTA 2036 1.4 AQMLOQTSVLA | 2611 6.2
TTSSAVLTFA 2057 1.4 AQARQVSPLL 2612 6.2
AQFGADTVNA 2058 1.4 AQAGOMSNAR | 2613 6.2
AQTFSSDNLA 2059 14 AQTPALIKLA 2614 0.2
AQIHPANSR 2066 1.4 AQAYTIDVRK | 2615 6.2
AQSIGOFPVA 2061 13 VVKGAVLHVA | 2616 6.2
AQVISPENLA 2062 3 AQDTVSVPLIL 2617 6.2
AQALSAISAT 2063 13 AQKGAPSLOA 2618 0.2
AQAGVSASOM 2064 1.3 AQASYDVGRA | 2619 6.2
AQASTKTPLFP 2063 13 AQGPLSGMRA | 2620 0.2
AQAPPSTTAM 2066 1.3 AQALGTSVPA 2621 6.2
AQAVSSDRMH 2067 13 AQVNEGASTA | 2622 0.2
AQAGSYVTMRL 2068 1.3 AQLTRTSFVA 2623 6.2
AQAVLLGGAV 2069 13 AGADAALRFS 2624 0.2
AQAQRDMVTT 2076 3 AQVQLVVSPA 2625 6.2
AQAHHGSSLG 2071 13 AQAYSSDVRM | 2626 6.2
VLSSAVGORA 2072 1.3 AQARSGLSLP 2627 6.2
AQAAGSVLLG 2073 13 AOQNGHKFTAA | 2628 0.2
AQAYPTDVEM 2074 3 AQGLSSATKA 2629 6.2
AQWSRDAQSA 2073 13 AQGTWSTVEA | 2630 0.2
AQOQGLDMGRA 2076 3 AQASGYGGRI 2631 6.2
AQAAQNHALVY 2077 13 AQTSYPAQKA 2632 0.2
AQRSGIVEVA 2078 3 AQNAVPTHSA 2633 6.2
AQMSDVSGRA 2079 1.3 AGSYPEITRA 2634 6.2
AKALTQDERW 2086 3 AQTGLSTSSA 2635 6.2
AQAVSSSTLT 208 1 1.3 AQYDTHNFAA | 2636 8.2
AQPSELFTPG 2082 3 AQAVLSSVIQ 2637 6.2
RTSTAVLDFA 2083 1.3 AQDSAVAIMA | 2638 6.2
AQDLSSSIRA 2084 1.3 AQATGKGALP 2639 6.2
AQLLDGLTSA 2085 1.3 AGNSREGHDA | 2640 6.2
AQALIGLSKP 2086 £3 AQAFQKEPSY 2641 6.2
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AQASGTVRPR 2087 1.2 AQAGSTSGKM | 2642 02
AQLLDTRYKA 2088 12 AQRDOAHSOA | 2643 0.2
AQABNTSFTA 2089 1.2 AQAASALSGR | 2644 02
AQTHLOIGVD 2090 12 AQARHSSLLP | 2645 0.2
AQRLIDTSOVA 2091 1.2 AQGPGTSYLA | 2646 02
AQRTODTLSA 2092 12 FLAPAVSSEA | 2647 0.2
AQADIQSHAL 2093 12 AQAGPQCSSC | 2648 02
ENMNAVGIKA 2094 12 AQALTOHERW | 2640 0.2
AQAGVSTAVH 2095 1.2 AQAIRSSERY | 2650 62
AQASGKTFIG 2096 12 ADQAVHSSSVY | 2651 0.2
AQAGVOSTRL 2097 1.2 AQSSRTALAA | 2652 02
AQAGGAYPLY 2098 1.2 AQITFSHTRA | 2653 0.2
AQPYSTDVEM 2099 1.2 AQALTLSGGL | 2654 6.2
SSSVAVVTLA 2160 12 AQAGKTLSVL | 2635 0.2
AQTYNGLNKA 2101 12 AQASRSNLDN | 2656 02
AQASVSKLRM 2102 12 AQGSLSTHTA | 2657 0.2
AQRGSENEK A 2103 1.2 AQGSVAYNVA | 2658 62
PITNAVLKTA 2104 12 AQHTLRLSSA | 2639 0.2
TNSYAVSSPA 2103 1.2 AQAGGTPNKL | 2660 02
PYQTAVAGAA 2106 11 AQAPQSLTLA | 2661 0.2
GPALAVLGRA 2107 11 AQAVALSHOE | 2662 62
LSISAVPAKA 2108 11 AQMLASGIPA | 2663 0.2
AQTLGPLPHA 2109 11 AQNRALDSYA | 2664 02
AQAGOPLAHY 2110 11 AQASGSTTRN | 2665 0.2
AQTDGAWSKA 2151 L1 AQARGDGYVA | 2666 62
AQALSGPPSI 2112 11 DARVAVLDFA | 2667 0.2
AQASSPSTRG 2113 Ll AQAVASQOVSR | 2668 02
AQASLASNRP 2114 Lt AQARGPSPAT | 2669 0.2
AQNMALSTVA 2115 LI AQHRALDSYD | 2670 62
AQHSDTMTRA 2116 11 AQLIDSTSRA | 267 0.2
AQAMPRYPPL 2117 11 AQAQTLSRGS | 2672 62
AQHIDSMSPA 2118 11 AQFRSAITSA 2673 0.2
AQALPGTSRY 2119 LI AQANMTKOSL | 2674 62
AQAKSTODVO 2120 Li AQNAGSTSRA | 2675 0.2
AQPLVSASKA 2121 1.1 VLGSAVTGRA | 2676 6.2
AQAMSGTLRK 2122 Lt AQPMLQSSSA | 2677 0.2
AQTLILGAHA 2123 11 AQLGTPSLSA | 2678 6.2
AQAGQARSGG 2124 Lt AGATAHTGVP | 2679 0.2
AQRKDLSLVA 2125 1Li AQAVGEDNRL | 2680 62
AQALSAPMSL 2126 Lt AGATSASVWA | 2681 0.2
TNSLAVGMRA 2127 11 AQAGSEASLE | 2682 62
AQAPIGTVRP 2128 Lt AGANQNRTAF | 2683 0.2
FIQAAVSSSA 2129 (1 AQASAQVKRS | 2684 6.2
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AQAEKPTHLL 2130 11 AQATSGVHHP | 2685 02
AQALSGDTTR 2131 11 AQTHMOIGVA | 2686 0.2
AQAYIASGOT 2132 11 AQSHIPFTPA 2687 02
QLNOAVGTLA 2133 11 AQLFHTGSPA | 2688 0.2
AQASCALDRE 2134 1t LASRAVVGTA | 2689 02
AQAQDTALRA 2135 Li AQALLRVGVG | 2690 0.2
AQAQAGMARI 2136 11 AQITLPSGTA 2691 02
AQAQGSSAVG 2137 L1 AQAEKSLGRO | 2692 0.2
AQLLRDIGPA 2138 11 AQTSNTTTRA | 2693 62
VDRGAVTOMA 2139 11 AGQAHTQASYM | 2694 0.2
AQAVNVSEGS 2140 L1 AQERGASSSA | 2693 02
SYVNTAVESLA 2141 Lt AQATPSSTAM | 2696 0.2
AQARLPHTSS 2142 11 AQSTVNRTYA | 2697 6.2
AQRNGSEVVA 2143 L1 AGAGHGPSTR | 2698 0.2
AQATDRVDRP 2144 11 AQLSLVPLQA | 2699 02
AQASLSRER 2145 11 AQLHSPIPSA 2700 0.2
AQAYSTHVEM 2146 LI AQSLARDGLA | 2761 62
AQHLSAGPFTA 2147 L1 AGAPPSSPAM | 2762 0.2
LNGGAVSLRA 2148 i TOYGAVERQA | 2763 01
AQAYGVSSVT 2149 i AGQAGOARSLA | 2704 0.1
AQFGSAVQLA 2156 1 AQPVCGRVPPA | 2765 61
AQAPPTSTRL 2151 i AGAREQRGPY | 2706 0.1
AQVSTNWPKA 2152 1 AQKTSLLWEA | 2707 01
AQTSTDLSRA 2153 i AQGSGKNLIA | 2708 0.1
AQAHSTDVEM 2154 1 AQASEGHOQLS | 2769 61
AGATLTGHVS 2155 i AQALHAGHHP | 2710 0.1
AQATTQGALT 2156 1 AQSKRDDPSA | 2711 01
AQAAKASDET 2157 i AQTSRELRMA | 2712 0.1
AQGNEHCGGRA 2158 1 AQALPASGAR | 2713 61
AQALSTSLLL 2159 i AQSNALLSLA | 2714 0.1
AQASLGSTYL 2160 1 AQASPVVGYS | 2715 0.1
AQAFSTVGAY 2161 1 AQARCGDSYMA | 2716 0.1
AQLNGLVTTA 2162 i AQAGASSLTYV | 2717 .1
AQASYRTLRM 2163 i AQALRPYNGT | 2718 0.1
AQATMSREWQ 2164 1 AQVRSGPTLA | 2719 01
AQSSLPAMYA 2165 i AQFPPLSRSA | 2720 0.1
RETVAVGOYA 2166 1 AQVARGTVQA | 2721 01
AQAFGSEGRS 2167 i AQTSTGSPRG | 2722 0.1
SSGTAVEHRA 2168 1 AQARDGMNVR | 2723 01
FGTNAVIPRA 2169 i AGAVERNVVV | 2724 0.1
AQAGQARSLG 2176 i AQHTATRSVA | 2725 01
AQSFSSDNMA 2171 i AGAVREDGHA | 2726 0.1
AQMNGLTGKA 2172 1 TNSSAVAASA | 2727 6.1
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ACQONGELHLA 2173 i AQATFQLAST 2728 8.1
AQHIDSIRTA 2174 1 AQGAHHQQTSL 2729 0.1
AQAADRLETL 2175 i AQGOHAHMMA | 2730 g1
AQFGLEDIRA 2176 i AQATSSLHVL 2731 0.1
AGAHGGGATL 2177 1 AQAPNSGLAM | 2732 8.1
AQATYNSPKFP 2178 1 SASRAVLDFA 2733 6.1
ACQAMSNMLRN 2179 6.9 AQARGEQREY | 2734 81
VPISAVMSTA 2188 69 AQTHLOIRVA 2735 0.1
AQHSLGNTVA 2181 6.9 AQAPPSSKAM 2736 6.1
AQATSALSEL 2182 6.9 AGQIVSKAMPA 2737 0.1
AQADROTIPYV 2183 6.9 AQASVRNNPS 2738 6.1
AQAVNSMSIG 2184 HRY AGQAESRVAAL 2739 0.1
AQALAIVSKM 2185 6.9 LTNGAVRDRT 2740 6.1
AQGOQLQERFA 2186 89 AQGRLAGSLA 2741 0.1
AQFNGASAHA 2187 0.9 AQAGDSARR | 2742 0.1
AQLGGQSPVA 2188 69 AGQAASRLGAV | 2743 0.1
AQANGAYTDN 218% 6.9 AQALARGMAS | 2744 6.1
AQNLSSSEPA 2196 6.9 AQASRGLSMG | 2745 0.1
AQSAIVLTTA 2191 6.9 AQAQASSYGS 2746 6.1
ITRSAVPDVA 2192 Y AKASRLPTPG 2747 0.1
GALKAVTGVA 2193 6.9 AQSLSRASTA 2748 6.1
AQAVGDYLR 21%4 HAY AGQGASTEVQTI 2749 6.1
AQVTLNTPLA 2195 0.9 AQASSKVVAA | 2750 0.1
AQALTODDRW 21%¢ Y AQAYENGEAA | 2751 0.1
AQAYSTNVEM 2197 0.9 AQAYSTGVRM | 2752 6.1
AQAVAAPASL 2198 6.9 AGQGAVSESRSMG | 2753 0.1
AQANPVSIMS 2199 6.9 AQARGGLATP 2754 0.1
AQASMOAVKD 2200 Ry AGQGAGHSGVRA | 2735 6.1
AQAVGGHSVA 2201 6.9 AQPSYHGGAA | 2736 6.1
AQAVAASTRL 2202 HAY AQRVNQVSTA | 2757 0.1
GGTHAVSSFA 2203 6.9 AQAAFQOGAST 2758 0.1
AQAADSSGFR 2204 RY AGQAVPGSPRA 2759 6.1
AQQSHVPQTA 2205 0.9 AQLSLSPLAA 2760 6.1
AQARVGNTNY 2206 6.9 AGANMTVRVS | 2761 0.1
AQTVSYSDLA 2267 6.9 AQATRSSGDP 2762 0.1
AQAEHGLARS 2268 6.9 AGVASNATRA | 2763 6.1
AQASNYPVAA 2209 6.9 AQTNQOPRGA | 2764 g1
VLLSAVGMAA 2218 6.9 AQRLONDHEA | 2765 8.1
AQALSGONRG 2211 6.9 AQAPVOLGRP 2766 6.1
AQAWGQETRO 2212 6.9 AQRQGPDTLA 2767 6.1
AQGYSTDVEM 2213 0.9 AQHTLSNHMA | 2768 6.1
AQAGSVMSERE 2214 6.8 AGLSGMVNRA | 2769 G.1
AQAGSLSARG 2215 6.8 AQDRQVSSRA 2770 6.1
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AGATALAPKS 2216 6.8 AQRQLSTSLA 2771 8.1
AQAIRONGSS 2217 6.8 AGQRPTVSFA 2772 0.1
AQLODNLQLA 2218 6.8 AQAKPHSOLD 2773 g1
AKAYSTDVRM 2219 62 AQAGEVNHPP 2774 0.1
AQSVDRTLLA 2228 6.8 AGQAINSQSMER 2775 8.1
AQAGQONSRLP 2221 6.8 AQYSTAVMSA | 2776 0.1
AQTNLOPRGA 2222 ¢.8 SOQARAVERSA 2777 g1
PNTIAVGQRA 2223 R AGQAYESSSVG 2778 0.1
AQAHATLSLS 2224 6.8 AQASTPGLYY 2779 6.1
NHLRAVGSPA 2225 6.8 AQSRTSMLAA 2780 0.1
AQETDENLRA 2226 0.8 AQLFSSNMPA 2781 6.1
AQARABTSGS 2227 628 AGAYCTDVRM | 2782 0.1
AQHRELDSYA 2228 6.8 AQTMSRGFVA | 2783 6.1
AQRHTSDVLA 2229 08 AQALNGYPAA | 2784 6.1
AQVGITSSWA 2236 6.8 AQAQTGHPLK 2785 0.1
AQANSAALLM 2231 g, AQASSNSQYR 2786 0.1
AQAIIERTAT 2232 0.8 AQAAIKSTIS 2787 6.1
AQSSRYEEKA 2233 . AQSTLNLEFPA 2788 0.1
QATGAVNPRA 2234 6.8 AQATLSPGSG 2789 6.1
AQASYSVSVG 2233 6. AGQANGSGTGR | 2790 0.1
AQOQGHTVNNA 2236 6.8 STSLAVAGRA 2791 6.1
AQASLPISTR 2237 68 AGQGASNLSAYER 2792 6.1
AQHIDSMEPT 2238 0.8 AQASRQVLVA | 2793 6.1
AQAQDTENME 223% g, NEVRAVFFEA 2794 0.1
RTGAAVTGAA 2246 6.8 AKAQGSSSVG 27495 6.1
AQASSVRGMG 2241 6.3 ARGSAVOSQA 2796 0.1
AQPGIESTIA 2242 6.8 AVRVAVSSSA 2797 0.1
AQHVDLDSKA 2243 0.8 AGQAFSTSQFK 2798 0.1
AQATTVPALG 2244 6.8 AQGTSSQRTA 2799 0.1
AQVNFTPOKA 2245 0.8 AGQATMSQTIA 2860 0.1
AQAGYISSAS 2246 6.8 AQSANRSTLA 2861 0.1
AQTLILGDPA 2247 08 AQRDLAHSKA | 2802 6.1
AQAASGLTMM 2248 6.8 AQASKVGLYA | 2803 6.1
AQALERPPSG 2249 R AQAYYTDVREM | 2804 0.1
TTYDAVHSKA 2256 6.8 AQAGLRDPRA | 2805 0.1
AQAMLDSANG 2251 6.7 AGAFSQATGA 2866 6.1
AQAMHOQTDKF 2252 6.7 AQVAGMSVRA | 2807 6.1
KSTVAVGSVA 2253 6.7 AGAGQSSFTI 2868 8.1
AQATAGTLIG 2234 6.7 AQKEMRSQGA | 2809 6.1
GLKSAVTHVA 2255 6.7 AGQNYSSGVRA | 2810 6.1
AQAHSAYQGA 2256 6.7 AQITVSYTRA 2811 6.1
AQSFSSDNLA 2257 6.7 AQAGQPRSSI 2842 G.1
AQLNMAASVA 2258 6.7 WTSGAVPGKA | 2813 6.1
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AQFSOAYNAA 2259 0.7 AQFKPSQVIA | 2814 01
AQHLTAGLRA 2260 07 ROGOAVGSSA | 2815 0.1
AQAHTVSPHL 2261 0.7 AQSISPHYAA | 2816 01
GILGAVLPRA 2262 67 AQARSLNEYK | 2817 0.1
AQHNSSSLLA 2263 0.7 AQAASSRLMA | 2818 01
AQAPOVAGTM 2264 07 AQAYSTDGRM | 2819 0.1
AQHODISRPMA 2265 67 AQASVIRVMG | 2820 01
AQRFOETGLA 2266 67 AQGOMPRYPA | 2821 0.1
AQLTVSHTRA 2267 0.7 AQASSGMEPC | 2822 01
AQANLRTTMG 2268 07 AQPLRSSLSA | 2823 0.1
AQAGLRIIFRM 2269 0.7 AQNSASQSOA | 2824 6.1
AQHLLHGTAA 2270 67 AQGHLSGLRA | 2825 0.1
RNQGAVASLA 2271 0.7 AQRAQSGVAA | 2826 01
AQAGSSSVTW 272 07 AGANPRLODK | 2827 0.1
AQPHLOIGVA 2273 0.7 AQAPRTATLG | 2828 01
AQANSGAVLA 2274 67 AQRTASLSQA | 2820 0.1
AQLLGDAVEKA 2275 0.7 AQGNPGLLRA | 2830 01
SSGNAVSSLA 2276 67 MSSHAVGNRA | 2831 0.1
AQVSVTMALA 2277 0.7 AQLAPKASPA | 2832 01
AQYHTRGFAA 2278 67 AQTTOGRERA | 2833 0.1
AQSTTKGTLA 2279 0.7 AQASGKSTSS | 2834 0.1

AGAPHOGHSMK | 2835 0.1

{6982] A subset of the targeting peptide variants from the NHP biopanning showed a vety strong
and consistent enrichment over AAVY and PHP B contrels. Further, the targeting peptide of SEQ ID
NG: 1725 not ondy showed a strong eprichment over AAVY in the brain, but also in the spinal cord, as
it led to a 125.6 fold enrichruent over AAVY in the spinal cord. Following the eemoval of the least
reliable variants, a set of 22 variants with cnrichment factors ranging from 7-fold to >400-fold over
AAVS was identified. These were cross-teferenced o a nonesyrthetic PCR-anplified library screened
10 patatle] and 12 candidates showed reliable enrichiment and high consistency in both assays. Of
these, § candidates with the highest enrichment scores in both assays and the highest consistency
across aniraals and tissues were retained for individual evaluation. Candidate capsids were labeled
TTD-001, TTD-002, TTD-003, TTD-004 and TTD-003 as shown in Table 3 above.

{0983]  After 3 rounds of screcning of AAVY peptide insertion library in NHP, many capsids
outperformed their parental capsid AAVY in penctration of the blood brain barier (BBB). Some of
the capsids comprising a targeting peptide showed high enrichment scores and high consistency both
across different brain tissue samples from the same animal and across different animals. Consistency
in both NNK and NNM codons was also observed. 22 capsid variants exhibited corichment factors

ranging from 7-fold fo >400-fold over AAVY in the brain tissues. A majority of these variants also

N1

W

)
L}



WO 2021/230987 PCT/US2021/025061

demonstrated high enrichment factors up to 125-fold over AAVY inthe spinal cord. Of these, 5
candidates with diverse inserted sequences were selected for further evalnation as individual capsids.

Fxampie S. Individual Capsid Characterization

{09841  The goal of these experiments was 1o determine the transduction level and the spatial
distribution of ¢ach of the 5 capsid candidates sclected from the study described 1o Example 4 relative
1o AAVY following indravascular infusion in NHPs {cynomelgus macadue). The 5 selected capsid
candidates were TTD-001 (SEQ [ NO: 3623 and 3636, comprising targeting peptide SEQ 1D NG
1723 or 3648), TTD-002 (SECQ ID NO: 3623, 3625, and 3637, comprising targeting peptide SEQ ID
NO: 1726 or 3649, TTD-003 (SEGQ 1D NO: 3626 and 3638, comprising targeting peptide SEQ D
NO: 1729 or 36503, TTD-004 (SEQ 1D NO: 3627 and 3639, comprising targeting peptide SEQ D
NO: 1760 or 3651) and TTD-005 (SEQ 1D NO: 3629 and 3641, comprising targeting peptide SEQ ID
NO: 1769 or 3652) as outlined in Table 3 above.

{09858]  AAV particles were generated with each of these 5 capsids encapsulating a transgene
encoding a payload fused 1o an HA tag (pavicad-HA) and driven by a full-length CMVichicken beta
actin pronoter by triple transfection in HEK 2937 cells and formulated in a pharmaceutically
aceeptable solution.

{3986]  Each test capsid and AAVY control were tested by intravenously providing two (2) NHP
females the AAV particle formulation at a dose of 213 VG/kg, The in-life period was 14 days and
then a battery of UNS and peripheral tissnes were collected for quantification of transgene mRNA,
transgene protein and viral DNA (bicdistribution). Samples were also collected, fixed and paraffin
embedded for immunohistochemical stainings.

{69871 Ina first pass screening of RNA guastification by gRT-PCR and RT-ddPCR, total RNA
was extracted from 3-mara punches from varous areas of the brain {corex, striatum, hippacampus,
cerebeliom), spinal cord sections, Hver and heart, and analyzed by gRT-PCR using a proprictary
Tagman set specific for the synthetic CAG exon-exon junction. Cygomolgus TBP (TATA box-
binding protein) was psed as a housekeeping gere. Data are shown in FIG. 6A, FIG. 68, and FIG. 6C.
{0988]  TRACER capsids showed an increase in RNA expression in all brain regions relative to
AAVY in at least one animal. The highest and most consistent increase in brain transduction was
obiserved with capsids TTD-003 and TTD-004 (8~ to 200-fold depending in varions anatornical
locations). In this initial screening TTD-001 was not assessed due to staggered animal dosing. An
approximate 10- to 12-fold increase was consistently observed in whole brain shces {equivalent to an
average of multiple regions), which was consistent with the values indicated in a next-generation
sequerncing (NGR) assay. In order to increase data robusiness, droplet digital RT-PCR (ddPCR) was
performed in paralie] to gRT-PCR and confirmed the trends indicated by the gPCR data as shown in
FIG. 7.
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{6985]  Interestingly, RNA quantification performed in the spinal cord and dorsal root ganglia
indicated important differences between the capsid variants. The spinal cord transduction profile was
consistent with the brain, with a strong and consistent increase with TTD-003 and TTD-004 capsids,
but interestingly the DR transduction suggested a substantial detargeting of the TTD-004 capsid,
whereas the TTD-003 capsid showed a strongly increased RNA expression as showa in FIG. 8.
{0996}  Total DNA was extracted from the same brain tissues as RNA, and biodistribution was
measwred by ddPCR using a Tagman set specific for the MV promoter sequence. The RNAseP gene
was used as a copy nurber reference. Vector genorae (VG) per cell values were deterpuned both by
gPCR and ddPCR. Increased biodistribution was observed for the TTD-004 capsid in most brain
regions, but swprisingly none of the other candidates showed a significant increase by comparison
with AAVY. This apparent contradiction with the RNA quantification data could suggest that some
capsids may present improved propetties over AAVY in post-attachment mechamsms rather than strict
vector transtocation in ONS parenchyma. Interestingly, DINA analysis confirmed the substantial
detargeting of TTD-004 capsid from the DRG (FIG. 9A-9D),

{#991] o further explore the behavior of capsid vadiant TTD-004, viral genome (VG)
guantification was completed from tissues collected from heart atrium, heart ventricle, quadriceps
nwscle, liver (left and right) and diaphragm and compared to vector genome presence as delivered by
AAVY in the same tissues. The data are shown in FIG. 10A and B,

{69921  For TTD-003 and TTD-004 initial immunohistochemical anatyses demonstrated the
presence of pavicad-HA to a greater extent than seen with AAVY delivery in cerebellar tissue,
including in the dentate nuclens. Tomwnohistochemistry confirmed the de~targeting of the dorsal root
zanglia for capsid vartant TTD-004 as compared to TTD-003 and AAVY.

{0993]  Data for each of the variants were compiled as an average mRNA (fold over TBP) or DNA
{VG per cell) guantification per capsid variant per tissue as shown in Table 8 below and FIG. 11A-
11B and FIG. 12A-12B, respectively.

Table 8. Characterization of exemplary capsid variants

Measure Tissue AAVY TYB-081 TTD-602 TER-803 TE-304 TTB-365

mRNA Frontal 0,000325065 | 2.7232575 | 0.000768179 | 0.006268831 | 0.607076252 | 0.002204024
Coriex

mENA Sensory 0.001486245 3.400055 0.00417739 | 0.006788644 | 0.010976612 | (.004139604
Coriex

TuRNA Moior Cortex | 8.08063318 9.00819 0.001050247 | 0.009954825 | 0.010522399 | (.002942249

mRNA Putamen 0000612759 3.557205 0001395549 | 0.011832671 | 0.011476176 | 0.001150153

MmRNA Thalamms 0.002610092 2 863633 (.033937891 | 0101411445 | 007563653 | §.01100289

mRNA Cerebellar 6.00133497 1.3439 0.008517779 | 0.006396677 | 0.612964181 | 0.004382119
Cortex

mRMNA Dentate 0.001364954 $.963985 - - - -
Nucleus

mRNA Candate 0.000352281 1.3026 - 0.003239804 | 0.00634117 -

mRMA Hippocampus | 0000311824 0.407015 - ~ - -

TuRNA SC-cervical 0012205449 | 11.877762 | 0.022004264 | 0.026994764 | 0.088316491 | 0.0065773034

254 -
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mRNA SC-Thoracic | 0.048833465 2.9974295 0004360318 | 0.035118928 | 0.020543776 | §.005625359
MmRNA SC-Lumbar 0.029887447 7.969603 (0.056231995 | 0.016033388 | 0.047713363 | 026324154
mRNA DRG- 74570895 9.274951 G.007897714 | 2.47872652 | 0.280868887 | 0.008122233
cervical

mRMNA DRG- (.5559061 3.22606 (G.006456564 | 8721845271 | 0104701895 -
Thoracic

MmRNA DRG- 1.089758 17308436 G.008247771 | 2.271300217 | 0426704698 | 0.119974244
Luwbar

mRNA Lung 0004807149 | 0.000546842 - - 0013744781 ~

MRNA Pancreas - - - - - -

mRNA Colon 0.0179620678 | 0.005041383 ~ ~ 0.183862903 -

mRNA Kidnev 0.043825993 | 0.006649157 - - 0.041234576 -

MmRNA Liver 0.674478605 | 0.2531880648 - - 2 578654807 -

mRNA Adrenal - - ~ - -

JuRNA Spleen 0.014066875 | 0.000955981 - - 0.013435626 -

mRENA Heart 1.323389668 | 0.132477314 - 5 387020803 ~

MmRNA Onadriceps 0.116623509 - - - 4.527799743 -

mRNA Diaphragm 0.250001109 - - ~ 1.936435215 -

DNA Frontal 6.07713 2.104843 0.10252 0.068367 $.380429 .1257545
oriex

DNA Sensoty 0.093003 2.679886 .07443 $.034016 0.2670975 0.132503
Coriex

DNA Motor Coriex 0.08796 4.3437625 0.09130853 0.094401 0.318999 0.1110695

DNA Putamen $3.0581365 3.07904 .12326 0.1497635 0.2731175 30715295

DNA Thalamus 0.0524055 2 076863 00604225 0.090511 ©.214999 0.086863

DNA Cercbellar 0.014238 $.186361 $.0092913 0.009578 0.0356345 6.0128655
Cortex

DNA Dentate 0.025042 0.1861975 0.210238 0.041906 8.106107 0.055287
Nucleus

DNA Caudate 0.079294 39433173 - .0529005 ~

DPNA Hippocampus §.095436 1.7608%91 0.205433 0.3686435 (.432829

DNA SC-cervical 0.0376 1.143863 0.061085 0.061533 7573 0.05883

DNA SC-Thoracic 6.02692 §.93373 0.025935 9.05011 9.064915 $.0355

DNA SC-Lumbar §.03615 $.992728 $.019125 0.034175 0.085165 0051475

DNA DRG- 0.0763 0.14319 0.081%6 6.13722 0.04113 0.071625
cervical

DNA DRG- .165865 3172363 0.07202 0.133455 0.04444 $.0313%9
Themcic

DNA DRG- 0.218725 0.385712 0.146113 0,153205 0.032875 0.12034
Lumbar

DNA Luung 1.085639916 372 0.958576278 | 0700013423 | 1.22442329 | 0.919823152

DNA Paucreas 0.256670617 20.535 (0.320535R8325 | 0.240633195 | 0.067860607 | 0004802583

DNA {'plon 0.053867646 3.403 1179063405 | 0348969617 | 0116867365 | .0152788464

DNA Kidney 0.896656371 26,635 4861362029 | 0532746938 | 0.386522209 | 7973793288

DNA Liver 207.332334 217.64 111910319 | 1938349403 | 448 5080021 § 2130317219

DNA Adrenal 1.6477259%6 0.69 1.561129869 1.871878 1.269473156 | .847293447

DNA Spleen 14.93813481 20.43565 5170294001 | 2279095714 | 6,.514778227 | 4591987284

DNA Heart 2012377817 14.49 0.737528914 | 1780956673 | 3.814571986 | 0.44694144

DNA Quadriceps 724278943 1.285 0.476250457 | 1.366015493 | 5611203726 | 0.646197937

DNA Diaphragm - 1.06 - - - -

{0994]  When calculated as fold over AAVY the data were as shown in Table 9 below and FIG.

13A-13B and F1G. 14A-14B.
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Table 9. Characterization of exemplary capsid variants

Measure Tissue AAVY | TTB-00% TTD-002 TTR-003 TEDR-604 TIDR-603
mRNA Frontal Cortex 1.0 8378 24 193 218 6.8
TuRNA Sensory Cortex 1.0 2288 2.8 46 74 2.8
mRNA Motor Cortex 1.0 14227 1.7 5.7 16.6 4.6
MRNA Putamen 1.0 5805 23 193 18.7 1.9
mRNA Thalamus 1.0 1097 33 38.8 29.0 4.2
mRNA - Cerbellar 1.0 1007 64 18 97 13
Coriex
uRNA Djﬁntate 18 706 } } } ;
Nuclens
mRMNA Candate 1.0 3608 - - - -
mRNA Hippocampus R 1308 - - - -
mRNA SC-cervical 1.0 973 1.8 22 7.2 0.5
MRNA SC-Thomacic 1.0 6 .1 07 0.4 0.1
mRNA SC-Lumbar 1.0 267 1.9 0.5 1.6 0.9
mENA DRG-cervical £.0 i2 0.0 3.3 0.4 0.0
MRNA DRG-Thoracic 1.0 9 0.0 157 0.2 -
mRMNA DRG-Lumbar 1.0 16 0.0 2.1 0.4 0.1
JuRNA Luug 1.0 0.1 - - 2.9 -
mENA Paucreas ~ - - - ~ ~
mRMNA {“olon 1.0 .28 - - 19.2 -
mRNA Kidney 1.0 0.15 - - 0.9 -
mRNA Liver [0 0,38 - - 3.8 -
MRNA Adrenal - - - - - -
mRMA Spleen 1.0 6.07 - - 1.0 -
RNA Heart 1.0 610 - - 4.2 -
mENA Quadriceps 10 - - - 38.8 ~
MmRNA Diaphragm 1.0 - - - N -
DNA Frontal Cortex 1.0 27.29 1.3 0.9 4.9 1.6
DNA Sensory Coriex 1KY 28.82 6.8 0.4 2.9 i4
DNA Motor Cortex 1.0 4938 1.0 1.1 3.6 1.3
DNA Putamen 1.0 52.96 2.1 2.6 4.7 1.2
DNA Thalanus 1.0 39.63 1.3 1.7 4.1 1.7
DNa— | Corbellar 1.0 13.09 07 07 25 0.9
Coriex
DNA - Deatate 10 7.44 8.4 L7 42 22
Muclens
DNA Candate 1.0 4973 - 0.7 31 -
DNA Hippocampus IO 18.45 2 3.8 14.0 4.5
DNA SC-cervical 1.0 30.42 1.6 1.6 2.0 1.6
DNA SC-Thoracic 1.0 3469 10 1.9 2.4 13
DNA SC-Lumbar 1.0 27.46 0.5 3.9 2.4 14
DNA DRG-cervical 1.0 1.87 i1 1.8 0.5 0.9
DNA DRG-Thoracic 1.0 {04 04 0.8 0.3 0.2
DNA DRG-Lumbar 1.0 1.76 2.7 0.7 0.2 0.6
DNA Lung £.0 3.43 0.9 0.6 1.1 0.8
DNA Paucreas 1.0 80.01 1.2 9.9 0.3 0.0
DNA Colon 1.0 63,21 219 6.5 22 0.3
DNA Kidney 10 29.7¢ 54 0.6 0.4 8.9
DNA Liver 1.0 1.05 0.5 0.9 2.2 1.0
DNA Adrenal 1.0 .42 0.9 11 0.8 0.5
DNA Spleen 1.0 1.37 335 1.5 0.4 3.1
DNA Heart £.0 7.20 0.4 0.9 1.9 0.2
DNA Cruadriceps 1.0 L77 0.7 L9 7 0.9
DNA Diaphragm - - - - - -
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{69931  Capsid variant TTD-001 showed greater than 5,000 fold increase in payload-HA levels
delivered to the brain as compared to AAVY and measured by qRT-PCR and normalized to TBP. In
all CNS tissues measured, TTD-001 showed dramatically enhanced delivery of pavicad-HA as
corapared 1o AAV9.

{3996]  Graphical representations of the spinal cord and dorsal root ganglia measurements cutlined
in Tables 8 and 9 are shown in FIG. 15A-15B, FIG. 16A-16B, FIG. 17A-17B, and FIG. 18A-18B.
{69971  Imyounohistochemistty of fixed brain tissues revealed dramatic transduction in both NHP
tested by TTE-001 of the dentaie nucleus, cerebellar cortex, cerebral coriex, brain stem,
hippocampus, thalamus and putamen. AAVY fransduction of the dentate nucleus, cerebelar cordex,
cerebral cortex, hippocampus, thalanws and prdamen appeared negligible incomparison. TTE-001
therefore demonstrated broad and robust expression and distribution in the brain following
travenous administration in NHPs. {n the dorsal root gangha, both TTD-001 and AAV9 showed
stinilar THC pattems. Images of these stainings are shown in FIG. 19A-19E.

{8998] Imwmunohistochenical support for the DRG de-targeting natwre of capsid variant TTD-004
{as noted above) is shown in FIG. 20A-20B.

{39991 Graphical representations of the biodistribution of viral genomes delivered by variant
capsids or AAVY to peripheral tissues is shown in FIG. 21A-21B.

Example 6. Individual Capsid Characterization in the Heart

{1808}  This Example characterized the transduction level and the spatial distribution the
TTD-001 (SEQ ID NO: 3623 and 3636, comprising targeting peptide SEQ ID NG: 1725 or
36483 and TTD-004 (SEG ID NG: 3527 and 3639, comprising targeting peptide SEGQ 1D NG:
1760 or 3651) capsid variants in the heart muscle.

{1601}  AAV particles were generated with cach of a TTD-001 and TTD-004 capsid variant or a
wild-type AAVY capsid polypeptide control, encapsulating a transgene encoding a pavload fused to
an HA tag (payload-HA) and driven by a full-length CMV/chicken beta actin promoter. The AAY
particles comprising the TTD-001 or TTD-004 capsid vanant or the wild-type AAVY capsid control,
were administered intravenously to 2 female NHPs at a dose of 2¢13 VG/kg, Atdayv 14 posi-
adounistration of the AAV pariicles, the heart tissue was collected, fixed, and paraffin cmobedded for
inmunchistochenucal staining. Ananti-HA antibody (Cell Signal Technology) was used for staining
the heart tissue for visualization of the transduction and distribution of the AAV capsid variants
investigated. Both left and right heart ventricle samples were collected and analyzed.

{1602}  Asshown in FIG. 22A-22C, immurohistochemistry of the fixed heart tissue and
cardiorayocytes, demounstrated transduction by both TTD-001 and TTD-004, in the left ventricle (FIG.
228) and right ventricle {(FIG. 22C). However, TTD-004 led to the greatest transduction in the left

and right ventricle regions of the heart (FIG. 22B-22C), as compared to TTD-001 and the wild-type

- 257 -
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AAVY control, as evidenced by increased 1HC staining. TTD-001 and the wild-type AAVY control
demonstrated similar levels of transduction in both regions of the heart, as evidenced by similar IHC
staining patterns. These data demonstrate that both the TTD-001 and TTD-004 capsid variants can be

utifized to transduce and/or deliver a pavioad, ¢.g.. a payload described herein, to 2 heart owscle,
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We claim:
1. An AAV capsid vanant, comprising:

{a) the amino acid sequence of any of SEQ D NO: 1725-3622 or 3648-3659; or

{byatieast 5, 6, 7, 8, or 9 consecutive amino acids from the amino acid sequence of any of
SEQ TD NO: 1725-3622 or 3648-3659;

optionally, wherein the capsid variant coraprises:

(1) the amino acid sequence of SEQ 1D NO: 138, or an amino acid sequence with at least 90%
{e.z., at loast abont 95, 96, Y7, 98, or 99%) sequence identity thereto; and/or

{iiy an aminoe acid sequence having at least ane, two or three modifications, but not more than

30, 20 or 10 maodifications of the amino acid sequence of SEQ ID NO: 138,

2. The AAV capsid variant of claim §, wheretn the amino acid sequence is present immnediately
subsequent to position 586, 588, or 589, relative to a reference sequence numbered according to the

antino acid sequence of SEQ D NO: 138

3. The AAV capsid variant of claim 1 or 2, wherein:

(1) the 5 consecutive amino acids comprise PLNGA (SEQ D NO: 3679);

(it) the © consecutive amino acids comprise PLNGAV (SEQ 1D NO: 3680);

(i) the 7 consecutive amino acids comprise PLNGAVH (SEQ 1D NO: 3681);

(iv) the & consecutive amino acids comprise PLNGAVHL (SEQ ID NO: 3682); and/or

(v} the 9 consecutive amino acids comprise PLNGAVHLY (SEQ 1D NO: 3648},

apticnally wherein the armne acid sequence of (i), (i), (i1}, (v}, or (v} is present imowediately
subsequent to posilion 586, relative to a reference sequence numberad according to the amino acid

sequence of SEQ [D NO: 138,

4. The AAV capsid variant of claim 1 or 2, wherein:

(1) the 5 consecutive amino acids comprise YSTDE (SEQ ID NO: 3691 or YSTDV (S8EQ D
NO: 37003

{(it) the 6 consecutive amino acids comprise YSTDER (SEQ D NO: 3692) or YSTDVR (SEQ
1D NG: 3701); and/or

(i) the 7 consecutive amino acids comprise YSTDVRM (SEQ ID NO: 3650), YSTDERM
(SEQ ID NO: 3657), or YSTDERK (SEQ ID NO: 3658y,

optionally wherein the anuno acid sequence of (1), (i), or (i1l is present tmmediately
subsequent 1o position 589, relative to a refercnce sequence pumbered according to the amine acid

sequence of SEQ I NO: 138,
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5. The AAV capsid variant of claim 1 or 2, wherein:

{1) the 5 consecutive amino acids comprise TVMNS (SEQ 1D NO: 3694);

(i1} the 6 consecutive amino acids comprise IVMNSL (SEQ ID NO: 3695); and/or

{(ii) the 7 consecutive aming acids comprise IVMNSLK (SEQ 1D NG 3651,

optionally wherein the anuno acid sequence of (1), (1), or (iti) 18 present tarpediately
subsequent 1o pasition 588, relative to a refercnce sequence numabered according to the amine acid

sequence of SEQ I3 NG: 138,

6. The AAV capsid variant of any one of the preceding clatms, comprising:

(1) the amino acid sequence of PLNGAVHLY (SEQ ID NO: 3648), wherein the amino acid
sequence of PLNGAVHLY (SEQ ID NO: 3648) is present immediately subsequent to position 586,
refative to a reference sequence numbered according to the amino acid sequence of SEQ 1D NO: 138,

(it) the amino acid sequence of GGTLAVVSL (SEQ ID NO: 3654), wherein the amine acid
sequernce of GGTLAVVSL (SEQ D NO: 3654) is present imnediately subsequent 1o position 586,
refative 1o a reference sequence numbered according to the amine acid sequence of SEQ 1D NO: 138;

(ii1) the amino acid sequence of IVMNSLK (SEQ ID NO: 3651), wherein the amine acid
sequence of IVMNSLK (SEQ ID NO: 36531} 1s present imumediately subsequent to position 583,
relative o a reference sequence numbered according o the aming acid sequence of SEQ 1D NG: 138;
OF

(1v}) the amino acid sequence of any of SEQ D NOs: 3649, 3650, 3652, 3653, or 3635-3659,
wherein the amino acid sequence of any of the aforesaid sequences is present inunediately subsequent
to position 589, relative to a reference sequonce numbered according to the aming acid sequence of

SEQ ID NO: 138.

7. The AAV capsid variant of any one of the preceding claims, whercin:

(1) the capsid vaant comprises an aming acid sequence encoded by the nuclootide scquence
of any one of SEQ ID NOs: 3660-3671, or a nucleotide sequence having at least 80%, 85%, 90%,
92%, 95%, 96%, 97%, 98%, or 99%, sequence identity thereto;

(i1} the capsid variant comprises an arnino acid sequence encoded by a nucleotide sequence
comprising at least one, two, three, four, five, six, or seven reodifications but no more than ten
modifications of the nucleotide sequences of any of SEQ ID NOs: 3660-3671;

{ii1) the nmucleotide sequence encoding the capsid variant comprises the mucleotide sequence of
any one of SEQ I3 NOs: 3660-3671, or a nucleotide sequence having at feast 80%, 85%, 90%, 92%,

5%, 9656, 97%, 98%, or 39% sequence identity thereto; and/or
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(v} the nucleotide sequence encoding the capsid variant comprises a nucleotide sequence
comprising at least one, two, three, four, five, six, or seven modifications but no more than ten

modifications of the nucleotide sequence of any of SEQ 1D NOs: 3660-3671.

8. The AAV capsid variant of any one of the preceding clatms, wheret

(1) the capsid vanant further comprises a substitotion at position K449, e.g., a K449R
sabstitition, punbered according to SEQ D NO: 138

(i1} the capsid variant forther comprises a modification, ¢.g., an insertion, substitution, and/or
defetion, 1a loop [, I, IV and/or VI,

(iii) the capsid vanant comprises an amino acid residue other than “A” at position 587 and/or
4n amino acid residue other than “Q” at position 588, numbered according to SEQ D NO: 138;

{iv) the capsid variant comprises an anino acid sequence having at least one, two or three
modifications, but not more than 30, 20 or 10 modifications of the amino acid sequence of SEQ ID
NO:138;

(v} the capsid variant comprises the amino acid sequence of SEQ ID NO: 138, or an amino
acid sequence with at least 90% (o.g., at least about 95, 96, 97, 98, or 99%) sequence identity thereto;

(vi) the capsid vanant comprises an anino acid sequence sncaded by the nucleotide sequence
of SEQ H» NO: 137, or a sequence with at least 90% (c.g., at least about 985, 96, 97, 9%, or 99%)
sequence idendity thereto; and/or

{vii) the nucleotide sequence encoding the capsid variant compnses the naclectide sequence
of SEQ 13 NO: 137, or a sequence with at least 90% (c.g., at Ieast about 95, 96, 97, 98, or 99%:)

sequence identity thereto.

9. The AAV capsid variant of any one of the preceding claims, which comprises:

{i) a VP1 protein, a VP2 protein, a VP3 protein, or a combination thercof,

(i1} the amino acid sequence corresponding o positions 138-743, ¢.g., a VP2, of any one of
SEQ 1D NOs: 3636-3647, o7 a sequence with at least 90% {e.g., at least about 95, 96, Y7, 98, or 99%;)
sequence identity thereto,

{ii) the amaino acid sequence corresponding o positions 203-743, ¢.g., a VP3, of any one of
SEQ 1D NGOs: 3636-3647, o1 a sequence with at least 90% {e.z., at least about 95, 96, Y7, 98, or 99%)
sequence identity thereto,

(iv} the amino acid sequence of any one of SEQ ID NGs: 3636-3647, or an amino acid
sequence with at least 90% (¢.g., at least about 95, 96, 97, 98, or 99%;) sequence identity thereto;

(v} an araino acid sequence having at least one, two or theee modifications, but not more than

30, 20 or 10 modifications of the amine acid sequence of any one of SEQ ID NGs: 3636-3647;
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{vi) ant amino acid sequence encoded by the nucleotide sequence of any one of SEQ 1D NQOs:
3623-36335, or a nucleotide sequence with at least 90% {(e.g.. at least about 93, 96, 97, 98, or 99%)

sequence identity thereto.

10. The AAV capsid varant of anv one of the preceding claios, wherein the nuclectide sequence
ercoding the capsid vatiant comprises the nucleotide sequence of any one of SEQ 1D NGOs: 3623~
3635, or a nucleotide sequence with at feast 90% (e.g.. at keast about 95, 96, 97, 95, or 99%;) sequence
identity thereto. optionally wherein the aucleotide sequence encoding the capsid variant is codon

optimized.

11. An AAV capsid variant comprising:

(1) the amino acid sequence of any one of claims 1-3, or 6-10, and further comprising an
amino acid sequence at least 90% (e.g., at least about 95, 96, 97, 98, or 99%) identical to SEQ ID
NO: 3636; or

(1) the amino acid sequence of SEQ ID NO: 3636,

12, An AAV capsid variaot coraprising:

(i) the amino acid sequence of any one of claims 1, 2, 4, or 6-10, and forther comprising an
amino acid sequence at least 90% (e.g., at least about 95, 96, 97, 98, or 99%;) identical o SEQ 1D NG
3638 or 3645-3646; or

(it) the arine acid sequence of SEQ 1D NO: 3638 or 3645-3646.

13. An AAV capsid variant comprising;

(1) the amino acid sequence of any one of claims 1, 2, 5-10, and further comprising an amino
acid sequence at least 90% identical {c.g., at least about 95, 96, 97, 98, or 99%) to SEQ 1D NO: 3639,
or

{i1y the amino acid sequence of SEQ D NO: 3639,

14. The AAV capsid variant of any one of the preceding claios. comprising the aming acid sequence

of any one of SEQ ID NO: 3636-3647, or an amino acid sequence at least 95% 1dentical thereto.

15. An AAV capsid variant comprising a parental amino acid sequence having an insert. e.g., a
{argeting peptide, wherein the insert comprises:

{a) the amino acid sequence of any of SEQ 1D NO: 1725-3622 or 3648-3659; or

(byat least 5, 6, 7, 8, or ¥ consecutive amino acids from the amino acid sequence of any of

SEQ 1D NO: 1723-3622 or 3648-3659.

L]
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16. The AAV capsid variant of claim 15, whereing

(1) the parental sequence comprises the amino acid sequence of SEQ ID NO: 138, or an amdino
acid sequence having at Jeast 90%, 92%. 95%, 96%, 97%, 98%. or 99% sequence identity thereto;

{i1) the parenial sequence comprises an araing acid sequence comprising at least one, two, or
three medifications, but no more than 30, 20 or 10 modifications, ¢.g., substitutions, to the amino acid
sequence of SEQ I NO: 138;

(ii1) the parental sequence comprises a substitution at position K449, ¢.g., a K449R
sabstitution;

{iv) the parental sequence comprises an amino acid sequence encoded by the nucleotide
sequence of SEQ 1D NO: 137, or a nucleotide sequence having at least 90%, 92%, 95%, 96%, 97%,
8%, or 99% sequernce identity thereto; and/or

(v} the mucleotide sequence encoding the parental sequence comprises the nucleotide
sequerce of SEQ ID NO: 137, or a nucleotide sequence having at least 90%, 92%, 953%, 96%, 97%,

8%, or 99% sequernce idendity thereto.

17. The AAV capsid variant of claim 13 or 16, wherein the insert comprises the amino acid sequence
chosen from PLNGAVHLY (SEQ 1D NO: 3648), GGTLAVVSL (SEQ ID NO: 3634), IVMNSLK
(SEQ I NO: 3651), RDSPRKGW (SEQ 1D NG: 3649, YSTDWVRM (SEQ 1D NG: 36563, RESPRGL
(SEQ I3 NO: 36352), SFNDTRA (SEQ D NO: 3653), YGLPKGP (SEQ 1D NO: 36553, or STGTLRL
(SEQ I NG: 3656), optionally wherein the insert s inserted immediately sabsequent to position 386,

588, or 589 in the parental amino acid sequence.

18. The AAV capsid variant of any one of claims 15-17, which comprises:

(1) an aming acid other than “A” at position 587 and/or an aming acid other than "7 at
position 588 of the parcnial sequence; or

{i1) a defetion at position 587 and/or a deletion at position 588 of the parental amino acid

SCqUCnCe.

19. The AAV capsid varant of anv one of claims 13-18, coraprising:

{1) an insert comprising the aming acid sequence of PLNGAVHLY (SEQ 1D NG: 3648),
which is inserted tmmediately subsequent to position 586 of the parental arine acid sequence, and a
deletion of the amino acids “A{Y” at positions 387-588 of the parental amino acid sequence;

{i1) an insert compnsing the amino acid sequence of IVMINSLEK (SEQ ID NO: 3651), which

is inserted immediately subsequent to position 388 of the parental amino acid sequence;

[Nl
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{1i1) an insert comprises an anino acid sequence chosen from RDSPKGW (SEQ 1D NO:
3649), YSTDVREM (SEQ ID NO: 3630), RESPRGL (SEQ ID NO: 3652), SFNDTRA (SEQ 1D NO:
3633), YGLPKGP (SEQ 1D NO: 3655 or STGTLRL (SEQ ID NO: 3636), which is inserted

)
immediately subsequent to position 589 of the parental aniine acid sequence.

20. The AAV capsid variant of any one of the preceding claims, which has an jncreased teopisma fora
NS cell or tissue (¢.g., a brain cell, brain tssuoe, spinal cord cell, or spinal cord tissue), and/or a
muscle cell or tissue, relative (o the tropism of a reference sequence comprising the amino acid
sequence of SEQ 1D NG 138, optionally wherein:

(1) the brain cell or tissue is a cell or tissue of a frontal corlex, sensory cortex, motor cories,
putamen, thalamus, cerebellar cortex, dentate nucleus, candate, and/or hippocampus;

(i) the spinal cord cell or tissue is a cell or tissue of a cervical, thoracic, and/or lnmbar region;
and/or

(iii) the muscle cell or tissue is a cell or tissue of a heart muscle (¢.g., a heart atrino rouscle

region or a heart vendricle nwiscle region), quadriceps muscle, and/or a diaphragm muscle.

21. The AAV capsid variant of any one of the preceding claims, wherein the capsid varant:

(i) is enriched at least about 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 100, 200, 300, or 400-fold, in the
brain compared o a reference sequence of SEQ 1D NO: 138, 2 g., when measured by an assav as
described in Exaraple 4;

(i) transdoces a brain region, e.g., selected from dentate nuclens, cercbellar cortex, cerebral
cortex, brain stem, hippocampus, thalamus and putamen, wherein the level of transduction is at least
5, 10, 50, 100, 200, 500, 1,000, 2,000, 5,000, or 10,000-fold greater as conipared (o a reference
sequence of SEQ [D NO: 138, e.g., when measured by an assay, e.g., an immunohistochemistry assay,
a qRT-PCR, or a RT-ddPCR assay, e.g., as described in Example 3;

(iil) delivers an increased level of a payload to a brain region, optionally wherein the level of
the payload is increased by at least 500, 1,000, 2,000, 5,600, or 10,000-4old, as compared {o a
reference sequence of SEQ ID NO: 138, e.g., when measured by an assay, e.g., a qRT-PCR or a RT-
ddPCR assay (e.g., as described in Example 3), optionally wherein the brain region comprises a
frontal cortex, sensory cortex, motor corey, putamen, thalaraus, cerebellar cortex, dentate sucleus,
caudate, and/or hippocampus;

{iv) debivers an increased level of a payload to a spinal cord region, optionally wherein the
level of the payload is increased by at least 10, 20, 30, 100, 200, 300, 400, 500, 600, 700, 800 or 900-
fold, as compared to a reference sequence of SEQ ID NO: 138, e g, when measured by an assay, .2,
a gRT-PCR assay (e.g., as described in Example 3), optionally wherein the spinal cord region

comprises a cervical, thoracic, and/or lambar region; and/or
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(v} defivers an increased level of viral genomes to a brain region, optionally wherein the level
of viral genomes is increased by at Ieast 5, 10, 20, 30, 40 or 50-fold, as compared to a reference
sequence of SEQ 1D NO: 138, e.g., when measured by an assay, ¢.g., a QRT-PCR or a RT-ddPCR
assay (e.g., as described in Example 3), optionally wherein the brain region comprises a frontal
coriex, sensery cortex, maeior coriex, putaren, thalamus, cerebellar coriex, dentate nucleus, caudate,

and/or hippocanpus.

22. The AAV capsid variant of any one of claims 1-2, 3, 6-10, 13-17, or 19-21, which shows
preferential trapsduction 0 a brain region relative to the transduction in the dorsal root gangha

(DRG).

23. The AAV capsid varant of any one of claims 1-3, 6-11, 14-21, wherein the capsid vanant:

(1) is enriched at least about 300 or 400-fold compared, in the brain compared to a reference
sequence of SEQ ID NO: 138, ¢ g., when measured by an assay as described in Exanple 4;

(it) transduces a brain region, ¢.g., selected from dentate nucleus, cerebeliar cortex, cerebral
cortex, brain stem, hippocamapus, thalamus and putamen, wherein the lovel of transduction is at least
500, 1,000, 2,000, 5,000, or 10,000-fold greater as compared 1o a reference sequence of SEQ ID NO:

138, ¢.g., when measured by an assay, .4

f=1]

an imownohistochemistry assay, a qRT-PCR, ora RT-
ddPCR assay, e.g., as described in Example 5;

(1t1) delivers an increased level of a paylcad to a brain region, optionally wherein the level of
the payload is increased by at least 500, 1,000, 2,000, 5,000, or 10,000-fold, as compared to a
reference sequence of SEQ D NO: 138, e.g., when measured by an assay, e.g., a gRT-PCR ora RT-
ddPCR assay {(e.g., as described 1n Example 5, optionally wherein the brain region comprises a
frontal cortex, sensory cortex, motor cortes, putamen, thalamus, cerebellar cortex, dentate nucleus,
caundate, and/or hippocampus;

{iv) delivers an increased level of a pavioad to a spinal cord region, optionally wherein the
level of the pavioad is increased by at least 30, 100, 200, 300, 400, 500, 600, 700, 800 or 900-fold, as
conpared to a reference sequence of SEQ 1D NO: 138, c.g., when measured by an assay, e.g., a qRT-
PCR assay {e.g., as described in Exaraple 5), optionally wherein the spinal cord region comprises a
cexvical, thoracic, and/or lurbar region; and/or

(v} delivers an increased level of viral genomes to a brain region, opticunally wherein the level
of viral genomes 18 increased by at least 5, 10, 20, 30, 40 or 30-fold, as compared to a reference
sequence of SEQ 1D NG 138, e.g., when measured by an assay, e.g., a gRT-PCR or a RT-ddPCR
assay (e.g.. as described 10 Example 3}, optionally wherein the brain region compnses a frondal
cortex, sensory corex, motor coriex, putamen, thalamus, cercbellar cortex, dentate nucleus, caudate,

and/or hippocampus.
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24, The AAV capsid variant of any one of claims 1, 2, 5, 6-10, 13-17, or 19-22, wheresin:

(i) the AAV capsid variant has an increased tropism for a ranscle cell or tissue, ¢.g., 4 heart
tissue, relative to the tropisin of a reference sequence comprising the amine acid sequence of SEQ ID
NG: 13%; and/or

{11y delivers an increased level of a paviocad to a mwscle region, optionally wherein the fevel of
the pavlcad 1s increased by at least 10, 15, 20, 30, or 40-fold, as compared to a reference sequence of
SEQ D NO: 135, ez, when measured by an assay, ¢.g., an IHC assay or a RT-ddPCR assay (¢.g., as
described in Example ), optionally wherein the muscle region comprises a heart muscle (e.g., a heart
atriurn muscle region or a heart ventricle muscle region), guadriceps muscle, and/or a diaphragm

muscle region.

25. A polvoncieotide encoding the polypeptide, ¢.g., the AAV capsid variant of any one of clairas 1-

24

26. The polynucleotide of claim 25, which comprises the nucleotide sequence of any one of SEQ 1D
NOs: 3623-3638, or a nucleotide sequence with at least 90% (e.g., at least about 93, 96, 97, 98, or

99%} sequence identity thereto.

27, A pepude, e.g., a targeting peptide, comprising:
(1) the amino acid sequence of any of SEQ ID NO: 1725-3622 or 3648-3639; or
(ify atleast 5, 6, 7, 8, or 9 consecutive amine acids from the amino acid sequence of any of

SEQ ID NO: 1725-3622 or 3648-3639.

28. A pepuide, e.g., a targeting peptide, comprising;

(1) the amino acid sequence of PLNGAVHLY (SEQ ID NO: 3648), oratleast 5,6, 7,8, 01 9
consecutive aming acids from the amino acid sequence of PLNGAVHLY (SEQ 1D NO: 3648);

(i1} the amino acid sequence of IVMNSLK (SEQ 1D NO: 3651), orat least 5,6, 7,8, 0r 9
consecutive amino acids from the amino acid sequence of IVMNSLE (SEQ ID NO: 3651

{iil) the araion acid sequence of YSTDVRM (SEQ 1D NO: 3650), YSTDERM (SEQ ID NO:
3637), or YSTDERK (SEQ ID NO: 3638), or at least 5, 6, 7, 8, or © consecutive aming acids from the
aning acid sequence of YSTDVRM (SEQ I3 NO: 3650, YSTDERM (SEQ D NO: 3637), or
YSTOERK (SEQ I NG: 3658); or

{iv} the amino acid sequence of aay of SEQ 1D NO: 1725-3622 or 3648-3659, or al least 5, 6,
7, 8, or 9 consecufive amino acids from the amino acid sequence of any of SEQ 1D NO: 1725-3622 or

3648-3659.
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29. A polynucleotide encoding an AAV capsid variant, comprising:
{a) the amino acid sequence of any of SEQ ID NO: 1725-3622 or 3648-3659; or
{byaticast 5,6, 7, 8, or 9 consccutive amine acids from the amine acid scquence of any of

SEQ 1D NO: 1725-3622 or 3648-3659.

30. The polynucleotide of claim 29, wherein:

(i) the AAV capsid variant comprises the amino acid sequence of any one of SEQ D NQOs:
3636-3647, or an armnine acid sequence with at least 90% (2., at least abowt 95, 96, 97, 98, or 99%)
sequence identity thereto;

(11} the AAV capsid variant comprises an amino acid sequence having at least one, two or
three modifications but not more than 30, 20 or 10 modifications of the amino acid sequence of any
one of SEQ ID NQOs: 3636-3647; and/or

(iii) the polynucleotide comprises the nuclectide sequence of any one of SEQ ID NOs: 3623-
36335, or a nucleotide sequence with at least 90% (e.g., at least about 95, 96, 97, 98, or 99%:) sequence

identity thereio.

31 An AAV patticle comprising the AAV capsid variant of any ove of ¢laims 1-24, an AAV capsid
variant encoded by the polyaucieotide of any one of claims 25-26 or 29-30, oran AAV capsid variaat

corprising the peptide, ¢.g., targeting peptide, of any one of clains 27-28.

32. The AAV particle of claim 31, which comprises a nucleotide sequence encoding a pavioad,
optionally wherein the encoded pavicad comprises a therapeuntic protein or functional varniant thereof,
an antibody or antibody fragment; an enzyme; a component of a gene editing system; an RNA# agent
{e.g.. a dsPNA, siRNA, shRNA, pre-miRNA, pri-miRNA, miRNA, stRNA, IncRNA, piRNA, or

snoRNA); or a combination thereof,

33. The AAV particle of claim 32, wherein;

{1) the therapentic protein or functional variant thereof, €.g., a recorabinant protein, is
associated with (¢.g., aberranily expressed iy a newroclogical or neurodegencrative disorder, a
muscolar or neuromuscular disorder, or a newro-oncological disorder, optionally whereia the
therapeutic protein or functional variant thereof is chosen from apolipoprotein E (APOE) (e g,
ApoE2. ApoE3 and/or ApoE4); human survival of motor negron (SMN) 1 or SMNZ;
glucocerchrosidase (GBA L), aromatic L-amino acid decatboxylase (AADC); aspartoacylase (ASPA),

tripeptidyl peptidase 1 (CLN2}); beta~galactosidase (GLB1}; N-sulphoglucosamine sulphohydrolase
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(SGSH): N-acetyl-alpha-glucosaminidase (NAGLUY; whronate 2-sulfatase (IDS); intracelinlar
cholestero] transporter (NPC1); gigaxonin (GAN); or a combination thereof,

(i1} the antibody or antibody binding fragment binds to

{aya CNS related target, ¢.g. an antigen associated with a neurological or
nevrodegenerative disorder, e.g., Bramyloid, APOE, tay, SOD1, TDP-43, huntingtin

(HTT), and/or synuclein;

(b} a muscular or newroruscudar related target, e.g.,. an antigen associated with a
muscular or neuromuscular disorder; or

() a neuro-oncology related target, e.g., an antigen associated with a neuro-
oncological disorder, e.g., HER2, or EGFR (e.g.. EGFRvIID):;

(1i1) the enzyme comprises a meganuciease, a zinc finger nuclease, a TALEN, a recombinase,
integrase, a base editor, a Cas?, or a fragment thereof)

(iv) the component of a gene editing syvstem comprises one or more components of a4
CRISPR-Cas system, optionally wherein the one or more components of the CRISPR-Cas systemn
comaprises a CasY, e.g., a Cas® ortholog ora Cpfl, and a single guide RNA (5gRNA), wherein:

{a) the sgRNA is Jocated upstream (57) of the cas9 enzyme; and/or
{(b) the sgRNA is located downstream (37) of the cas® enzyme; and/or

(v} the RNAt agent (e.z., a dsRNA, siRNA, shRNA, pre-miRNA, poi-0uRNA, siRNA,

stRNA, IncRINA, piRNA, or snoRNA)Y, owdulates, e.g

=18

inhibits, expression of, a UNS related geoe,
mRNA, and/or protein, optionally wherein the UNS related gene is chosen from SO, MAPT,
APCE, HTT, COORET2, TDP-43, APP, BACE, SNCA, ATXNI, ATXN3, ATXN7, SCNIA-SCN3A,
SCNBA-SCN11A, or a combination thereof,

34. The AAV particle of any one of claims 31-33, which comprises a viral genome comprising a
promoter operably linked to the nucleic acid sequence encoding the payioad, optionally wherein, the
promoter is chosen from human clongation {actor To-subunit (BEF L), cytomegalovirus (CMV)
immediate-carly enhancer and/or promoter, chicken B-actin (CBA) and its derivative CAG, §
glocuronidase (GUSB), or ubiguitin C (UBQ), neuron-specific enolase (NSE), platelet-derived growth
factor (PDGE), platelet-derived growth factor B-chain (PDGF-B), intercellular adhesion molecule 2
(ICAM-2), synapsin (Syn), methyl-CpG binding protein 2 (MeCP2), CaZ+/calmodnlin-dependent
protein kinase I (CaMKI), metabotropic ghutamate receptor 2 {mGluR 2}, neurofilament light (NFL)
or heavy (NFH), B-globin minigene np2, preprocnkephalin (PPE), enkephalin (Eok) and excitatoty
amino acid transporter 2 (EAAT2), ghal fibolary acidic protein (GFAP), myelinbasic profein

{MBP), a cardiovascular promoter (¢.g., oMHC, ¢ToT, and CMV-MLC2k), a liver promoter {e.g.,
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hAAT, TRG), a skeletal muscle promoter (e.g., desmin, MCK, C312) or a fragment, e.g., a truncation,

or a functional vanant thereof.

35. The AAV particle of claim 34, wherein the viral genome further conmprises:

{t) a polv A signal sequence;

{11y an inverted terminal repeat (ITR) sequence, optionally wherein the TTR sequence is
positioned 37 relative to the encoded payicad and/or the ITR sequence is positioned 37 relative to the
encoded paylcad;

{iil) an enhancer, a Kozak sequence, an intron region, and/or an exon region;

{iv) 2 miR binding site, ¢.g., 3 mif binding site that modulates, e.g., reduces, expression of
the pavlcad encoded by the viral genome in a cell or tissue where the corresponding miRNA is
expressed; and/or

(v} a nucleotide sequence encoding a Rep profein, ¢.2., a non-structural protein, wherein the
Rep protein comprises a Rep78 protein, a Rep68, Rep32 protein, and/or a Repd( protein, optionally
wierein the Rep78 protein, the Repd8 protein, the Rep32 protein, and/or the Rep4? protein are

cncoded by at least one Rep gene.

36. The AAV particle of claim 34 or 35, wherein the viral genome comprises:

(1) at least 1-5 copies of 2 miR binding site, e.g., al least 1, 2, 3, 4, or 5 copies;

(1t) at least 3 copies of a miR binding site, optionally wherein all three copies comprise the
same iR binding site, or at least ore, two, or all of the copies comprise a different miR binding site;
and/or

(it} at least 4 copies of a miR binding site, optionally wherein all four copies comprise the
same miR binding site, or at least one, two, three, or all of the copies comprise a different miR

binding site.

37. The AAV particle of claim 36, wherein the miR binding site compriscs a niR 122 binding site, a
miR 183 binding site, a miR-142-3p, or a combination thereof, optionally wherein:

(i) the miR122 binding stte compuises the nuclectide sequence of SEQ 1D NO: 3672, or a
aucleotide sequence substantially identical (2.2, having at least 70%, 75%, 80%, 85%, 90%, 92%,
5%, 97%, 98%, ar 99% sequence identity) therete; or a nuclectide sequence having at least one, two,
three, four, five, six, or seven modifications, but no more than ten modifications of SEQ 1D NO:
3672

{i1) the miR 183 binding site comprises the puclkeotide sequence of SEQ D NG: 3675, ora
nucleotide sequence substantially identical {e.g., having at least 70%, 75%, 80%, 85%, 90%, 92%,

5%, 97%, 98%, or 99% sequence identity) thereto: or a nucleotide sequence having at least one, two,

-269 -
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three, four, five, six, or seven modifications, but no more than ten modifications of SEQ ID NO:
3675; and/or

{ii1) the miR-142-3p binding sitc comprises the nucleotide sequence of SEQ 1D NO: 3674, or
a nucleotide sequence substantially identical (¢.g., having at least 70%, 75%, 80%,. 83%0, 90%, 92%,
95%, 97%, 98%., or 99% sequence identity) therelo; or a nuciectide sequence having at least one, two,

theee, four, five, six, or seven medifications, but no more than {en modifications of SEQ ID NO: 3674,

33, The AAV particle of any one of claims 34-37, wherein the viral genome:
(i) is single stranded; and/or
(11) further comprises 4 nucleic acid sequence encoding the AAVY capsid variant of any onc of

claims 1-24.

39. The AAV capsid variant, polynucleotide, peptide, or AAV particle of anv one of the preceding

claims which is isolated, ¢.g., recombinant.

40. A vector comprising a polynucieotide encoding the AAV capsid variant of any one of claims 1-24
o1 39, the polynucicotide of any one of claims 25-26, 29-30, or 39, or a polynucleotide encoding the

peptide, ¢.g., targeting peptide, of any one of claims 27-2% or 39,

41 A cell, e.g., a host cell, comprising the AAV capsid varant of any one of claims 1-24 or 39, the
polynucleotide of any one of claims 25-26, 29-30, or 39, the peptide of any one of claims 27-28 or 39,
the AAY particle of any one of claims 31-39, or the vector of claim 40, optionally wherein:

(1) the cell 1s a manmmalian cell or an insect cell;

{11y the cell is a cell of a brain region or a spinal cord region, optionally a cell of the frontal
coriex, sensory coriex, motor coriex, caudate, dentate nucleus, cercbellar cortex, cerebral cortex, brain
stem, hippocampus, thalamus, putamen, cervical spinal cord region, thoracic spinal cord region,
and/or lumbar spinal cord region; and/or

{(iil) a neuron, a SCNSOIV NCUIOND, & MOLOY NeWron, an astrocyte, or a nwscle eell (e.g., a cell of

the heart, diaphragm, or quadticeps).

42. & method of making an AAV particle, comprising

(i) providing a host cell comprising a viral genome; and

{i1) incubating the bost cell under conditions suitable to enclose the viral genome in the AAY
capsid variant of any one of clatims 1-24 or 39, an AAV capsid variant encoded by the polymucleotide
of any one of claims 25-26, 29-30, or 39, or an AAVY capsid variant comprising the peptide, ¢.g.,

targeting peptide, of any one of claims 27-28 or 39;
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thereby making the AAY particle.

43. A pharmaceutical composition comprising the AAV particle of any one of claims 31-39, an AAV
patticle comprising the capsid variast of any one of claims 1-24 or 39, or ag AAV particle compuising

the peptide of any one of clains 27-28 or 39, and a phanmaceuiically acceptable excipient.

44. A method of delivering a pavicad to a cell or tissue (e.g.. a CNS cell, a CNS tissue. a moscle cell,
or a muscle tissue), comprising adminisiering an effective amount of the pharnmaceutical composition
of claim 43, the AAV particle of any one of claims 31-39, an AAYV particle comprising the capsid
variant of any one of claims 1-24 or 39, or an AAV particle comprising the peptide of any one of

claims 27-28 or 39,

45, The nethod of claim 44, wherein:

(1) the cell or tissue is a cell or fissue of a brain region or a spinal cord region, optionally a cell
or tissue of the frontal cortex, sensory cortex, motor coriex, candate, dentate mucleus, cercbheliar
cortex, cerebral cortex, brain stem, hippocampus, thalamus, putamern, cervical spinal cord region,
thoracic spinal cord region, and/or tumbar spinal cond region,

(it} the cell is a nouron,  SCNSOTY NCUICH, A TBOLOT DCLYOR, an astrocvie, ot a rausclke cell {e.g.,
a cell of the heart, diaphragoy, or guadriceps), and/or

(1t1) the cell or tissue is within a subject, optionally wherein the subject has, has been
diagniosed with having, or is at risk of having a ncurological disorder, a nearodegenerative disorder, a

muscular disorder, a neuromuscular disorder, or a neuro-oncological disorder.

46. A method of treating a subject having or diagnosed with having a neurological disorder, a
neurodogencrative disorder, a muscular disorder, a newromuscular disorder, or a neuro-oncological
disorder comprising administering o the subject an effective amount of the pharmaccutical
composition of claimm 43, the AAV particle of any one of claims 31-39, an AAV particle comprising
the capsid variant of any one of claims 1-24 or 39, or an AAV particle comprising the peptide of any

one of claims 27-28 or 39,

47. The methed of claim 46, where treating comprises prevention of progression of the disease or

disorder 1n the subject, optionally wherein the subject is a human,
4%, The methed of any one of claims 45-47, wherein the AAV particle ts adminisiered to the subject:
(1) intramuscularly, intravenously, intracercbrally, intrathecally, intracercbroventricularly, via

intraparenchymal administration, or via in{ra-cisterna magna injection (CM);
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(i1} via focused ulirasound (FUS), ¢.g.. coupled with the intravenous administration of
microbubbles (FUS-MB), or via MRI~guided FUS coupled with intravenous administration; and/or

(iif) intravenously.

49. The pharmacentical composition of claim 43, the AAV particle of any one of clairns 31-39, an
A AV particle comprising the capsid varant of any one of claios 1-24 or 39, or an AAV paticle
comprising the polypeptide of any one of claims 27-28 or 39, for use in a method of dehivering a

pavioad to a celf or tissue,

50. The pharmaceutical composition of claim 43, the AAY particle of any one of claims 31-39, an
AAV particle comprising the capsid vanant of any one of claims 1-24 or 39, or an AAV particle
comprising the polypeptide of any one of claims 27-28 or 39, for use in a method of treating a
neurclogical disorder, a neurodegenerative disorder, a nwscular disorder, a neuromuscular disorder, or

a neuro-oncological disorder.

51. The pharmaceutical composition of claim 43, the AAV particle of any one of clains 31-39, an
AAV particle compusing the capsid variant of any one of claims 1-24 or 39, or an AAV particle
coraprising the polypeptide of any one of claims 27-28 or 39, foruse in the manufacture of a

medicament,



